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United States Patent Office 

2,848,690 
HIGH FREQUENCY SELECTIVE MODE 

TRANSDUCERS 

Stewart E. Miller, Middletown, N. J., assignor to Bell 
Telephone Laboratories, incorporated, New York, 
N.Y., a corporation of New York 

Application May 27, 1953, Serial No. 357,665 
10 Claims. (Cl. 333-10) 

This invention relates to novel arrangements for inter 
connecting circularly cylindrical, single hollow con 
ductor wave-guide transmission lines with single hollow 
conductor wave guides of rectangular cross-section, one 
cross-sectional dimension of said latter type wave guide 
being substantially double the other cross-sectional di 
mension. More particularly, it relates to arrangements 
of the character described above, in which the preferred 
mode of wave in either of the two types of wave guide 
mentioned will generate in the other wave guide the pre 
ferred mode of wave for the other wave guide. 
The preferred mode of wave in the circularly cylin 

drical single hollow conductor wave guide, is, for the 
purposes contemplated in this application, the so-called 
"circular electric wave' designated "TE' as illustrated in 
Fig. 5.4-1 (c) on page 120 of the book entitled "Prin 
ciples and Applications of Waveguide Transmission' by 
Dr. G. C. Southworth, published by D. Van Nostrand 
Co., New York, New York, 1950. Likewise, the pre 
ferred mode of wave in the single hollow conductor wave 
guide of rectangular cross-section having one cross-sec 
tional dimension substantially double the other, is, for 
the purposes contemplated in this application, the so 
called "dominant wave' designated "TE" as illustrated 
at the left in Fig. 5.3-1 on page 115 of Dr. Southworth's 
above-mentioned book, it being particularly noted that 
the lines of electric force are parallel to the shorter sides 
of the rectangular cross-section of the guide. Accord 
ingly, throughout this specification and in the claims of 
this application, the designations circular electric mode 
TE and dominant mode TE are to be understood in 
every instance to mean the modes illustrated in said 
Fig. 5.4-1 (c) and the left illustration of Fig. 4.3-1, 
respectively of Dr. Southworth's book. 
The arrangements of the present invention represent 

additional forms and variations of high frequency 'se 
lective mode transducers' of the general type disclosed 
and described in detail in my copending application Se 
rial No. 245,210, filed September 5, 1951, now U. S. 
Patent No. 2,748,350 issued May 29, 1956, which co 
pending application, insofar as it is pertinent to arrange 
ments of the general type disclosed in the present ap 
plication, is hereby incorporated herein and made a part 
hereof by reference. 
As disclosed in my above-mentioned copending ap 

plication, guided, high frequency, electromagnetic waves 
may, under suitable circumstances, assume any one or 
more of an almost infinite number of modes, which have 
been classified in general as indicated in said application. 
However, this specification will be concerned principally 
hereinunder with four particular modes two of which 
have been defined above in detail. The third is a mode 
in a wave guide of sectorial cross-section with an acute 
sector angle which, because it has many of the char 
acteristics of a field pattern similar to the above-defined 
rectangular dominant mode TElo wave, will be referred 
to hereinafter as the "sectorial TE10” mode. The fourth 
is a mode in a wave guide of sectorial cross-section with 
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an obtuse sector angle which, because it has many of 
the characteristics of the above defined circular electric 
TE mode, will be referred to hereinafter as the "sec 
torial TE” mode. Certain other modes into which the 
above-defined circular electric TEol mode might trans 
form when transmitted through an imperfect wave guide 
of circular cross-section will also receive attention. 
The present invention is of particular interest because 

the presently known practicable methods of generating 
high frequency radio wave energy in wave guides are 
better adapted to generate non-circular modes, such as 
the above-defined TE dominant mode, whereas only 
waves of the above-defined circular electric TEo1 mode 
have the desirable characteristic that as the frequency 
of the transmitted wave energy increases, the attenuation 
of said energy decreases. In view of the above, in order 
that we may take advantage of this last-mentioned char 
acteristic in the wave guide transmission of high fre 
quency radio energy over long distances and at the same 
time retain the advantages accruing from the use of 
rectangular wave guide at terminal and repeater sta 
tions, it is obviously desirable that convenient and prac 
ticable means be provided to cause high frequency radio 
energy of the above-defined TE10 dominant mode estab 
lished in a rectangular wave guide to establish the above 
defined circular electric TEo mode waves in a wave guide 
of circular cross-section and vice versa. 
The following illustrative specific embodiments of the 

present invention will be discussed with reference to 
transforming the above-defined TE10 dominant mode wave 
energy into the above-defined TE circular electric mode 
wave energy. The converse operation, i. e. changing 
TEo circular electric mode wave energy into TE1 
dominant mode wave energy, can nevertheless be accom 
plished with the same structures, i. e. the principle of 
reciprocity is valid with respect to these structures. This 
latter operation must obviously be performed at the re 
ceiving end of the circularly cylindrical transmission line 
in order that the TEo circular electric mode wave en 
ergy may be be usefully employed at that point. There 
fore, the "feed guide' may feed energy from a generator 
to the "transmission guide' or it may feed energy from 
the transmission guide to receiving apparatus. The em 
phasis in the following discussion concerning the opera 
tion of the specific illustrative embodiments shown as 
feeding energy from a generator to the transmission guide 
should not, therefore, be interpreted to imply any limita 
tion on the scope of the operation or usefulness of the 
devices and arrangements of the present invention for 
the inverse operation. 
A principal object of the invention is to provide novel, 

convenient and practicable means for establishing TE 
circular electric mode waves in a round wave guide. 

It is also an object of the present invention to transfer 
wave power of a given wave mode in a first transmission 
line, suitable for one purpose therein, from said first 
line and to launch it as wave power of another mode 
suitable for another purpose in a second transmission line. 
Another object of the invention is to transfer a pre 

determined portion of the energy, or the entire energy, of 
a first mode in a first type of wave guide into energy of 
a second mode in a second type of wave guide. 

It is a further object of the present invention to select 
wave energy having a specific mode configuration in a 
multi-mode transmission line and to suppress wave energy 
having other mode configurations. 

Also, it is an object of the present invention to cause 
electromagnetic wave energy of the dominant mode in a 
wave guide of rectangular, or sectorially shaped, cross 
Section, to launch electromagnetic wave energy of circu 
lar mode in a wave guide of circular cross-section, and 
vice versa. 



