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This invention relates generally to electrical 
control systems and is particularly adapted 
among other uses as a timing mechanism for 
controlling welding apparatuS. 
The principal objects of the present invention 

are to provide a control System of the above type 
which is simple in arrangement, economical of 
manufacture and which is extremely efficient and 
accurate in its operation, to provide Such a SyS 
ten which utilizes the minimum of parts; and 
to provide Such a System in which Successive 
control valves are arranged oppositely between a 
pair of electrical conductorS. 
Other objects of this invention will be apparent, 

from the specification, the appended claims and 
the drawing, in which the Single figure diagram 
matically shows the invention as applied to a 
Welding control System. 

Generically, the invention contemplates an in 
proved timing device in which a plurality of Se 
quentially arranged electric valves are connected 
in alternating relation between a Single Source 
of aiternating potential whereby the potential 
drop across the working portion of the valve cir 
cuit may be utilized to control the next Successive 
valve tihereby eliminating the neceSSity for in 
dividual Sources of Voltage Supply for each Valve. 
Referring to the drawing, the numeral desig 

nates a transformer having a primary Winding 2 
adapted to be supplied from a Suitable source of 
alternating current Supply through the line Con 
ductor's Ei and L2. The Secondary Winding 4 of 
the transformer is connected to Supply an al 
ternating potential between the busses 6 and 8. 
interconnected between the buSSes 6 and 8 are 
a pilurality of valves W, W2, W3, W4, W5, and W6. 
Each of the valves W through W6 are the discon 
tinuous control type in which the control bias 
between the grid or control electrode and cath 
ode controls the time at which the valve becomes 
conductive but When the valve has once become 
conductive the control potential between the con 
trolling electrode and the cathode is ineffective 
to control the conductivity thereof. Walves W. 
thirough W6 are arranged to be actuated Sequen 
tially for controlling the “squeeze time,' the 
“Weld time, the "hold time’ and the “off time' 
of a resistance welding apparatus. 
The anodes of the valves W., W3 and W5 are each 

Connected to the bus 6 through timing networks 
0, 2 and 4. Each of these networks comprises 

a condenSer C and a variable resistor R, con 
nected in parallel with each other. The cathodes 
of these valves W, W3 and W5 are directly con 
nected to the bus 8. The cathodes of the valves 
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W2, W4 and V6 are directly connected to the bus 
6. The anode of the valve W2 is connected 
through an impedance network is to the bus 8. 
The anode of the valve V4 is connected through 
the primary winding 8 of a transformer 28 to 
the bus 8 for a purpose to be described. The an 
Ode of the valve W6 is connected through a tim 
ing network 22 similar to the networks 0, 2 and 
i? to the bus 8 and through either the start 
SWitch SW or the contacts a of the control re 
lay CRi to the bus 8. In order that the valves 
Wi-W6 may be operated in predetermined timed 
Sequence, the grid of the Waive W2 is directly con 
nected to the anode of the valve Wil, the grid of 
the Valve V3 to the anode of the valve W2, the 
grid of valve WA to the anode of valve W3, the grid 
of the waive W6 to the anode of the valve W5 
and the grid of the Valve V5 through one sec 
Ondary Winding 24 of the transformer 20 to the 
buS 8. 
A Welding current controlling valve WT has its 

Cathode directly connected to the bus 6 as by the 
Conductor 26 and its anode connected to one end 
terminal 28 of a center tapped primary winding 
3 of the firing transformer 32. The opposite end 
terminal 34 of the winding 30 is connected 
through a resistor R3 to the line 26 while the 
Center tap 36 of the winding 30 is connected to 
the buS 8. One half of the winding 30 of the 
transformer 32 is normally energized while the 
other half is energized only during conduction 
of the Valve W. The normally energized half ap 
pies a blocking bias voltage between the grids 
and cathode of the welding current control valves 
W. 4 and W5 whereby the ignitrons W6 and Wii 
controlled thereby are held nonconductive. Upon 
conduction of the valve W7, the current flow 
through the two halves of the Winding 39 can 
cells each other and the blocking bias on the 
valves WA and W5 is renoved to permit these 
valves to render the ignitrons W6 and Wf Con 
ductive to energize the Welding transformer WT. 
The valve WT is conductive only when the block 

