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This invention relates to improvements in electro-mag 
netic waveguide systems, and more particularly to devices 
such as rotary joints for carrying microwave energy at 
relatively high power levels in the TEM coaxial mode. 
It is known that circular Waveguides operating in the TEM 
mode exhibit decreasing transmission loss with increasing 
frequency, and can be designed to provide substantially 
higher efficiency than waveguides operating in their domi 
nant modes. Further, since the TEM mode in circular 
waveguide involves only ?elds that are angularly uniform, 
i.e., independent of radial direction from the axis, it is of 
interest for use in rotary joints, because circular wave 
guides coupled end to end could be rotated with respect 
to each other about their axis without variation in phase 
or amplitude of the energy transferred between them. 

Rotary joints and other transmission systems with cir 
cular waveguidesin the TEm mode have been proposed, 
and used to some extent. However, substantially all 
microwave energy sources, and most utilization devices, 
terminate in rectangular waveguides operating in the domi 
nant TEN mode. Accordingly it is generally necessary 
to provide at least one, and usually two, conversions be 
tween the two modes. Prior art devices for this purpose 
fall into two main categories; oneemploys grids of con 
ductive wires in the circular waveguide, shaped to act as 
mode converters, with other grids designed as mode ?lters, 
and a transition section between the rectangular and cir 
cular guides. This type of device is inherently limited to 
operation at power levels and bandwidths that are small 
fractions of the capabilities of the associated main wave 
guides, owing to ?eld concentrations on the grid conduc 
tors and resonant spacings of the grids. Mode converters 
of the other class consist of special transition sections, 
many wavelengths long, in which the rectangular guide 
cross section is gradually distorted into a sector of a circle 
along the length of the section by Widening and curving 
one narrow wall and narrowing the other narrow wall, 
at the same time increasing the spacing between the broad 
walls until, at the'other end of the device, the guide is of 
circular cross section, At this point the broad wall is 
unnecessary and can be eliminated. Such transitions 
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are capable of handling substantially the same power and v _ 
bandwidth as the associated rectangular waveguides, but 
are clumsy and expensive. 7 g 

In many waveguide installations, for example those used 
in certain radar systems, it is desirable or necessary to 
provide rotary joints of the so called “around the mast” 
type, wherein the joint surrounds a stationary mast that 
supports the joint and a rotatable antenna. Rotary joints 
of this type are sometimes “stacked,” i.e., placed one above 
the other on a common axis, to provide multiple inde 
pendent channels or, in some cases, to handle more power 
than a single joint could carry. Such stacked arrange 
ments require joints of the around-the-mast type to pro 
vide a central space forthe feed lines or waveguides going 
to the upper joints. The mechanical requirements of 
around-the-mast rotary joints are essentially incompatible 
with those of circular waveguides using the TEm mode and 
‘the associatedrnode converters, which necessarily occupy 
spaces of substantial length along and on the axis of the 
structure. . 

The principal object of the present invention is to pro 
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vide improved rotary joints for waveguide transmission 
systems; i ' 

More speci?cally, it is an object of this invention to 
provide a type or" rotary joint capable of handling high 
power levels with low loss and with negligible variation 
in transmission caused by rotation. ' 

Another object is to provide a type of rotary joint that 
can readily be designed for around-the-mast and stacked 
joint assemblies. 
A corollary object is to provide improved high power 

broad band devices for conversion between the rectangular 
TE“, and the coaxial TEm modes, requiring no complex 
transistion structures and no mode ?lters. 
The foregoing objects are achieved in the practice of 

this invention by coupling the end of a coaxial waveguide 
substantially directly to the ends of a plurality of rec 
tangular waveguides disposed with their broad walls 
parallel to respective equiangular spaced radii of the 
coaxial waveguide. The rectangular waveguides are 
manifolded or otherwise coupled equally to a main rec 
tangular waveguide, in such manner that the TB“, ?elds 
in the rectangular guides at the junction with the coaxial 
guide will approximate respective sectors of the TEoliield 
pattern in the coaxial guide. Simple matching structures 
‘at the junction improve the approximation‘ to the extent 
that there is no appreciable excitation of other modes in 
the coaxial waveguide, and a minimum of re?ected wave 
from the junction. " . _ 

