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This invention relates generally to electrical 
timing systems and is particularly adapted among 
other uses as a timing system for welding appa 
ratuS. 
An object of this invention is to provide an 

improved timer of the character described. 
Another object of this invention is to provide 

such a timing means which uses a minimum num 
ber of electric valves. 
Another object of this invention is to provide 

such a timing means which is easily and eco 
nomically manufactured. 
A further object is to provide a novel System 

for controlling a pair of reversedly arranged 
valves. - . 

A further object is to provide in Such a SyS 
tem means to insure that one of the valves will 
always become conductive at a fixed portion of 
an alternating current voltage Wave. 
A further object is to provide in Such a Sys 

ten such valves in leading and trailing rela 
tion. 
A still further object is to provide a control 

for an electric valve which normally maintains 
Such valve nonconductive but controllable to 
render such valve conductive. - 
A still further object is to provide Such a con 

trol which is actuated by a pair of reversedly 
arranged valves. 
Another object is to provide a new timing con 

trol System for an electric valve. 
Other objects of this invention will be ap 

parent from the specification, the appended 
claims and the drawings in which: 

Figure 1 illustrates Schematically a timing ap 
paratus embodying the invention; 

Figs. 2, 3 and 4 illustrate diagrammatically cer 
tain control relations for the controlled valves; 
and, 

Fig. 5 is a modified form of a charging cir 
cuit for a tinning condenser used in the appara 
tus of Fig. 1. 

Generically the invention comprises an appa 
ratus for energizing an electrical circuit for a 
predetermined timed interval and in predeter 
mined relation with respect to an alternating 
potential in response to closure of an initiation 
SWitch. 

Referring to the drawings, an alternating cur 
rent potential, from a suitable source, is supplied 
to the lines L5 and L6 through the line Switches 
LS5 and LS6 respectively. A transformer T3 
having a plurality of Secondary windings 4, 6 and 
8 has its primary winding directly connected 
acroSS the lines L5 and L6. The winding 4 is 
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connected across a time delay relay TD having 
normally open contacts TD a which close a pre 
determined timed interval subsequent to the en 
ergization of transformer T3. The winding 6 is 
connected between the lines L2 and L3 and Sup 
plies a control potential for controlling the time 
of firing ignitrons V6 and W7. A transformer 
T4 has its primary winding -li connected between 
the lines L2 and L3 and has a pair of Secondary 
windings 2 and 4. One terminal of each of the 
windings 2 and 4 is connected to the line L3. 
The other terminal of the Winding 2 is con 
nected to line I, f while the other terminal of 
winding 4 is connected through variable resistors 
R9 and R. and capacitors C4 and C5 to the line 
L2. This arrangement establishes a potential 
between the lines Li and L2 which is greater than 
the potential between the lines L2 and T3. Pref 
erably the windings and f2 have equal num 
bers of turns whereby the potential between lines 
If and L2 is twice that of the potential between 
lines L3 and L2. 
The anode of the valve W is connected to the 

line Ll through the capacitor C3 and a current 
limiting resistor Rif, as well as being connected 
to the line T. through the discharge resistor R. 
The shield grid of the valve V is connected to 
the line L. through a current limiting resistor 
Ri2 and to the cathode of the valve W through 
a capacitor C3. The cathode of the valve V? is 
directly connected to the line L2 by means of 
conductor 8. The control grid of the valve WI is 
connected to the cathode of the valve WI through 
a capacitor C and through Series-arranged re 
sistors R.3, R5 and R5 to the movable tap 20 
of the potentiometer resistor R8. Capacitors C. 
and C2 are arranged in parallel with each other 
and in parallel with the resistor R5. The com 
mon terminal 22 between the resistors R5 and 
R 5 is connected through the normally closed 
contacts CR fa of relay CR to terminal 24 which 
is maintained at the potential of line L, by its 
connection thereto through the conductor 2S. 
The terminal 24 is connected through the primary 
Winding of transformer T5 to the line L2, thereby 
placing this primary Winding in parallel with the 
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series connected resistors R6 and RT and poten 
tioneter resistor R8. 
The valves W2 and V3 are connected in anti 

parallel relation whereby the cathode of valve 
W2 is directly connected with the anode of valve 
W3 and the anode of valve V3 is connected to 
the cathode of valve V3. The cathode of valve V2 
is connected through the time delay relay con 
tacts TDC to the line L, f while the cathode of 
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the valve V3 is connected through series con 
nected resistors R2, R3 and R4 to the line L2. 
The control grid of the valve V2 is connected 
through a resistor R6 to one terminal of one of 
the secondary windings 28 of the transformer 
T5. The other terminal of this winding 28 is 
connected through resistor R? 7 to the common 
connection between the capacitor C3 and the 
anode of the valve W. Since the cathode of valve 
W2 is connected to the line L, it will be apparent 
that the potential appearing across the capacitor 
C3 and resistor R. will appear as a control po 
tential between the control grid and cathode of 

