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1. 
This invention relates to electronic relay ar 

rangements. 
The invention has for its object to provide a 

relay arrangement the mean output of which 
is a function of the magnitude of a controlling 
quantity Such that the current flowing in the out 
put circuit may be large in relation to the cur 
rent produced directly in an input or controlling 
circuit in dependence on said controlling quan 
tity, and which may, when desired, be made sensi 
tive to Small variations of said controlling quan 
tity. The arrangement according to the inven 
tion is, for example, eminently applicable in the 
control or regulation of temperatures or other 
quantities in industrial or other processes, al 
though it is to be understood that the invention 
is in no way limited in these respects but has 
general application for the purpose just above 
broadly set forth. 

According to the present invention, an elec 
tronic relay arrangement for the purpose above 
Set forth comprises a discharge device of the 
gaseous conduction kind having its anode cir 
cuit energised or adapted to be energised from 
a Source of alternating voltage, and having a 
control element connected in a control circuit 
producing a component of voltage dependent on 
the magnitude of a controlling quantity and in 
cluding means dependent on anode conduction 
of Said device for changing the resultant effective 
voltage produced in said control circuit in the 
Sense to cause extinction and firing of the device 
in response to firing and extinction, respectively, 
of said device, and time delay means for modify 
ing change of Said resultant effective' voltage, : 
whereby anode conduction of said device will be 
periodically initiated and continued for a num 
ber of cycles of alternating anode voltage of the 
device dependent on the magnitude of said con 
trolling quantity, so that the mean anode current 
of Said device in each period of conduction foll 
lowed by non-conduction will be proportional to 
or otherwise dependent upon the magnitude of 
Said quantity. - 
More Specifically, the electronic relay arrange 

ment comprises a gaseous conduction discharge 
device having its anode and cathode connected 
or adapted to be connected in an alternating cur 
:rent circuit to be controlled by the relay arrange 
ment, With a control electrode or element of said : 
discharge device connected or adapted to be con 
nected with a control apparatus to receive from 
the latter a variable input or controlling quantity 
controlling the initiation of anode conduction in 
Said device, in combination with means respond 
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2 
ing with time delay to said anode conduction ar 
ranged to produce on said control element a. 
change of voltage, such that said anode conduc 
tion, after initiation in dependence on the mag 
nitude of said input or controlling quantity, Will 
continue for a number of subsequent cycles of 
the anode voltage dependent on the magnitude 
of said controlling quantity. The arrangement. 
according to the invention therefore provides an 
electronic relay in which a load device in the 
anode circuit is energised intermittently at a 
periodicity corresponding with a plurality of cy 
cles of the alternating voltage applied to the anode 
of the discharge tube with the percentage time 
during each such period for which said current 
flows proportional to, or otherwise varying in 
manner dependent on the magnitude of, the con 
trolling quantity, between limits of the latter. 
The electronic relay arrangement according to 

the invention is useful for example in tempera 
ture and other regulating systems where the con 
trolling quantity is dependent upon departure of a 
regulated temperature or other quantity from a 
desired constant or arbitrary or otherwise vari 
able value, and the discharge tube has connected 
in the anode circuit thereof, a load device com 
prising means for producing a restoring effect 
on the magnitude of said temperature or quan 
tity. The arrangement according to the inven 
tion is, however, applicable to any other kind of 
control system in which the mean output current 
is desired to be a function of the magnitude of 
a controlling or input quantity. 
The means responding with time delay to the 

anode conduction of the gaseous conduction dis 
charge device may for example conveniently com 
prise a resistance/capacity network or combina 
tion. 
The response of the relay arrangement to the 

controlling quantity may be obtained, according 
to one arrangement, by including in the control 
circuit for the gaseous conduction discharge de 
vice an input, impedance connected or adapted 
to be connected with control apparatus for pro 
ducing across said impedance a control voltage 
for the relay arrangement, or, according to an 
other arrangement, by including in said control 
circuit, a control impedance which is itself vari 
able in response to a controlling quantity for the 
relay arrangement. 
According to another feature of the invention, 

'the means responding with time delay to anode 
conduction of the gaseous conduction discharge 
device are connected in the control circuit of the 
lattei' So as to produce on the control element 
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thereof a voltage tending to prevent said anode 
conduction, acting in opposition to a voltage 
component applied to said control element in 
accordance with said control quantity for initiat 
ing anode conduction of the gaseous conduction 
discharge device. For example, said time delay 
means may be connected across the anode and 
cathode of said device so as to respond to 
asymmetry of the positive and negative half 
cycles of the anode voltage of said device. 
alternative arrangement producing equivalent 
results, the means responding with time delay 
to anode conduction of the gaseous conduction 
discharge device are arranged to produce in the 
control circuit of said device a voltage component 
tending to maintain said anode conduction, and 
said control circuit includes means for producing 
on the control element of Said device a Voltage 
component tending to prevent anode conduction 
of said device after extinction of the latter, 
said voltage produced in response to anode con 
duction of said device falling during said con 
duction so as to produce on said control element 
the change of voltage resulting in termination 
of said anode conduction. For example, the 
time delay means may in this arrangement com 
prise a capacitance included in a rectifying cir 
cuit connected for energisation in accordance 
with the anode/cathode voltage of said device. 
In a preferred arrangement of this kind the 
control circuit of the gaseous conduction dis 
charge device includes also a capacitance in series 
With means, for applying to the control element 
of said device an alternating Voltage of a phase 
adapted to prevent anode conduction of Said de 
vice, this capacitance being chargeable during 
non-conduction of said device to produce on said 
control element a uni-directional voltage com 
ponent tending to maintain non-conduction of 
Said device. 
According to another feature of the invention, 

the electronic relay means includes in combina 
tion with the discharge device a controlling appa 
ratus adapted to govern the magnitude of a con 
trolling component of Voltage on the control ele 
ment of said device, which controlling voltage 
component is an alternating voltage in quadra 
ture, or otherwise phase displaced, preferably by 
a large amount, With respect to an alternating 
biasing voltage, which latter voltage will usually 
be of constant amplitude. This arrangement has 
the advantage that Whilst the biasing voltage 
will be relatively large in order to be capable of 
preventing anode conduction during the whole of 
the alternating cycle applied to the anode of the 
discharge tube and Will be in counterphase or sub 
stantially in counterphase, with said anode volt 
age, the quadrature controlling component of 
Voltage may be Small, for example, may have a 
maximum amplitude of only one-tenth that of 
the biasing voltage since said component Will 
have its maximum value tending to initiate anode 
conduction when the biasing voltage is zero, or 
is of only low value. The arrangement can 
therefore be made Sensitive to Small variations 
of the controlling component of Voltage and thus 
of the controlling quantity. The controlling volt 
age component may, without departing from the 
scope of this feature of the invention, be a uni 
directional voltage, similar considerations as re 
gards sensitivity to those above set forth then also 
applying, but in general the use of an alternating 
voltage will be more convenient. 
The alternating biasing voltage may conven 
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4. 
discharge device directly such as from a suitable 
transformer, from the supply for the anode, or 
by being fed into the anode circuit of an ampli 
fying thernionic valve through which the con 
trolling voltage is applied to the control element 
of the gaseous conduction discharge device, so 
as to produce a ripple on the controlling voltage 
derived from said valve. 
According to a further feature of the invention, 

