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The present invention relates to improvements 
in electronic timing apparatus for effecting a time 
delay in the actuation of a relay element by 
means of the controlled dissipation of electric 
energy stored for that purpose. 

It is the main object of the invention to pro 
Wide a device for the above purpose which is or 
ganized especially with a view to simplicity of 
construction, exactness, reliability of and con 
stant readiness for operation, and adaptability 
to varied industrial and scientific purposes. 
. In one aspect, the invention has the object of 
providing a circuit, which is continuously ready for 
initiating a timed control function by a single 
Operation, as closing a switch or varying an elec 
tric constant therein. In another aspect, the in 
vention has the object of providing a circuit 
which permits, if desired, continuous indication 
of readiness for operation as for example in 
tactness for an emergency function, and also, 
if desired, indication of its timing function prop 
er. In still another aspect the invention has the 
object of controlling the operation of external 
circuits or other apparatus for predetermined 
'effectiveness during single or repeated periods 
of time Whose duration may also be controlled as 
function of a determining value. 

Still further objects are to provide a time de 
lay relay circuit adapted for visual indication 
of readiness for operation as well as operation 
of the relay; to provide a new and improved 
time delay relay employing a light sensitive de 
vice for controlling the period of the time delay 
effected in the energization and deemergization 
of an external circuit or other apparatus; to pro 
vide a time delay relay circuit which can be in 
the simplest possible manner modified for vari 
ous Ways of operation as for example for simple 
time delay operation, or time delay operation with 
controlled instantaneous cycle interruption, or 
Continuous cycle operation through a certain pe 
riod of time. y 
One of the features of the arrangement ac 

cording to the invention which makes the above 
advantages possible, is the introduction of an 
element in its circuit which supplies, so long as 
the circuit is conditioned to be ready for opera 
tion, a potential which is, or can be rendered, 
more positive than the simultaneously prevailing 
potential of a control element; for example, the 
positive potential of a point connected to one 
terminal of the Supply source. may be permanent 
ly applied to one plate of an energy storing con 
denser whose other plate is connected to the 
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source and which condenser can discharge in con 
trolled manner. The condenser can be normally 
kept charged by the grid current through the 
conducting tube, but if the potential of the above 
point is changed as for example by connecting 
it with an element carrying a lower potential, as 
the other source terminai which supplies the cath 
ode of the tube, or by modifying an existing con 
nection thereof with such an element, the con 
trol grid will be rendered more negative than the 
cathode due to the condenser charge algebraical 
ly added to the newly introduced potential. In 
this manner it is possible to interrupt or modify 
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the conductivity of the tube, dependent upon the 
discharge of the condenser or other energy stor 
ing means, for example through an impedance 
which may be permanently set to a predeter 
mined energy dissipating value or which may 
itself be a function of a controlling value. 
Among other advantages, the above feature 

offers that of continuous readiness for immedi 
ate response to a single circuit modification as 
closing of a switch, of adaptability to various Ways 
of operation and for correlation with further Simi 
lar circuits with a minimum of interrelating ele 
ments, and of the possibility of variably condi 
tioning the tube conductivity as controlled by the 
grid. 
These and other objects, aspects and features 

of the invention will be apparent from the fol 
lowing description of several embodiments there 
of by way of illustrating its genus and referring 
to a drawing in which: 

Fig. 1 is a diagram of a circuit according to 
the invention; 

Figs. 2 to 4 are similar diagrams of Several 
modifications of the invention according to Fig. 
l; and 
Fig. 5 is a further modification employing two 

electron tubes. 
In Fig. 1, two terminals A and B of an alter 

nating or direct current source supply a conven 
tional electron discharge tube T with anode d, 
control electrode g and cathode k, the latter being 

45 for example heated in conventional manner by 
means of heater element h. 
Connected to grid g is a condenser C which is 

in parallel with dissipating impedance D; con 
denser C and impedance D are dimensioned to 
provide for discharge of the condenser through 
the impedance to a predetermined potential dur 
ing a given time; for example if d and c stand 
for impedance... and capacitance respectively, of 
elements D and C, and a dissipation time of the 

control grid of an electron tube connected to the 55 approximate magnitude of 1 minute is desired, 



a product dic of about 10 would be chosen. Across 
the supply terminals A, B, there are connected 
a resistance consisting for example of a constant 
range selecting portion R and a variable por 
tion R2, and in series thereto a circuit making 
and breaking arrangement consisting for exam 
ple of normally open switch St and normally 
closed switch S2. At point X, the energy stor 
ing and dissipating System C, D is connected to 
resistance R2, for example by means of a movable tap. 

