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This invention relates to rotatable joints in microwave 
guides. 

in applying microwave energy to rotating or oscillating 
apparatus, such as scanning antennas, it becomes neces 
sary to transfer the energy from a ?xed transmitting guide 
to a rotating guide. The present invention accomplishes 
this with input and ‘output guides in axial alignment and 
without resorting to the use of transmission in a radially 
symmetrical mode. The manner of accomplishment in— 
cludes the energization of a round hollow guide in the 
T511 or some other polarized mode, employment in the 
round guide of an adjustable .polarityyrotating device, and 
the use of means controlled by the desired output rotation 
angle for adjusting the polarity-rotating device. 
One convenient polarity-rotating device depends upon 

the peculiar property of certain substances, when mag 
netizcd, of changing the angle of polarization of micro 
wave electromagnetic ?eld energy impinging on them, the 
amount of change being dependent upon the degree of 
magnetization. Accordingly ‘such a polarity-changing de 
vice can be employed in a preferred embodiment of the 
instant invention which is, however, by no means restricted 
to the use of this species of polarity-rotating device. 
The principal purpose of this invention is to provide a 

microwave rotatable joint having a mechanical rotatable 
joint and a ?eld polarity rotating device acting in concert. 

Another purpose of this invention is to provide a round 
hollow guide containing a device for changing the polariza 
tion direction of microwave energy passing through it, in 
combination with a mechanical rotatable connection. 
Another purpose of this invention is vto provide a micro 

wave rotatable joint having a rotatable mechanical con 
nection between two round hollow guides, a polarity 
rotating device in one of the guides and a variable resist 
ance operated by the mechanical connection to control 
the polarity-rotating device. 
A further understanding of this invention may be 

secured from the detailed description and associated draw 
ings, in which: 

“igure 1 is an external view of a microwave guide ro 
tatable joint embodying the invention. 

Figure 2 is a cross section of a polarity-rotating device 
for rota-ting a microwave ?eld. 

Figures 3, 4 and 5 are circuits for use with the rotatable 
joint of Fig. 1. 

Referring now to Fig. l, a rectangular guide 11 for 
transmission of microwave energy in the T1310 mode of 
a selected frequency band is connected to a round micro 
wave guide assembly 12, for transmission of microwave 
energy'of the same frequency band in the TEu mode. An 
appropriate matching device such as an iris is employed 
if necessary between guide 11 and assembly 12 to elimi~ 
nate i pedance discontinuity. The round guide assembly 
12 is continued through choke flange 13 and round guide 
section 14 to the mechanical rotating joint 16 which con 
nects the guide 14 to a similar short round guide 17. 
The mechanical rotating joint 16 is of conventional design 
and may contain an annular choke recess to prevent leak 
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2 
age of microwave ?eld and a packed joint to permit use 
in a pressurized system. The short round guide is con 
nected to a rectangular guide 18 employing an appro 
priate impedance matching device such as an iris. This 
guide 18 also is of the proper size for transmission of 
the same frequency band in the TElO mode. 

Although rectangular guide is commonly used for 
microwave transmission and is shown employed in Fig. 1, 
any other type of guide may of course be employed to 
lead microwave energy into and out of the microwave 
rotatable joint of the invention. The invention is not 
restricted to the use of round hollow guide in the micro 
wave rotatable joint, but round dielectric guide or any 
other circular guide may be employed instead. 
The round guide assembly section 12 incorporates a 