15 the valve W2. 
The control grid of the valve V3 is connected 

through resistor Rf8 to one terminal of a sec 
ond secondary winding 30 of the transformer 
T5; the other terminal of which is connected 
through resistors R 19 and R2 to the cathode of 
the valve V3 whereby the secondary winding 30 
is operable to apply a control potential between 
the control grid and cathode of the valve V3. A 
capacitor C?2 is arranged in parallel relation with 
the series connected resistors R? 9 and R2 to 
provide a phase shift for the valve V3 control 
potential which will lag the voltage applied across 
the anode and cathode of the valve V2. This volt 
age across C12 due to the conduction of valve 
V2 will be a polarity to render valve V3 conduc 
tive and is of sufficient magnitude relative to the 
blocking voltage applied by winding 30 to render 
valve V3 conductive so that when the valve V2 
has conducted during one half cycle of applied 
voltage the valve V3 will be rendered conductive 
during the following half cycle of opposite polar 
ity of said voltage. - 
The windings 4 and if are preferably of an 

equal number of turns and arranged in polarity 
to provide in effect a single center tapped wind 
ing having the free end of the winding f con 
nected through capacitors C4 and C5, terminal 
3f and resistors R9 and R9 to the free end of 
the winding 4. As the relative values of re 
sistance and capacitance of this just described 
circuit are varied, the phase relation of the volt 
age appearing between terminal 3 and line L3 
will vary with respect to that of the Voltage be 
tween the free terminals of the windings if and 
4. Since the phase of the voltage appearing 

between the lines L5 and L6 bears a definite re 
lation to that of the last mentioned voltage, this 
phase shiftable voltage appearing between the 
line L3 and terminal 3 is utilized to supply a 
control voltage for the valves V4 and V5 which 
in the present instance is used to render these 
valves conductive. A transformer T6 therefore 
has its primary winding connected between the 
line L3 and the terminal 3 and is provided with 
a pair of secondary windings 32 and 34. which re 
spectively apply a blocking bias potential be 
tween the control grid and cathode of the valves 
W4 and W5 respectively. One terminal of the 
secondary winding 32 is connected through the 
secondary winding of the transformer T to ter 
minal 36 which terminal 36 is directly connected 
to the cathode of the valve W4. The other ter 
minal, of the Winding 32 is connected to terminal 
38 and the control grid of the valve V4 through 
the resistor R29. and rectifier 40. A resistor R2 
is connected across the winding 32 and recti 
fier 40 to provide for current flow through the 
rectifier. 40 whereby it is effective to prevent the 
winding 32 from providing any substantial posi 
tive grid to Cathode potential. A stabilizing con 
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4. 
denser C8 is connected between the terminals 36 
and 38. 
The valves V4 and V5 are normally provided 

with a hold-off voltage from the transformers 
T and T2 respectively. The secondary Winding 
of the transformer T is connected between ter 
minal 36 and the common terminal of the re 
sistor R2 and winding 32 whereby it is effective 
to provide an alternating current bias voltage 
across the capacitor C8 and consequently the 
grid and cathode of valve W4. The voltage for 
energizing the transformers T and T2 is de 
rived between the common terminal 2 of resistors 
R3 and R4 and the common terminal i3 between 
the windings if and 2 as represented by the 
line L3. Normally there is a difference in po 
tential between the terminals 2 and 3 With the 
valves W2 and V3 nonconductive. However upon 
conduction of the valves W2 and W3 this poten 
tial difference disappears' since the resistance of 
the resistors R4 and the sum of the resistance of 
resistors R2 and R3 plus the effective resistance 
of the valves W2 and W3 is matched with the volt 
age across the windings, and 3 respectively. 

It is believed that the remainder of the con 
struction can best be understood by a description 
of the operation which is as follows: 
The circuits are prepared for operation by 

closure of the line Switches S5 and LS6 whereby 
the lines L5 and L6 are supplied with an alter 
nating potential. This closure energizes the 
transformer T3 whereby winding 4 supplies a po 
tential for energizing the time delay relay TD 
which will close its contacts TDa at a predeter 
mined subsequent time. Winding 6 energizes the 
lines L2 and L3 whereby the winding of trans 
former T4 is energized as well as transformer TS. 
Winding 8 energizes the filaments of valves 
W-W5 inclusive through suitable control cir 
cuits which may include transformers if desired 
to maintain the filament to cathode voltage with 
in permissible values. . . . . . . . . . . - 

