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This invention relates to electrical circuits and
to circuits for gas-filled tubes. More particu-
larly, this invention relates to methods and ap-
paratus for restoring gas-filled tubes after op-
eration to their initial condition prior to opera-
tion. Stated in other words, this invention re-
lates to methods and apparatus for unlocking or
resetting operated gas-filled tubes.

When two or more electrodes are enclosed
within a suitable vessel filled with a gaseous me-
dium, the application of a voltage in excess of
a predetermined value will ionize the gas with-
in the tube and the gas will continue to remain
ionized as long as a potential is applied between
the electrodes which is above a certain lower
predetermined value frequently referred to as
the sustaining voltage. If a direct potential re-
mains impressed across the electrodes of the
tube, and if this direct potential is uninterrupted
and of a value equal to or greater than the sus-
taining voltage, the gas within the tube will

. continue to be ionized and the persistence of

fonization will render it difficult, if not impos-
sible, to operate the tube as a relay for the con-
trol of associated circuits.

It is one of the objects of this invention to
ionize the gas within a gas-filled tube and main-
tain the enclosed gas in an ionized condition
as long as, and only as long as, a voltage im-
pressed across its input or control electrodes ex-
ceeds a sufficient predetermined value.

This invention will be better understood from
the detailed description hereinafter following,
when read in connection with the accompany-
ing drawing, in which Figure 1 illustrates one
modification of the invention embodying a hot
cathode gas-filled tube and a relay and condenser
therefor; Fig. 2 represents a somewhat different
modification; Fig. 3 illustrates still another mod-
ification embodying a cold cathode gas-filled
tube; Fig. 4 illustrates still another modification
of the invention; and Fig. 5 illustrates one form
of oscillation generating circuit embodying the
principles of this invention.

Referring to Pig. 1 of the drawing, the refer-
ence character P designates a potentiometer the
outer terminals of which are connected to a
source of voltage which, for instance, may vary
over wide limits and which, furthermore, may
at times be supplied with no voltage whatever.
The movable arm of the potentiometer is con-
nected through a resistor Z: to the grid elec-
trode of a hot cathode gas-filled tube T which
includes, in addition to the grid electrodes, a
plate electrode and a cathode. The tube is, in
general, any form of gas-filled device and it
may include neon, argon, helium or krypton, or
combinations of these gases, or combinations of
these gases and other gases. The cathode of
the tube is supplied with current by battery B;

or by any other suitable source of power, the
magnitude of the current being regulated by a
rheostat Z2. The cathode of the tube is also con-
nected to the terminal common o two sources of
direct current potential designated B and Bs,
but it will be understood that these sources may
be of any well-known types of batteries. ‘The
source Bz thus interconnects the lower terminal
of the potentiometer P with the cathode of the
tube T. The source Bs is connected in the cir-
cuit which includes the winding of a relay R and
a resistor Z3, The upper armature and contact
of the relay R are in a circuit which includes
a condenser C which bridges the winding of the
relay R. The lower armature and contact of
this relay may be connected to any operating
circuit which may, for example, include a mes-
sage register device as will be described in con-
nection with Fig. 4. It will be understood, of
course, that the tube T may be replaced by any
other gas-filled tube such, for example, as one
having a heater and cathode of well-known form.

It will be apparent that the source B; is em-
Ployed for biasing the grid electrode of the tube
T to a suitable potential with respect to its cath-
ode so as to predetermine the voltage at which
ionization of the gas within the tube may occur
by application through the potentiometer P to
the grid electrode of the tube T. The resistor
Z; limits the flow of current through the grid
circuit of the tube and this resistor will ordi-
narily be one of large magnitude.

The source Bs is one which normally provides
a voltage which is above the value required to
sustain lonization of the gas between the plate
and filament electrodes of the tube T, but the
voltage of B; is, of course, lower than that re-
quired to initiate gaseous ionization between the
latter electrodes of the tube. The resistor 23 is
employed for limiting the flow of current through
the plate circuit of the tube.

Fig. 2 represents a modification of the arrange-’

ment of Fig. 1. In this arrangement the con-
denser C is permanently connected across the
winding of relay R.