Where the control Voltage component is an alter 
nating voltage in quadrature or otherwise phase 
displaced with respect to an alternating biasing 
Woltage, the controlling apparats includes, or 
is coupled with the relay arrangement through, 
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a circuit arrangement tuned or adapted to be 
tuned to the frequency of the alternating input 
Woltage and applying to the relay arrangement 
a voltage which is phase displaced from, prefer 
ably being in quadrature or substantially in quad 
rature With, the Voltage of an alternating current 
Source from which said control voltage component 
is derived under control of the control apparatus. 
Conveniently the tuned circuit just above referred 
to inay be a Series resonant circuit connected 
or adapted to be connected with the controlling 
apparatus to receive current therefrom whilst 
the control voltage component for the control 
element of the discharge device is derived from a 
reactive element of Said resonant circuit. In a 
preferred arrangement the reactive element com 
prises the primary winding of a transformer of 
low resistance in series circuit relation with a 
capacitative element, the Secondary Winding of 
said transformer being connected in a circuit 

5 controlling, directly or indirectly, the Voltage in 
the control element of the gaseous conduction 
discharge device. 
The invention will now be described by Way of 

example with reference to the accompanying 
drawings, in which: 

Fig. 1 is an electrical circuit diagram of one 
embodiment of the invention, - 

Figs. 2, 3 and 4 are diagrams With reference 
to which the operation of the arrangement of 
Fig. 1 Will be described, 

Fig. 5 is an electrical circuit diagram of a 
further embodiment of the invention, 

Figs, 6 and 7 are curves explaining the opera 
tion of the arrangement of Fig. 5, 

Fig. 8 is a curve showing a regulating charac 
teristic which may be obtained With arrange 
ments according to the invention, 

Fig. 9 is an electrical diagram illustrating a 
modification of the arrangement of Fig. 5. 

Fig. 10 is an electrical diagram showing the ar 
rangement of Fig. 5 and a control circuit therefor. 
The arrangement shown in Fig. 1, which will 

be assumed by way of example to be employed 
for the temperature control of an electrically 
heated furnace or other enclosure, although ap 
plicable for any other desired regulating or con 
trol purposes, comprises a gaseous conduction 
discharge device of the kind known as a thyra 
tron in combination with a thermionic amplify 
ing valve 2 and a controlling apparatus which is 
indicated generally at 3. 
In the embodiment of the invention being de 

scribed the controlling apparatus 3 comprises a 
resistance thermometer 4 connected as one arm 
of a Wheatstone bridge in conjunction. With fixed 
resistors 5, 6 and 7. This Wheatstone bridge is 
energised either directly or, as in the example 
shown, through the transformer 8, from a suit 
able source of alternating current at 9, such as iently be applied to the control element of the 75 the usual supply mains. The primary winding O 
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of an input transformer if for the thermionic 
valve 2 is connected in series with: a capacitance 
23 across, the 'Output points of the Wheatstone 

bridge. The capacitance 2 is given such value in 
relation: to the inductance of the primary wind 
ing 0 as to tune the latter to the frequency of 
the source 9. Furthermore the transformer 
is designed so that the ratio of inductance to 
resistance of the winding O is high. The trans 
former has a secondary winding : 3 which is 
connected through a current-limiting resistor; 4 
with the control: grid of the valve 2, said valve 
being a pentode as shown, or, alternatively, a 
tetrode. The cathode of the valve is: connected, 
through a resistor 5 providing automatic grid 
bias in well known manner, With a negative bus 
bar, 6:which is connected. With One end of a Sec 
onclary winding of a transformer 8 for Sup 
plying anode current to the gaseous conduction 
tube , as will hereinafter be described in more 
detail. The primary winding 9 of the trans 
former f8 is connected with the source 9 as in 
dicated at 9' and said transformer is provided 
with secondary winding 20 which, in accordance 
-with usual practice, supplies heating current to 
the operating element 2 of a thermal time delay 
relay 22, the contacts of which control the cir 
cuit of the winding fli so that the high tension 
-voltage will not be applied to the anode of the 
thyratron until the Cathode thereof has reached 
the normal operating temperature, it being 
understood that the Cathode heaters of both the 
thyratron and the pentode or tetrode 2 are in the 
Jusuallyway energised, from the winding 20 or a 
further secondary winding of the transformer 
8. The other end of the secondary winding 3 
of the input; transformer.fi is connected with 
the negative busbar 6; a decoupling capacitance 
"24 may be connected between this end of the 
winding 3 and the cathode of the Valve.2 in ac- 4 
cordance with usual practice. 
The anode circuit of the valve 2 is energised 

from a suitable source of direct current applied 
between the negative busbar 6 on the one hand 
and a positive lead 25 on the other hand. This 
conductor 25 is, for a purpose which will herein 
“after appear, Connected with one end of a po 
tentiometer resistance 26, to which there is ap 
plied by means of a transformer 27 an: alternat 
ing voltage from and in phase with that of the 
source 9 as indicated at 9'. The variable tapping 
point . 28 of the potentiometer is connected 
through an anode resistor 29 and a decoupling 
resistor 30 with the anode of the valve 2. The 
value of this decoupling resistor is large-in rela- . 
tion to the anode resistance in the valve 2. The 
anode circuit of the valve 2 is resistance/capacity 
Coupled With the grid. Or input, circuit of the 
ithyratron by means of the anode resistance 29, 
a capacitance 3, and a resistor 32 forming the 
input or control impedance of the thyratron con 
trol circuit. The resistor 32, instead of being 
;Connected directly with the negative busbar 6, 
'is connected with Said busbar through a capac 
itance 33 which, as will hereinafter be explained, 

: constitutes. the terminal element of a time delay 
netWork, and in View of its function as herein 
after described may conveniently be referred to 
as the timing capacitance. The grid of the thyra 
itron is connected with the capacitance 3 through 
a grid current limiting resistor;34. 
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The anode circuit of the thyratron includes, in 
addition to a fixed resistor 36, the operating ele 
timent of a suitable contactor: for controlling the 
heat.input to the furnace; in the example shown s 

is therefore zero. 

