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1. 
This invention relates to timing devices and 

more particularly to a novel system for effecting 
precisely-timed energization of an inductive load. 

In certain instances it is desired to effect con 
trol of an apparatus by the use of means includ 
ing an inductive element which may have con 
siderable inertia in the electrical sense. For ex 
ample, the controlling means may be a solenoid 
Valve whose winding is inherently an inductive 
element. In Some instances it is desired to effect 
energization of such an inductive load element 
for a very short precisely-timed interval which 
may be a Small fraction of a second. Where the 
inductive load element is energized from a source 
of unidirectional current, the inertia of said ele 
ment is very pronounced and causes destructive 
arcing at relay contacts. 
The principal object of the present invention 

is to provide a novel timing control system which 
is adapted to effect precisely-timed energization 
of an inductive load element, and to prevent cur 
rent arcing in the circuit of said element due to 
the inductance. 
Another object of the invention is to provide 

a novel timing System of this character in which 
the timing function is achieved by the charging 
of a timing capacitor. 
A further object of the invention is to provide 

Such a System. Wherein at least one electron de 
vice is utilized and is under control of the timing 
capacitor. 
The invention may be fully understood from the 

following detail description with reference to the 
accompanying dra Wing, wherein 

Fig. 1 is a diagrammatic illustration of one 
form of the timing System provided by the present 
invention; and 

Fig. 2 is a diagrammatic illustration of an 
other form of the System. 
Referring first to Fig. 1, there is shown at 0 

an inductive element which is to be energized 
from a source of voltage during a precisely timed 
interval. This element might be the winding of 
a Solenoid valve or it might be any other inductive 
element. V 

An A. C. Supply line , having a manually 
operable switch 2 therein, furnishes A. C. cur 
rent to a power supply unit 3 which furnishes the 
voltages for the timing system presently to be de 
scribed. The power supply unit 3 includes a 
transformer which serves to supply the fila 
ments of the electron tubes employed, and the 
unit 3 further comprises a transformer and rec 
tifier arrangement by means of which certain 
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the particular power supply unit shown, there 
are a pair of transformers 5 and 6, rectifiers 

7, 18 and 9, capacitors 20, 2, 22 and 23, re 
Sistors 24, 25 and 26, and regulator tubes 2 and 
28, all connected as shown. This arrangement 
provides positive Voltages, e.g. --150 Volts, at the 
output conductors 29 and 3 with respect to the 
grounded conductor 3, and it also provides a 
negative voltage, e. g. -105 volts, at the Output 
conductor 32 with respect to ground. While the 
present invention is not concerned with the de 
tained arrangement of the power supply, it might 
be well to note that in general the conductor 29 
supplies direct current of considerable magnitude, 
but not especially well filtered or regulated, for 
operating the load (, whereas conductor 30 Sup 
plies a relatively weak well-filtered and regulated 
current to the control electron tube as hereinafter 
described. 

In addition to the D. C. voltages, an A. C. Con 
trol voltage is derived from the Supply unit 3 by 
means of conductors 33 and 34 connected as 
shown. By means of these conductors, operating 
voltage is Supplied to a controlling relay 35 and 
to an overload relay 36. The relay 35 has an op 
erating Winding 37 and three sets of contacts 38, 
39 and 40. The relay 36 has an operating wind 
ing 4 for opening the contacts 42, and a reset 
winding 43 for closing the contacts. The latter 
winding is connected across conductors 33 and 
34 through a reset switch 44. The operating wind 
ing 37 of relay 35 is connected across conductors 
33 and 34 through a starting Switch 45 and the 
contacts 42 of relay 36. Contacts 40 of relay 35 
are connected in a holding circuit 46 which is in 
shunt relation with the starting Switch 45. 
The operating winding 4 of relay 36 is in 

cluded in a circuit, which extends from conductor 
29 through the contacts 38 of relay 35, and via 
conductor 47 and resistor 48 to one end of the 
inductive element , the other end of which is 
connected to the grounded conductor 49. Con 
ductor 3 is connected through contacts 39 of 
relay 35 to conductor 47A. Resistors 5E, 5 and 
52 are serially connected between conductor 4A 
and conductor 52. An electron tube 53, which 
may be a triode as shown, has its cathode 
grounded, its grid connected through a resistor 54 
to a movable tap on resistor 5, and its anode 
connected to conductor 47A through the winding 
55 of a relay 56. A tinning capacitor 57 is con 
nected between the grid and cathode of tube 53. 
The relay 56 serves to control, through its con 
tacts 58, a short circuit about the inductive 