ing bias is removed from both its control grids. 
One control grid gi of the Valve W is connected 
by means of the conductor 38 to the anode of 
the valve W. The other grid g2 of the valve WT 
is connected by means of conductor 49 to One 
terminal of the secondary winding 42 of the 
transformer 20. The other terminal of this sec 
Ondary Winding 42 is connected to the cathode 
Of Valve WT through the conductor 44, the bus 6 
and the conductor 26 whereby the output poten 
tial of the winding 42 determines the bias control 
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voltage between grid g2 and the cathode of 
valve W. 
A network 46 controls the bias potential be 

tween the control grid and cathode of the valve 
Wi. This network includes a valve V8 having 
its anode circuit energized from a transformer 
5G connected between the busses 6 and 8 through 
the Switch SW and contacts a of the relay CR . 
The anode circuit includes the control Winding 
of the relay CRS and a pair of series connected 
resistors 56 and 53 connected in parallel with 
the relay Winding. A capacitor C4 is arranged 
in parallel with the resistor 53 and the potential 
thereacross is applied between the cathode and 
grid of valve Wi. 
C4 adjacent the cathode of the Valve V8 is con 
nected by means of conductor 68 to the bus 3 
While the other capacitor terminal is connected 
through pressure Switch PS and resistor R$ to 
the grid of the waive W. So that the potential 
appearing across the capacitor C. negatively 
biases the grid. With respect to the cathode of 
the valve WB. 

It is believed that the remainder of details of 
construction anay best be understood by refer 
ence to the operation of the systein which is as 
follows: 
Upon energization of the line conductors I, 

and L2, the Secondary winding 4 of the trans 
former places an alternating potential between 
the buSSes G and 3. Energization of the wind 
ings L and L2 also energize the heater element 
for the valves W: through W3. The connections 
of these elements to the transformer are con 
Wentional and for the Sake of simplicity these 
connections are indicated by acac and Jgy. Nor 
mally the Switch SWR is open and the control 
relay CRi is de-energized so that the valve W8 
is nonconductive due to the absence of an anode 
potential. Consequently there is no potential 
drop. across the capacitor C4 and no blocking bias 
potential is placed b3tween the grid and cathode 
Of the valve W. Without such a blocking bias 
potential, the valve W is conductive. Conduc 
tion of the valve VA causes current to flow 
through the network at thereby establishing a 
potential across the capacitor CS thereof. This 
potential established by the capacitor C of the 
netWork 3 is applied betWeen the grid and cath 
ode of the valve W2 so that the grid thereof is 
rendered negative with respect to the cathode 
and the valve W2 is held no;nconductive. Since 
no current is flowing through the valve W2 there 
is no potential drop established across the net 
Work i6 and consequently the valve W3 is con 
ductive and establishes a potential across the 
capacitor Cd of the network 2. This established 
potential is applied between the grid and cathode 
of the valve V4 to block the sane. With the 
Valve WA blocked the transformer 23 is de-ener 
gized. Whereby it is ineffective to apply a blocking 
potential between the grid and cathode of the 
Valve W5 and the valve V5 will conduct. Con 
duction of valve W3 establishes a potential drop 
acroSS the capacitor Cs of the network & which 
potential drop is applied between the grid and 
Cathode of the valve V6 maintaining the valve 
W6 blocked. Current is also prevented from 
flowing through the valve W6 due to the open 
Condition of its anode circuit due to the open 
SWitch SW, and the now open contacts at of 
the control relay CR . The valve W. Will not 
conduct Since the potential of the control grid 
g with respect to the cathode thereof is main 
tained negative due to the potential drop ap 

ihe terminal of the capacitor 
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4. 
pearing across the capacitor C of the network 

0. 
When it is desired to initiate a welding oper 

ation, the SWitch SWA is momentarily closed en 
ergizing the transformer 38 whereby the valve 
W8 conducts to energize the control relay CR 
and to charge the condenser C4. Energization 
of the relay CR closes its contacts a establishing 
a holding circuit in parallel relation with Switch 
SW? so that Subsequent opening of the Switch 
SW Will be Without effect. Closure of the SWitch 
SW and/or contacts (), of relay CRE Will not 
cause the valve V8 to conduct since the valve 
W6 is blocked by its grid to cathode bias as de 
Scribed above. Closure of the contacts b of the 
relay CR energizes the valve SV whereby the 
electrodes E are brought into engagement with 
the Work W in the usual manner and also closes 
the pressure switch PS whereby the potential 
across the capacitor C4 may be applied to the 
Valve WE. 
Charging of the capacitor C? provides a block 

