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COLD CATHODE GAS DISCHARGE TUBE
CIRCUIT-ARRANGEMENT

Gerald Offiey Crowther, Cheam, and Keith Frederick
Gimson, Cheam, Sutton, England, assignors, by mesne
assignments, to North American Philips Company,
Inc., New York, N.Y., a corporation of Delaware

Filed July 5, 1956, Ser. No. 595,928
9 Claims. (CL 250—27)

This invention relatés to circuit arrangements of the
type incorporating one or more cold cathode discharge
tubes and which may be used for indication purposes, for
example for indicating when a physical quantity being
observed exceeds a certain value. In circuit arrange-
ments of this type the arrangement may be such that
when the said quantity exceeds a predetermined value a
gas discharge tube changes from being non-conductive to
being conductive and thereby actuates an alarm system,
for example by means of a relay in the circuit of the gas
discharge tube. The physical quantity may be an alter-
nating or a direct voltage, or alternatively is represented
by a signal in the form of such a voltage, which is ap-
plied to a trigger electrode of a gas discharge tube so
that when the trigger breakdown voltage is exceeded the
tube becomes conductive, To give a continuous indica-
tion it is necessary to extinguish the tube at regular inter-
vals, re-ignition of the tube being determined by the sig-
nal voltage at the trigger.

One of -the problems of gas discharge tube circuits of
this kind is that not only must the anode-cathode dis-
‘charge be extinguished but the trigger-cathode discharge
must also be extinguished.

An object of the present invention is to provide a cir-
cuit arrangement which is operable from the A.C. power
supply and in which the anode-cathode and trigger-cath-
ode discharges are extinguished at regular intervals, for
example at power supply frequency, while at the same
time advantage may be taken of the recent availability
‘of trigger controlled cold cathode gas discharge tubes of
the type having a relatively stable trigger breakdown
voltage,

Such a circuit arrangement may for example be used
to indicate when the power supply voltage exceeds or
falls below a predetermined value.

According to one aspect of the invention a circuit ar-
rangement for indicating when a signal voltage passes a
predetermined value comprises a gas discharge tube hav-
ing an anode, a cathode and a trigger electrode, means for
applying said signal voltage to the trigger electrode of the
gas discharge tube the said means being so arranged that
when the said predetermined value is exceeded then the
trigger-cathode breakdown voltage is also exceeded and
the tube becomes conductive, an indicating device, means
for causing the operation of the indicating device in de-
pendence upon conduction of the said tube and means
for extinguishing the anode-cathode and trigger-cathode
discharges of the tube at regular intervals. N

The phrase “passes a predetermined value” is herein
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used to define a condition where the signal voltage ex- -
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ceeds the predetermined value and also, or alternatively,
a condition where the signal voltage falls below the pre-
determined value,

In order that the invention may be readily carried into
effect embodiments of the invention will now be described
by way of example with reference to the accompanying
drawings, in which

Figure 1 shows an embodiment of the invention in
which the quantity to be observed is represented by an
alternating voltage which is superimposed on a direct
voltage.

Figure 2 shows an embodiment of the invention in
which the quantity to be observed is represented by a
direct-voltage signal.

Figure 3 is a wave form which represents the variation
of the cathode voltage of tubes in the circuits shown in
Figures 2 and 4.

Figure 4 shows a further embodiment of the invention.

Figure 5 shows a further embodiment which is a modi-
fied form of that of Figure 4.

Figure 6 of the accompanying drawings shows a fur-
ther embodiment. i

Figure 7 of the accompanying drawings is a block sche-
matic diagram of a voltage-regulating system incorporat-
ing two circuit-arrangements according to the invention.

Figure 8 shows a further circuit-arrangement according
to the invention.

