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This invention relates to a waveguide rotary joint and 
more particularly to a multi-channel waveguide rotary 
joint assembly suitable for high power applications. 

Conventional multi-channel rotary joints of the coaxial 
type making use of a series of concentrically mounted 
coaxial line sections in which the outer tubing of one 
line forms the center conductor of the outside line can 
not be used to provide many concentric high power trans 
mission circuits because of the large spacings required 
to prevent breakdown particularly in the innermost chan 
nels which, in turn, creates higher order mode problems 
for the outermost channels. These limitations are suffi 
ciently severe so as to exclude multiple coaxial lines for 
high power applications. Rotary joints which make use 
of circularly symmetric modes in cylindrical waveguides 
possibly may be suitable for high power applications but 
their geometry is such as to not allow multi-channel 
operation because of inability to stack on a common axis. 
Considering these limitations, the only feasible approach 
to a rotary joint suitable for use in multi-channel opera 
tion for high power application is a ring-type circuit in 
which the rings can be stacked on a common axis in 
accordance with the number of channels desired. The 
input then may be connected from the outside, whereas 
the output can be connected from the inside. Thus, the 
only factor limiting the number of channels is the inside 
ring opening. A waveguide rotary joint of such a type 
is discussed in an article entiled "A New Annular Wave 
guide Rotary Joint' by Kiyo Tomiyasu, published in the 
“Proceedings of the IRE,” volume 44, 1956, on pages 
548-553. The rotary joint proposed by Tomiyasu is gen 
erally comprised of a pair of annular coupled waveguides 
in which the outer ring is the input coupling ring and 
the inner ring is the output coupling ring. However, as 
pointed out by Tomiyasu, in such a rotary joint pseudo 
resonant conditions occur at various frequencies which 
could not be avoided. As also disclosed in the article 
by Tomiyasu, such a rotary joint has dead angles, that is, 
there are rotational positions in the resonant ring where 
power is not transmitted but is actually reflected back 
into the transmitter. In view of these very serious limi 
tations in the waveguide rotary joint proposed by 
Tomiyasu, there is a requirement for a new and improved 
waveguide rotary joint which is particularly adapted for 
use in multi-channel assemblies suitable for operation at 
high power. 

In general, it is an object of the present invention to 
provide a waveguide rotary joint and assembly which can 
be utilized for high power. 

Another object of the invention is to provide a rotary 
joint of the above character which is particularly adapted 
for use in an assembly for multi-channel operation. 
Another object of the invention is to provide a rotary 

joint of the above character which has high performance. 
Another object of the invention is to provide a rotary 

joint of the above character in which there is a full power 
transfer. - 

Another object of the invention is to provide a rotary 
joint of the above character in which negligible power is 
reflected back into the power source. 
Another object of the invention is to provide a rotary 

joint in which a separate resonant ring is utilized. 
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Another object of the invention is to provide a rotary 

joint of the above character in which the input and out 
put coupling to and from the resonant ring is uniformly 
distributed around the circumference of the resonant ring. 
Another object of the invention is to provide a rotary 

joint of the above character in which the transmission 
characteristics are independent of the rotational angle of 
the rotary joint. 
Another object of the invention is to provide a rotary 

joint of the above character which provides high power 
transfer independent of the relative angle of rotation of 
the rotary joint. 

Another object of the invention is to provide a rotary 
joint of the above character which is capable of handling 
essentially the full rated waveguide power. 
Another object of the invention is to provide a rotary 

joint of the above character in which there is an absence 
of cross-talk. 
Another object of the invention is to provide a rotary 

joint of the above character in which there is symmetry 
among all the channels. 
Another object of the invention is to provide a rotary 

joint of the above character which can be readily fabri 
cated. 

Additional objects and features of the invention will 
appear from the following description in which the pre 
ferred embodiments are set forth in detail in conjunction 
with the accompanying drawings. 