6 
this contactor comprises.a. thermal vacuum relay 
of which the heating element is shown at 37 and 
the contacts at 38. It will be understood that the 
contacts 38 may be connected in circuit with any 
desired means for controlling the heat input to 
the furnace. For example said Contacts may be 
connected directly in circuit with the heating 
elements. Where the furnace is of the electrically 
heated kind. As shown the thyratron is prefer 
ably a tetrode. - 
'Apotentiometer resistance 39 is connected be 

tWeen the anode of the thyratron and the nega 
tive busbar 6. The variable tapping point:40 
of this potentiometer is connected with the input 
of the time delay netWolk hereinbefore referred 
to, which network comprises two resistors 4 and 
42 in conjunction with a capacitance 43 and with 
the timing capacitance 33. 

Preferably the anode resistance 29 and decoul 
pling resistor 30 of the valve 2 are shunted by a 
capacitance 44 in series with a resistor element 
45, the resistance of which falls with increase of 
applied voltage, this arrangement operating to 
limit the output voltage of the amplifying valve 
as hereinafter explained. 

In the operation of the arrangement shown in 
Fig. 1, the pentode or tetrode 2 will apply to the 
control grid of the thyratron a voltage compris 
ing two components. The first component, which 
will be referred to as the control component, is 
derived from the variation of anode current of 
the Valve 2 in dependence upon the alternating 
control grid voltage of said valve derived from the 
Wheatstone bridge 3. The second component, 
Which Will be referred to as the anti-phase com 
ponent, is an alternating component injected into 
the anode circuit of the valve 2 from the poten 
tionnetter 26. The primary winding of the trans 
former 2 is connected with the supply source at 
9' in such direction that the corresponding alter. 
nating voltage component applied to the grid of 
he thyratron is in phase opposition to the voltage 
applied by secondary winding of transformer 
8 to the anode of the thyratron. The poten 
tioneter 2S is adjusted so that the magnitude of 
the anti-phase component applied to the grid of 
the thyratron will be sufficient to prevent the 
thyratron firing when the resistance of the bridge 
3 is balanced, and the voltage applied to the 
primary winding 0 of the input transformer 

These conditions are repre 
Sented in Fig. 2, in which the curve A shows one 
icycle of the anode voltage on the thyratron and 
the curve I the anti-phase component of grid volt 
age derived from the transformer 27 and poten 
tionetter 26; at this time the anti-phase voltage 
"constitutes the resultant voltage applied to the 
igrid of the thyratron. It will be understood that 
in these circumstances the heating element 37 of 
the Vacuum. Switch remains de-energised so that 
there Will be no heat input to the furnace. 

ASSunning now that the temperature of the 
furnace is Such that the bridge 3 is unbalanced, 
-then the alternating voltage appearing across the 
Output points of said bridge will cause an alter 
nating current to flow in the tuned circuit com 
prising capacitance 2 and winding 0, and since 
this circuit is tuned and the winding to has a 
largeratio of inductance to resistance, a compara 
tively large voltage will be produced in the sec 
Ondary Winding 3 of the input transformer and 
Will be substantially in quadrature with the cur 
rent in the winding 0 and therefore substantially 
"in quadrature with the voltage of the source: 9 
and the anode voltage of the thyratron. The lar 
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rangement is such that the input voltage will lag 
with respect to the thyratron anode voltage upon 
unbalance of the bridge due to the furnace ten 
perature being below a predetermined value at 
which the bridge is balanced; the amplitude of 
said input voltage will be dependent on the extent 
to which said bridge is unbalanced and therefore 
on the extent to which the furnace temperature 
falls below said value at which the bridge is bal 
anced. The voltage derived from the bridge is 
amplified by the pentode and applied to the Con 
trol grid of the thyratron superimposed on the 
anti-phase component derived from the poten 
tioneter 26 from the transformer 27. As ex 
plained above, the secondary voltage of the trans 
former leads the current in the tuned input cir 
cuit by substantially ninety degrees, so that the 
control component of Voltage is Substantially in 
quadrature with both the anode voltage and the 
anti-phase voltage. These conditions are shown 
by Fig. 3, in which the curves A and I again repre 
sent the thyratron anode Voltage and the anti 
phase component of the grid voltage, whilst the 
curve C represents the control component of volt 
age derived from the valve 2 lagging in quadrature 
the control component I, giving a resultant grid 
voltage of the thyratron as shown by the curve R. 
This resultant voltage is, assuming a sinusoidal 
supply voltage, also a sinusoidal Voltage, but its 
phase with respect to the anode voltage of the 
thyratron Will depend upon the magnitude of the 
control component since the latter is in quadra 
ture with the anti-phase component. As will be 
understood a small variation in the amplitude of 
the control Component Will be sufficient to effect 
a substantial displacement of phase of the re 
sultant grid voltage since the control component 
is in quadrature with the anti-phase component 
of grid voltage and, for example, a maximum con 
trol component of one volt will provide the re 
quired operation in conjunction with an anti 
phase component of the Order of ten voltS. 
The arrangement is such that a reduction of 

the regulated temperature will retard the phase 
of the resultant thyratron grid voltage, and as 
suming the voltage derived from the bridge has 
sufficient magnitude the thyratron will fire at or 
near the beginning of a cycle as represented by 
the line Fin Fig. 3, with a consequent conduction 
of anode current for substantially the remainder 
of the cycle as represented by the hatched area, 
in Fig. 3. The vacuum switch or other contactor 
is therefore operated to close its contacts and 
apply heating current to the furnace to tend to 
raise the temperature thereof. It will be under 
stood that in the absence of further operation the 
heating current Would under these conditions be 
applied to the furnace during each cycle of the 
alternating voltage. By the employment of a 
vacuum switch for controlling the heating cur 
rent of the furnace, or by equivalent means oper 
ating with a time delay, the heating current may 
be supplied without interruption in spite of the 
termination of thyratron conduction during al 
ternate half-cycles. 
There is applied to the grid of the thyratron a 

