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This invention relates in general to duplexing
equipment for radar systems and the like, and
in particular to a novel duplexer for microwave
systems which combines in a single unit thc
functions of T-R and anti T-R.

In radar systems, there is usually a single an~
tenna for use in both transmitting and receiving.
To prevent the strong bursts of energy that are
available during transmission from entering the
receiver, an electronic switch is provided which
has the effect of decoupling the receiver from
the system and. coupling the antenna to the
transmitter. alone during transmission. When
transmission ceases, the receiver is effectively re-~
coupled to the system. .This switch is generally
known as a ‘“duplexer,” or a “transmit-receive”
device, or, simply, a “T-R,” and includes as an
element a spark gap, properly located in the
transmission lines that interconnect the receiver
and transmitter with the antenna, and adjusted
to break down when power of the order of that
available from the transmitter is flowing through
the transmission line between the transmitter
and the antenna, but not when the lower order

power such as is available during reception is *

present. It is now customary to provide a certain
amount of auxiliary unidirectional potential, for
example, about 300 volts, as a “keep alive” in the
vicinity of the spark gap, to maintain an amount
of residual ionization of the gases surrounding
the gap and thereby assure firing of the gap dur-
ing transmission. During reception, some of the
received energy attempts to enter the transmitter,
which is at that time poorly matched impedance-
wise to the transmission line, and is mostly re-
flected. To prevent this energy from disturbing
the system, a second spark gap device is employed,
properly located in the transmission line system
with respect to the first. This second device
functions during receiving to decouple the trans-
mitter from the system, and is known as an “anti
T-R” or “R-T.” The two spark gap devices are
intended to have the effect of decoupling the
transmitter from the receiver at all times,

It is an object of this invention to provide an 4:

improved duplexer which is small, compact, and
rugged in construction.

It is a further object to provide an improved
duplexer which reduces the number of discharge

tubes required in radar systems and generally !

simplifies the construction of such systems.

It is a still further object to provide such a
duplexer which is readily installed in s radar
system with known installation techniques.

The invention consists essentially of a four-
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terminal network -composed- of two waveguides
directionally coupled together, for example, at a
common wall by means of slots in said wall, and
is based on the discovery that the directional cou-
pler character of the network is not destroyed
when the coupling slots are short-circuited, for
example, by an ionic discharge.  The network is
connected in a radar system by coupling three
of the terminals thereof to the radio frequency
power source or transmitter, the antenna, and
the receiver, 'respectively, and providing the
fourth terminal with a non-reflective termina-
tion. Other and further advantages and charac-
teristics of the invention, as well as the details
of certain particular embodiments thereof, will
become apparent from the discussion that fol-
lows, reference being made to the accompanying
drawings, wherein: .

Fig. 1 illustrates a duplexer constructed in ac-
cordance with the invention;

Fig. 2 is a top plan view of the coupling slot ar-
rangement of Fig. 1;

Fig. 3 is a side-sectional view of a duplexer like
that of Fig. 1, showing the manner of connecting
it into a radar system;

Fig. 4 illustrates another form of duplexer con-~
structed in accordance with the invention;

Fig. 5 illustrates a preferred form of the du-
plexer shown in Fig. 1;

Fig. 6 is a top plan view of the duplexer shown
in Fig. 5; S

Fig. 7 is a view taken on the line T—1 of Fig. 6;

Fig. 8 is a top plan view of a modification of the
duplexer of Fig. 5;

Fig. 9 is a top plan view of another modification:
of the duplexer shown in Fig. 5;

Fig. 10 is a -view along line {0—i0 in Fig. 9;
and

Fig. 11 is a performance curve illustrating a

) certain broad band characteristic of the inven-

tion.