Referring to the drawings: 
FIGURE 1 is a schematic illustration, somewhat sim 

plified, of a rotary joint showing the initial and reflected 
WaWeS. 
FIGURE 2 is a top plan view with certain portions bro 

ken away of a multi-channel rotary assembly joint incor 
porating my invention. 
FIGURE 3 is an exploded side elevational view of one 

of the rotary joints shown in FIGURE 2, 
FIGURE 4 is a cross-sectional view of one of the rotary 

joints shown in FIGURE 2, 
FIGURE 5 is a side elevational view, with certain por 

tions broken away of the multi-channel rotary joint assem 
bly shown in FIGURE 2, 
FIGURE 6 is a top plan view of another multiple chan 

nel rotary joint assembly incorporating my invention. 
FIGURE 7 is a cross-sectional view taken along the 

line 7-7 of FIGURE 6 but only showing the top channel 
of the multiple channel rotary joint assembly shown in 
FIGURE 6. 
FIGURES 8, 9 and 10 are cross-sectional views taken 

along the lines 8-8, 9-9 and 10-10, respectively, of 
FIGURE 7. 

In general, my waveguide rotary joint consists of an 
annular resonant waveguide, which also may be called a 
first waveguide, forming a transmission-type cavity. A 
pair of additional waveguides, which may be called sec 
ond and third waveguides, are provided, each of which 
has a ring-like configuration. Means is provided for 
forming an input directional coupling arrangement be 
tween one of the additional waveguides and the annular 
Waveguide. Means is also provided for forming an out 
put directional coupling arrangement between the other 
additional waveguide and the annular waveguide. Means 
is provided for forming an output connection with said 
one additional waveguide and means is provided for form 
ing an input connection to said other additional wave 
guide. Means is provided for mounting the annular reso 
nant waveguide and the additional waveguides to permit 
rotation of one of the additional waveguides relative to 
the other additional waveguide. The rotary joint is con 
structed in such a manner that it can be stacked one above 
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another on a common axis to provide an assembly suitable 
for multi-channel operation. 

In FIGURE 5, I have shown a multi-channel waveguide 
rotary joint assembly which is suitable for high power 
applications. In this embodiment, I have shown three 
irotary joints 15, 2 and 3 which provide three separate 
power transfer channels. It is readily apparent that, if 
desired, a fewer or greater number of rotary joints can be 
provided in order to obtain the necessary number of 
channels. 

Each of the rotary joints consists of a first annular 
waveguide 16 which is in the form of a continuous ring. 
The waveguide is rectangular in cross-section and is of a 
type well known to those skilled in the art. The wave 
guide is provided with parallel spaced wide side walls 
26a and paralei spaced narrow side walls. 6b (see FIG 
URE 4). As hereinafter described, the waveguide 6 is 
dimensioned so that it forms a travelling wave resonator 
which also may be called a resonant ring for the frequency 
for which it is designed. 

Directional coupling means is provided for coupling 
power into and cut of the resonant ring 16 and consists 
of a pair of waveguides 18 and 19 which also may be 
called second and third waveguides. As can be seeia, 
particularly from FIGURES2 and 3, the waveguides 38 
and 59 have a ring-like or annular configuration. How 
ever, unlike the waveguide 5, the waveguides 8 and 9 
are not continuous. 
The waveguide i8 is also of a rectanguiar configuration 

and is formed by a pair of spaced parallel wide wais 8a 
and a pair of spaced parallel narrow walls 85. The 
waveguide 18 is provided with a flanged arm or connector 
20 which is connected to a portion 13c of the waveguide 
8 which extends outwardly tangentially of the main ring 

