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11 Claims.

This invention relates to multichannel high
frequency, ultra-high frequency and microwave
radio communication systems and the like. More
particularly it relates to methods of and appa-
ratus for effecting the segregation and the re-
combining of the channels of multichannel, high
frequenecy, ultra-high frequency and microwave
transmission line and radio communication sys-
tems; at repeater or relay stations, to facilitate
the amplification and retransmission of the chan-
nels to the next successive repeater station and
to facilitate the isolation of each of the channels
at terminal stations, as required in the normal
operation of such systems.

A principal object of the invention is to provide
convenient and practicable methods and appa-
ratus for segregating or “branching” the chan-
nels of multichannel high frequency, ultra-high
frequency and microwave communication sys-
tems at repeater (relay) and terminal stations
of the system.

A further object is to provide high frequency,
ultra-high frequency and microwave channel
segregating or branching circuits which will in-
troduce very little energy dissipation.

Another object is to provide segregating or
branching eircuits, of the above-mentioned type,
which will present a substantially constant re-
sistive impedance over the entire frequency re-
gion of interest.

The frequency region of particular interest in
connection with this application includes that
in which the use of coaxial lines and/or wave
guides is preferable to the use of paired wire
transmission lines. It will be obvious to those
skilled in the art, however, that many of the prin-
ciples of the present invention are universally
applicable to all frequency ranges.

A still further object of the invention is to pro-~
vide segregating or branching circuits which
eliminate the reflection of energy back to the
source of the multichannel energy.

Other and further objects will appear during
the course of the following description of specific
preferred embodiments of the invention and from
the appended claims.

With the trend toward ever-increasing fre-
quency and particularly since the advent of
sources of adequate microwave radio energy, i. e.
radio energy having frequencies above 1000 mega-
cycles, it has become increasingly convenient,
and at times imperative. to depart more and more
radically from approximate equivalents of the
lumped element type of frequency selective cir-
cuits. These latter circuits, of course, comprise
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various combinations of discrete inductive, ca-
pacitative and resistive elements, proportioned
and arranged in accordance with well-known
highly developed, coordinated and systematized
principles. By way of illustration, many of these
principles are summarized and briefly discussed
in the “Radio Engineer’s Handbook” by F. E.
Terman, first edition, McGraw-Hill Book Com-
pany, Inc. New York city, 1943, pages 197 to 251,
inclusive. The principles, however, did not spring
full grown from the brain of some supernatural
being but were evolved, over a period of several
decades, slowly and piecemeal. Progress is still
being made toward broader concepts and more
nearly ideal structures.

Substantial portions of the progress made in
the development of lumped element structures
resulted from a process of reasoning by analogy,
whereby various combinations of lumped elec-
trical elements were recognized as having char-
acteristics closely analogous to characteristics
well known to be possessed by mechanically or
acoustically vibratory systems.. Concurrently
with the advance in knowledge of electrical
lumped element structures, it was frequently pos-~
sible to greatly improve the older mechanical and
acoustical structures by reversing the process and
transferring by analogy, principles of electrical
networks newly discovered, to structures of the
older arts.

Much progress has been made, particularly
during the recent war, in the high, ultra-high
and microwave frequency regions. To a consid-
erable extent this progress has also resulted from
an extensive use of the process of reasoning by
analogy.

In the case of the present invention various
novel high frequency, ultra-high frequency and
microwave structures are disclosed in the ap-
vlication which, though vastly different in physi-
cal appearance and structure from the lower
frequency lumped element structures, can best
be understood by keeping in mind the somewhat
analogous structures (from an electrical circuit
viewpoint) employed in the lower frequency re-
gions.

In particular, the characteristics of the time-
honored “hybrid-coil,” used for decades in voice
frequency telephony, can be identified as being
closely analogous to those of the “magic T” or
otheér “hybrid” high frequency, ultra-high fre-
quency and microwave coaxial line and wave
guide structures. Reasoning by analogy, the “hy-
brid-coil” taken with its terminating impedances
has many characteristics similar to those of the
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likewise time-honored Wheatstone bridge and
the Wheatstone bridge is merely a simple form
of lattice structure. The lattice structure, in
turn, is recognized as one of the most general
types of lumped element electrical networks and
can readily be designed in accordance with prin-
ciples, universally known in the. art, to provide
virtually any physically realizable impedance,
phase and attenuation characieristics which may
be desired. See, for example, the papers entitled
“A General Theory of Electric Wave Filters” by
H. W. Bode, published in the Massachusetts In-
stitute of Technology Journal of Mathematics and
Physics, November 1934 and “Ideal Wave Filters”
by H. W. Bode and R. 1. Dietzold published in the
Bell System Technical Journal, volume XIV, No.
2 April 1935 at page 215.

Having arrived at the presumption that some
kind of “kinship” probably existed between high
frequency, ultra-high frequency and microwave
“hybrid”-structures and the lattice type of lumped
element, lower frequency, electrical network, the
next step was to design structures with this pre-
sumption in mind. By this approach structures

which will function at high, ulitra-high and :

microwave frequencies in analogous manner to
that of the well-known lumped element lattice
structures at much lower frequencies have been
evolved. A key is thereby provided to a whole
gamut of high frequency, ultra-high frequency
and microwave equivalents of the lower frequency
lumped element lattice type structures. Such
structures are described in detail and claimed in
the copending application of D. H. Ring, Serial
No. 68,361, filed December 30, 1948, assigned to
applicant’s assignee.

The “hybrid” branching filter units of the
present invention have been so designated, since
they employ pairs of high frequency, ultra-high
frequency or microwave structures having char-
acteristics closely resembling those of the well-
known hybrid coil of voice and ordinary carrier
frequency communication eircuits, connected to-
gether by means of circuits including high fre-
quency, ultra-high frequency or microwave
filters, or, alternatively, phase discriminative
structures, to effect the segregation or “filtering
out” or “branching off” of the various frequency
channels of a multichannel high frequency,
ultra-high frequency or microwave communica-
tion system. A specifically different form of
hybrid branching filter unit is disclosed and
claimed in the copending application of A. G.
Fox, Serial No. 789,812, filed December 5, 1947,
and assigned to applicant’s assignee. These
rather complex units are preferred in very high
frequency circuits to the more simple straight-
forward filtering structures available, at pres-
ent, at very high frequencies, because the hybrid
structure termirations present a substantially
‘constant resistive impedance over the entire fre-
quency range being used. They thus substan-
tially eliminate troublesome problems which
would be encountered because of refiécted energy
and interaction between associated units if it
were attempted to connect a number of the
simpler filtering structures directly in series, or
in parallel, to effect the desired segregation of
the channels.

The principles of the invention will become
more clearly apparent during the course of the
following detailed description of preferred illus-
trative embodiment of the invention, in conjunc-
tion with the accompanying drawings in which:

Fig. 1 illustrates, in block schematic diagram
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form, an arrangement of apparatus, including
compound or composite “hybrid branching ultra-
high frequency or microwave filters” of the pres-
ent invention, suitable for use at a repeater sta-
tion in a five-channel ultra-high frequency or
microwave radio communication system;

Pig. 2 illustrates, in block schematic diagram
form, the circuital arrangement of apparatus
within a unit “hybrid” branching filter suitable
for use as part of the compound or composite
branching filters of Fig. 1;

Fig. 3 illustrates, in schematic diagram form,
a serially arranged chain, or tandem arrange-
ment, of a plurality of unit filters such as that
illustrated in Fig. 2, adapted to segregate, or
branch off, each channel of a system having n
channels, where 7 is any whole number;

Figs. 4, 5 and 6 are three views of a wave guide
“hybrid” junction adapted particularly well for
use in a specific form of “hybrid” branching
filter of the invention, Fig. 4 being an end view,
Fig. 5 being a view of a vertical cross-section and
Fig. 6 being a view of a horizontal cross-section
of the hybrid junction;

‘Figs. 7 and 8 are side and end views, respec-
tively, of a novel type of brand reflection wave
guide filter suitable for use in a specific form of
the unit of Pig. 2;

Fig. 9 shows the physical structure of a specific
form of microwave hybrid branching filter unit
of the general type indicated by the schematic
diagram of PFig. 2;

Fig.. 10 shows, in block schematic diagram
form, a combination of a hybrid coil and two re-
actances which can be made substantially
equivalent at very high frequencies to any form
of filter and/or all pass network realizable at low
frequencies by the lattice type of lumped -ele-
ment structure;

Fig. 11 shows, in schematic form a section of
line with an associated movable shunt, the com-
bination being employed in this application to
explain certain underlying concepts useful in ex-
plaining the principles of the invention;

Fig. 12 illustrates, in diagrammatic form, a
simple resonant cavity of a type suitable for use
in constructing, at very high frequencies, the
equivalent of low frequency, lumped element,
two-terminal reactances, of any desired com-
plexity;

Figs. 13 and 14 illustrate two ways of combin-
ing a plurality of simple unit structures of the
type illustrated in Fig. 12, to obtain very high
frequency and/or microwave equivalents of com-
plex low frequency, lumped " element, two-
terminal reactances, of any desired degree of
complexity;

Fig. 15 illustrates, in block schematic diagram
form, a variation of the arrangement of Pig. 10
which is conveniently used in constructing the
very high frequency equivalent of the low fre-
quency, lumped element, all pass, lattice type,
network;

Fig. 16 illustrates, in block schematic diagram
form, a hybrid branching type of circuit, em-
ploying all pass structures, which can be used
in place of the arrangement illustrated by Fig. 2;

Fig. 17 illustrates one type of phase versus
frequency curves which the all pass networks of
Fig. 16 can have to effect the branching off of
one of a plurality of channels of a microwave
system;

Fig. 18 illustrates the power versus frequency
characteristic, throughout the -branched chan-
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nel, of the hybrid branching filter of Fig. 16;
and

Figs. 19 and 20, taken together, show the

physical structure of a form of microwave hybrid
branching filter unit of the general type illus-
trated by the schematic diagram of Fig. 16.
. In more detail in Fig. 1 antenna 100 represents
a highly directive, beam type, ultra-high fre-
quency, or microwave, radio antenna receiving a
radio signal 101, covering a range of ulfra-high
or microwave frequencies sufficiently wide that,
by way of example, five communication channels
can conveniently be included therein.