D, C, or unidirectional voltages are obtained. In 55 load 0. 
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Considering the operation of the system, when 
the switch 2 is closed, the power supply unit 
functions to supply the above-mentioned volt 
ages, and the capacitor 5 is charged to -105 
volts by current flow through resistors 5, 52 and 
54, but the System does not operate until the 
reset switch 44 and the starting switch 45 have 
been momentarily depressed. The reset Switch 
44 is first closed momentarily to close the con 
tacts of relay 36; then the starting switch 45 is 
closed momentarily, thus energizing the relay 35 
through the closed contacts of relay 36. The re 
lay 35 locks itself in through its holding contacts 
40. 
The energization of relay 35 closes the energiz 

ing circuit of the inductive load 9 and also ap 
plies plate voltage to the tube 53. However the 
grid of tube 53 is biased beyond cut-off by the 
negative voltage across capacitor 57, and there 
fore the tube remains non-conductive. 
With the closure of relay 35, however, capaci 

tor 57 charges toward a voltage determined by 
the bleeder resistors 50, 5 , 52 through resistor 54. 
When this voltage reaches the cut-off voltage of 
the grid of tube 53, the tube conducts and thus 
energizes relay 56, which closes the short circuit 
about the inductive load 0. As a result of this, 
the current flow through resistor 48 suddenly 
increases, and the surge of current from the pow 
er supply flows through the trip coil 4f of relay 
36 which opens contacts 42 and deemergizes relay 
35. The opening of the relay contacts 38 and 39 
interrupts the main circuit and also removes the 
plate voltage from tube 53. The system will not 
operate again until the relay 36 is again reset and 
starting SWitch 45 is closed. 

It will be seen from the foregoing description 
that the energization of the inductive load is 
precisely timed by the charging of capacitor 57 
and is controlled through the operation of tube 
53. Moreover, the inductive load is short circuit 
ed before the circuit is opened, so that there is no 
arcing at the contactS. 

Referring now to Fig. 2, there is shown therein 
a preferred embodiment of the invention where 
in the control action is effected by means of a 
dual electron tube, or two separate tubes, as here 
inafter described. The inductive load is again 
shown at 0, and a short-circuiting connection 
therefor is controlled by the relay 56 as in the 
first embodiment. The power supply f3 is shown 
in block form with the voltage supply conductors 
29, 30, 32, 33 and 34 extending therefrom. 

In this instance, the A. C. control voltage sup 
plied by Way of conductors 33 and 34 is utilized 
to control relays 59 and 60. The winding 6 of 
relay 6) is connected across conductors 33 and 
34 through a normally open starting switch 62. 
Contacts 3 of the same relay are included in a 
holding circuit 64 which is connected in shunt 
With the starting switch 62 and which may in 
clude a stopping switch 65. The winding 66 of 
relay 59 is connected across conductors 33 and 
34 through normally open contacts 67 of relay 60. 
Voltage supply conductor 29 is connected to the 

ungrounded end of the inductive element, O 
through normally open contacts 68 of relay 59 
and also through a resistor 69. Voltage supply 
conductor 38 is connected to the right-hand 
anode of a double triode tube 70 through nor 
nally open contacts of relay 59, and also 
through conductor 2 and the winding of relay 
56. Conductor 38 is also connected to the left 
hand anode of tube 78 through a resistor 3. 
As described in detail later, the timed ener 

it) 