device active in the Faraday magneto-optical sense for 
rotating the plane of polarization of microwave energy 
passed through it. One example of such a device is 
generally described in Patent No. 2,644,930, issued July 
7, 1953, and makes use of the polarizing property of a 
magnetized rod of selected material. This device in 
cludes the round metallic microwave guide 19, Fig. 2, 
provided with connection ?anges 21 and 13. A coil 22 
having two end terminals 23 and 24 is wound around 
the outside of guide 19. The interior of the guide 19 
is completely ?lled with a solid low-loss dielectric material 
26 such as tetra?uoroethylene except for an axial space 
occupied by a rod 27. This rod is composed of a com 
minuted material which is active in the Faraday magneto 
optical sense. One such rod material, known as Ferramic 
“D,” may be obtained from the General Ceramics and 
Steatite Corp, Keasbey, New Jersey. The diameter of 
the round guide 19 and the properties of the dielectric 
26 are so chosen that the device can be secured by its 
?anges to conventional sizes of rectangular or round 
hollow guide without the use of matching elements. 
The round guide section 14, Fig. 1, is surrounded by a 

helix of resistance wire 23 having one or more terminals, 
and being either continuous around the periphery of the 
round guide or discontinuous, in accordance with circuit 
requirements. One or two or more brushes bear on the re~ 
sistance wire 28 and making sliding contact with it, two 
such brushes 29 and 31 together with their indicated brush 
structures 2i!’ and 31’ being shown in diametrically oppo 
site positions in the ?gure.v The brush structures 29’ 
and 31’ are secured to the short guide 17 but are elec 
trically insulated therefrom by insulating sheets 32 and 
33. Since the resistance coil 28 and the brushes are 
secured on opposite sides of the rotatable joint 16, any 
joint rotation causes the brushes to slide along the resist 
ance wire. The same relative motion and brush action 
would be secured if the resistance coil 28 were secured 
to guide 17 and the brushes to guide 14. 
The invention can be used to perform several different 

functions, and the circuits including the coil 22 and the 
resistance wire 28 differ in the several cases. if, for 
example, it is desired to supply microwave energy to an 
oscillating scanning antenna having an angular scan of 
90° on each side of its central position, the circuit of 
Fig. 3 may be employed. _ 

‘In this ?gure the circular resistance 34 represents 
resistor 28, Fig. 1, and is provided with two terminals 36 
and 37. A direct-current potential source 38 is con 
nected to these terminals 36 and 37 so that there is a 
continuous linear fall of potential in each ‘of the two 
branches of resistance 34. Two diametrically opposite 
sliders 39 and 40 are connected to coil 22 representing 
the coil winding 22, Fig. 2, of the polarity-rotating de 
vice. The microwave energy may be applied either to 
rectangular guide 11, Fig. l, or to guide 18, as desired, 
but the direction of current ?ow in the polarity-rotating 
device coil must be appropriate. Let it be supposed that 
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microwave energy at a frequency of 8800 me. p. s. be 
applied to rectangular guide 11 as an input, and that the 
energy leaves guide 18 to enter a transmitting antenna. 
The antenna together with guide 18 and the short round 
guide 17 are scanned or oscillated through an arc of 
i90°, by means not shown, around an axis which is 
also the axis of the rotatable joint 16. The round guide 
14 and other components on that side of the rotatable 
joint 16 are ?xed in position, while the components on 
the right side of the rotatable joint 16 oscillate with the 
antenna. It follows that the two brushes 25° and 31 
move on resistance coil 28 through i90° arcs. Their 
motion is represented in Fig. 3 by the movement of 
brush 39 on the left branch of resistance 34 between 
terminals 36 and 37, and by the movement in opposite 
sense of the other brush 40. 

