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[57] ABSTRACT

Disclosed is a structure for providing the convergence
or divergence of two independent transmission lines in-
tersecting one another at an angle wherein, at the inter-
section of the two transmission lines, one of the trans-
mission lines has a section thereof which is of slab line
configuration, the center conductor of the slab line
configuration having an aperture therein through
which passes the other transmission line, the other
transmission line having a section which is coaxially
disposed within the center conductor. As a specific ap-
plication, a rotary joint assembly is disclosed wherein
the two rotatable sections each include the recited
structure.

12 Claims, 4 Drawing Figures
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MULTICHANNEL TRANSMISSION LINE
STRUCTURE

This invention pertains to the multichannel transmis-
sion of radio frequency energy, more particularly to the
transmission of radio frequency energy along multiple
transmission lines having converging portions thereof,
and even more particularly to concentrically disposed
multichannel input and output sections for feeding ro-
tary joints.

The transmission of r-f energy often requires the em-
ployment of two or more transmission lines providing
multichannel coupling from and to the source and re-
ceiver of the energy. In many instances, it is desirable
that these multiple channels converge or intersect at
specific locations for the purpose of coupling into or
out of various assemblies associated with the overall
system. For example, in many continuous scan antenna
systems requiring rotary joint assemblies for enabling
relative rotation between the transmitting or receiving
antenna and the coupled transmission lines, the multi-
ple transmission lines converge at the input and output
feed sections to and from these rotary joints.

One of the conventionally known techniques for ef-
fecting the intersection of these multiple transmission
lines is through quarter-wavelength right angle stub
transitions. Among the disadvantages associated with
this technique, however, are limitations on the opera-
tional bandwidth due to the inability to maintain, over
more than a 10 percent to 15 percent bandwidth, a low
‘ratio of the amplitude of the reflected and incident
transmitted waves (or VSWR); the need for excessively
long stubs at the lower frequencies due to the quarter-
wavelength requirement; and power limitations due to
the voltage increase at stub termination.

It is therefore a primary object of the present inven-
tion to provide a new and improved technique for en-
abling the convergence of two or more transmission
lines in such a manner as to substantially eliminate the
degradation of electrical performance as a conse-
quence thereof;

It is a further object of the invention to provide a
novel coupling arrangement for multichannel transmis-
sion lines having converging portions concentrically
disposed with respect to one another;

It is an even further object of the invention to provide
a new and improved design of the input and output feed
sections to a rotary joint.

In accordance with these and other objects, the pres-
ent invention is directed to the angular convergence
(or divergence) of two independent transmission lines,
whereby at the situs of intersection, one of the trans-
mission lines has a slab line configuration, the second
transmission line passing through an aperture in the
center conductor of the slab transmission line at the lo-
cale of minimum electric field. In accordance with a
specific feature of the invention, a portion of the sec-
ond transmission line is disposed within the confines of,
and is concentrically disposed with, the center conduc-
tor of the slab line to enable straight forward “in line”’
coupling to the external structure.

These and other features, as well as additional ob-
jects and advantages, of the invention will become ap-
parent from the following detailed description taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a pictorial view of the situs of intersection
of two transmission lines in accordance with the design
of the invention;
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FIG. 2 is an end view of the structure illustrated in
FIG. 1 showing the electric field distribution thereof;

FIG. 3 is an end view illustrating an alternate embodi-
ment of the center conductor of the structure illus-
trated in FIG. 1; and

FIG. 4 is a pictorial view of a rotary joint assembly
utilizing the coupling arrangement of the invention in
the input and output feed sections thereof.

Referring now to FIG. 1, a pair of transmission lines
10 and 11 are illustrated at their convergence or inter-
section point. The transmission line 10 may be of any
known configuration, but in this example is of the con-
ventional coaxial type having a rod like center conduc-
tor 12 surrounded by an outer conductor 13 of tubular
configuration. The transmission line 11 may be of any
structure or form known in the art, including of coaxial
construction, but in accordance with the invention, has
a section of slab line configuration at the locus of its in-
tersection with the transmission line 10. Thus, the sec-
tion of the line 11 includes a center conductor 14 hav-
ing an enclosed wall portion 15 disposed between, and
electrically separated from, a pair of flat and relatively
wide slab type conductors 25.

The coaxial line 10 extends through an aperture 18
formed in the wall portion 15 and, in accordance with
a particular feature of the invention, has a section 19
which is coaxially disposed with the center conductor
14, the other section 20 being angularly disposed (90°
in this example) with the coaxial section 19.