4. 
gization of the inductive load 6 is effected 
through charging of a timing capacitor 4 which 
is connected between the right-hand grid of tube 
it and ground. This capacitor is charged 
through a resistor 75 from a potentiometer ar 
rangement comprising resistors 76 and 7 serially 
connected between conductor 2 and a con 
ductor 8, the latter being connected to conduc 
to 32. The cathodes of tube are connected 
through a resistor 79 to the conductor 8. The 
left-hand grid of tube 70 is connected to ground 
through a resistor 89. The right-hand anode of 
the tube is connected to the left-hand grid 
through a capacitor 8. The left-hand anode is 
connected to the right-hand grid through a ca 
pacitor 82. Voltage supply conductor 32 is con 
lected through normally closed contacts 83 of 
relay 59 and through a resistor 84 to the un 
grounded plate of capacitor 4. 
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Considering the operation of the system, when 
the Switch 2 is closed, the power supply unit 
provides the desired voltages but the system will 
not operate until the starting switch 62 is actu 
atted. With the system in its inoperative state, 
i. e. prior to actuation of the starting switch, the 
left-hand triode section of tube T0 is conductive 
by virtue of the positive voltage applied to the 
left-hand anode from conductor 30 through resis 
tor 3. Consequently, the voltage drop across 
resistol 9 maintains the cathodes of the tube at 
a predetermined negative potential, e. g. -10 
volts. At this time, the right-hand triode section 
of the tube is non-conductive. 
Momentary closure of the starting switch 62 

energizes relay 60 which locks itself in through 
holding circuit, 64. The closure of contacts 67 
energizes relay 59 which opens its contacts 83 
and closes its contacts 68 and T. The closure of 
contacts 68 energizes the inductive load 0, and at 
the same time the closure of contacts 7 applies 
anode voltage to the right-hand triode section of 
tube 70. The opening of contacts 83 permits the 
timing capacitor 4 to charge toward a voltage 
determined by the position of the tap on resistor 
76, the rate of charging being determined by the 
Value of resistor T5. As a voltage builds up across 
capacitor 14, the grid of the right-hand triode 
Section of tube 70 is driven to a potential such 
that the right-hand triode section starts to con 
duct, and the current flow substantially lowers 
the voltage at the right-hand anode. This drop 
in voltage is comunicated by capacitor 8 to the 
glid of the left-hand section, which causes that 
Section to decrease its anode current flow, there 
by increasing its anode voltage. This increase of 
anode Voltage is communicated to the grid of the 
right-hand triode section by capacitor 82, caus 
ing a further increase in anode current and drop 
of anode voltage of the right-hand section, which 
is communicated as a voltage drop to the grid of 
the left-hand Section. This action continues and 
causes rapid cumulative build-up of the current 
through the winding of relay 56. This current 
build-up is very abrupt once the capacitor 74 has 
charged to the critical grid voltage of the right 
hand triode section. An important advantage of 
this control action is that it eliminates error due 
to sight variations in the operating point of 
relay 58 which would appear as timing errors if 
a relatively gradual current build-up were em. 
ployed. 
When the relay 56 operates, it closes the short 

circuit connection about the inductive load ele 
ment 0, thereby effectively deenergizing that ele 
ment, Following the short-circuiting of element 
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te, relay: 60 is deenergized by opening the holding 
'switch. 65. This in turn, deemergizes relay: 59, 
and the System is thus restored to its inopera 
tive state. The holding switch 65 may be actu 
ated in any suitable manner. For example, where 
the controlled device is a solenoid valve, and the 
inductive element O is the: Solenoid winding, the 
holding switch 65 may be automatically actuated 
by the movement of the Solenoid valve through 
a Suitable operating arrangement. 