Figure 9 shows graphs of voltage appertaining to the
circuit-arrangement of Figure 8. ,

The circuit-arrangement of Figure 1 comprises a trig-
ger-controlled cold cathode gas-discharge tube 1 for ex-
ample a “Mullard” type 2803V, comprising a cathode 2,
an anode 3 and a trigger electrode 4. The cathode 2 is
connected to a common point which hereinafter will be
referred to as ground. The anode 3 is connected by way
of the winding 5 of a relay and a rectifier 6 to a source
of alternating voltage, for example the power supply. A
gas discharge- stabilizer tube 20 is fed from a source of
direct voltage via a resistor 21 to provide a stable direct
voltage via a resistor 22 and the secondary winding 23
of a transformer 24 to the trigger 4. A capacitor 25 is
connected between the junction of resistor 22 and sec-
ondary winding 23 and ground. An A.C. signal corre-
sponding to the quantity to be measured is supplied via
terminals 26 to thé primary winding 27 of transformer
24. Thus the voltage appearing at the trigger 4 consists
of an alternating voltage superimposed on a direct voltage.

In the quiescent condition of the circuit arrangement
tube 1 remains non-conductive since the most  positive
value of the voltage at trigger 4 does not exceed the trig-
ger breakdown voltage. When the A.C. component of
the trigger voltage exceeds a predetermined value the
positive peak amplitude exceeds the trigger breakdown
voltage whereupon the anode-cathode discharge of tube 1
is initiated and continues until the anode voltage falls
below the anode-cathode burning voltage of the tube. It
will be -seen that for this to occur the A.C. signal repre-
senting the quantity to be measured must-be synchronized
with the alternating voltage applied to the rectifier 6.
The current through tube 1 during conducion energizes
relay 5 which in turn actuates a warning system. Tube 1
will conduct during all of the positive half cycles of the
power supply during which the A.C. signal supplied. to
terminals 26 exceeds a predetermined value, When this
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A.C. signal falls below this predetermined value tube 1
will not fire during the positive half cycle and the warn-
ing will cease to be given. The circuit may be adjusted
initially by applying the alternating signal voltage through
a variable potential divider to the terminals 26, the poten-
tial divider being adjusted so that only when the alternat-
ing signal voltage applied to the potential divider is above
the said predetermined value, is the proportion of this
voltage at the trigger 4 sufficient to cause the alarm to be
given as described above. Alternatively, the proportion
of the signal voltage at the irigger 4 may be adjusted by
means of a potential divider connected across the second-
ary winding of the transformer 23. It will be appreci-
ated that in each case the desired level is determined by
means of a level-control member in the form of an ad-
justable potential divider located between the signal
source and the trigger electrode of the tube.

A circuit arrangement of this kind may for example
be used to monitor the power supply voltage and to give
a suitable warning or even control a voltage adjustor
when the power supply voltage exceeds a predetermined
value.

The circuit arrangement of Figure 2 also comprises a
tube 1 having a cathode 2, an anode 3 and a trigger
4. However in this arrangement the anode is supplied
via the winding 5 of a relay from a D.C. source. The
signal corresponding to the quantity to be measured is
a D.C. signal and the extinguishing means for both the
anode-cathode and trigger-cathode discharges is included
in the cathode circuit. This cathode circuit comprises
a resistor 7 connected between cathode 2 and ground.
In parallel with this resistor there is comnected a recti-
fier 8, the secondary winding 9 of a transformer 10 and
a direct-voltage bias source 11. An alternating voltage,
for example the power supply voltage, is fed to the pri-
mary winding 12 of transformer 10.

In this embodiment the circuit may be initially ad-
justed by applying the D.C. signal to resistor 22 through
a level-control member in the form of a variable poten-
tial divider, not shown. The potential divider being ad-
justed, in a manner similar to that described in connec-
tion with the embodiment shown in Figure 1, so that
the relay 5 only operates when the desired predeter-
mined signal level is exceeded. ’

Figure 3 shows the variation of the cathode voltage
of the circuit arrangement shown in Figure 2, the bias
source being shown as a dotted line. During the inter-
val ¢ rectifier 8 becomes non-conductive and therefore
cathode 2 remains at ground potential. It is during this
time in any one cycle that the trigger-cathode break-
down voltage will be exceeded if a small increase in the
D.C. signal occurs. If the trigger breakdown voltage
is exceeded the tube will become conductive and relay
5 will be operated. The discharge will continue until
the rise in cathode voltage due to the alternating volt-
age applied via transformer 19 extinguishes the anode-
cathode and trigger-cathode discharges. The tube will
re-ignite if the D.C. signal exceeds a predetermined value
during subsequent cycles,

The circuit arrangements of Figure 1 and Figure 2
of the drawings have a disadvantage due to the fact that
the tubes exhibit a hysteresis effect associated with the
trigger breakdown voltage, which limits the accuracy in
applications where the successive intervals between firing
the tube are short and irregular. The effect is dependent
on both the duration and the magnitude of the current
in the tube prior to extinction.