Referring now to Fig. 1, two parallel wave~
guides 10 and 11 are joined together at a common
wide wall 12. A pair of rectangularly crossed
slots 13 and 14 is cub in this common wall, in g
region to one side of the longitudinal eenter line
thereof. At each of the four points where the
walls of the slots intersect, the material of the
wall 12 is continued in the form of a pointed ex-
tension 15 in the direction of a diagonally op-
positely-disposed intersection point. 'The exten-
sions 15 extend toward the geometric center of
the slot configuration, and all terminate "just
short thereof, so. that. their ends are all very
near to but do not touch each other. This con-
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struction is shown more clearly in Fig. 2. The
slots 13 and {4 are each resonant to the mid-
band frequency of the operative frequency hand,
angd consequently tend to effect practically 100
percent transfer from one waveguide to the other
of power at that frequency. The upper wave-
guide 1§ is sealed at both sides of the slot ar-
rangement with suitable gas impervious but elec~
tromagnetic wave pervious windows §§, {7 made
of glass, mica, or the like, and a similar window
{8, shown in dotted line in Fig. 1 but more clearly
in Pig. 3, is provided in the other waveguide {1,
mounted on the common wall §2 and covering the
slots 13 and 4. There is thus provided s sealed
chamber (8 in the upper waveguide (8, and the
extensions {5 are in this chamber. The chamber
£9 is partially evacuated, and may contain any
suitable gas, for example, hydrogen or argon, and
water-vapor at a pressure below that of the at-
mosphere.

The four termindls of the duplexer of Fig. 1 are
denominated {, 2, 8, and 4; the ends of the lower,
unsealed waveguide {1 being terminals { and 2,
respectively, and the ends of the upper, sealed
waveguide {8 being terminals 2 and 4, respec-
tively.. This duplexer is connected with a com-
plete system as shown in Fig. 3. Terminal { is
connected to the transmitter, or source of radio
frequency pewer (not shown), which is usually

the magnetron.. Terminal 2 is connected to the 3

receiver (not shown). Terminal 3 is connected
to the antenna (not shown). Terminal 4 is con-
nected to a non-reflective termination 21, which
may repldce and assume the sedling funection of
the window {7 shown in terminal 4 in Fig. 1.
Alternatively, the window. 1T may he retained,
and terminal 4 niay be connectéd to a suitable
dummy load (not shown) which does not reflect
energy. In Fig. 3, the window (8 at the slots
is shown in cross section, and it should be noted
that this window is spaced away from the wall
material in the immediate vicinity of the slots
{3 and {4 and the extensiors 15. The purposs of
this will be presently explained.

As has already been set forth, the preserit |,

duplexer is essentially a directional coupler.
Considering first the relatively low power that is
available as & received signal from the antenna,
this power enters terminal 3, in the direction of
line 22, and proceeds to the left along the lower
waveguide [{. When the received signal arrives
at the resonant slots 13 and 14, it is directionally
coupled over into the upper Wavegulde i1, and
proceeds through terminal 2 to the receiver (not
shown). A small fraction of the received signal
Tails to be coupled-over into the upper waveguide
{8, and, as indicated by a dotted line 22’, pro-
ceeds toward terminal | and the transmltter
Here, however, there is a marked impedanece
ml.:match due to the fact that the transmitter is
dormant, and this stray signal power is reflected
back toward terminal 8. On arriving at the slots
i8 and 14, however, the stray signal power is
directionally coupled into the upper waveguide
{8, and therem to the non-reflective termination
21, where it is completely absorbed for all prac-
tlcal purposes. This action of the present du-
plexer renders unnecessary the special anti T-R
circuits that have heretoforé been employed in
radar systems, for, with the present duplexer,
the transmittér is effectively decoupled from the
receiver. -
. Considering now the relatively high rdadio fré-
guency power that is available from thé trans-
mitter, this power enters the duplexér st términal
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3 breakdown of the gaps.
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{ and proceeds to the right along the lower wave-
guide {1 as indicated by line 23. When this
power arrives at the slots 13 and 14, it tends
normally to proceed through the slots into the
upper waveguide (9 and toward terminal 4 and
the non-reflective termination 21. However, the
voltage produced across the slots is so great that
the gaps between the ends of the extensions 15
are highly ionized, and, since the gas that sur-
rounds the gaps is at a low pressure, the gaps
break down, as in the low pressure gap tubes
that are employed in prior art duplexing devices.
The window [8 is spaced away from the exten-
sion {§ so that it will not be burned during the
The conductive path
that is thereby provided across the gaps eifec-
tively detunes the slots and they are for all prac-
tical purposes absent, so that the great bulk of
the oscillator power proceeds to the antenna
through terminal 3. A small amount of trans-
mitter power is coupled into the upper waveguids
18, however, and proceeds toward the non-re-
flective termination 2{. I have discovered and
verified experimentally that the directional cou-
pler nature of the present device is not destroyed
hy the firing of the gaps between the ends of the
extensions (8§, and that the portion of the trans~
mitter power that is coupled through the slots
13 and {4 during firing of the gaps is coupled
directionally, as indicated by the dashed line 25/,
as though the gaps were not fired. In other
words, that the present duplexer has high level
directivity as well as low level direectivity is an
experimental fact which distinguishes the pres-
ent duplexer in performance from conventional
valanced. duplexers. The non-reflective termina-
tion: 21 absorbs practically all of the:stray trans-
mitter power that is coupled into the upper wave-
guide {8, so that only a very small amount of such
stray power is reflected therefrom. The small
amount of this power that is reflected proceeds to
the receiver, as indicated by the dot-dashed line
23’7, since the gaps are still fired and it cannot
be coupled bhack in any appreciabie quantity tc
the transmitter.

