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This invention relates to a time delay appara 
tus and relates more particularly to an electric 
time delay circuit or device. A general object of 
this invention is to provide a simple, inexpensive 
and dependable electric time delay device. 
Time delay devices are employed where a unit 

or apparatus is to perform a given function for a 
given period. For example, in making photo 
graphic and X-ray exposures, the exposure time 
is often controlled by a time delay device. Wari 
ous electrical time controls and time delay de 
vices have been proposed but such devices are 
usually complicated and expensive. For example, 
they often contain rectifiers and a plurality of 
electron discharge devices or electric valves. 
Another object of this invention is to provide 

a time delay device that is extremely simple, emi 
bodying only a single electric valve or electron 
discharge device, the single valve or discharge 
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application of the invention, throughout which 
description reference is made to the accompany 
ing drawing. 
The drawing is a wiring diagram of the .im 

proved electric time delay device of the invention. 
The improved time delay circuit or device of 

the present invention may be said to comprise, 
generally, a relay for governing the circuit 

to be controlled, an electric valve 2, two re 
lated circuits connected with the valve 2, one 
an energizing circuit 3 for the relay O and the 
other a control circuit 4 governing the energiz 
ing circuit f3, a manual starting switch fis con 
nected in the control circuit 4 and an auxiliary 
switch 6 connected in the control circuit opera 
ble to de-energize the relay 0 and operable to 
energize the relay at the will of the operator. 
The relay 0 is provided to control or com 

plete the outside circuit or the controlled circuit 
device operating both as circuit controller and 20 l. In accordance with the invention the relay 
a rectifer thus distinguishing the invention Over 
prior time delay devices which require separate 
rectifiers. 
Another object of this invention is to provide 

an electric time delay device that is regulable or 
variable to provide for the controi or closing of 
the controlled circuit for a wide range of selected 
time periods. 
Another object of this invention is to provide 

a time delay device that is affected to a minimum 
extent by variations in the frequency and po 
tential of the power Supply. 
Another object of this invention is to provide 

an electric time delay circuit or device that em 
bodies a manual control whereby the selected or 
given operating period may be terminated at any 
time at the will of the operator. 
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Another object of this invention is to provide 
an electric time delay device of the character 
just referred to in which the manual control may 
be manipulated to hold the controlled circuit 
closed as long as the Operator desires, or to inter 
rupt the timing period before its expiration. 
A further object of this invention is to provide 

a time delay device of the character mentioned 
in which the operation of the means for closing 
or governing the controlled circuit is accompanied 
by disconnection of the manual starting switch so 
that the automatic time delay means is unaf 
fected by continued or successive operations of 
the starting switch during the selected time delay 
period. v 

The various objects and features of my inven 
tion will be fully understood from the following 
detailed description of a typical preferred form and 
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to may be connected in one line 7 of a suitable 
A. C. power Supply of, say, 110 v., in which case 
the controlled circuit is a continuation of the 
supply circuit or power supply. The relay do 
Inay include a movable contact element 8 and a 
stationary contact 19 engageable by the element 
it. A lead 20 extends from the power supply 
line to the contact element 8 and a similar 
lead 2 connects the stationary contact. 9 with 
the corresponding lead of the controlled circuit 
1. The contact element f8 is normally held out 
of engagement with the contact 9 by spring 
means or by gravity. In the preferred form of 
the invention a manually adjustable spring 
means 8 holds the contact element in its nor 
mal position. By adjusting the means 8a the 
time delay period of operation of the device Inay 
be varied as will be apparent. The relay 0 fur 
ther includes a winding or coil 22 for operating 
the contact element 8. The coil 22 is connected 
in the circuit 3, as will be hereinafter described, 
and is operable when energized to move the ele 
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ment 8 into cooperation with the contact 9 to 
complete the controlled circuit . 
The electric valve 2 is in the nature of a vacu 

un or gaseous electron discharge tube. In the 
preferred arrangement illustrated the valve 2 in 
cludes a cathode 23, an anode 24, and a grid of 
control element 25 spaced between the cathode 
and anode. The cathode 23 may be directly or 
indirectly heated. In the case illustrated the 
cathode 23 is of the filament type and is directly 
heated having leads 26 and 27 extending to power 
Supply means, as will be later described. 
The circuit is provided to control or en 



