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1

This invention relates to electrical systems and
more particularly to electrical signal systems for
visible signalling,

Electrical signalling systems are known in
which a relay and signal lamp are used to pro-
duce a visible signal. These systems, however,
are objectionable, particularly in portable sys-
tems, on account of the weight of the relays.

One of the objects of the present invention is
to provide an electrical signalling system in which
this difficulty is overcome by substituting a novel
tube that makes it possible to do away with the
relay.

Electrical signalling systems heretofore used are
also open to the objection, when it is desired to
use a very small signal voltage, that they require
the application of a relatively higher voltage in
order to fire the tube. The present invention
overcomes this objection by providing two aux-
iliary electrodes in addition to the anode and
cathode, and so arranged that when a signal in-
put voltage is applied between said two auxiliary
electrodes and the anode and cathode respec-
tively, the signal input voltage will be added to
the cathode-anode voltage to raise the voltage
across a gap within the tube to the breakdown
point, the magnitude of the signal inpuf voltage
required to be added being relatively small, so
that tubes embodying the present invention may
be made to fire on a very low signal input voltage.

In such electrical signalling systems, transient
voltage differences may occur between different
circuits which may not only be disturbing but may
even fire the tube.

Another object of the present invention, there- 3

fore, is to eliminate the effect of such transient
voltage differences.

When devices of the above type are used in
telephone systems comprising a plurality of sig-
nal circuits, there is a tendency to produce what
is known as crosstalk, that is to say, conversation
upon one line reproduced upon another. A fur-
ther object of the present invention is to eliminate
such crosstalk or to attenuate it sufficiently to
render it unobjectionable.

A further object of the present invention is to
provide an improved gaseous conduction tube.

These and such other aims and objects of the
present invention as may hereinafter appear will
be readily understood from the following descrip-
tion, taken in connection with the accompanying
-drawing, of embodiments of the invention herein
presented for illustrative purposes.

In the drawing:

Fig. 1 is a vertical ceross-section on line I—1{ of
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2

Fig. 2 of a tube embodying one illustrative em-
bodiment of certain features of the invention;

Fig. 2 is a horizontal cross-section on line 2—2
of Fig. 1 but showing the tube elements in plan;

Fig. 3 shows an electrical signalling system em-~
bodying one illustrative embodiment of the in-
vention;

Fig. 4 shows an electrical signalling system em-
bodying another illustrative embodiment of the
invention; and

Fig, 5 illustrates an electrical signalling system
embodying a further illustrative embodiment of
the invention.

Referring to Figs. 1 and 2, in the illustrative
embodiment of the invention therein shown, the
signal lamp comprises a glass envelope 2 con-
taining g suitable ionizable gaseous medium and
an electrode assembly comprising a cathode 4, an
anode 6, and two grids or auxiliary electrodes 8
and 10. Said cathode may be relatively large
and in this illustrative embodiment of the inven-
tion is shaped like an inverted bowl provided with
a relatively large, cenftral circular aperture 12
through which said anode 6 and the two aux-
iliary electrodes 8 and i0 extend upwardly. The
lower ends of said anode and said two auxiliary
electrodes are sealed in a press 14 formed upon
the upper edge of the reentrant stem 16 of said
envelope, the lower edge of said envelope 2 be-
ing hermetically sealed to the flare I8 of said stem
16. Above said cathode, said auxiliary electrode
8 is shown as bent horizontally away from the
anode, then downwardly, and then circularly in
a plane substantially parallel and in proximity to
the upper surface of said cathode, this portion of
said auxiliary electrode thus forming almost a
complete circle and presenting an extended active
area to the upper electron-emissive surface of
said cathode. The auxiliary electrode 10 extends
substantially parallel to the anode 6, its upper
end being bent at right angles across the latter’s
upper end. Means may be provided to prevent
premature ignition, such as a shield 20 surround-
ing the anode 6, and herein conveniently con-
sisting of a glass cylinder integral with said stem
16. The cathode is supported by a post 22, the
lower end of which is sealed in said press {4. A
conductor 26 connects the cathode with a lead-in
conductor 28, and the lower ends of said anode
and of said two auxiliary electrodes 8 and {0 are
joined to lead-in conductors 30, 32 and 234, re-
spectively.

The signal lamp as above described, including
the electrode assembly and other parts therein
contained, may and preferably will be the same
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3
for all embodiments of the present invention
herein disclosed. In the description of Figs. 3, 4
and 5 therefore, such parts of the tube as may be
referred to will be designated by the same refer-
ence numerals as in Figs. 1 and 2.