The voltage level of the transmitter power that
eventually finds ifs way to the receiver is so low
that it cannot burn out the crystal detector that
is ordinarily -found there. Thus the present du-
plexer combines in one device the functions of
the T-R and the anti T-R circuits of the known
art.

In general and as will te discussed in detail
inn connection with Fig. 11, the amount of re-
ceived signal power that is not coupled info the
receiver is no greater than 2 &b of total power
furnished at términal 3 over a hand of freguy
ciés 6f the order of 500 megacycles wide ab
mc. mean coperating frequency and may. be
Iow 45 0.2 db thereof in a narrower band. Thus
within the wider band at least 63 versent of the
received mgnal power arrives at the rsceiver.
On the other hand; the transmitter power that
is coupled out of the lower waveguide {i inio
thie upper waveguide {8 is at o level apunroz
mately 40 cb below that in the lower wavegul
t§, so that nearly 100 percent of the transmitber
nower.is furnished to the antenna. The {rac-
tion of the transmitfer power that iy furnished
to the receiver by reflection from the practicaliy
reflectionless termination 21 is at the still lower
level of approximately 60 db below that of the
original power in the lower waveguide {{, and
this small fraction cannot damage the receiver
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crystal even when energy at a 30 kilowatt level
is furnished by the fransmitter. ‘

While the crossed arrangement of the two
slots 13 and {4 is preferred, as will he explained
kelow, the invention may be practiced with di-
rectional couplers of other forms, such as the
directional coupler shown and described in my
copending application- Serial No. 784,277, filed
November 5, 1947. Fig. 4 shows a slot arrange-
ment in accordance with the disclosure of said
copending application.  Thus the common wide
wall 12 may be provided with cne or more pairs
cf individual mutually perpendicular slots 26 and
27. The transversely-directed slot 2§ is cen~
tered at the longitudinal center line of the wall
{2, and the longitudinally  directed glot 27 is
centered to cone side thereof, so that, when the
excited waveguide is excited in the fundamental
mode, each will be in a position of advantage for
coupling energy, all as is explained in said co-
pending application. The present arrangement
diifers from that of said copending application,
however, in that the slots are resonant to the
mid-band frequency of the operating frequency
band, for, in the present invention, it is desired
to secure, as nearly as possible, 100 percent cou-
pling from one waveguide to the other. Tach
slot is provided with confronting projections 28
disposed in the long walls thereof so that they
originate at points of high potential difference,
which function as discharge electrodes in a low
pressure atmosphere, as do the extensions i5.