To obtain a circuit arrangement having a high degree
of constancy it is desirable that the interval during which
current flows should be a minimum and that this cur-
rent should have a minimum average value. However,
it is necessary to have a relatively high current for op-
erating the relay. To overcome this the circuit arrange-
ments shown in Figures 4 and 5 have been devised, each

(%13

10

15

20

25

30

35

40

45

650

55

60

65

75

4

of which circuit arrangements comprises two cold cath-
ode gas discharge tubes.

Referring to Figure 4 it will be seen that the tube 1
is operated in a manner similar to that of Figure 2, with
the exception that the anode is supplied via a resistor
13 from a direct voltage supply, through which resistor
a capacitor 14 is charged. Capacitor 14 is discharged
through tube 1 as will be explained below. As was
explained in connection with Figure 2 the trigger cath-
ode breakdown voltage is exceeded when the D.C. signal
exceeds a predetermined value and the tube 1 becomes
conductive during the interval ¢ shown in Figure 3. The
anode 3 now falls in value carrying the cathode 32 of
tube 30 negative until the trigger-cathode breakdewn
voltage of tube 39 is exceeded, whereupon tube 30 be-
comes conductive and the capacitor 14 now - discharges
through tube 1 and tube 38. The A.C. supply to tube
30 and to transformer 18 are synchronized so that the
conduction of tube 1 can occur only while the positive
half cycle of the alternating voltage is being applied to
the anode and trigger of tube 38. Resistor 13 and ca-
pacitor 14 are selected such that the discharge is self
extinguishing. The discharge current of tube 38 which
actuates relay 5 continues to flow through rectifier 35
until the anode and trigger voltages of the tube fall below
the burning voltages. Thus the relay 5 is actuated when
the D.C. signal, supplied to trigger 4 of tube I, exceeds
a predetermined value.

It will be seen that tube 1 passes relatively low aver-
age current for a very short space of time, the current
for operating the relay passing through tube 30, and
therefore the hysteresis effect of tube 1 is reduced to a
minimum.

In this embodiment the required predetermined signal
value may be set by means of a level-control member
in the form of a potential divider, not shown, located
between the signal source and the resistor 22.

Figure 5 shows a simplified form of the circuit ar-
rangement shown in Figure 4. In Figure 5 the syn-
chronizing means in the cathode circuit of tube 1 in Fig-
ure 4 is omitted and synchronization is obtained by pre-
venting tube 1 from extinguishing in the normal manner,
until tube 30 is in a condition to pass current. When
the D.C. signal exceeds the trigger breakdown voltage
a discharge is initiated in tube 1 but because of the high
value of resistor 13 and the presence of the rectifier 35
the normal discharge of the capacitor 14 cannot occur
and therefore the discharge can only take the form of
a priming discharge. The voltage of anode 3 falls in
value and, by way of capacitor 4, cathode 32 of tube
30 is carried negative with respect to ground. If the
voltages at the anode and trigger of tube 30 are not at
a positive half cycle then tube 36 is unable to become
conductive. The circuit arrangement waits in this mode
until the anode and trigger voltages of tube 30 go posi-
tive and until the trigger breakdown voltage is exceeded
whereupon tube 39 becomes conductive enabling capaci-
tor 14 to be discharged through tube 1 and the tube 30.
Thus automatic synchronization of the glow discharge in
tube 1 with the A.C. supply to tube 3¢ has occurred.
This rapid discharge of capacitor i4 is sufficient to ex-
tinguish the anode-cathode and trigger-caihode discharges
in tube 1.

In this embodiment the required predetermined signal
level may be set by means of a level-control member,
in the same manner as that described with reference to
Figures 2 and 4.