2 
ergize the relay O. The relay energizing circuit 
3 includes a lead 28 extending from the plate 

or anode 24 to the coil 22 of the relay O. A 
Suitable condenser 29 is preferably connected in 
parallel with the coil 22 to eliminate undesirable 
ripples or pulsations. The circuit 3 further in 
cludes a lead 30 extending from the Winding or 
coil 22 to a power supply connected with the 
cathode lead 26. This power supply includes a 
power lead 3 extending from a line of the 
A. C. power source and connected with the lead 
30. A resistance 32 in the form of a lamp is con 
nected across the cathode lead 26 and the lead 
3. The lamp 32 is preferably a carbon flament 
lamp to counteract or compensate. for variations 
in the power potential by reason of its resistance 
characteristics. The potential drop across the 
terminals of resistance 32 as the result of the 
current flowing through it is the power Supply 
for the circuit 3. A condenser 33 is connected 
between the leads 26 and 3 in parallel relation to 
the resistance 32 to give the potential applied to 
the circuit 3 the desired phase relation. With re 
spect to the phase of the potential of the power 
supply to circuit 4 as Will be later described. 
The condenser 33 in addition to the functions 
to be later described, is related to the condenser 
29 to minimize changes in the anode current due 
to changes in the power supply frequency. 
The circuit f4 is the control circuit and is con 

nected with the grid or control element 25 of the 
valve 2 to govern the circuit 63 through the 
medium of the valve. The Circuit G4 includes a 
lead 34 extending from the control element 25 to a 
power Supply associated with the cathode lead 
27. This power supply includes a lead 35 extend 
ing from the power Supply line and connected 
with the lead 34. A resistance 36 is connected be 
tween the leads 2 and 34 and a condenser 3 is 
connected in parallel with the resistance 36. The 
potential drop across the terminals of resistance 
36 is the power Supply for the circuit 4. 
condenser 37 affects the phase relation of the 
potential applied to the circuit A. With respect to 
the phase of the potential of the power Supply line 
- 7 to give the circuit 4 the correct phase 

relation. It will be obServed that the resistances 
32 and 36 are connected in series in the cathode 
leads 26 and 2. The Cathode or filament 23 is 
heated by the current from the power supply leads 

and 78 flowing through resistance 36 or con 
denser 37 or both, and resistance 32 or condenser 
33, or both. It will be observed that the con 
densers 33 and 3 installed as described, permit 
the employment of resistances 32 and 36 of a 
higher value S0 that the current flow is to a large 
extent through the condensers 33 and 37 and 
there is a minimum heat loss in the resistances. 
The control circuit 4 includes a time control 

element in the form of a condenser 38. The con 
denser 38 may or may not be a variable condenser. 
The condenser 38 is adapted to build up a charge 
or potential equal to the potential of the power 
Supply for the circuit 4. The control circuit f4 
further includes a fixed resistance 39 and a vari 
able resistance 40. The resistances 39 and 40 
are connected in series in the lead 34. Either the 
variable resistance 40 or the condenser 38 may be 
the time period control means, that is, either one 
or both of these elements may be manually ad 
justed to vary the period during which the con 
trolled circuit f is completed at a given operation 
of the device. It will be seen that the control 
circuit 4 associated with the element 25 of the 
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variable resistance 40 for changing the setting or 
timing of the device. 
The starting switch 5 is adapted to be closed 

or actuated by the operator to initiate the op 
eration of the device. In accordance with the 
invention the switch 5 is associated with the cir 
cuit 4 and is operable to short out or cause a 
rapid discharge of the condenser 38. The switch 
5 may be varied to suit different uses and in 