Energization of Winding i? causes transformer 
T4 to provide a voltage between lines Li and L2. 
which is greater than that between lines L3 and 
L2. If, as is preferred, the windings and 2 
are Similar the voltage between lines L and L2. 
Will be twice that between lines L3 and L2. Since 
transformers T. and T2 are connected between 
terminals 2 and 3 and valves V2 and W3 are 
normally nonconductive, or blocked these trans 
formers will be energized to place an alternating 
Voltage between the grids and cathodes of the 
Valves. W4 and W5. which voltage is phased with 
respect to the voltage applied to these main elec 
trodes So that a blocking grid-to-cathode bias 
Will be applied during the time that their anodes 
are positive with respect to their cathodes as is 
diagrammatically shown in Fig. 4. 
... Since the relationships are the same for each 
set of valves V4, V6 and V5, WT except that they 
are 180° out of phase with respect to each other, 
Fig. 4 Will explain the voltage relationships of 
each set of valves and a detailed explanation 
will be given only as to one set. Ea represents 
the potential supplied between the anode and 
Cathode of the valve W6 which during periods of 
nonconduction of valves W6 and W7 Will be that 
appearing across the anodes and cathodes of the 
valve W4. Ia represents the normal load cur 
rent which will flow through valves V6 and W7 
during their conduction and is shown in lagging 
relation to the voltage Ea, since this is the nor 
mal relation for the welding application shown. 
Eb represents the blocking bias voltage applied 
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by the transformer T which acts to maintain 
the valve V4 blocked. Eu represents the un 
blocking bias voltage furnished by transformer 
T8 to the valve WA which as shown comprises 3, 
negative half sine wave with the positive half 
substantially cut off due to the effect of the rec 
tifier 49. Es represents the sum of the voltages 
EC and Eu. The voltage Eu may be phase shifted 
with respect to Ea and Eb by the resistors R. 
and R is to provide a control voltage ES Which 
may be set to provide for conduction of the valve 
V4 at the desired point on the voltage wave Ea. 
to provide so called “heat control.' 

Energization of lines L. and L2 also ener 
gizes the transformer T5 whereby windings, 28 
and 3 are energized. Winding 28 is phased to 
place a firing voltage between the grid and cath 
ode of the valve V2 but is initially prevented 
from doing so by the now open contacts-Tida. 
Winding 38 places a blocking bias between the 
grid and cathode of the valve W3. - 
Capacitor C3 will be charged by conduction 

of the normally conductive valve W from line 
If through current limiting resistor R, capac 
itor C3, anode to cathode of valve W, and con 
ductor 8 to line Li which soon reaches a fully 
charged condition. Relay CR is normally de 
energized. Whereby its normally closed contacts 
CRia act to complete a charging circuit for the 
capacitors C and C2. 
line L: through conductor 2, contacts. CRC, 
capaCitors C and C2, resistor R. 3, grid to cath 
Cede of valve W to line L2. 
As soon as the relay TD times out, it - closes 

its contacts TDa, whereby the winding 28 is 
effective to supply its potential between the grid 
and cathode of valve W2 in series with the po 
tential of the now charged capacitor C3. The 
values and polarities of these potentials are such 
that the waive Wa is held blocked. 

It is to be assumed that the electrodes have 
now been clamped against the work by suitable 
means, not shown, so that they are in condition 
to be energized to perfect a Weld. Upon closure 
Cf the initiation switch SW, the relay CR, . Will 
be energized through an obvious circuit opening 
its contacts CR, a de-energizing the charging 
circuits for the condensers C and C2 and plac 
ing- the charge therea cross-between the grid and 
cathode of the valve W to negatively...bias this 
grid with respect to the cathode whereby the 
valve W is rendered nonconductive permitting 
the charge on the capacitor C3 to bleed off 
through the discharge resistor R, which after 
a predetermined tinning allows valve V2 to con 
duct. Conduction of valve W2 causes. Walve W3 
to conduct in trailing relation with respect to 
the valve W2 for completing a circuit between 
the lines I, and L2. The values of resistors 
R2, R3 and R4 are So chosen that with the valves 
W2 and V3 conducting the terminal 2 intermediate 
the resistors R3 and R4 will be rendered at an 
intermediate potential which is the same po 
tential as line L3 whereby the transformers T. 
and T2 which normally act to maintain the valves 
Wii and W5 blocked will be de-energized, permit 
ting these Waves V4 and V5 to conduct. Con 
duction - of the valves W4 and W5 causes the 
ignitrons W6 and WT respectively to conduct 
whereby current flows between lines L5 and L6 
to energize the Welding transformer T3 causing 
current to flow between the electrodes E through 
the Work W. When the charge on the condensers 
C and C2 has discharged through the resistor 
R5 to a predetermined value, the differential 

This circuit extends from 
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bias voltage applied between the grid and cathode 
of the valve W2. Curve E5 represents the voltage 
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voltage 3-set up through the resistor RT and 
potentiometer-resistor. R8 will again permit the 
Valve W to conduct thereby again charging the 
capacitor-C3 to block the valves V2 and W3. The 
rendering-of the valves W.2 and V3 nonconductive 
again -establishes potential difference between 
the terminal 2 and line L3 which re-energizes 
the transformers...T and . T2 for blocking the 
valves...W4 and W5 thereby terminating current, 
flow through the valves W6 and W. 