As a specific illustrative example, a micro-
wave range extending. from 3700 to 4200 mega-
cycles, inclusive, with five communication chan-
nels 20 megacycles wide, the mid-band frequen-

cies of successive channels being spaced 80 mega- °

cycles apart, located therein, has been found con-~
venient and practicable. 'The mid-band fre-
quencies of these five channels are, in the specific
example, 3870, 3950, 4030, 4110 and 4190 mega-
eycles, respectively. “Antennas 100 and 120 can be
any suitable type of highly directive beam an-
tenna, for example, paraboloidal beam type an-
tenna, or alternatively they can be antennas: of
the general type disclosed and described in the
copending application of W. E. Kock, Serial No.
748,448, filed May 16, 1947, assigned to applicant’s
assignee. ‘

The. range of frequencies received by antenna
100 is transmitted by wave guide 102 to the com-
pound or composite “hybrid branching microwave
filter” 104,

The cut-off of the wave guide should be well ;

below the lowest frequency to be transmitted, to
avoid the introduction of substantial and non-

uniform attenuation in the wave guide as well as .

to avoid introducing disturbing impedance and
phase components. As is a common and-con-
venient practice in the art, wave guides of rec-
tangular cross-sectionn having -one dimension
larger than the other will preferably be employed
in the illustrative structures shown in the draw-
ings. A simple mode of wave, defined in :the
reference to Schelkunoff’s book cited below, will
also be employed. The shorter dimension of the
guide will be referred to as the E-plane dimen-
sion. The longer dimension will be referred to
as the H-plane dimension. However the prin-
ciples of the inventions can readily be applied
to systems and arrangements using square or
round guides as will be readily apparent to those
skilled in the art. By way of example, for the
frequency range above mentioned a rectangular
wave guide having a height of 2.990 inches
(H-plane) and a width of 1.145 inches (E-plane)
internal dimensions, was found suifable. The
cut-off of this wave guide is approximately 2600
megacycles.

In the wave guide structures employed below

for illustrative purposes, fundamental mode waves

HEi,0 (see page 316 of “Electromagnetic Waves”
by S. A. Schelkunoff, published by D. Van Nos-
trand Company, Inc., New York city, 1943) are
to be understood as being employed in the opera-~
tion of the structures, the electric vector being
parallel to the shorter sides of the guide.

It is also-to be understood that, throughout
the application, drawings and _claims, when
specific lengths of wave guide structures are
mentioned in terms of a portion of a wavelength,
the wavelength of a particular frequency when
being transmitted through the guide structure
is intended. Usually the median frequency of

\

the frequency range or of a particular channel

or band of frequencies is employed to provide

the “yardstick” wavelength in specific instances.
The characteristics and components of a suit-

5 able “filter” 104 will be discussed hereinafter in
detail, in connection with Figs. 2 to 8, inclusive.

It will suffice here to state, simply, that it fune-

tions to segregate each of the five above-men-

tioned communication channels so that, for ex-

10 ample, frequencies in the band having its mid-
frequency at 3870 megacycles will alone be trans-
~mitted to gain channel {86, the band centered
about 3950 megacycles will alone be transmitted
to gain channel 108, the band centered about 4030
megaceycles will alone be transmitted fo gain
channel 118, the band centered about 4110 mega-
cycles will alone be transmitted to gain channel

112 and the band centered about 4190 megacycles

will alone be transmitted to gain channel 1i4.

In the gain channels 188, 168, {18, 112 and
114, the input frequencies are demodulated to ob-
tain a convenient intermediate range of fre-
quencies, (for example, to 65 megacycles =10
megacycles) appropriately amplified, reconverted

5 to their original microwave frequencies and
passed through a second compound or composite
hybrid branching microwave filter 116, through
a second wave guide 118 to a transmitting antenna
120 which radiates them in the form of a highly
directive radic beam 122, to impinge upon a
distant receiving antenna at a successive repeater
station or at a receiving terminal of the system.

Filter {16, wave guide (13 and anfenna 128
can be substantially identical with filter 104,
wave guide 162 and antenna {88, respectively,
as described above,

The gain channels {08, 108, {3, 1{2 and 114
can be any of numerous forms of combinations
of demodulating, amplifying and modulating ap-
paratus well known to those skilled in the miero-
wave art and are not an essential part of the
devices, i. e., the “hybrid” branching filters, etec.,
with which the present application is primarily
concerned. They are thus briefly mentioned and
45 the overall block schematic of a microwave re-

peater is given in Fig. 1 to assist those skilled

in the art in comprehending one method of em-
ploying the “hybrid’ branching filters of the pres-
ent invention. Throughout such a microwave
59 system, wave guide transmission lines of appropri-
ate dimensions are preferably employed to con-
vey the microwave energy, while coaxial or paral-

" 1el paired wirg transmission lines can, of course,

be more conveniently used, or will be required,
55 as is well known in the art, for lower frequency

energy. Oeccasionally coaxial line structures will
be employed at microwave frequencies.
In Fig. 2 one form of a unit “hybrid” branch-
ing filter is indicated in block schematic diagram
60 form. For a microwave system, transmission
lines 20€, 204, 208, 212, 246, 220 and 224 are prefer-
ably wave guides of appropriate dimensions, such
as those desecribed above. Alternatively, for high
or ultra-high freguencies, coaxial lines could be
65 conveniently employed in accordance with prin-
civles well known in the art. “Hybrids” 202 and

210 can be structures of the so-called “magic T”

(wave guide junction) or “rat-race” (wave guide,

coaxial or other transmission line loop structures)
70 types, numerous forms of which are illustrated

and described, for example, in the copending ap-

plication of W. A. Tyrrell, Serial No. 470,810,

filed December 31, 1942, which has matbured into

United States Patent 2,445,895, granted July 27,
75 1948. An improved type of mierowave hybrid:

l.

S

20

<o
A

40




2,631,447

7

junction, intended particularly. for use with the.

hybrid branching filters of this invention, is shown
in detail in Figs. 4 to 6, inclusive, of the accom-~
panying drawings and completely described here-
inunder.

Whatever form of “hybrid” structure is em-
ployed it should have four terminations, asso-
ciated in two pairs, each termination of a pair
being  conjugately related. to the other termina-
tion of the same pair.

For the two terminations comprising at least
one pair, for convenience here designated the first
pair, one termination should be a “parallel” con-
nection to the second pair and the other should
be a “series” connection to the second pair. The
terminations of the “first” pair will be desig-
nated P and S, respectively, and the terminations
of the “second” pair wiil be designated A and B,
respectively, throughout the foliowing descrip-
tion and in figures of the drawings showing hy-
brid junctions. PFurthermore, the inherent prop-
erties of a hybrid structure require that if volt-
age wave energy is introduced into the structure

from or by way of either termination of the first-

pair no energy will leave- the structure by way
of the other termination of that pair, but the
energy introduced will divide equally between
the other pair of terminations A and B of the
hybrid structure.

The voltage waves representing the halves of
the energy in each of the second pair of termina-
tions A and B will be in phase, if the energy is
introduced by way of the -“parallel” connected
termination P of the first pair, or-180 degrees out
of phase if it is introduced by way of the “series”
connected fermination S of the first pair. This
simply means that the two. conjugate pairs are

so related electrically that one termination F.

of the first pair is effectively electricaliy in par-
allel with- the termination A and B of the sec-
ond pair, while the second termination S of the

first pair is effectively electrically in series with.

the terminations A and B of the second pair:

Conversely, if equal voltage wave energies are.

introduced in phase into the hybrid junction by
way of the two terminations A and B of -the sec-
ond pair they will comhine in- the parallel con-
nected termination P-of the first pair, no voltage
wave energy being transmitted to the series con-
nected termination S.

If equal voltage wave energies 180 degrees out

of phase are introduced into the microwave hy-
brid. junction by way of the two terminations A
and B of the second pair, the voltage wave .ener-
gies will combine in the series connected termi-
nation 8 of the first pair, no voltage wave energy
being transmitted to the paraliel connected. ter-~
mination P. Obviously, any multiple of 360 de~
grees. phase difference can be added to the “in
phase” or “out of phase” conditions just de-
scribed above without affecting the termination
(P.or S, respectively) in which the energies, ap-
plied to terminations A and B will combine. The
matter of additional whele cycles (i. e. 360-degree
phase differences) is treated in more detail in
connection with the structure of Pig. 10, de-
scribed at length hereinafter. It -is also obvious
that when equal energies are introduced into the
A and B terminations changing the phase of the

energy introduced intoc one only of the A and B.

terminations by 180 degrees will cause the com-
bined energy to appear in the opposite one of
the terminations P or S, in which it would have
appeared without such a change.
the.circuit.of Fig. 2, this means that the voltage

As applied to
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wave energy (comprising, for example, all of the
five channels of Fig. 1) entering the S termina-
tion of hybrid structure 202 by transmission line
200, will divide equally at all frequencies between
transmission lines 204 and 220, the two portions
leaving hybrid terminations A and B, being 180
degrees out of phase with respect to each other.

The hybrid structures 282 and 210 are ar-
ranged in Pig. 2 with the “second pair’ of termi-
nations A and B horizontally oriented, as shown;
in each structure. The transmission lines 204
and 220 are of identical construction, but line
220 is the longer by substantially -one-quarter
wavelength of the median frequency of:the {re-
quency range of the channel to be segregated 01'
branched.

Identical band, or channel, reflection filters 205:
and 218 are designed to reflect, for example, fre-
quencies within one of the channels of Fig. 1.

Assuming this hybrid branching filter is to seg-
regate or branch off the lowest of the five chan-
nels suggested for the system of Fig. 1, then fil<
ters 286 and 218 would reflect gll frequéncies be-
tween 3860 and 3880 megacycles, inclusive, which
fall within that channel, and would freely pass
the remaining four of the five channels. The re-
flected channel of frequencies, above described,
would return %o hybrid structure 202, equal
amounts of vollage wave energy being reflected
hack through transmission lines 284 and 229.