Referring to Fig. 3, auxiliary electrode 8 is con-
nected by a conductor 32 to one terminal 36 of
the signal input eircuit, and auxiliary electrode
10 is connected to the other terminal 38 of said
signal input circuit by conductor 34 through a
resistance 56. It may be advantageous to use a
voltage storage device, such as condenser 44, in
this circuit as will be hereinafter more fully ex-
plained. The conductor 26, joined to the cathode
4, is connected by conductor 28 to one pole 48 of
a battery or other suitable source 50 of D. C. volt-

age which may be adjustable-and anode 6is con--

nected to the other pole 52 of said source by
conductor 30.
will preferably. be included in said anode-cathode
circuit.

In this embodiment of the invention when volt-
ages of from 135 t0.180 volts are available; neon
gas may be used-at-a pressure of 40 mm. of mer-
cury.

The signal discharge may be initiated in either
one of two ways or both. It may be initiated di-
rectly between the two auxiliary electrodes 8 and
18- to produce sufficient’ ionization for the dis-
charge to start between the cathode 4 and the
anode 6. It is conceivable, however, that for
some reason the initiation-of the discharge might
not take place between said two auxiliary elec-
trodes. Such a condition might exist if the spac~
ing of said two auxiliary electrodes were too great
for- the available signal voltage alone to break
down, or the signal voltage might be too low to
effect a breakdown even-if the spacing of said
two auxiliary electrodes were at the minimum
breakdown distance. In such case it. has been
found that the discharge may be initiated between
the auxiliary electrode 8 and the cathode 4, and
between the auxiliary electrode 10 and the anode
6. It is believed that this may be due to the fact
that the signal voltage may build up a potential
on said°auxiliary electrode- 8, which is.positive
with respect to said auxiliary electrode 18, and
the anode-cathode voltage makes the anode 6
positive with respect to. the cathode. 4. Under

these conditions, the signal voltage will. add to :

the anode-cathode voltage and thus the total
voltage impressed across: the gaps between the
auxiliary electrode 8 and the cathode 4 and be-
tween the auxiliary electrode 10 and the anode
6 will be the sum of said signal and anode-cathode
voltages. The voltages across these gaps may
thus be raised to the breakdown point. If this
theory is correct the magnitude of the signal
input voltage required to produce breakdown be-
comes 2 function of the anode-cathode voltage,
increasing and decreasing ‘inversely to the in-
crease or decrease of the anode-cathode voltage.

To illustrate, let us consider Fig. 3. As pointed
out above, when the auxiliary electrode 8 is posi-~
tive with respect to the auxiliary electrode I8,
then voltage from the signal voltage 51 will be
added to the anode-cathode voltage 50, across the
gaps 4—8 and 10—&6.

Let us suppose that the anode-cathode- circuit
voltage Ee is 180 volts D..C., that the voltage
required for breakdown between cathode. 4 and
the auxiliary electrode 8.is 110 volts, and that the
same.voltage will be required. for breakdown be-

A current-limiting resistance 58
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gaps 4—8 and 10—6 would therefore be 220 volts,
which is made up of D. C. voltage, supplied by the
anode-cathode circuit 59, and A. C. voltage sup-
plied by the signal input circuit 5. If we desig-
nate by Es the R. M. S. A, C. voltage of the signal
input eircuit 51, then

Es=EFEo sin ol
where Eo designates the peak signal input circuit

voltage. The tube will therefore fire when
(1) Ea+-Eo sin =220 volts
Thus:

2) 220 volts—Ea=Eo sin ot

But we know that

3)- Ea=180 volts

therefore from (2)

4) 220 volts—180 volts=40 volts
and
(5) Eo0=40 volts
when
sin wi=1

The signal input circuit voltage required to be
added to the 180 peak voltage of the anode-cath-
ode circuit for starting the tube would be 40 volts
peak, or, reduced to R. M. S. A. C., it-would be
equal to

ﬂ‘—28 1t
_‘/5:—- VOoIUs

The signal input circuit voltage required to start
the tube is therefore a function.of the applied
anode-cathode circuit voltage. Once.initiated be-
tween the cathode and auxiliary.electrode 8, the
discharge will pass on through the.signal input
circuit to auxiliary:electrode 10.and. from  the
latter to the anode; Thereupon the.discharge is
finally initiated between said anode and cathode.