As indicated by reference to FIG. 2 (and FIG. 3), as
a consequence of the slab line configuration, the con-
centration of the electric field lines 30 between each of
the slab conductors 25 and the center conductor 14
provides a pair of regions or locales 31 in which the
electric field 30 is at a minimum or substantially non-
existent. The aperture 18 in the wall portion 185 is ad-
vantageously disposed within one of these regions 31 so
that the passage of the transmission line 10 through this
aperture 18 and into the cavity 28 defined by the wall
15 does not disturb or interfere with the concentrated
electric field, thereby avoiding any degradation of the
electrical performance due to the convergence of these
two transmission lines 10 and 11.

Consistent with the teachings of the invention, the
outer wall 15 of the center conductor 14 may be
formed in. various alternative shapes or profiles
(squares, circles, ellipses, etc.) so long as there is a cav-
ity portion 28 defined thereby through which the sec-
tion 19 of the line 10 may extend. For instance in one
extreme, as illustrated by FIG. 3, the center conductor
is circular. As a particular feature of the design of the
invention, however, the top and bottom surfaces of the
wall 15 are elongated with respect to the side portions
to provide a somewhat elliptical structure illustrated in
FIGS. 1 and 2, the maximum strength field lines 30
thereby being further spaced from the aperture 18. In
this manner, additional decoupling is accomplished be-
tween the transmission lines 10 and 11.

The coupling structure illustrated in FIG. 1 may be
utilized in many applications whereby two or more an-
gularly disposed transmission lines are to converge so
as to be concentrically disposed with one another.
Thus, for example, the far end 29 of the transmission
line 11 illustrated in FIG. 1, as well as the portion 20
of the transmission line 10, may be respectively cou-
pled to input sources of r-f energy. The near end 31 of
the slab transmission line 11 and the portion 19 of the
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transrnission line 10 then provide respective concentri-
cally disposed radiation sources (antennas).

The concentric or coaxial arrangement of these lines
of the situs of intersection also provides a technique for
the in line coupling into and out of a rotary joint. Thus,
and with reference now to FIG. 4, a rotary joint 40 is
illustrated by comprising an input section 41 and an
output section 42, each section utilizing the configura-
tion illustrated in FIG. 1.

Accordingly, a pair of transmission lines 10a and 11a
provide a dual channel input from a receiving antenna
system, and transmission lines 106 and 11b provide a
dual channel output to the receiver circuitry. As previ-
ously described, the transmission line 11a (which ini-
tially may be standard coaxial configuration) takes on
a slab line configuration at the input section 41 com-
prising elliptical center conductor 14a and outer con-
ductor slabs 25a. Similarly, transmission line 115 takes
on a slab line configuration at the output section 42
comprising elliptical center conductor 14b and outer
conductor slabs 28b. Transmission lines 10a and 10b
extend through the openings provided in the center
conductors 14a and 14b, respectively, to provide hori-
zontal extending portions 19a and 195 within the con-
fines of, and concentric with, the said center conduc-
tors.

The slabs 284 and 25b may then be connected with
or take on the shape of circular members 50¢ and 50b,
each of which provide the conventional outer conduc-
tor of a coaxial line; in ‘other words, the transmission
lines 11a and 11b again resume their original configura-
tion outside of the locus of intersection of the multi-
channels.

It is thus observed that the interfacing of the sections
41 and 42 enable a straightforward in line connection
between each set of concentrically disposed lines, and
allows for the relative rotation of the sections with re-
spect to one another. Accordingly, the outer conduc-
tors 50a and 56b and the inner conductors 14q and 14b
of the transmission lines 11a and 11b, as well as the
outer and inner conductors of the transmission line seg-
ments 192 and 195 are joined in rotatable relation with
. one - another, the collar 60 providing the coupling
means between these adjacent segments. The entire
input section 41, for example, may then be rotated
(counterclockwise rotation shown in FIG. 4) with no
interruption of the r—f energy transmission through the
rotary joint.

As a consequence of this structure, the rotary joint is
operational over an extremely wide bandwidth, the
only limitations upon power and frequency capability
being the size of the coaxial transmission lines. In one
particular example, the structure illustrated in FIG. 4
was utilized in conjunction with a frequency range of
transmitted signals from approximately 1 to 12 GHz,
and the VSWR varied over this range from a minimum
of 1.15:1 to a maximum of 1.40:1.