However, the reflected voltage wave energies in
the two lines will be an additional 180 degrees
out. of phase with respect to .their original phase
relation when first leaving hybrid structure 282,
since the voltage waves traversing line 226:-have
twice traversed a path one-quarter -wavelength
longer than the path traversed by the voltage
waves reflected-back through line 284.

From the inherent properties of hybrid sirue-
tures, described in detail above, the refiscted volt-;
age waves will not appear in input transmission
line 200 but will combine in output transmission
line 224 (since it is connected to the conjugate;
or P, termination of the “first” pair of termi-~
nations including the input; -or S, termination
to-which line.208 connects.

The “half-energy” portions of the voltage
waves of the remaining four channels of the §ys-
tem of Fig. 1 will pass freely through filters. 206
and 218 respectively, and then through transmis-
sion lines 208 and 2186, respectively, to the output
hybrid structure 2¢9; Transmission lines 268 and
216 are identical except that line 208 is substan-
tially one-quarter wavelength of the median fre-
quency of the channel to be branched, longer
than.line 216. From inspection it is obvious that
the voltage waves of these remaining four chan-
nels will: arrive at hybrid structure 218 without
change in their relative phase relations, in which:
event they will combine and pass out a particu-
lar termination (8) of the cpposite pair of con-
jugate terminations of the hybrid structure, i. e.,
the termination to which line 242 is connected:
The conjugate termination to this is connected
to a terminating load 214 which matches the im-
pedance looking into the hybrid structure at its
connecting termination and thus pr eselves the
balance of the hybrid structure.

It-is of course obvious, that if the energy is
originally infroduced into. the series-connected
(8) termination of hybrid structure 292, and ne-
change in the relative phass of the half-energies
is introduced in passing to hybrid structure 210,
the half-energies will recombine in the series-
connected (8) termination of hybrid- structure:




218, Likewise if introduced into termination P of
structure 202 and passed without change in rela-
tive phase, the half-energies will combine in ter-
mination P of 210.

Filters 206 and 218 can be of the type illus-
trated in Figs. 7 and 8 and described in detail
hereinunder, or alternatively, they can be of the
type comprising an additional hybrid structure
with reactive termination impedances connected
to one pair of conjugate arms proportioned to
reflect the proper channel of frequencies and to
freely pass the other channels.

Various forms of this latter type of filter struc-
ture are illustrated by Fig. 10 and other figures
.associated with Fig. 10 as will also be déscribed
in detail hereinunder. A more comprehensive
description of such structures is given in the co-
pending application of D. H. Ring mentioned
above. .

In Fig. 3 the method of connecting a plurality
of hybrid branching filter unit circuits, of the
type illustrated and described in detail above in
connection with Fig. 2, is shown.

All unit circuits of Fig. 3 can be identically
similar to that of Fig. 2 except that the band
or channel reflecting filters 206, 218; 386, 318 and
316, 328, respectively, are designed to reflect the
successive single bands or channels of the sys-
tem, so that one channel is branched off at each
unit circuit and the remaining unbranched chan-
nels pass on to successive unit circuits until all
channels have thus been individually branched
off. The extra quarter wavelength of lines 220
and 288 or corresponding lines of successive unit
branching circuits, will, of course, be based on
the median frequency of the channel being
branched in each instance. The order in which
the channels are branched off can be arbitrarily
chosen and need not be in order of increasing
frequency bands, as illustrated.

In case the total number of channels (n) is
five, as assumed by way of example above, then
there will preferably be five unit circuits .con-
nected in tanden in the manner illustrated in
Fig. 3 and, by way of example, channels each 20
megacycles wide and centered about the fre-
quencies 3870, 3950, 4030, 4110 and 4190, respec-
tively, will be branched off consecutively, the last
unit branching circuit being terminated in an
impedance termination 314 proportioned to mateh
the impedance looking into the hybrid structure
termination to which it is connected. The entire
group of five unit branching ecircuits connected
as illustrated in Fig, 3 can, by way of example,
then be used as the compound or composite hy-
brid branching microwave filter 104, or 116, of
Fig. 1. )

It is possible, in some instances, to dispense
with the last of the unit branching circuits and
to take the last channel (the fifth channel in the
above illustration) from the output termination
at the second hybrid- structure of the next-to-
last (fourth) unit. However, in many cases it
will be found that obiectionable interchannel
“noise” will be present at this output termina-
tion and the use of a fifth unit will therefore be
desirable.

In Figs. 4, 5 and 6 is shown a form of ultra-
high frequency and microwave hybrid strue-
ture which is peculiarly well adapted for use
in the hybrid branching filter unit circuits of
the type shown in Figs. 2 and 3 and described in
detail dbove. This structure is the joint inven-
tion of applicant and two others, namely, H. T.
Friis and L, C. Tillotson, If is described in detail
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~ahd claimed in a joint application of the thi;eé

parties, Serial No. 789,850, filed December 5,
1947, assigned to applicant’s assignee. .

Fig. 4 is an end view, looking at the smaller
end of the truncated V-shaped member, desig-
nated by the numeral 408 in all three figures.
Pig. b is a vertical cross-sectional view glong the
line 5—5 shown in Pig. 4, the structure being
completely symmetrical laterally about this line
when the longitudinal axis of member 3§ is par-
allel with the longitudinal axis of member 498.
Fig. 6 is a horizontal cross-sectional view looking
down from the line 6—¥§ of Fig. 4. Like parts are
given like designation numbers where they are
shown in two or more of the three figures.

The structure of Figs. 4, 5 and 6 is similar to
the structure shown in Fig. 31 of the above-
mentioned application of W. A. Tyrrell, but it
has been extensively modified in form to in-
troduce impedance transformations and to sub-
stantially eliminate the appreciable impedance
irregularities arising from abrupt changes in the
direction of the energy paths of prior art struc-
tures of this general type.

The form of member 498 can most easily be
understood if it be looked upon as an E-plane
junction of two wave guides placed so that their
longitudinal axes infersect at an angle of ap-
rroximately 20 degrees in a common horizontal
plane. the I planes of both guides being vertical,
the dimensions of both guides in both planes
being, respectively,-identical. For the system and
frequency range given above, by way of example,
guides having an H-plane dimension of 2.290
inches and an E-plane dimension of 1.145 inches
have been found satisfactory. For member 400,
therefore, the single opening at the smaller end
and the two openings at the larger end, all have
the same H-~plane (vertical) dimension of 2.290
inches and the same E-plane (horizontal) dimen-
sion of 1.145 inches. A small V-shaped member
412 forms the inner vertical surfaces of the two
guides from the larger end of member 480 to their
line of intersection, which intersection should
be at a distance of substantially one-half wave-
length, of the median frequency of the frequency
range to be employed, from the smaller end of
member 499. Member 412 can, alternatively, be
an open V-shaped member formed by the junc-
tion of the inner sides of the two arms of the
structure 488. The “throat section” of member
404, i. e. the portion between the apex of member
412 and the small end of member 490, constitutes
a 2 to 1 impedance transforming section and thus
substantially matches the impedance of the single
orifice at the small end of member 488 to the
combined impedances of the two orifices at the
larger end. This arrangement has the further
desirable feature that the impedance of all three
orifices are the same.

The horizontal dimension, or width, of member
430 at the position of this line of intersection
should, obviously, be substantially twice the

- E-plane dimension of the two like wave guides

70

5 considered as converging on each other to form

member 400. A flange 404 is provided at the
smaller end of member 490 and a second flange
482 is provided at the larger end of member 460
to facilitate the joining of wave guides having
the above described dimensions 2.290 inches
(H-plane) and 1.145 inches (B-plane) at the three
wave guide orifices of member 488. In view of the
transforming -action of the throat section, de-
seribed above, the impedances of all three ori-
fices are identical, as mentioned above, and there-~
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f01e transmission lines (wave guides) of . the same-

nnpeda*lce can be connected to all three or1ﬁces.

Provision is made for connecting a fourth wave

gu;de of like dlmensmns (or of dlfferent dimen-
sions should it be desned) to the junction by a

coaxial- line fype of couphng bullt into the smaller

centr ally located V-shaped, member 412,

A vextlcal cylmdncal passage 413 and g hon-
zontal cyllnorlcal passage 4id, the latter centered
vertically and perpendlcular to the opposite base
of member 412, are formed) in, member 412 as
shown.in. the cross sectlonal v1ew of Fig. 5 and
constitute the mner surfaces of.-the outer con-
ductors of the coax1al llne couphng Cylindrical
conductors 415 and 415 -gre. the inner.conductors
of the coaxial lme, couphng and are-centered in
the, cyhndncal passages 4!3 and. 4II respectively,
by insulating bushmgs 410 and 414, Tespectively.
These, bushmgs can. be of polystyrene

The lower end .of.inner conductor. 415 :is con-
ductively fastened centrally to the. Jlower (closed)
end of passage ‘818 and the left end of inner con-
ductor. .48, couductlvely connects to conductor
ai5at a point app10x1mate1y one-quarter wave-

length; of the median freguency. of the.frequency e

range, employed from.the.lower end. - The.short-
cm ats the lower. end..of the vertical bit of
coa 1a1,,hne ig transformed. by the.one-quarter
Wavelength cogxial line, just described, so that
the. 1mpedance at. the. pomt of. connection. .of
4l6 to 4!5 is.relatively. high, i. e., approximating
that of.an. open, circuit. . The upper end of mem-
ber A15. extends sufficiently . into the.section of
wave .guide 40§ to. afford an effective broad-band

couphhg the1ew1th The end of member 405 :

nearer the coaxial coupling.is closed, as shown
clearly Ain_Fig.,5,.and.the coaxial coupling mem-

er 4198.1s located on the longitudinal center line
of member 406.at.a distance of appr oximately an
elghth wavelength from the closed end of mem-
et . éGS.
aflixed, to member 400 and 2 bushing 420 affixed to

membe1 408, the. Jatter.can be rotated about the-

vert1ca1 ‘center. 11ne of member 415 and can be
ﬁxed.at -any angle by tightening set screw 418,
registers with. a_ small groove in. the side
of.bughing 420, ..