Other objects, aspects, advantages, and features of the 
invention will become apparent diuring the course of the 
following detailed description of specific preferred illus 
trative embodiments of the invention when read in, con 
junction with the accompanying drawings in which: 

Fig.1, is a perspective view of one specific embodiment 
of mode transducer of the invention, with portions cut 
away to show more clearly particular internal structural 
features; - - - - - 

Fig. 2 is a perspective view with portions cut away 
to show more clearly particular internal structural fea 
tires of a second specific. embodiment of mode trans 
ducer of the invention, differing from that of Fig. 1 in 
introducing the feed guide into the circular wave guide 
at an angle; - 

Fig. 3 is a side view, with portions cut away to show 
more clearly particular internal structural features, of a 
first" modification of a mode transducer of my above 
mentioned copending application, which includes longi 
tudinal vanes within the circular wave guide; 

Fig. 3A is a cross-sectional view, taken at 3A-3A, of 
the transducer of Fig. 3; - 

Fig. 4 is a side view, with portions cut away to show 
more clearly particular internal structural features, of a 
second modification of a mode transducer of my above 
mentioned copending application in which the circular 
wave guide is corrugated; - 

Fig. 4A is a cross-sectional view, taken at 4A-4A, of 
the transducer of Fig. 4: - 

Fig. 5 is a side view with portions cut away to show 
more clearly particular internal structural features of a 
third modification' of a mode transducer of my above 
mentioned copending application, in which the circular 
wave guide consists of a plurality of like; regularly spaced, 
conductive rings held in position by a hollow cylinder of 
substantially non-conductive material, the interval be 
tween successive rings being less than a half wave length, 
the centers of curvature of the:rings lying along the longi 
tudinal-axis of the circular wave guide; - 

Fig. 5A is a cross-sectional view, taken at 5A-5A, of 
the transducer of Fig. 5; 
Fig.6 shows a side view, with portions cut away to 

show more clearly particular internal structural features, 
of a modification of the transducer of Fig. 1, which in 
cludes longitudinal vanes assembled within the circular 
wave guide; - 

Figs. -6A, 6B, 6C, 6D; 6E, 6F and 6G are cross 
sectional views of the transducer of Fig. 6, taken, re 
spectively, at 6A-6A, 6B-6B, 6C-6C, 6D-6D, 
6E-6E, 6F-6F, and 6G-6G; . 

Fig. 7 shows a side view, with portions, cut away to 
show more clearly particular internal structural features, 
of a modification of the transducer of Fig. 1, which in 
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cludes a corrugated circular wave guide of the type shown 
in Fig. 4; 

Figs, 7A, 7B, 7C, 7D, 7E, 7F and 7G. are cross-sec 
tional views of the transducer of Fig. 7 taken, respec 

55 

Fig. 8 shows a side view, with portions cut away to 
show more clearly particular internal structural features, 
of a modification of the transducer of Fig. 1, which in 
cludes a circular wave guide of the type shown in Fig. 5; 
and 

Figs. 8A, 8B, 8C, 8D, 8E, 8F and 8G are cross-sectional 
views of the transducer of Fig. 8 taken, respectively, at 
8A-8A, 8B-8B, 8C-8C, 8D-8D, 8E-8E, 8F-8F, 
and 8G-8G. 

60 

In more detail, Fig. 1 shows one specific illustrative 
embodiment of a high frequency, selective mode trans 
ducer in accordance with the invention, for transforming 
dominant mode TElo wave energy in a rectangular wave 
guide into circular electric mode TEoi wave energy in a 
circular wave guide and vice versa. The transducer con 
sists of a “feed guide” 13, 17, and a "transmission. 
guide” 10. 

70 

75 

4. - 
The portion of the feed guide 13, 17 to the left of guide 

10 tapers from left to right as shown. The left end 13 
is of rectangular cross-section and has two larger sides 
11 and 12 which are at least one-half wave length of the 
lowest frequency to be transmitted through the guide, 
and two smaller sides 14 and 15, which are usually ap 
proximately one-half the length of the longer sides. The 
device 21 is a conventionalized showing of an ultra high 
frequency wave generator: This generator is connected 
to the left end of wave guide 13 in such manner as to 
establish dominant mode TEjo wave energy therein, in 
accordance with any of the several arrangements for this 
purpose well known to those skilled in the art. * - 
The right end 17. is of sectorial cross-section: having 

two equal linear sides. 27, 29 joining at... an acute angle 
and a third arcuate side 15' joining the upper ends of 
sides 27 and 29, the inner surface of side 15' being the 
arc of a circle the radius of which is equal to the length 
of the sides 27 and 29. The length of sides 27 and 29 
are in turn equal to the radius of the inner surface of 
main guide 10. Both the feed and main guides are prefers 
ably made of highly conductive material such as sheet 
copper or sheet brass. The cross-section of the feed guide. 
13, 17 just adjacent to the left-end of the main guide 10 
is a sector of the circular cross-section of the main guide 
10 and the arcuate side 15' of feed guide. 13 will register 
with and become an integral portion of the main guide 
10. the longer sides 27, 29 continuing into main guide 10, 
as shown, and as will be more fully described herein 
below. . 
The portion of the feed waveguide 17 enclosed with 

in circular guide 10, comprises the two rectangular-longi 
tudinal vanes 27, 29 extending from their junction sub 
stantially along the longitudinal axis 31 of the wave 
guide 10, to the interior-surface of the circular guide 10; 
and the portion of guide 10 included between the outer 
edges of vanes. 27, 29 as shown. There is formed there 
by an extension within guide 10 of the feed wave guide 
17 of sectorially shaped cross section. An array of 
coupling slots 16, distributed over a length L as described 
hereinafter, are cut into the guide 17 along the edge 
substantially coincident with center line 31 of wave guide 
10, as shown. 
The wave guide 17 is terminated electrically in a re 

flectionless manner near its right end 19 beyond the 
apertures 16 by a wedge. 20 of lossy material having an 
exposed surface, at its left end, of suitably tapered form, 
it being in this instance, for example, of concave pris: 
matic shape, as shown. Also, between the apertures 16 
and the termination 19, the cross section of the feed 
wave guide 17, within guide 10, is again tapered to 
gradually change by reduction of the angle between the 
vanes 27 and 29. The vanes. 27 and 29 finally merge 
and terminate the feed wave guide 17 in a single radial 
vane at 19. This tapering termination of the feed wave 
guide. 17 permits the "sectorial TE mode' wave energy 
traveling to the right in the transmission wave guide 10 
to close itself gradually into the TEo circular electric 
mode without significant loss of power to other modes. 
The wave guide 10 is also terminated in a reflection 

less manner by a conically shaped member 23 of lossy 
material fitted into guide 10 and around guide 17 at the 
left end of guide 10, as shown, where.the guide 17 enters. 
The right end of the guide 10 is intended, for normal 
operation, to be connected to a suitable load circuit, 
such as, for example, a long transmission wave guide 
of similar radius and of circular cross section. Connec 
tion to a circular guide of larger diameter can, of course; 
be effected through a smoothly tapered wave guide trans 
former section in: accordance with principles well known 
in the art. The impedance. of such a load circuit also, 
preferably, matches that of guide 10:... . . . . . . . 