In the embodiments of Figures 2, 4 and 5, when the
level-control member is in the form of a resistance po-
tentiometer the resistor 22 may be dispensed with.

In the embodiment shown in Figure 6, an A.C. signal
is applied, through a level-control member not shown,
to terminals 43, which are connected to the primary
winding of a transformer 41. The secondary winding
of the transformer is comnected to a rectifier 40 and a
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resistor 42: The resultant half-wave rectified signal volt-
age is applied between the trigger 4 and the cathode 2 of
a tube 1. The anode circuit of the tube includes a relay
winding 5 and rectifier 6. The tube will become con-
ductive if the trigger-cathode breakdown voltage is ex-
ceeded during a positive half-cycle, thus causing relay
5 to operate, and the discharge will extinguish, due to
fall of the anode-cathode voltage, before the end of the
half-cycle.

Figure 7 shows in block schematic form a voltage-
regulating system employing two circuit-arrangements of
the types described above.

In this system unregulated A.C. or D.C. supply is ap-
plied at terminal 45 to a servo-controlled voltage regu-
lator 47 which may be of any suitable known type. The
regulated output appears at terminal 46. This regulated
output is applied to two indicating circuits 48 and 49
arranged according to the invention. The circuits 48 and
49 are set by means of their respective level-control
members so that at the required regulated output voltage
the circuit 48 is operating, that is to say the discharge
tube thereof is periodically conductive, while the circuit
49 is quiescent that is to say the discharge tube thereof is
non-conductive. If now the output voltage falls below
the level at which circuit 48 is set then both circuits will
be quiescent. The arrangement is such that in this con-
dition the servo-control mechanism will cause adjustment
of the voltage regulator to increase the output voltage,
until circuit 48 once more operates and further adjust-
ment of the voltage regulator ceases. If the output volt-
age increases above the level at which the circuit 49 is
set then both circuits will be operating. The arrange-
ment is such that in this condition the servo-control
mechanism will cause adjustment of the voltage regula-
tor to decrease the output voltage, until circuit 49 once
more - becomes quiescent and further adjustment of the
voltage regulator ceases.

It will thus be observed that this system limits the
voltage variation at the output of the system, the limits
being defined by the settings of the level-control mem-
bers of the circuits 48 and 49.

The embodiment described with reference to Figure 4
may be modified for use with a signal comprising an
alternating voltage. In this case the tube 30 may have
its anode and trigger circuits supplied from a voltage
source of the same frequency and phase as the signal
so that the two tube circuits are synchronized automati-
cally, a practical example being the use of the system
to monitor the aiternating power supply voltage. In
such an arrangement it is convenient to arrange the cir-
cuit .of the signal tube so as to advance, in phase, the
signal voltage applied at the trigger of the first or signal
tube with respect to the phase of the power supply volt-
age, the purpose being to enable the second or relay tube
to fire early in each operative half-cycle with consequent
increase in the mean anode current which energizes the
relay. However, if this is done, there is the disadvantage
that, due to such phase-shift in the system, very large
excess signal voltages may cause the pulse from the
anode of the signal tube to be fed to the cathode of the
relay tube before the latter receives the corresponding
positive half-wave of alternating voltage at its anode, so
that the relay tube fails to ignite. :

The embodiment shown in Figure 8 overcomes this
disadvantage and provides an improved circuit arrange-
ment generally similar to the two-tube arrangement
generally similar to the two-tube arrangement shown in
Figure 4 but capable of operating satisfactorily with al-
ternating - signal voltages even in the presence of rela-
tively large excess signals.

Referring to Figure 8 the signal tube 1 has its anode
supplied via a resistor 13 through which a capacitor 14
is charged. Capacitor 14 is discharged through tube 1
as will be explained below. The trigger-cathode break-
down voltage of this tube is exceeded when the signal
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exceeds a predetermined value and the tube becomes con-
ductive. The voltage at the anode 3 then falls carrying
the cathode 32 of relay tube 30 negative until the trigger-
cathode breakdown voltage of tube 30 is exceeded,
whereupon tube 306 also becomes conductive after which,
the capacitor 14 discharges through tube 1 and tube 30.
Resistor 13 and capacitor 14 are selected with such values
that the discharge of tube 1 is self extinguishing. The
discharge current of tube 30, which flows through relay
winding 5, continues to flow through rectifier 35 until
the anode and trigger voltages, both of which are sup-
plied from an alternating current source, fall below the
respective burning voltages. Thus the relay is actuated
when the signal supplied to trigger 4 exceeds a predeter-
mined value.

