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‘ 3 Claims.‘ (Cl. 333-44) 

This invention relates to microwave devices, and par 
' ticularly to devices forproviding a transition between 

different waveguide sections which are colinear with 
each other; ' 

It is often useful to employ different microwave wave 
guides in the same system, in order to utilize structural 
or electrical properties of the individual types of wave-. 
guides. ‘For example, it is often desirable to use rec~ 
tangular waveguide and'coaxial waveguide. These guides 
have different characteristic impedances and also’ propa 
gate energy in dominant modes, and veach may have 
particular utility‘ for different circumstances. , 

It is therefore often desirable to provide transitions 
between- the' different‘ types of waveguide. which are em 
ployed‘ in a system. Similarly ity is desirable in many 
instances to provide transformations between different 

' modes. The devices heretofore available, however, have 
usually been subject to a number of disadvantages. For 
one‘ thing, these devices have often involved excessive 
insertion loss and re?ection. Another factor is the fact 
that the devices haveoften been inherently narrow band 
and not suitable for; applications in which frequency 
sensitivity could not‘ be tolerated. These disadvantages 
have particularly been, encountered with con?gurations 
which are intended to provide a transition. between two 
waveguide sectionsiwhich lie along the same axis. The 
problems involvedin providing a suitable transition for 
the energy and art-effective transformation of the mode 
have in these devices usually resulted‘ in cumbersome or 
complex structures. . ' . 

A transition device which would make possible a sim 
ple colinear transition between two waveguidescctions 

~ would- permit the provision of microwave devices having 
useful properties. Arotary' member, for example, could 
then be coupled, to a stationary member by a rotary 
joint of simple con?guration‘. i 

It is therefore an object of the present‘ invention to 
provide an improved micro-wave transition device for 
coupling-energy between colinear microwave waveguides 
of ‘different geometries. , ‘ 

It is another object of this invention to provide an im 
proved microwave transition coupling which operates 
along a given axis and effectively transforms energy from 
one‘mode to another with low re?ection over a broad fre 
quency band. ' 

Another object of this invention is to provide an im 
proved microwave transition coupling for coupling 'en 
ergy ‘between a rectangular waveguide and a coaxial wave 
guide which lies along the same central axis; 
These and‘ other objects of the present‘ invention are 

achieved by‘ a microwave transition device which may, ‘ 
for example, couple energy between a rectangular and 
a coaxial waveguide, both vof which waveguides lie along 
a common central axis., The rectangular waveguide may 
include three‘ ridge‘ segments, one of which is centrally 
positioned on the inner side’ of one of the broad walls, 
and‘ the other two of which are positioned against the 
other'bro'adj wall, and all three of which have‘ successively 
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increasing height ‘in the direction toward the coaxial wave 
guide. These ridge segments may reach a maximum 
height within the rectangular wavegiude of approxi 
mately half the waveguide height, with the centrally posi 
tioned ridge segment terminating in a protruding. por 
tion which contacts the center conductor of. the coaxial 
waveguide. These ridge elements provide a gradual mode 
distortion between the T1510 mode of the rectangular 

' waveguide and the dominant TEM mode of the coaxial 
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waveguide. vThe transition is completed by a unitary 
conductive block portion partially within rectangular 
waveguide and joining the rectangular waveguide tolthe 
coaxial waveguide. This unitary conductive block has 
a central aperture registering with the inner surface of 
the outer conductor of the coaxial waveguide, but the 
block is itself tapered. A planar tapering of the block 

'center conductor ‘of the coaxial ‘line, in the, direction 
toward the coaxial‘ waveguide, and thus gradually com. 
pletes the transformation to the dominant mode of the 
coaxial waveguide. ’ p f 

The arrangement thus provided is simply constructed 
but provides a transition along a single axis whichis 
broad-banded and has excellent impedance‘ matching 
characteristics‘. Such an arrangement may be used to pro 
vide a rotary joint through the use of a rotating section 
of coaxial waveguide coupled to the coaxial- portion of 
the transition devices. 7 

‘ In accordance with another feature of this, invention, 
conductive and dielectric transition sections may be used 
in combination. The triple ridge elements described 
above may be coupled‘ to; a dielectric element of gradu 
ally increasing cross section within the coaxial waveguide. 
The concentration of energy provided by the dielectric 
element performs the function of. completing the mode 
transformation in smooth fashion. ’ I 

The novel features of this invention, as well as the 
invention itself, both as to its organization and method 
of operation, may best- be understood when considered 
in the light of the following description, when taken'in 
connection with the accompanying drawing,‘ in which 
like reference numerals refer to‘ like parts, and in which: 