stallations of the device. 
drawing, the Switch 5 includes a stationary con 
tact 4 connected in the lead 34 and a movable 
contact 42 operated by a key 43. A lead 44 ex 
tends from the movable contact 42 to a stationary 
contact 45 at the relay fo. The contact 45 is nor 
mally engaged by the movable element 8 of the 
relay O. When the key 43 of the switch 5 is 
depressed current flows through the switch 5, 
the lead 44, the contact 45, the element 8 and 
the lead 20 connected with the power line 7, 
thus rapidly discharging the condenser 38. As 
will be later described, the discharge of the con 
denser 38 is accompanied by actuation of the relay 
?o so that the element f8 is disengaged from the 
contact 45 immediately following closing of the 
Switch 5. Accordingly, the maintenance of the 
Switch 5 in a closed condition or the repeated 
closing of the switch 5 while the relay O is ener 
gized, has no effect on the circuits 3 and f4. 
The Switch 6 is manually operable to cause 

deenergization of the relay 0 when the latter 
is energized by reason of the action of the time 
delay means, and is operable to maintain the 
relay to energized at any time and for any period, 
So long as the Operator holds the Switch closed. 

- The switch 6 includes a movable contact 46 and 
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valve 2 embodies the timing condenser38 and the 75 

a stationary contact 47, both connected in the 
lead 34 between the condenser 38 and the re 
sistance 39 and 40. The movable contact 46 nor 
mally engages the stationary contact 47 to com 
plete the circuit through the lead 34. The Switch 
f6 further includes a second movable contact 48 
connected with a tap lead 49. The lead 49 is con 
nected with the lead 34 at a point between the 
valve 2 and the pair of resistances 39 and 40. 
A manually operable key 50 is provided to de 
press the contact 48. When the contact 48 is de 
pressed to its first position in cooperation with 
the contact 46 the resistances 39 and 40 are 
shunted out. The consequences are that a high 
potential is impressed on the control element 25, 
producing de-energization of the relay O. An 
understanding of this depends upon a full under 
Standing of the timing operation, to be later de 
scribed. The timing period is determined princi 
pally by the magnitudes of the condenser 38 and 
the total of resistances 39 and 40. Shunting out 
resistances 39 and 40 by operation of the key 
50 effectively reduces the timing period to a very 
short one, resulting in practically instantaneous 
de-energization of relay O. 
The switch 6 further includes a contact 52 con 

nected to the resistance 36 by a lead 5. The con 
tact 52 is engageable by the movable contact 46 
when the switch 6 is moved to its second position. 
When the movable contact 48 is depressed suf 
ficiently to bring the movable contact 46 into en 
gagement with the contact 52 the condenser 38 
and the resistances 39 and 40 of the circuit 4 
are shunted out to reduce the potential on the 
element 25 and causes an increase in the potential 
in the circuit 3 which increased potential in the 
circuit 3 operates the relay O. As will be under 
stood from a later explanation, the potential ap 
plied to the element 25 is greater than the poten 

As illustrated in the - 
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tial of the power supply by the potential of the 
charge in the condenser 3. Thus, when the cons, 
denser 38 is removed from the circuit together 
with the resistances 39 and 40 by a full operation 
of the switch 6, the potential on the element 25 
is reduced. It will be seen that the switch may 
be manually operated to the first position fol 
lowing the actuation of the Switch to de-ener 
gize the relay O and thus terminate the time con 
trol period, and may be manually held in a fully 
closed position or second position to hold the 
relay O actuated so that the controlled circuit 

may be completed at any time for as long as 
desired. 
The phase relation of the potential impressed 