In operation, when brush 39 is at a and brush 48 is 
at b, no current ?ows in coil 22 and the polarity-rotating 
device does not change the polarization of the micro 
wave ?eld passing through it. This condition corresponds 
to the antenna position in which guides 11 and 18 are 
collinear, element for element, as depicted in Fig. 1. 
In this situation the ?eld from guide 11 excites the TEn 
mode in the round guide 12, with central voltage lines 
parallel, and this orientation of the ?eld persists through 
guides 14 and 17 so that it excites the T1310 mode in 
guide 18 without loss, since the central voltage lines 
are parallel. If now the antenna rotates 45° the brushes 
assume the 45 ° position depicted in Fig. 3 and coil 22 
is energized. This produces in the structure of Fig. 2 
longitudinal magnetic ?ux through rod 27, which in turn 
a?ects the transverse electric microwave ?eld passing 
through guide 19 in such manner as to change the direc 
tion of polarization of the ?eld. The direction and 
amount of polarization change are so designed as to be 
equal to the direction and amount of antenna angular 
motion, with the result that the ?eld polarization as it 
leaves the short round guide 17 is exactly correct to enter 
the rectangular guide 18, and without loss fully excites 
the TEio ?eld mode therein. Upon continuance of the 
antenna motion to the 90° point, when brush 39, Fig. 3, 
is at terminal 36 and brush 40 is at terminal 37, the 
?eld is further rotated so that it still enters guide 18 
without loss. Upon return of the antenna to the oppo 
site extreme of its oscillatory motion, brush 39 is moved 
through position a to terminal 37 and brush 419 to terminal 
36. This reverses the current through coil 22, reversing 
the direction of polarization change of the polarity— 
rotating device, maintaining at all angular positions the 
proper relation of the ?eld polarity to the position of 
the output guide 18. 
Another use for this invention is to feed an antenna 

which rotates continuously in one direction. The cir 
cuit of Fig. 3 is inadequate in this case and the circuit 
of Fig. 4 may be employed. This circuit quickly changes 
the coil energization from minimum to maximum, or 
vice versa, without hiatus, then slowly changes the coil 
energization throughout 180°. It is necessary in this 
case always to excite the coil with current in one selected 
direction, and it is also necessary for the rotating device 
to be capable at maximum excitation of rotating the 
?eld 180°. The helix 28, Fig. 1, is broken into two 
semicircular sections, 41 and 42, Fig. 4, each with two 
terminals 43, 44, 46, and 47, and a single brush 48 is 
required. The coil 22 is connected between a tenninal, 
such as terminal. 43, and the brush 48. Terminals 43 
and 47 are strapped together and terminals 44 and 4e 
are strapped together. A battery 49, with a series re 
sistor 51 to prevent destructive short-circuit effects when 
the brush passes from one resistor to another, is con 
nected between terminals 46 and 47. 

‘In operation, commencing with the brush 48 at termi 
nal 43 and with input and output rectangular guides 11 
and 18 collinear, the coil current is zero, the ?eld is not 
rotated and passes correctly into the output rectangular 
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guide 18. As the antenna and output guide 18 turn, the 
brush 48 is rotated counterclockwise in the ‘?gure and 
the coil 22 is energized to rotate the ?eld in such direc 
tion and at such rate as to continue to pass into the out 
put guide 18 at its correct orientation. This continues 
for 180°. At this point the brush leaves the resistor 41 
at terminal 44 and the current in coil 22 falls to zero, 
causing the ?eld to reverse 180°. The ?eld, however, is 
still in correct orientation to enter the output guide be 
cause of the bisymmetry of its ?eld mode. Since the 
current tlow in coil 22 is zero after the brush makes 
contact with resistor 42 at terminal 47, a momentary 
loss of contact in going from terminal 44 to terminal 47 
causes no break in the continuous correspondence of the 
electric ?eld direction with the E-vector direction of the 
output guide. Also, if when the brush in passing from 
terminal 44 to terminal 47 momentarily short-circuits 
them, no break in the proper matching of the ?eld to the 
output rectangular guide occurs because of the series 
resistor 51. This resistor absorbs all of the potential 
drop of battery 49 while terminals 44 and 47 are short~ 
circuited, so that no current flows in coil 22 during this 
instant. For the same reasons no hiatus occurs when 
brush movement is in the opposite direction, from termi 
nal 47 to terminal 44. 
A modi?cation of the circuit is illustrated in Fig. 5. 