Fig. 1 is a. perspective view, partially brokenv away; 
of a microwave transition device. in: accordance with the 
present invention; ’ ' , ‘ 

Figs. la and 1b are respresentations of the electric ?eld 
distributions of rectangular waveguide and coaxial wave 
guide. , 

Fig. 2 is aside section. elevation‘ view of the device of 
Fig. 1; ' T 

Fig. 3 is a perspective view, partially'broken- away, of 
a second form of microwave transition device in accord 
ance with the invention; , ' , 

Fig. 4 is a diagrammatic representation of successive 
cross sections of the transition’ device of Fig. 1, showing 
the electric ?eld con?gurations at various points therein; 

Figs. 5 and 6 are views of segments of rectangular and 
coaxial waveguide, respectively, showing the similarity; 
between certain magnetic ?eld con?gurations; , 

Fig. 7 is a sectional side elevation view of another ar 
rangement in accordance with the invention, showing the 
combined use of. conductive and dielectric transition se'c= 
tions, and - 

Fig. 8 is a diagrammatic representation, in simpli?ed 
form, of the cross-sectional con?gurations at different. 
points along the length of the arrangement of Fig. 7. 
An arrangement in accordance with the invention, re 

ferring now to Figs. 1 and 2, may provide energy coupling 
and mode transformation between a rectangular wave‘ 
guide and a coaxial waveguide. As may be seen by refer» 
ence to Fig. 1A, which represents the electric ?eld dis- 
tribution' in a rectangular waveguide, the dominant TEm 



jwall 12, and narrow walls 14 and 15. 

mode in the rectangular waveguide has electric ?eld com 
ponents which are polarized parallel to a plane normal 
to the broad walls of the waveguide, with the electric ?eld 
being amaximum in the center of the waveguide and a 
‘minimum at the narrow walls. In contrast, the TEM 
mode of a coaxial waveguide has electric ?eld vectorial 
components extending radially in symmetric fashion from 
the outer conductor to the inner conductor of the coaxial 
waveguide. The problem of coupling a coaxial waveguide 
to a rectangular waveguide lying along the same axis and 
of performing the mode transformation between these 
two different modes is effectively solved by the present 

invention. 
The arrangement of Figs. 1 and 2 includes a rectangular 

waveguide 10 having broad walls 11 and 12 and, hereafter 
referred to as the ?rst broad wall 11 and the second broad 

The rectangular 
waveguide 10 has a central longitudinal axis, and termi 
nates in this instance at an open end to which is coupled 
'a colinear coaxial waveguide 20 having an outer con 
ductor 21 and a centrally disposed inner conductor 22. 
The end of the coaxial waveguide section 20 which is 
‘spaced apart from the point of joinder of the coaxial wave 
guide 20 and the rectangular waveguide 10 may be 
vthreaded, as shown, to couple to additional coaxial wave 
guide sections (not shown). Similarly, the free end of 
the rectangular waveguide 10 may be coupled by ?anges 
or other means (not shown) to associated rectangular 
waveguides or other microwave components (likewise not 
,shown). , - 

The central conductor 22 of the coaxial waveguide sec 
tion 20 extends partially into the rectangular waveguide 
section 10. The central conductor 22 is coupled to a ta 
pered ridge element 31 which is a?ixed to the ?rst broad 
wall 11 of the rectangular waveguide 10. The tapered 
ridge element 31 forms a portion of a transition section 
30 which lies at least partially within the rectangular wave 
guide 10 and which electrically and mechanically couples 
the rectanguar waveguide 10 to the coaxial waveguide 20. 
The ?rst ridge element 31 has a successively increasing 
height within the rectangular waveguide 10 in the direc 
tion toward the coaxial waveguide section 20 and termi 
nates in a protruding ?nger or faired section 32 to which 
is attached the center conductor 22. 
Thus the ?rst ridge element 31 changes from a section 

of minimum height adjacent the free end of the rectangu 
lar waveguide 10 to a section 32 which merges with the 
center conductor 22 in the coaxial waveguide section 20. 
At the, point of joinder, the ?rst ridge element 31 and the 
center conductor 22 need not be of like cross section, but 
should not have a marked disparity in size or con?gura 
tion. . . 

