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This invention relates to electric signal pulse 

controlling circuits and is concerned with im 
provements in or modifications of the invention 
described in co-pending application Serial No. 
194,542 filed March 8, 1938 in the name of W. S. 
Percival and E. L. C. White. 
In the said application there is disclosed a 

Switch which may be employed for a variety of 
purposes. This arrangement comprises a pair 
of uni-directional conducting devices which un 
der the operation of controlling inpulses act as 
an uni-directional switch. One of the electrodes 
of One of Said uni-directional devices is connected 
to a like electrode of the second uni-directional 
conducting device, the common electrodes being 
connected to a conductive impedance. Switching 
pulses are applied to one or more of the elec 
trodes of Said arrangement so that the switch is 
rendered conductive or insulating. 
The object of the present invention is to pro 

vide an improved switch of this type which re 
quires controlling pulses of smaller amplitude 
than those of the co-pending arrangement and 
which operates in a quicker and improved 
fashion. 
The switch described in the co-pending appli 

cation is a uni-directional conducting device and 
a further object of the present invention is to 
provide an improved bi-directional conducting SWitch. 

According to the present invention an electrical 
switching circuit adapted to be controlled by 
Switching pulses is provided comprising three 
uni-directional conducting devices having effec 
tively a common electrode which is connected to 
an impedance, the arrangement being such that 
When a controlling pulse is applied to one of said 
devices, one or both of the other devices is or 
are Switched from a substantially non-conduct 
ing condition to a conducting condition, or vice 
Wersa. 

In One form of the invention the three cath 
odes of three diode valves may be connected to 
gether and the controlling pulse may be applied 
to an anode of one of the diodes, if desired, from 
a further valve. Alternatively, three diode valves 
with their anodes connected together may be 
used, the pulses being applied to the cathode of 
one of the diodes. In another form of the inven 
tion triode or other multi-electrode valves may be 
used with the cathodes connected together. This 
last arrangement has the advantage that as the 
controlling potentials are applied to the control 
electrode, or electrodes, of the valve or valves, the 
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device places substantially no load on the con 
trolling circuits. 
The invention may be employed to provide a 

unidirectional conducting switch or a Switch 
which is bi-directionally conductive. In the lat 
ter case two sets of three valves may be em 
ployed, the cathodes of One of said sets being con 
nected together, whilst the anodes of the other 
set are similarly connected together, the two sets 
being connected back-to-back. Controlling 
pulses are applied to the cathode of one valve of 
one set and similar controlling pulses reversed 
in phase are applied to the anode of one valve 
of the other set. 

In a modification of this bi-directional con 
ducting switch, instead of applying the control 
ling pulses through the two diodes, these diodes 
are omitted and the controlling pulses are applied 
through Suitable impedances. 

In order that the said invention may be clearly 
understood and readily carried into effect it Will 
now be more fully described with reference to 
the drawing wherein: 
Figure 1 shows one form of the present in 