In Fig. 3, E. illustrates the voltage relationship 
of anode to cathode of the valve V2, E2 the 
voltage of anode to cathode of V3, E3 the un 
blocking. Voltage established across capacitor C2 
due to the conduction of-W2, and E4 is the block 
ing voltage of the winding 30 applied to valve 
W3. The voltage. E3 is - seen to lag the voltage 
Et- due to the lagging effect of circuit elements 
consisting of capacitor Cl2 and R? 9 so that when 
the proper anode to cathode voltage appears 
across the valve V3 the sum of the voltages. E3 
and E4, will produce a resultant voltage to fire 
or render valve V3 conductive at substantially 
the beginning of the voltage pulse, E2. 

In Fig. 2, there is shown diagrammatically the 
voltage relations acting to control the conduction 
of valve W2: with respect to valve W. So that ir 

a respective of the time in the voltage cycle which 
is applied between the...anode and cathode of 
valve V2 that the switch SW is closed, the 
valve W.2 will always commence its conduction 
in predetermined relationship to the voltage ap 
plied to valve V2 and in predetermined relation 
With the timing out of the weld time condensers 
C and C2. 
E represents the positive half cycles of the 

anode to.cathode voltage on the valve V2; the 
negative portions having been omitted for clarity. 

- E represents the positive half cycles of the 
4); 

itS phase relation. With respect to El; the nega 
anode to cathode. Voltage on the valver W. and 

tive portions having been omitted for clarity. 
E.2 represents the voltage component applied 
between the grid and cathode of the valve W2 
by the winding 28 which due to the phase shift 
imparted thereto by the capacitor. Cl3, will lag 
the voltage Elf and will therefore tend to permit 
firing of the valve V2 only during the first part 
of the positive cycle of the voltage E.O.. E3 
represents the potential across the capacitor C3 

the Valve W and discharging action of resistor 
R during the positive and negative half cycles 
of Voltage E. respectively. E4 represents the 
Sun of the Voltages E2 and E3 or the actual 

Component applied between the grid and cathode 
of the valve V by the capacitors C; and C2. 
Curve E6 represents the alternating current 
Voltage component applied between the grid and 
cathode of the valve VI due to the voltage drop 

i85 

across the righthand portion of the potentiometer 
R8 and the resistor. R. Curve ET represents 
the sum of the voltages E5 and E 6. 
The valve Wi is of the type generally sold to 

the trade under the designation 2050 in which 

70 

75 

the shield grid controls not only the conduction 
between the anode and cathode of the valve but 
also the conduction between the grid and cath 
Ode of the valve. Condenser C6 and resistor R2 
are chosen to phase the voltage applied between 
the shield grid and cathode of the valve W. 
with respect to a Woltage. applied between the 
anode and cathode of the valve W. So that the 
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valve V is rendered in a conductive condition 
for conducting either anode to cathode or grid 
to cathode closely adjacent the 90 point on the 
voltage wave applied between the anode and 
cathode thereof. For reasons to be pointed out 
hereinafter it may be desirable in many instances 
to render the capacitor C6 and resistor R2 vari 
able whereby the time in the voltage wave E at 
which the valve Wii conducts may be controlled. 
Such an arrangement controls the charging of 
the capacitors C, C2 and C3 whereby they may 
be brought once each cycle of the Voltage El 
to a fully charged condition. Termination of 
conduction by the valve W initiates simul 
taneously the discharge of the capacitors C, 
C2 and C3. 
The line tac represents a time subsequent to 

closure of the line Switches LS5 and LS6 and 
to the closing of contacts TDa and in which 
equilibrium conditions of operation have been 
established. If now the switch SW is closed 
during the time interval from t to t2 the valve 
W will fail to fire during the next positive Wave 
of voltage Elf and the condenser C3 will dis 
charge, along the curve Ef 3a, providing a grid 
to cathode voltage on valve W2 represented by 
the curve El Aa. The Walve W2 Will then be 
fired at time t3. If the Switch SW is closed 
during the interval between ta and t, the valve 
W having commenced conducting Will continue 
to conduct and recharge the condenser C3 but 
due to opening of the contacts CR, a the charging 
circuit for the condensers C and C2 Will be 
opened and their charge would be the charge 
at the instant the contacts CRd. Opened. AS 
indicated above, by phasing the bias Voltage be 

: tween shield grid and cathode of the valve Wi 
so that valve Wi is rendered conductive just 
before the 90° peak of the voltage E is reached. 
The time interval in which the SWitch contacts 

- CR, a may open to terminate charging of the 
condensers Cf and C2 and yet permit condenser 
C3 to charge is so small that an opening of the 
contacts CR, a during this period is extremely 
improbable. Under the extreme condition, in 
which contacts CR fa are opened at the exact 
instant valve V conducted, the introduced error 
would not be more than one cycle of time of the 
alternating current Wave EO which is Well with 
in usual commercial tolerances for most welding. 