It should be noted that the purpose of the 
connection controlled by contacts 83 of relay 
59 is to effect positive return of the charge of 
capacitor T4 to the normal starting voltage 
through a circuit. With a very small time constant, 
So that the length of the time interval between 
operations will have no effect on the duration 
of the timed interval. 
From the foregoing description, it will be seen 

that both of the illustrated embodiments effect 
precisely timed energization of an inductive load 
by means of a timing capacitor, and the voltage 
across the capacitor Serves to control a normally 
inoperative short-circuiting means associated 
With the inductive load. Further, in each in 
stance, the control action is effected through the 
medium of an electron tube. However, in the 
System of Fig. 2, the control is effected by dual 
tube, action as above described. It will be ap 
parent that in the latter system, two separate 
tubes could be used in place of the double triode 
tube which is used only for convenience, and 
simplicity. 
By way of specific example, in a certain physi 

cal embodiment of Fig. 2, the tube T0 is a type 
6SN7, and the resistors, and capacitors have the 
following values: 

Resistor 69-00 ohms-50 W. 
Resistor 73-75,000 ohms-1 w. 
Resistor 75-megohm-1. W. 
Resistor 76-250,000 ohms 
Resistor T-150,000 ohms- w. 
Resistor 79-50,000 ohms- W. 
Resistor 80-1 megohm-A. W. 
Resistor 84-1,000 ohms-2 w. 
Capacitor 74-.3 microfarad 
Capacitor 8-500 micro-microfarads 
Capacitor 82-500 micro-microfarads 

Of course it will be understood that the circuit nected to the grid of the latter triode to control 
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elements may be varied at will according to the 
particular application of the System, 
The present invention is applicable in any in 

stance where it is desired to effect precisely timed 
energization of an inductive load. By way of 
example, the invention is applicable to a drop 
hammer control System such as disclosed in the 
Copending application of E. C. Clarke and P. A. 
Rickrode, Serial No. 106,664, filed July 25, 1949. 
Although certain embodiments of the invention 

have been illustrated and described, it will be 
apparent that the invention is not limited thereto 
but is capable of various modifications and other 
embodiments. 
I claim: 
1. In a system for effecting precisely timed t 

energization of an inductive load from a source 
of voltage, a normally-open circuit extending be 
tween said source and said inductive load, a nor 
mally-open short-circuiting connection across 
Said inductive load, a pair of triodes one of which 
is normally conductive and the other of which 
is normally non-conductive, a normally deemer 
gized relay for controlling said short-circuiting 
connection, the Winding of said relay being con 

6 
nected in the plate circuit of the normally non 
conductive triode, a timing capacitor connected 
to the grid of the latter triode to control the 
same, means for closing the first-recited circuit 
and for simultaneously initiating the charging 
of Said capacitor, whereby the normally non 
conductive triode. starts to conduct when the 
Woltage across said capacitor reaches a certain 
value, and connections between the elements of 
said triodes to effect rapid build up of current 
through said relay winding, whereby said relay 
is energized to close said short-circuiting con 
nection at the end of a time interval determined 
by the charging of said capacitor. 

2. In a system for effecting precisely timed 
energization of an inductive load from a source 
of voltage, a normally-open circuit extending be 
tween said Source and said inductive load, a nor 
inally-open short-circuiting connection acroSS 
said inductive load, a pair of triodes one of which 
is normally conductive and the other of which 
is normally, non-conductive, a normally deener 
gized relay for controlling said short-circuiting 
connection, the winding of said relay being con 
nected in the plate circuit of the normally non 
conductive triode, a timing capacitor connected 
to the grid of the latter triode to control the same, 
means for closing the first-recited circuit and for 
simultaneously initiating the charging of Said 
capacitor, whereby the normally non-conductive 
triode starts to conduct when the voltage across 
said capacitor reaches a certain value, and a con 
nection between the anode of each triode and the 
grid of the other triode to effect rapid build up 
of current through said relay winding, whereby 
said relay is energized to close said short-circuit 
ing connection at the end of a time interval 
determined by the charging of Said capacitor, 