The, open end of member.408.is provided with
2 flange | 408 to facjlitate coupling to.another wave
gulde transmlssmn line-or to a terminating de-
vice.of smtable impedance.. The coaxial coupling
alrangement Jjust described can be proportioned
to mtroduce within.wide limits, any. desired. im-
pedance transformation. The actual design em-
ployed as ,‘lLL:t ‘described, introduees a 2 to 1-im-
pedance transfmmatlon so that- a wave- guide
transmnssmn line. .or terminating - impedance  of
the same 1mpedance as- the.lines connecting to
ouﬁces S, A and B can.be connected to the open

end of member 496 without introducing any im--

pedance jrr egularity. . The internal dimensions of
member GBo can be thOSe of the wave guides to
whmh member 400 is also adapted to be connected,
i e, Jn, the illustrative example above. suggested,
2. 290 1nches (H-plane) and.1.145 inches  (E-
plane) Alternatively member.406 can be adapted

By.means: of a housing. member 422

e
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to covmect to .any. other size or shape -of . wave

guide or to. a coaxial line, if so desired. -
Mle nnpedance irregularities can be elimi-
nated by inserting. small pins:601 to 608 inclusive-

in the sides of member 480 spaced along the center .

11ne of their. 1espect1ve sides- by. approximately
one-eighth wavelength of the, median frequency
of the ﬁeouency rance employed.  In many in-.
stances these can be omltted and in most cases-

75
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only-four, such-as 604 to: 604, inclusive;- near: the.‘,:
smaller end of member. 480:will be found -entirely-

sufiicient.

They. function by -virtue.of the.com-.

pensating small impedance irregularities they.add -

to the electrical path..

Member 416 extends: approximately 0.4.wave-..

length, of the medianfrequency. employed; to:the:

right of the right end of insulating member: #{4;.

and being positioned :along:the longitudinal.axis.

of member 488, in the “throat” section thereof,:as:.

shown it constitutes a-“parallel” cqupling to:the.

two arms of the truncated.V-shaped:member-400:
Because of the symmetry of.the arrangement, the

coupling afforded. by :member 446 :and:the asso- .

5 clated coaxial coupling described in detail above;..

is conjugate with respect to the “series” coupling;:

which-the opening at.the small end.of member 460.:

affords.to the two arms.of the larger end.of mem-.
ber 400.
To summarize; the device illustrated in Figs; 4,5

and 6 is a “hybrid’ microwave: junction device.in
which the terminations A and B-(Fig: 8) are.con- .

jugately related and-terminations S and: P (Fig.
6)- are .also conjugately related, S being. con-
nected effectively..in:-series. relation to: A.and.B;

and P being connected.effectively.in: parallel.rela- .

tion to A and.B.
three arms. properly: terminated, energy- intro-

This means that.with:the other-

duced into S or P will not appear in:its conjugate~ .
ly related termination. (P:or S,-respectively) but:
will' divide equally between the. other - two ter-..

minations A and B:. If P.were:employed as-the.

input termination, since it has.effectively g “par--.
aliel” connection. with :the:fwo -output termina- .
tions A and B, the portions .(halves).of the power .
(voltage waves). transmitted:to them -will:-:travel -
away from the junction.in phase, whereas, if,;:as -
- will usuvally be the .case;-S-is:employed- as- the-

input termination, since it has.effectively a “se--

ries” connection to. A.and B, the equal portions

of the power (voltage waves) leaving the junc-

tion in the two.output terminations will be.pre--
In each-instance, recip- -
if equal::powers. (volt=-.

cisely-opposed in'phase.
rocal relations exist; i, e.;.

age waves). are. introduced. in. phase:into-the A

and. B terminations of.:the.-device;. the powers

(voltage:. waves) will:combine in:the-P-termina- ..

tion and if equal.powers-(voltage waves)- are in-

troduced 180 :degrees out of phase into the A and

B ierminations:the: powers (voltage waves) will:

combine:in the S termination.

From the above-it is obvious that the devices-of -
Figs..4;.5 and .6 will:funetion as described for the :

hybrid devices 282 and 216 of Figs. 2 and 3.

The--

arrangement of Figs..4; 5 and 6°is peculiarly well -

adapted for use.in:circuits of-the type illustratee

in PFigs. 2 and 3, when reflection filters of the type -

llustrated by Figs. 7 and 8 (or other wave guide
type -filters. as- described -hereinunder) - are -also
employed, since.the two electrically parallel paths

containing the reflection filters can connect to-

terminations A and B (Fig: 6) and the branched

channel -22&: or: the impedance--termination - 214
can.connect to termination P by way of membet-

406 (Fig. .5):and.the.coaxial coupling.- An ex-
ample:of this convenient struetural combination

v

is shown in Fig. 9 and will be described in:detail -

below.

~ Wliere termination P is to be directly connected. .
to.an impedance termination, member. 406 can be .
replaced by a suitable fermination connected di-..
rectly to the coaxial line at the upper end of.co- -

axialline coupling 413—415,

. A suitable termina-;-

tion for such use can .be.consfiucted by inserting...
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tarbon coated discs or other “lossy’’ or resistive
dielectric masses into the coaxial at its upper end
as is well known in the art. A suitable metal cap
to complete the outer conductor of the coaxial
line and to completely close the upper end of
said line to prevent radiation therefrom should
also be provided.

In Figs. 7 and 8, side and end views, respec-
tively, of an appropriate type of band reflection
filter for use in circuits of the type shown in Figs.
2 and 3, are shown. This filter is the joint in-
vention of applicant and L. C. Tillotson and is
described in detail and claimed in the copend-
ing application Serial No. 789,986, filed Decem-
ber 5, 1947, by the inventors, gnd assigned to ap-
plicant’s assignee. This application has become
Patent No. 2,510,288, June 6, 1950. This filter
comprises g siraight section of wave guide 788,
preferably of the size being employed throughout
the system. For example, it can be a section of
wave guide having an H-plane dimension of
2.280 inches and an E-plane dimension of 1.145
inches. . :

Assembled within the section of guide are one
or more “resonators” (three are shown by way of
example) each comprising a thin rod 784 ter-
minated at one end by a small disc 706 and firm-
1y attached at the other end to an E-plane (short-
er) wall of the guide. As shown clearly in Fig. 8
the rod of the resonator is parallel with the H-
plane (longer) dimension of the wave guide, cen~
trally located between the H-plane sides of the
guide, and extends nearly across the full H-
plane dimension of the guide. A screw 788, hav-
ing a diameter substantially equal to the diameter
of disc 708, is threaded through the E-plane wall
of the wave guide just opposite the point at
which rod 704 is fastened to the opposite E-plane
wall. 'The screw is provided with a lock nut 749
to hold it in place when it has been adjusted, as
described hereinunder. The free end of rod 164
can be fixed more rigidly by polystyrene studs, or
by other suitable small members of insulating
material, if mechanical vibration, or “warping”
due to temperature changes, is found to produce
objectionable variations in the adjustment of the
resonator.

In accordance with the usual practice in micro-
wave systems, a fundamental mode wave (Eio0)
with the electrical vector in the E-plane, i. e., per-
pendicular to the H-plane (longer) dimension of
the guide, is to be employed in the illustrative
systems of the invention, and such a wave will
have Zero coupling with rod 704 positioned, as
described above, in a smooth rectangular wave
guide. However, an adjustable degree of coupling
between rod 104 and the wave traveling along the
guide can be effected by threading one or more
small screws such as screw 112 through either or
both of the H-plane sides of the guide in the im-
mediate vicinity of the rod 704. The effect of
such a screw or screws (or of any irregularity of
the same general character in the surface of the
guide) is to distort the pattern of the wave travel-
ing along the guide and thereby to establish a de-
gree of coupling between the wave and rod 704
which will depend upon the degree to which the
wave pattern is distorted. The distortion is of
course increased as the magnitude of the irregu-
larity is increased. Increasing the coupling ef-
fectively increases the broadness of the response
of the resonant combination. A lock nut T4 is
provided- to hold the screw at its adjusted posi-
tion.

" The combination of rod 104, which contributes
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an inductive reactance, and disc 106 tozether with
the inner end of screw 7108 which contribute a
capacitative reactance can be adjusted by turning
the screw 7108 in or out to increase or decrease
the capacity, respectively, to cause the combi-
nation to resonate at any frequency within the
range to be reflected. At the frequency of reso-
nance and frequencies closely adjacent, above and
below the resonant frequency, the resonant com-
bination will cause reflection of the wave back
in the direction from which it entered the guide
while other frequencies will pass freely through
the guide. -As stated above, as the coupling of
the rod to the wave passing through the guide
is increased the broadness of response, i. e., the
frequency range which will be reflected, is in-
creased.

A “maximally flat” reflection band is ap-
proached as the number of resonators is in-
creased, the resonators being spaced approxi-
mately one-quarter wavelength apart along the
guide, and all being tuned to the median fre-
quency of the band to be reflected.

A somewhat broader but somewhat “rippled”’
(instead of being flat) reflection band is obtained
by tuning the additional resonant structures,
(spaced one-quarter wavelength along the guide)
to resonate at slightly different frequencies from
the median frequency of the band or channel of
frequencies to be reflected. For the system as-
sumed. by way of example above, in which bands
or channels 20 megacycles wide, centered about
the five different frequencies mentioned above
within the region extending from 3700 to 4200

‘megacycles, inclusive, it has been found that a

series of three resonators is sufficient to satisfac-
torily reflect a 20-megacycle wide channel, one
resonator being adjusted to be resonant at the

. middle frequency of the channel and one reso-
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nator being adjusted to be resonant near each end
frequency of the channel. For a more uniform
degree of reflection throughout the channel addi-
tional resonators adjusted to resonate at closer
frequency intervals throughout the channel can
be used.