Although in this specific embodiment: the apertures. 16. 
are rectangular and are spaced at intervals of less: than 
one-half wavelength: along the axis 31 of the transmission. 
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wave guide 10, the apertures may be either rectangular 
or circular, and may be spaced in the vanes 27, 29 at 
various distances from the axis 31 of the transmission 
wave guide 10. If rectangular, as shown, the apertures 
are preferably aligned so that their long dimensions are 
radial. In any case, however, each aperture in vane 27 
is aligned with a corresponding aperture in vane 29. 
The significance of the structural details thus far de 

scribed and the importance of certain other parameters 
of this structure, may most readily be understood if 
they are considered in connection with an explanation 
of the preferred mode of operation of the transducer of 
Fig. 1. Thus, dominant mode TE wave energy intro 
duced from source 21 into section 13 will be converted 
into sectorial TE waves in section 13 without sub 
stantial difficulty so long as this transition is made over 
an interval of several wavelengths and so long as the 
sectorial angle of section 17 is sufficiently small. Under 
this condition there is some alteration of the proportions 
of the guides but the slight distortions resulting there 
from of the electric field in converting from the TE10 
mode to the sectorial TE mode will not tend to intro 
duce substantial spurious modes. If the sector angle 
is too large, however, undesirable spurious modes may 
be generated and supported in section 17. 
As is developed by mathematical analysis in my 

above-mentioned copending application, when two trans 
minsion lines of similar or different characteristics are 
coupled together over a longitudinal length thereof, wave 
energy in a particular mode in one line will be trans 
ferred into wave energy in another mode in the other 
line when the velocities of propagation of these par 
ticular modes in the two lines are equal. The structure 
in accordance with the present invention provides this 
necessary relationship between the sectorial TE10 mode 
in feed guide 17 and the sectorial TE mode in main 
guide 10. The phase velocity of the dominant sectorial 
TE10 mode in guide 17 depends solely upon the radial 
dimension of the sector. Likewise, the phase velocity 
of the sectorial TE mode in guide 10 is determined by 
this same radial dimension. Thus, the guide wavelength 
for the sectorial TE mode in guide 10 is equal to the 
guide wave length for the sectorial TE mode in guide 
17. Other modes which might be supported in guide 
10 will have wavelengths different from the sectorial 
TE mode and therefore, from the sectorial TE10 mode. 

Thus, as the Sectorial TE10 energy travels along guide 
17, portions of it will be successively transferred into 
guide 10 by coupling apertures 6. So far as trans 
mission of this energy in guide 10 in the backward di 
rection toward absorber 23 is concerned, the structure 
is inherently a directional coupler, i. e., a minimum 
transmission of energy in a backward direction in guide 
10 will be found since the collective effect of a large 
number of discrete coupling elements spaced at less than 
one-half wave length apart is of itself directionally selec 
tive as is well known in the directional coupler art. For 
this reason, any of the many distributions for a plurality 
of discrete points known to the art may, in addition, be 
used to improve the directivity or to increase the band 
width over which a given directivity is maintained. A 
number of these distributions are collected and analyzed 
in an article, “Directive Coupling in Wave Guides,” by 
M. Surdin in the Journal of the Institution of Electrical 
Engineers, vol. 93, 1946, part IIIA, pages 725-726, any of 
which are suitable for the purposes of the present in 
vention. 
The present invention is concerned primarily with the 

transmission of sectorial TE energy in the forward di 
rection in guide 10. Thus, energy transferred through 
the first of apertures 16 which happens to appear in guide 
10 in the sectorial TE mode will experience in this 
transfer a 90 degree phase delay. This energy travels 
to the right in guide 10 to the second of apertures 16, 
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whereby part of it is returned to guide 17 with a further 75 

6 
delay of 90 degrees. Thus, the energy which goes from 
line 17 to line 10 and back to line 17 by way of a later 
aperture arrives in line 17 out of phase with the sectorial 
TE energy which travels straight through line 17. On 
the other hand, all components of the sectorial TEoi 
energy in line 10 are in phase. A summation of such 
components eventually results in cancellation of the sec 
torial TE energy in line 17 and the transfer thereof into 
sectorial TEo energy in line 10. 

But since the necessary dimensions of guide 10 render 
this guide multimode and capable of supporting several 
other nodes in addition to the desired sectorial TEo 
mode, it would be expected that a substantial portion of 
the original TE10 energy would appear in unwanted 
spurious modes in guide 10. It is a fact that several 
sectorial modes, each corresponding to the TEs and TE21 
and TE11 modes in a full circular guide may be supported 
in sectorial guide 10. TM modes can exist in sectorial 
guide 19, but the degeneracy between TM1 and TE01, 
which exists in hollow round guides is removed by the in 
sertion of guide 17. 
The most critical mode to be discriminated against in 

this group is the mode which has a guide wave length 
or phase velocity nearest to the guide wave length or 
phase velocity of the desired sectorial TE mode. Of 
the spurious modes noted above, the guide wave length in 
sectorial guide 0 of the sectorial TE31 mode is the near 
est to the guide wave length of the sectorial TE mode. 
There is no corresponding cancellation and transfer of the 
type described above for the TE mode because the guide 
wave lengths of this mode in line 10 and the sectorial 
TE10 mode in line 7 are different and the necessary in 
phase and out-of-phase relationships do not exist. It is, 
therefore, possible to substantially suppress the sectorial 
TE31 mode in the forward direction of transmission by 
making the length L of the coupling array at least 
equal to 

8 

( - ) ATRon WTE 

wherein ATE is the guide wave length of the sectorial 
TEol mode in guide 10, wherein ATE is the guide wave 
length of the sectorial spurious mode in guide 10, and 
wherein 6 is at least the value of the periodic angle of 
the Fourier transform for the particular coupling distri 
bution employed at which the characteristic of the trans 
form first passes through zero. The derivation of this 
relationship is rather complicated and will not be set 
out in detail here, but if further information is desired, 
reference may be had to my above-mentioned copend 
ing application in which the full derivation is set out. As 
is well known, a Fourier transform of the coupling dis 
tribution is a precalculated evaluation of the integral of 
this particular coupling distribution. Fourier transforms 
have been derived by the mathematical art for countless 
distributions. In its present use the transform is propor 
tional to the forward current of wave energy in a given 
Inode in guide 29. When the value of the periodic angle 
6 is such that the value of the transform is zero, the 
forward current in the spurious mode will be zero. A 
particular example of the application of the Fourier 
transform is also set out in detail in my above-mentioned 
copending application. 
The number and amplitude strength of coupling aper 

tures 16 is of principal importance in determining the 
fraction of sectorial TE mode wave energy transferred 
from guide 7 into sectorial TE mode wave energy in 
line AG. The exact ratio of the power transferred into 
the TEo mode wave energy is determined by the inte 
grated coupling strength factor dependent upon the 
strength and distribution of the coupling between guides 
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17 and, 10. As described: in detail in my above-men 
tioned copending application this factor is expressed as 

n sin-1 C 
in which in represents the number of coupling apertures 
and C represents: the coupling factor of each of these 
points; All of the power in line 17 will be transferred 
into TE mode: power in line 10 when this quantity is 
equal to 

. 77t. 