3. In a system for effecting precisely timed 
energization of an inductive load from a Source 
of voltage, a normally-open circuit extending be 
tween said Source and Said inductive, load, nor 
mally-inoperative means for short-circuiting Said 
inductive load, a pair of triodes, one of which is 
normally conductive and the other of which is 
normally non-conductive, means controllable by 
the normally non-conductive triode to render 
said. Short-circuiting means Operative upon con 
duction of that triode, a tinning capacitor Con 

the same, means for closing the first-recited cir 
cuit and for simultaneously initiating the charg 
ing of said capacitor, whereby the normally non 
conductive triode starts to conduct when the 
voltage across said capacitor reaches a certain 
value, and connections between the elements of 
said triodes to effect rapid build-up of current 
through the normally non-conductive triode, 
whereby Said short-circuiting means is rendered 
Operative at... the send of a time interval deter 
mined by the charging of said capacitor. 

4. In a system for effecting precisely timed 
energization of an inductive load from a source 
of Voltage, a normally-open circuit extending be 
tween Said Source and said inductive load, nor 
mally-inoperative means for short-circuiting said 
inductive load, a pair of triodes one of which is 
no'nally conductive and the other of which is 
normally non-conductive, means controllable by 
the normally non-conductive triode to render said 
short-circuiting means operative upon conduc 
tion of that triode, a tinning capacitor connected 
to the grid of the latter triode to control the 
Same; means for closing the first-recited circuit 
and for simultaneously initiating change of en 
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ergy stored by said capacitor, whereby the nor 
mally non-conductive triode starts to conduct 
when the voltage across said capacitor reaches a 
certain value, and connections between the ele 
ments of Said triodes to effect rapid build-up of 
current through the normally non-conductive 
triode, whereby said short-circuiting meanS is 
rendered operative at the end of a time interval 
determined by the change of energy Stored by 
Said capacitor. 

5. In a system for effecting precisely timed en 
ergization of an inductive load from a Source of 
voltage, a normally-open circuit extending be 
tween said source and Said inductive load, nor 
mally-inoperative means for Short-circuiting Said 
inductive load, a pair of triodes one of which is 
normally conductive and the other of which is 
normally non-conductive, means controllable by 
the normally non-conductive triode to render 
said short-circuiting means operative upon con 
duction of that triode, a tining capacitor Con 
nected to the grid of the latter triode to control 
the same, means for closing the first-recited cir 
cuit and for simultaneously initiating the charg 
ing of Said capacitor, Whereby the normally non 
conductive triode starts to conduct when the Volt 
age acroSS Said Capacitor reaches a certain value, 
and a connection between the anode of each tri 
ode and the grid of the other triode to effect 
rapid build-up of current through the normally 
non-conductive triode, whereby said short-cir 
cuiting means is rendered operative at the end of 
a time interval determined by the charging of 
Said capacitor. 

6. In a System for effecting precisely timed : 
energization of an inductive load from a Source 
of voltage, a normally-open circuit extending be 
tWeen Said Source and said inductive load, nor 
mally-inoperative means for short-circuiting said 
inductive load, a pair of triodes one of which is 
normally conductive and the other of Which is 
normally non-conductive, means controllable by 
the normally non-conductive triode to render 
Said short-circuiting means operative upon con. 
duction of that triode, a timing capacitor con 
nected to the grid of the latter triode to control 
the Same, means for closing the first-recited cir 
cuit and for simultaneously initiating change of 
energy Stored by said capacitor, whereby the nor 
mally non-conductive triode starts to conduct 
When the Voltage across said capacitor reaches 
a certain value, and a connection between the 
anode of each triode and the grid of the other 
triode to effect rapid build-up of current through 
the normally non-conductive triode, whereby 
Said short-circuiting means is rendered opera 
tive at the end of a time interval determined by 
the change of energy stored by said capacitor. 