like portion 8d. The waveguide 18 is terminated in a 
dummy load 2 as shown. It will be noted that the wave 
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guide 8 is formed in such a manner that it completely en- . 
circles the resonant ring 6 for a purpose hereinafter de 
scribed. It also will be noted, particularly from FG 
URES 3 and 4, that the waveguide i3 is formed into a 
helix so as to accommodate the dummy load 2i and still 
permit physical contact between the waveguides 18 and 
6 at all angles. The resonant ring 16 and the waveguide 
18 are arranged in such a manner that their narrow walls 
16b and 18b, respectively, are parallel to the axis of rota 
tion for the rotary joint as hereinafter described. 
The waveguide i9 is formed in a manner similar to the 

waveguide 18 and is of a rectangular configuration with 
spaced parallel wide walls 3a and spaced parallel narrow 
walls 9b, in which the narrow walls i9b are parallel to 
the axis of rotation for the rotary joint. The waveguide 
F9 is provided with a flanged arm or connector 23 which 
is connected to a portion Sc of the waveguide 9 which 
extends upwardly and inwardly from the main ring-like 
portion 19d of the waveguide, as shown in FIGURES 2, 

40 

50 

5 5 
3 and 4. The waveguide 9 terminates in a durinly load 
24 of the same type as dummy load 25. The waveguide 
19 is also formed in a helix to accommodate the dummy 
load 24 and so that portions of its outer narrow wall 9b 
are in engagement with portions of the inner narrow Wall 
of the resonant ring 16 at all angles. 
Means is provided between the waveguides 6 and 18 

for forming a directional coupling between the same. 
Similar means is also provided for forming a directional 
coupling between the waveguides 6 and 19. Means is 
also provided for permitting rotation of one of the wave 
guides 18 and 19 with respect to the other and in the ar 
rangement shown consists of means which permits rota 
tion of the inner waveguide 19 relative to the outer wave 
guide E8. Such an arrangement is preferable in most situa 
tions because in a primary application of my rotary joint, 
the rotary joint is utilized for supplying power to an 
antenna. Since the antenna normally rotates, it is de 
sirable to connect the antenna to the waveguide which has 
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4. 
the least mass on the smallest radius which, in this case, 
is the inner waveguide 29, 
A framework 26 permits rotation in this manner and 

consists of an outer stationary platfornia 27 which is 
provided with a plurality of upstanding brackets 23 that 
are affixed to the outer waveguides 8 of each of the 
rotary joints 1, 2 and 13 to hold them stationary. A 
platform 29 is rotatably mounted on the platform 26 and 
is connected to a rotating shaft 3:... Suitable means to re 
duce friction such as ball bearings 32 can be provided be 
tween the rotating piatform 29 and the stationary platform 
27. Spaced upstanding brackets 33 are secured to the 
platform 29 and have affixed thereto the inner waveguides 
18 of the rotary joints 1, 2 and 13. The resonant ring 
£6 is affixed to the outer waveguide i3 by suitable means 
Such as tack Weiding so that the inner waveguide 3 will 
rotate relative to the resonant ring 6. However, it is 
readily apparent that, if desired, the resonant ring could 
be affixed to the inner waveguide 9 and that relative jo 
tation, could occur between, the resonant ring 16 and the 
Cuter Waveguide. 3. . 

In the multi-channel rotary joint assembly shown in 
FiGURES 2-5, it can be seen that the rotary joints are 
stacked on a common axis and that the inner waveguides 
can be rotated in unison with respect to the outer wave 
guides without difficulty. 

Mieans is provided for coupling power between the 
waveguides. 23 and the resonant ring g6 and also for 
coupling power between the resonant ring 16 and the 
waveguide i9. As hereinbefore explained, either of the 
waveguides 3 or 19 can be used as an input waveguide. 
However, in the arrangement shown, the outer waveguide 
19 is utilized as an input waveguide to directionally couple 
energy into the resonant ring ió. Similarly, the waveguide 
is is utilized to directly couple energy from the resonant 
ring i6. Thus, in effect, the waveguides 53 and i9 serve 
as directional couplers for the resonant ring 26. 
The coupling means can take any suitable form. For 