The resonators can of course comprise two rods
each having a disc on its free end and connecting
to directly opposite points on the E-plane walls
of the guide, with provision for adjusting the
spacing between the discs (presumably by thread-
ing one rod and passing it through a threaded
hole in the E-plane wall to which it is connected)
or any other substantially equivalent mechanical
arrangement can be employed.

The effective inductance of the rod at ultra-
high and microwave frequencies is, of course, af-
fected by its diameter as well as its length. A
rod diameter of one-sixteenth inch and a dise
diameter of one-quarter inch were found suitable
with the system, wave guide dimensions and fre-
quency range mentioned, by way of example,
ahove, '

-Screw 188 contributes slightly to the effective
inductance of the resonant combination, so that,
to be extremely precise, tuning is really effected
by slightly changing the inductance as well as
the capacity when the serew is further inserted
or is partially withdrawn from the wave guide.
This effect, however, is of substantially negligible
magnitude, the change in capacity resulting from
adjustment of the screw, being of primary im-
portance in fixing the resonant frequency.

A flange 102 is provided at each end of the sec-
tion of wave guide 100 fo facilitate joining wave
guides of similar inside dimensions to the ends
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of this reflecting unit. Seetions of the front
flange aré broken away in Fig. 8 to show the
screws 108 and 712 and their associated lock nuts
more clearly. Alternatively, round or oval wave
guide sections ¢an be employed as Iong as the type
and orientation of wave employed presents. dn
electric vector which is perpendicular to the rods
of the resonating elements. Coupling sé¢iews in
such devices should, of course, extend into the
guide at right angles to the resonator rods to
produce maximuim coupling for a-given intrusion
of the screw. Where a section of guide having a
round cross-section i§ employed the -dégrée of
coupling can be adjusted by turning the section

of guide relative to the electrical vector of the

wave passing through it so that the resonator rods
are slightly off the true perpendicular WitA' re-
spect to the electrieal vector. Withi suéh an ar-
rangement no coupling screws are (ohviously)
necessary.

In Fig. 9 is shown the structure of orie form of
a complete microwave hybrid brahnching filter
unit assembly, of the type illustrated by the
schematic diagram of Fig, 2.

Units 904 are microwave hybrid junctions as
illustrated in Figs. 4, 5 and 6 and described in
detail above. Units 897 are reflection filters as

illustrated in Figs. 7 and 8 and described in de- -

tail above. Units 980 are quarter wavelength

sections (of the mid-frequency of the band to he ¢

refiected by filters 987). Unit 902 is a resistive
termination of suitable impédance for balanding
the P output termination of the hybrid junetion.
It ¢an be of any of the fofms well known to
those skilled in the art. For example, it can be
a short section of wave guide partially filled with
energy absorbing material, such as compressed
carbon particles. Alternatively, the associated
members 982 and 486 can be omitted, as men-~
tioned above, and a suitable termination as de-
scribed above can then be applied directly to the
coaxial line coupler of output hybrid juriction
904 shown at the right of Fig. 9. A chain of as-
semblies of the type sliowh in Fig.: 9, can be-con-
nected together, the output of one assembly con-
necting to the input of the next successive as-
sembly, each gssembly branching off a differént
channel or frequency band of the systém, as de-
scribed above in connection with the block sche-
matic diagram of Fig. 3.

The development of additional and/or alter-
native filter and hybrid branching filter unit
structures, will be moreé readily understood from
the following remarks in connection with Fig. 10.

In Fig. 10, a hybrid structure 1688 is shown,
having its two pairs of conjugate terminations
connected as indicated. The two terminations A
and B of one pair are coniected by lines (8{2
and {018, respectively, to terininating impedances
1804 and {052, respectively, the impedances bheing
assumned, for present purposes, to be purely re-
active, .

In Fig. 10 the other pair of cor!,ugate termi-
nations connect to lines (098 and 19808, respec-
tively, either one of which can serve as an input
and the other as an output line. Line {808 is
designated S and line 1888 is demgnated P to
indicate that they conneéct to hybrid terminations
which are effectively conhectéd in series relation
and in parallel rélation, respectively, with refer-
ence to the other pair of conjugate terminations,
A and B. This structure is of the 'geﬁeralrtfy"fje
described and claimed in the aboVe-mentioned
application of D: H. Ring.

Assumie that a wave of fregquency: f is intro-
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duced through line {008. From the mherent
properties of “hybrid” structures, as described in
detail above, it is obvious that this wave will
divide into two voltage waves each of half the
power of the wave introduced through line 1908,

these half power voltage waves entering linés

1810 and 1012, respectively, and traveling toward
impedances li}ll! and £802, respectively. These
half power voltage waves will be totally reﬁected
by impedances {384 and {802 since the latter are,
as mentioned above, purely reactive. The lines
1819 and {012 and the reactances 1864 and (802,
respectively, will at the instants of reflection,
have introduced effective phase changes of p1(f)
respectively. (The effective change
in phase resulting from the reflection at a purely
reactive termination can be considered as the re-
flection from the end of a short-circuited trans-
mission line of such length that the same change
in phase or delay would have been introduced in
the wave in travelling to the point at which the
short-circuit is located.) From this point of
view, then, the reactive impedance can be con-
sidered as having introduced an effective short-

3 circuit at a discrete distance along an equivalent

transmission line. Since the phase changes in-
troduced by the reactance is a function of, i. e.
varies with, frequency the reactance can be con-
sidered as “moving” the short-circuit along the
line as the frequency is varied.

In traveling back to the “hybrid” the reflected
waves will undergo an equal change in phase so
that they will arrive back at the “hybrid” with
phase changes of 2¢1(f) and 2¢2(f), respective-
ly. From the characteristics of a “hybrid” struc-
ture, if the phase changes are equal, or differ by
an integral number of revolutions (or cycles) i.
e, if 2p1=2¢p2+27n (or if ¢1<92=0 or =n, where
n is any whole number), the half power voltage
waves will completely recombine in line {308 and
the circuit of Fig. 10 will be totally reflecting, i. e

it will not transmit the frequency 7.

Alternatively, if the phases g1 and g2 differ by
an odd quarter number of revolutions (or cyclés),
i. e, if 2p1=2¢24+ Qrnit-=)

(or it ¢1—¢2=rn+-72£>

then the half power voltage waves will completely
recombine in line {886 and the circuit will” be
totally transmitting; i. e., it will freely and com-
pletely transmit the freguency f.

‘The following generalized - equations ' follow
readily from the above considerations:

Vi (the refiected voltize) =eie1-#) ¢og (1~ @;)
Vs (the transmitted voltage) =ie ®+% gin (o,— ;)
Itisep eut therefore, that if lines (9{0 4nd

£948 of 0 be made substantially identicdl
(mermally, they would be just sv‘ﬁmently long to

afford convenient connectionis hetweeh the hybrld»

Structure and the impedances (884, 1002), and
purely redetive Impedances (988, 1002 beé so
chiosen thatl, over frequeficy bands or channels

i% b6 e rcflected; they prodice identical phase

changes -’,5_'1’1(1 tha,t oV
nels to

» {reqiiency bands or chati-
ittéd they produte phase
1t by 99 deorees, the reSuItmg
the type shown in . Fig.
¢ gelective circliit-of thé type c"mmonly
known és'a wave filter. Thiese réquirements as
to puase shift cor resnond to the 1nqu1rements for
placing “the poles and zéfos of the séries and
shunt & of a lattice structure as eyplalned in
theé  ahove-nientioned’ “Radio Briginsers- "Haind-

10 will be ‘a

s
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book,” page 239. T is therefore evident that the
lattice network and the microwsave “hybrid” type
filter just described above are closely related and
microwave hybrid structures associated with ap-
propriately chosen microwave reactive devices,
can be designed, following the classical theories
and formulae developed for lattice type lumped
element structures. (See above-mentioned papers
of Bode, and Bode and Dietzold and the gdbove-
mentioned application of D. H. Ring.)

Furthermore, the circuit of Fig. 10 can readily
be converted info an “all-pass” network, if the
two reactances, 1004, 1002 are designed so that,
over the entire frequency range of interest, they
produce phase changes which differ by 90 de-
grees. The all-pass network is very readily ob-
tained at high freqguencies since all that is neces-
sary is to make reactances 1864, 1002 identical
and to make one of the lines {040, {012 one-
quarter wavelength longer than the other.

Alternatively, an equivalent arrangement is to
connect the like reactances to the parallel P and
series S terminations of the hybrid structure and
to employ the A and B terminations for the input

and output terminations of the all-pass structure. o

This arrangement is shown in Fig, 15 where hy-
brid §508 has like reactances 1584 and 1502 con-
nected to its S and P terminations by lines 1506
and 1588 which, in this case, can be identical in
length as well as in structure, and the A and'B
terminations then become the input and output
terminations of an all-pass structure, lines 1512
and 1518 serving to connect to terminations A
and "B, respectively, of the microwave hybrid
structure. As in the case of all hybrid arrange-
ments described in this application, the arrange-
ment of Fig. 15 is valid for all frequency ranges
employed in communication circuits, though the
structural forms of the hybrid devices and asso-
ciated elements employed will usually be vastly
different for widely separated frequency regions.

It should be understood, also, that terminations
P and S are usually employed as input and out-
put terminations, or vice-versa, in nearly all
structures of this invention merely from con-
siderations of convenience, it being entirely fea-
sible to employ terminations A and B as the input
and output terminations, or vice-versa, and ter-
minations P and 8 may then be used for other
purposes in substantially the same manner as
terminations A and B are described above as be-
ing used, taking into account the additional 90
degree phase difference introduced as is done,
for example, in Fig. 15.

As mentioned above, a discrete reactance can
be considered as the equivalent of a length of line
having a movable short-circuit, the position of
which short-circuit along the line is subject to
variation with the applied frequency in a pre-
seribed manner.