vention, and 
Figures 2 and 3 show modifications of the cir 

cuit shown in Figure 1. 
Figure 1 shows an arrangement using three 

thermionic diode rectifiers 23, 24 and 25 (which 
may be a triple-diode valve) the cathodes of 
which are joined to a resistance 27 connected 
to a Source of negative potential (not shown). 
Any other form of rectifier may be used, but if 
high Speeds of SWitching are required rectifiers 
of low capacity are desirable. The three diodes 
form a SWitch adapted to effectively connect the 
line 2 with the line 22 (the patentials of the two 
lines are made identical) under the control of 
controlling pulses applied to terminal 32 and 
thus effectively at point 26. The anode of diode 
23 is connected to the line 2 and the anode of 
Valve 25 is connected to line 22. The terminal 
32 is associated with the control grid of valve 
28 to which it is coupled by a suitable condenser 
and grid leak. The cathode of valve 23 is taken 
to a suitable negative potential and the anode 
of the valve is connected to a positive source of 
potential via resistance 29. The resistance 2S is 
preferably lower in value than the impedance 
27, which latter may be inductive, its function 
being to take a substantially constant current 
from diode cathodes to a negative potential. If 
the potential of point 26 is nade more positive 
than the potentials of 2 and 22 then all the cur 
rent in impedance 27 flows through diode 24. 
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Should point 26 now be driven negatively the 
current in the impedance 27 tends to make diodes 
23 and 25 conduct since the cathodes of these 
diodes are driven in a negative direction, thus 
providing conducting paths between lines 2 f and 
22 and the common cathodes. If 2 and 22 are 
greatly different in potential the current in the 
impedance 27 will only flow through one or the 
other of diodes 23 or 25, but this current will 
tend to draw the lines 2 and 22 together in po 
tential. In a particular application it may be necessary 
to charge, or alter the potential on, a condenser 
30 (shown connected between line 22 and earth) 
to a potential Which is representative of the po 
tential of the line 2 during certain periods of 
time when the device is made operative. The un 
grounded plate of condenser 3 is connected to a 
Source of positive potential by a high resistance 
3. In this case the anode of diode 24 is nor 
mally maintained positive with respect to its 
cathode by means of the resistance 29. The cur 
rent from impedance 2 then flows through diode 
24 and the diodes 23 and 25 are non-conducting, 
since the anode of diode 24 and consequently the 
cathode of 24 makes the cathodes of diodes 23 
and 25 positive with respect to their anodes. i.he 
valve 28 is arranged to drive the anode point, 2. 
in a negative direction. When a positive controlling 
pulse is applied to the grid of Valve 28. When 
point 26 is driven negatively the anode of diode 24 
and therefore its cathode are alsO driven nega 
tively. The cathode potential of diode 24 falls 
negatively until diode 23 or 25 conducts and robs 
diode 24 of the current flowing in impedance 2. : 
Suppose, for instance, that during the operative 
period the potential of line 2 is less than the 
potential of line 22. The diode 25 will conduct 
and decrease the potential of condenser 30 nega 
tively until the anode of diode 25 drops in poten 
tial to the same potential as the anode of diode 23. 
This latter diode will then conduct and if 2 f is 
connected to a low impedance potential source 
(the potential of which may be Varying), the 
change in the potential of condenser 30 will cease 
and lines 2 and 22 will have been effectively 
joined, i. e. they are both brought to the same 
potential. If the potential of line 22 is negative 
with respect to line 2 however, and if line 2 is 
connected to a low impedance source of potential 
so that the current through impedance 27 can 
not bring the potential of line 2 to that of line 
22. the two lines will not be effectively joined. A 
leak resistance 3 from a source of positive poten 
tial is therefore connected to line 22 in order to 
make the potential of condenser 3) more positive, 
so that each time the device is operative a more 
negative charge is applied to condenser 30, so 
that the potential of line 22 follows that of line 
2 during the operative period. 
The diodes of Fig. 1 may, if desired, be con 

nected in a reverse sense so as to charge 30 posi 
tively instead of negatively. With all three di 
odes reversed, i. e., with the cathodes Separate 
and the anodes connected together, the imped 
ance 27 must be taken to a source of positive po 
tential and resistance 3; to a source of negative 
potential. The valve 28 will then require a nega 
tive pulse to be applied to its grid in Order to 
switch the device into the operative condition. 
The arrangement illustrated in Fig. 2 is a modi 

