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‘ 3,076,157
HIGH POWERED DUPLEXING ARRAMGEMENT
Thomas E. Manwarren, Ferawood, ™M .¥., assignor to Gen-
eral Electric Company, 2 corporation of New York
Filed June 29, 1959, Ser, Ne. 823,393
2 Clalms, (Tl 333--83)

This invention relates generdily to the transmission and
reception of electromagnetic waves and more particularly
10 a method and means for automatically and selectively
switching waves of high and low power level to pre-
determined circuits. Reference can be made to Patent
2,408,055 issued to M. D. Fiske on September 24, 1946
for a detailed description of the manner ‘in which a
duplexing arrangement functions to switch electromag-
netic waves between various load circuits,

In effecting the propagation of electromagnetic waves
along wave guiding structures such as waveguides, coaxial
lines, etc., it is oftentimes desirable to selectively switch
waves of different power to respective load circuits. For
example, in the field of radar obstacle detection it is a
common practice to operate the pulse transmitter and the
pulse echo receiver in conjunction with a common anten-
na. By providing a waveguide switch in a section of the
waveguide feeding the antenna which is common to both
the transmitter and the receiver, it is possible to limit sub-
stantially all the transmitted energy to the antenna and
all the received energy to the receiver with an acceptable
minimum of interchange of energy between the trans-
mitter and receiver. If the switching apparatus were
made non-linear, that is, dependent upon the intensity of
applied wave energy, then an automatic switching circuit
results.

It is an object of the present invention to provide an
improved method for operating a transmitter into. and a
receiver from a common antenna system.

A further object of the invention is to provide an im-
proved transmit-receive switching device which can effec-
tively handle a larger amount of power from a transmitter
than heretofore possible.

It is another object of my invention to provide a novel
method and means for selectively routing electromagnetic
waves of different energy intensity into separate channels.

It is another object of my invention to provide a method
and means for automatically changing the impedance of
an electrical network -in accordance with the intensity
level of propagated waves to effect switching of said
waves in a desired manner.

It is a further object of my invention to provide an
improved signal processing arrangement,

The novel features which are believed to be character-
istic of my invention are set forth with particularity in
the appended claims. My invention itself, however, both
as to its organization and method of operation, together
with other objects and advantages thereof, may best be
understood by reference to the following description taken
in connection with the accompanying drawings in which:

FIGS. 1a, 1b and 1c illustrate schematically wave en-
ergy switching in an electrical netwerk employing an
ionizable medium;

FIG. 2 fllustrates schematically an embodiment of the

2

invention wherein an ionizable medium in series with a
capacitive reactance constitutes a switching network;
FIG. 3 illustrates schematically an embodiment of the
invention wherein the jonizable medium is physically lo-
cated outside the waveguide structure wherein electrical

- waves are to be controlled; and
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FIG. 4 illustrates schematically a circnit network ar-
rangement in which a reactance is placed in parallel with
an ionizable medium for effecting control of waves prop-
agated in a wavegunide.

Referring to FIG. 1 there is shown an arrangement
involving circuits 1, 2 and 3. In a particular application
it is desired to selectively communicate electromagnetic
waves between various combinations of the circuits while
preventing the communication of waves between other
combinations of these circuits. To effect this control
there is provided a switching circuit 4 which couples the
various circuits 1, 2 and 3 by means of waveguide sections
§, 6 and 7. In a specific embodiment, circuit 1 might
comprise a radar transmitter which transmits high power-
ed pulses of electromagnetic energy at a particular recur-
rence rate. It is desired to couple these high powered
transmitter ‘pulses to a load circuit 2 which might com-
prise an antenna for radiating the high frequency emergy
out into space. In effecting the coupling of high powered
pulses from circuit 1 to circuit 2, it is desired to prevent
the coupling of high powered pulses into circuit 3 which
might comprise a receiver for receiving the relatively
weak echo pulses returned from a remote object which
has been illuminated by the transmitted pulses. After a
predetermined interval of time dependent upon the dis-
tance from the antenna 2 to the illuminated object, a
weak echo pulse is received in antenna 2 and it is a fune-
tion of the switch 4 to couple the weak pulse over wave-
guide sections 6 and 7 1o the receiver 3 while preventing
the coupling of the weak pulses to the transmitter by way
of waveguide section 5. This switching action is com-
monly referred to as duplexing wherein high intensity
pulses and low intensity pulses are coupled to different
channels. 1t is the function of the switching circuit 4 to
respond automatically to the intensity of the wave being
propagated between the waveguide sections 5,6 and 7
to effect the proper switching.