on the circuit 4 is opposite to that imposed on 
the circuit 3 by its power supply. During the 
half cycles when the potential in the circuit f4 
is positive with respect to the cathode 23 current 
flows through the control circuit 4 and its Con 
denser 38 and resistances 39 and 40. These half 
cycles may be termed the negative half-cycles. 
The rate of this current is determined by the po 
tential of the power supply to circuit 4, the po 
tential of the charge in Conden Ser 38, the aggre 
gate resistance of resistances 39 and 40 and the 
resistance of the interellectrode space between the 
cathode 23 and the control element 25. Also 
affecting this current is the electrostatic induc 
tion into the element 25 by the other elements 
such as 24. Disregarding the inductive action, 
and assuming no discharging circuit for the po 
tential in the condenser 38, after successive nega 
tive half cycles, the ultimate potential of the 
charge in the condenser 38 (when fully charged) 
equals the peak negative potential of the power 
supply for the circuit 4. At any time the po 
tential applied to the circuit 4 is the vector 
sum of the potentials of the charge in condenser 
38 and the power supply of circuit 4. For a 
fully charged condenser 38, the vector sum ranges 
from zero to twice the peak potential of the 
power supply of circuit 4, with an average value 
equal to the condenser charge. Obviously, with a 
discharged condenser, the vector Sum is only the 
potential of the power supply of circuit 4 alone, 
with values ranging from the negative to posi 
tive peak potentials of the power Supply, and an 
average of zero. 
The potential applied to the element 25 with 

respect to the cathode 23 is approximately equal 
to the vector sum of the charge potential of the 
condenser 38 and the power supply for the cir 
cuit f4 only when the sum indicates by the di 
rection of the vector that the control element 25 
is negative with respect to the cathode 23, from 
which no current flows and there is no drop in the 
potential in resistances 39 and 40. Current of 
this polarity or direction cannot flow, and there is 
no discharge circuit for the condenser 38, as was 
assumed above, by virtue of the nature of the 
valve 2. No current flows through the relay cir 
cuit 3 during the said negative half-cycles be 
cause the potential on the anode 24 is negative 
relative to the cathode 23. Current flows through 
the relay circuit 3 during the positive half-cycles 
with a magnitude determined by the value of its 
power supply, the value of the space impedance in 
the valve 2, and the general circuit resistance 
including the relay coll 22, etc. It will be seen 
that when the potential Of the charge in the 
condenser 38 reaches a maximum the potential 
on the control element 25 is maximum and nega 
tive relative to the cathode 23 so that the anode 
current and the current in the circuit 3 is at a 75 
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minimum. This minimum normal potential of 
the circuit 3 is insufficient to operate the relay 

and the relay is normally dropped or open, as 
illustrated. The impedance of the anode space 
in the valve 2 is determined by the normal po 
tential on the control element 25. 
To operate the device to complete the outside 

or controlled circuit ff for a given selected time 
the operator closes the switch 5. It is to be un 
derstood that the variable resistance 40 may be 
set to provide for the completion of the con 
trolled circuit for any selected period. Closing 
of the switch 5 causes the condenser 38 to rapid 
ly discharge, there being a current flow through 
the Switch 5, the lead 44, the element 8 and the 
lead 20. The negative potential impressed on the 
element 25 of the valve 2 during the positive half 
cycles is thus reduced allowing the potential in 
the anode circuit f3 to rise to a high value. This 
Sudden increase in the potential in the circuit 3 
Operates the relay O and the relay in turn com 
pletes the controlled circuit fl. Simultaneously 
with the operation of the relay O the element 8 
moves out of engagement with the contact. 45 to 
remove the short circuit from the condenser 38 
S0 that the Condenser 38 may begin to recharge. 
The time required for the condenser 38 to re 
gain its normal maximum charge is determined 
principally by the size of the condenser and the 
value of the resistances 39 and 40. The other 
factors determining the time necessary for the 
condenser 38 to recharge are the potential of the 
power supply for the circuit 4 and the impedance 
of the valve circuit between the cathode 23 and 
the control element 25. The relay O remains op 
erated as the charge gradually builds up in the 
Condenser 38. However, the potential in the relay 
circuit 3 slowly diminishes as the charge in the 
condenser .38 increases. When the charge or 
potential of the condenser 38 reaches a given 
value the anode current is diminished to a value 
that allows the relay element f8 to drop or return 
by the action of the means 8a to its normal open 
condition. This, of course, opens the controlled 
circuit and terminates the time delay opera 
tion of the device. 
From the above it will be seen that the selected 