nal, for example B, and the anode to the other 
terminal, for example A. Devices responsive to 
conductivity changes of tube T may be connected 
in the Cathode-anode circuit; for example a sole 
noid actuating armatures 2 and 3, may be in 
Serted between anode a and terminal A, a sus 
taining condenser 5 being connected across mag 
net . Armature 2 may normally, that is when 
Solenoid is energized, connect, conductor O of 
a controllied circuit O with contact f, and when 

is deenergized with contact t 2 of that circuit. 
Armature 3 forms with contact 3 a normally 
open holding circuit bridging switch St. 
The operation of the circuit illustrated in Fig. 

1, is as follows: 
ASSunning for purposes of illustration that the 

circuit is supplied with alternating current and 
that switch S is open whereas switch S2 is 
closed, if terminal A is at a given instant posi 
tive, tube T will pass current sufficient to effect 
energization of solenoid causing its armatures 
2 and 3 to retain closed external contact if and 
to retain open external circuit contact f2 and 
holding circuit contact 3. This results from the 
circumstance that, with switch S open, only the 
Very low grid current is flowing in limpedances 
Rf and R2, hence tap X will be at substantially 
the same voltage as terminal A and condenser to 
Will be charged, due to the grid current, to ap 
proximately the maximum peak voltage between 
terminals A and B. Under these conditions the 
potential of point Y between the grid and the 
energy storing-dissipating device is relatively 
negative with respect to the potential at tap X, 
to an amount substantially equal to that peak 
Voltage. The energy corresponding to this po 

The cathode is connected to one source termi 
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of terminal B. By properly selecting the electric 
constants of the circuit in accordance with 
standard practice, the bias of grid g can be 
caused to drop below the blocking potential of 
the tube and hence to interfere with the current 
flow through the tube during each half cycle 
when terminal A is positive and terminal B is 
negative. Consequently solenoid f is deener 
gized, whereupon armature 2 opens the Con 
trolled circuit contact and closes contact 2, 
and armature 3 closes the holding circuit at 3. 
As mentioned above, the holding circuit with 

switch 3, 3 is connected in parallel with Switch 
Sf of the relay circuit; hence, if starting Switch 
S (which may be a push button Switch) is no 
mentarily closed causing grid g to interrupt cur 
rent flow through the tube T and to deemergize 
solenoid , the armature 3 will lock the holding 
circuit into the relay circuit, so that the initial 
operating potentiais of the latter are maintained 
even though the starting button S is immedi 
ately released. It will now be understood that 
the deenergization of solenoid will continue 
for an appreciable length of time dependent upon 
the duration of interruption of the current flow 
through tube T which, in turn, is dependent upon 
the relation of condenser C and impedance D 
controlling the discharge of the former. This 
discharge will continue until the grid potential 
becomes higher than the blocking value, Where 
upon the tube again becomes conducting, arma 
tures 2 and 3 are attracted, the holding circuit 
opened and the external circuit restored from 2 to . 
In order to reenergize solenoid at any no 

ment during the time delay measured by the 
rate of discharge of capacitor C, the normally 
closed stop switch S2 may be used. Opening of 
this switch immediately destroys the grid bias, 
the tube becomes conducting, and Solenoid re 
energized. Push buttons S. and S2 may be lo 

tential difference between tap X and connection 
Y normally tends to discharge through dissipat 
ing impedance D, but since, in an arrangement of 
this type, the time constant of the discharge is 
very high as compared with the alternating cur 
rent frequency of the potential difference be 
tween points X and Y, very little discharge takes 
place during one alternating current cycle, so 
that the charge on C. can be considered to be Substantially constant. 
On the reversal of polarity when terminal A 

is negative, the tube will not pass current but, 
due to the effect of sustaining condenser 5, sole 
noid will remain energized and the positions of 
the armatures 2 and 3 unchanged during this half cycle. 