fication of the circuit of Fig. 1. In this figure the 
diodes 23 and 24 are replaced by triode valves the 
grid of valve 23 being connected to line 2 and 
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anodes of the two triodes are taken to suitable 
Sources of positive potentials. The end of the 
common impedance 2 is taken to a suitable nega 
tive potential. The impedance of 2 should pref 
erably be larger than the reciprocal of the mu 
tual conductance of the valves 23 and 24 and 
thus the cathode potentials of the valves 23 and 
24 tend to follow the potentials applied to their 
grids. For this reason the valves 23 and 24 will 
be termed “cathode follower rectifiers.' The 
action of this circuit is similar to the three diode 
arrangement of Fig. 1 except that no load need 
be thrown on line 2 or on point 26. The con 
denser 30 Will not be charged or have applied 
thereto a potential exactly equal to that of line 
2 as there will be a difference of potential repre 
senting the grid bias on valve 23 necessary to pass 
the current through impedance 2. An advan 
tage of this arrangement is that the pulses ap 
plied at 26 need not be very large in amplitude 
and they need not be as large as the signals on 
line 2. For example, if point 26 is driven in a 
positive direction in Order to keep the device in 
operative, and a large signal on line 2 drives the 
grid of Valve 23 very positive, then 23 will con 
duct and the current flowing through valve 24 will 
be reduced. This will not affect the condenser 
39 since the cathode of valve 25 will be made 
positive With respect to its anode. If line 2 
makes a large negative excursion, it will have no 
effect on the potential of the cathode of valve 23 
or of valve 25. If, however, point 26 is driven 
negatively so that valve 24 insulates for any 
Working potential of condenser 36, the current in 
impedance 2. Will alter the charge on condenser 
30 in a negative direction through diode 25 until 
the Cathode of Valve 25 and therefore the Cathode 
of valve 23 falls so low in potential that valve 23 
passes all the current through impedance 27. 
Similar remarks apply to the arrangement of 
Fig. 1 except that large positive potentials on line 
2 will make Valve 23 conduct thus loading line 
2. Of course, if 2 is fed from a low impedance 
Source this is immaterial. If, however, it is re 
quired not to load line 2 when the Switch is in 
operative, a sufficiently positive potential must be 
applied to the cathode of valve 2S to prevent it 
from conducting for any positive potential excur 
Sion of line 2. 
The arrangement of Fig. 2 may be adapted to 

be use for “observing devices' as required in 
British Patent No. 458,585 and as SWitched con 
ductors as in British Patent No. 449,242. In the 
latter case, the diode 25 is connected to the con 
denser in the signal lead and the grids of valves 
23 and 24 to a fixed potential and to the pulse 
SOUCe. The arrangement of Figure 2 can be modified 
by replacing either valve 23 or valve 24 by a di 
ode valve, in which case a valve of the so-called 
double-diode-triode type may be employed for 
the three unidirectional Conducting devices. 

Fig. 3 shows two devices Such as are shown in 
Fig. 1 connected back to back to form a two-way 
(bi-directionally conductive) switch. When op 
erative, diodes 23, 25, 23' and 25' serve to effec 
tively join lines 2 and 22 for current flow in 
both directions. Negative and positive potentials 
are applied to impedances 27 and 27 respec 
tively and to maintain the device inoperative 
(that is, to open-circuit the switch) positive 
and negative controlling potentials are applied 
to terminals 26 and 26 respectively. If termi 
nals 26 and 26' are made respectively negative 

the grid of valve 24 being taken to point 26. The 75 and positive of the potentials of line 2 and 
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22, the currents in impedances 27 and 27' are 
diverted into the diodes 23, 25 and 23', 25 in 
such a direction as to draw the potentials of 
2 and 22 together. If the rectifiers differ slight 
ly in the potentials at which they begin con 
ducting there may be a possible potential dif 
ference between 21 and 22 where, say, 23 and 
23' are conducting and 25 and 25 are insulat 
ing due to these differences in the rectifiers. 
This difficulty can be overcome by inserting Small 
resistances directly in Series with the rectifiers 
23, 25, 23', and 25'. Such resistances increase 
the resistance of the Switch between 2 and 22 
but prevent any such effect as that described. 
It Will be appreciated that push-pull pulses 
are required at terminals 26 and 26' and Such 
pulses may be obtained from such a push-pull 
amplifier or by any other suitable form of push pull pulse generator. 
Similarly the arrangement of Figure 2 can be 