2 

where m is any odd integer: Lesserratios are transferred 
for smaller fractions of ar. 

Since the field pattern of the sectorial TE mode in 
line; 10 is substantially similar to the field pattern of the 
circular electric TE mode in a guide of complete circular 
cross-section of the same radius, power will be converted 
from the sectorial mode without substantial difficulty so 
long, as the transition is made over an interval of several 
wave lengths. This consideration is very similar to the 
considerations examined above in connection with the 
transition from... rectangular guide 13 to sectorial guide 
17. In general, the sector angle of section 7 should be 
made small for this reason and in a particular embodi 
ment should probably not exceed 30 degrees. Angles 
smaller, than this: value may be desirable except in so far 
as attenuation will be-introduced in section. 17 when the 
angle becomes exceptionally small. It is a desirable co 
incidence that the proportioning of the feed guide as de 
scribed hereinabove facilitates a neat mechanical com 
bination of the feeds and main guides. 
substantially different cross-sections can, of course, be 
designed which will generate the desired TE mode wave 
in the main-guide-10, but: such designs may involve un 
desirable phase velocity differences and/or undesirable 
degeneration of the "sectorial TE" wave in the feed 
guide. While such undesirable results may in many in 
stances be compensated for in whole or in part by means 
well known to those skilled in the art, a substantial sac 
rifice in the functional simplicity of the mechanical and 
electrical design required will normally be incurred. 

In Fig. 2, a second specific illustrative embodiment of 
a high frequency, selective mode transducer, in accord 
ance with the invention, is shown. It differs from the 
embodiment of Fig.1 principally in that the ends 37, 38 
of the feed wave guide 13, 37, 17, 38 enter the wall of 
wave-guide 10, at angles to the axis 31 of wave guide 
10; as shown, and join at planes 41 and 43, respectively, to 
the-centralisection 17 of the-feed wave guide. The section 
of wave guide 38 is terminated at its right end by a suit 
ably tapered dissipative member 39 which substantially 
matches the impedance of the feed wave guide and ab 
sorbs: power incident upon it, thus effectively preventing 
the establishing of standing wave energy in the feed wave 
guide. 13, 37, 17,38. - 
The section 17 of the feed wave guide is parallel to 

the axis 31 of the guide. 10 as shown. In this instance, 
section 38 need not be tapered longitudinally, as was re 
quired for the right end of section 17 of Fig. 1, since the 
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angular relation of section 38 with respect to guide 10 
permits the sectorial TE mode wave traveling to the 
right to guide 10 to close itself gradually into the TEol 
circular electric mode without turbulence. Also, the 
terminating member 23' at the left end of guide 10 can 
be obviously, a complete cone, as shown. 

Other than for the distinctions specifically indicated 
above, the illustrative embodiments shown in Fig. 1 and 
Fig. 2 are, for all practical purposes, substantially the 
same. As in Fig. 1, for the structure of Fig. 2 one nar 
row side 14 of the section of feed wave guide 13, 37 of 
rectangular cross: section at end 13 tapers down to an 
edge 47, and the other narrow side 15, 15 becomes 
rounded outwardly toward the right end of section. 37. 
The resulting wave guide. portion of sectorially shaped 
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cross section, leads into the guide 10 through the cylin 
drical wall. thereof, as shown, and joins angularly, at 
junction, plane. 41 with the section of wave guide. 17. 
The features, and components designated 10, 11, 12, 

13, 14, 15, 15, 16, 17, 21, 27, 29.31 and L in Fig.2 are 
as described for the features and components correspond 
ingly designated in Fig. 1. Beyond the slots 16, the 
guide section 17 is joined angularly at junction plane 43 
by the section of waveguide 38 which has substantially, 
the same form as the section of wave guide. 37, and 
which passes through the wall of the guide 10, as shown. 
The section of wave guide. 38 is terminated electrically 
with a wedge of lossy material. 39, the impedance of 
which wedge substantially matches the impedance of the 
wave guide. 
As shown, the structure in Fig. 2 cperates in a man 

ner almost identical to : the operation of the structure of 
Fig. 1. However, the structure of Fig. 2 may be: oper 
ated to transmit high frequency radio wave energy, in 
both directions simultaneously, or to receive high fre 
quency radio energy from both directions simultaneously, 
provided, of course, that terminations 39 and 23' are re 
moved and a converting section like section 13 is: added 
to the right end of section 38 to afford a rectangular 
wave guide terminal section. It may, when so modified, 
also be used to receive from one direction and to trans 
mit in. the other direction, at the same time, as, for 
example, in a repeater, or in a relay station. 
The three species illustrated in Figs. 3, 4 and 5 of the 

drawings accompanying the present application are of 
the same general type as that shown in Fig. 1 of my 
above-mentioned: copending application and differ there 
from substantially only in features of the circular. wave 
guide designed to suppress the generation of unwanted 
spurious mode:waves in the circular guide. - - 
More specifically in Fig. 3, a radio wave of the TE 

mode is established in the feed wave guide 62 of rectan 
gular cross section by the generator 21. Transmission 
wave guide 62, of conventional rectangular, cross. sec 
tion having its longer sides substantially twice its shorter. 
sides. as shown in the cross-sectional view of Fig. 3A, 
is coupled to wave guide. 60 through a coupling array, 
comprising in this instance a wall 66 common to the 
feed guide 62 and to the transmission wave guide 60 of 
circular cross section, and a plurality of apertures 64 
cut into the common wall 66. Wall 66 is one of the 
narrower sides of feed guide 62 and the general-coupling 
arrangement is, as mentioned above, of the type illus 
trated in my above-mentioned copending application 
Serial No. 245,210, by Fig. 1 thereof. The number and 
spacing of the apertures, as well as the length Lover 
which they are distributed, are determined in substan. 
tially, the same manner as discussed above with regard 
to Fig. 1 of the present application. - 
Upon entering the transmission wave guide 60 the 

radio. energy. tends to - establish a number of modes. 
therein, but of these, only the TE mode is reinforced. 
Other modes, notably the TM1 mode, are not only not 
reinforced, but are in addition suppressed by the dis 
criminatory, dissipation characteristics of the plurality of 
longitudinal, thin vanes. 61 of resistive material. Alter 
natively vanes 6 may be highly conductive material 
and eddy currents induced by the unwanted mode waves 
will effect the suppression of such modes. The vanes 6 
extend radially, as shown more clearly in the cross-sec 
tional view of Fig. 3A, from the inner Surface of the 
guide 60 toward the longitudinal axis 68 of the guide 60 
and are parallel to the axis. 68 of guide 60. The radial 
width of each vane is preferably made 4 to % of the 
guide radius. As explained in the copending applica 
tion, Serial. No. 222,006 filed April 20, 1951, by A. P. 
King, now United States Patent 2,760,171, issued August 
21, 1956, assignor to applicant's assignee, at page 3, lines 
17 through 24, such. vanes arranged in the manner 
shewn do not affect: the TEoil circular electric. mode 
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waves since they are at all points perpendicular to the 
lines of electric force of the wave, but other mode waves, 
particularly TM11 and similar modes, are effectively 
suppressed by the vanes. The ends of the vanes may 
be tapered as shown in the King application to mini 
mize the reflection of energy from their ends. 