period of time delay action of the device is de 
termined by the constants of the related circuits 
3 and 4 including the resistance 40 and the con 
denser 38, either one or both of which may be 
variable to be set to change or vary the time delay 
period, as desired. If it is desired to open the con 
trolled circuit i? before the completion of the 
Selected time delay period of operation of the de 
vice the switch 6 is operated to its first posi 
tion to short-circuit the resistances 39 and 40 so 
that the condenser 38 receives its full charge 
rapidly to effect the restoration of the relay 0. 
The manual control switch 6 may be operated to 
its second position at any time to complete the 
circuit i? and may be held in the second posi 
tion to keep the circuit closed as long as de 
sired. 
The following is a further explanation of the 

relationship and action of the elements of the 
device. The condenser 33 is connected in multiple 
with the resistance 32 by connecting one terminal 
of the condenser 33 to the lead 3 and the other 
terminal of the condenser to the lead 26. The 
phase relation of the potential drop across the 
resistance 32, which potential is applied to the 
circuit 3, is shifted with respect to the phase of 
the A. C. supply potential in accordance with the 
relative values of the resistance 32 and the con 
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denser 33. The condenser 3 is connected in 
multiple with the resistance 36 by connecting one 
of its terminals to the lead 35 and the other to 
the lead 27. The phase relation of the potential 
drop across the resistance 36, which potential is 
applied to the circuit f4, is shifted with respect to 
the phase of the A. C. Supply potential in ac- - - 
cordance with the relative values of the resistance 

S and the condiese 3 us the relative veges 
of the resistances 32 and 36 and of the condiensers 
33 and 3 determine the phase relations of the 
potentials applied to the circuits 3 and B. 
The phase relations of the potentials appearing 

at the elements 2 and 25 with respect to the 
cathode 23 of the valve 2, are the results of the 
phase relations of potentials applied to circuits 3 
and f4, respectively, together with the effects of 
the circuit elements such as the relay Col 22, the 
condenser 29, the resistances 39 and 0 &nd the 
inter-electrode capacitances of the valve 2. f. 
the relations of phases appearing at the valve 
elements 24 and 25 are opposite, the potential of 
the element 24 is maximum and negative during 
the negative half-cycles when the potential. On the 
element 25 is maximum and positive. The Space 
charge in the vicinity of the element 25 produced 
by the potential on the element 26 has a definite 
effect upon the impedance of the valve circuit be 
tween the cathode 23 and the control element 25, 
as described above, and therefore, has an effect 
upon the rate of charge of the condenser 38. 
The condenser 33 has the effect of causing the 

potential in the circuit 3 to lag, thereby delaying 
the peak negative potential of the element 24 
during the negative half cycies. When the cor 
denser 38 is receiving its charge, The effect is an 
acceleration of the charge rate. 

Having described only a typical preferred form 
and application of my invention, I do not wish 
to be limited or restricted to the specific details 
herein set forth, but wish to reserve to myself 
any variations or modifications that may appear 
to those skilled in the art or fall within the Scope 
of the following claims: 

Having described my invention, claim: 
1. In an electrical timing device, an electron 

discharge device having a cathode, an anode and 
a control element, a Source of alternating po 
tential for the cathode, a circuit from said source 
to the anode, a relay connected in said circuit to 
be controlled by the anode current, a circuit from 
said source to the control element, means aSSoci 
ated with the power source and affecting the 
phase relation of the potentials applied to said 
circuits so that the potentials imposed on the an 
ode and control element are in opposite phase 
relations with respect to the cathode during Some 
part of the cycle, a condenser in the last named 
circuit adapted to build up Sufficient potential in 
the said last named circuit and control element 
to normally maintain the potential in the first 
named circuit so low that the relay is idle, means 
for momentarily discharging the condenser to 
cause operation of the relay, and means operated 
by the relay reestablishing the condenser in its 
charging relation so that the relay may remain 
operated for the period required for the condenser 
to build up its normal charge. 