ing bias potential between the grid and cathode 
of the valve WA blocking this valve. Upon block. 
ing of the valve V, the capacitor C3 commences 
to discharge through the variable resistor R. of 
the 'squeeze time' network 3. At the expira 
tion of a predetermined 'Squeeze time' interval, 
the potential acroSS the network will have 
decreased sufficiently to permit the waive V2 to 
conduct. 
The potential across the network () is also 

applied between the grid g and cathode of waive 
W. Since there is no blocking potential be 
tween grid g2 and cathode of the valve Wii, Wi 
Will conduct substantially simultaneously with 
valve W2. Conduction of valve Wii permits a 
current to flow in the upper half of the winding 
30 of transformer 32 to neutralize the effect of 
the current flowing through the lower half there 
of. This effectively de-energizes the transformer 
32 to remove the blocking bias on valve VA A and 
WES permitting them to fire the ignitrons V 6 
and V7 to cause welding current to fiow to 
the transformer WT. The value of the resistor 
R3 is chosen. So that it balances the effective 
resistance of the valve Wii. Conduction of the 
valve W2 establishes a potential across the net 
work 6 which pirovides a negative grid to cathode 
blocking potential for the valve V3. Blocking 
of the valve V3 initiates a discharge of the ca 
pacitor C of the network f2 which measures 
the “Weld time.' 
After the predetermined “weld time' interval, 

as determined by the characteristics of the ca 
pacitor C and resistor R, of the network 2, 
the negative grid to cathode blocking bias is re 
moved permitting the valve W4 to conduct. Con 
duction of the valve W& energizes the transformer 
2). The secondary winding 24 of the transformer 
2) is So polarized upon energization that a nega 
tive grid to cathode blocking bias voltage is placed 
between the grid and cathode of the valve W5. 
The secondary Winding £2 is also so polarized 
that when the transformer 2 is energized, the 
winding 42 places a negative blocking bias be 
tween grid g2 and cathode of the valve Wi. 
Blocking of the valve Wii re-energizes the trans 
former 32 to again place blocking bias potentials 
On the WallWes W 34, and V85 to terminate the flow 
of Welding current. 

Blocking of the valve. W5 initiates the discharge 
of the capacitor C of the network 4 and after 
a predetermined “hold time,' the voltage po 
tential therea croSS Will have reduced sufficiently 
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to permit the valve V6 to conduct. This "hold 
time' interval is sufficient to permit the Welded 
joint to cool somewhat. Conduction of the valve 
V6 establishes a bias potential across the ca 
pacitor C of the network 22 which potential is 
applied between the grid and cathode of the valve 
V8 rendering the valve V8 nonconductive or 
blocked. Blocking of the valve V8 de-energizes 
the relay CR permitting its contacts a and b to 
open. Opening of contacts b de-energizes SW 
permitting the electrodes E to retract from the 
work W. If, during this operation, the SWitch 
SW has been opened, the opening of contacts a 
of relay CR de-energizes the transformer 52 
for terminating the welding operation. 

If, on the other hand, the switch SW is still 
closed and the “single-repeat' Switch SW2 is in 
the R or repeat position, the valve V8 will be held 
blocked for a predetermined “off time' as de 
termined by the discharge characteristics of the 
network 22. Blocking of the valve W8 permits 
the capacitor C4 to discharge through the re 
sistor 58 removing the blocking bias from the 
valve W whereby the valve Wf commences to 
conduct and establishes potential acroSs the ca- : 
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pacitor C of the network fo which places a 
blocking bias on the valve W2. Blocking of the 
valve V2 permits the network 6 to de-energize 
and remove the blocking bias on the valve W3 
winereby the network 2 is energized to place a 
blocking bias on the valve W4. Blocking of the 
valve Wii removes the bias from the valve W5 
which conducts to establish a potential acroSS 
the network is which blocks the valve W6. Block 
ing of the valve W6 initiates the discharge op 
eration of the capacitor C of the network 22 
which after a predetermined timed interval will 
decrease sufficiently to remove the blocking bias 
between the grid and cathode of the valve W8 to 
permit a subsequent conduction of the valve W8 
and a Subsequent welding cycle. 
With the single repeat Switch SW2 in the single 