It has been.stated above:that the use of. a
condenser: in the signal input circuit’ might be
advantageous. It has.been found in. fact that
under certain conditions the :use of a condenser,
shown at 44-in Fig. 3, reduces the-starting voltage.
Thus, with a condensershaving a capacitance of
.005 microfarad, the signal starting voltage was
reduced:from 65:volts' R. M. S. to 50 volts R. M. S.
and the peak from 91 volts to 70 volts.

When a plurality of devices. as illustrated in
Fig. 3 are utilized in' a:single telephone system
where the voice sighals also appear:across the lines
32.and 34, there will be substantially no tendency
to produce-crosstalk since there:is substantially
infinite impedance between the:signal input cir-
cuit and the anode-cathode:circuit when the tube
is'not conducting: as is the:case during the period
when speech is being:transmitted, and thus no
crosstalk- can -be transmitted, Referring to: Fig.
3-it will be:seen that:as previously stated, in .the
illustrative embodiment: of the invention therein
shown, the auxiliary: electrode 8 is directly.con-
nected to one terminal 36 of the signal input cir-
cuit by:conductor. 32 and that auxiliary electrode
10 is directly.connected to the other terminal :38
of said circuit by-conductor 34. The signal input
cireuit is therefore. disconnected externally from
the anode-cathode circuit; so that as above stated,
when the tube is-not conducting; there is substan-
tially infinite.impedance between the signal input
circuit and the. anode-cathode:circuit and cross-
talk is excluded.

In the embodiment of .the invention illustrated
in Fig. 3, the auxiliary electrodes 8 and I8 float
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This is due at least in part to the favorable rela-
tive positions of said two auxiliary electrodes 8
and {0 to the other elements of the tube and
the associated circuit. While the potential re-
quired for ignition has been reduced, premature
ignition between the anode and the cathode, be-
fore a working voltage has been attained, is pre-
vented by suitable means, such as a shield 20
(see Fig, 1), that encloses the anode throughout
that part where such premature ignition might
occur. The signal input voltage may be made as
low as may be desirable.

! Firing of the tube except when the desired and
necessary signal input voltage is applied, and
which was heretofore caused by transient dis-
turbing voitage differences that may occur be-
tween circuits, has been eliminated and ecross-
talk in those systems wherein it is likely to occur
‘has also been substantially eliminated or so at-
tenuated that it is unobjectionable.

Systems embodying the present invention are
also considerably lighter in weight where the
lamps take the place of lamps and relays. Other
advantages will suggest themselves to those
skilled in the art.

I am aware that the present invention can
be embodied in other specific forms without de-
parting from the spirit or essential attributes
thereof, and I therefore desire the present de-

scription to be considered in all respects as illus-

trative and not restrictive, reference being had
to the appended claims rather than to the afore-
said description to indicate the scope of the in-
vention.

What is claimed is:

1. In an electrical system, a gaseous conduc-
tion tube comprising an hermetically sealed en-
velope containing an electrode assembly com-
prising an electron-emissive cathode, an anode
and two auxiliary electrodes; an anode-cathode
circuit comprising said anode and said cathode;
a signal input circuit comprising said two aux-
iliary electrodes; and means comprising a by-
pass condenser, connected between said two cir-
cuits, for by-passing transient voltage differences
that might occur between said two circuits there-
by preventing said transient voltage differences
from firing the tube.

2. In an electrical system, a gaseous conduction

tube comprising an hermetically sealed envelope :

containing an electrode assembly comprising an
electron-emissive cathode, an anode and two
auxiliary electrodes; an anode-cathode circuit
comprising said anode and said cathode: g signal

input circuit comprising said two auxiliary elec-~

trodes; resistance means connected befween said
two circuits; and condenser means shunted
around said resistance means.

3. In an electrical signal system, a gaseous con-
duction tube comprising an hermetically sealed
envelope containing an electrode assembly com-
prising a glow discharge cathode, an anode and
two auxiliary electrodes; an anode-cathode cir-
cuit comprising said anode and said cathode; a
signal input circuit comprising said two auxiliary
electrodes; and means comprising a by-pass con-
denser, connected between said two circuits, for
by-passing transient voltage differences that
might occur between said two circuits thereby
preventing said transient voltage differences
from firing the tube.