Under normal conditions, i. e., with no voltage
applied through potentiometer P, the condenser
C is uncharged and no current will flow in any
part of the circuit (except, of course, in the
cathode circuit). If a voltage now is applied
through potentiometer P between the grid and
cathode of the tube sufficient to cause ionization
of the gas within the tube, a path will be formed
between the anode and the cathode through
which current will fiow from the battery B; and
through the elements of the circuit connected
to the anode of the tube. Since the condenser
C is uncharged, a momentary short circuit will
be placed around the winding of relay R and
all the current will initially flow through the
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condenser C. The condenser will then acquire
a charge which will cause a voltage to build up
across its terminals as well as across the ter-
minals of the winding of relay R which it shunts.
However, since the relay winding .contains in-
ductance as well as resistance, the current
through it will build up slowly and the relay
winding will have little effect at the start on the
increase of voltage due to the charge of the con-
denser. This is predicated, of course, on the
fact that proper values of inductance, capacity
and other circuit constants are chosen.
voltage across the condenser terminals during
charge, however, will be poled in opposition to
the voltage of the battery Bs and, therefore, will
act to reduce the resultant voltage applied across
the anode and cathode of the tube T. Assuming
again that proper circuit constants have been
used, this resultant voltage will fall below the
value necessary to sustain gaseous ionization in
the tube and the current in the anode circuit of
the tube will cease. The condenser C having
a charge on its plates will subsequently discharge
current into the winding of relay R until the
voltage across its terminals is reduced to a value
such that the combination of this voltage, i. e,
the voltage across the condenser, and the battery
voltage has been increased to a value sufficient
to reionize the gas within the tube T provided
that sufficient voltage is still applied between the
grid and cathode of the tube. It should be noted
that in general the voltage necessary to ionize
the gas within the tube is higher by a finite
amount than that necessary to sustain ioniza-
tion after this condition has been initiated. If
at this time the voltage at the input of the
tube is still present, the gas within the tube
will reionize and the process will be repeated

until the applied voltage eventually disappears:

or is reduced to a value below which gaseous
ijonization will take place. If the latter condi-
tion evenutates, the gas within the tube will re-
main in a deionized condition and the condenser
C will continue to discharge current through the
winding of relay R until the voltage across its
terminals has been reduced to zero. The cir-
cuit will then be in a condition similar to that
existing prior to the application of voltage to
the grid and cathode of the tube.

As mentioned above when the voltage in-
creases across the winding of relay R, current
will start to flow and increase gradually.. Also,
after deionization of the gas in the tube has
taken place, current will continue to flow in
the same direction through the winding of the
relay due to the discharge of the condenser C.

. As the condenser ‘loses its charge, this current
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will decay and soon disappear.

It will be seen therefore that the current
through the relay winding is substantially of a
pulsing unidirectional form. If a relay has been
chosen which is not sufficiently quick acting to
follow these pulses, the frequency of which de-
pends upon the constants of the circuit, this re-
lay will operate and remain operated continu-
ously until the input voltage has disappeared and
the circuit has returned to its normal condi-
tion as described above.

In using the circuit shown in Figs. 1 and 2 of
the drawing, it has been found that the capacity
of the condenser C directly determines the time
required for the tube T to become extinguished
after removal of the voltage from the potentiom-
eter P. Thus, as the capacity of the condenser
C is increased, the time required to charge the
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condenser will also be increased, and the time
required to extinguish the tube will be similarly
increased.

It will be noted that the direct current pulsa-
tions in the anode circuit of Fig. 2, for example,
may be employed as a source of oscillations. This
is illustrated in Fig. 5. In this arrangement
these oscillations may be utilized in any circuit

connected ‘or otherwise coupled to the anode -

circuit of the arrangement. If desired, a filter
of any well-known form may be connected to
any part of this anode circuit as, for example,
across resistor Z3, as shown, and the direct cur-
rent pulsations will be smoothed out thereby into
current somewhat sinusoidal in form. It will be
understood that the frequency of these alterna-
tions will be governed by the constants of the
circuit and that they will continue as long as
voltage is applied to the input circuit of the
tube. Hence, the duration of this alternating
current may be made permanent by the per-
manent connection of a source of direct current

voltage across the outer terminals of the po-

tentiometer P.

Direct current pulsations occur in the anode
circuit of tube of Fig. 5. The filter connected
to resistor Zs will supply alternating current to
the oscillation utilizing circuit.