When the slots 28, 27, and discharge electrodes
23 are all enclosed in a proper low pressure gas-
cous atmosphere, as in Fig. 1, the directional
coupler in accordance with Fig. 4 may be em-
ployed in place of the crossed slot arrangement
of Fig. 1 to provide a duplexer which behaves
kasically like that of Fig. 1. It is possible, how-
-ever, that one of the slots 25 or 27 of a pair will
fire prior to the other during the T-R function,
and, if that happens, the directional coupler
action will ke impaired and the outpui signal
pulse at the antenna will not be sharp and dis-
tinct, but may be irregular, with some power lost
through one of the slots into the termination 21
or perhaps even into the receiver, where damage
might result to the crystal. Hence, cne reason
for preferring the crossed slot configuration
shown in Fig. 1 is that, because the gaps of the
two slots 13 and {4 are practically coextensive,
the firing of one slot necessarily fires the other.
In this way, the directional coupler behaves the
same each time the gap is fired. The crossed slot
configuration is set somewhat to one side of the
longitudinal center line in the common wide wall
{2 so that each slot will by itself transfer the
same amount of power. from cne waveguide to
the other. ‘

Referring now to Figs. 5, 6, and 7, the embodi-
ment of the invention there shown employs two
waveguides 28 and 3f which are rectangulariy
disposed with relation to each other and joined
together in a common wide wall section 32. The
juniction may be made by removing a portion of,
for example, the lower wide wall of the top wave-
guide 3! and soldering together the two wave-
guides so that a portion 32 of the upper wide wall
of the lower waveguide 3§ is common to both
waveguides. A crossed slot configuration similar
to that of Fig. 1, made of two siots 33 and 34,
is provided in one corner of the common wall
area 32, so that it is to one side cof the longitudi-
nal center line of each waveguide.  The lower
waveguide 30 is sealed at ‘both ends with the
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window 18 and the non-reflecting termination
21, and a sealing window 38, corresponding to
the window 18 in Figs. 1 and.3, is provided in
the upper waveguide covering the slots 33 and
3. A gap 36§ is provided among four extensions
35, which correspond. to the ‘extensions 5 in
Fig. 1. The covering window .38 is preferably
arched as shown in Fig. 7 so that sparking across
the gap 38 will not.-burn it. As will be readily
appreciated, the lower waveguide 28 of Fig, 5
corresponds to the upper waveguide {8 of Fig. 1,
and the upper waveguide 31 of Fig. 5 corresponds
to the lower waveguide ‘11 of Fig. 1. The varicus
terminals 1, 2, & and # of the duplexer shown
in Fig. 5 are denominated the same as the cor-
responding terminals in Fig. 1, and are intended
to be connected in a system in the same manner
as shown in Fig. 3. . The crossed waveguide con-
figuration of Figs. b, 6, and 7 provides an ar-
rangement wherein equal powers are transferred
by the two slots at all frequencies in the opera-
tive frequency band, thereby enhancing the
bandwidth and overall performance of the de-
vice. ‘

Referring now to Fig. 8, the embodiment there
shown employs a replaceable slot and gap ele-
ment 40, which is mounted in the common wall
section 32, This element  may be soldered or
serew-threadedly engaged in the wall 32; as de-
sired, and consist of a rim portion 4{-and equaliy
spaced around the circumference thereof four
radially inwardly projecting arms 42, which ex-
tend toward the center to provide a gap 43. The
arms define a pair of somewhat wing-shaped
crossed slots 44 and 45, which together have the
appearance of a. four-leaf clover. In-fact, the
slots 13 and. 14 or 34 and 35 may also be rounded
at the outer ends to provide a similar appesr-
ance. The crossed-slot arrangement of the in-
vention has therefore given rise to the term
“clover-leaf duplexer” to deseribe the invention.
As shown in Fig. 8, the slots may be directed
diagonally with respect to the longitudinal axes
of the waveguides 89 and 31, if desired. With the
element 40 in place of the slots 34 and 35, the
slot and gap portions may be changed if the gaps
burn away after long use. -Of course, the remain-
ing features of the duplexer of Figs. 5, 6 and 7
are retained;: that is, suitable windows corre-
sponding to windows 16 and 33 and a suitable
matched load or non-reflective términation like
termination 2{ are-provided as set forth ahove.