Referring to FIG. 15, there is shown in accordance
with one embodiment of the invention a switching arrange-
ment for use in a section of rectangular waveguide 8.
FIG. 1) is a cross-ssction view through a resonant cavity
formed in part by the walls of waveguide § with a switch-
ing network included therein comprising electrically con-
ductive posts 2 and 16 coupled by an ionizable medium 11,
The circuifs comprising 9, 10 and i1 are connected in
series with the distributed capacity, shown as 12, formed
between the post 1§ and the waveguide walls, The joniz-
abie medium may comprise an enclosed vessel formed of
a dieleciric wall material 13 containing an ionizable gas
such as argen, neon, CTypton, zenon, efc. Under normal
cenditions with no or little wave energy being propagated
through the cavity, the gas is non-ionized and the electrical
circuit comprising 9, 16, 11 and 12 has 2 first impedance
value affecting control of the waves propagated through
the cavity in one manner. In response to the intensity of
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waves propagated in the cavity above a predetermined
level, the ionizable gas responds to become ionized and
offect a change in the impedance value of the elecirical
circuit comprising elements 9, 19, 11 and 12 to effect
control of the waves propagated in the cavity 8 in a
manner different from said first manner. in the non-
conducting, non-ionizable state the posts § and 16 are
efiectively connecled to one another only by the high
capacitive reactance of the gap between the posts. When
the gas is ionized, a virtual short circuit joins the elements
¢ and 18 together, However, all current which flows
through the ionized medium 11 must also fiow through
the series reactance 12 and, therefore, the magnitude of
current is reduced. This accomplishment effectively in-
creases the power handling capacity of the duplexer.

Reference is now made to FIG. 1¢ wherein ihe function-
ing of the switching network shown in 1b is illustrated
in greater detail. Wherever possible, common reference
numerals have been retained in FIG. lc to agree with
those used in FIG. 1b and la. Actually, two electrical
switching component networks, shown as 14 and 15, are
employed in the arrangement of FIG. le. It sheould be
noted that the resonant cavities are shown as being formed
of rectangular waveguide sections with input and output
coupling susceptances 16, 17 and 18. Briefly, these sus-
ceptances comprise conductive walls introduced at the junc-
tion of wavegnides §, ¢ and 7 with the resonant cavities.
Before describing the functioning of the arrangement of
FIG. ic, it may be well to consider for a moment the
functioning of a cavity resonator which is coupled fo a
wave guiding structure. Briefly, the input impedance of
the resonant cavity approximates very closely a short cir-
cuit when the resonant cavity is detuned from the operat-
ing frequency of the waves being propagated therethrough,
thereby blocking passing of waves through the cavity.
If the resonant cavity is tuned to the operating frequency
of the waves being propagated therethrough, wave energy
is permiited to be passed through the cavity resonator.
This effectively constitutes an unblocked condition of the
cavity.

In the arrangement of FIG. 1c, the electrical switching
networks have been dimensioned such that when electro-
magnetic waves are being propagated with an intensity
below a predetermined intensity level, or waves of the
relatively low intensity level of reflected echoes, the cavity
resonators are tuned to the system operating frequency.
Assuming the tuned status of the resonators 14 and 5,
we shall now describe a cycle of events illustrating the
functioning of the switching circuits to provide the desired
coupling of high and low intensity waves, Assuming cir-
cuit 1 is a generator of high powered pulses of megawait
intensity, these high powered radar pulses are transmitted
over waveguide section 5 through the switching circuit 4,
the waveguide section 6 to circuit 2 which might comprise
a radar antenna for beaming the energy out to a remote
object. A portion of the high powered pulse being com-
municated to the antenna 2 is coupled into the resomant
cavities 14 and 15. Both cavities respond by having their
jonizable mediums become ionized and effectively detune
the cavity rescnators with the help of the distributed
capacity 12 and the conductive posts 9 and 16, shown in
TFIG. 1b. This detuning of the cavities results in an effec-
tive short circuit being exhibited at the cavity input ports
across the susceptance walls 16 and 17. Thus very little
wave energy is coupled to the load circuit 3, which might
comprise the receiver. In effect, high powered pulses
from circuit 1 are coupled to circuit 2 with substantially
no electromagnetic reflections occuriing in the intermedi-
ate waveguide couplings. \