It will be further understood that the relay
R may be replaced by an inductance or choke
coil of similar electrical characteristics without
in any way affecting the operations already de-
scribed.

Fig. 3 illustrates another modification of the
arrangement shown in Fig. 1 in which the tube
T is of a type generally designated as a cold
cathode tube. The electrodes Ki and K2 of the
tube T form its input electrodes and they are con-
nected to each other through & circuit which in-
cludes g current limiting resistor Zi, the sec-
ondary winding of the transformer TR and the
source of potential Bz, the primary winding of
the transformer TR being connected to the
source which supplies voltage for initiating ion-
ization of the gas within the tube T. The anode
A of the tube T is connected through a current
limiting resistor Zs and through the winding of
the relay R and the source Bs to the electrode
Kz of the tube. The upper armature and con-
tact of the relay shunt the condenser C across
the winding of the relay, and the lower armature
and contact of the relay control any load circuit
or a circuit which may, for example, include one
or more message registers.

In Fig. 4 the electrodes Ki and K2 of the tube
T are connected to the source which supplies the
voltage for initiating gaseous ionization within
the tube. The anode A of the tube is connected
through a cwrrent limiting resistor Zs, through
the winding of the relay R and a source Bs to
the electrode K2 of the tube T. The relay R
may, for instance, be similar fo the one illus-
trated in Figs. 1, 2 and 3. The armature and
contact of this relay are shown connected to a
circuit which may, for example, include a mes-
sage register relay M, current for which may be
supplied by a source Bs&. The armature and con-
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tact of the relay M may be employed to connect .

the condenser C across the winding of the re-
lay R. ‘

In Fig. 4 the condenser C will be connected
to shunt the winding of the relay R only after
both of the relays R and M have become oper-
ated. Thus, the condenser may be arranged to
function in resetting the tube T to its normal
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deionized condition only after sufficient time has
elapsed to permit the circuit of the message
register M to operate. :

It will be understood that the tube T of Fig.
4 need not be a cold cathode type of tube, but it

may be, for instance, of the hot cathode type in

which a grid will take the place of the electrode
Ki, a plate would replace the anode A and a
fillament would replace the electrode K2, but the
filament would necessarily be connected to a
source of current as is well known in the art.

- ‘Assume now that the condenser C of Fig. 4
is uncharged and no current is flowing in any
part of the circuit.. A voltage applied between
the grid and cathode of the tube T will produce
lonization of the gas enclosed therein and cur-
rent will start to flow from the battery B:

“through the winding of relay R, resistance Zs; and

the anode circuit of the tube T. This current
will build up until the relay R operates. The
contact of this relay will be closed and the cir-
cuit to the message register M completed so that
the latter function to bridge the condenser C
across the winding of relay R as above described.

- When the condenser C is thus connected, a mo-

mentary short circuit will be placed around the
winding of relay R with the result that the cur-
rent through the condenser C will suddenly start
to flow and that through the winding of relay
R will decrease.. The voltage across the con-
denser C will then build up as before described
and current will at the same time start to build
up again in the winding of the relay R. Assum-
ing as before that proper constants have been

5 chosen, the resultant voltage applied between the

anode and the cathode of the tube T will fail be-
low the sustaining voltage of the tube. The tube
will then be extinguished and the condenser C
will discharge through the winding of relay R.
From this point the operation of the circuit con-
tinues substantially as described in connection
with Fig. 2 above.

In Fig. 5 it may be assumed that the system is
in equilibrium with the condenser C uncharged
and no current flowing in any part of the circuit
except, of course, in the fllament of the tube T.
It may be further assumed that the movable arm
of the potentiometer P is at its lower extremity,
5o that the only voltage applied to the grid of
the tube T is supplied from the negative bias of
the battery Baz. If now the movable arm of the
potentiometer P is adjusted so that the voltage
across this potentiometer overcomes the negative
bias sufficlently to initiate ionization of the gas
of tube T, current will immediately will flow be-

‘tween the anode and cathode of tube T and

through the elements of the circuit connected to
the anode of tube T, and this current will be
supplied by the battery Ba.