If now Switch S is closed (switch S2 being 
still closed), then the potential at point x 
changes irelative to its original potential and ap 
proaches the potential at terminal B. Accord 
ingly, due to the voltage across condenser C, the 
potential at connection Y is changed a corre 
Sponding amount, and grid g now becomes nega 
tive relative to cathode k; the change made in 
the potential of grid g with respect to cathode k. 
corresponds and is equal to the change made in 
the potential of tap X relative to the 2n:ii 
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cated at, or operated by remote control from 
starting and stopping stations at different points. 

If it is desired to prevent premature interrup 
tion of a timing interval, switch S2 can be shunt 
ed by means of a jumper. Still another mode of 
operation can be provided by opening the hold 
ing circuit, for example at 20, and permanently 
short circuiting switch S2. The remaining 
switch S will then operate as a sustaining 
switch; closing of switch S starts a timing cycle 
which will be completed if the SWitch is kept 
closed during its entire duration. The timing 
cycle will be interrupted and magnet re-ener 
gized as soon as switch S is released. 
The rate at which the grid potential rises rel 

atively to the cathode potential is governed by the 
dissipating impedance ID and the capacity of Con 
denser C and the time delay can be adjusted by 
changing resistance D, as indicated at 2 of Fig. 
1; in many instances it is however preferable to 
regulate the timing period by varying the relation 
of the potential between cathode and grid on the 
one hand and the potential between points X 
and Y due to the charge on condenser C on the 
other hand, by adjusting the position of tap X 
relatively to impedance R2. As mentioned above, 

70 
larger step by step changes can be made by means 
of exchanging impedance R. 

For practical purposes of the invention it is 
a quite important feature that readiness for op 
eration is... continuously indicated by the glory of 
ibe T if a tube suitable for that purpose is used 

to: by an indicator (as 36 or 37 of Fig. 2, set - 
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low); the timing period will be accordingly in 
dicated by the non-conductivity of the tube. 
Any means for lowering the potential of point 

X with respect to the cathode will be satisfac 
tory for operation of the circuit, but it should be 
noted that for proper functioning, tap. X must 
previously have been at a higher potential than 
the cathode. It is feasible to charge condenser 
C previously, in Some manner, with Voltage in the 
proper direction, as, for example, to drive it posi 
tive by an auxiliary voltage source. This is for 
example indicated in Fig. 1 where a battery 22 
may be introduced and R2 disassociated from the 
supply source by opening connector 23. 
A circuit of this type may be used for control 

by the auxiliary voltage source. For example, 
the voltages of dry cells may be tested in this 
manner, the time delay period being proportion 
ate to these voltages. 

It will be understood that, although the oper 
ation of the circuit according to the invention 
has been described for an alternating current 
Supply, the apparatus Will Operate in the same 
manner if connected to a direct current supply. 
As mentioned above, the time delay period can 

be varied by varying impedance D. This effect 
may be utilized for controlling the time delay by 
means of external controlling factors. For ex 
ample, as shown in Fig. 2, resistor D may be re 
placed by a variable impedance element or ele 
ments, for example, light-sensitive cells as photo 
tubes 30, 3. With tap X at a fixed point on re 
sistor R2 the time of deenergization of Solenoid 

is thus made a function of the quantity or in 
tensity of light falling on the light-sensitive cir- : 
cuit element. If several phototubes are placed in 
series, as indicated in Fig. 2, the time delay in 
terval will depend on the least quantity or in 
tensity of light on any of the phototubes, that 
is to say, the time delay will be governed by the 
darkest cell. By means of a change over switch 
35, or by permanently reconnecting the tubes, 
the latter can be arranged in parallel; the time. 
delay will then depend upon the average quantity 
or intensity of light on all the cells. It will be 
understood that any suitable electronic device 
can be used as a variable dissipating impedance 
controlling the time delay period. W 

Instead of employing the circuit according to. 
the invention for the delayed closing or opening 
a controlled circuit, it can be used for selectively 
delayed initiation of differentiated controlled 
effects; an arrangement of this type is also shown 
in Fig. 2. In this figure, R is a resistance with 
a number, for example two, switches S3 and S4 
for shunting portions of the resistance. R has 
a value, and tap X is so arranged that, with 
switches S3 and S4 open, the grid current will 
charge condenser C as above described, whereas 
closing of switch S3 or S4 will bring the poten 
tial at X more or less below the value at which 
current flow through tube T is blocked and mag 
net A deenergized. The time delay periods fol 
lowing the closing of one of the SWitches will 
differ accordingly. m 

