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This invention relates to signaling systems and .

communication systems and particularly to those
in which electronic devices are used for control-
ling the transmission circuifs.

An object of the invention is to provide an
improved gaseous conduction. relay for making
and breaking connections among a plurality of
electric circuits.

Another object is to simplify maintenance of
electric circuits by reducing the amount of elec-
‘tromagnetic relays to a minimum without sacri-
ficing any of the operating features and substi~
tuting therefor improved gaseous conduction
relays.

It is well known that electric circuits may be
operatively controlled through flow of current in
an associated circuit by interposing therebetween
a cold cathode tube, which will act as a trigger
device. The tube in general comprises a cathode,
a control anode, and a main anode, and when
‘placed in an electric circuit, connections are made
through the anode circuit of the tube. It is also
known that when the anode potential is main-
tained at a value intermediate between the main
gap breakdown and sustaining voltages, the pas-
sage of a small amount of current in the control
gap will produce ionization sufficient to initiate
conduction in the main gap. It is this property
of the tube which enables it to be used as a relay
in eleciric circuits when utilized for control or
signaling purposes. However, as far as appli-
cant knows, the cold cathode tube because of its
‘inherent noise and energy loss has not been satis-
factorily used as a relay in the talking path of
.communication circuits.

In accordance with this invention, a novel elec-
tronic discharge device having divided cathode
elements and an anode, is utilized as a relay for
making and breaking connections in an electric
circuit. Heretofore, mechanical relay contacts
-with their inherent maintenance problems have
‘been employed to a large extent in the talking
path of communication circuits because of low
impedance after contact closure. It is now ad-
-yantageous by the use of applicant’s gas conduce-
tion relay to include the divided cathode ele-
‘ments in series with the talking path of a trans-
mission circuit and to shunt the anode across
the transmission circuit. While the cathode ele-
‘ments will introduce an open circuit condition
.during the gas conduction relay’s normally in-
.operative state, breakdown of the gap between
the anode and cathode elements will produce a
‘low impedance to alternating -current from one
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cathode element to another, and consequently_55

permit alternating current to flow therethrough
since the cathodes are in series with the circuif.
During the operated state of the relay the circuit
condition presented is thus analogous to closure
of mechanical relay contacts.

A feature therefore of this invention resides in
an electronic discharge device having - divided
cathode elements, which are placed in series with
an electric circuit, and an anode, which in con-
junction with a source of energy and switch
means is shunted across the circuit.

Another feature resides in an electronic dis-
charge device having a plurality of cathode ele-
ments angularly spaced with each other and an
anode symmetrically disposed with respect to
the cathode elements.

A clearer understanding of the invention may
be obtained from a consideration of the following
detailed description read in connection with the
accompanying drawing in which:

Pig. 1 illustrates one embodiment of the inven-
tion employing an electronic discharge device in
a telephone operator’s cord circuit with the di-
vided cathode elements connected in series and
the anode circuit shunted across the talking cir-
cuit;

Fig. 2 illustrates a simple embodiment of the
invention;

Fig. 3 illustrates a more balanced arrangement
of the circuit shown in Fig, 2;

Fig. 4 illustrates another embodiment of the
invention with added controls;

Fig. b illustrates another embodiment of the
invention in which several circuits are connected
in parallel through the cathode elements of the
device;

Fig. 6 shows the present type of cold cathode
tube with the surfaces of the cathode elements
parallel and in the same plane;

Fig. 7 shows an improved arrangement of cath-
ode elements in a cold cathode tube;

Fig. 8 shows a tube with slanting cathode ele-
ments as embodied in this invention; and

Fig. 9 shows a tube with curved cathode. ele-
ments as embodied in this invention.

Electronic discharge devices exemplified as re-
lays herein are of the type that are filled with
an inert gas of a composition usually inserted in
such devices and when ionized at a certain poten-
tial become conducting; but once rendered con-
ductive maintain their conductivity until the
potential is removed therefrom or is reduced be-
low the sustaining value.