Immediately after battery B; begins to supply
current to the anode circuit, the condenser C,
previously uncharged, will receive nearly all the
current: flowing in the anode circuit and will,
therefore, acquire a charge by virtue of a voltage
built up across the terminals of this condenser.
This voltage at charge will.be so poled as to op-
pose that of the battery Bs, and thereby increas-
ingly reduce the potential applied to the anode
of .the tube T.. When the net voltage on the
anode has become reduced below the value neces-
sary- to sustain gaseous ionization :within the
tube, the gas within the tube will' become deion-
ized and current will' then cease to flow in the
anode circuit.

.The condenser C will thereafter discharge

3

through the winding of the relay R and, as this
discharge progresses, the voltage at the terminals

- of the condenser will be accordingly decreased.

This will continue until the net voltage of the
battery B; and that across the condenser C are
sufficiently different so as to bring the anode of
the tube T to the refonizing potential-—assuming
that the voltage across the potentiometer has in
no wise been disturbed. When the gas within
the tube reionizes, current will again flow in the
anode circuit and the processes already outlined
will be repeated again and again until the voltage
at the grid of the tube is intentionally reduced
below the value necessary to bring about ioniza-
tion of the gas within the tube. .

The current through the winding of the relay
R begins to flow soon after the gas of the tube
T becomes ionized and increases to some extent
as the condenser C becomes charged. During
discharge of the condenser C the current through
the relay winding will be in the same direction
as during the charging period, but will gradually
decrease in magnitude until the gas within the
tube reionizes and the condenser C again starts
to charge.

Current will flow through the resistor Z3 ap-
proximately during the time when the gas with-
in tube T is ionized. This current will be a
pulsating direct current. A properly designed
filter or its equivalent connected or coupled to
this resistor will deliver alternating current into
the -oscillation utilizing circuit. This oscilla-
tion utilizing circuit may, of course, be con-
nected across the condenser C, if so desired.

While the current through the winding of re-
lay R is always in the same direction, it is not
constant, however, since its value varies with the
voltage across the terminals of the condenser
C. If the constants of the relay are properly
selected, this relay will remain operated as long
as the anode circuit becomes supplied with
current.

The frequency of the direct current pulsations
will be controlled in large part by the values of
the relay winding, condenser C and the resistor

Z3, as well as by the potential of battery B; and

that supplied by potentiometer P. The con-
denser C will have a deflnite time in which to

‘discharge since the anode voltage required to

initiate ionization of the gas within the tube is
higher than that necessary to sustain lonization
once it has been initiated.

The source of “direct current voltage” across
the potentiometer P may be replaced by a source
of alternating current, if so desired. If this is
done, the frequency of the pulsations in the
anode circuit will somewhat depend upon the
frequency of this source. This is so, because the
gas within the tube can ionize only when the
instantaneous value of the alternating current
voltage is positive and above ga predetermined
magnitude. .

‘While this invention has been shown and de-
scribed - in certain particular arrangements
merely for the purpose of illustration, it will be
understood that the general principles of this
invention may be applied to other and widely
varied organizations without departing from the

.Spirit of the invention and the scope of the ap-

pended claims.
What is claimed is: ‘ ' L
1. Means for deionizing the gas contained
within a gas-filled tube having input and output
circuits, comprising & condenser and a coil con~
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nected in parallel relationship across the output
electrodes of the tube.

2. An arrangement for resetting a gas-filled
tube having input and output circuits, compris-

5 ing means responsive to the ionization of the gas
within the tube to bridge a condenser across its
output circuit, and means for periodically charg-
ing and discharging said condenser as long as
sufficient voltage is present in the input circuit

10 of the tube. .

3. The combination of a gas-filled tube having
input and output circuits, means for ionizing the
gas within the tube and means for deionizing the
gas within the tube, said deionizing means com-

15 prising a relay having its winding in series with
the output circuit of the tube, and means re-
sponsive to the operation of the relay to connect
a condenser across the relay winding.

4. The combination of a gas-filled tube, means

20 connected to two of the electrodes of the tube
for initiating ionization of the gas within the
tube, means connected to the third electrode and
one of the other electrodes for periodically de-
ionizing the gas within the tube, said latter

25 means including a relay the winding of which -

is connected to the third electrode and a con-
denser in shunt with the relay winding.

5. The combination of a gas-filled tube hav-
ing input and output circuits a first relay having

30 its winding connected in the output circuit of
the tube, a second relay operatively controlled by
the first relay, and means responsive to the op-
eration of the second relay for connecting a con-

“denser in shunt with the winding of the first
35 relay.