If it is desired to insure against Such a possi 
bility, the modified form of charging circuit 
shown in Fig. 5 may be used wherein the charging 
circuit for the timing condenser's C and C2 may 
include a second secondary winding on one of the 
transformers T or T2 or a Separate trans 

* former TA connected in parallel with the trans 
- formers T and T2. One terminal of the Sec 
ondary winding 50 of transformer TA is con 
nected through a rectifier 52 to One terminal of 
the capacitors C and C2 while its other terminal 
is connected to the other terminals of these 
capacitors. The winding 5 is phased with re 
spect to the voltage between lines L3 and L2 such 
that a charging voltage of the polarity indicated 
Will be applied to the condensers C and C2 when 
line L3 is positive with respect to line L2. In this 
manner the capacitors will be recharged each 
cycle of the voltage applied between lines L3 and 
T2 in which the valves V2 and W3 are not con 
ductive. As indicated in Fig. 2 there will always 
be a constant number of positive half cycles of 
the voltage Ef between the time valve W is 
rendered nonconductive and valve W2 is rendered 
conductive. As shown the capacitor C3 and re 
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sistors Ri and R. provide for one such half 
cycle. Furthermore the combined effect of ca 
pacitor C3 and winding 28 always provides for 
the valve W2 to be rendered conductive at a fixed 
point in the voltage wave E O so that the dis 
charging of the capacitors C and C2 Will always 
remove the blocking bias voltage on valve W at 
a fixed time interval subsequent to firing of the 
valve W2 for terminating the Weld interval. This 
effect is independent of the place along the volt 
age waves at which the switch SW is actuated. 
Subsequent to a predetermined time the Con 

densers CF and C2 will have discharged Sufi 
ciently so that the voltage E. Will become Sufi 
ciently positive, or less negative, so that the valve 
Wf will again be rendered conductive. Con 
duction of the valve W will again establish a 
charge on the condenser C3 which Will apply a 
blocking potential between the grid and cathode 
of valve W2 whereby it is rendered in a condition 
to re-establish conduction if it is already non 
conductive or if valve W2 is already conducting 
Such charge on the capacitor Will prevent its con 
duction during the next cycle in which its anode 
is positive with respect to its cathode. The 
valve W3 which conducts each subsequent half 
cycle to the half cycle in which valve W2 conducts 
will cease Conducting after the next half cycle in 
which valve W2 conducts. At this point it is to 
be noted that the Superimposing of the alternat 
ing potential El 6 on the potential E5 acts to pro 
vide a more definite time for the conduction of 
Valve W. 
When valves W.2 and W3 cease conducting the 

potential of terminal 2 again becomes different 
from line L3 and the transformers T and T2 are 
again energized to impress a blocking voltage on 
the valves V4 and W5 respectively which over 
Cones the conducting voltage Set up by trans 
former T5 whereby valves V4 and W5 are rendered 
ineffective to fire the valves W6 and W7 to termi 
nate the flow of Welding current. 
If the SWitch SWF has been opened during this 

and C2 Will become 
charged as Stated above and the system is in 
condition for a subsequent operation. If the 
Switch SW is kept closed, the condensers C 
and C2 cannot charge because of the open con 
tacts CR, a and the System will remain in condi 
tion to prevent conduction of the valves V6 and 
W. The electrodes can now be unclamped from 
the Work. 
AS ShoWn and described, the Switch SW is 

manually operated but it is to be distinctly 
understood that the Switch SW and/or circuit 
to the relay CR may be controlled by a suitable 
Sequencing circuit which acts to automatically 
clamp the electrodes to the work and to close the 
SWitch SW Subsequently to the clamping of the 
electrodes on the work and which will, at the 
termination of the weld period, open the switch 
SWF and unclamp the electrodes. If desired the 
Sequencing circuit may include means for delay 
ing the unclamping of the electrodes for a prede 
termined time interval subsequent to the termina 
tion of the flow of welding current and may also 
include means for insuring against reclosure of 
Switch SW and reclamping of the electrodes 
Within a desired time interval. 
What is claimed and is desired to be secured 

by United States Letters Patent is as follows: 
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1. In a timing apparatus of the character de 
Scribed for controlling the flow of electrical 
energy from a Source to a load, a first valve hav 
ing main electrodes and a control electrode, a 