7. In a System for effecting precisely timed en 
ergization of an inductive load from a source of 
Voltage, a normally-open circuit extending be 
tween said source and said inductive load, nor 
mally-inoperative means for short-circuiting said 
inductive load, electron tube means comprising 
a pair of grid-controlled tube units one of which 
is normally conductive and the other of which 
is normally non-conductive, means controllable 
by the normally non-conductive tube unit to ren 
der Said short-circuiting means operative upon 
conduction of that tube unit, a timing capacitor 
connected to the control grid of the latter tube 
unit. to control the same, means for closing the 
first-recited circuit and for simultaneously ini 
tiating change of energy stored by said capacitor, 
whereby the normally non-conductive tube unit 
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starts to conduct when the voltage across Said 
capacitor reaches a certain value, and connec 
tions between the elements of said tube units to 
effect rapid build-up of current through the 
normally non-conductive tube unit, whereby Said 
short-circuiting means is rendered operative at 
the end of a time interval determined by the 
change of energy stored by Said capacitor. 

8. In a system for effecting precisely timed en 
ergization of an inductive load from a Source of 
voltage, a normally-open circuit extending be 
tween said source and said inductive load, nor 
mally-inoperative means for short-circuiting Said 
inductive load, electron tube means comprising a 
pair of tube units having triode elements, one of 
which tube units is normally conductive and the 
other of which is normally non-conductive, means 
controllable by the normally non-conductive tube 
unit to render said short-circuiting means Oper 
ative upon conduction of that tube unit, a tin 
ing capacitor connected to the control grid of 
the latter tube unit to control the Same, means 
for closing the first-recited circuit and for Si 
multaneously initiating change of energy stored 
by said capacitor, whereby the normally non-con 
ductive tube unit, starts to conduct when the Volt 
age across said capacitor reaches a certain Value, 
and a connection between the anode of each tube 
unit, and the control grid of the other tube unit to 
effect rapid build-up of current through the nor 
mally non-conductive tube unit, whereby said 
short-circuiting means is rendered operative at 
the end of a time interval determined by the 
change of energy Stored by said capacitor. 

9. In a System for effecting precisely timed en 
ergization of an inductive load from a Source Of 
voltage, a normally-open load circuit extending 
between said Source and Said inductive load, a 
normally-open short-circuiting connection acroSS 
Said inductive load, a normally non-conductive 
electron tube unit having triode elements, means 
controllable by said tube unit for closing said 
short-circuiting connection, a timing capacitor 
connected to the control grid of Said tube unit to 
control the same, a normally-deenergized control 
relay having normally-open contacts included in 
said load circuit and in the plate circuit of Said 
tube unit to close those circuits upon energization 
of the control relay, means including a manual 
SWitch to be closed nonentarily for energizing 
said control relay, means for holding in Said con 
trol relay after opening of Said switch, means con 
trolled by Said control relay for initiating change 
of energy Stored by said capacitor, whereby said 
tube unit starts to conduct. When the voltage 
across said capacitor reaches a certain value, and 
Said short-circuiting Connection is closed at the 
end of a time interval determined by the change 
Of energy Stored by Said capacitor, and means for 
deenergizing said control relay after closure of 
Said Short-circuiting connection, thereby to con 
dition the System for repeat operation. 

10. In a system for effecting precisely timed 
energization of an inductive load from a source 
of Voltage, a normally-open load circuit extend 
ing between Said source and said inductive load, 
a nOmally-Open Short-circuiting connection 
aCrOSS Said inductive load, a normally non-con 
ductive electron tube unit having triode elements, 
means controllable by Said tube unit for closing 
Said short-circuiting connection, a timing capaci 
tOr connected to the control grid of said tube unit 
to control the same, a normally-deenergized con 
trol relay having normally-open contacts included 
in Said load circuit and in the plate circuit of said 
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tube unit to close those circuits upon energization 
of the control relay, means including a mainllai 
switch to be closed momentarily for energizing 
said control relay, means for holding in Said con - 
trol relay after opening of Said SWitch, rileans 
controlled by said control reiay for initiating 
change of energy stored by said capacitor, where 
by said tube unit starts to conduct, when the Voit 
age across said capacitor reaches a certain vallie, 
and said short-circuiting coniettiOI) is closed at 
the end of a time interval determined by the 
change of energy stored by Said capacitor, and an 
overload relay having a winding included in said 
load circuit and having contacts arranged to de 
energize said control relay in response to increased 
current flow in said load circuit upon Short-cir 
cuiting of Said inductive load. 