It will be seen that tube 1 passes a relatively low aver-
age current for a very short space of time, the current
for operating the relay being supplied by tube 30 and
therefore hysteresis effects inherent in cold cathode tubes
are reduced to a minimum.

If the trigger 37 of tube 30 were fed with A.C. from
the anode supply point of the tube as shown by the
dotted connection 40, then the operation of the circuit
would be as now explained with reference to the wave-
forms a to d of Figure 9.

In Figure 9 graph a represents the alternating signal
voltage, which may be the power supply voltage; b is
the signal voltage at the trigger 4, with a phase shift ¢
introduced by the RC network 23-—42 with reference to
voltage a for the reasons stated above; c¢ represents the
firing pulses fed from anode 3 to cathode 32, and d rep-
resents the voltage at anode 36, which is in phase with
voltage a, Vb being the burning voltage.

If the input signal voltage is below the critical value,
the peak voltage applied to the trigger 4 of tube 1 is
less than the trigger-cathode breakdown voltage Vi,
and the circuit is therefore quiescent. If however the
signal voltage exceeds the critical value (as shown in
full lines in graph b) the peak voltage at the trigger 4
exceeds Vi, and tube 1 fires and the negative pulse
(shown at P in full lines) which occurs at the anode 3
is fed via capacitor 14 to the cathode 32. The voltage
on tube 30, as shown in graphs ¢ and d of Figure 9, are
so phased that tube 30 is fired by the negative pulse P
and conducts during the major portion of the positive
half cycle of the anode supply source after which it is
extinguished. Since tube 1 is connected in an R.C. self-
extinguishing circuit comprising elements 13 and 14, it
only conducts while capacitor 14 discharges. This se-
quence of events is repeated once every cycle and the
mean current through tube 30 energizes relay 5 which
operates an indicating or alarm circuit.

If now the signal voltage is large, as shown by the
dotted curve of graph b, the phase shift ¢ causes tube 1
to fire very early in the cycle as shown at P’ in Figure 9
(c) and the pulse at the cathode 32 arrives before the
anode voltage on tube 30 has gone positive and therefore
tube 30 does not fire. The relay 5 is not energized and
the required indication is not given.

This difficulty is overcome by feeding the trigger 37
from the signal input point via a connection 41. The
circuit is essentially the same except that the trigger volt-
age of tube 30 is now obtained from the varying signal
input instead of the alternating anode supply voltage as
previously. For small excesses of signal voltage the
operation is similar to that of the previously discussed
circuit using connection 40. However, for large voltage
excesses the signal voltage acting as the trigger voltage of
tube 30 is sufficiently large to fire tube 30 independently
and thus energize relay 5; this is shown in graphs e and f
of Figure 9 relating to the voltages at the trigger and
anode of tube 30 respectively. Tube 1 continues to oper-
ate as previously but has no effect on-tube 36. Potential
divider 38 is adjusted so that tube 30 fires under all con-
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“ditions of excess voltage but only fires independently of
tube 1 above a predetermined excess in signal voltage.

Such an arrangement may be used with advantage in
thyratron circuits to overcome difficulties due to varia-
tions in phase angle.

What is claimed is:

1. A circuit arrangement comprising first and second
‘gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the ancde of said
first tube with a direct voltage, means for applying an
‘alternating voltage to the anode of said second tube
thereby to render said second tube potentially conductive
during consecutive intervals, means for applying a signal
voltage to the trigger electrode of said first tube in a man-
ner whereby the trigger-cathode breakdown voltage of
said first tube is exceeded and the said tube becomes con-
ductive when the magnitude of said signal voltage ex-
ceeds a predetermined value during the said potentially
conductive intervals of said second tube, a load circuit
connected to the anode of said second tube, and means
for causing the trigger-cathode breakdown voltage of
said second tube to be exceeded and the said second tube
to become conductive when said first tube is conductive
and for causing the anode-cathode and trigger-cathode
discharges of the said second tube to be extinguished at
predetermined intervals, said last-mentioned means in-

cluding a capacitor coupled between said first and second.

tubes in a manner whereby said capacitor discharges
through said first tube thereby to extinguish the said first
tube and applies a pulse to the said second tube.