This modi?cation has the advantage of reducing by one 
half the maximum current requirement of the coil by 
applying current varying from a maximum value through 
zero to an equal maximum value in the opposite sense. 
This circuit is applicable to a component as described 
in connection with Fig. 2, in which the microwave energy 
in the round guide is in the "FEM mode.‘ 

In this modi?cation the helix 23, Fig. 1, is composed of 
two semicircular sections, 41 and 42, Fig. 5, each with 
two terminals 43, 44, 46 and 47, and a single brush 48 
is arranged to rotate upon them, passing from the end 
terminal of one semicircular section to an end terminal 
of the other semicircular section without breaking cir 
cuit continuity but with momentary short-circuit of the 
two terminals. Terminals 43 and 47 are strapped to 
gether and terminals 44 and 46 are strapped together. 
A direct current source consists of two approximately 
equal battery sections 52 and 53 joined at a midterminal 
54. The coil winding 22 is connected between the brush 
48 and the midterminal 54. 

In the operation of this device the brush 48 is continu 
ously rotated counterclockwise, causing the current in 
coil 22 to pass from a positive maximum value through 
zero to an approximately equal negative maximum value, 
then jumping as the brush passes from ‘one terminal to the 
other to the maximum positive value. The coil is so con 
structed that it concomitantly changes the microwave 
polarization through 180°, or more accurately from 
~90” through zero to +90°, then jumping back to ~90". 
The brush in passing from one terminal to the other does 
not break contact, and in short-circuiting the terminals 
causes no hiatus in excitation of the coil because of a 
resistor 56 inserted in one side of the battery connections. 
When, for example, the brush passes from connection 
with terminal 46 to connection with both terminals 46 
and 43, the entire battery potential is consumed in resis 
tor 56 and the potential e?ective at the brush is therefore 
that of battery terminal 52’. The brush potential thus 
passes instantly from that of terminal 53’ to that of termi 
nal 52'. 
What is claimed is: 
1. A microwave rotatable joint comprising, a ?rst cir 

cular waveguide section, a second circular waveguide sec 
tion, a rotatable joint connecting said ?rst .and second 
circular waveguide sections, means for passing micro 
wave ?eld energy in’ a mode having full-period circum 
ferential variation of intensity through said waveguide 
sections, a member active in the Faraday magneto-optical 
sense positioned in said ?rst circular waveguide section, 



5 
and electromagnetic coil on said ?rst circular waveguide 
section positioned to impress a magnetic ?eld on said 
member, an. annular resistor positioned around one of 
said waveguide sections, brush means anchored on the 
other of said waveguide sections slidably engaging said 
resistor at positions determined by the angular relation 
of said ?rst and secondwaveguide sections, a direct cur 
rent source connected to said resistor to produce a poten 
tial drop therein and circuit means interconnecting said 
brush means and said coil for controlling the sense and 
amplitude of direct current applied to said coil through 
said resistor to adjust the sense and degree of microwave 
?eld rotation produced by the interaction of said mag 
netic ?eld on said member to equal the sense and degree 
of relative rotation of the ?rst and second waveguide sec 
tions. 

2. A microwave rotatable joint adapted to be ener 
gized by microwave energy in a non-circular mode com 
prising, a pair of circular waveguide sections intercon 
nected by a rotatable joint, an elongated member active 
in the Faraday magneto-‘optical sense positioned interi 
orly of one of said wave guide sections, an electromag 
netic‘ coil positioned to impress a magnetic ?eld on said 
member longitudinally thereof, an annular resistor en 
circling one of said waveguide sections, contact means 
a?ixed to the other of said waveguide sections slidably 
engaging said resistor, a direct current source connected 
to spaced terminals on said resistor producing a poten 
tial drop therein, and circuit means interconnecting said 
contact means and said coil whereby the magnetic ?eld 
produced by said coil is adjusted by such an amount that 
the interaction thereof with said member rotates the en 
ergy ?eld in said waveguide sections through an angle 
equal to the relative angular displacement of said wave 
guide sections. 

3. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TE11 mode comprising, 
a pair of circular waveguide sections interconnected by 
a rotatable joint, an elongated member active in the Fara 
day magneto-optical sense positioned interiorly of one 
of said waveguide sections, ‘an electromagnetic coil posi 
tioned to impress a magnetic ?eld on said member lon 
gitudinally thereof, a continuous annular resistor sur- 
rounding one of said waveguide sections, a pair of con 
tacts a?ixed to the other of said waveguide sections and 
slidably engaging said resistor at diametrically opposed 
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points, said point of engagement being determined by V 
the relative angular adjustment of said waveguide sec 
tions, a direct current source connected to diametrically 
opposed terminals on said resistor, and a circuit connect 
ing opposite end terminals of said coil to respective ones 
of said pair of contacts. 

4. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TE11 mode comprising, 
a pair of circular waveguide sections interconnected by a 
rotatable joint, an elongated member active in the Fara 
day magneto-optical sense positioned interiorly of one 
of said waveguide sections, an electromagnetic coil posi 
tioned to impress a magnetic ?eld on said member lon 
gitudinally thereof, a direct current source, a pair of 
semicircular resistors encircling one of said waveguide 
sections, said resistors ‘being connected in parallel with 
each other and said source, a contact member a?ixed to 
the other of said waveguide sections and slidably engag 
ing a one or the other of said pair of resistors at a point 
determined by the relative angular adjustment of said 
waveguide sections, and circuit means connecting said 
coil between said contact and a terminal of said direct 
current source. 

5. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TE11 mode compris 
ing, a pair of circular waveguide sections interconnected 
by a rotatable joint, an elongated member active in the 
Faraday magneto-optical sense positioned interiorly of 
one of said waveguide sections, an electromagnetic coil 
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positioned to impress a magnetic ?eld on said member 
longitudinally thereof, a direct current source, a pair 
of. semicircular resistors encircling one of said waveguide 
sections, said resistors being connected in parallel with 
each other and said source and being so poled that cur 
rent flows therethrough in the same direction, a contact 
member af?xed to the other of said waveguide sections 
and slidably engaging one or the other of said pair of 
resistors at a point determined by the relative angular 
adjustment of said waveguide sections, and circuit means 
connecting said coil between said contact and a terminal 
of said direct current source. 

6. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TE11 mode compris 
ing, a pair of circular waveguide sections interconnected 
by a rotatable joint, an elongated member active in the 
Faraday magnetoaoptical sense positioned interiorly of 
one of said waveguide sections, ‘an electromagnetic coil 
positioned to impress a magnetic ?eld on said member 
longitudinally thereof, a direct current source, a pair of 
semicircular resistors encircling one of said waveguide 
sections, said resistors being connected in parallel with 
each other and said source and being so poled that cur 
rent ?ows therethrough in the same direction, a contact 
member a?‘ixed to the other of said waveguide sections 
and slidably engaging one or the other of said pair of 
resistors at .a point determined by the relative angular 
adjustment of said waveguide sections, and circuit means 
connecting said coil between said contact ‘and an inter 
mediate terminal of said direct current source. 

7. A microwave rotatable joint comprising, a ?rst cir 
cular waveguide section, a second circular waveguide sec 
tion, a rotatable joint connecting said ?rst and second 
circular waveguide sections, means for passing micro 
wave ?eld energy in the dominant TEu mode through 
said circular waveguide sections, a rod of comminuted 
material active in the Faraday magneto-optical sense 
positioned coaxially within said ?rst circular waveguide 
section, an electromagnetic coil positioned coaxially with 
said ?rst circular waveguide section to apply a magnetic 
?eld to said rod, a resistor surrounding one of said wave 
guide sections, brush means anchored on the other of 
said waveguide sections in slidable contact with said re 
sistor, said brush means being positionable on said re 
sistor in accordance with the angular position of one 
waveguide section relative to the other waveguide section, 
a direct current source connected to energize said resistor, 
and circuit means interconnecting said coil and said 
brush means for varying the potential impressed thereon 
as a function of the position of said brush means on said 
resistor. 