further component of voltage. Which is derived 
from the potentiometer 39. Since this poten 
tionnetter is connected between the anode and 
cathode of the thyratron it will be clear that the 
voltage across said potentiometer will, when the 
thyratron fires, be less than during the negative 
half-cycle of the anode voltage when the anode 
current is Zero. As a result a negative voltage will 
build up on the timing capacitance 33 of the time 
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8 
delay network 4, 42, 43, 33, and furthermore said 
voltage will build up at a rate which is dependent 
on the values of the capacitances and resistors 
of Said network and the setting of the poten 
tioneter 39. The result is that when the thyra 
tron has conducted anode current for a sufficient 
time to cause this further biasing voltage to 
neutralise the effect of the input voltage, produc 
ing the conditions shown in Fig. 4, in which there 
is added to the resultant voltage R of Fig. 3 
a uni-directional component N derived from the 
capacitance 33 producing the resultant grid volt 
age R', the thyratron Will not fire at the com 
mencement of the next cycle so that the vacuum 
SWitch will reopen its contacts and the heating 
current to the furnace will be interrupted. 
In consequence of the termination of thyratron 

conduction the mean voltage applied to the poten 
tiometer 39 is zero since the voltage applied to 
said potentiometer is now the same during each 
half-cycle of the anode voltage. Consequently 
the voltage appearing across the capacitance 33 
will gradually disappear and a condition will 
again be reached at which the voltage derived 
from the input transformer 27 in the anode cir 
cuit of the valve 2 will be able to initiate firing 
of the thyratron and the cycle of operations above 
described will thus continue. 
Due to the exponential charging and discharg 

ing voltage curves with respect to time of the 
timing capacitance in the time delay network the 
proportion of each cycle of operations during 
which the charge from said capacitance is being 
increased and reduced will depend upon the input 
voltage, that is to say upon the magnitude of the 
quadrature component derived from the trans 
former 3 so that the proportion of time for which 
in each cycle of operation heating current is Sup 
plied to the furnace will depend upon the tem 
perature of the furnace. This aspect of the 
Operation will be sufficiently understood by those 
skilled in the art, but is also described in more 
detail with reference to Figs. 6 and 7 in connection 
with Fig. 5. This proportion of time increases 
With reduction of furnace itemperature, so that 
the average heat input to the furnace is varied in 
the opposite sense to variations of furnace tem 
perature, thereby to maintain the latter substan 
tially at a desired value. 
At the upper limit of regulated temperature the 

firing of the thyratron is prevented in every cycle 
of the alternating supply voltage with continuous 
de-energisation of the furnace whereas at a given 
lower limit of furnace temperature the quadrature 

5 or control component of thyratron grid voltage is 
Sufficiently great that the voltage derived from 
the potentiometer 39 Will never become sufficient 
to terminate the anode conduction of the thyra 
tron, So that the latter fires in every cycle of the 
alternating Supply voltage and the furnace is 
continuously energised. Between these limits the 
average energy input to the furnace is con 
tinuously variable in response to variation of 
furnace temperature. The arrangement enables 
the energy input to the furnace to be varied over 
the whole range between said limits, namely from 
Continuous de-energisation to continuous ener 
gisation by a small variation in the magnitude of 
the furnace temperature, with correspondingly 
Sensitive and accurate regulation of the furnace 
temperature to the desired value. By a suitable 
choice of the parameters of the time delay net 
Work the duration of the complete cycle of opera 
tions of the vacuum Switch can be selected appro 
priately to the particular application of the in 
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vention. It is contemplated for example that in 
One particular application of the embodiment 
shown in Fig. 1 said period, may be of the order 
Of sixty Seconds. 
The well-known anode current/anode voltage 

characteristic of the pentode or tetrode as em 
ployed for the amplifying valve 2 has the advan 
tage that the grid voltage of the thyratron derived 
from the transformer 27 will not be unduly 
reduced by the anode-Cathode path of said valve 
in parallel With the coupling capacitance 3 and 
coupling resistor 32. 
The capacitance 44 and resistor 45 operate to 

limit the magnitude of the quadrature component 
which may be applied to the grid of the thyratron, 
So that the phase of the resultant alternating 
voltage on Said grid can never be displaced by 
more than ninety degrees from the anti-phase 
relation to the anode voltage of the thyratron 
irrespectively of the extent to Which the bridge 
is unbalanced. In practice the phase displace 
ment will be limited to a lesser amount than 
ninety degrees. The resistor 45 may be one of 
the well known materials having the resis 
tance/voltage characteristic hereinbefore re 
ferred to. 

It will be understood that the specific arrange 
ment of thyratron and grid circuits thereof as 
above described may be employed in combination 
with other controlling means than the amplify 
ing valve above described, and that the combina 
tion of thyratron and amplifying valve with their 
input circuits as specifically described above may 
be employed in conjunction with other means 
producing a desired input Voltage than those 
Specifically described, for obtaining response to 
any desired quantity. 
In some particular applications of the arrange 

ment shown in Fig. 1. Some interference with the 
desired operation may result from the fact that 
the timing capacitance 33 of Fig. 1, tends to be 
charged by the grid current of the thyratrol 
during the positive half-cycles of thyratron anode 
voltage when the thyratron is not firing and to 
be so charged in the sense to apply a negative 
potential to the grid. Fig. 5 shows a modification 
of the arrangement whereby this objection may 
be avoided, the arrangement, of Fig. 5 including a 
rectifier in the charging circuit of the timing 
Capacitance and being. Such that the voltage de 
rived from the anode circuit of the thyratron 
applies to the timing capacitance, through said 
rectifier, a charge in the sense to apply a positive 
potential to the thyratron grid during the positive 
half-cycles of thyratron anode voltage whilst the 
negative half-cycles of anode voltage are ineffec 
tive to modify the charge on the timing capac 
itance. This charge will balance the negative 
charge which the timing capacitance: tends to re 
ceive from the thyration grid and when the 
charge derived across the timing capacitance 
from the thyratron anode circuit, sufficiently ex 
ceeds that due to the grid current the thyratron 
Will ultimately fire. The consequent reduction 
of thyratron anode-cathode voltage drop on the 
positive half-cycles will then allows the positive 
charge on the timing capacitance to fall so that 
the thyratron is extinguished; whereupon posi 
tive voltage on the timing capacitance again 
builds up to repeat the above described cycle of 
operation. In order that the period of operation 
may be made of sufficient duration and regularity 
means are also provided whereby a negative volt 
age component is applied to the grid during the 
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10 
guish the thyratron the voltage on the timing 
capacitance must fall to a considerably lower 
Value than that necessary to initiate firing. As 
Will be explained in more detail hereinafter the 
arrangement is controlled by the application of a 
control component of voltage to the grid circuit 
of the thyratron, which control voltage deter 
mines the values of voltage of the timing capac 
itance necessary to initiate and terminate firing 
of the thyratron so that, due to the exponential 
charging and discharging Voltage-time curves of 
the tinning capacitance With respect to time the 
percentage time in each cycle of Operation for 
which the thyratron fires will vary with the mag 
nitude of Said control voltage in similar manner 
to that obtained with the arrangement of Fig.1. 