2. A circuit arrangement comprising first and second
gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the anode of said
first tube with a direct voltage, means for biasing the
anode of said second tube with an alternating voltage,
means for applying a direct signal voltage to the trigger
electrode of said first tube in a manner whereby the
trigger-cathode breakdown voltage of said first tube is
exceeded and the said tube becomes conductive when the
magnitude of said signa] voltage exceeds a predetermined
value, rectifying means, means connecting the cathode of
said second tube to a point at constant potential through
said rectifying means, a load circuit connected to the
anode of said second tube, and means for causing the
trigger-cathode breakdown voltage of said second tube to
be exceeded and the said second tube to become conduc-
tive when said first tube is conductive and for causing
the anode-cathode and trigger-cathode discharges of the
said second tube to be extinguished at predetermined in-
tervals, said last-mentioned means including a capacitor
connected between the anode of said first tube and the
cathode of said second tube in a manner whereby said
capacitor discharges through said first tube thereby to ex-
tinguish the said first tube and applies a pulse to the said
second tube.

3. A circuit arrangement comprising first and second
gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the anode of said
first tube with a direct voltage, a source of direct voltage,
means for applying a direct signal voltage to the trigger
electrode of said first tube in a manner whereby the
trigger-cathede breakdown voltage of said first tube is
exceeded and the said first tube becomes conductive when
the magnitude of said signal voltage exceeds a predeter-
mined value, means for extinguishing the anode-cathode
and trigger-cathode discharges of said first tube at pre-
determined intervals, said last-mentioned means compris-
ing means for supplying a cathode bias voltage at said
predetermined intervals, means for combining said cath-
ode bias voltage with the voltage of said source of direct
voltage to produce a first resultant voltage and means for
applying said first resultant voltage to the cathode of said
first tube, rectifying means, means connecting the cathode
of sajd second tube to a point at constant potential
through said rectifying means, means for biasing the
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anode of said second tube with an alternating voltage,

said alternating voltage being synchronized with said

means for supplying a cathcde bias voltage at said pre-
determined intervals, means for biasing the trigger elec-
trode of said second tube with said alternating voltage, a
load circuit connected to the anode of said second tube,
and a capacitor connected between the anode of said first
tube and the cathode of said second tube whereby the
trigger-cathode breakdown voltage of said second tube is
excecded and the said second tube becomes conductive
when said first tube is conductive and the anode-cathode
and trigger-cathode discharges of the said second tube
are extinguished at predetermined intervals, said capaci-

‘tor being connected in a manner whereby said capacitor

discharges through said first tube thereby to extinguish
the said first tube and applies a pulse to the said second
tube.

4. A circuit arrangement comprising first and second
gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the anode of said
first tube with a direct voltage, a source of direct voltage,

. means for applying a direct signal voltage to the trigger
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electrode of said first tube in a manner whereby the
trigger-cathode breakdown voltage of said first tube is
exceeded and the said first tube becomes conductive when
the magnitude of said signal voltage exceeds a predeter-
mined value, means directly connecting the cathode of
said first tube to a point at constant potential, rectifying
means, means connecting the cathode of said second tube
to a point at constant potential through said rectifying
means, means for biasing the anode of said second tube

‘with an alternating voltage, means for biasing the trigger

electrode of said second tube with said alternating volt-
age, a load circuit connected to the anode of said second
tube, and a capacitor connected between the anode of
said first tube and the cathode of said second tube
whereby the trigger-cathode breakdown voltage of said
second tube is exceeded and the said second tube be-

‘comes conductive when said first tube is conductive and

the anode-cathode and trigger-cathode discharges of the
said second tube are extinguished at predetermined inter-
vals, said capacitor being connected in a manner whereby
said capacitor discharges through said first tube thereby
to extinguish the said first tube and applies a pulse to the
said second tube.