2. In an electrical timing device, an electron 
discharge device having a cathode, an anode and 
a control element, a source of A. C. potential for 
the said discharge device, a relay connected in the 
anode circuit to be controlled by the anode cur 
rent, a control circuit from the control element, 
means for shifting the phase relation of the po 

tential of one of said circuits relative to the phase 
of the A. C. supply potential so that the poten 
tias imposed on the anode and control element 
are in opposite phase relations with respect to 
the cathode during at least a part of the cycle, a 
eondenser in the control circuit adapted to build 

- Sufficient potential in the control circuit and 
control element to normally maintain the po 
tential in the anode circuit so low that the relay 

20 is idle, a lead for shorting out the condenser, a 
Switch for momentary closing the circuit 
through said lead to discharge the condenser, 
and means operated by the relay for opening the 
circuit through said lead whereby the relay may 

15 be operated for the period required for the con 
denser to build up its normal charge whereby the 
Switch is ineffective while the relay is operative. 

3. An electrical time. delay device comprising 
Yan electron discharge device having a cathode, an 

20 anode and a control electrode, an alternating cur 
rent power source for the cathode, a circuit from 
the anode, a control circuit from the control elec 
trode, a relay operable by the anode circuit, 

, means for Supplying the control electrode and 
25 the anode with alternating potentials in such a 

manner that the phase relations of the control 
electrode and the anode are opposite with respect 
to the cathode during at least a portion of the 
cycle, a condenser in the control circuit adapted 

30 to normally have a charge of such potential that 
the potential in the anode circuit is insufficient 
&o operate the relay, means for momentarily dis 
charging the condenser to cause operation of the 
relay, and means operated by the relay reestab 

25 lishing the condenser in its charging relation so 
that the relay is operated for the period required 
for the condenser to regain its normal charge. 

4. An electrical time delay device comprising 
an electron discharge device having a cathode, an 

40 anode and a control electrode, an A. C. power 
Source for the cathode, a circuit from the anode, 
a control circuit from the control electrode, a 
relay operable by the anode circuit, means as 
Sociating the anode circuit and the control cir 

45 cult with the power source so that the control 
electrode and the anode are supplied with alter 
nating potentials of opposite phase relations with 
respect to the cathode during at least a portion 
of the cycle, a condenser in the control circuit 

5) normally having a charge of such potential that 
the potential in the anode circuit is insufficient 
to operate the relay, a variable resistance in the 
control circuit, manually operated means for mo 
mentarily discharging the condenser to cause op 

55 eration of the relay, and means operated by the 
relay reestablishing the condenser in its charging 
relation. So that the period of operation of the 
relay is determined by the period required for the 
condenser to regain its normal charge. 

60 5. An electrical time delay device comprising 
an electron discharge device having a cathode, an 
anode and a control electrode, an alternating cur 
rent power source, a heating circuit from said 
Source for the cathode, a circuit from the anode, 

65 a control circuit from the control electrode, a re 
lay operable by the anode circuit, means associ 
ating the anode circuit and the control circuit 
with the power Source so that the control elec 
trode and the anode are supplied with alternating 

70 potentials of opposite phase relations relative to 
the cathode during at least a portion of the cycle, 
said means including sets of multiple related con 
densers and resistances connected in series in the 
power Source between the terminals of the cath 

75 ode and the points of connection of the said cir 
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cuits with the opposite sides of the power source, 
a condenser in the control circuit normally having 
a charge of such potential that the potential in 
the anode circuit is insufficient to operate the re 
lay, means for momentarily discharging the con 
denser to cause operation of the relay, and means 
operated upon actuation of the relay reestablish 
ing the condenser in its charging relation in the 
control circuit so that the relay may remain op 
erated for the period required for the condenser 
to regain its normal charge. 