9 
second valve having main electrodes and a con 
trol electrode, said main electrodes of said valves being arranged in opposite polarity between a pair 
of conductors adapted to be energized from a 
Source of alternating potential, an energy stor 
age device connected intermediate one of said first 
valve main electrodes and one of said source con 
ductors, circuit means connecting said device 
between one of said second valve main electrodes 
and said second valve control electrode, a second 
storage device, and means including switch means 
for selectively connecting said second device be 
tween Said first waive control electrode and said 
one conductor and between said first valve con 
trol electrode and the other of said first valve 
main electrodes. - 

2. In a timing apparatus of the character de 
scribed for controlling the flow of electrical 
energy from a source to a load, a first valve hav 
ing main electrodes and a control electrode, a 
second valve having main electrodes and a con 
trol electrode, said main electrodes of said 
valves being arranged in opposite polarity be 
tween a pair of conductors adapted to be ener 
gized from a source of alternating potential, an 
energy storage device connected intermediate 
one of said first valve main electrodes and one 
of said source conductors, circuit means connect 
ing said device between one of said second valve 
main electrodes and said second valve control 
electrode, a Second storage device, means includ 
ing Switch means for selectively connecting said 
Second device between said first valve control 
electrode and said one conductor and between 
Said first valve control electrode and effectively 
to the other of Said first valve main electrodes, 
and means Supplying an alternating potential 
between said second valve control electrode and 
said second valve one main electrode. - 

3. In a timing apparatus, a first transformer 
having a pair of windings, a first pair of con 
ductors adapted to be energized from a source 
of alternating electrical potential and connected 
across a first of said windings, means connect 
ing Said pair of windings in voltage additive se 
ries connection, a second pair of conductors 
energized by the voltage derived from said series 
connected windings, a first electric valve hav 
ing an anode and a cathode and a control elec 
trode, an energy storage device, a first circuit 
means serially connecting said device and said 
anode and said cathode between said second pair 
of conductors with said device intermediate said 
anode and one of said second pair of conductors, 
a pair of valves each having an anode and a 
cathode and a control electrode, a first conductor 
means connecting said anodes and said cathodes 
of said pair of valves in anti-parallel relation, one 
of said pair of valves having its said cathode con 
nected to Said one conductor, a second conductor 
means connecting said control electrode of said 
One Valve to said first circuit means intermediate 
said first valve anode and said storage device, a 
second circuit means including a pair of serially 
connected resistor elements connecting the said 
cathode of the other of said pair of valves to 
the other of said second pair of conductors, a 
Second transformer having a pair of windings, a 
third circuit means connecting one of said sec 
ond transformer windings between a common 
connection of said serially connected elements 
and a common connection between said first 
transformer windings. 

4. In an apparatus of the character described, 
an electric valve having an anode and a cathode 
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and a control electrode, a first supply means op 
erable to supply an alternating potential, a sec 
Ond Supply means operable to supply an alter 
nating potential, a rectifier, circuit means serially 
connecting Said first and said second means and 
Said rectifier, means connecting said circuit means 
between said control electrode and said cathode, 
a resistor connected in shunt with one of said 
Supply means and Said rectifier and means for 
controlling the relative phases of the potentials 

. Supplied between said control electrode and said 
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Cathode by Said first and Second means. 
5. In a timing apparatus, a first transformer 

having a pair of windings, a first pair of con 
ductors adapted to be energized from a source 
of alternating electrical potential and connect 
ed across a first of said windings, means con 
necting said pair of windings in voltage additive 
Series connection, a second pair. Of conductors 
energized by the voltage derived from said se 
ries connected windings, a first... electric valve 
having an anode and a cathode and a control 
electrode, an energy storage device, a first cir 
cuit means serially connecting said device...and 
said anode and said cathode between said sec 
ond pair of conductors with said device inter 
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mediate said anode and one of said second pair 
of conductors, a pair of valves each having an 
anode and a Cathode and a control electrode, a 
first conductor means connecting said anodes 
and said cathodes of said pair of valves in anti 
parallel relation, one of said pair of valves hav 
ing its said cathode connected to said one con 
ductor, a second conductor means connecting said 
control electrode to said first circuit means inter 
mediate said first valve anode, and said storage 
device, a second circuit means including a pair of 
Serially connected resistor elements connecting 
the said cathode of the other of said pair of 
valves to the other of said second pair of conduc 
tors, a second transformer having a pair of wind 
ings, a third circuit means connecting one of 
said second transformer windings between a com 
mon connection of said serially connected resis 
tor elements and a common connection between 
said first transformer windings, a third wind 
ing for said first transformer, means connect 
ing said first transformer first winding and said 
third winding in series additive relation to pro 
vide a pair of end terminals and a center-ter 
minal, a load circuit comprising a resistive and 
a reactive impedance element serially connected 
together and connected between said end termi 
nals, a third transformer having a first and sec 
Ond Winding, means connecting said third trans 
former first winding between said load circuit 
and said center terminal, a Second electric valve 
having an anode and a cathode and a con 
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trol electrode, circuit means for serially con 
necting together the other of said pair of wind 
ings of Said Second transformer and said third 
transformer second winding, said last-named cir 
cuit means being connected between said sec 
Ond Valve control electrode and Cathode. 