i The ?rst ridge element 31 therefore provides what may 
be considered to be a central transition element or inner 
‘conductor transition. Outer transition elements are pro 
vided in the arrangement of Figs. 1 and 2 by a like pair of 
?ns or ridge elements 34, 35 positioned against the second 
broad wall of the rectangular waveguide 10. The second 
and third ridge elements 34, 35 are symmetrically posi 
tioned between the centerline of the rectangular wave 
guide 10 and a different narrow wall, 14 or 15. The sec 
end and thitrd ridge elements 34 and 35 have a progres 
sively increasing height in the direction toward the coaxial 
waveguide section 20, and thus have an opposite taper to 
the ?rst ridge element 31. All of the ridge elements 31, 
34 and 35 terminate, on the side of the coaxial waveguide 
section 20, in approximately the same plane normal to 
the walls of the rectangular waveguide 10. The ridge 
elements 31, 34 and 35 extend approximately half the 
height of the rectangular waveguide 10. 
The remaining transition between the wave con?ning 

structure provided by the three ridge elements 31, 34 and 
35 and the rectangular waveguide 10 is provided by a 
unitary conductive block 38 positioned within the rec 
tangular waveguide 10 at the transition section end. The 
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4 
unitary conductive block 38 has a central aperture 39 
which substantially matches and registers with the inner 
surface of the outer conductor 21 of the coaxial wave 
guide section 20. The innermost surface of the unitary 
conductive block 38 abuts against the highest portion of 
the second and third ridge elements 34 and 35. The block 
also is provided with a planar surface 40 which tapers 
toward the ?rst broad wall 11 of the rectangular wave 
guide 10 from the highest portions of the second and third 
ridge elements 34 and 35. 

It should be noted that the ?rst ridge element 31 has, 
at the transition section 30, a con?guration which is sub 
stantially symmetrical with the central axis of the rec 
tangular waveguide 10. The second and third ridge ele 
ments 34 and 35 at the corresponding point are approxi 
mately half the height of the rectangular waveguide 10 
and join smoothly to the lowest edge of the tapered sur 
face 40 of the unitary conductive block 38. The tapered 
surface 40 and the central aperture 39 of the unitary con 
ductive block 38 thus de?ne a transition aperture which 
may be considered gradually to encompass the central 
conductor 22 of the coaxial waveguide section 20. Along 
the central conductor 22 in the direction toward the co 
axial waveguide section 20, the cross section of the unitary 
block 38 changes gradually from a hemispherical shape to 
a concentric fully encompassing surface corresponding 
in ‘shape and axial position to the outer conductor 21 of 
the coaxial waveguide section 20. 
The operation of this arrangement in providing a grad 

ual transition of desirable electrical characteristics be 
tween the TB“, mode of rectangular waveguide (see Fig. 
1A) and the TEM made of coaxial waveguide (see Fig. 
13) will now be apparent by reference to Fig. 4 as well 
as Figs. 1 and 2. The three ridge elements 31, 34 and 
35 within the rectangular waveguide 10 provide a gradual 
transformation of the mode within the rectangular wave 
guide 10. It is assumed here for purposes of descrip 
tion that energy transmitted along the rectangular wave 
guide 10 is to be transmitted to the coaxial waveguide sec 
tion 20, but the same considerations apply and the same 
results are obtained when the correction of transmission 
is the opposite. As may be seen in Fig. 4B, the presence 
of the ridge elements 31, 34 and 35 causes a gradual dis 
tortion of the electric ?eld which results in a concentration 
about the centrally disposed ridge element 31. As the 
ridge elements 31, 34 and 35 increase in height this con 
centration about the center ridge element continues and 
is intensi?ed, and in addition the wave energy is con?ned 
substantially entirely between the outer ridge elements 
34 and 35. Because, as shown in Fig. 4C, the vectorial 
direction is toward the innermost portion of the central 
ridge element 31, and because the concentration is great 
est at that point, the electric ?eld distribution at the end 
of the ridge elements 31, 34 and 35 is partially trans 
formed toward the TEM mode. 
The initial surface of the unitary block 38 presented 

to the wave energy thus is in the form of a hemisphere, 
and energy is concentrated about this hemisphere and the 
protruding portion 32 of the ridge element 31. As the 
gradual change in the cross section by the sides which de 
?ne the aperture 39 of the unitary block 38 is encountered, 
the electric ?eld distribution fans out evenly about the 
center conductor 22, ?nally to provide a symmetrical 
radially distributed TEM mode. This change may be seen 
by comparison of Fig. 4D with Fig. 4E and then Fig. 4F; 

It has beenfound that the gradual mode transforma 
tion provided by this arrangement has low re?ection over 
a broad frequency band. It may be noted that each of 
the elements employed in this con?guration is extremely 
simple to construct and install. Further, the device is 
compact and manufactured of readily obtainable parts, 
none of which are of delicate nature. Particular opera 
tive advantages are derived from the fact that the transi 
tion is accomplished along a single axis. If it is desired 
to utilize rotary couplers, therefore, the coaxial wave 



1cross section. 