6. Apparatus for recording steep wave front
voltages lasting for extremely short intervals,
comprising a gas-filled tube upon the input cir-
cuit of which said voltages may be impressed, a

40 plurality .of relays progressively coupled to the
output circuit of the tube, and means responsive

- to the operation of the last operated relay for

shunting a. condenser across the output circuit
of the tube.

45 1. The combination of a gas-filled tube having
a continuous input circuit and an anode circuit,
an inductance, a capacitance permanently con-
nected to said inductance and in the anode cir-
cuit of said tube, means for applying voltage to

50 theinput circuit of the tube, and means for utiliz-

ing the pulsating current flowing in the anode

circuit.

8. Apparatus for recording voltages lasting
Jonger than a predetermined interval comprising
2 gas-filled tube upon the input circuit of which
said voltages are impressed, a relay the winding
of which is connected to the output circuit of the
tube and responsive to the operation of said tube,
and a condenser shunting the winding of the re-
o lay, said relay being of a slow acting type so that

it will operate only after a predetermined interval
after the operation of the tube.

9. The combination of a gas-filled discharge
tube having input and output circuits, a source

65 Of direct current potential connected in the input
circuit, and a tuned circuit connected in the out-
put circuit, said input circuit receiving substan-
tially no voltage from the output circuit, said
source and said tuned circuit having such con-

7o stants that gaseous ionization within the tube will
be interrupted at a predetermined frequency.

10. An oscillation generator comprising a gas-
discharge tube having input and output circuits,

.
“t
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the output circuit transferring substantially no
voltage to the input circuit, a source of direct
current potential connected across the input cir-
cuit, a parallel circuit of inductance and capacity
connected across the output circuit, the constants
of the parallel circuit being such that gaseous
ionization within the tube will he interrupted at
a fixed rate.

11. Means for generating alternating current
of a predetermined frequency comprising a threc-
electrode gas-discharge tube, a source of direct
current potential connected to twe of the tube’s
electrodes, a circuit of inductance and- capaci-
tance connected to the third electrode and one of
the other electrodes, said circuif connected to the
third electrode producing substantially no poten-
tial in the circuit connected to the first mentioned
two electrodes of the tube, and a filter coupled to
the circuit of the third electrode for smoothing
out the generated oscillations into current some-
what sinusoidal in form.

12. An oscillation generator not employing
energy feedback for the generation of oscillations,
comprising a gas-discharge tube having three
electrodes, a source of potential connected to two
of the tube’s electrodes, the potential of said
source exceeding the value required to initiate
gaseous ionization within the tube, and a tuned
circuit connected to the third electrode and one
of the other electrodes of the tube, the constants
of the tuned circuit being such as to interrupt
gaseous ionization within the tube at a predeter-
mined rate.

13. A continuous oscillation generator includ-
ing a gas tube, an aperiodic input circuit for said
tube, an output circuit for said tube, said output
circuit feeding substantially no voltage to the
input circuit, means in the input circuit for ioniz-
ing the gas of the tube, and means in the output
circuit responsive to gaseous ionization within the
tube for periodically deionizing the gas of the
tube.

14. Oscillation generating apparatus compris-
ing a condenser, a source of voltage, means for
pericdically charging said condenser by voliage
obtained from said source, means for discharging
said condenser, said charging means including a
gas tube having electrodes in circuit with said
source and said condenser, and non-reactive
means for ionizing the gas within the tube.

15. The combination of a three-element gas
tube having two of its electrodes forming an input

circuit and the third electrode and one of the

other electrodes forming an output circuit, a
source of voltage connected to the input circuit
electrodes, the magnitude of the voltage of said
source being greater than that required to ionize
the gas between said input circuit electrodes, a
coil, and a condenser connected in shunt with
said coil to the output circuit electrodes of -the
tube, the output circuit supplying substantially
no voltage to the input circuit.

16. A continuous oscillation generator com-
prising a gas tube having electrodes forming an
input circuit and electrodes forming an output
circuit, aperiodic means for continuously supply-
ing voltage to the input circuit electrodes of a
value exceeding the gas ionizing value between
said electrodes, a source of voltage for the output
circuit, and means for periodically varying the
effective voltage of said source, said latter means
including a condenser. .
DEXTER T. OSGOOD.
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