6. An electrical time delay device comprising 
an electron discharge device having a cathode, an 
anode and a control electrode, an alternating cur 
rent power source for the cathode, a circuit from 
the anode, a control circuit from the control elec 
trode, a relay operable by the anode circuit, means 
associating the anode circuit and the control cir 
cuit with the power source so that the control 
electrode and the anode are supplied with alter 
nating potentials of opposite phase relations with 
respect to the cathode during a portion of the 
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cycle, a condenser in the control circuit adapted 
to normally have a charge of such potential that 
the potential in the anode circuit is insufficient 
to operate the relay, switch means for momen 
tarily discharging the condenser to allow the relay 
to be operated, switch means operated by the re 
lay reestablishing the condenser in its charging 
relation in the control circuit so that the relay re 
mains operated for the period required for the 
condenser to regain its normal charge, and a re 
sistance in the control circuit variable to change 
the time required for the condenser to build up its 
normal charge. 

7. An electrical time delay device comprising 
an electron discharge device having a cathode, an 
anode and a control electrode, an alternating cur 
rent power source for the cathode, a circuit from 
the anode, a control circuit from the control elec 
trode, a relay operable by the anode circuit, means 
associating the anode circuit and the control cir 
cuit with the power source so that the control 
electrode and the anode are supplied with alter 
nating potentials of opposite phase relations with 
respect to the cathode during a portion of the 
cycle, a condenser in the control circuit adapted 
to normally have a charge of such potential that 
the potential in the anode circuit is insufficient 
to operate the relay, means for momentarily dis 
charging the condenser to allow the relay to be 
operated, switch means operated by the relay re 
establishing the condenser in its charging relation 
in the control circuit so that the relay remains 
operated for the period required for the condenser 
to regain its normal charge, a resistance in the 
control circuit variable to change the time re 
quired for the condenser to build up its normal 
charge, and means for shunting out the resistance 
to rapidly recharge the condenser to restore the 
relay. 

8. In an electrical timing device, an electron 
discharge device having a cathode, an anode and 
a control element, a source of A. C. potential for 
the discharge device, a circuit from said source 
to the anode, a relay connected in said circuit to 
be controlled by the anode current, a circuit from 
said source to the control element, means for 
shifting the phase relation of the potential of one 
of said circuits relative to the phase of the poten 
tial of the power source so that the potentials 
imposed on the anode and control element are in 
opposite phase relations with respect to the cath 
ode during a portion of the cycle, a condenser 
in the last named circuit adapted to build up suf 
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ficient potential in the said last named circuit 
and control element to normally maintain the 
potential in the first named circuit so low that the 
relay is idle, means for adjusting the relay to 
change the potential required to maintain the 
relay in the operated condition, means for mo 
mentarily discharging the condenser so that the 
relay is operated, and means operated by the re 
lay reestablishing the condenser in its charging 
relation so that the operating period of the relay is 
determined by the period required for the con 
denser to build up its normal charge. 

9. An electrical time delay device comprising 
an electron discharge device having a cathode, an 
anode and a control electrode, an alternating cur 
rent power source for the cathode, a circuit from 
the anode, a control circuit from the control elec 
trode, a relay operable by the anode circuit, 
means associating the anode circuit and the con 
trol circuit with the power source so that the con 
trol electrode and the anode are supplied with 
alternating potentials of opposite phase relations 
with respect to the cathode during at least a por 
tion of the cycle, said means including a carbon 
filament resistance element in the anode circuit 
to compensate for variations in the voltage of said 
Source, a condenser in the control circuit adapted 
to normally have a charge of such potential that 
the potential in the anode circuit is insufficient 
to operate the relay, means for shorting the con 
denser to cause operation of the relay by the an 
Ode circuit, and means operated by the relay re 
establishing the condenser in its charging relation 
in the control circuit so that the time period the 
relay may remain operated is determined by 
the period required for the condenser to retain its 
normal charge. 