' gradual mode distortion may be suitable. 
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nguide section need‘ onlyibe matched to‘ a ‘like rotating 
"section. coupled along the same axis. 

The triple ridge arrangement may also be achieved by 
other con?gurations, one of which is illustrated in Fig. 
3. As shown therein, the central ridge element 31 may 
,be substantially like that of Fig. 1. The unitary conduc 
tive block 38 to which the coaxial waveguide vsection 20 
is coupled, however, may be partially within and par 
tially without an open end of the rectangular waveguide 
10. The central aperture 39 of the unitary block 38 again 
is of like size and con?guration in cross section to- the 
outer conductor 21 of the coaxial waveguide section 20. 
The tapered surface 40’ of the unitary block 38, however, 
‘may in this con?guration be used to provide both the 
remaining two ridges of the triple ridge transition and 
‘the elliptical aperture transition to the coaxial waveguide 

In this example the tapered surface 40' 
has a central extension 41 which terminates in contact 
with the second broad wall 12 of the rectangular wave 
guide 10. The sides of the central extension 41 there 
.fo're de?ne electrical equivalents for the outer ridges 34 
and 35 of the arrangement of Fig. 1. 

The arrangement of Fig. 3 is perhaps more simply 
constructed than the arrangement of Fig. 1, because only 
two diiferent transition elements 31 and 41 need be 
fabricated. Nonetheless, the arrangement operates gen 
erally in the same way, utilizing the = centrally disposed 
ridge element 31 to concentrate the electric ?eld distri 
bution toward the center conductor 22 of the coaxial 
section, and using the extension 41 of the tapered sur 
face 40' of the unitary block to provide con?nement of 
the wave energy and to complete the transformation of 
the mode. Both of the arrangements operate reciprocal 
ly, as is common with such waveguide transitions. 

It will be understood by those skilled in the art that 
various other modi?cations of the present arrangement 
are feasible without material change. Wherever the 
mode transformation is to be completed along an axis 
and where both con?nement and transformation of an 
electric ?eld are to be employed, this technique of using 

It may be 
employed in other types of transmission lines, for ex 
ample. Similiarly', the ridge sections may be varied in 
diiferent ways. Stepped transformer sections are some 
times employed in place of tapered sections, but the 
ridges maybe varied in other directions than in height. 
The gradual distortion into another mode as described 

in the preceding sections was accomplished by a trans~ 
ducer made of metallic conductive parts. Mode distor 
tions can also be achieved by a combination of metallic 
and dielectric elements. This fact may be better under~ 
stood by a comparison of Fig. 5 and Fig. 6. Fig. 5 
shows the H-?eld con?guration within a rectangular 
waveguide 50 having three uniform ridge elements 51, 
52 and 53. One of the ridge elements 51 is centrally 
placed on one broad wall of the waveguide 50, and the 
other two ridge elements 52 and 53 are placed on the 
other broad wall of the waveguide 50 and symmetrically 
about the center of that wall. Thus this con?guration 
corresponds in general fashion tothe triple ridge con?g 
urations previously described, but without taper. 

Fig. 6 shows the H.-?eld con?guration for a coaxial 
waveguide 55 having the usual outer conductor 56 and 
inner conductor 57. The coaxial waveguide 55 does, 
however, include a dielectric element 58 of hemispheri 
cal cross section and a radius like that of the waveguide 
55 extending along a length of the coaxial waveguide 
55. By dielectric is meant a material having a dielectric 
constant su?iciently high (of the order of two or con 
siderably more) to effect some concentration of the en 
ergy' within the waveguide. Where the dielectric constant 
of the medium within the waveguide is itself high, the 
constant of the dielectric which is employed should of 
course be higher. 
A comparison of the H-?eld con?gurations of Fig. 5 
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and Fig. 6 shows similar e?iects. The e?eet offthe- cen 
tral ridge element 51 and the side ridge elements; 52 
‘and 53 is to lengthen the longitudinal component of the 
magnetic ?eld and to con?ne the transverse component. 
Similarly, the presence of’ a higher dielectric material in 
half a coaxial waveguide, as in Fig. 6, causes a concen 
tration of energy within the dielectric so‘ that the longi 
tudinal magnetic ?eld lines are lengthened and the‘ cir 
cumferential component of the magnetic ?eld is 'hemi 
spherical. This similarity may be employed effectively 
to provide a different type of transition, as is shownin 
.Figs. 7 and 8. ' 