example, as shown in FiGURES3 and 4 of the drawings, 
the coupling means can be in the form of coupling aper 
tures which can be either continuous or discontinuous. 
Thus, the resonant ring 16 has been provided with a plu 
rality of Small, closely spaced holes 36 provided in both 
of its narrow walls 16b and spaced equi-distant from the 
wider walls 26a of the resonant ring. The holes 36, there 
fore, form an annular discontinuous aperture which forms 
a part of the coupling means. The holes 36 can have aisy 
desired size and spacing. However, it is preferable that 
the holes be spaced as closely as possible to obtain as uni 
form coupling as possible while at the same time retaining 
the desired strength in the resonant ring 25. 

In order to permit energy to be coupled through the 
holes 36, the waveguides 18 and 19 are provided with 
annular continuous slots 37 and 38, respectively. These 
slots 37 and 38 lie in a plane parallel to the wide walls 
E6a of the resonant ring 16 and are immediately op 
posite their respective holes 36 provided in the inner and 
Outer walls 6b of the resonant ring 6. In view of the 
fact that the ring-like waveguides 18 and 19 are in the 
form of helices, it is apparent that the slots 37 and 38 will 
be at different heights or positions on the narrow walls 
18b and 19b, of the waveguides so that the holes 33 in 
the resonant ring 16 will always be in communication with 
the waveguides 18 and 19 through the slots 37 and 38. 
Thus, it can be seen that even though the inner wave 
guide 49 is rotated relative to the resonant ring 16, all 
of the holes 36 in the inner wall 16b will be in continuous 
communication with the cavity provided by the wave 
guide 19. 
The fact that the coupling slot 38 provided in the 

waveguide 19 is at different elevations in the wall of 
the waveguide 9 will not affect the coupling because, as is 
well known to those skilled in the art, waveguide electro 
magnetic fields do not vary with height and, therefore, the 
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coupling will remain constant, at least to a first order 
approximation. 

Since relative motion must occur between the resonant 
ring 16 and one of the waveguides, it may be desirable 
to provide means to prevent arcing and R-F leakage at 
the point of relative movement. Such means is not shown 
in FIGURES 2-5 but may take the form of a choke joint 
hereinafter described with the embodiment shown in 
FIGURES 6-10. 

In order that the waveguides 18 and 19 can function 
properly as input and output directional couplers, it is 
important that the phase velocities in both of the wave 
guides be equal. As is well known to those skilled in the 
art, the influence of the differing radii of the ring-like wave 
guides upon the phase velocity may be compensated for 
by the adjustment of the waveguide width. 

In the drawings shown in FIGURE 1, a power source 
39 and an antenna 40 are shown. The power Source 39 
is connected to the input of the ring-like waveguide i8 
which is indicated as a line and as terminating in the 
dummy load 21. The output of ring-like waveguide 9 
which is connected to the antenna 49 is shown as a line 
terminating in the dummy load 24. The resonant ring 
16 is indicated between the directional couplers 18 and 19. 
The diagonal arms or arrows shown in FIGURE 1 be 
tween the input waveguide or directional coupler 18 and 
the resonant ring 16 and between the resonant ring 16 
and the output waveguide or directional coupler 19 in 
dicate the initial and reflected or incident waves. The 
four terminals of the waveguide or directional coupler 18 
have been numbered 1-4, whereas the four terminals for 
the directional coupler or waveguide 9 have been num 
bered 5-8. The letter a indicates wave amplitudes emerg 
ing from the directional coupler, whereas the letter b 
indicates wave amplitudes incident upon the directional 
coupler. Thus, the designation a indicates the Wave am 
plitude delivered from the power source into the system 
or waveguide 18, whereas the designation b1 indicates 
the power or wave amplitude which is reflected back into 
the power source. Thus, also b3 indicates the wave 
amplitude delivered from the directional coupler into 
the resonant ring 16, whereas the designation as indicates 
the wave reflected back into the directional coupler. In 
the same manner, the designation b2 indicates the wave 
amplitude delivered to the dummy load and a2 represents 
the wave reflected by the dummy load into the Waveguide 
18. 