The transmitted pulse is reradiated from a remote object
as a so-called echo pulse. This echo pulse of relatively
low intensity of the order of microwatts is received at the
circuit 2 which might comprise the same antenna. It is
desired to couple this weak echo pulse to the receiver
circuit: 3 without losing any of the emergy by coupling
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into the transmitter circuit L. At the conclusion of the
transmitted pulse, the jonizable mediums in cavitics i4
and 15 become de-ionized, and return the cavities to their
uned condition. As previously mentioned, in the tuned
condition waves are coupled through the cavity 15 to cir-
cuit 5. To optimize coupling, the impedance of circuit 3
is matched with the impedance of the circuit feeding it.
In the case of cavity 14, the short circuiting wail at 19
reficcts an impedance at the input ports to cavity 14,
which in combination with the susceptance 16 presents an
effective open circuit at the junction of the main wave-
guide wall and the cavity 14, The open circuit exhibited
at the input port to the cavity 14 refiects an effective short
circuit across the waveguide section 5 feeding the trans-
mitter located at circuit 1, thus preventing low intensity
echoes from being absorbed in the transmitter circuit,
The waveguide and cavity structure is dimensioned such
that the short circuit across the transmitter waveguide feed
& is reflected as a short circuit across the waveguide sec-
tions connecting 5 and 6 such that the echo pulses are
effectively all communicated to the resonator 15. The
cavity resonator 15 is coupled by means of a waveguide
section 7 to the load circuit or receiver 3. AS previously
mentioned, the characteristics of the resonant cavity 15
are such that in the tuned condition it exhibits at its input
port effectively the impedance of the receiver which is
coupled to the output port of the cavity resonator.
Accordingly, practically all of the input echoes are coupled
to the receiver and little of the received energy is lost in
the remaining circuitry of the system shown.

Referring to FIG. 2, there is shown a further embodi-
ment of an electrical switching network wherein the ion-
izable medium comprises essentially the only coupling to
the distributed capacity 26. The ionizable medium 21
comprises effectively a vessel having a wall portion
formed of a dielectric material 22 such as glass or ceramic
and containing the gases, argom, neom, ete., previously
mentioned. The jonizable medium has the wall materjal
22 cemented to a conductive plate 23 which can form a
part of the wall of the cavity resonator 24. The cavity
resonator normeally has one particutar tuning in the con-
dition where ionizable medium is not jonized and upon
jonization in response to waves propagated in the cavity
above a predetermined intensity the medium becomes
ionized and effectively exhibits properties of an electrically
conductive post for the distance 1. This effective conduc-
tive post, together with the distributed capacity 28, op-
erates to alter the tuning of the cavity resonator such that
the electrical switching network comprising 26, 21, 22 and
23 controls the waves in a different manner than in the
condition when the medium is un-ionized and effectively is
out of the circuit. The current which flows through the
ionized medium 21 also flows through the series reactance
28, Therefore, the magaitude of this current is reduced,
thereby effectively increasing the power handling capacity
of the duplexer.

Referring to FIG. 3, the ionizable medium 25 is con-
tained in a vessel formed by a dielectric wall portion 26
and an electrically conductive wall portion 27 which may
comprise steel, copper, or some other suitable electricaily
conductive material, In a preferred embodiment, the
vessel was in the form of a cylinder with an electrically
conductive post 28 conductively connected to the wall
material 27 at cne end and protruding into the cavity
resonator through the walls 29. The post can be formed
of any suitable elecirically conductive material, such as
metal. In its non-ionized state the electrical switching
circuit comprises an annulus 31 formed of a conductive
material, such as metal, which is concentric with the post
23 and spaced on its inner diameter therefrom and elec-
trically conductively connected to the wall portions 27 at
the outer periphery thereof.