Instead of Selecting the electrical constants in 
volved in Such a manner that lowering of the 
potential at X (for example by closing switch S3 
or S4) will render the tube substantially uncon 
ductive, they can be so selected that, upon clos 
ing switch S3 or S4, the respective potentials at 
Y will be above the blocking potential, but reduce 
the conductivity of the tube to corresponding de 
grees. In this instance the varying conductivity 
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of the tube may be utilized for effecting varying 75 

3 
functional stages of a controlled device; for ex 
ample a gaseous discharge lamp 36 may be oper 
rated with light intensities varying to a predeter 
mined degree through periods selectively pre 
determined by means of switches S3 and S4. 
Similarly, a voltage responsive device, indicated 
at 37, can be used as controlling relay element. 
As mentioned above, the delay periods can be 
further controlled through the dissipating in 
pcdance, for example the above discussed photo 
sensitive elements 3 and 32. Switches S3 and 
S4 can be operated in any one of the ways above 
described with reference to switches S, S2 and 
20 of Fig. 1. 

Instead of using a SWitch or a stepped ohmic 
resistance for lowering the potential at X for 
initiating a time delay period, a continuously vari 
able inp2dance, for example the inductance coil 
Ll of Fig. 3 can be employed. Such a coil may be 
in parallel with a resistance 4 and have an iron 
core 42, for example movable by means of a feeler 
43 running on a controlling pattern 44, for ex 
?ample, a sheet to be Supervised as to thickness. 
The potential at X is set to be, under normal 
conditions, not more positive than the cathode 
potential. Upon movement of the core 42, the 
impedance of Ll changes, the potential at X 
increases accordingly and draws a corresponding 
grid Current Which again applies a proportionate 
charge to condenser C. Upon return of the core 
to original position, the timing begins and the 
period during which the tube is non-conductive 
will be proportionate to the maximum travel of 
core 42 which may be proportional to either the 
minimum or the maximum dimension of the 
article to be supervised. The duration of the 
time delay period, proportionate to the measured 
extreme value, can be measured by suitable 
means as for example a counter 45 started and 
stopped upon deenergization and reenergization 
respectively of magnet (b. 

It is further understood that the various 
above-mentioned impedance elements may pre 
dominantly represent ohmic resistances, capac 
itances or reactances, as the particular purpose 
may require. The use of a reactance for vary 
ing the potential at X has already been ex 
plained; Fig. 4 shows as a further example in 
this regard an alternative connection of the dis 
sipating impedance Da; it will be understood 
that any energy consuming element effective to 
increase the grid potential during the time de 
lay period by diminishing the potential differ 
ence between points X and Y will serve the pur 
pose. 

Fig. 4 shows further a modification of the cir 
cuit according to Fig. 1 which permits continu 
OuS Operation for initiating series of periodical 
impulses. 

In Fig. 4, C and Da are the energy storing and 
dissipating elements, respectively, connected to 
supply source A, B, tube T and conductivity re 
sponsive element b as described with reference 
to Fig. 1. 
A SWitch S5 is connected between One source 

terminal and point X and this switch is bridged 
by a holding circuit with normally open contacts 
3b, 3b in a manner similar to the arrangement 
of switch S and contacts 3, 3 of Fig. 1. The 
contact 2b of the controlled circuit is in this 
instance connected to the source terminal B, 
and contact b to the other source terminal over 
a Switch S6 and a magnet 5 which latter tends 
to close Switch S5 upon energization. Care is 
taken by conventional means that, upon ener 



4. 
gization of magnet f b, contact b will not close 
before holding contact 3b opens, and that, upon 
deenergization of b, contact b will not open 
before contact 3b closes. 
Assuming that switches S6 and S5 are open, 

tube T will be conductive, magnet fb energized, 
contacts 3b and 2b open and contact b closed 
and L2 will carry current. If now switch S6 is 
closed, magnet 5 will close switch S5, the grid 
potential will be lowered below the blocking 
value, b will be deemergized, the holding circuit 
established, the circuit of magnet 5 interrupted 
at f b, and the controlled external circuit closed 
at 2b. Condenser C now discharges through Da 
and the tube will resume conductivity after a 
time interval determined by the values of C, R, 
and Da and the settings of X and Y. b is again 
energized, the holding circuit opened and 5 en 
ergized to start another cycle; this Will continue 
until Switch S6 is opened, 
More elaborate timing functions can be per 

formed by combining, according to another as 
pect of my invention, several timing circuits; an 
example of such arrangements will now be de 
Scribed with refeerince to Fig. 5. 