10. An electrical time delay device comprising 
an electron discharge device having a cathode, an 
anode and a control electrode, an alternating cur 
rent power source for the cathode, a circuit from 
the anode, a control circuit from the control elec 
trode, a relay operable by the anode circuit, means 
associating the anode circuit and the control cir 

5 cult with the power source so that the control 
electrode and the anode are supplied with alter 
nating potentials which are of opposite phase re 
lations with respect to the cathode during at least 
a portion of the cycle, said means including a 
condenser in Series with the cathode to minimize 
anode current changes due to power source fre 
quency variations, a condenser in the control cir 
cuit adapted to normally have a charge of such 
potential that the potential in the anode circuit 

5 is insufficient to operate the relay, means for dis 
charging the last named condenser to cause op 
eration of the relay by the anode circuit, and 
means operated by the relay reestablishing the 
condenser in its charging relation in the control 
circuit so that the time period the relay may re 
main operated is determined by the period re 
quired for the said last named condenser to re 
gain its normal charge. 

11. In a device of the character described, an 
electron discharge device having a Cathode, an 
anode and a control element between the cathode 
and anode, a source of A. C. potential for the said 
device, a relay operated by the anode circuit, a 
condenser in the circuit of said control element, 
means for shifting the phase relation of the alter 
nating potential of one of said circuits with re 
spect to the alternating potential of the other of 
said circuits so that the potentials imposed on 
the anode and control element areoppositein their 
phase relations with respect to the cathode dur 
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ing a part of the cycle whereby the potential of 
the charge in the condenser and the gotteratial of 
the control circuit are rosmally sufficient to 
maintain the potential in the anode circuit at a 
low value where the relay is idle, means for dis 
charging the condenser so that the relay is opere 
ated by the anode circuit potential and reans 
operated upon actuation of the relay reconditions 
ing the condienser for charging by the potential 
of the anode circuit whereby the period of operate 
tion of the relay is determined by the period ree 
quired to recharge the condesser to its normaa 
State. 

12. In a device of the character described, a 
electron discharge device having a Cathode, 3. 
anode and a control element between he cathofie 
and anode, a source of A. C. potential for the said 
device, a relay operated by the ancie (circuit, 3. 
condenser in the circuit of said control element, 
means for shifting the phase relatio of the 3 
ternating potential of one of said circuits with 
respect to the alternating potential of the other 
of said circuits so that the potentials. Staposed 
on the anode and control element &re opposite 
in their phase relations with respect; to the cath 
ode during a part of the cycle whereby the poteas 
tial of the charge in the conde Ser and the potena 
{ial of the control circuit are normally stificient 
to maintain the potential in the anode circuit 28, 
a low value where the relay is idle, said means 
including a condenser, and Resistance of related 
values connected in nultiple in one of said cir 
cuits, means for discharging the first in entioned 
condenser so that the relay is operated by he 
anode current, and means operated oy &he resy 
reestablishing the said first feationed concease 
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an its charging condition 30 that the period which 
the relay remains operated is dependent upon the 
period required to recharge the said irst men 
tioned COrdense. 

3. In a device of the character described, an 
electron discharge device having a cathode, an 
anode and a control element between the cathode 
and anode, a source of A. C. potential for the 
Said device, s, relay operated by the anode circuit, 
a condenser in the circuit of said control element, 
graeans for shifting the phase relation of the atter 
nating potential of one of Said circuits with e 
spect to the alternating potential of the other of 
said circuits. So that the potentials imposed on 
he anodie and control eiement are opposite in 

their phase relations with respect to he cathode 
during a part of the cycle whereby the potential 
of the charge in the condense and the potential 
of the control circuit are normatiy sufficient to 
maintain the potential in the snode circuit at a 
Bow value where the relay is idle, said means in 
cluding resistances connected in Series with said 
circuits, and condensers connected in multiple 
with he resistances, the phase relation of the po 
tentiai drops across the resistances being shifted 
Selative to the phase of the said source, means 
for discharging the first mentioned condenser so 
that the relay is operated by the anode current, 
2nd means operated toy the relay reestablishing 
the said first mentioned condenser in its charging 
condition so that the period which the relay re 
Shains operated is dependent upon the period re 
Quired to rechai'ge the said first mentioned con 
deser. 

Sir ECK. G. A.L.E.N. 