4. In an electrical signal system, a gaseous con-
duction tube comprising an hermetically sealed
envelope containing an electrode assembly com-
prising a glow discharge cathode, an anode and

8
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cuit comprising said anode and said cathode; a
signal input eircuit comprising said two auxiliary
electrodes; resistance means connected between
said two circuits; and condenser means shunted
around said resistance means.

5. In an electrical signal system, a gaseous con-
duction tube comprising an hermetically sealed
envelope containing an electrode assembly com-
prising a glow discharge cathode, an anode and
two auxiliary electrodes; an anode-cathode cir-
cuit comprising said anode and said cathode; a
signal input circuit containing said two auxiliary
electrodes and current-limiting resistance
means; and condenser means connected between
said two circuits.

6. A glow discharge lamp comprising a sealed
envelope containing a light-producing gas at
substantial pressure, said envelope having an
insulating stem through which a plurality of
conducting leads are sealed, an insulating sleeve
vrojecting into said envelope from said stem and
surrounding one of said leads, said sleeve being
open at its inner end to permit the inner end
of the lead which it surrounds to act as an anode,
a cup-shaped cathode supported by another of
said leads, said cathode having its convex surface
facing away from said stem and having a central
opening through which said sleeve projects, an
auxiliary ring-shaped electrode supported by an-
other of said leads and lying closely adjacent the
convex surface of said.cathode, and a second
auxiliary electrode connected to another of said
leads and overlying the open inner end of said
sleeve in close juxtaposition to the anode.

7. A glow discharge lamp comprising a sealed
envelope containing a light-producing gas at sub-
stantial pressure, said envelope having an in-
sulating stem through which a plurality of con-
ducting leads are sealed, an insulating sleeve
projecting into said envelope from said stem and
surrounding one of said leads, said sleeve being
open at ifs inner end to permit the inner end
of the lead which is surrounds to act as an anode,
a cup-shaped cathode supported by another of
said leads, said cathode having its convex surface
facing away from said stem and having a central
opening through which said sleeve projects, an
auxiliary ring-shaped electrode supported by an-
other of said leads and lying closely adjacent the
convex surface of said cathode, a second auxiliary
electrode connected to another of said leads and
overlying the open inner end of said sleeve in
close juxtaposition to the anode, and an opaque .
shield surrounding said envelope, said shield be-
ing provided with a window at one end whereby
the light generated at the convex surface of said
cathode may be observed through said window.

PAUL W. STUTSMAN,
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with-Tespect to the anode and-eathode. This has
a tendency to render:the tube somewhat unsta-
ble. To remedy this and to stabilize the tube it
is preferable to provide stabilizing means, such
as, for example,'a grounded shield 90 of metal or
other suitable electrically - conductive material.
(See PFig, 3.) If desired -said shield may com-
-pletely -enclose the tube except at -the top and
bottom thereof so as to confine the light to what
is'emitted through the top of said'shield. If de-
sired the light from the tube may be further lo-
calized by insertion of a lens 93 in the top of the
cylinder 90.

Stabilizing ecircuit arrangements may also be

utilized such as shown in the illustrative embodi- .

ment of Fig, 4. In this embodiment the auxil-
‘lary electrode 8 is connected by conductors 32
and 89 to one terminal 62 of the signal input cir-
euit and the auxiliary electrode {0 is connected
by conductors 34 and 64 to the other terminal 66
of said ecircuit, a current-limiting resistance 68
‘being preferably inserted in said circuit. The an-
ode 6 is connected o the -positive pole of a source
of D. C. voltage, battery 80, for example, for the
anode-cathode -circuit by .conductors 30 and 82
through g resistance 84 for limiting the anode-
.cathode current to working value, and the cathode
4 is connected to the negative pole of said source
of D. C. voltage by conductors 28, 28, 87 and 28.
The auxiliary electrode 8 is also connected to the
negative pole of said source of D, C. voltage 80
by conductors 32, 91, 87 and 88 through a rela-
‘tively high resistance 10 and a current-limiting
‘resistance 68, and the auxiliary electrode 10 is
also connected to said negative pole of said source
of D. C. voltage 80 by conductors 34, 92, 91, 871
-and 88 through a relatively high resistance 74.