In Fig. 5, A and B are the Supply terminals, 
I and II are two time delay units connected 
thereto, and O is an external controlled circuit. . 
Each unit has a tube (Ti, T2), an impedance 
(R3, R.4) in series with a timer Switch (63, 64), 
an energy storing and dissipating element 
(SD, SD2), and a magnet (6, 62). Elements 
SD and SO2 are connected at points X and X2 
respectively to impedances R3 and R4 and at the 
points Yi and Y2 to the grids of tubes T, T2 
respectively. Magnet 6 closes switch. 64 if en 
ergized and magnet 62 similarly keeps switch 
63 closed so long as it is energized. Magnet c 
of the control circuit is in series with switch 63 and will close contact if switch 63 is closed, 
out change over to 2 if 63 is open. 
Assuming for example that switch 64 of unit 

II is closed, during a period when the potential 
at Y2 is below its blocking value but gradually 
increases due to energy dissipation at SD2, tube 
T2 will be non-conducting and Switch 63 open. 
Hence, tube Ti of unit I will be conducting and 
keep switch 64 closed, as assumed. As soon as 
the potential at Y2 rises above the blocking 
value, tube T2 becomes conducting, switch 63 : 
closes, connecting the exterior circuit at f and 
starting a time delay interval during which tube 
T is non-conducting and causes opening of 
switch 64. Energy is now stored at SD2 until 
the potential at Y rises above the blocking por : 
tential, switch 64 closes and starts another en 
ergy dissipating and time delay interval at unit 
II during which switch 63 is open and contact 
2 closed. In other Words, the following sequence 

of operations will prevail. Contact stays 
closed during an interval controlled by unit I; 

opens and 2 closes; 2 stays closed during 
an interval controlled by unit II; 2 opens and 

closes; if stays closed, etc. It will be evident 
that the above time intervals can be independ 
ently controlled by suitably setting units I and II 
for respective timing periods, or varying them 
according to an independent function for exam 
ple in the manner explained with reference to 
Figs. 2 and 3. 
The operation of a circuit according to Fig. 5 

can be initiated for example by closing Switch 
65 in the circuit of one of the timer switches. 
It should be understood that the present dis 

closure is for the purpose of illustration only and 
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that this invention includes all modifications and 
equivalents which fall within the scope of the 
appended claims. 
I claim: 
1. A time delay device comprising a source of 

electric potential, an electron discharge device 
having cathode, anode and control grid, Substan 
tially permanent supply connections from said 
cathode and said anode to said source, means 
responsive to the conductivity of said discharge 
device, substantially permanently effective means 
for supplying a potential which can be rendered 
more positive than the simultaneously prevailing 
potential of said cathode, means adapted for stor 
ing electric energy and for dissipating it at a 
predetermined rate substantially permanently 
connected between said grid. and said potential 
supply means, and means for applying the energy 
of said storing means to said grid for lowering 
its potential relatively to said cathode and rais 
ing it again as the energy is dissipated at Said 
predetermined rate, said conductivity being Con 
trolled through said application of Said energy to 
said grid and the nature of said dissipating rate. 

2. A time delay device comprising a source of 
electric potential, an electron discharge device 
having cathode, anode and control grid, Substan 
tially permanent supply connections from Said 
cathode and said anode to said source, means 
responsive to the conductivity of Said discharge 
device, substantially permanently effective means 
for supplying a potential which is more positive 
than the simultaneously prevailing potential of 
said cathode, means adapted for storing electric 
energy substantially permanently connected be 
tween said grid and said potential Supply means, 
means for dissipating said energy at a predeter 
mined rate connected to said storing means, and 
adjustable means for applying the energy of Said 
storing means to said grid for lowering to a pre 
determined degree its potential relatively to Said 
cathode and raising it again as the energy is dis 
sipated at said predetermined rate, Said conduc 
tivity being controlled through said application of 
said energy to said grid and the nature of Said 
dissipating rate. 