Referring to Fig. 1, two substations A and B
of a telephone system are disclosed with appear-
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ances at jacks (98 and I81, respectively, before a
telephone operator’s cord circuit C for manual
interconnection. By the insertion of cord circuit
plugs 182 and (83 into jacks (80 and (81, re-
spectively, a circuit is prepared for interconnect-
ing the substations A and B. In the operator’s
cord cireuit C is introduced a gaseous conduction
relay 104 having divided cathode elements 103
and 186 connected in series with tip conductors
111 and 112, respectively, and an ancde 187 in
series with g battery 108, current limiting resist-
ance 109, and switch S connected to the ring
conductor 18 of the circuit. While switch S
is in an open position, no :current-can flow be-
tween the anode 107 and -cathode elements 185
and 106 and therefore the path between the cath-
ode elements 185 and 10§ presents an cpen cir-
cuit to the tip conductors I1i and 142. After
switch S is closed, a baitery potential of suf-
ficient magnitude to break down the gap between
anocde 101 and cathode elements 125 and 106 will
cause current to flow in a circuit from the posi-
tive pole of batiery ‘198, through anode 97, and
thence hormally in an evenly divided stream
through parallel paths, one path through cath-
ode element 985, tip conductor 141, plug 182, jack
160, over loop of substation A and back through
jack 189, plug 102, ring conductor 113, switch S,
and limitihg resistance (99 to negative pole of
battery 108; and the other path through cath-
ode element 188§, tip conductor 112, plug 183, jack
01, over loop of substation B and back through
jack ‘t@1, plug 103, ring conductor 43, switch
S, ‘and resistance ‘109 to mnegative pele of -bat-
‘tery 188.

The current that flows -across the -gap from
-anode 167 normally divides equally between ‘the
‘cathdde elements 105 and (96, but a small po-
tential applied in either -direction -in series swith
the line causes ‘more current to flow to the -one
cathode than to the other. ‘The added potential
generates a “direct current ‘through the gap be-

tween the ‘cathodes, adding its -own value o the:

eurrent ‘of ‘one ‘cathode and-subtracting -an-equal
amount from that of the other cathode. Fer
example, with a small potential (not shown)
‘superimposed ‘on conductor {11 -at element -135,
current flowing from anode 107 to cathode ele-
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‘ment -185 would -be -slightly less-than that flow-

ing to element 186, «although -the tdtal current
“flowing through -anode ‘0T would -still be the
same. A division -of current is merély -efiecied.
The two cathode elemerits, therefore, form-a path

of low impedance ‘to’dlternating -current between

‘the ‘two conductors It and ‘112 of the cord cir-
cuit C, as long as current flows in the anode
circuit. This path is of -considerably -lower im-
pedance and lower‘energy loss than that between
the anode and cathodes, -at‘least for currents of
low frequency. It can be traeed from -the left
cathode element 1085 through conduétor fi{, plug
102, jack 100, over -loop -of -substation A and
back through jack 109, plug 192, ring conduc-
tor ‘113, plug 103, jack 161, over loop-of substa-
tion B and back through jack 181, plug 83, over
tip conductor 112,7and then through cathode . ele-
ment 166 to cathode element H5: It will be noted
that this path through the cathode elements-does
not include -the "battery 188, -resistance 199, -or
switeh 'S, which factors contribute toward reduc-
‘ing the impedance and energy-loss in the talking
circuit. Afterthe-cord circuit has performed-its
function, the operator ‘opens switch S ‘and re-
“lay 184 deionizing, opens the circuit.

In -Fig. 2, ‘transmission lines LI and -L2 are
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shown connected through a gas conduction ré-
lay 114 by means of transformers TI and T2.
A choke coil 15 is inserted between limiting
resistance 116 and battery 117 to keep alternat-
ing current out of the anode circuit. The oper-
ation of relay |14 is similar to that described in
Fig. 1 wherein the cathode elements 118 and (19
cause an open circuit to exist between lines Ll
and L2 while relay (14 is in its normal inopera-
tive condition. When switch S is closed, ioniza-
tion of relay i14 takes place in a circuit from
positive pole of battery {17, through anode 12,
and thence in equal parallel paths, one path

- through cathode element {8 and transformer T1,

and the other path through cathode element (19
-and transformer T2, both paths then converging
through closed switch S, resistance 118, and choke
‘coil 115 to negative pole of battery 111. Fol-
lowing jonization and subsequent conductivity of
relay 114, alternating current (not shown) enter-
ing, say at line Li, will be conducted through
the cathode -elements 118 and 119 of relay {14 to
line L2 in -an -ebvious circuit.