The embodiment of the invention that is shown
in Figs. 9 and 10 is electrically the same as those
of Figs. 1, 5, and 8, but provides a different
mechanical structure wherein the gap is adjust-
able and the electrodes are more easily renewed.
Two waveguides 80 and 51 are disposed at right
angles to each other, with wide walls confronting,
and a small space §2 between them. -Each wave-
guide is provided with an aperture 5%, 54, respec-
tively, in the wide wall confronting the other.
The apertures are collinear and eac¢h is near an
edge of its wall, so that, as shown in the top plan
view of Fig. 9, they are disposed in a corner of
the sguare region where one waveguide B{ . is
directly above the other §8. This disposition is
the same as that of the slots in the embodiments
shown in Figs. 5 and 8. A tube 55 of electrically
conductive material connects the two apertures.
This tube is in effect a short length of waveguide,
and . is preferably maintained as short as pos-
sible. The tube. is provided with four.radiglly
inwardly directed screws 56 which approach but
do not meet at the center. The space between
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their innér ends provides a spark gap 57. The
lower waveé guide 50 is sealéd ab oneé‘énd with the
non-refleéting termination 21 or the like and at
the other end with thé window 18 (not shown).
The aperture 54 of the upper waveguide ¥i is
closed inside that waveguide with a window B8,
Thé spark gap 87 is thus completely sealed off
from the atmosphere and can be surrounded with
gas at & low préssure. Theé screws §§ provide
for adjustment of the gap and can be replaced.
Thé threaded fit of the screws into the tube 55
rmiust He such that low pressure can be main-
tdined around the spark gap. This can be as-
sured by providing a solder seal (not shown)
after the gap 87 is adjusted, thus assuring a
permanently adjusted gap as well as a gas s=sal.

The crossed slot éoupling of the present inven-
tion has the unique ddvantage that the duplexer
employing it requires no keep-alive potential, as
is required in prior known duplexers.
field in the gap of an ordinary T-R {tube which is
linearly polarized, the field in the eross slot gap
of the presént invention is circularly polarized.
This means that the field is never zero and that
the ionization products will tend to travel in cir-
cular paths. Of thé experimental duplexers that
have been built and tested, none has been pro-
vided with a keep-alive potential, and yet none
has been known to hold off firing.

In the so-called X-band, which is in the reg
of 3 centimeter wavelengths, the duplexer acco
ing to Figs. b and 8 occupies g space which can
ke mmade as small as one cubic inch.  This small
space includes both the T-R and the snil TR
equipment, which is a vast saving in space over
the prior khown arrangements.

As has been pointed out above in the discussion
of Fig. 3, the duplexer of the present invention is
actually a directional coupler at both high and
low  levels, with a practically mnon-existens
amount of loss at high levels, and thé directional
coupler feature at high levels provides for pro-
tection of the receiver. For example, the high

“level loss due to the duplexer has been found on
some samples to be from 0.1 to 0.3 db. At low
‘levels, however, that is, during receiving, the
duplexer ig a directional coupler in the ordinary
sense, the slots being in the un-fired condition.
and there is g loss of energy due to the insertion
thereof between the antenna and the receiver.
Fig, 11 shows the amount of the insertion loss for
a typical duplexer operating in the X-band. The
curve 60 shows that over a wide bang, from 8200
to greater than 9400 megacycles per second, the

ion
-

insertion loss was ‘nevel greater than 2.1 db. .

In the band from 9180 to 9375 megacycles, the
Ioss was 0.5 db or less.