The operation of the circuit of FIG. 3 is as follows:
The switching circuit is composed of the series combina-
30, the conducting

tion of the distributed capacitance
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post for the length L, and the
into the coaxial section at the
impedance seen locking into' the dielectric window is
composed of a combination of reactances formed in the
coaxial transmission line of length L;-L, in combination
with the capacitive reactance of the annular disk 31,

During the application of power levels below those
necessary to cause ionization of the gas 25, the short
circuited coaxial transmission line of length L, piaces an
inductive impedance at the annular disk which is of the
same magnitude but opposite in sign to the capacitive
reactance of the disk.  As a result, the impedance at the
disk being made up of two cancelling reactances in parallel
is effectively an open circuit. This open circuit is seen as
some reactance Z; at the input window in the coaxial
section.

impedance Z seen looking
dielectric window 26. The

During the application of power levels high enough to

cause ionization of the gas 25, a discharge forms at the
gap between the annular disk 31 and the center con-
ductor 28. As a result, a virtual short circuit is placed
at the annular gap and is reflected as an impedance 7,
at the input window of the coaxial line. The impedance
at the annular disk has thus been changed from an open
circuit during the application of low level energy to that
of a short circuit for incident electromagnetic energy of
a magnitude sufficient to cause jonization of the gas.
Due to the characteristics of trangmission lines and wave-
guides, the impedances Z, and Z, seen at the input window
to-the coaxial section are related essentially by the equa-
tion Zy=1/Z,. 1t is this change in the impedance Z which
constitutes the switching action necessary for detuning the
cavity in which the circuit of FIG. 3 is placed. - Reactance
39 decreases the current flow on inductor 28 and conse-
quently also the current through the glow discharge region.
As a result, the power handling capacity of the duplexer
is increased.

Referring to FIG. 4, there is shown a switching network
which is composed of an inductive post 32, a dielectric
cylinder 33 containing an ionjzable medium 34 placed in
a rectangular waveguide 35, During the application of
electromagnetic energy below the value necessary to cause
ionization of the gas, the network is composed essentially
of the inductive post 32. At incident levels of energy of a
magnitude great enough to cause ionization of the gas 34,
the effective diameter of the post is increased and the
reactance of the switching circuit is decreased. After
ionization of the gas medium, the circuit is composed of
the inductive post 32 in parallel with the ionized medium
34. The change in reactance of the switching circuit for
power levels above the value necessary for ionization of
the gas column effectively detunes the cavity in which
the circuit is placed, The inductive post in parallel with
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the glow discharge carries part of the current flow and
therefore less current flows through the discharge region
than without the parallel reactance of the post. ‘As a result,
the power handling capacity of the duplexer is increased.

While a specific embodiment has been shown and de-
scribed, it will of course be understood that various modi-
fications may yet be devised by those skilled in the art
which will embody the principles of the invention and
found in the true spirit and scope thereof.

What I claim and desire to secure by Letters Patent
of the United States is:

1. In combination, a cavity resonator comprising a
wave guide having two broad walls and two narrow walls,
a-non-linear switching circuit comprising a chamber con-
taining an ionizable medium connected to ome of said
broad walls and extending in length only partially toward
the other of said broad walls, said medium being ioniz-
able in response to electromagnetic waves above a prede-
termined level to de-tune said resonant cavity and to pro-
vide a fixed impedance element serially connecting said
medium across said broad walls to limit current flowing
through said medium to non-destructive values during
ionization, said ionizable medium providing the only
path through said chamber in a direction from one broad
wall to the other broad wall whereby a conductive path
exists only when the intensity of said electromagnetic
waves is above said predetermined level.

2. In combination, a cavity resonator tuned for propa-
gating electromagnetic waves of a given frequency, an
electrical circuit comprising a chamber containing an
ionizable medium connected to one of a pair of walls of
said cavity resonator, said medium being ionizable in re-
sponse to electromagnetic waves above a predetermined
level to de-tune said resonant cavity sufficiently to prevent
the propagation of wave energy and to provide a fixed
impedance element serially connecting said medium across
said pair of walls of said cavity resonator to limit current
flow through said medium to nondestructive values during
ionization, said ionizable medium providing the only
path through said chamber in a direction from one of said
pair of walls to the other whereby a conductive path
exists only when the intensity of said applied wave en-
ergy is above said predetermined level,
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