The invention will be described with reference to the 
accompanying’ drawings, wherein: 
FIG. 1 is a perspective view ofa rotary joint illus 

trating a presently preferred embodiment of the invention; 
FIG. 2 is another perspective viewrof a major portion 

ofthe structure of FIG. 1, partially disassembled. and 
partially cut away to illustrate internal details; and’ 

FIG. 3 is a plan view of the lower half of the structure 
of FIG. 1. _ ' 7 

Referring to FIG. 1, the rotary joint comprises a lower 
assembly generally designated by the reference character 
1, terminating in a main rectangular waveguide 2, and an 
upper assembly 3, terminating in a main rectangular wave 
guide 4. The waveguide 2 is adapted to be connected 
by way of a ?ange 5 to another rectangular guide, not 
shown, running to a radar transmitter-receiver system, for 
example. The guide 4 may be connected to a directive 
antenna mounted on or above the assembly 3. I i - 

Mechanically, the upper and lower assemblies 1 and 3 
are substantially identical, the upper assembly 3 being 
supported on a ring bearing arrangement 6 (shown more 
clearly in ‘FIG; 2 and to be described therewith) for 
rotation with respect to the lower assembly‘ 1. Referring 
particularly to the upper assembly 3 as shown in FIG. I, 
the main rectangular guide 4 is the common arm of an 
E plane junction 7 having side arms 8 and 9. The junc 
tion 7 is of conventional design, and includes matching 
elements, of a type shown more clearlyvin the section of 
'unction 12 at the top of FIG. 3, to match the impedances 
of the arms 8 and 9, which are electrically in series with . 
each other, to that of a rectangular waveguide of standard 
proportions connected to the common arm 4'. Arms 8 
and 9 are connected to identical branch waveguides 10 
and 11, leading to the common arms of respective E plane - 
junctions 12 and 13, which are identical to the junction 7. 
The side arms of junctions 12 and 13 are similarly con 
nected through identical branch waveguides to further 
pairs of E plane junctions 14, 15 and 16, 17 respectively. 
The side arms of junctions 14, 15, 16 and 17 are each 

connected to a respective one of eight radially inwardly 
directed branch guides 18. Each branch guide 18 in 
cludes a right angle H plane bend or miter 19 which, 
as shown best in FIG. 2, provides a short downwardly 
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directed waveguide section 20, open at its lower end. 
The open ends of sections 20 are secured to a ?at an 
nular conductive plate 21 ‘which is provided with rec 
.tangular openings conforming to and registering with the 
open ends of waveguide sections 20. The outer pe 
riphery of the annular plate 21 is secured to‘ one end of a 
hollow cylindrical conductor 22, and the inner periphery 
is. secured to a cylindrical conductor 23 disposed coaxial 
ly within the conductor 22. Conductors 22 and 23 form 
the outer and inner conductors respectively of a short 
length of coaxial waveguide, operating in the TEM mode. 

Since the lower assembly 1 is essentially a duplicate 
of the upper assembly 3, its elements are designated in 
the drawings by the same reference characters as the cor 
responding elements of the upper assembly, and the plan 
view of the lower assembly 1 shown in FIG. 3 is the 
'same as an inverted plan view of the upper assembly. 
Referring to FIG. 3, it can be seen that each rectangular 
aperture in the plate 21 is centrally and symmetrically 
disposed with respect to a corresponding 45 degree sector 
of the coaxial waveguide formed by conductors 22 ‘and 
Y23. The radially extending boundaries of one such sector 
are indicated by dash lines 24. 
Matching between the eight open rectangular wave 

guide ends and the coaxial waveguide is provided by 
wedge shaped conductive blocks, 25 disposed on the plate 
21 symmetrically between the rectangular openings. The 
apex angle of blocks 25 is such as to provide a plane 
wall surface 26 parallel to the axis of the coaxial wave 
guide, bisecting the angle between each long side of each 
opening and the adjacent sector boundary 25. The 
height of the matching elements 25, i.e. the dimension 
axially of the coaxial waveguide, is preferably about one 
vquarter guide wavelengthat mid-band. 