In Fig. 5 the thyratron is again shown at , the 
vacuum relay or other controlled device is shown 
at 50, connected in the anode circuit of the thy 
ratron for energisation from the anode Supply 
secondary winding-of the transformer. 8. The 
thyratron grid is connected through a grid. Cur 
rent limiting resistor 34 with a capacitance 5. 
shunted by a resistor 52, the grid circuit...includ 
ing also in series circuit relation, a resistor 53 
forming the input or control impedance of the 
thyratron control circuit, which resistori 53 may 
be the resistor, 32 of Fig. 1; a further Secondary 
winding 54 of the transformer 18 and the timing 
capacitance 33. The timing capacitance is con 
nected, in series, with a resistor 55, between the 
cathode of the thyratron and the variable tap 
ping point 40 of a potentiometer. 39, which "po 
tentiometer, as in: Fig. 1 is connected between 
the anode and cathode of the thyratron, but in 
the arrangement of Fig. 5 has connected in Series 
therewith a dry-plate-rectifier. 56, which allows 
current to flow in the potentiometer only during 
the positive half-cycles of anode voltage. 
The input resistor. 53 is connected with any 

desired means producing thereon: a control volt 
age which is representative of Sonne: Condition of 
the magnitude of which it is desired that the 
average anode current of the thyratron, and 
therefore the average value of soline controlled 
quantity, shall depend. Preferably, this input 
voltage is either derived from a direct. Current 
source or is an alternating voltage in quadrature 
or substantially in quadrature. With the Voltage 
produced by the winding 54, although it could be 
an alternating voltage in phase or anti-phase 
with the voltage of winding 54. The first men 
tioned arrangements are in general preferred 
since the last mentioned arrangement has the 
disadvantage that a much larger amplitude of 
the control voltage is required, for the same 
reasons as described in connection with Fig. l. 
The operation of the arrangement of Fig. 5 

will first be described for a case where the input 
voltage is derived from a direct current Source. 
Fig. 6 is a set of curves of the various compo 
nents of grid voltage plotted on the ordinates 
against time, and shows the operation during One 
cycle of operation, extending over a plurality of 
cycles of the anode voltage, for example extend 
ing over three thousand such cycles of anode 
voltage. The horizontal line c in Fig. 6 repre 
sents a negative control voltage of a given mag 
raitude. At the commencement of the cycle, at 
time t1, the thyratron is extinguished so that 
the voltage of the secondary winding 54 will cause 
current to flow between the grid and cathode of 
the thyratron during aiternate half-cycles of the 

non-conduction of the thyratronso that to extin- 75 supply voltage, that is to say during the half 
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cycles when the voltage in winding 54 acts down 
wardly in Fig. 5; on the other hand current Will 
not flow from the winding 54 during the other 
half-cycles. As a result the capacitance 5 will 
be charged in the direction to apply a negative 
potential to the grid, and this negative voltage 
on capacitance 5 will have a magnitude deter 
mined by the values of the several resistances in 
the grid circuit. The resistance/capacitance 
combination 52-5 is arranged with a short time 
constant, for example less than 0.1 second, so 
that the capacitance 5 comparatively rapidly 
reaches a steady voltage, said time constant, 
however, being sufficiently great that the capaci 
tance will hold its charge for a few cycles of 
anode voltage. This rise in negative voltage on 
the capacitance 5 is shown at a in Fig. 6 in 
creasing the resultant negative voltage on the 
grid from the line C to a value equal to the sum 
of the control voltage c and the voltage a on the 
capacitance 5. Simultaneously the voltage 
across the capacitance 33 will rise, since at the 
end of the preceding cycle of operations the 
thyratron has been conducting so that the anode 
Cathode voltage thereof had a low value, but upon 
extinction of the thyratron at time t1 the increase 
of anode-Cathode voltage substantially to the 
anode supply voltage of the secondary winding 

7 Will commence to charge the capacitance 33 
through the rectifier 56 during the positive half 
Cycles of anode voltage. The time constant of the 
resistance/capacitance combination 55-33 is 
made considerably greater than that of the com 
bination 52-5, for example is about ten seconds. 
The voltage across the timing capacitance 33 
therefore commences from whatever voltage re 
mained at the commencement of the cycle of 
Operation and rises comparatively slowly as 
shown by the curve b toward the final steady 
State Voltage E of the capacitance. When the 
Voltage across the capacitance 33 has risen suffi 
ciently to neutralise the sum of the voltages across 
the capacitance 5 and that across the resistor 
53, that is has risen to a value somewhat in ex 
ceSS of the Sum of the voltages c and a, the thy 
ratron will fire, namely at the time ta. The load 
50 is therefore energised during following half 
Cycles of the anode voltage. Due to the fall of 
the anode-cathode voltage drop to a low value 
the timing capacitance 33 is no longer charged 
through the rectifier 56 but discharges through 
the resistor 55 so that the voltage across said 
capacitance falls as shown by the curve b'. This 
fall of voltage on capacitance 33 does not, how 
ever, immediately extinguish the thyratron, be 
callse as a result of the firing of the thyratron 
at time t2 the fall of grid-cathode resistance 
causes immediate disappearance of the negative 
charge on the capacitance 5 so that the voltage 
a is removed and the grid voltage becomes the 
voltage C. Furthermore, the winding 54 is now 
effective to apply an alternating voltage compo 
nent to the grid in anti-phase to the anode volt 
age. The ratio of anode voltage from the wind 
ing 7 to the grid voltage from the winding 54 
is made less than the gas ratio of the thyratron, 
that is to say less than the ratio just sufficient 
to fire the thyratron in the absence of other com 
ponents of grid voltage. The grid voltage is thus 
now determined by the voltage of the timing ca 
pacitance 33 and the voltage across the input, 
resistor 53 with the superimposition thereon of 
the alternating voltage from the secondary wind 
ing 54. This alternating voltage is in anti-phase 
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12 
to the anode voltage so that it is zero at the com 
mencement of the cycle and does not prevent fir 
ing of the thyratron so long as there is a sufficient 
resultant positive component of voltage on said 
grid at the instant in each positive half-cycle 
of anode voltage at which the anode voltage 
reaches the anode-cathode voltage drop of the 
thyratron. 
The grid voltage is therefore sufficient to fire 

the thyratron at each succeeding positive half 
cycle of anode voltage until the timing capaci 
tance has been discharged to a voltage substan 
tially equal to the control voltage c. When this 
occurs the thyratron is extinguished, namely at 
time t3 and the above described cycle of opera 
tions is repeated. Thus the capacitance 5 is 
again rapidly charged negatively in accordance 
With the line a whilst the timing capacitance 33 
is charged and discharged comparatively slowly 
according to curves b and b. 
From the above description it will be clear that 

the arrangement operates to fire the thyratron 
for alternate periods each including a plurality 
of cycles of the alternating anode voltage, with 
the intervening periods in which the thyratron 
is extinguished also each including a plurality 
of cycles of said anode voltage. As will now be 
described, the ratio between the duration of the 
firing periods to the duration of the extinguished 
periods, that is to say the percentage firing time, 
is varied by variation of the control voltage. 