I have discovered that by using a discrimina-
tory impedance network connected between the
anode-cathode circuit and the signal input circuit
‘and comprising for example, a by-pass condenser
12 shunted around said resistance 70, and a sec-
.ond by-pass condenser 76 shunted around said
resistance T4, the benefits. of circuit stabilization
are secured without introducing difficulties, such
as undesired firing and crosstalk.,

I have found that the transient disturbances
which tend to produce undesired firing are of rel-
atively high frequency as compared to those voice

Irequencies which carry the intelligible portions :

of the voice signal and said voice frequencies are
relatively high as compared to the signal frequen-
cies. Due to said frequency differences, the im-
pedance of the members 12, 16 and 18, 74 can be
made sufficiently low, relative to the undesirable
transient voltage differences that may exist be-
tween said anode-cathode circuit and said signal
input circuit and which might otherwise fire the
tube, to by-pass said transient voltage, and yet
sufficiently high with respect to the signal fre-
quencies so as to permit a sufficiently high signal
voltage to be built up across said impedance to
fire the tube. By a suitable adjustment of said
‘impedance, crosstalk due to intercircuit coupling,
when the invention is used in a telephone system,
for example, having a plurality of lamp signal
circuits, can be sufficiently attenuated to render
it unobjectionable without in any way interfering
with the regular signalling functions of the sys-
tem. Additional lamp signal circuits are dia-
grammatically indicated at 89.

It has been found that by-pass condensers 12
and T4 of 200 micromicrofarads each and resist-
ances 10 and T4 of 5 meg. each give very good
results.
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5 -conductors 116 and (18, respectively.

-vented by said condensers {12 and {14.

-at.a higher voltage such as 135 to 180 volts.
Dbointed out above where such a higher voltage

6

‘When an anode-cathode voltage from 90 to 135
volts is available, a-gaseous medium composed of
a mixture of neon and argon gases (about 34.4
mm. of neon to 0.6 mm. of argon) may be used
in the embodiment of :Fig. 4. If higher voltages
were available and as a:result a neon-filled tube
were to be used in the arrangement of Fig. 4,
a continuous small discharge may be present be-
tween the anode and auxiliary electrode {0 due

‘to the  connections afforded by the resistances
‘10-and T4. Should this be objectionable the em-

bodiment of the invention illustrated either in
‘Pig. 3-or in Fig. b is preferable.

In the illustrative-embodiment of the invention
shown in: Fig. 5, auxiliary electrode 8 is connected
through a current-limiting resistance 108 to ter-
minal 96 of the signal input circuit by conductors
32, 102 and auxiliary electrode {0 is connected
through a current-limiting resistance {10 to ter-
minal 98 of said circuit by conductors 34, 106. In

.this embodiment of-the invention condensers (12

and :i 4, like condensers 12 and 76 of the previ-

-ously described embodiment of the invention dis-

closed in Pig. 4, can be adjusted to provide an
impedance that is sufficiently low, relative to the
undesirable transient voltage differences that may
exist between the anode-cathode circuit and the
signal input circuit and which might otherwise
fire the tube to by-pass said transient voltage
differences, and yet to provide a sufficiently high
impedance with respect to the signal voltages as
to insure the building up of a voltage across said

Aimpedance that will be sufficiently high to fire the

tube. However, resistances across the condensers
{14 and 112 such as are present in Fig. 4 are
omitted. By such judicious adjustment of said
condensers 412 and (14 it is possible to cause ex-
traneous transient voltages to be by-passed and

.Substantially eliminated, and crosstalk, due to

intercircuit communication when the invention
is used in a system where it tends to occur, to
be so greatly attenuated that it becomes unob-
jectionable. These by-pass condensers {12 and
114 are connected to the signal input circuit by
They are
also connected to the anode-cathode circuit, be-
ing connected to the negative pole of a source
of D. C. voltage, such as a battery {20 for example,
by conductor 123, the cathode 4 being connected

to the negative pole of said battery by conductors

26, 28 and 123. The positive pole of said battery
is connected to the anode 6 by conductor 124
through a current-limiting resistance 126.

As stated above where the anode-cathode volt-
age exceeds 135 volts, the above described em-
bodiment is preferable to that disclosed in Fig.

-4, as the continuous small discharge between

the anode and auxiliary electrode {8 that may
be present in said embodiment of Fig. 4 is pre-
The
system disclosed in Pig. 5 is designed to operate
As

is used, the tube may contain neon gas at a pres-

sure-of approximately 4 ecm. mercury.

The invention has been described by way of

JAlustration in its application to electrical signal-

ling systems for visible signalling. It should be

.understood, however, that the invention is in

nowise limited to such particular application,
certain of its features being equally applicable to
other electrical systems.

The present invention is a distinet advance in
the art. It has materially lowered the potential

from the signal eircuit required for ignition,
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