Returning to FIG. 2, the outer conductor 22 of the 
coaxial transmission line of the upper assembly 3 is 
provided near its lower end with a bearing seat 27 adapt 
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ed to engage the inner surface, 28 of a ring bearing 29. , 
The bearing 29 may’ be an antifriction device of the 
four-point angular contact type, for example, to accom 
modate unbalanced off-axis longitudinal forces as well as 
thrust and radial loads. The inner race of the bearing 
29 is secured to the seat 27 by a retainer ring‘30 fastened 
to the seat by a number of screws such as 31. 
On the lower assembly 1, a bearing seat 32 at the 

upper end of outer conductor 22 is adapted to engage 
the outer surface 33 of the bearing 29. A retainer ring 
34 secures the outer race in the seat 32 when fastened 
thereto by screws such as 35, and completes the joining 
of the lower and upper assemblies 1 and 3 to form the 
rotary joint shown in FIG. 1. The lengths of coaxial 
conductors 22 and 23 are such that a small circumferen 
tial gap is left between the ends of the respective coaxial 
waveguide sections of the assemblies 1 and 3, at both 
the inner: and outer conductors. This gap provides me 
chanical clearance for relative rotation of the assemblies 
.but has no effect on the coaxial TEm mode wave trans 
mission, because there are no longitudinal currents in that 
mode. 

In the operation of the device, the main rectangular 
waveguide 2, say that of the lower assembly 1, may be 
supplied with microwave power in the dominant TEm 
rectangular mode, wherein the electric ?eld is directed 
between the broad walls, as indicated by the arrow 36. 
The input power divides equally at the junction 7, one 
half going into the branch guide 10 and the other half 
into the branch guide 11. Owing to the series character 
istic of the E plane junction, the branch guides are ex 
cited 180“ out of phase with each other, as indicated by 
the arrows 37 and 38 in FIG. 3. However, left and 
right bends in the waveguide sections leading to the next 
series of power dividers 14, 15, 16, 17 are such that 
the microwave power arriving at the next series of junc 
tions will be in the correct polarity to be additive in cir 
cular fashion within the coaxial structure with their elec 
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tric ?elds directed as ‘indicated by the arrows 41, each 
providing a respective sectoral element of a TEM coaxial 
mode ?eld. 

In a reciprocal manner, TEol waves arriving at the 
eight apertures of the upper assembly at the end of the 
coaxial waveguide will excite the associated branch guides 
18 equally and in phase. The power emerging on the 
branch guides is combined at the successive E plane 
junctions in the converse of the manner in which it was 
divided in the lower assembly, and arrives at the upper 
main rectangular guide 4 substantially as supplied to the 
lower main rectangular guide 4. 

It will be apparent without further illustration that 
either or both coaxial waveguide sections 22, 23 may be 
extended as necessary to place the assemblies 1 and 3 
at separate locations, for example, at the bottom and top 
respectively of a mast. The coaxial waveguide itself 
may be used as a mast, or a structural component there 
of. In such event, it would usually be preferable to place 
the bearing assembly 6 at the upper end, i.e., to extend 
the lower coaxial waveguide to the required length. The 
inner conductor 23 may be hollow as shown, and addi 
tional waveguides or transmission lines may be run 
through it to connect other equipment without mechanical 
or electrical interference with the described system. A 
plurality of rotary joints may be stacked in this way for 
either parallel or independent operation. 
The power that can be handled by the coaxial wave 

guide in atmosphere without breakdown is greater than 
the capacity of one of the associated rectangular guides 
under equivalent conditions by approximately the ratio 
of the mean circumference of the coaxial waveguide to 
the narrow dimension of the rectangular waveguide. The 
placement of pressure windows in the rectangular guide 
feed system, to permit pressurization of the feed, will de 
termine the degree to which this capability is utilized. 
Suitable windows may be placed at the ?anges connect 
ing each section 18 to its preceding junction, or may be 
provided in the rectangular openings at the ends of the 
axially extending sections 20, for an increase of eight 
times in power handling capacity. 
A rotary joint as described above, using rectangular 

waveguide components of standard S band dimensions 
(3.0” x 1.5”), exhibit a VSWR of less than 1.25 over the 
range of 2490 to 2965 megacycles per second, an inser 
tion loss of less than 0.15 db, and a transmission “wow,” 
i.e. variation of transmission due to spurious modes, with 
rotation of the joint, of about 0.1 db. 