ASSunning that the magnitude of the negative 
input voltage is increased to the value shown by 
the horizontal line c' in Fig. 7, then at the time 
t1, that is to say at the end of the preceding cycle, 
the thyratron is extinguished at a higher value of 
voltage on the timing capacitance 33 than is the 
case in Fig. 6. The Voltage across the timing ca 
pacitance then rises less steeply than in Fig. 6 
due to the exponential form of the charging curve. 
A longer period therefore elapses between the 
time t1 and time t2 at which latter time the timing 
capacitance voltage is Sufficient to overcome the 
Sum of the voltage a and the increased voltage 
c to cause firing of the thyratron. The fall of 
the Voltage across the timing capacitance as the 
latter discharges is moreover more rapid than 
in Fig. 6, again due to the exponential form of 
the discharging curve, So that the resultant grid 
voltage drops more rapidly from the Value sub 
stantially equal but Opposite to the Sum of the 
control Voltage c and the voltage a produced dur 
ing extinction of the thyratron on the capaci 
tance 5 to the value of the control voltage. Con 
Sequently the number of cycles of anode voltage 
during which the thyratron fires is reduced and 
the number of cycles during which the thyratron 
is extinguished is increased thereby to reduce 
the resultant percentage time of firing. 
In the limit, when the control voltage is made 

substantially equal to the difference between the 
steady state Voltage E of the timing capacitance 
33 and the steady state negative voltage a pro 
duced on the capacitance 5, the thyratron Will 
be continuously extinguished. If the control 
Voltage is reduced to Zero the duration of the 
periods of extinction becomes still shorter than 
in Fig. 6, the voltage across the timing capaci 
tance being required then to vary only between 
Substantially Zero and a value Substantially equal 
and opposite to the voltage a in Figs. 6 and 7. If 
the control Voltage is reversed so as to act in 
the same direction as the voltage across the tim 
ing capacitance then the percentage time of firing 
is increased Still further until in the limit when 
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the control voltage is substantially equal to the 
Voltage at the thyratronfires continuously. It will 
thus be seen that the percentage time of firing 
is continuously: variable between zero and one 
hundred percent by variation of the control volt 
age. The percentage time of firing is plotted in 
Fig. 8 on the ordinates against the control voltage 
and it will be seen that, over the major part of 
the range of variation the percentage time of 
firing...is substantially proportional to the magni 
tude of the control Voltage. 
When the control voltage is an alternating 

quantity. in quadrature With the voltage from the 
Winding 54 so as to control the firing by phase 
shifting of the resultant alternating voltage ap 
plied to the thyratron grid, the operation will be 
similar to that above described, adjustment of 
the phase of Said alternating voltage being equiv 
alent to varying the magnitude of a direct control 
voltage as regards the voltages of the timing ca 
pacitance 33 at which firing will be initiated and 
terminated and therefore having similar effect on 
the percentage time of firing, 

Fig. 10 shows the arrangement of Fig. 5 con 
trolled by an alternating current arrangement, 
in which the resistor 53 corresponds, for exam 
ple, with the resistor 32 of Fig. 1 forming part 
of a resistance/capacitance coupling between the 
anode of the valve 2 of Fig. 1 and the thyratron 
gridcircuit. The valve 2 may for example again 
be controlled by the means 3 of Fig. 1. The po 
tentiometer 26 and transformer 2 of Fig. 1 are, 
in connection with the arrangement of Fig. 10, 
omitted from the anode circuit of the valve, since 
the anti-phase component of the thyratron 
grid voltage, produced in the arrangement of Fig. 
1 by this means, is, in the arrangement of Fig. 5 
produced instead by the transformer Secondary 
winding. 54. 

Instead of the input or control quantity being 
derived externally and applied to the grid circuit 
in the form of a voltage developed across the in 
put resistor 53, the latter may itself be subject to 
variation in accordance with the desired control 
quantity, so as to modify the voltage conditions in 
the grid circuit in accordance with change of Said 
control quantity. Thus variation of the resistOl' 
53, in Fig. 5 will modify the steady state negative 
voltage to which the capacitance 5f Will be 
charged. There is then no external control 
voltage according to line c of Figs. 6 and 7, but 
instead each period of thyratron extinction must 
be sufficient for the voltage on the timing ca 
pacitance 33 to rise from substantially Zero to 
the steady state value of the voltage on capaci 
tance 5, that is to overcome the Voltage a of Figs. 
6 and 7, so that the duration of each period of 
extinction is reduced as the value of resistor 53 
is increased, since this reduces the value of the 
voltaged in Figs. 6 and 7. 
when the thyratron fires, it will continue firing 
for a number of cycles of the anode Voltage Sufi 
cient for the voltage on the timing capacitance to 
fall again substantially to Zero, so that the dura 
tion of each firing period increases with increase 
of the value of resistor 53. Adjustment of the 
value of resistor 53 also has a further effect on 
the time at which the thyratron is extinguished 
in each cycle, since said resistor affects the re 
sultant phase of the voltage which is applied by 
the winding 54 to the grid during firing of the 
thyratron. Increasing the value of Said resistor 
retards the phase of the alternating voltage com 
ponent applied to the grid during the firing of the 
thyratron, which as hereinbefore described has 

On the other hand, 
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4. 
the effect of lengthening the firing periods. The 
result is, therefore, that increasing the value of 
resistor 53 increases the percentage time of firing 
of the thyratron. 