11. In a system for effecting precisely timed 
energization of an inductive load from a Source 
of voltage, a normally-open load circuit extend 
ing between said Source and Said inductive load, a 
normally-open short-circuiting connection acroSS 
Said inductive load, electron tube means con 
prising a pair of grid-controlled tube units one 
of which is normally conductive and the other 
of which is normally non-conductive, means con 
trollable by the normally non-conductive tube 
unit for closing said short-circuiting connection, 
a timing capacitor connected to the control grid 
of the latter tube unit to control the Same, a 
normally-deenergized control relay having nor 
mally-open contactS included in Said load circuit 
and in the plate circuit of the normally non 
conductive tube unit to close those circuits upon 
energization of the control relay, means include : 
ing a manual Switch to be closed momentarily 
for energizing said control relay, means for hold 
ing in said control relay after opening of said 
switch, means controlled by Said control relay 
for initiating change of energy stored by Said 
capacitor, where the normally non-conductive 
tube unit starts to conduct when the Voltage 
across said capacitor reaches a certain value, 
connections between the elements of Said tube 
units to effect rapid build-up of current through 
the normally non-conductive tube unit, whereby 
said short-circuiting connection is closed at the 
end of a time interval determined by the change 
of energy stored by said capacitor, and means for 
deenergizing said control relay after closure of 
said short-circuiting connection, thereby to con 
dition the system for repeat Operation. 

2. In a system for effecting precisely timed 
energization of an inductive load from a source 
of voltage, a normally-open load circuit extend 
ing between said source and said inductive load, 
a normally-open short-circuiting connection 
across said inductive load, electron tube means 
comprising a pair of grid-controlled tube units 
one of which is normally conductive and the 
other of which is normally non-conductive, 
means controllable by the normally non-con 
ductive tube unit for closing said short-circuit 
ing connection, a timing capacitor Connected to 
the control grid of the latter tube unit to con 
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trol the same, a normally deemergized control re 
lay having normally-open contacts included in 
said load circuit and in the plate circuit of the 
normally non-conductive tube unit to close those 
circuits upon energization of the control relay, 
means including a manual Switch to be closed 
momentarily for energizing Said control relay, 
means for holding in Said control relay after 
opening of said switch, means controiled by Said 
control relay for initiating chage of energy 
stored by said capacitor, whereby the normally 
non-conductive tube unit starts to conduct. When 
the voltage acroSS Said capacitor reaches a cer 
tain value, a connection between the anode of 
each tube unit and the grid of the other tube 
unit to effect rapid build-up of current through 
the normally non-conductive tube unit, whereby 
said short-circuiting connection is closed at the 
end of a time interval determined by the change 
of energy stored by said capacitor, and means for 
deenergizing said control relay after closure of 
Said short-circuiting connection, thereby to Con 
dition the system for repeat operation. 

13. In a System for effecting precisely tinned 
energization of an electrical load from a Source 
of voltage, a normally-open load circuit extend 
ing between said Source and Said load, a inor 
nally non-conductive electron tube unit having 
tiiode elements, a timing capacitor connected to 
the control grid of Said tube unit to control the 
same, a normally-deenergized control relay haW 
ing normally-open contacts included in said 
load circuit and in the plate circuit of Said tube 
unit to close those circuits upon energization of 
the control relay, means including a manual 
Switch to be closed momentarily for energizing 
Said control relay, means for holding in said con 
trol relay after opening of Said SWitch, means 
controlled by Said control relay for initiating 
change of energy Stored by Said capacitor, Where 
by Said tube unit Starts to conduct when the 
voltage acroSS Said capacitor reaches a certain 
value, means controlled by Said tube to effect 
deenergization of Said load, and means for de 
energizing Said control relay to condition the sys 
ten for repeat operation. 
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