For example, consider a simple parallel wire
line, a substantial number of wavelengths long.
As shown in Fig. 11, the conductors {182, 1104
extend between terminals {196, 1108 at A and
1410, 1112 at B, respectively.” A short-ecircuiting
member {109 is shown at point C which is a dis-
tance I from terminals £166, 1168 at A,

- At frequencies at which I is

nx
2

i.-e.an integral number of half wavelengths; the
reactance between terminals I166, ﬂl08 is zero,
i.-e..that of a short-circuit.

At frequencies at which 7 is

&
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the reactance between terminals 106,
infinite, i. e. that of an open circuit.

This type of reactive impedance can, of course,
be simulated by either a group of simple series
resonant circuits connected in paraliel, one of
sald circuits being resonant at each frequency at
which the reactance is to be zero; or by a group
of simple “parallel-resonant” (antiresonant) cir=
cuits connected in series, one of said antiresonant
circuits becoming antiresonant at each frequency
at which the reactance is to be infinite. ‘A simi-
lar course of reactance variations could, of course,
be obtained by fixing the frequency and varying
the distance of the short-circuit 1168 along the
line {102, 1104;

The general theorem for the reactance of a
simple smooth transmission line is, of course,

X 7 tan —2—l
Ro ¢ Py

where Ro is the characteristic impedance of the
line and I and ¢ are expressed in terms of wave-
length.

By Foster’s Theorem (see the paper entltled
“A Reactance Theorem” by Ronald M. Foster,
Bell System Technical Journal, volume III, No. 2,
April 1924, pp. 259 to 267, inclusive) between each
pair of successive frequencies at which the re=
actance -is zero (or infinite) there must be a fre-
quency at which the reactance is infinite (or Zero,
respectively). .

Foster also points out the substantial equlva-
lence, for many purposes; of a two-terminal re-
actance comprising a plurality of series reso~
nant structures connected in parallel with a two-
terminal reactance comprising a plurality of
parallel ~ resonant (anti-resonant) structures
connected in series. The question of which

1608 is

=1 tan ¢

‘should be used in a particular case, can, there-

fore, frequently be determined on the basis of
which can be more conveniently realized in phys-
ical form.

The gross character, or the integrated slope, of
the phase versus frequency curve of any physi~
cally realizable, purely reactive, two-terminal
network of the above-described type is deter-
mined by the location of the resonances along the
frequency axis, since the difference between the
values of phase at two successive resonances
must be 180 degrees. Thus the general rate of
increase of the curve is small if the resonances
are spaced far apart and it is large if they are
closely spaced.’

The slope of the phase versus frequency curve
of any physically realizable, purely reactive, two-=
terminal network, ‘or line, must, also, always be
positive.

Furthermore, the slope at any particular fre-
quency. is adjustable to a very large degree, by
adjusting the slope at the adjacent frequencies
at which resonance occurs, i. e. the resonant
frequencies between which the particular fre-
quency is located. A very small siope (i. e. a
slow change of phase with frequency) can be
produced by means of a broad resonance. A
very large slope (i. e. a rapid change of phase
with frequency) can be produced by means of &
sharp resonance.” Any intermediate slope of thée
phase versus frequency curve can be produced
by means. of 8 resonauce of appropriate 1nterme-
diate width.

;[n Fig, 12'a structure is shown which provides,
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at very high frequencies, the approximate equiva-
lent of a low frequency-lumped element simple
antiresonant (paralléled “coil and condenser)
combination. It .comprises a section of wave
guide, 1200, closed at one end by a movable pis~
ton-like member {202, provided with a handle
1208 for purposes of adjustment and provided
with an iris at the other.end by which it can be
coupled to .another wave guide, as illustrated,
for example, in Figs. 13 and .14 described here-
inunder.

As a roughly approximate analogy, it can be
stated that the “inductance” of the element of
Flig. 12 is contributed by the length of wave guide
between the iris 1204 and the closure {202 (which
length is .usually .adjusted in . such structures to
substantially a half wavelength) .and that the
iris 1204 contributes the capacitive portion of the
approximately -equivalent lumped element.anti-
resonant combination. (Actually, of course, the
iris, depending upon its size, shape, thickness
and position can, as isswell:known to those skilled
in the art, contribute also to the inductive por-
tion .of ‘the combination.) The size of the iris
controls the broadness of the resonance,.a small
iris producing a sharp resonance, the broadness
of -the resonance being increased as the dimen-
sions of the iris are increased. Throughout the
frequency range of the illustrative system de-

seribed above, the iris for resonant elements of :

the type illustrated in Fig. 12 can conveniently
be made of ¥% inch sheet brass and a slit sub-
stantially as long as the transverse dimension
of the wave guide side to which the cavity is af-
fixed and about 35 inch wide can initially: be
provided as the iris. The slit is, thereafter, en-
larged .gradually and the electrical characteristics
of ‘the device measured. at intervals, until the de-
sired broadness of resonance is achieved. An ac-
curately adjusted resonant cavity is thus ob-
tained, with a resonable amount.of effort.

In Fig. 13, a wave guide structure is shown,
constituting at very .high frequencies, the ap-
proximate equivalent. of the low frequency cir-

cuit consisting of a number of simple lumped ele- 4

ment antiresonant (coil and condenser in par-
allel) combinations connected in series.

In.Fig. 13, five resonant .cavities 1302 to 1308,
inclusive, having irises 1307 to (311, inclusive,
respectively, .are shown coupled through said
irises to.the H-plane sides of wave guide 1308.
The cavities are spaced at half wavelength dis-
tances along the wave guide. The right end of
guide 1300 is closed at a point one-half wave-
length from the center line of the nearer cav-
ities 1303 and 1384. The left end of . guide 1308
is open and terminates at a distance of .one-half
wavelength from the center line .of the nearest
cavity 1388. .

“Cavities 1302 to (306, inclusive, are .of .the
type illustrated and described in connection with
Fig. 12 and are each adjusted, as described above,
to a predetermined antiresonant frequency and
broadness of resonance. After adjustment the
handle 1284 and any excess length are.removed
and the end (202 is permanently .soldered or
welded in its proper position. .

As there are five cavities, the structure of Fig.
13 provides the high frequency equivalent of five
antiresonant combinations connected electrically
in series. - Any different number of cavities can
be used as long as the spacings prescribed are
adhered to and one antiresonance will be pro-
vided by each cavity used.

Where only one-cavity is to be used it can con-
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nect directly on the end of the wave guide 1300.

If desired for mechanical convenience, two or
more cavities can all be placed along a common
side of the guide, i. e. for a three-cavity resona-
tor cavities 1302 and 1383 can be omitted and
their irises closed. Alternatively an even num-
ber of cavities (and antiresonances) can be pro-
vided by a structure in which the cavities are
paired and placed on opposite sides of the guide.
For example for a two cavity structure cavities
1302, 1395 and 1366 of Fig. 13 can he omitted and
wave guide 1300 can be terminated at one-half
wavelength to the left of the common center line
of cavities 1303 and 1304.

Fig. 14 is generally similar to Fig. 13 except that
the cavities 1402 to {406, inclusive, are connected
through irises 1407 to 1411, inclusive, respective-
ly, to wave guide 1400 along the E-plane sides of
the guide. In general the irises of the cavities
of hoth Figs. 13 and 14 will ‘be slit-like openings
perpendicularly positioned with respect to the
longitudinal axis of the wave guide on which the
cavities are mounted. Specially shaped and
tuned irises can, of course, be employed to meet
specific desired requirements in accordance with
principles well known to those skilled in the art.

In Fig. 14 the end cavities are spaced one-
quarter wavelength from the ends of the wave
guide (400, but adjacent cavities are spaced one-
half wavelength apart center to center, as shown
in Fig. 14. This structure is the high frequency
equivalent of five low frequency, series resonant,
lumped element (coil and condenser in series),
combinations, connected in parallel. Any num-
ber of cavities required, to provide a particular
desired “two-terminal” reactance characteristic,
can be used in the structure of Fig. 14, substan-
tially in the same way as was pointed out in con-
nection with Pig. 13, with the exception of the
above-described difference in end-to-first-cavi-
ties spacings.

In Fig. 16 a schematic diagram of an alterna-
tive arrangement, with respect to that of Fig. 2,
of hybrid branching filter units of the invention
is shown. The arrangement of Fig. 16 employs
frequency versus phase discriminative networks
of the all-pass type 1606, 1618, in place of the re-
flecting filters used in Fig. 2. The selected chan-
nel is branched from the second hybrid 1610 and
the S termination of hybrid 1692 is terminated
in matching impedance 614.

In the circuit of Fig. 16 all channels of the sys-
tem (for example the five channels of the illus-
trative system described @bove) are introduced
into the P termination of hybrid 1602 by trans-
mission line 1600 and pass freely through both
all-pass networks 1686, 1618 Also the connect-
ing lines {684, 1668 on the left of Fig. 16 are sub-
stantially identical in construction and total
length with the connecting lines 1616, 1620 on
the right of Fig. 16.

One frequency band or channel is, however,
caused to branch off from the others at the sec-
ond hybrid 1618, by virtue of a phase difference,
between the channel to be branched and all the
other  channels, of 180 degrees introduced
throughout that channel only, by the all-pass
networks 1608 and (618. This phase difference
can either be introduced with respect to the single
band or channel of fréguencies to be branched
off only, or it can be introduced with respect to
all the other channels which are not to .be
branched off, only.

Expressed in other words, if the channel of
frequencies to be branched off experiences 180
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degrees more phase shift in passing through all-
pass network {666 than in passing through all-
pass network 1618, and the other channels ex-
perience identical phase shifts in passing through
either of the all-pass networks, then - the
branched channel frequencies will clearly ap-
pear in the opposite hybrid output termination of
hybrid 1§18 from that in which the other chan-
nels will appear.

~ Conversely, if all channels but the one to be
branched off experience a phase shift of 180 de-
grees more in one of the all-pass networks {606,
1618 than in the other, and the channel to be
branched experiences the same phase shift in

passing through either network, then, again, the ;

single channel to be branched off will clearly ap-

pear at the opposite output termination of hy-

brid {610 than will all the other channels.
latter case is the one illustrated by Fig. 16.