It will be understood that the resistor 53 can 
in the application of the invention just above 
described be varied in any desired manner, au 
tomatically or otherwise in response to a de 
sired. Controlling quantity, and may furthermore 
be a resistor which varies inherently in response 
to Said quantity, such as for example in response 
to the magnitude of a controlled temperature. 
Of the two effects of the variation in resistor 

53 producing variation of the percentage time of 
firing, namely, the effect on the voltage to which 
capacitance 5 is charged and the effect of the 
phase shift of the alternating component of grid 
Voltage, one or the other can be caused to pre 
dominate as desired by suitable selection of the 
circuit parameters. Where the change in re 
Sistance of the resistor 53 is Small in relation to 
the average value of said resistance over the re 
quired range of variation of the controlling quan 
tity therefor, said resistor may be included in a 
Suitable bridge or like arrangement, which will 
render the grid circuit of the thyratron desirably 
Sensitive to the required Small variation of the 
resistor 53. Fig. 9 shows one such arrangement, 
applied to a case where the variation of percent 
age time of firing is determined mainly by the 
phase shift of alternating grid voltage compos. 
nent by the resistor 53. 

In the arrangement of Fig. 9, the transformer 
f8 is provided with a further secondary winding 
60 having connected thereacross a potentiometer 
6 and Capacitance 62 in series with one another. 
the variable tapping point of this potentiometer 
is connected with the control resistor 53 and one 
end of the potentiometer resistance is connected 
with the lower end of the winding 54 in the man 
ner shown. The winding 60 produces a voltage 
in anti-phase to the anode voltage and the po 
tentiometer injects into the grid circuit a com 
ponent leading on said anode voltage and ad 
justable in magnitude by the setting of the po 
tentiometer. 6, whereby the level of controlled 
quantity about which the apparatus operates may 
be adjusted at will. 

It will be understood that arrangements of the 
kind illustrated by Fig. 9 are applicable also in 
connection with the arrangement of Fig. 1. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. An electronic relay arrangement compris 

ing a gaseous conduction discharge device hav 
ing an anode, a cathode and a control electrode, 
a control circuit. for said control electrode in 
cluding a capacitance and a discharge path for 
said capacitance, a charging circuit for said ca 
pacitance having rectifying means therein con 
nected across the aaode and cathode of said de 
vice for charging said capacitance during positive 
half-cycles of anode voltage to apply to said con 
trol electrode a voltage subject to time lag tend 
ing to cause anode conduction, a second capaci 
tance in Said control circuit in series. With means 
for applying to said, control electrode an alter 
nating voltage of a phase tending to prevent an 
Ode conduction of Said, discharge device, said 
second capacitance being chiargeable during non 
conduction of said device to tend to produce on 
said control electrode a unidirectional. aegative 
voltage tending to maintain non-conduction after 
extinction of the anode current, the voltage pro 
duced in response to anode conduction on the 
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first said capacitance falling during conduction 
SO as to produce on said control electrode a 
change of voltage resulting in extinction of an 
Ode current, and means for producing in said 
control circuit a controlling voltage component, 
governing the anode conduction in said device in 
accordance with the magnitude of an input quan 
tity, whereby periodically to initiate and con 
tinue anode conduction during a number of cy 
cles of anode voltage dependent upon the mag 
nitude of said input quantity. 

2. An electronic relay arrangement compris 
ing a gaseous conduction discharge device hav 
ing an anode, a cathode and a control electrode, 
a control circuit for said control electrode in 
cluding a capacitance and a discharge path for 
Said capacitance, a charging circuit for said ca 
pacitance having rectifying means therein Con 
nected across the anode and Cathode of Said de 
Vice for charging said capacitance during posi 
tive half-cycles of anode voltage to apply to said 
Control electrode a Voltage subject to time lag 
tending to cause anode conduction of said de 
Vice, Said control circuit also including a Second 
capacitance in series with means for applying to 
Said control electrode an alternating voltage of 
a phase tending to prevent anode conduction of 
Said device, said second capacitance being 
chargeable during non-conduction of said device 
to tend to produce on Said control electrode a 
unidirectional negative Voltage tending to main 
tain non-conduction after extinction of the an 
ode current, and the voltage produced in re 
Sponse to anode conduction. On the first Said ca 
pacitance falling during Conduction. So as to pro 
duce On Said Control electrode a change of Wolt 
age resulting in extinction of anode current, and 
means responsive to the extent of departure of 
a regulated quantity from a desired value Con 
nected. With said control circuit for producing in 
said control circuit a controlling voltage compo 
nent governing the anode conduction in Said de 
vice in accordance with said departure, whereby 
periodically to initiate and Continue an Ode COn 
duction during a number of cycles of anode volt 
age dependent upon the extent of Said departure. 

3. An electronic relay arrangement compris 
ing a gaseous conduction discharge device haW 
ing an anode, a cathode and a control electrode, 
a control circuit connected to Said control Cir 
cuit and including a capacitance and a discharge 
path for said capacitance, a charging circuit for 
said capacitance having rectifying means therein 
connected across the anode and cathode of said 
device for charging said capacitance during pos 
itive half-cycles of anode voltage to apply to said 
control electrode a voltage subject to time lag 
tending to cause anode conduction, Said control 
circuit also including a Second capacitance in 
series with means for applying to said control 
electrode an alternating voltage of a phase tend 
ing to prevent anode conduction of Said device, 
said second capacitance being chargeable during 
non-conduction of Said device to tend to produce 
on said control electrode a unidirectional neg 
ative Voltage tending to maintain non-conduction 
after extinction of the anode current, and the 
voltage produced in response to anode conduc 
tion on the first said capacitance falling during 
conduction. So as to produce on said control elec 
trode a change of voltage resulting in extinction 
of anode current, and control apparatus con 
nected with said control circuit for superimposing 
on said alternating voltage tending to prevent 
anode conduction a controlling component of 
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alternating voltage having a large phase dis 
placement with respect to said voltage tending to 
prevent anode conduction, whereby periodically 
to initiate and continue anode conduction during 
a number of cycles of anode voltage dependent 
On the magnitude of Said controlling component 
Of VOltage. 