Further measuremernts that have been made
indicate that the récovery time of the preseni
duplexer is at least as good as that of prior known
duplexers. In -other characteristics; such asg
leakage power, it is likewise as suitable as cther
duplexers. In its lower losses at both high and
jow levels, its savings in space, cost, and weight,
and in many other features that have been
pointed out above, it is vastly supericr io the
prior known dupléxers.

Duplexers construeted in accordance with the
present invention may take many physical forms,

and no attempt has been made herein to illus~ ;

trate more than but a few examples. Accord-
ingly, it is intended that the claims that follow
shall not be limited by the herein described de-
tails, but only by the prior art. In the claims
that follow, the term “directional coupler” shall

Unlike the .
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be understood to mean a device consisting of a
first or main transmission line and a second or
auxiliary transmission line, each line having two
ends, or terminals, the lines being coupled to-
gether at a point or points intermediate the ends
of each, which, when there exist waves trav-
elling in both directions in the main line, de-
livers to one end of the auxiliary line a voltage
which is largely a function cof the amplitude of
the wave going in one preferred direction in the
main line, and relatively independent of the
wave going in the opposite direction in the main
line.

I claim:

1. A duplexer adapted to be used with ultra-
high frequency eleciromagnetic wave energy
comprising a directional coupler consisting of
first and second transmission lines each having
two terminals and having at least one coupling
clement connected to each of said lines at a re-
gion intermediate the ends therecf, and elec~
trode means connected in shunt with said ele-
ment for positively short circuiting the input to
said element when the coupled power exceeds a
predetermined value.

2. A duplexer adapted to be used with ultra-
high irequency electromagnetic wave energy
comprising a directional coupler consisting of
first and second transmission lines each having
two terminals and having a coupling element
tuned substantially to a prescribed frequency
hand of said energy and connected 1o each of said
lines at a region intermediate the ends thereof,
snd electrode means connected in shunt with said
clement for positively short circuiting the input
to said element when the coupled power exceeds
a predetermined vaiue.

3. A duplexer adapted to he used with ulira-
high {frequency electromasgnetic wave energy
comprising a directional coupler consisting of
two waveguides having & wave conducting pas-
sage between them coupled to each waveguide
through a side wall at a regicn intermediate the
ends theresf for the coupling of wave energy
irom one waveguide to the other, and elsectrode
means partially bridging said passage and ar-
vanged to provide an ionic discharge across the
passage when the energy being coupled exceeds
a predetermined value.

4. A duplexer adapted t0 be used with ultra-
high Ifrequency electromagnetic wave energy
comprising a directional ccupler consisting of
two waveguides having a wave conductihg pas-
sage bhelween them coupled to each waveguide
through a side wall at a region intermediate the
ends thereof for the éoupling of wave energy from
one waveguide to the other, eiectrode means par-
tially bridging said passage and arranged to pro-
vide an ionic discharge across the passage when
the energy being coupled excesds a predeter-
mined value, and means providing an hermetic-
ally sealed cell about said electrode means.

5. A duplexer adapted to be used with ultra-
high fiequency electromagnetic wave energy
comprising a directional coupler consisting of
two waveguides having a wave conducting pas-

‘sage between them coupled o each waveguide

through a side wall at a region interimediate the

ends thereof for the coupling of wave energy from

one waveguide to the other, electrode means dis-
posed in said passage and arranged to provide an
lonic discharge across the passage when the
energy being coupled exceeds a predeterimined
value, and means providing an hermetically
sealed cell about said électrode means, said cell
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means consisting of a pair of gas impervious
electromagnetic wave pervious windows. disposed
across one of said waveguides one at each side
of said passage, and a third similar window dis-
posed. in the other of said waveguides and clos-
mg said passage.
8. A'duplexer adapted to be used with ultra-
high  frequency electromagnetic wave energy
comprising a pair of waveguides.each having
two terminals and having a common side wall,
slot means in said common wall located interme-
diate the terminals of each waveguide and dr~
ranged directionally to couple said waveguides
and electrode means partially bridging said slot
means and effective substantially to close said
slot means when the energy being coupled exceeds
& pledetermmed value.
7. & duplexer adapted to be used with ultra-
high frequency electromagnetic wave energy com-
prising a pair ofrectangularwaveguideseachhav-
ing two terminals and having a commonwidewall,
a pair of mutually perpendicularly: crossed slots
in said common wall located intermediate the
terminals of ‘each waveguide and centered at a
voint not on the longitudinal center line of either
waveguide, and electrode means partially bridg-
ing said slot means and effective substantially to
close said slots when the energy bemg coupled
exceeds a predetermined limit.