5. A circuit arrangement comprising first and second

‘gas discharge tubes each having an anode, means for

biasing the anode of said first tube with a direct voltage, a
cathode and a trigger electrode, means for applying an
alternating voltage to the anode of said second tube
thereby to render said second tube potentially conductive
during consecutive intervals, means for applying a signal
voltage to the trigger electrode of said first tube in a
manner whereby the trigger-cathode breakdown voltage
of said first tube is exceeded and the said tube becomes
conductive when the magnitude of said signal voltage ex-
ceeds a predetermined value during the said potentially
conductive intervals of said second tube, a load circuit
connected to the anode of said second tube, means for
applying said signal voltage to the trigger clectrode of
said second tube, and means for causing the trigger-
cathode breakdown voltage of said second tube to be
exceeded and the said second tube to become conductive
when said first tube is conductive and for causing the
anode-cathode and trigger-cathode discharges of the said
second tube to be extinguished at predetermined inter-
vals, said last-mentioned means including a capacitor
coupled between said first and second tubes in a manner
whereby said capacitor discharges through said first tube
thereby to extinguish the said first tube and applies a
pulse to the said second tube.

6. A circuit arrangement comprising first and second
gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the anode of said
first tube with a direct voltage, a source of direct volt-
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age, means for applying a direct signal voltage to the
trigger electrode of said first tube in a manner whereby
the trigger-cathode breakdown voltage of said first tube
is"exceeded and the said first tube becomes conductive
when the magnitude. of said signal voltage exceeds a
predetermined value, means directly connecting the
cathode of said first tube to a point at constant potential,
rectifying means, means connecting the cathode of said
second tube to a point at constant potential through said
rectifying means, means for biasing the anode of said
second tube with an alternating voltage, a load circuit
connected to the anode of said second tube, a capacitor
connected between the anode of said first tube and the
cathode of said second tube whereby the trigger-cathode
breakdown voltage of said second tube is exceeded and
the said second tube becomes conductive when said first
tube is conductive and the anode-cathode and trigger-
cathode discharges of the said second tube are extin-
guished at predetermined intervals, said capacitor being
connected in a manner whereby said capacitor discharges
through said first tube thereby to extinguish the said first
tube and applies a pulse to the said second tube and
means for applying said signal voltage to the trigger
electrode of said second tube whereby the trigger-cathode
breakdown voltage of said second tube is exceeded and
the said second tube becomes conductive independently
of the conductive condition of said first tube when the
magnitude of said signal voltage exceeds a predeter-
mined value relatively higher than said first-mentioned
predetermined value.

7. A circuit arrangement comprising first and second
gas discharge tubes each having an anode, a cathode and
a trigger electrode, means for biasing the anode of said
first tube with a direct voltage, a source of direct voltage,
means for applying a direct signal voltage to the trigger
electrode of said first tube in a manner whereby the
trigger-cathode breakdown voltage of said first tube is
exceeded and the said first tube becomes conductive when
the magnitude of said signal voltage exceeds a predeter-
mined value, said last-mentioned means including a re-
sistance-capacitance network, means directly connecting
the cathode of said first tube to a point at constant po-
tential, rectifying means, means connecting the cathode
of said second tube to a point at constant potential
through said rectifying means, means for biasing the
anode of said second tube with an alternating voltage,
a load circuit connected to the anode of said second tube,
a capacitor connected between the anode of said first tube
and the cathode of said second tube whereby the trigger-
cathode breakdown voltage of said second tube is ex-
ceeded and the said second tube becomes conductive when
said first tube is conductive and the anode-cathode and
trigger-cathode discharges of the said second tube are
extinguished at predetermined intervals, said capacitor
being connected in a manner whereby said capacitor dis-
charges through said first tube thereby to extinguish the
said first tube and applies a pulse to the said second tube
and means for applying said signal voltage to the trigger
electrode of said second tube, said last-mentioned means
including a potentiometer whereby the trigger-cathode
breakdown voltage of said second tube is exceeded and
the said second tube becomes conductive independently
of the conductive condition of said first tube when the
magnitude of said signal voltage exceeds a value deter-
mined by said potentiometer, the value determined by
said potentiometer being relatively higher than said first-
mentioned predetermined value.