4. An electronic relay arrangement comprising 
a gaseous conduction discharge device having an 
anode, a Cathode and a control electrode, a con 
trol circuit connected to said control electrode 
including a capacitance and a discharge path 
for Said capacitance, a charging circuit for Said 
capacitance having rectifying means therein con 
nected 2C1'OSS the anode and cathode of said de 
Vice for charging said capacitance during pos 
itive half-cycles of anode voltage to apply to 
Said control electrode a voltage subject to time 
lag tending to Cause anode conduction, said con 
trol Circuit also having a second capacitance con 
nected therein in series with means for apply 
ing to Said control electrode an alternating volt 
age of a phase tending to prevent anode con 
duction in Said device, Said second capacitance 
being chargeable during non-conduction of said 
device to tend to produce on said control elec 
trode a unidirectional negative voltage tending to 
intaintain non-conduction after extinction of the 
anode current, and the voltage produced in re 
Sponse to an Ode conduction on the first said ca 
pacitance falling during conduction so as to pro 
duce on Said control electrode a change of volt 
age resulting in extinction of anode current, and 
Control apparatus responsive to the extent of 
departure of a regulated quantity from a desired 
value connected with control circuit for super 
imposing on Said alternating voltage tending to 
prevent anode conduction a controlling com 
ponent of alternating voltage dependent in mag 
nitude on Said departure and having a large 
phase displacement with respect to said voltage 
tending to prevent anode conduction, whereby 
peliodically to initiate and continue anode con 
duction during a number of cycles of anode volt 
age dependent upon the extent of said departure. 

5. An electronic relay arrangement comprising 
a gaseous conduction discharge device having an 
anode, a Cathode and a control electrode, a con 
trol circuit connected to said control electrode 
including a capacitance and a discharge path 
for Said capacitance, a charging circuit for said 
Capacitance having rectifying means therein con 
nected across the anode and cathode of said de 
Vice for charging Said capacitance during pos 
itive half-cycles of anode voltage to apply to 
Said control electrode a voltage subject to time 
lag tending to cause anode conduction, said con 
trol Circuit also having a Second capacitance con 
Inected therein in Series with means for applying 
to Said control electrode an alternating voltage 
of a phase tending to prevent anode conduction, 
Said second capacitance being chargeable dur 
ing non-conduction of Said device to tend to 
prCduce On Said control electrode a, unidirectional 
negative Voltage tending to maintain non-con 
duction after extinction of the anode current, 
and the Voltage produced in response to anode 
conduction on the first said capacitance falling 
during COnduction. So as to produce on said con 
trol electrode a change of Voltage resulting in 
extinction of anode current, and an input im 
pedance in said control circuit, whereby period 
ically to initiate and continue anode conduc 
tion during a number of cycles of anode voltage 
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dependent upon the magnitude of a control volt 
age applied across said impedance. 

6. An electronic relay arrangement comprising 
a gaseous conduction discharge device having an 
anode, a cathode and a control electrode, a COn 
trol circuit connected to said control electrode 
and including a capacitance and a discharge path 
for said capacitance, a charging circuit for said 
capacitance having rectifying means therein con 
nected across the anode and Cathode of Said de 
vice for charging said capacitance during pos 
itive half-cycles of anode voltage to apply to 
said control electrode a voltage subject to time 
lag tending to cause anode conduction, a Second 
capacitance in said control circuit in Series with 
means for applying to said control electrode an 
alternating voltage of a phase tending to pre 
vent anode conduction of said device, Said sec 
ond capacitance being chargeable during non 
conduction of Said device to tend to produce On 
said control electrode a unidirectional negative 
voltage tending to maintain non-conduction after 
extinction of the anode current, and the Voltage 
produced in response to anode conduction on the 
first said capacitance falling during conduction so 
as to produce on said control electrode a change 
of voltage resulting in extinction of anode cur 
rent, and a variable impedance in said control 
circuit, whereby periodically to initiate and con 
tinue anode conduction during a number of cycles 
of anode voltage dependent upon the value of 
Said impedance. 

7. An electronic relay arrangement comprising 
a gaseous conduction discharge device having an 
anode, a cathode and a control electrode, a con 
trol circuit connected to said control electrode 
and including a capacitance and a discharge path 
for said capacitance, a charging circuit for said 
capacitance having rectifying means therein con 
nected across the anode and cathode of Said de 
vice for charging said capacitance during positive 
half-cycles of anode voltage to apply to said con 
trol electrode a voltage subject to time lag tend 
ing to cause anode conduction, a second capaci 
tance in said control circuit in Series with means 
for applying to said control electrode an alternat 
ing voltage of a phase tending to prevent anode 
conduction of said device, said second capacitance 
being chargeable during non-conduction of said 
device to tend to produce on said control electrode 
a unidirectional negative voltage tending to main 
tain non-conduction after extinction of the anode 
current, and the voltage produced in response to 
anode conduction on the first said capacitance 
falling during conduction so as to produce on said 
control electrode a change of voltage resulting in 
extinction of anode current, and control appa 
ratus including a resonant circuit having a re 
active element connected with the said control 
circuit to apply to said control circuit an alter 
nating voltage dependent on a controlling quan 
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tity applied to said control apparatus, the last 
said voltage having a large phase displacement 
with respect to said alternating voltage tending to 
prevent anode conduction, whereby periodically 
to initiate and continue anode conduction during 
a number of cycles dependent upon said control 
ling quantity. 

8. An electronic relay as defined in claim 7, 
wherein said reactive element comprises the pri 
mary winding of a transformer of low resistance 
and a capacitative element in series circuit rela 
tion therewith, and a circuit having the Second 
ary winding of said transformer connected there 
in and controlling the voltage in the control elec 
trode of said gaseous conduction discharge device. 

9. An electronic relay arrangement comprising 
a gaseous conduction discharge device having an 
anode, a cathode and a control electrode, a con 
trol circuit for said control electrode including a 
capacitance and a discharge path for said capac 
itance, a charging circuit for said capacitance 
having rectifying means therein connected across 
the anode and Cathode of Said device for Charging 
said capacitance during positive half-cycles of 
anode Voltage to apply to said control electrode a 
voltage subject to time lag tending to cause anode 
conduction of said device, a Second capacitance 
in said control circuit in series with means for 
applying to said control electrode an alternating 
voltage of a phase tending to prevent anode Con 
duction, said Second capacitance being charge 
able during non-conduction of said device to tend 
to produce on said control electrode a unidirec 
tional negative Voltage tending to maintain non 
conduction after extinction of the anode cur 
rent, and the Voltage produced in response to 
anode conduction on the first said capacitance 
falling during conduction so as to produce on said 
control electrode a change of voltage resulting 
in extinction of anode current, and a bridge cir 
cuit having a control impedance responsive to a 
controlling quantity connected therein, said 
bridge circuit being connected in said control 
circuit for producing in Said control circuit a 
controlling voltage component governing the 
anode conduction in said device and dependent 
on the extent of departure of said quantity from 
a prescribed value, whereby periodically to ini 
tiate and continue anode conduction during a 
number of cycles of anode Voltage dependent on 
said departure. 
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