adapted to form a two-way conducting switch 
by connecting two Such arrangements back-to back. 
According to a modification of the invention 

the two diode valves 24 and 24 of Fig. 3 can be 
Omitted and the controlling pulses can be ap 
plied to the ends of the impedances 27 and 27 
in push-pull; alternatively, the pulses may be 
applied directly to the cathodes of the valves 
23 and 25 and to the anodes of valves 23' and 
25, also in reversed phase, from a high imped 
ance push-pull source of pulses in parallel with 
the impedances 2 and 2', which in effect is 
equivalent to applying pulses in series with in 
pedances 2 and 2' of slightly lower values. 
The device of Fig. 3 may be used for charging 

a condenser, for example, at 22 to the potential 
of line 2 during the operative period, the device 
being capable of charging and discharging the 
Condenser so that no leak resistance is required. 
Warious other modifications may be made in 

the present invention without departing from 
the Spirit and Scope thereof, and it is desired 
that any and all such modifications be consid 
ered Within the purview of the present inven 
tion except as limited by the hereinafter ap pended claims. 
We claim: 
1. An electron switch circuit comprising a pair 

of electron discharge devices each including a 
cathode and an anode, means for connecting 
each of the Cathodes together, means for con 
necting the anodes to a pair of conductors of 
dissimilar potential, means including a high im 
pedance for maintaining one of the conductors 
at a positive potential with respect to a point 
of fixed potential, a condenser connected between 
the said one conductor and the point of fixed 
potential, a third electron discharge device in 
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3 
cluding a cathode and an anode, means for con 
necting the cathode of Said third electron dis 
charge device to the cathodes of the Said pair 
of devices, means including an impedance for 
connecting all of the cathodes to a source of 
potential negative with respect to said point of 
fixed potential, means for maintaining the anode 
of Said third discharge device positive with re 
Spect to Said cathodes and With respect to said 
pair of conductors, the other of Said pair of con 
ductors being adapted to have a varying poten 
tial applied thereto, and means for intermittently 
in pressing negative control potential impulses 
on the anode of said third discharge device 
Whereby, during the application of the control 
impulses, the potential of the Said one conductor 
may be intermittently brought to the potential 
then present on said other conductor. 

2. An electron Switch circuit for use in a tele 
vision receiving circuit wherein picture and Syn 
chronizing signals are received and wherein an 
automatic volume control voltage is developed 
in accordance with the intensity of the received 
Synchronizing signals comprising a pair of elec 
tron discharge devices each including a cathode 
and an anode, means for connecting each of 
the cathodes together, means for connecting the 
anodes to a pair of conductors of dissimilar 
potential, means including a high impedance 
for maintaining one of the conductors at a posi 
tive potential with respect to a point of fixed po 
tential, a condenser connected between the said 
one conductor and the point of fixed potential, 
a third electron discharge device including a 
cathode and an anode, means for connecting 
the cathode of said third electron discharge de 
vice to the cathodes of said pair of devices, means 
including an impedance for connecting all of the 
Cathodes to a Source of potential negative with 
respect to Said point of fixed potential, means 
for maintaining the anode of said third dis 
charge device positive with respect to said cath 
odes and with respect to said pair of conductors, 
the other of said pair of conductors being 
adapted to have the received synchronizing sig 
nals applied thereto, and means for intermit 
tently impressing negative control potential im 
pulses on the anode of said third discharge de 
Vice in Synchronism with the application of the 
received Synchronizing signals to said other con 
ductor whereby, during the application of the 
control impulses, the potential of the said one 
Conductor may be intermittently brought to the 
potential then present on said other conductor 
to develop an automatic volume control voltage 
acroSS Said condenser in accordance with the in 
tensity of the Synchronizing signals as received. 
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