For normal operation, the feed wave guide 62 is ter 
minated electrically at its right end with a wedge of 
lossy material 65, having an exposed surface at the left 
end of the wedge, of concave prismatic shape as shown. 
The transmission wave guide 66 is likewise terminated 
at its left end as shown by a cone-shaped mass of lossy 
material 67. These "lossy' or resistive terminations 
should in each instance and for all arrangements of the 
invention have an effective impedance closely matching 
the characteristic impedance of the particular wave 
guide in which the particular termination is employed 
So that standing waves will not result from reflection of 
energy at the termination. At its right end the circular 
transmission wave guide 69 is connected to a suitable 
load circuit, preferably of matching impedance, as de 
scribed above for the arrangements of Figs. 1 and 2. 

Fig. 3A is a cross-sectional view, taken at 3A-3A, 
of the structure shown in Fig 3. The features and com 
ponents designated 60, 61, 62, 64, and 66 in Fig. 3A 
are those features and components correspondingly 
designated in Fig. 3. The spacing and positioning of the 
Vanes 6 within wave guide 60 is apparent in Fig. 3A. 
The structure shown in Fig. 4 in a side view, and in 

Fig. 4A in a cross-sectional view, taken at 4A-4A, is 
essentially similar to the structure shown in Fig. 3, ex 
cept that there are no longitudinal vanes shown in Fig. 
4 and Fig 4A and the transmission wave guide 80 is 
corrugated. 
As mentioned above, the structure shown in Fig. 4 

is a further specific embodiment of the invention illus 
trated by Figs. 1 and 1A of my copending application, 
Serial No. 245,210, filed September 5, 1951, now United 
States Patent 2,748,350, issued May 29, 1956, in which 
the form of the circular wave guide, or "transmission 
guide,' has been modified in accordance with Fig. 14 of 
my copending application, Serial No. 255,835, filed No 
vember 10, 1951, now United States Patent 2,774,945, is 
Suted December 18, 1956. 
A generator 21 of high frequency radio wave energy 

sends radio waves of the TE mode along the feed wave 
guide 82. Wave guide 82 is of conventional rectangular 
cross section, the vertical sides of the guide being sub 
stantially twice the horizontal sides, as indicated in the 
cross-sectional view of Fig. 4A. This energy is coupled 
into the corrugated transmission wave guide 80 by means 
of a coupling array, comprising a plurality of apertures 
84 spaced over a minimum distance L in the lower narrow 
side 86 of the guide 82 substantially as described for the 
coupling array of the structure of Fig. 1 of the present 
invention. The guide 82 is inserted into a longitudinal cut 
in the transmission guide 80 and is positioned so that its 
longitudinal edges are parallel to the axis 85 of the guide 
80 and so that the narrow side 36 is flush with the internal 
corrugation crests 81. 
The apertures 84 are spaced to cccur only at internal 

crests 81 of the corrugations in the guide 80. These crests 
81 are spaced less than a half wave length apart. The 
TE mode radio wave energy is established in the trans 
mission guide 80, and is effectively transmitted through 
the cylindrical space defined by the internal crests 81 of 
the corrugations of wave guide 80. 
The wave energy which enters the transmission wave 

guide 80 from the feed wave guide 82 establishes a num 
ber of modes, but of these, only the TEol mode is rein 
forced, as discussed above with regard to Fig. 1. Other 
modes, notably the TM11 modes, are not only not rein 
forced, but are in addition suppressed by the action of the 
crests 8 and the troughs 83 of the guide 80. These crests 
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81 and troughs 83 lie in parallel planes which are perpen 
dicular to the axis 85 of the guide 80. 
At its right end the feed wave guide 82 is terminated in 

a wedge 87 of a lossy material which has an exposed sur 
face (facing to the left) of concave prismatic shape. The 
transmission wave guide 80 is terminated at its left end 
with a cone 88 of lossy material. At its right end the 
guide 80 should be connected to a suitable load circuit, 
preferably of matching impedance. 
The structure shown in side view in Fig. 5 and in cross 

Sectional view in Fig. 5A is also essentially similar to the 
structure shown in Fig. 3, except that in Fig. 5 the trans 
mission wave guide 90 of circular cross section (known as 
a "spaced ring” wave guide) comprises an alignment of 
like conductive rings 91 held in place by a cylindrical 
housing 99 of lossy material. The structure shown in 
Figs. 5 and 5A is a still further specific embodiment 
of the invention illustrated by Figs. 1 and 1A of my co 
pending application Serial No. 245,210, filed September 
5, 1951, now United States Patent 2,748,350, issued May 
29, 1956, in which the form of the circular wave guide 
has been modified in accordance with Figs. 20F and 20G of 
my copending application, Serial No. 255,835, filed No 
vember 10, 1951, now United States Patent 2,774,945, is 
sued December 18, 1956. 
The wave guide 92 is of conventional rectangular cross 

section, having one dimension substantially twice the 
other dimension as shown in the cross-sectional view of 
Fig. 5A. The transmission wave guide 90 of circular cross 
section consists of an alignment of like conductive rings 
9, each ring being in a plane parallel to the planes of the 
other rings, consecutive rings being spaced less than a 
half wave length apart. The rings are held in a cylindrical 
housing 99 made of lossy material such as carbon loaded 
polyethylene. The planes of the rings 9 are substan 
tially perpendicular to the longitudinal axis 95 of the cy 
lindrical housing 99 and the centers of the rings 91 are 
located along the axis 95. 
A longitudinal opening is cut into the transmission wave 

guide 99 and a portion of the wave guide 92 is positioned 
in the opening so that the longitudinal edges of the guide 
92 are parallel to the axis 95 of the wave guide 90. 
The lower narrow side 96 of the wave guide 92 is set 
flush with the inner surfaces of the rings 9:1. 
Cut into the lower narrow side 96 of the guide 92 

is a coupling array, comprising a plurality of apertures 94 
distributed over a length L substantially as described 
for the coupling array of the structure of Fig. 1. The 
holes occur only at locations where there are conductive 
rings. The generator 21 of high frequency radio wave 
energy is connected to the left end of the feed wave guide 
92 and a wedge-shaped plug 97 of lossy material is placed 
in the right end of guide 92. A cone of lossy material 98 
is used to terminate electrically the transmission wave 
guide 90 at its left end. The right end of the transmission 
Wave guide 90 should be connected to a suitabie load 
circuit, preferably of matching impedance. 