Another property of the gas conduction relay
i14 makes it useful -as -a current limiter. Lef it
be -assumed that a signal current is being trans-
mitted from line Ll toline L2, If thesignal .cur-
rent should exceed the total current in the anode
-circuit at-any time, then one cathode element 118
or |19 would lose-all:of its current with the result
that the lines would be disconnected while -this
condition lasted. This action takes place during
both the positive and negative alternating current
cycles.

A more balanced -arrangement is shown :in Fig.
3, wherein the transformers T :and T2 are pro-
vided with -split windings :for connection :to the
‘gaseous conduction relay-circuit. In addition to
the limiting resistance 122, there:is a smaller re-
sistance 123 -and 124 iin each branch of the-cir-
‘cuit for ‘maintaining the two mormal currents
more nearly equal. These ‘balancing resistances
may ‘be-by-passed by a.condenser 125 soias not-to
‘absorb -power -from ‘the .signal. A .choke coil is
not included ‘herein since there is less tendency
for-alternating .current to flow:in the anode cir-
-cuit. The operation of this arrangement is similar
<to that deseribed in Fig.2.

Fig. -4 shows ancther embodiment :in which
‘several control -features have been added. .In
this -arrangement the ‘battery 126 is of ‘insuffi-
cient voltage to -initiate ionization .of .gas con-
duction relay 120 and‘therefore to:effect-ioniza-
tion a source of .alterndting current is -added.
The alternating current.energy:is:supplied by -an
oscillator 127 through g ‘transformer T3 and

-switch S1 and when superimposed upon the -di-

rect -current -energy. supplied by -battery -126
-causes -a -discharge ‘to take:place ‘between ancde
128 and cathode elements. 129 .and .130 in a:man-
ner already described. If the frequency:of the
‘impressed voltage is high enough, it will not in-
terfere with the signal :or talking .current pass-
ing -through the.cathode elements 129 -and :130.

A further control is:obtained by means of ;a
trigger -electrode ‘131 :of the 'usual type inserted
in the relay (20:and. connected:through:a:switch
S2- and -high ‘resistance (32 to:the ;positive :pole
of a-battery ‘133. The .voltages :6f :batteries- 126
-and 1383 are-then-so.adjusted:that:a ‘connection
is made from ‘line L .to line :L2-only rwhen all
‘three -switches, S, Si, and :S2 are closed. The

~eireuit -is thus subject.fo:atriple control.

‘In -a--similar manner “applicant’s -gas -eonduc-
tion ‘relay can-be utilized:to connectseveral :cir~
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cuits in parallel by means of its cathode elements,
This is illustrated in Fig. 5 where three trans-
mission lines are so connected. The Telay (40
has three cathode elements 134, 135 and 136, and
one common anode 137 controlled by a switch S.
Upon closure of switch 8, relay 140 is ionized in a
circuit from the positive pole of battery (38
through anode 137, then in three parallel paths
through cathode element 134 and transformer
T, cathode element (35 and transformer T2, and
cathode element 136 and transformer T3, respec-
tively, all converging through switch S and limit-
ing resistance 139 to the negative pole of battery
138. Current can thereby flow from any one iine
Ll, L2 or L3, to each of the other two lines; open-
ing switch S deionizes the relay and disconnects
all of the lines. By thus providing a plurality of
cathode elements, applicant has discovered a
novel means. for connecting a plurality of cir-
cuits in parallel.

The structure and operation of the gas con-
duction relay used in the above-mentioned cir-
cuits will now be described in greater detail.
In general, the device comprises an anode of any
suitable metal, cathode elements of extended
area so treated as to have low striking voltage
and low sustaining voltage, and a filling of one
or more noble gases, such as neon, argon, or
helium at a pressure of a few millimeters to a
few centimeters of mercury.

A “cold cathode,” in a discharge tube, is a
cathode that is operated near room temperature,
that is, it is not heated so as to emit electrons
thermionically. In a glow discharge at low gas