8. A duplexer adapted to be used with ultra-
high freguency electromagnetic wave energy
coriprising a pair of waveguides each having
two terminals and having a common side wall,
siob means in said wall located intermediate the
terminals of each waveguide and. arranged di-
rectionally to couple said waveguides, said means
heing resonant to the mid-band frequency of the
operative frequency band, and electrode means
partially bridging said slot means and effective
substantially to close said slot means when the
energy being coupled exceeds a predetermmed
'1m’

. A duplexer adapted’ to be used with ultra-
hwh frequency electromagnetic wave energy
comprising; a pair of mutually perpendicularly
disposed  rectangular waveguides each having
two ferminals and coupled together through ad-
jacent wide wall parts at regions intermediate
the terminals of each waveguide, a slot configu-
ration of two mutually perpendicular slots pro-
viding directional coupling, spark electrodes ex-
tending across said configuration, and a gap be~
tween said electrodes, of a size to break down
when the energy being coupled exceeds a prede-
termined level.

i0. In a microwave radio transmit and receive
system having o transmitter, a receiver, and a
single antenna for both functions, in combina~
tion: a first waveguide connected between the
transmitter and the antenna, a second waveguide
connected at one end to the receiver and ter-
minated at the other end in a non-reflective ter-
mination, means directionally coupling said
waveguides together intermediate their ends so
that energy entering the first waveguide from the
antenna is guided to the receiver and energy
entering said first waveguide from the transmit-
ter would normally be guided to said termina-
tion, and spark electrode means partially bridg-

ing the coupling means and having a gap of a -

size which breaks down each time the transmit-
ter is operated.

11. In a microwave radio transmit and receive
system having a transmitter, a receiver, and a
single antenna for both functions, in combina-
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tion: -a first waveguide connected beétween the
transmitter and theé antenna, a second wayeguide
connected at one end to the receiver and at the
other end to a non-reflective termination, means
substantially resonant to the freguency .of oper=
ation of the transmitter for directionally. cou-
pling said waveguides together intermediate their
ends so that ehergy entering the first wavegulde
from. the antenna is guided to the receiver and
energy éntering. said first wavegiuide from the
transmitter would. normally be guided to said
termination, and spark electrode means partially
bridging the coupling means and having a gap
of g size which breaks down each tlme the trans-
mitter is operated.

12, In a microwave radio transmlt and recewe
system: having a transmitter, a feceiver, and a
single antenna for both - functions, a . duplexer
comprising: a four-terminal directional coupler
having first and second. waveguides, .said first
waveguide being - connected between the trans-
mitter and the antenna, and said.second wave-
guide being conneeted to the- receiver at the end
to which energy from ithe anteénna is normally

7 directsd and. teriinatéd at the other end with a

non-refléctive termination, the .coupling between

said waveguides being by way of a passage there-

between, spark'eléctrodes ‘extending part way

across .said. passage, a. gap betweén said élec-

trodes, said gap being” adJusted to. break down
each time the trahsmitter is operated..

13. A duplexer adapted to be used with' ulma—
high irequency electromagnetic . wave . énergy
comprising a pair of rectangular wavéguides hav=
ing a common wide wall, a paii of mutually per-
pendicular crossed slots in'said common. wall cen-
tered at a.point.not on the longitudinal centér
line of either waveguide, one 6f said slots being
directed . perpendicular to. the lohgitudinal axis
of one of said waveguides, and electrode means
extending into said slots dimensioned substan-
tally to close said slots when the energy being
coupled exceeds o prescribed magnitude; .