8. A microwave rotatable joint comprising, a ?rst cir 
cular waveguide section, a second circular waveguide 
section, a rotatable joint connecting said ?rst and second 
circular waveguide sections, means for passing micro 
wave ?eld energy in the dominant TE11 mode through 
said circular waveguide sections, a rod of comminuted 
material active in the Faraday magneto-optical sense 
positioned coaxially within said ?rst circular waveguide 
section, an electromagnetic coil coaxially associated with 
said ?rst circular waveguide section to apply a magnetic 
?eld to said rod, a continuous annular resistor surround 
ing one of said waveguide sections, a pair of brushes an— 
chored on the other of said waveguide sections slidably 
engaging said resistor at diametrically opposed points, 
said points of engagement being determined by the an 
gular position of one section relative to the other section, 
a direct current source connected to diametrically op 
posed terminals on said resistor, and a circuit connecting 
opposite end terminals of said coil to respective ones of 
said pair of brushes. 

9. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TEn mode comprising, 
a pair of circular waveguide sections interconnected by 
a rotatable joint, a rod of comminuted material active 
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in the Faraday magneto-optical sense positioned coaxial-1y 
within one of said waveguide sections, an electromag 
netic coil surrounding said one waveguide section to apply 
a magnetic ?eld to said rod, a direct current source, a 
pair of semicircular resistors encircling one of said Wave 
guide sections, said resistors being connected in parallel 
With each other and said source, a contact member af?xed 
to the other of said waveguide sections and slidably en~ 
gaging one or the other of said pair of resistors at a point 
determined by the relative angular adjustment of said 
waveguide sections, and circuit means connecting said 
coil between said contact member and a terminal of said 
direct current source. 

10. A microwave rotatable joint comprising, a ?rst 
circular waveguide section, a second circular Waveguide 
section, a rotatable joint connecting said ?rst and second 
circular waveguide sections, means for passing microwave 
?eld energy in the dominant TEu mode through said cir~ 
cular waveguide sections, a rod of comminuted material 
active in the Faraday magneto-optical sense positioned 
coaxially within said ?rst circular Waveguide section, an 
electromagnetic coil coaxially associated with said ?rst 
circular waveguide section to apply a magnetic ?eild to 
said rod, 21 pair of semicircular resistors encircling one 
of said Waveguide sections, a direct current source con 
nected to energize said pair of semicircular resistors in 
parallel, the currents therein circulating in the same di 
rection, a brush anchored on the other of said wave 
guide sections in slidable contact with one of the other 
of said pair of semicircular resistors at a point determined 
by the relative angular adjustment of said waveguide sec 
tions, a circuit connecting one terminal of said coil to 
said brush, and a circuit connecting the other terminal 
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of said coil to one terminal of said direct current source 
for energization of the coil to rotate the polarization of 
said microwave ?eld energy in sense and amount corre 
sponding to the angular position of one said waveguide 
section relative to said other waveguide section. 

11. A microwave rotatable joint adapted to be ener 
gized by microwave energy in the TE11 mode comprising, 
a pair of circular Waveguide sections interconnected by a 
rotatable joint, a rod of comminuted material active in 
the Faraday magneto-optical sense positioned coaxially 
Within one of said waveguide sections, an electromagnetic 
coil surrounding said one waveguide section to apply a 
magnetic ?eld to said rod, a direct current source, a pair 
of semicircular resistors encircling one of said waveguide 
sections, said resistors being connected in parallel with 
each other and said source and being so poled that cur 
rent flows therethrough in the same direction, a contact 
member affixed to the other of said Waveguide sections 
and slidably engaging one or the other of said pair of 
resistors at a point determined by the relative angular 
adjustment of said Waveguide sections, and circuit means 
connecting said coil between said contact member and an 
intermediate terminal of said direct current source. 
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