6. The combination of claim 5 in which a 
rectifier is serially connected between said third 
transformer second winding and said third valve 
control electrode and in which an impedance 
element is connected to said rectifier on the side 
thereof adjacent said third valve control elec 
trode and to the common connection between 
said third transformer second winding and said 
Second transformer other winding. 

7. In a timing apparatus, a first transformer 
having a pair of windings, a first pair of conduc 



tors adapted to be energized from a Source of 
alternating electrical potential and connected 
across a first of Said Windings, means connect 
ing said pair of Windings in Voltage additive Se 
ries connection, a second pair of conductors ener 
gized by the Voltage derived from Said Series 
Connected Windings, a first electric valve having 
an anode and a cathode and a control electrode, 
an energy Storage device, a first circuit means 
Serially connecting Said device and Said anode and 
Said cathode between said Second pair of Con 
ductors with said device intermediate said anode 
and one of Said Second pair of conductors, a pair 
of Valves each having an anode and a cathode 
and a control electrode, a first conductor means 
connecting said anodes and said cathodes of said 
pair of valves in anti-parallel relation, one of Said 
pair of valves having its said cathode connected 
to Said. One conductor, a Second conductor means 
connecting said control electrode to said first 
circuit means intermediate Said first Valve anode 
and said storage device, a second circuit means 
including a pair of Serially connected resistor 
elements connecting the Said Cathode of the 
other of Said pair of valves to the other of Said 
Second pair of conductors, a second transformer 
having a pair of Windings, a third circuit means 
connecting one of said Second transformer Wind 
ings between a Common connection of Said Serial 
ly connected elements and a common connection 
between Said first transformer Windings, a capaci 
tOr Connected in parallel circuit With a portion 
of one of Said resistor elements, a third trans 
former having an output winding connected ber 
tWeen Said control electrode of the other of Said 
pair of valves and serially through said last 
named capacitor and Said resistor element por 
tion to said other valve cathode. - 

8. In a timing apparatus, three conductors 
adapted to be supplied with an alternating poten 
tial in which the potential between a first of said 
conductors and a second of said conductors is 
equal to the potential between said first conduc 
tor and a second of said conductors and the po 
tential between said second and said third con 
ductors is the Sum of said first and said second 
named potential, Switch means, impedance means 
having end connections and an intermediate 
connection, circuit means connecting said switch 
means and Said impedance means in Series cir 
cuit between Said. Second and said third con 
ductors, and a controlling circuit connected be 
tween said intermediate connection and said 
first conductor. 

9. The combination of claim 8 in Which said in 
pedance means comprises two portions which 
have the same ratio as the potential between said 
first and Second conductors and Said Second and 
third conductors whereby When energized through 
said Switch means said impedance means acts to 
establish a potential at Said intermediate Con 
nection which is equal to the potential of said 
first conductor whereby to effectively de-ener 
gize said controlling circuit. 

10. The combination of claim 8 in which said 
Switch means comprises a pair of anti-parallel 
connected electric valves. 

11. The combination of claim 10 in which one 
of said valves comprises a main electrode and a 
control electrode, in which means is provided to 
establish a control potential between said con 
trol electrode and Said main electrode, and in 
which switch means is provided for controlling 
Said potential. - 

12. The combination of claim 11 in which Said 
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establishing means comprises an energy storage 
device and said last-named switch connects said 
device between two of Said conductors. 

13. In a timing apparatus, three conductors 
operable to be energized from an alternating cur 
rent source in a manner to provide Voltages be 
tween a first of said conductors and each of the 
other of said conductors and to provide a volt 
age between said other two conductors which is 
greater than the voltage between said first con 
ductor and either of Said other conductors, a 
pair of electric valves connected in anti-parallel 
relation, each of said valves being controllable 
by a bias potential placed between a control elec 
trode and a main electrode, a plurality of im 
pedance elements, means connecting Said main 
electrode of one of said valves to one of said 
other conductors, means connecting Said imped 
ance elements in series circuit between a sec 
Ond of said other conductors and said main elec 
trode of another of said pair of valves, a con 
trolling impedance element and a third electric 
valve arranged in series circuit between a pair 
of Said conductors, circuit means for placing the 
potential appearing across Said controlling ims 
pedance element between said main electrode and 
said control electrode of a first of Said pair of 
valves, and means controlling conduction of 
Said third Valve. 