In considering the operation of the rotary joint assen 
bly shown in FIGURES 2-5, it can be shown mathemati 
cally that the resonant ring 16 connected as a transmission 
type cavity in each rotary joint is capable of providing 
a full power transfer from an input directional coupler 
to an output directional coupler, or, in other words, from 
a power source such as a transmitter to a suitable load such 
as an antenna with negligible power dissipation in the 
dummy loads 21 and 24 and negligible reflection of power 
back into the power source. 

This can be established with relatively simple mathe 
matics after making some idealized assumptions. For 
example, let it be assumed that the input and output di 
rectional couplers 18 and 19 are concentrated in a single 
plane or cross-section rather than distributed around the 
circumference. With this assumption and utilizing a con 
ventional scattering matrix theory to calculate the power 
relationships, the following can be stated. 
The scattering matrix of the directional coupler 18 (also 

called directional coupler I) is 
0 k1 is 0 
k1 0 0 ika 
jk2 0 0 ki 
0 like k1 0 

Where k is the voltage coupling coefficient between di 
agonal arms (for example, 1-3) and k2 is the voltage 
coupling coefficient between co-linear arms (for example, 
1-2). 
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6 
The coefficients ki, k are related through the following 

equation. 

The scattering matrix for the directional coupler 19 (also 
called coupler II) is identical. By appropriate combina 
tion of matrices and by taking into account the line 
length of the resonant ring 16, the various amplitudes of 
interest can be determined. It should be pointed out that 
the assumption of perfect coupler directivity and ideally 
matched loads render several amplitudes equal to Zero as 
indicated in FIGURE 1. Thus, one obtains 

- like 
ba=all kee-yL 

Where b is the wave amplitude launched into the 
resonant ring 6 and 
Where L is the total line length of the resonant ring. 
The amplitude delivered to the antenna is specified by 

the following equation. 
keyli 

b= - a 2e-yLkee-yL 

Where l is the line length between terminals 3 and 5. 
If the resonant ring is lossless (e=e), and tuned 

to the operating frequency (ei=1), one has 

b= -aeili Or 2= 1 0.1 

Thus, it can be seen that a full power transfer is 
achieved. The wave incident upon the primary dummy 
load 21 is 

-ey. 
b= (liki---key L. 

which for a tuned ring becomes 

b= 

in the case of zero ring loss (e=1), by obviously. 
vanishes. 

With 0.2 db loss in the resonant ring and with 3 db 
directional couplers, the above formulas show a total 
insertion loss of the resonant ring of 

b 
0.1 
a 0.3 db 

and a transmission loss to the primary dummy load of 
0.1 
b 

As pointed out above, in making this mathematical 
analysis, certain assumptions were made. An extension 
of this analysis to a true rotary joint circuit with dis 
tributed directional couplers requires a considerably more 
complicated mathematical treatment. 
From the above, it can be seen that a full power trans 

fer is achieved with a very low insertion loss and a very 
low transmission loss to the primary dummy load inde 
pendent of the angle of rotation of the rotary joint. In 
other words, there is no dead angles. The arrangement 
is also such as to permit low VSWR independent of the 
angle of rotation. There is also an absence of cross-talk 
and there is symmetry in all of the channels. It is pos 
sible to accomplish these results, i.e., transmission char 
acteristics independent of rotational angle, because the 
input and output coupling to the resonant ring are uni 
formly distributed about the inner and outer circumfer 
ences of the resonant ring so that the entire rotary joint 
is circularly symmetrical. 