In operation, the generator 21 of high frequency radio 
wave energy sends energy of the TE mode along the 
feed Wave guide 92. A number of modes are set up in 
the transmission wave guide 90, by energy entering guide 
96 through the array of coupling apertures 94, but of these 
modes, only the TEo mcde is reinforced, as discussed 
above with regard to the structure of Fig. 1. Other 
modes, notably the TM1 mode, are not only not rein 
forced, but are in addition suppressed by the action of the 
"spaced-ring” wave guide 90. 

in Fig. 5A, a cross-sectional view, taken at 5A-5A, 
of the structure of Fig. 5 is shown and the features and 
components designated 90,91, 92, 94, 96 and 99 are those 
features and components correspondingly designated in 
Fig. 5. 
A further structure of the invention is shown in the 

side view of Fig. 6 and in the cross-sectional views of Figs. 
6A, 6B, 6C, 6D, 6E, 6F and 6G, taken, respectively at 



6A-6A, 6B-6B, 6C-6C, 6D-6D, 6E-6E, 6F-6F, 
and 6G-6G. This structure is exactly like the struc 
ture of Fig. 1, except for the addition of a plurality of 
radially positioned thin longitudinal vanes 101 of resistive 
material. Alternatively, vanes 101 may be of conductive 
material as for the vanes 61 of Fig. 3. This structure 
is obviously the structure of Fig. 1 with longitudinal vanes 
101 added in substantially the same manner as for the 
vanes 61 of Fig. 3. - - - - - 
The features and components in Figs. 6, 6A, 6B, 6C, 

6D, 6E, 6F and 6G designated 10, 11, 12, 13, 14, 15, 
15, 16, 17, 19, 20, 21, 23, 27, 29, 31 and L are as de 
scribed for the features and components correspondingly 
designated in Fig. 1. The operation of the structure of 
Fig. 6 is substantially the same as described above in 
connection with the structure of Fig.1. The addition of 
vanes. 101 is, of course, to suppress unwanted, spurious 
mode waves which may be set up when high frequency 
radio wave energy passes from the feed guide 17 to the 
transmission guide 10, in substantially the same way as 
for the vanes 61 of Fig. 3A. The vanes 101 are especial 
ly useful in suppressing the TM1 mode. Several wave 
lengths beyond the termination 19 of the guide 17, the 
vanes 101 are terminated and the guide 10 extends with 
Out Vanes. 
The cross-sectional views of Figs. 6A, 6B, and 6C 

show more clearly the transitions of the structure from 
a rectangular wave guide to a sectorially-shaped wave 
guide and thence to a sectorially-shaped wave guide with 
in a circular wave guide provided with radially posi 
tioned, longitudinal, resistive vanes. Figs. 6C, 6D, 6E 
and 6F illustrate the tapering of the sectorially-shaped 
wave guide toward the right beyond the coupling region. 
The wave guide 17 as it gradually decreases its apex angle 
ultimately becomes a single radially positioned conduc 
tive vane within the circular wave guide at its end 19, as 
shown. Fig. 6G illustrates the circular wave guide 10 
without the radially positioned, longitudinal vanes 101. 
While resistive vanes are somewhat more effective, con 
ductive vanes of, for example, thin sheet copper, would, 
as mentioned above, also serve to substantially suppress 
spurious modes such as the TM1 mode and the like. 
The embodiment shown in side view in Fig. 7 and in 

the cross-sectional views of Figs. 7A, 7B, 7C, 7D, 7E, 
7F and 7G taken, respectively, at 7A-7A, 7B-7B, 
7C-7C, 7D-7D, 7E-7E, 7F-7F, and 7G-7G, in 
Fig. 7, is essentially similar to the embodiment shown 
in Fig. 1 except that the form of the transmission or 
circular wave guide has been modified as for the struc 
ture of Fig. 4 described above and in connection with 
Fig. 14 of my copending application Serial No. 255,835, 
filed November 10, 1951, now United States. Patent No. 
2,774,945, issued December 18, 1956, to a corrugated 
form. The features and components designated 11, 12, 
13, 14, 15, 16, 21 and L in Figs. 7, 7A, 7B, 7C, 7D, 7E, 
7F and 7G are as described for the features and com 
ponents correspondingly designated in Fig. 1, respec 
tively. 
The corrugated transmission guide 110 and the feed 

wave guide 13, 117, formed in part inside the corrugated 
transmission wave guide 110, are the essentials of the 
structure of Figs. 7, 7A, 7B, 7C, 7D, 7E, 7F and 7G. 
The feed wave guide 13, is, at its left end, of rectangular 
cross section; and one cross-sectional dimension is sub 
stantially twice the other. From the left to the right, the 
lower narrow side 14 tapers gradually to an edge, while 
the upper narrow side 15 rounds outwardly to the same 
curvature as the inner crests 111 of the transmission guide 
110. Thus, the portion of feed guide 13 tapers to a 
cross section of sectorial shape at the junction plane 115. 
where it forms a smooth junction with the portion of 
feed guide 117 also of sectorially-shaped cross-section. 
The portion of feed wave guide. 117, formed within the 

transmission wave guide: 1:10, comprises the electrically 
conductive, longitudinal vanes 112, and 118 and the por 
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tion of guide 110 included between their outer edges, 
as shown in Figs. 7, 7C, 7D, 7E and 7F. These vanes 
extend radially from their junction along the axis 116 
of the transmission guide 110 to form a tight, junction 
with the undulating inner surface of the guide 110. A 
series of coupling slots 16 are cut into the feed wave 
guide 117 substantially as for the feed guide 17 of Fig. 
1. To the right of the coupling array the angular. dis 
placement between the vanes 112 and 18 gradually de 
creases until the vanes merge to become a single vane 
and then terminate at 109. A plug 119 of lossy ma-. 
terial, its exposed surface having a suitably tapered form, 
in this instance a concave prismatic shape, is used to . 
give the wave guide 117. an electrically reflectionless 
termination. - s 

The transmission wave guide 110. of circular cross 
section is corrugated, the interior crests 111 and interior 
troughs 113 running around the circumference of the 
guide 110. At its left end, guide 110 is terminated in 
an electrically reflectionless manner by a conically shaped 
plug 114 of lossy material. At its right end the guide. 
110 should be connected to a suitable load-circuit, prefer 
ably of matching impedance. 

In the operation of the embodiment shown in Figs. 
7, 7A, 7B, 7C, 7D, 7E, 7F and 7G, a generator 21 of 
high frequency radio energy sends radio energy of the 
TE mode down the feed wave guide 13, 117. This 
energy passes through the array of coupling apertures 16 
and sets up a number of wave modes in the transmission 
guide 10. However, as discussed with regard to Fig. 1, 
the TEo mode is reinforced and transmitted. 

Other wave modes, notably the TM1 mode, are not 
only not reinforced because of the presence of the hollow 
sectorial guide 117 as described with reference to Fig. 1, 
but are suppressed because of the discriminatory dissipa 
tion action of the crests 11 and troughs 113 of the guide: 
10, as described for the structure of Fig. 4. The crests. 
111 are less than a half wave length apart. 

