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This ,invéntien-relates to waveguide ;jﬁncti’c&:ns'l,ﬂi-. e. rigid
components formed with a plurality of internal passages
‘each communicating with at least one other such pas-

sage and intended to serve for the propagation of electro-.

magnetic waves therethrough, the passages constituting
- waveguide sections.and being adapted to be connected,
at - any end which 1s open, to an externally arranged
waveguide or other component. T
A frequent requirement in current radar practlce IS
a waveguide junction having eight open passage ends (an

open passage end being termed an “arm”) and having

the internal passages inter-connecting these arms so ar-
ranged that when four of the arms are connected each
to a different one of four receiving aerials, the ampli-
tudes and phases of the waves incident upon which are
represented by the four couplers designated A, B, C, —D,
respectively, the outputs at the four remaining arms will
have amplitudes ¥ (A-4+B-4-C+D), 14(A+B—C—D),
2 (A—B-+C—D) and ¥%2(A—B-—-C-}D), respectively.
Such a waveguide- junction will be termed herein “an
eight-arm waveguide junction” and this invention is con-
cemed more partlcularly Wlth Improvements 111 these

It has been known for some time that four four—arm'

wavegmde junctions of the. hybrid or “magic” Tee type
may be interconnected to produce an eight-arm wave-
guide junction but other four-arm junctions, such as
hybrid rings, have been employed in preference because
of the difficulty of manufacturing hybrid Tee ]unctions
which are matched and the difficulty of arranging these
junctions in a convenient form which will avoid undue
‘weight and complexity of the interconnecting waveguides.
I have now found that it is possible to produce a highly
satisfactory and compact eight-arm waveguide junction
by interconnecting four magic Tee waveguide junctions
which are not themselves matched and that the result-
ing junction has considerable advantages over those pro-
duced from four-arm junctions of other types since the
symmetry of the magic Tee junction guarantees the accu-
racy of the signal additions and subtractlons Wthh it is
called upon to perform. | |
Accordingly, this invention consists in an -e1ght—arm
waveguide junction composed of four unmatched magic
Tee junctions arranged symmetrically with the longitu-
dinal axes of their straight-through passages parallel to
each other and the centre points of these axes located
at the four corners of a rectangle, the shunt arms of
the magic Tee junctions being connected to each other
in pairs and the series arms of these junctions being also
connected to each other in pairs, and matching devices

located in the interconnected shunt arms and in the inter- -

- connected series arms either midway between the junc-
tions of the respective pairs of magic Tee junctions or
symmetrically one at eﬂ:her side of the correspondlng
midway point, |

 In order that the mventlon may be clearly understood
one form thereof will now be described by way of ex-
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ample with reference to the accompanying drawing which
18 a perspective view of an eight-arm waveguide junction.
~ The eight-arm waveguide junction illustrated comprises
four unmatched magic Tee junctions indicated generally
6 at 1, 2, 3 and 4 respectively arranged symmetrically with
the longitudinal axes of their straight-through passages
(each indicated by the reference 5) parallel to each other
and the centre points of these axes located at the four
corners of a rectangle. The shunt arms of the magic
10 Tee junctions 1, 2, 3 and 4 are connected to each other
to provide the two arms 7 interconnecting the junctions
1 and 2 and the junctions 3 and 4 respectively and the
series arms of these junctions are also connected to each
other In pairs to provide the two arms 6 interconnect-
15 ing the junctions 1 and 4 and the junctions 2 and 3
-respectively. A matching device 8 is located midway
along the length of each of the arms 6 in one of the
planes of symmetry of the combination of four-arm junc-
tions 1, 2, 3 and 4. Two further matching devices 8
20 comprising a pair are located in each of the arms 7 of
the combination, the component parts of each pair of
devices 8 being symmetrically disposed with respect to the
corresponding plane of symmetry of the combination of
junctions. The matching devices 8 are preferably induc-

20 tive or capacitive shunt elements, such as irises.

It will be appreciated that each pair of matching
devices 8 located in the arms 7 may be replaced by a
single matching device 8 located midway along the length
of each arm 7 between the hybrid magic Tee junctions

50 1 and 2, and 3 and 4 respectively. Furthermore the
single matching device 8 located in each arm 6 may be
replaced by a pair of such devices so long as the com-
ponent parts of the pair are symmetrically disposed with
respect to the corresponding plane of symmetry. The

39 eight-arm junction obtained may readily be matched
accurately by appropriate adjustment of the matching
devices 8 referred to, the matching devices 8 on oppos-
ing sides of the rectangular arrangement being identical
by reason of the symmetry of the latter. It should be

40 noted that the employment of pairs of matching devices
8 In each side of the rectangular arrangement makes

~ possible a better match over a wide band of frequencies.
- It will be understocd that the lengths of the waveguides
coupling the individual hybrid Tee ]unctmns together are

45 such that correct phasing of the various signals is ob-

~ tained.