Because of the substantial one-hundred percent power 
transfer in the directional couplers, energy will not recir 
culate repeatedly in the resonant ring, and for that rea 
son the resonant ring gain will be equal to, or only slightly 
greater than, unity. Thus, the field intensity within the 

A-35 db 
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resonant ring does not exceed the values present in the 
input and output directional couplers. For that reason 
and because the ring is heavily loaded, no breakdown 
problems are present in the ring proper. Because of the 
tight couplings with the transmission cavity, operating 
bands in the order of ten to twenty percent are possible. 
Another embodiment of my waveguide rotary joint is 

shown in FIGURES 6 through 10. This embodiment is 
very similar to the embodiment which is shown in FIG 
URES 2 through 5 in that it includes an annular wave 
uide 46 in the form of a resonant ring and in which 

waveguides 47 and 48 are provided for coupling energy 
into and out of the resonant ring 46. In the embodiment 
siaown in FGURES 2 through 5, the waveguides 15, ES 
and 9 are arranged with their narrow walls parallel to 
the vertical axis of the rotation, whereas in the embodi 
ment shown in FIGURES 7 through 10, it can be seen 
that the waveguides 46, 47 and 48 are arranged so that 
their wider sides are parallel to the rotational axis. 
From the arrangement shown in FIGURES 2 through 

5, it can be seen that there is provided a multi-channel 
rotary joint assembly which has a relatively small height 
but which has a large diameter. On the other hand, the 
multi-channel rotary joint assembly shown in FIGURES 
6 through 10 has a smaller diameter but has greater 
height. However, the primary disadvantage of the en 
bodiment shown in FiGURE 1 is the formation of the 
waveguides 3 and 29 into helices. Since doing this pre 
cisely is relatively expensive, the embodiment shown in 
FIGURES 6 through 10 is disclosed in which it is un 
necessary to form the outer and inner waveguides 47 and 
48 into helices. Rather, they can take the form of annui 
or rings. 

in the embodiment shown in FIGURES 6 through 10, 
the Wide walls 46a and one of the narrow walls 46b of 
the resonant ring 46 are formed as an integral part of an 
annular frame 5 as shown particularly in FIGURE 7. 
The input directional coupler waveguide 47 is substan 
tially U-shaped in cross-section as shown in FIGURE 7 
and is Secured to the depending walls 46a so that its open 
end faces the integral wall 46b by suitable means such 
as bolts 53 extending through flanges provided on the 
respective members. The waveguide 47 is provided with 
a flanged input arim 55. The output directional coupler 
or waveguide 43 is also substantially U-shaped as can be 
seen from FIGURE 7 and is rotatably mounted upon an 
inWardly extending flange 58 formed as a part of the 
annular frame 51. Suitable means is provided for per 
mitting rotational movement of the output waveguide 48 
relative to the resonant ring 46 and consists of a plurality 
of Support rollers 61 which are rotatably mounted upon 
a choke plate 62. The rollers 6 ride upon the concen 
tric guide rail 64 provided on the fange 58 as shown 
particularly in FIGURE 7. The waveguide 48 is pro 
vided with a fanged output arm 66 which extends inwardly 
and outwardly from the waveguide 48. 
The means for coupling energy from the input wave 

guide 47 into the resonant ring 46 consists of a coupling 
iris formed by the narrow wall 46b of the resonant ring 
46. As can be seen from FIGURE 9, this wall is pro 
vided with a plurality of uniformly spaced apertares ex 
tending around the wall 46b. Similar means is provided 
for coupling the energy from the resonant ring 46 in the 
utput waveguide 48 and consists of an iris coupling plate 

7i which is mounted in the flange 58 and serves to sepa 
rate the cavities formed by waveguides 46 and 48. The 
plate 7i is provided with a plurality of uniformly spaced 
coupling holes 72. No breakdown will result from the 
coupling means provided between the three ring wave 
guides 46, 47 and 48 because the apertures are in the 
narrow walls for reasons well known to those skilled in 
the art. 

in order to minimize the possibility of any serious 
R-F leakage and electrical arcing or breakdown which 