14. A duplexer adapted to be used with ultra—
high ifrequency electromagnetic  wave energy
comprising a pair of mutually perpendicular
waveguides having a common wide wall, a pair
of mutually perpendicular crossed slots in said
common wall centered at a point not on the lon-
gitudinal center line of either waveguide, one of
said slots being directed perpendicular to the
longitudinal axis of one of said waveguides, and
electrode means extending into said slots dimen-
sioned substantially to close said slots when the

5 . energy being coupled exceeds a prescribed mag-

nitude.

15. A duplexer adapted to be used with ultra-
high frequency electromagnetic wave energy
comprising  a pair of mufually perpendicular
waveguides having a common wide wall, a pair
of mutually perpendicular crossed slots in said
common wall centered at a point not on the lon-
gitudinal center line of either waveguide, and
electrode means extending into said slots dimen-
sioned substantially to close said slots when the
energy being coupled exceeds a prescribed mag-
nitude.

16. A duplexer adapted to be used with ultra-
high frequency electromagnetic wave energy
comprising  a - pair of reetangular waveguides
coupled together at a common wide wall, a slot
configuration of two mutually perpendicular slots
in said wall providing directional coupling, said
configuration being disposed away from the lon-
gitudinal center line of said wall for either wave-
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Zuide, spark electrodes extending across.said con-
ﬁguratmn and ) gap between said electrodes, of
a size adapted to break down when the energy
bemg coupled exceeds 3 predetermined level.

17. A duplexer adapted to be used with ultra-~
high frequency electromagnetlc wave energy
comprising a pair of mutually perpendicularly
disposed rectangular waveguides coupled to-
gether at a common wide wall, a slot configura-
t1on of two mutually perpendmular slots in said
wall providing directional coupling, each slot be-
ing disposed parallel to the longitudinal axis of
one of said waveguides, sa1d configuration being
dxsposed away from the longltudmal center line
of said wall for either waveguide, spark elec-
trodes extending agross said configuration, and a
gap between said elect1 odes, of a size adapted to
break’ down when the energy heing coupled ex-
ceeds a predetermmed level

18. A duplexex adapted to be used with ultra-
high f1equeney electromagnetic wave energy
comprising a directional coupler consisting of
first and second transmission lines each having
two terminals and having at least one coupling
element connected to each of said lines at a re-
gion mtelmedlate the ends thereof, and spark
electrode means partially bridging said element
for effectlvely short-mrcmtmg the input to said
element when the coupled power exceeds g prede-
termmed value sald means providing a substan-
tially circularly polarized ionic discharge across
said input.

19. A duplexer adapted to be used with ultra-
hlgh frequency electromagnetm wave energy
comprising a directional coupler consisting of
two waveguldes havmg a wave conductive pas-
sage between them coupled to each waveguide
through a 51de wall at a region 1ntermed1ate the
ends theleof fo1 the coupling of wave energy
from one wavegmde to the other, and electrode
means partially bridging said passage and ar-
ranged to provide an ionic discharge across the
passage wWhen the energy being coupled exceeds
a predetermined value, said electrode means be-
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ing . constructed to provide a substantially cir-
cularly polarized discharge.

20. A duplexer adapted to ke used with ultra-
high frequency electromagnetic wave energy
comprising a directional coupler consisting of
two waveguides having a wave conducting pas-
sage between them coupled to each waveguide
through a side wall at a region intermediate the
ends thereof for the coupling of wave energy from
one wave guide to the other, electrode means dis-
posed in and partially bridging said passage
and arranged to prov1de an ionic discharge across
the passage when the energy being coupled ex-
ceeds a predetermined value, and means provid-
ing a hermetically sealed cell about said elee-
trode means, said cell means consisting of gas im-
pervious electromagnetic wave pervious means
closing said passage in one of said waveguides,
and similar window means disposed in the other
of said waveguldes and closing said passage.

HENRY J. RIBLET.
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