I claim: 
1. An around-the-mast type rotary joint for transferring 

electromagnetic wave energy between a ?rst main rectan 
gular waveguide that is adapted to be coupled to a source 
and a second rectangular waveguide adapted to be coupled 
to a load, said second main waveguide being rotatable with 
respect to said ?rst waveguide about an axis, comprising: 
a coaxial waveguide having cylindrical inner and outer 
conductors coaxial with said axis, a ?rst mode conversion 
device including a plurality of substantially identical reef 
tangular waveguide sections each including a portion ex 
tending parallel to said axis and terminating in a common 
plane adjacent an end of said coaxial waveguide and per 
pendicular to said axis, the broad walls of said portions 
being parallel to respective equiangularly spaced radii 
from said axis, means coupling each of said rectangular 
waveguide sections to a respective sector of an annular 
region conformal in cross section to the space between 
the inner and outer conductors of said coaxial wave 
guide, said rectangular waveguide sections each includ 
ing a further portion extending outwardly from said axis, 
means including a plurality of symmetrical waveguide 
junctions interconnecting said waveguide sections electri 
cally in series with each other to said ?rst main rectan 
gular waveguide, all of said interconnecting means and 
waveguides, except said portions extending parallel to said 
axis, being disposed at distances from said axis exceeding 
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the radius of said cylindrical outer conductor of said 
coaxial waveguide; a second mode conversion device. 
substantially identical to said ?rst mode conversion de 
vice, disposed in similar relationship to the other end of 
said coaxial waveguide and connected to said second rec 
tangular waveguide, and rotatable therewith about said 
axis, said second mode conversion device being axially 
spaced from the adjacent end of said coaxial waveguide 
to provide circumferential gaps between the ends of the 
conductors of said coaxial waveguide and the respective 
portions of said mode conversion device. 

2. The invention set forth in claim 1, wherein said inner 
conductor of said coaxial waveguide is hollow, further 
including a second rotary joint disposed coaxially with and 
beyond said ?rst rotary joint, and waveguide disposed 
within said inner conductor throughout a major portion of 
its length, said last mentioned waveguide being connected 
to the ?rst main rectangular waveguide associated with 
said second rotary joint. 

3. The invention set forth in claim 1, wherein each of 
said symmetrical waveguide junctions is an E plane junc 
tion. 

4. The invention set forth in claim 1, wherein said rec 
tangular waveguide sections are gas ?lled to provide power 
handling capability approximating that of said coaxial 
waveguide. 

5. A waveguide structure for electromagnetic wave con 
version between the rectangular TEm mode and the cir 
cular coaxial TEN mode, comprising a ?rst terminal sec 
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tion of rectangular waveguide for connection to air exter- 3O 
nal main rectangular waveguide, a second terminal sec 
tion of coaxial waveguide for connection to an external 
main coaxial waveguide, a ?rst rectangular waveguide E 
plane junction connecting said ?rst terminal waveguide sec 
tion symmetrically to two rectangular branch waveguides, 
said branch waveguides being equal in length, second and 
third rectangular waveguide E plane junctions connecting 
each of said branch waveguides symmetrically to a further 

6 
respective pair of branch waveguides, and a plurality of 
further waveguide junctions and further branch wave 
guides similarly connected to form an assembly terminat 
ing in 2n branch waveguide open ends where n is an inte 
ger, said branch waveguide ends being disposed in a plane 
facing an end of said second terminal section and per 
pendicular to the axis thereof, with their broad dimen 
sions ‘parallel to respective equiangularly spaced radii of 
said coaxial waveguide terminal section, and wedge shaped 
conductive members lying between and interconnecting the 
broad walls of adjacent branch waveguide ends, said mem 
bers being of reduced angular thickness toward said end 
of said coaxial waveguide terminal section to provide 
transitions between said branch waveguide ends and re 
spective sectors of an annular region conforming to the 
cross section of said coaxial waveguide section. 

6. The invention set forth in claim 5, wherein all of 
said rectangular waveguide elements are nominally iden 
tical in cross section, and each of said E plane junctions 
includes transformer means for matching each wave 
guide to its respective branches. 

7. The invention set forth in claim 5, wherein the broad 
wall dimension of said rectangular waveguides is approx 
imately equal to the di?’erence between the radii of the 
outer and inner conductors of said coaxial waveguide. 
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