In the operation of the eight-arm waveguide junction
described the output signals from four different receiving
acrials are respectively fed into the open ends of two

o0 straight-through passages 5 the centre points of the axes of
- which passages are located at diagonally opposed corners
of the rectangle on which are located the centre points
of the axes of the four passages 5. Thus, for example,
the four signals are res;:aectwely fed into the open ends of
99 the passages 5 of the magic Tee junctions 2 and 4. As-
- suming that the amplitudes and phases of these signals are
represented by the coupler numbers A, B, C and —D and
that A and B are respectively fed into the ends of the
passage S of the junction 4 and C and —D are respectively
fed into the ends of the passage 5 of the junction 2 then
the signal travelling along the series arm 6 of the junc-
tions I and 4 towards the passage 5 of the junction 1 is
(A—B); the signal travelling along the shunt arm 7 of
the junctions 3 and 4 towards the passage 5 of the junc-
- tion 3 is (A--B); the signal travelling along the series
arm 6 of the junctions 2 and 3 towards the passage 5 of
the junction 3 is (C+4-D); and the signal travelling along
the shunt arm 7 of the junctions 1 and 2 towards the junc-
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7o tion 1 is (C—D). This results in an output signal of

WL(A—B—C+D) at one end of the passage 5 of the
junction 1 and an output signal of 2 (4A—B-+C—D) at
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the other end thereof and also in an output signal of
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Y2 (A+B—C-—D) at one end of the passage 5§ of the

junction 3 and an output signal ef 1/;z;(A -|—B—]—C—|—D) at
the other end thereof.
What I claim is: - -
1. An elght-arm wavegulde jUIlCthIl composed of four
unmatched magic Tee junctions each. hawng a stralght-

through open-ended passage, a shunt arm and a series

arm, said junctions being arranged symmetrically wuh
‘the longitudinal axes of their straight-through passages
parallel to each other and the centre points of these axes
located at the four corners of a rectangle, the shunt arms

of the magic Tee junctlens being connected to each other
in pairs and the series arms of these: junctions being alse

connected to each other in pairs, and a matching device

located in each pair of interconnected shunt and semes.-
arms mldway between the junctions of the respective pairs

of magic Tee junctions.

2. An e1ght-erm waveguide junction composed. of four
unmatched magic Tee junctions each having a strmght—-

throueh open-ended passage a shunt arm and a series

the long;tud_mal axes of theut straight-through passages

parallel to each other and the centre points of these axes

located at the four corners of a rectangle, the shunt arms
of the magic Tee junctions being cannected to. each other

in pairs and the series arms of these junctions being also’

connected to each other in pairs, and at least one match-
ing device located in each pair of interconnected shunt
and series arms and disposed symmetrically with respect

to the midway point of each such pair of interconnected

alms,
3. An eight-arm waveguide junction composed of four
unmatched magic Tee junctions each having a straight-

through open-ended passage, a shunt arm and a series.

arm, said junctions being arranged symmetrically with the
longitudinal axes of their straight-through passages par-

allel to each other and the centre points of these axes.

located at the four corners of a rectangle, the shunt arms
of the magic Tee ]unctmns being connected to-each other
in pairs and the series arms of these ]HHCUOI]S being also
connected to each other in pairs, and a pair of matching
devices lecated in each pair of interconnected shunt and
series arms and disposed symmetrically one on either
side of the. eerrespendmg midway point between the re-
spective pairs of magic Tee junctions.

4. An eight-arm waveguide junctien composed of four

unmatched magic Tee junctions each composed of an

open-ended waveguide of constant rectangular cross-sec-
tion throughout its length to provide a straight-through
uninterrupted passage, one cross-sectional dimension of
sald passage being larger than the other, a shunt arm of
the same rectangular cross-section opening at one end
into the apen-ended waveguide through one of the
smaller dimensioned walls of the latter substantially mid-
way along its length and a series arm of the same rec-
tangular cross-section opening at one end into the open-
ended waveguide through one of the larger dimensioned
walls of the latter substantially midway along its length,
said junctions being arranged symmetrically with the lon-
gitudinal axes of their straight-through passages parallel
with each other and the centre points of these axes lo-
cated at the four corners of a rectangle, the shunt arms
of the magic Tee ]unctlens being connected to each other
in pairs and the series arms of these junctions being also

connected to each other in pairs, and a matching device

located in each pair of interconnected shunt and series

arms.