3. A time delay device comprising a Source of 
electric potential, an electron discharge device 
having cathode, anode and control grid, substan 
tially permanent supply connections from Said 
cathode and said anode to said Source, means 
responsive to the conductivity of said discharge 
device, substantially permanently effective means 
for deriving from said source a potential which 
can be rendered more positive than the simul 
taneously prevailing potential of said Cathode, 
means adapted for storing electric energy Sub 
stantially permanently connected between Said 
grid and said potential deriving means, means for 
dissipating said energy at a predetermined rate 
connected to said storing means, and means for 
applying the energy of said storing means to said 
grid for lowering to a predetermined degree its 
potential relatively to said cathode and raising it 
again as the energy is dissipated at said prede 
termined rate, said conductivity being controlled 
through said application of said energy to said 
grid and the nature of said dissipating rate. 

- 4. A time delay device comprising a source of 
electric potential, an electron discharge device 
having cathode, anode and control grid, supply 
connections from said cathode and said anode 
to respective terminals of said source, means re 
sponsive to the conductivity of said discharge de 
vice in one of said connections, an impedance con 
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nected to said anode terminal, means adapted for 
storing electric energy and for dissipating it at 
a predetermined rate connected between said in 
pedance and said grid, and circuit making and 
breaking switch means connected, in parallel to 
said cathode supply connection, at a point be 
tween said impedance and said storing means 
on the One side and said cathode terminal on 
the other side, said conductivity being controlled 
through the energy stored when said switch 
means is open, and applied to said grid upon 
closing of said Switch means. 

5. A time delay device comprising a source of 
electric potential, an electron discharge device 
having cathode, anode and control grid, substan 
tially continuously effective Supply connections 
from Said Cathode and said anode to respective 
terminals of said source, relay actuating means 
responsive to the conductivity of said discharge 
device in one of said connections, an impedance 
and a switch connected in series between said 
anode terminal and said cathode terminal, in 
parallel to said supply connections, a condenser 
connected between a point of said impedance and 
said grid, and a control impedance connected 
across said condenser, said conductivity being 
controlled by the potential supplied to said con 
denser through the grid current When said SWitch 
is open, applied by the condenser to the grid 
upon closing Said Switch, and diminishing by its 
discharge through said control resistance. 

6. A time delay device comprising a source of 
electric potential, an electron discharge device 
having cathode, anode and control grid, supply 
connections from Said cathode and Said anode 
to respective terminals of said source, means re 
sponsive to the conductivity of said discharge 
device in one of said connections, an impedance 
connected to said anode terminal, means adapted 
for storing electric energy and for dissipating it 
at a predetermined rate connected between said 
impedance and said grid, and a step by step ad 
justable impedance means connected, in parallel 
to said cathode supply connection, at a point 
between said impedance and said storing means 
on the one side and said cathode terminal on 
the other side, said conductivity being varied 
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through the stored energy applied to said grid 
at a bias level determined by the impedance 
leaS. 
7. A time delay device comprising a source 

of electric potential, an electron discharge de 
vice having cathode, anode and control grid, sup 
ply connections from Said cathode and said anode 
to respective terminals of said source, means 
responsive to the conductivity of said discharge 
device in One of said connections, an impedance 
connected to said anode terminal, means adapted 
for storing electric energy and for dissipating 
it at a predetermined rate connected between 
Said impedance and said grid, continuously ad 
justable impedance means connected, in parallel 
to Said cathode Supply connection, at a point 
between Said impedance and said storing means 
on the one side and said cathode terminal on 
the other side, and means for adjusting said 
impedance in conformity with a controlling value, 
said conductivity being varied through the stored 
energy applied to Said grid at a bias level deter 
mined by said impedance means. 

8. A time delay device comprising a source 
of electric potential; two electron discharge tubes 
each having cathode, anode and control grid, 
supply connections from said cathodes and said 
anodes to respective terminals of said source, 
current responsive actuating means in one of the 
connections of each tube, circuit making and 
breaking means controlled by said actuating 
means to be in circuit-closing position during 
conductivity of the tube of the respective actu 
atting means, means for supplying a potential 
which can be rendered more positive than the 
simultaneously prevailing potential of the re 
Spective cathode, and means adapted for Storing 
electric energy and for dissipating it at a pre 
determined rate permanently connected between 
the grids and the potential supply means of the 
respective tubes; said circuit making and break 
ing means of each respective tube being con 
nected between the cathode supply terminal and 
said potential supply means of the other tube; 
and impulse transmitting means controlled by 
One of Said actuating means. 
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