Fig. 7, to which reference is now made, shows the 
manner in which a rectangular waveguide 60 may be 
coupled to a colinear coaxial waveguide 70, with the 
energy transmitted being transformed between the domi 
nant TEN mode of the rectangular waveguide and the 
TEM mode of the coaxial waveguide. The rectangular 
waveguide 69 includes a central ridge element 61 tapering 
to a maximum height in the direction of -the coaxial 
waveguide 70, and a unitary conductive block 62' having 
.a central aperture 63 conforming to the inner circumfer 
ence of the coaxial waveguide 70_. The jridge 61and 
block 62 therefore are similar to the arrangement de 
scribed above in conjunction with Fig. 3. The arrange 
ment is like Fig, 3, however, only to the point at which 
the ridge element 61 couples the center conductor 72 
of the coaxial waveguide 70. Positioned within the .outer 
conductor 71 of the coaxial waveguide is a block of 
dielectric material 75. 
The dielectric block 75 has a minimum cross section 

opposite the ridge 61 of the rectangular waveguide, this 
cross section being in the form of an angle less than a 
semicircle and symmetrically abutting the ridge element 
61. Proceeding in the direction away from the rectangu 
lar waveguide 66}, the angle de?ned by the cross section 
of the dielectric block ‘75 increases until a semicircle is 
provided. Thus within this section of the dielectric block 
'75, the block 75 may be considered to be a radial seg 
ment which tapers angularly. Thereafter, in the direction 
away from the rectangular waveguide 60, there is a grad 
ual taper in the level of ‘the dielectric block 75 until the 
block 75 substantially ?lls the coaxial waveguide 70. 
This portion of the dielectric, block may be considered 
to provide a planar taper. 
The diagrammatic views of Fig. 8 show the sections 

which exist in the arrangement of Fig. 7 at various 
points. The cross section illustrated in Fig. 8A, for 
example, is an intermediate point within the rectangular 
waveguide. Figs. 83 and 80 show the progressive angu 
lar taper, while Fig. 8D shows the planar taper. 
When constructed in accordance with Figs. 7 and 8, a 

‘ microwave transition device provides a desired coupling of 
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energy between the rectangular waveguide 60 and the 
coaxial waveguide ‘70, together with the desired mode 
transformation. The increase in the cross section of the 
dielectric block 75, proceeding in the direction toward the 
coaxial waveguide 70 causes a progressive decrease in the 
strength of the longitudinal H-?eld component. Thus 
there is a transformation to the circular component until 
ultimately the circular component alone is present and 
the ?eld con?guration is uniform. Thus this operation 
corresponds in result to the transformation for the previ 
ously described exempli?cations. If desired, at least a 
portion of this effect could be obtained by using a dielectric 
block '75 of more uniform cross section but gradually 
varying dielectric constant. The use of dielectric mem 
bers may be desirable where increased power handling 
capabilities are preferred. 
Thus there has been described an improved microwave 

transmission device for coupling different waveguides 
which are colinear. The device provides mode transfor 
mation by a gradual mode distortion technique having 
superior impedance matching and broadbandedness qual~ 
ities. At the same time, the device is compact, simple to 
construct and inexpensive. 



We claim: ’ 
1. A microwave transition device for interconnecting 

one end of a hollow waveguide wherein energy is propa 
gated in one mode with one end of a coaxial waveguide 
positioned in substantial alignment with said ?rst wave 
guide and adapted to have energy propagated therethrough 
in another mode, said transition device comprising a cen 
trally disposed ridge element positioned against one wall 
of said hollow waveguide and tapering from a minimum 
height adjacent said wall to a height which is in registry 
with the center conductor of said coaxial waveguide, 
means disposed on an opposite wall of said hollow wave 
‘guide to de?ne a conductive surface that extends from 
one of said walls to the other of said walls, said surface 
tapering entirely across said hollow waveguide in an 
opposite direction from said element, at least a portion 
of said surface including a central aperture matching the 
‘inner surface of the outer conductor of the coaxial wave 
guide and being tapered in the direction so that the center 
conductor of the coaxial waveguide is only gradually en- 20 
compassed. by said surface. 

2. The combination of claim 1 wherein said means in 
cludes at least a pair of conductive ridge elements that 

2,981,904 
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are mounted on said second wall on the opposite sides of 
said ?rst element to thereby de?ne at least a portion of 
said conductive surface. 

3. The combination of claim 1 wherein said means in 
5 cludes a block of conductive material that has one end 

thereof tapered to thereby form said surface, said block 
including a passage therethrough to form said central 
aperture in said surface. 
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