pressure and with a cold cathode the current o

flows between a small area on the anode and a
larger area on the cathode. The part of the
cathode to which the current flows is covered
with a glow of appreciakle thickness called the
“negative glow.” The glow is caused by ioniza-
tion in the gas, and neither the gas nor ihe
cathode is incandescent. If the negative glow
does not cover the whole cathode, the current
density in the glow is constant, and the glow
spreads over the cathode in proportion to the
current flowing, without much change in voltage
drep. Only when the negative glow covers the
‘whole cathode, does the current density and po-
tential drop increase. If attention is fixed on
one of the cathodes, the current flowing out of
it may vary considerably with relatively small
variations of voltage drop, so long as the glow
is able to expand or contract over the surface
of this cathode. Variation of current with rela-
tively small variation of voltage characterizes
the property of low impedance. The path from
one cathode to the other may be considered as
two regions in series, each of low electrical im-
pedance. Therefore, in applicant’s device the gas
pressure and cathode area are so proportioned
that the normal current covers about one-half
of each cathode, so that all of the current may
be diverted to one or the other cathode element
without much change in potential between them.
There then exists a path of low impedance be-
tween the cathcdes for alternating current of
not greater amplitude than the steady current
to the anode.

In Fig. 6 is shown a well-known type of cold
cathode tube wherein the cathodes Kl and K2
are parallel and in the same plane while the
anode A may be in a different plane. A better
arrangement, as shown in Fig. 7, is to have the
cathodes Kl and K2 in planes separated by about
twice the thickness of the negative glow. Fur-
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thermore, the current density increases con-
siderably, for the same. pressure and voltage, if
the separation is just right. This phenomenon
is known as the “hollow cathode effect” and re-
sults in a lower impedance. ’

The critical separation varies inversely with
the pressure. To make the operation less de-
pendent upon pressure, the cathode planes are
given a variable separation. This is done as
shown in Fig. 8, by slanting the cathode planes
K| and K2 or, as shown in Fig. 9, by curving the
cathode planes Ki and K2. In this manner, a
considerable part of the space between the cath-
odes will offer the right conditions for high cur-
rent density and low impedance.

When the cathcde-anode path of a gas dis-
charge device is used in a talking circuit, it is
found that the device introduces considerable
noise in the circuit. This noise is associated with ‘
fluctuations in the conditions at the anode that
give rise to current variations. In applicant’s de-
vice a considerable improvement is achieved in
the reduction of noise. This improvement may
be explained by saying that in his device the an-
ode gap is eliminated from the circuit; or in say-
ing that the noisy anode current divides equally
between the two cathodes, cancelling one another
in the talking circuit.

The gas conduction relays and their circuits
described herein therefore offer the advantage of
eliminating noisy or faulty mechanical contacts
from the signal path and replacing them by easily
controlled low impedance gas discharge connec-
tions involving no high voltage path in the sig-
nal circuit. In addition, these arrangements find
useful application in the switching and contro] of
speech and signaling channels.

While this invention has been shown and de-
seribed as embodying certain features merely for
the purposes of illustration, it will be understood
that it can be used in many other and widely
varied fields without departing from the spirit
of the invention and scope of the appended
claims.

What is claimed is:

1. In combination, a communication circuit, a
gas-conduction relay for opening and closing said
circuit, said relay comprising a plurality of cath-
ode elements, an anode, said cathode elements
being connected in series with said communica-
tion circuit, a circuit containing said anode con-
nected in bridged relationship to said communi-
cation circuit, and means included in said bridged
circuit for rendering said relay conductive and
non-conductive.

2. In combination, a transmission line, an elec-
tronic discharge device for opening and closing
said line, said device comprising a plurality of
cathode elements angularly spaced, an anode
symmetrically disposed with respect to said cath-
ode elements, said cathode elements being con-
nected in series with said transmission line, a cir-
cuit including said anode bridged across said
transmission line, and a source of energy included
in said bridged circuit for applying potential to
said anode to render said device conductive,

3. A transmission system comprising in combi-
nation with subscribers’ lines and an operator’s
cord circuit, a gas-conduction relay for connect-
ing and disconnecting said lines, said relay com-
prising a plurality of split cathodes angularly
spaced, an anode symmetrically disposed with re-
spect to said cathodes, said cathodes connected in
series with one leg of said cord circuit, a circuit
containing said anode connected to the other leg
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of said cord circuit, a source of potential, a re-
sistor, and a key included in said anode circuit
for ionizing and deionizing said relay.

4. In combination, a transmission line, a gas-
conduction relay for opening and closing said
line, said relay comprising a plurality of divided
cathoede elements, a main anode, g contrel anode,
said cathode elements being connected in series
with said transmission line, a circuit containing
said anodes cennected in bridged relationship to
said transmission line, and means included in
said bridged circuit for rendering said relay con-
ductive and non-conductive.