O 
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3. 
may be caused by relative movement between the output 
waveguide 48 and the resonant ring 46, a single choke is 
provided on each side. if desired, double chokes can be 
provided on each side if they are necessary. As is well 
known to those skilled in the art, the choke consists of 
an annular groove 76 which has a length or depth so that 
it has an electrical length of a quarter-Wave. As is also 
well known to those skilled in the art, the impedance at 
the terminuts of the groove locking out from the wave 
guides is the impedance of the groove in series with the 
inpedance of the gap between the choke plate 62 and 
the flange. S8. Since the groove 76 is a quarter-wave line 
terminated in a short, its impedance is infinite. There 
fore, the total impedance at the terminus of the groove 
is always infinite for reasonable separation between the 
choke plate and the flange. Since the mouth of the 
groove is a quarter-wave length from the inner wall of 
the waveguides 46 and 48, the impedance at the junction 
of the waveguide and the choke is that of a quarter-wave 
line section terminated by an open circuit and this is zero. 
The waveguides 46 and 48, therefore, appear as continu 
ous walls as long as the choke plate 62 and the flange 58 
are not separated by more than one quarter-wave ength. 

Both of the input waveguide 47 and the output wave 
guide 48 are provided with dummy loads. Thus, as can 
be seen from FEGURE 10, the waveguide 47 is provided 
with a dummy load 78 which extends inwardly as is shown 
particularly in FIGURE 10, whereas the waveguide 4S 
is provided with a durinny load 75 which extends out 
wardly as shown particularly in FIGURE 8. 

In making the connections to the waveguides 47 and 
48 for the input and output arms and the dummy loads, 
it will be noted that in order to obtain a configuration 
for the waveguides 47 and 48 which has portions in con 
tact with portions of the resonant ring 46 at all angles, 
it has been unnecessary to place relatively sharp bends 
in the waveguide or corners as shown in the drawing. 
The bends or corners are minimized as much as possible 
by dividing the angle between the connection to the 
dummy Joad and to the input or output arm so that angles 
of approximately 45° are formed in the waveguide. Al 
though this arrangement may produce slight discontinui 
ties within the waveguide, the simplicity of this design 
still makes it a desirable embodiment. 

In order to facilitate stacking of the separate rotary 
joints upon one another to provide a multi-channel rotary 
joint assembly, the annular fraine 51 is provided with 
stacking flanges 8i which receive bolts 82 to fix the rotary 
joints one above the other and stacked on a common axis. 
The multi-channel rotary joint assembly can then be 
mounted in a suitable location and the input arms 56 
connected to suitable sources of high frequency power 
and the output arms 66 connected antennas. The an 
tennas together with the output waveguides 48 can then 
be rotated in unison without any difficulty relative to 
the resonant rings 46 and the input waveguides 47, while 
at the same time obtaining a power transfer from the 
transmitters to the antenna with a very low insertion loss 
and with a very small amount of power dissipated in the 
dummy load. In addition, the input VSWR, assuming 
a matched antenna, is very low. As in the previous en 
bodiment, all of these features are characteristic of my 
rotary joint in any rotational position of the joint. Ab 
sorptive material (not shown) can be provided inside the 
frame if it is necessary to hold the cross-talk between 
the stacked channels to a minimum. 

It is apparent from the foregoing that I have provided 
a new and improved rotary joint which gives a full power 
transfer or an energy transfer as well as other desirable 
features which is independent of the relative angle of 
rotation of the rotary joint. 

It is also apaprent from the foregoing that I have pro 
vided a rotary joint which can be readily constructed 
and economically manufactured. 
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I claim: 
1. In a waveguide rotary joint, an annular resonant 

waveguide forming a transmission-type cavity, a pair of 
additional waveguides, each of said additional waveguides 
having a substantially annular portion, means forming an 
input directional coupling arrangement extending through 
substantially 360° between the annular portion of one of 
the additional waveguides and the annular waveguide, 
means forming an output directional coupling arrange 
ment extending through substantially 360 between the 
annular portion of the other additional waveguide and 
the annular waveguide, and means for mounting the annu 
lar waveguide and the additional waveguides to permit 
rotation of one of the additional waveguides relative to 
the other of the additional waveguides. 