5. An eight-arm Wavegmde junction composed of four
unmatched magic Tee junctions each composed of an
open-ended waveguide of constant rectangular cross-sec-
tion throughout its length to provide a straight-through

uninterrupted passage, one. cross-sectional dimension of
said passage being larger than the other, a shunt arm of

the same rectangular cross-section opening at one end
into the open-ended waveguide through one of the smaller
dimensioned walls of the latter substantially midway along
its length and a series arm of the same rectangular cross-
section opening at one end into the open-ended waveguide
through one of the larger dimensioned walls of the latter
substantially midway along its length, said junctions being

- arranged symmetrically with the longitudinal axes of their
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straight-through passages parallel with each other and the
centre points of these axes located at the four corners of
a rectangle, the shunt arms of the magic Tee junctions
being connected to each other in pairs and the series arms

- of these junctions being also connected to each other in

pairs, and a matching device located in each pair of in-
terconnected shunt and series arms and extendlng across
these transversely to their direction of length.

6. An eight-arm waveguide junction composed of four
unmatched magic Tee junctions each composed of an open-
ended waveguide of constant rectangular cross-section
throughout its length to provide a straight-through unin-
terrupted passage, one cross-sectional dimension of said
passage being larger than the other, a shunt arm of the
same rectangular cross-section opening at one end into
the open-ended waveguide through one of the smaller
dimensioned walls. of the latter substantially midway along
its length and a series arm of the same rectangular cross-
section opening at one end into the open-ended wave-
guide through one of the larger dimensioned walls of
the latter substantially midway along its length, said
junctions being arranged symmetrically with the longi-
tudinal axes of their straight-through passages parallel
with each other and the centre points of these axes located
at the four corners of a rectangle, the shunt arms of the
magic Tee junctions being connected to each other in pairs
and the series arms of these junctions being also connected
to each other-in pairs and at least one matching device
located in each pair of interconnected shunt and series
arms and disposed symmetrlcally with respect to the mid-
point of each such pair of interconnected arms.

7. An elght-arm waveguide junction composed of four
unmatched magic Tee junctions each composed of an open-
ended waveguide of constant rectangular cross-section
throughout its length to provide a straight through unin-
terrupted passage, one cross-sectional dimension of said
passage being larger than the other, a shunt arm of the
same rectangular cross-section opening at one end into the
open-ended: waveguide through one of the smaller dimen-
sioned walls of the latter substantially midway aleng its
length and a series arm of the same rectangular cross-
section. opening at one end into the open-ended wave-
guide through one of the larger dimensioned walls of the
latter substantially midway along its length, said junctions
being arranged symmetrically with the longitudinal axes
of their straight-through passages parallel with each other
and the centre points of these axes located at the four
corners of a rectangle, the shunt arms of the magic Tee
junctions being connected to each other in pairs, and the
series arms of these junetions being also connected to
each other in pairs, and a pair of matching devices located
in each pair of interconnected shunt and series arms and
disposed  symmetrically one on either side of the corre-
spendmg midway point between the respective pairs of

- magic Tee junctions.

8. An elght-erm waveguide junction composed of four
unmatched magic Tee junctions each composed of an open-
ended waveguide of conmstant rectangular cross-section
throughout its length to provide a- straight-through unin-
terrupted passage; one cross-sectional dimension of said
passage being larger than the other, a shunt arm of the
same rectangular cross-section opeming at one end into
the open-ended- waveguide through one of the smaller
dimensioned walls. of the latter substantially midway along
its length and a series arm of the same rectangular cross-
section opening at one end into the open-ended waveguide
through one of the larger dimensioned walls of the latter
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substantially midway along its length, said junctions being ~ nected shunt arms and a matching device located in each
arranged symmetrically with the longitudinal axes of their = pair of interconnected series arms midway between the

straight-through passages parallel with each other and  junctions of the respective pairs of magic Tee junctions.
the centre points of these axes located at the four corners -- | |

of a rectangle, the shunt arms of the magic Tee junctions & - References Cited in the file of this patent

being connected to each other in pairs, and the series ~_  UNITED STATES PATENTS

arms of these junctions being also connected to each other c o o |

in pairs, a pair of matching devices located in each pair %ggi’ggg ' E:E;;S B ohgtang’ %ggi

of interconnected shunt arms and symmetrically disposed
one on either side of the midway point of these intercon-
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