5. In combination, a transmission line, a gas-
coenduction relay for opening and closing said
line, said relay comprising a plurality of angu-
larly spaced cathedes, an anode symmetrically
disposed with respect to said cathodes, said cath-
odes being connected in series with said frans-
mission line, a circuit containing said anode
shunted across said line, a source of direct poten-
tial included in said shunt circuit, said potential
being insufficient to ionize said relay, and a source
of alternating current energy superimposed upon
said potential to render the relay conductive.

6. In combination, a transmission line, a gas-
conduction relay for opening and closing said
line, said relay comprising a plurality of  split
cathode eclements angularly spaced, a main an-
ode symmetrically disposed with respect to said
elements, a control anode, said elements being
connected in series with said transmission line,
a circuit containing said anodes bridged across
said transmission line, a source of direct poten-
tial included in series with each of the anodss,
and a source of alternating potential superim-
posed upon the direct potential of the main
anode, all of said potentials coopsrating to ren-
der the relay conductive.

7. In combination, a transmission line, a gas-
conduction relay for opening and closing said
line, said relay comprising a plurality of cath-
odes angularly spaced, a main anode symmetri-
cally placed with respect to said cathodes, a con-
trol anode, said cathodes being connected in se-
rieg with said transmission line, a circuit bridged
across said transmission line, said bridged cir-
cuit containing said anodes in parallel, a source
of direct potential and switch means included in
series with each of the anodes, switch means
and a source of alternating potential superim-
posed upon the direct potential of the main an-
ode, in which all potentials cooperate to render
the relay conductive at the closure of all switch
means, and in which said relay is rendered non-
conductive at the discontinuance of the main
anode direct potential.

8. In combination, a plurality of transmission
lines, a gas-conduction relay for opening and
closing said lines, said relay comprising a plu-
rality of cathodes angularly spaced, an anode,
said cathodes being connected in series with each
of said lines, a circuit containing said anode
bridged across one of said lines, and a source
of energy included in said anode circuit for ren-
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dering said device conductive in order to con-
nect said lines in parallel.

9. In combination, a transmission line, an
electron discharge device for opening and clos-
ing said line, said device comprising an envelope
having a gaseous atmcsphere therein, an anode,
a plurality of planular cathode elements sym-
metrically disposed with respect to said anode,
the gas pressure within said envelope and area
of said elements being so proportioned that when
said device is ionized the normal current covers
about one-half of each cathode element, said
cathodes being connected in series with said
transmission line, a circuit containing said an-
ode connected in bridged relationship to said line,
and a source of energy included in said bridged
circuit for applying potential to said anode to
render said device conductive.

10. In combination, a transmission line, an
electron discharge device for opening and closing
said line, said device comprising a sealed envel-
cpe having a gaseous atmosphere therein, an
anode, a plurality of divided planular cathodes
symmetrically disposed with respect to said an-
ode, said cathodes being angularly spaced with
each other to obtain the hollow cathode effect,
said eathodes being connected in series with said
transmission line, a circuit containing said an-
ode bridged across said line, and a source of en-
ergy included in said bridged circuit for apply-
ing potential to said anode to render said de-
vice conductive.

11, In combindtion, a transmission line, a gas-
conduction relay for limiting the current in said
line, said relay comprising a plurality of cathode
elements, an anode, said cathode elements being
connected in series with said transmission line, a
circuit containing said anode bridged across said
line, means included in said anode circuit for
ionizing said relay and causing current to flow
therein; said ionization rendering said relay con-
ductive for the flow of signal current from one
cathode element to another, and said relay be-
ing rendered non-conductive when said signal
current exceeds said current in the anode cir-
cuit.

12. In combination, a transmission line, a gas-
conduction relay for the transmission of signal
current, said relay comprising a plurality of di-
vided cathode elements, an anode, said elements
being connected in series with said transmission
line, a circuit containing said anode bridged
across said line, means included in said anode
circuit for ionizing said relay by flow of current
from the anode to the cathode elements, said
current dividing equally between the cathode
elements, said ionization providing a low imped-
ance for passage of signal current from one cath-
ode element to another, and said signal current
decreasing said current in one cathode and in-
creasing said current in the other cathode ele-
ment while the total current in said anode cir-
cuit remains substantially constant.

JOHN B. JOHNSON,