2. A rotary joint as in claim 1 wherein the means for 
forming an output directional coupling arrangement is 
formed to provide a coupling which is uniformly distrib 
uted around the circumference of the annular resonant 
waveguide and wherein the means for forming an input 
directional coupling arrangement is formed to provide a 
coupling which is uniformly distributed around the cir 
cumference of the annular waveguide. 

3. A rotary joint as in claim 1 wherein all of said 
waveguides are rectangular in cross-section and have 
spaced parallel wide and narrow walls and wherein the 
waveguides are stacked one above the other so that the 
narrow walls are parallel to the axis of rotation of said 
one additional waveguide. 

4. A rotary joint as in claim wherein all of said 
waveguides are rectangular in cross-section and have 
spaced parallel narrow and wide walls and wherein the 
waveguides are stacked one above the other with the wide 
walls of the waveguides parallel to the axis of rotation 
of the said one additional waveguide. 

5. In a waveguide rotary joint, first, second and third 
rectangular waveguides, the first waveguide being annular 
in form and being dimensioned to provide a resonant 
transmission type cavity, said second and third waveguides 
each having a substantially annular portion in substan 
tial engagement with walls of the first waveguide, said 
second and third waveguides also having a helical-like 
configuration to permit contact between the annular por 
tions of the second and third waveguides and the first 
waveguide at all angles, wall means separating the first 
waveguide from the second waveguide, additional wall 
means separating the first waveguide from the third wave 
guide, means provided in the wall means separating the 
first waveguide in the annular portion of the second wave 
guide to form an input directional coupling arrangement, 
means provided in the wall means between the first wave 
guide and the annular portion of the third waveguide to 
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form an output directional coupling arrangement, and 
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means for mounting said first, second and third Wave 
guides to permit relative rotation of one of said second 
and third waveguides to the other of said second and third 
waveguides. 

6. A rotary joint as in claim 5 wherein said wall means 
between the second and first waveguides is a common 
wall having aperture-like means extending over substan 
tially 360° and wherein the wall means between the third 
and first waveguides is a common wall having an aperture 
like means extending over substantially 360. 

7. A rotary joint as in claim 5 wherein the wall means 
between the second and first waveguides consists of pairs 
of parallel vertical walls having aperture-like means 
therein extending over substantially 360 and wherein the 
wall means between the third and first waveguides consists 
of substantially parallel vertical walls having aperture-like 
means therein extending over substantially 360. 

8. A rotary joint as in claim 6 wherein the wall means 
between the second and first waveguides consists of a 
common wall lying in a horizontal plane and having 
aperture-like means extending over substantially 360 and 
wherein the wall means between the third and first wave 
guides consists of a common wall lying in a horizontai 
plane and having aperture-like means extending through 
substantially 360°. 

9. In a waveguide rotary joint, first, second and third 
waveguides, the first waveguide being annular in form 
and dimensioned to form a transmission-type resonant 
cavity, the second and third waveguides having a ring 
like configuration, means forming an input directional 
coupling arrangement between said second waveguide and 
said first waveguide, means forming an output directional 
coupling arrangement between said third waveguide and 
said first waveguide, and means for mounting said first, 
second and third waveguides to permit relative rotation 
of one of said second and third waveguides to the other 
of said second and third waveguides, said first, second and 
third waveguides being stacked upon each other so that 
the narrow walls are parallel to the axis of rotation of 
the said one waveguide and wherein said second and third 
waveguides have a helical-like configuration to permit 
contact between the second and third waveguides and the 
first waveguides at all angles. 
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