Again, as discussed with regard to Fig. 1, the aper 
tures 16 could be placed in a variety of positions in the 
vanes 112 and 118. Also, the cross-sectional shape or 
the position of the feed wave guide 13, 117, might be 
changed in a variety of ways, but these changes destroy 
the functional geometric simplicity of the specific em 

5 bodiments discussed above. 
The: cross-sectional views of Figs. 7A, 7B, 7C, 7D, 

7E, 7F and 7G show more clearly the transition of the 
structure from, respectively, a rectangular wave guide to 
a sectorially-shaped wave guide; to a sectorially-shaped 

... wave guide within a corrugated circular wave guide; to a 
sectorially-shaped wave guide gradually closing to a sin 
gle, radially positioned vane, within a corrugated circular. 
wave guide; and lastly, to a corrugated circular wave 
guide. 
The device shown in side view, in Fig. 8 and in cross 

sectional views in Figs. 8A, 8B, 8C, 8D, 8E, 8F and 8G. 
taken, respectively, at 8A-3A, 3B-8B, 8C-8C, 
8D-8D, 8F-8F, and SG-8G, in Fig. 8, also is essen 
tially similar. in structure and operation to the device 
shown in Fig. 1 and differs therefrom only in that it 
utilizes as its circular transmission wave guide a wave 
guide comprising an alignment of like, electrically con 
ductive, rings. 121 mounted in a cylindrical housing 
126 made of lossy material. The structure of Fig. 8 is 
an illustrative specific embodiment of the present inven 
tion in which the form of the circular wave guide has 
been modified as discussed above in connection with Fig. 
5 or in connection with Figs. 20F and 20G of my co 
pending application, Serial No. 255,835, filed November 
10, 1951, now United States Patent 2,774,945, issued 
December 18, 1956, also referred to above. 

This embodiment has as its principal features the feed 
Wave guide 13, 127, tapering gradually from a rectan 
gular to: a sectorially-shaped, cross section and the 
"spaced-ring" type transmission wave guide:120 of circu 
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lar cross section. The features and components designated 
ii, 12, 3, 4, 15, 6, i9, 20, 23, 27, 29, and L in Figs. 
8, 8A, 8B, 8C, 8), 8E, 8F and 8G are those features and 
components correspondingly designated in Fig. 1, respec 
tively. 
The portion of feed wave guide 13 is, at its left end, 

of rectangular cross section with one cross-sectional di 
mension substantially twice the other. The narrow side 
14 tapers gradually to an edge while the narrow side 
15 rounds outwardly to form a wave guide of sectorially 
shaped cross section which forms a smooth junction with 
a portion of the feed wave guide 127. The sectorially 
shaped guide 127 is similar to the guide 37 of Fig. 1, 
but has it own curvate top piece 129 which extends 
for the length of the portion 127 of feed guide 13, 127. 
The narrow edge of the guide 127 (junction of sides 27 
and 29) is located along the axis 125 of the transmission 
guide 128, and cut into this edge are an array of cou 
pling apertures 16 distributed over the length L, as de 
scribed for the apertures 16 of guide 7 of Fig. 1. 

Beyond the array of coupling apertures 6 the an 
gular displacement between the sides 27 and 29 gradu 
ally decreases until the sides meet in a single, radially 
positioned vane and terminate at 28. The guide 127 is 
terminated in an electrically reflectionless manner by a 
plug i9 of lossy material having an exposed surface of 
suitably tapered form, in this instance of concave pris 
matic shape. 
The transmission guide 120 is constructed in the man 

ner as described for guide 90 shown in Figs. 5 and 5A. 
Electrically conductive like rings 121 are aligned so that 
their planes are parallel to each other and perpendicular 
to the longitudinal axis 125 of the overall structure. The 
centers of all of the rings 121 are located on axis 125. 
The spacing between the rings 2i must be less than a 
half wave length, although the width of each ring is not 
critical. The rings 12i are held in place by a cylindrical 
housing 126 of electrically lossy material such as carbon 
loaded polyethylene. The axis of this cylindrical hous 
ing is also axis 125. 

For the length of the portion 127 of feed guide 13, 
27, the rings 12i are notched so that the outwardly 

rounded side 129 of the feed guide 27 fits into the 
notched rings and Snugly to the inner Surface of the 
housing 26. The feed guide 27 is set deep enough 
into the inner surface of the housing 126 so that the inner 
surface of the rounded side 29 of the feed guide 27 is at 
the same radial distance from the axis 125 as are the 
inner surfaces of the rings 121. 
At its left end the transmission guide 120 is terminated 

in an electrically reflectionless manner by a cone-shaped 
plug 23 of lossy material. The right end of the trans 
mission guide 120 should be connected to a suitable load 
circuit, preferably of matching impedance. 

In the operation of the device of Figs. 8, 8A, 8B, 8C, 
8D, 8E, 8F and 8G, a generator 21 of high frequency 
radio energy sends radio wave energy of the TE mode 
down the feed wave guide 13, which becomes the sec 
torial TE mode in portion 127 and is coupled into guide 
20 through the array of coupling apertures 6. A num 

ber of different wave modes are then set up in the trans 
mission wave guide 120 but of these only the sectorial 
TE mode is reinforced. Other modes, notably the 
TM11 mode, are not only not reinforced because of the 
presence of sectorial guide 27 as described with refer 
ence to Fig. 1, but are in addition effectively suppressed 
because of the discriminatory dissipation characteristics 
of the transmission wave guide 20. 
The cross-sectional views of Figs. 8A, 8B, 8C, 8D, 

8E, 8F and 8G show more clearly the transition of the 
structure from, respectively, a rectangular wave guide to 
a sectorially-shaped wave guide to a sectorially-shaped 
wave guide within a circular wave guide comprising a 
circular housing lined with rings; then to a sectorially 
shaped wave guide gradually closing to a single radially 
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14 
positioned vane within the circular housing lined with 
rings; and lastly, to a circular wave guide comprising a 
circular housing lined with rings. 

It will be understood, of course, that embodiments 
of the present invention of the general type illustrated in 
Fig. 2 may also be devised by substitution of any of 
various other transmission wave guides such, for exam 
ple, as those illustrated by Figs. 6, 7 and 8 for the wave 
guide 10 of Fig. 2. Numerous and varied other struc 
tural modifications and arrangements within the spirit 
and scope of the principles of the present invention will 
readily occur to those skilled in the art. 
What is claimed is: 
1. A Wave transducer for converting electromagnetic 

wave energy from one mode into another mode, com 
prising first and second wave guides having a coextensive 
portion and forming a through transmission path, said 
transmission path having first and second ends for con 
ducting said wave energy through said transducer be 
tween said ends, the transverse cross-section of said first 
end of the transmission path being rectangular and vary 
ing smoothly along the length of the first wave guide 
from the first end to an acute angle sector cross-section 
having an arcuate wall and radial walls, the transverse 
cross-section of said second transmission end being cir 
cular and varying Smoothly along the length of the sec 
ond wave guide from the second end to an obtuse angle 
Sector cross-section having an arcuate wall and radial 
walls, the two arcuate walls forming a substantially cir 
cular cylinder along said coextensive portion of the trans 
mission path, and directional coupling means for trans 
ferring energy between said first and second wave guides 
along said portion. 