This latter case is also illustrated by the phase
versus frequency curves of Fig. 17, in which, by
way of example, curve 1702 can be the phase
versus frequency characteristic of network (606
and curve 1700 can be the phase versus frequency
characteristic of network 1618.

In Fig. 17, the frequency scale indicates mega-
cycles above or below the mid-band of the fre-
quency channel to be branched off, the mid-fre-
quency being designated zero. As in the illustra-

This

tive system, assumed in connection with Fig. 1, if .

it is desired to branch off a channel 20 mega-
cycles wide (. e. from 410 to —10 about mid-
band frequency), then it is apparent that the

[
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phase versus frequency curves 1709, {7102 of all- -

pass networks (606, 1618, respectively, are to be
substantially identical over the band, but that at
adjacent bands (spaced 80 megacycles between
mid-band frequencies) phase versus frequency
curves {768, 1782, are to be substantially 180 de-
grees apart. The curves 1700 and 1702 of Fig. 17,
obviously, meet these requirements.

In Fig. 18, curve {800 represents the power
output of the branched channel versus fre-
quency for the circuit of Fig. 16 when the all-pass
networks {608, 1618 have phase versus freguency
characteristics {788, 1762 of Fig. 17, respective-
ly. The ordinates of this curve represent pro-
portion of power input appearing in the branched
channel output.

All-pass networks 1606 and {648 can, for the il ;

lustrative system assumed above, be of the type
Nustrated in Fig. 15 and described in detail above,
Alternatively, they can be of the type illustrated
in Fig. 10 and described above, in which one of

the lines 1648, {82 is one-guarter wavelength ;

longer than the other. At lower frequencies
equivalent coaxial line structures or paired wire
structures with coaxial line or lumped element
reactive structures can be employed in accord-
ance with the principles of the invention to pro-
duce the equivalent results.

For an all-pass network, as explained above,:

reactances {904, (682 of Fig. 10, or §504, {562 of
Fig. 15 should be identical for each nefwork.

. One network {688 of Fig. 16 which is, in ac-
cordance with the above description, to have the
phase versus frequency characteristic indicated
by curve {180 of Fig. 17 can have identical re-
actances of the type illustrated and described in
detail in connection with Fig. 12, above, adjusted
to résonance at the mid-frequency of the band to
be branched off and tuned, by adjusting the irises,
as described above, to provide a broad resonance.
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The other network (618 of Fig. 16, which is to -

have the phase versus frequency characteristic

22 ,

Indicated by curve 762 of Fig. 17, can have ideni=
tical reactances of the type illustrated and de-
scribed in detail above in connection with Fig.
13 except that only two resonant cavities are re-
duired for each reactance, i. e. cavities 1302, 1305
and (306 of Fig. 13 can be omitted and their
iris openings into the guide closed and wave guide
1300 can be shortened so that its open end is one-
half wavelength to the left from the lengitudinal
center line of cavities 1393 and (324 of Fig. 13.
For each reactance of network {818, one cavity is
to be tuned to a frequency 20 megacycles lower
than the mid-band frequency of the channel to
be branched off and the other cavity is to be
tuned to a frequency 20 megacycles higher than
the said mid-band frequency, the irises of both
of these cavities being adjusted to provide a
sharper resonance than for the single cavity re-
actances of network (605. Assuming an equiva-
lent lumped element circuif, i. e. one in which
resonant circuits formed by coils and condensers
having discrete values of inductance L and capac-
ity C and designed for use with a transmission
line having a characteristic impedance Ro; the
broadness of resonance of the single cavity react- -
ances of network 1686 should be substantially
that required by the relation

1 /L

o 5—100

while the broadness of resonance of each cavity
of the double cavity reactances of network 1618
should be substantially that required by the rela-

tion .
1 /L
. R—o—\/;—200

Figs. 19 and 20, taken together, illustrate the
physical structure of one form of hybrid branch-
ing filter unit empioying phase versus frequency
discriminating devices as illustrated in block
schematic diagram form by Fig. 16 and in which
the phasing devices employed have the char-
acteristics shown in Fig. 17, as described above.

In Fig. 19 devices 1988 and 1982 can be hybrid
branching structures of the type illustrated in
Figs. 4, 5 and 6 and described in detail above.

Devices 1806 are wave guide junctions of the
well known “magic T type with their A termina-
tions connecting to the A and B terminations of
device {908 and their B terminations connecting
to the A and B terminations of device 1262, re-
spectively as shown in Fig. 19. The detailed con-
struction of the device 1886 can be seen more
clearly in Fig. 20. Throughout Figs. 19 and 20
flanges are provided, at each termination of the
wave guide structures employed, to facilitate con-
necting them together and to appropriate input
and output wave guide transmission lines.

In Fig. 19, the S termination of device 1868 is

terminated in its own impedance by dissipative
termination 1918. All channels of the system are
introduced: (by way of example) into the P ter-
mination of device 1980 through member {994.
. The P and S terminations of the upper “magic
T” device 1906 of Fig. 19 are terminated in like
single cavity resonant devices 1988 of the type
illustrated by Fig. 12, as described in detail above,
and adjusted to resonate broadly at the mid-fre-
quency of the channel to be branched off, as is
also discussed in detail above. )

The lower “magic T” device 1906 of Figs. 19
and 20 has its P and S terminations connected
to like, two-cavity, resonant devices.as shown in
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Fig. 20. The terminating, two-cavity, resonart
devices are not shown in Fig. 19 on: the lower
device 1808, as they would tend to obscure other
details of the assembly of that figure, but it is to
be understood that the lower device is provided
with them as shown clearly in the separate Fig-
ure 20. °The two-cavity resonant devices 2808
can be of the type illustrated by Fig. 13 deseribed
in detail above with cavities 4202, {305 and 1306
of Fig. 13 omitted and the wave guide 1380
shortened to extend ons-half wavelength of the
midband frequency of the channel or frequency
band to be segregated; or branched off, from the
other channels of the system. As deseribed in
detail above one cavity of each of the devices 2050
is adjusted to resonate at 20 megacycles below
and the other at 29 megacycies above the mid-
band. frequency of the channel to be branched
oif, the resonances of these cavities to be sharper

than that of the single cavities 1808, as described -

in detail above.

For wave guide structures of the H~-plane and
E-plane dimensions, assumed for purposes of
illustration above, the S arms of hybrid T strie-
tures 866 should be approximately 2.09 inches
long and the P arms approximately 2.54 inches
long in order to cbtain good impedances at these
terminations and to obtain the additignal 99°
phase shift in the arm P with respect to the
phase shift in arm S.

The phase versus frequency curves of the two
wave guide circuit structures including devices
1896 (connecting devices (289 and (502) wiil then
be as illustrated by curves 1789 and {762, respec-
tively, of Fig. 17. All channels of the multichan-
nel system can be introduced into member (504
and the channel to bhebranchied off, will appear
in member (912 connected by coaxial coupling to
the P termination of device {982. The other
channels will appear at the S termination of de-
vice 1882.. The detailed explanations for all these
phenomena are, of course, those given above in
connection with the discussion of Figs. 10 to 17,
inclusive. Again & chain of assemblies such as
are illustrated by Figs. 19 and 20 can be em-
ployed, the cutput of each assembly connecting
to thie tnput of the next successive assembly.

Incidentally, while the ogver-all assembly of
Figs. 19 and 20 suffices to adequately illustrate
the principles of the invention, it might prove
socmewhat awkward mechanically to-have to con-
neet the output termination at the small end of
member {882 of cne assembly to the termination,
corresponding to input termination 1964 of Fig.
19 of the next successive assembly. This can
readily be remedied by inserting an additional
188-degree phase shift in one of the tws trans-
mission paths connecting hybrid structures 1858
and 1382. Tha desired additional phase shift is
very easily realized by simply inserting a quarter
wave section of wave guide between each of the
reactive devices {9&8 and the terminations of the
hybrid junction {848 to which they are connected.

faving done this terminating impedance (8¢9
can then be transferred: to terminate member
1924 and the terminafion at the small end of
junction 1888 can ke used as the input junction
into which all chanuels of the system are intro-
duced. Because of the additional 180 degrees
introduced in orie transmission path to junction
1802, as described above, the branched channel
will still appear in member {942 and the re-
maining unbranched channels will still appear in
the termination at the small end of junction 1992.
A: chain: of assemblies then would appear very
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similar to-a chain of the assemblies of the typé
shown. in Fig.. 9 except for the more complex
structures used to connect the input and output
nybrid junctions of each assembly.

Numerous and varicus other arrangements
within- the spirit and scope of the principles of
the invention will occur to those skilled in the
art. The general principles of the invention are,
for example, readily applicable to systems em-
ploying compressional wave -energy as well as
electromagnetic wave energy.

The scope of this invention is defined in the
fellowing claims.

What is claimed is:

1. In a multichannel microwave electrical
transmission system: for transmitting a broad
microwave frequency region, an input microwave
hybrid-structure and an output microwave hybrid
structure, a first and a second microwave transe
mission path connecting conjugate connection
points of said input and said output hybrid struc-
tures respactively, each of said transmission paths
comprising seriaglly in tandem connection a first
section of microwave transmission line, a reflec~
tion filter refiecting a portion only of said broad:
microwave -frequency region and freely trans-
mitting the remainder of said region, and a sec-
ond section of microwave transmission line,; the
first section of transmission line of said first
path exceeding in electrical length the first see-
tion of transmission line of said second path by
one-gquarter wavelength of the median frequency
of the reflected portion of said brecad microwave
frequency region, the second section of trans-
mission- line of said second path exceeding in
clectrical length-the szcond section of transmis-
sion line of said first path by one-guarter wave-
length of said- median fregusncy the reflection
filters of said two paths being relatively identical
whereby the reflected portion of said frequency
region in said first path arrives back at said input
hybrid structure with a change of 180 degrees in
relative phase with respect to the reflected por-
tion of said frequency region arriving back at
said input hybrid in said second path but the
freely transmitted frequencies in both paths ar-
rive- at said output hybrid structure without
change in their relative phase.