8. A voltage regulating system comprising voltage
regulating means having an input and an output, means
for applying an input signal voltage to the input of said
voltage regulating means, means for deriving an output
signal voltage from the output of said voltage regulating
means, first and second circuit arrangements each com-
prising a gas discharge tube having an anode, a cathode
and a trigger electrode, means for applying said output
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~signal voltage to the trigger electrode of each of said

tubes-in' a manner whereby the trigger-cathode break-
down voltage of the first tube is exceeded and said first
tube becomes conductive when the magnitude of said
output signal voltage exceeds a first predetermined value
and the second tube is non-conductive and whereby the
trigger-cathode breakdown voltage of said second tube is

.exceeded and the said second tube becomes conductive
~when the magnitude of said output signal voltage exceeds

a second predetermined value relatively higher than said
first predetermined value, a load circuit connected to the
anode of each of said tubes in a manner whereby said
load circuit is energized when the corresponding tube
becoming conductive and means for extinguishing the
anode-cathode and trigger-cathode discharges of each of
said tubes at predetermined intervals, and means com-
prising the load circuit of said first and second circuit
arrangements for controlling the operation of said volt- '
age regulating means whereby when the magnitude of
said output signal voltage is below said first predeter-
mined value said first and second tubes are non-conduc-
tive and the said voltage regulating means operates to in-
crease the magnitude of the said output signal voltage and
whereby when the magnitude of the said output signal
voltage is above said second predetermined value said
first and second tubes are conductive and the said volt-
age regulating means operates to decrease the magnitude
of the said output signal voltage, said first tube being
conductive and said voltage regulating means operating
independently of said circuit arrangements when the
magnitude of said output signal voltage is above said first
predetermined value and below said second predeter-
mined value.

9. A voltage regulating system comprising voltage reg-
ulating means having an input and an output, means
for applying an input signal voltage to the input of said
voltage regulating means, means for deriving an output
signal voltage from the output of said voltage regulating
means, first and second circuit arrangements each com-
prising first and second gas discharge tubes each having
an anode, a cathode and a trigger electrode, means for
applying said output signal voltage to the trigger elec-
trode of each of said first tubes in a manner whereby
the trigger-cathode breakdown voltage of the first tube
of the first circuit arrangement is exceeded and said first
tube becomes conductive when the magnitude of said
output signal voltage exceeds a first predetermined value
and the first tube of the second circujt arrangement is
non-conductive and whereby the trigger-cathode break-
down voltage of said first tube of said second circuit
arrangement is exceeded and the said first tube becomes
conductive when the magnitude of said output signal
voltage exceeds a second predetermined value relatively
higher than said first predetermined value, a load cir-
cuit connected to the anode of each of said second tubes
in a manner whereby said load circuit becomes energized
when the corresponding second tube becoming conduc-
tive and means for causing the trigger-cathode break-
down voltage of each of said second tubes to be exceeded
and each of the said second tubes to become conductive
when the corresponding first tube is conductive and for
causing the anode-cathode and trigger-cathode discharges
of each of the said second tubes to be extinguished at
predetermined intervals, said last-mentioned means in-
cluding a capacitor coupled between said first and second
tubes, and means comprising the load circuit of said first
and second circuit arrangements for controlling the op-
eration of said voltage regulating means whereby when
the magnitude of said output signal voltage is below
said first predetermined value the first and second tubes
of said first and second circuit arrangements are non-
conductive and the said voltage regulating means op-
erates to increase the magnitude of the said output signal
voltage and whereby when the magnitude of the said
output signal voltage is above said second predetermined
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value said first and second tubes of said first and second
circuit arrangements are conductive and the said voltage
regulating means operates to decrease the magnitude of
said output signal voltage, said first and second tubes of
said first circuit arrangement being conductive and said
voltage regulating means operating independently of said
first and second circuit arrangements when the magnitude
of said output signal voltage is above said first predeter-
mined value and below said second predetermined value.
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