14. The combination of claim 13 in . Which - a 
control circuit is connected between Said first 
conductor and to said series connected elements 
at a point intermediate a pair of said series con 
nected elements. - 

15. The combination of claim 14 in which 
means is provided to establish a bias potential 
between said main electrode and said control elec 
trode of a second of said pair of valves tending 
to hold said second valve nonconductive, and 
means actuated as a consequence of current flow 
through said first valve for overcoming said last 
named bias potential whereby said second valve 
will be rendered conductive as a consequence of 
the conduction of said first valve. 

16. The combination of claim 15 in which said 
last-named means comprises a reactive imped 
ance element connected in parallel relation with 
one of said series connected impedance elements 
and in series circuit with said bias potential 
establishing means. 

17. In a timing apparatus, a pair of conduc 
tors adapted to be energized from a source of 
electrical energy, a first impedance element, a 
first electric valve having main electrodes and a 
control electrode, circuit means connecting said 
element to one of said pair of conductors and to one of said main electrodes and connecting the 
other of said main electrodes to the other of said 
pairs of conductors, a second impedance element, 
means connecting said second element to said 
control electrode, means selectively connecting 
said second element to receive a potential from 
either of said conductors, a second electric valve 
having main electrodes and a control electrode, 
a third impedance means, circuit means connect 
ing One of Said Second Valve main electrodes to 
said one conductor and connecting the other of 
said second valve main electrodes through said 
third impedance means to said other conductor, 
conductor means connecting Said Second valve 
control electrode to a portion of said first-named 
circuit means intermediate. said: first valve one 
main electrode and said first impedance element. 

18. The combination of claim.17 in which said 
third impedance means is provided with an in 
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termediate top connection, in which is provided a 
third conductor adapted to be energized from 
Such source at a potential intermediate the po 
tential between said pair of conductors, and in 
which a control circuit is energized by the po 
tential appearing between said intermediate con 
nection and said third conductor. 

19. The combination of claim 18 in which Said 
first and second impedance elements are energy 
storage devices and said third impedance means 
is resistive in character. 

20. The combination of claim. 19 in which an 
alternating potential supplying means is provided 
in said last-named conductor means. 

21. In a timing apparatus of the character de 
scribed for controlling the flow of electrical en 
ergy from a source to a load, a first valve having 
main electrodes and a control electrode, a Second 
valve having main electrodes and a control elec 
trode, said main electrodes of said valves being 
arranged in opposite polarity between a pair of 
conductors adapted to be energized from a Source 
of alternating potential, an energy Storage de 
vice connected intermediate one of said first valve 
main electrodes and one of Said Source conductors, 
means providing a controlled rate of discharge 
for said storage device, circuit means connecting 
said device between one of said second valve main 
electrodes and said second valve control elec 
trode, a second storage device, means providing 
a controlled rate of discharge for said second 
storage device, and means including switch 
means for selectively connecting said second de 
vice between said first valve control electrode and 
said one conductor and between Said first valve 
control electrode and the other of said first valve 
main electrodes. 

22. In a timing apparatus of the character de 
scribed for controlling the flow of electrical en 
ergy from a source to a load, a first valve having 
main electrodes and a control electrode, a Second 
valve having main electrodes and a control elec 
trode, said main electrodes of said valves being 
arranged in opposite polarity between a pair of 
conductors adapted to be energized from a Source 
Of alternating potential, an energy storage de 
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14 
vice connected intermediate one of said first valve 
main electrodes and One of Said Source conductors, 
circuit means connecting Said device between one 
of Said Second valve main electrodes and said 
Second Valve control electrode, a second storage 
device, means including switch means for selec 
tively connecting Said Second device between said 
first valve control electrode and said one conduc 
tor and between said first valve control elec 
trode and the other of Said first Valve main elec 
trodes, and means connected in series with said 
first-named energy storage device and said second 
valve control electrode for supplying an alternat 
ing potential between said Second valve control 
electrode and said second valve one main elec 
trode. 

23. A network for connection between a con 
trol electrode and a cathode of an electric valve, 
a pair of terminals adapted to be connected across 
Such electrode and cathode, a first source of al 
ternating potential adapted to provide an alter 
nating potential bias between said pair of ter 
minals, a second source of alternating potential, 
and means energized from said second source for 
applying instantaneous potentials from said 
Second Source between said pair of terminals pro 
portional to the instantaneous potential of said 
Second Source during corresponding half cycles 
thereof and to prevent said second source from 
Supplying a potential proportional to the in 
stantaneous potential of said second source dur 
ing opposite corresponding half cycles thereof. 

24. The combination of claim 23 in which 
means is provided to phase shift the voltage po 
tential applied by Said Second Source. 
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