2. A channel branching filter for a multichan-
nel microwave electrical transmission system
which comprises in combination an input and an
output microwave hybrid structure, a. first and.a
second microwave transmission path, each of
said paths comprising in tandem a first section
of wave guide connecting to the input hybrid
structure, a narrow bhand reflection flter the
input- of said filter connecting to said first sec-
tion of wave guide and 2 second section of wave
guide connecting the output of said refiection
filter to said output hybrid structure, the length
of the first section of wave guide of said first
microwave transmission path exceeding the
length of the first section of wave guide of said
second microwave transmission path by one-
quarter wavelength of the mid-frequency of the
frequency band reflected by said band reflection
filter, the length of said second section of wave
guide of said first microwave path being less than
the second section of wave guide of said second
microwave path by one-quarter wavelength of
said mid-frequency, the band reflection filters of
said first and second microwave paths being iden-
tical, the two transmission paths connecting. at
each hybrid to terminations of said hybrid which
are conjugately related.
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3. The method of effecting the segregation of a
first portion of the channels of a multichannel
microwave transmission system froma a second
portion of the channels of said system which
comprises equally dividing the energy of all
channels to flow in two conjugately related
transmission paths, preserving the relative phase
relation of the energy of said first portion of
said channels in both paths, altéring the rela-
tive phase relation of the energy of szaid second
portion of said channels in one path by sub-
stantially 180 degrees with respect to said en-
ergy in the second path, recombining the energy
of both portions of said channels in conjiu-
gately related arms of hybrid transmission struc-
tures whereby the said first portion of said chan-
nels is directed to a first output terminal of said
hybrid. structure and the said second portion of
said channels is directed to a second cutput ter-
minal of said structure.

4. A microwave hybrid branching filter for
use in a multichanne]l microwave transmission
system which comprises a first microwave hybrid
structure, a second microwave hybrid structure,
a first microwave transmission path and a second
microwave transmission path, said paths con-
necting: a pair of conjugate terminals of said
first hybrid structure with a pair of like termi-
nals of said second hybrid structure, respectively,

-each of said paths comprising a first section of

microwave transmission line, a single channel
microwave reflecting filter and a second section
of microwave transmission line, said first section
of line connecting said first hybrid structure to
the input of said reflecting filter, the said second
section of said line connecting the output of said
reflecting filter to said second hybrid structure,
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the first transmission line of one of said paths

exceeding in electrical length the first section of
said other path by one-quarter wavelength of
the mid-frequency of the single channel reflected
by said reflecting filters, the second section of
transmission line of said other path exceeding
in electrical length the second section of trans-
mission line of said first-mentioned path by one-
quarter wavelength of said mid-frequency,
whereby the channel reflected by said reflecting
filters will appear at the terminal conjugately
related to the input terminal of said first hybrid
structure and the other channels passed by said
reflecting filters will all appear at an output ter-
minal of said second hybrid structure.

5. In a multichannel microwave transmission
system a microwave hybrid branching filter com-
prising in combination a first hybrid microwave
structure and a second hybrid microwave struc-
ture, each said structure having two pairs of
conjugately related connection points, a first
microwave transmission path connecting one
connection point of said first hybrid structure to
a connection point of said second hybrid struc-
ture, a second microwave transmission path con-
necting the connection point of said first hybrid
structure, which is conjugate to the point of said
first hybrid structure connected to said first
transmission path, to the connection point of
said second hybrid structure the last-stated con-
nection point being conjugately related to the
connection point of said second hybrid structure
connected to said first transmission path, each
of said transmission paths comprising identical
reflection structures reflecting at least one chan-
nel of the total number of channels employed in
said microwave transmission system and freely
passing the channels not reflected, a first section
of microwave transmission line, in each trans-
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mission path, connecting said first hybrid struc-
ture to said reflection structure and a second
section of microwave transmission line connect-
ing said reflection structure to said second hybrid
structure, the said first section of transmission
line of said first transmission path exceeding in
electrical length the first section of transmission
line of said second transmission path by one-
quarter wavelength of the median frequency of
the frequency range reflected, the said second

‘section of transmission line of said first trans-

mission path being shorter in electrical length
than the second section of transmission line of
said second transmission path by one-guarter
wavelength of said median frequency.

" 6. An electrical microwave hybrid branching
fitter for use in a multichannel electrical micro-
wave transmission system, said branching filter
‘comprising in combination, a first microwave

‘hybrid structure adapted to divide the energy of

all channels of said system between two con-
jugately related output terminals of said hybrid
structure when said energy is introduced into a
particular input terminal of said hybrid struc-
ture, a Ppair of ‘microwave iransmission paths

‘connecting to said two output terminals of said

hybrid structure, respectively, a second micro-
wave hybrid structure having two conjugately
related input terminals said input terminals be-
ing connected to said pair of transmission paths,
respectively, said pair of transmission paths serv-
ing to transmit a portion only of said channels
of said system from said first hybrid structure
to said second hybrid structure without altering
the relative phase of said portion of said chan-
nels, said fransmission paths serving to present
the remainder of said channels to one of said
hybrid structures with an alteration in the phase
of the energy.of said remainder of said channels
in one of said paths of 180 degrees with respect
to the energy of said remainder of said channels
in said other path, whereby said first-mentioned
portion: of said -channels and said remainder of
said - channels will appear at different hybrid
strueture output terminals.

7. Tn a microwave transmission system a pair
of wave guide hybrid junctions each having at
least two pairs of conjugately related terminals,
a pair of substantially identical wave guide trans~
mission circuits connecting the individual ter-
minals of one pair of conjugately related termi-
nals of one of said junctions to the individual
terminals of one pair of conjugately related ter-
minals of the other of said junctions, respec-
tively, each of said pair of wave guide trans-
mission cireuits including g reflecting structure
in said eircuit, the reflecting structures in said
pair of circuits being substantially identical and
being located substantially one-quarter wave-
length of the median frequency of the frequency
band of primary interest nearer one end of each
of said wave guide circuits than the other end,
said wave guide circuits being connected between
said junctions with the reflecting structure in
one circuit said one-quarter wavelength nearer
one of said junctions than the reflecting structure
of the other of said circuits is with respect to the
same junction, whereby when microwave energy
is introduced into a third terminal of said same
junction reflections thereof from the said reflect-
ing structures in each of said transmission cir-
cuits will arrive back at said same junction dis-
placed 180 degrees in phase with respect to each
other and will therefore be transmitted to a
fourth terminal of said same junction and no
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-réflected energy -will -appear:-at- said’ third. ter-
:minal.
8. In-a system for the transmission of micro-
‘wave energy, o bair of wave guide hybrid junc-

‘tions each having-at least two .pairs of conju- .

gately. related -terminals,.a pair -of substantially
-jdentical wave guide transmission circuits:-con-
‘necting the individual terminals of .one pair of
conjugately related terminals of one of said junc-

itions to the individual terminals of one pair of

conjugately related terminals:of the other of said
junetions, respectively, 2 microwave structure in-
cluded in each of said pair of transmission cir-
‘euits adapted both to reflect and to transmit por-

tions of said microwave energy, said structures :

in'said pair of circuits being substantially identi-
cal-and being located substantially one-quarter
wavelength of the median frequency of said
microwave energy nearer one-end of each-of said

wave guide circuits than the other end, said wave -

guide circuits being connected between said junc-
tions'with said structure in one circuit said quar-
ter wavelength nearer one-of said junctions than
the structure of the other of said circuits is with

respect to the same junction, said circuits there- :

by being adapted to return: each of said reflected
portions of said energy to said same junction dis-
placed 180 degrees-in phase with respect to-each
other and to pass each -of said transmitted por-

{ions to said other junction substantially in phase ;

with respect to each other.

" 9. In an electrical guided wave iransmission
system, means for selectively transmitting differ-
‘ent portions of a broad frequency band of micro-
wave energy comprising, in combination, first and
second wave guide hybrid junctions, each of said
junctions having two pairs 6f terminations, the
terminations of each pair being conjugately relat-
ed to each other, a pair of wave guide transmis-

sion: structures each of said structures being con- .

nected between a termination of one hybrid junc-
tion and a termination of the other hybrid junc-
tion; the terminations so connected at each junc-
tion comprising one of the said conjugately re-
lated pairs of terminations.of said-junction, said
‘wave guide transmission structures having pre-
determined transmission characteristics correlat-
€d with respect to each other over the said broad
frequency band of ‘microwave energy whereby a
‘portion of said band will appear at a different
terminstion of one of said hybrid junctions than
the remainder of said band when the entire band
is ‘introduced into a predetermined input termi-
nation of one of said hybrid junctions, none of
said energy being reflected back to said predeter-
mined input termination,
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"10. In an electrical guided wave transmission
system, the combination which comprises first
and second wave guide hybrid junctions, each.of
said junctions having two pairs of terminations,
the terminations of each pair being conjugately
related to-each other, a pair of wave guide strue-
tures said structures respectively connecting the
terminations of one pair of terminations of sald
first junction to the terminations of one pair of
terminations of said second junction, each of
said structures comprising in tandem relation:a
first portion of wave guide, a wave guide. trans-
ducer having a predetermined transmission versus
frequency characteristic and a second portion .of
wave. guide, said first portion of wave guide of
one of said structures being a-quarter wavelength
longer than the first portion of wave guide- of
said cother structure, the second portion of wave
guide of said one of said structures being a2 .quar-
ter wavelength shorter than the second portion of
wave gulde of said cther structure. -

11. In an electrical guided wave transmission
system, the combination which comprises first. and
second wave. guide hybrid junetions, each of said
junetions having two pairs of terminaticns, the
terminations of each pair being conjugately re-

dated to- each other, and s pair .of wave guide
structures interconnecting, respectively, the two
terminations of one of said pairs of terminations

of said first junction to the two terminations
of one of said pairs of terminations of said
second junction, said pair of wave guide struc-
tures having phase: characteristics which -differ
by 180 degrees in relative phase over a portion of
the entire frequency range of interest with- re-
spect to their relative phase over the remainder

-of 'said entire frequency range.
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