2. Wave converting apparatus for converting electro 
magnetic wave energy from one mode into another mode, 
comprising first and second wave guides forming a 
through transmission path, said transmission path having 
first and second ends for conducting said wave energy 
through said converting apparatus between said ends, the 
transverse cross-section of said first end being restangular 
and varying smoothly along the length of the first wave 
guide from the first end to an acute angle sector cross 
section having an arcuate wall and radial walls, the trans 
verse cross-section of said second transmission end being 
circular and varying smoothly along the length of the 
second wave guide from the second end to an obtuse angle 
Sector cross-section having an arcuate wall and radial 
walls, said two arcuate walls having equal radii and a 
coextensive cylindrical axis along a portion of the trans 
mission path, coupling means located in the radial walls 
along said coextensive cylindrical axis for transferring 
wave energy of the desired mode between said first and 
Second wave guides, and wave-energy absorbing means 
for terminating said first and second wave guides. 

3. In a wave transducer for converting electromagnetic 
Wave energy of one mode into another mode, a first and 
Second wave guide, a section of said first wave guide over 
lapping and in coupling proximity to a section of said 
second wave guide for forming a longitudinal wave trans 
mission path, the overlapping section of said first wave 
guide having an acute angle sectorial cross-section, the 
overlapping Section of said second wave guide having 
an obtuse angle sectorial cross-section, said cverlapping 
sections combining to form a circular cylindrical struc 
ture, the sectorial transverse cross-section of the first 
guide varying smoothly along its length from the over 
lapping section to a rectangular cross-section, the sec 
torial transverse cross-section of the second wave guide 
varying Smoothly along its length from the overlapping 
Section to a circular cross-section, and said overlapping 
sections having common wall portions with a plurality of 
intercoupling apertures extending therethrough and dis 
tributed longitudinally therealong for transmitting wave 
energy from one guide to another. 

4. A Wave transducer for converting electromagnetic 
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wave energy from one mode into another mode compris 
ing first and second wave guides forming a through trans 
mission path, said transmission path having first and sec 
ond ends for conducting said wave energy through said 
transducer between said ends, the transverse cross-section 
of said first end being rectangular and varying smoothly 
along the length of the first wave guide from the first end 
to an acute angle sector cross-section, having an arcuate 
wall and radial walls, the transverse cross-section of said 
second transmission end being circular and varying 
smoothly along the length of the second wave guide 
from the second end to an obtuse angle sector cross-sec 
tion having an arcuate wall and radial walls, said arcuate 
walls of said acute angle sector and said obtuse angle 
sector forming a circular cylinder along a portion of the 
transmission path, the portion of said first wave guide 
which extends within the region of said circular cylinder 
gradually diminishing with increasing distance from its 
rectangularly cross-sectioned end, and a plurality of cou 
pling apertures located in said radial walls and distributed 
longitudinally therealong for transferring energy between 
the first and second wave guides. 

5. In a wave transducer for converting electromagnetic 
wave energy of a first mode into a second mode, first 
and second wave guides, said first mode having a guide 
wave length of A1 in said first wave guide and said second 
mode having a guide wave length of A1 in said second 
wave guide, a section of said first wave guide overlapping 
and in coupling proximity to a section of said second 
wave guide for forming a longitudinal wave transmission 
path, the overlapping section of said first wave guide hav 
ing an acute angle sectorial cross-section, the overlapping 
section of said second wave guide having an obtuse angle 
sectorial cross-section, said overlapping sections combin 
ing to form a circular cylindrical structure, the sectorial 
transverse cross-section of the first guide varying smooth 
ly along its length from the overlapping section to a rec 
tangular cross-Section, the sectorial transverse cross-sec 
tion of the second wave guide varying smoothly along its 
length from the overlapping section to a circular cross 
section, said overlapping sections having common wall 
portions with a plurality of inter-coupling apertures ex 
tending therethrough for transmitting wave energy from 
one guide to the other, said apertures spaced at intervals 
-less than /2X.1, along a length equal to 

- - 
l r(, X, 

wherein () is at least the value of the periodic angle 
of the Fourier transform of said coupling distribution at 
which the crossing of the transform passes through zero 
and A2 is the guide wave length of the spurious mode ca 
pable of being supported in said wave guide nearest said 
A1 in said wave guide. 
... 6. A wave transducer for receiving energy in a linearly : 
polarized mode at its input end and for transmitting said 
energy in the circular-electric mode at its output end, 
said transducer comprising a conductively bounded 
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wave structure extending from said input end to said 
output end, said wave structure including first and 
Second wave guides, the transverse cross-section of said 
input end being rectangular and varying smoothly along 
the length of the first wave guide from the input end 
to an acute angle sectorial cross-section having an arcuate 
wall and radial walls, the transverse cross-section of said 
output end being circular and varying smoothly along the 
length of the second wave guide from the output end to 
an obtuse angle sectorial cross-section having an arcuate 
wall and radial walls, the two arcuate walls forming a 
circular cylinder along a portion of the transmission 
path, the portion of said first wave guide which extends 
within said circular cylinder diminishing with increasing 
distance along the first wave guide from the input end, a 
reflectionless termination located at the end of said first 
wave guide away from the input end of said transducer 
and a reflectionless termination located at the end of 
said second wave guide away from the output end of said 
transducer, and directional coupling means located in said 
radial walls for transferring energy between the first and 
Second wave guides. 

7. A device of the type defined in claim 1 in which 
the first wave guide enters the complete circular cylinder 
at an angle to the axis of said cylinder, extends parallel 
with said cylinder axis for a length sufficient to include 
said means for transferring energy, and then extends out 
side of said cylinder along an axis angularly disposed 
with said cylindrical axis. . . . . 

8. A device of the type - defined in claim I having a 
plurality of longitudinally disposed rectangular vanes of 
resistive material extending radially from the inner sur 
face of said second wave guide toward the longitudinal 
axis thereof, the radial dimension of each said vane being 
less than the radius of said second wave guide for sup 
pressing undesired modes of electromagnetic wave energy. 

9. A device of the type defined in claim 1 in which 
the periphery of the cylinder structure is corrugated. 
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10. A device of the type defined in claim 1 in which 
the said Second wave guide comprises an electrically lossy 
material lined with a plurality of like conductive rings 
whose centers of curvature are regularly spaced along the 
longitudinal axis of Said second wave guide, said spacing 
being less than a half wave length. . . 
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