Various modifications of the disclosed embodiments
may be effected in accordance with the invention. For
example, further enhancement of the decoupling be-
tween the intersecting channels may be achieved by
filling the aperture 18 with a material which is “lossy”
at radio frequencies. This is illustrated in FIG. 4
wherein plugs 65 surround the lines 10a and 105 where

these lines enter or exit the center conductors 144 and.

14b. Some examples of suitable materials for these
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plugs are iron-loaded ceramic, carbon-loaded ceramic,
and carbon-loaded epoxy.

In addition, while the slab conductors 18, center con-
ductor 14, and coaxial cable sections 19 and 20 are il-
lustrated as being respectively structurally separated
from one another, it is only necessary that they be elec-
trically isolated from one another. Consequently, it
may be desirable to connect all of these structures with
dielectric material providing the necessary electrical
isolation.

In the same manner that two channels 10 and 11 are
coupled, additional channels may be added in tandem
to channel 10, for instance, by utilizing other slab line
configurations at the locus of intersection. Further-
more, it is to be noted that while the slab line configura-
tion contemplates the use of two slabs 25, use may be
also had of only one slab outer conductor.

Various other modifications to the disclosed embodi-
ments, as well as other embodiments, may become ap-
parent to those skilled in the art without departing from
the spirit and scope of the invention as defined by the
appended claims.

What is claimed is:

1. Multichannel transmission line structure, compris-
ing:

_ a. a first transmission line,

b. a second transmission line intersecting said first
transmission line, said second transmission line
having a section thereof at the locus of said inter-
section comprising at least one slab outer conduc-
tor and a center conductor spaced, and electrically
isolated, from said at least one slab, said center
conductor including an enclosing wall portion,

c. an aperture in said enclosing wall portion,

d. said first transmission line extending through said
aperture into the region defined by said enclosing
wall portion.

2. The structure as defined by claim 1 wherein said
aperture is disposed in a region of minimum electric
field established between said center conductor and
said at least one slab.

3. The structure as defined by claim 2 wherein said
center conductor is disposed intermediate two elon-
gated slabs. _

4. The structure as defined by claim 2 wherein said
first transmission line includes a section coaxially dis-
posed with respect to said center conductor.

5. The structure as defined by claim 3 wherein said
enclosing wall portion is generally elliptical in shape.

6. The structure as defined by claim 5 wherein the in-
tersection of said first transmission line with said sec-
ond transmission line is at a 90° angle. ‘

7. Radio frequency transmission line structure, com-
prising;

a. a first coaxial transmission line intersecting a sec-
ond transmission line at an angular disposition
thereof,

b. said second transmission line including a portion
at the situs of said intersection comprising a hollow
center conductor having an enclosing wall portion,
a pair of slab outer conductors spaced from said
center conductor, whereby concentrated electric
field lines are established between said center con-
ductor and said pair of slabs, and an aperture in
said enclosing wall portion disposed within an area
of minimum electric field,
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c. said first coaxial transmission line extending
through said aperture and including a portion
thereof extending coaxial said center conductor
within the cavity defined by said enclosing wall
portion.

8. The structure defined in claim 7 wherein said an-

gular disposition is a 90° angle. ‘

9. The structure as defined in claim 8 wherein said

enclosing wall portion is generally elliptical in shape.

10. The structure as defined in claim 9 including a

plug of lossy material disposed in said aperture around
said first transmission line.

11. Rotary joint structure for coupling transmission

lines, comprising:

a. an input and output section mechanically coupled
in rotatable relationship,

b. each of said sections comprising a first coaxial
transmission line intersecting a second transmis-
sion line at an angular disposition thereof; said sec-
ond transmission line including a portion at the
situs of said intersection comprising a hollow cen-
ter conductor having an enclosing wall portion, a
pair of slab outer conductors spaced from said cen-
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ter conductor, whereby concentrated electric field
lines are established between said center conductor
and said pair of slabs, and an aperture in said en-
closing wall portion disposed within an area of
minimum electric field; said first coaxial transmis-
sion line extending through said aperture and in-
cluding a portion thereof extending coaxial said
center conductor within the cavity defined by said
enclosing wall portion; and

€. means respectively coupling the first and second

transmission lines of one of said sections to a
source of radio frequency signals, and means cou-
pling said first and second transmission lines of the
other section to a receiver.

12. The structure as defined in claim 11 wherein the

extending portion of said first coaxial transmission line
of said first section is coupled to said extending portion
of said first coaxial transmission line of said second sec-
tion, and wherein said center conductor of said second
transmission line of said first section is directly coupled
to the center conductor of said second transmission
line of said second section.
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