or S position, the potential across the network 
22 is applied between the Screen grid and cath 
Ode of the valve W to hold the valve Vf blocked. 
This blocking potential Will be maintained as 
long as the anode circuit of the Valve W6 is main 
tained through the switch SW and a repeat 
welding cycle is prevented. To establish a new 
welding cycle, the Switch SW is opened and 
maintained opened for a Sufficient time to en 
able the network 22 to discharge for removing 
the blocking bias between the Screen grid and 
cathode of valve W. Whereby the valves W-V6 
will be returned to their initial conditions. A 
Subsequent closure of the switch SW will then 
initiate a new Welding cycle as described above. 
What is claimed and is desired to be secured 

by United States Letters Patent is as follows: 
1. In an electrical timing network, a pair of 

electrical conductors adapted to be Supplied with 
an alterinating potential, a plurality of electric 
valves arranged for sequential operation, each 
said Valve having an anode and a cathode and a 
control electrode, and being of the discontinuous 
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valves having their said anodes electrically con 
nected to said other conductor through im 
pedance networks and having their said cathodes 
connected to said one conductor, means connect 
ing said anode of said valves to said control elec 
trodes of the next succeeding said valves to place 
said valves in series cascade whereby Said valves 
are sequentially operated, and means for con 
trolling the conductivity of the first to Operate 
of said valves. 

2. In an electrical timing network, a pair of 
electrical conductors adapted to be Supplied With 
an alternating potential, a plurality of electric 
valves arranged for sequential Operation, each 
said valve having an anode and a cathode and 
a control electrode, and being of the discon 
tinuous control type in which a control potential 
between said control electrode and said Cathode 
controls the time at which said valve becomes 
conductive but which control potential is ineffec 
tive to control the magnitude of Such conduc 
tion, a plurality of impedance networks, certain 
of said networks comprising a reactive element 
and a resistor in parallel connection, alternate 
ones of said valves having their Said anodes 
electrically connected individually to one of Said 
conductors through individual ones of Said cer 
tain impedance networks and having their said 
cathodes connected to the other of Said Conduc 
tors, intermediate ones of Said valves having 
their said anodes electrically connected indi 
vidually to said other conductor through indi 
vidual ones of said certain impedance networks 
and having their said cathodes connected to 
said one conductor, means connecting Said anode 
of said valves to said control electrodes of the 
next succeeding said valves to place Said valves 
in Series cascade whereby Said Valves are Sequen 
tially operated, and means for controlling the 
conductivity of the first to operate of Said Valves, 
said reactive elements being arranged with re 
spect to their associated resistors to retain their 
charge for at least the period of the alternating 
current Supply. 

3. In an electronic timer, a pair of Valves, 
each said valve having an anode and a cathode 
and a control electrode and being of the dis 
continuous control type in which said control 
electrode is ineffective subsequent to said valve 
being rendered conductive, a pair of conductors 
adapted to be supplied with an alternating po 
tential, means including an energy storage device 
connecting said anode of One of Said valves to 
one of said conductors, means connecting Said 
One valve cathode to the other of Said Conduc 
tors, means connecting said cathode of the other 
of said valves to said one conductor, neans in 
cluding an apparatus which When energized eS 
tablishes a voltage thereacross connecting Said 
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65 
control type in which a control potential be 
tween said control electrode and said cathode 
controls the time at which said valve becomes 
conductive but Which control potential is inef 
fective to control the magnitude of Such conduc 
tion, alternate ones of Said valves having their 
Said anodes electrically connected to one of said 
conductors through impedance networks and hav 
ing their said cathodes connected to the other 
of said conductors, intermediate ones of said 

other valve anode to said other conductor, means 
connecting said other valve control electrode to 
said one valve anode, and circuit means adapted 
when energized to apply a control potential be 
tween said cathode and said control electrode of 
Said one valve. 

4. In an electrical timing network, a pair of 
electrical conductors adapted to be supplied with 
alternating potential, a plurality of electric valves 
arranged for sequential operation, each said 
valve having an anode and a cathode and a 
control electrode, each said valve being of the 
discontinuous control type in which the control 
potential between said control electrode and 
said cathode determines the time that said valve 
is rendered conductive and which when once 
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rendered conductive is uninfluenced by said con 
trol potential, certain ones of Said Valves hav 
ing their respective said anodes connected to 
One of said conductors and their respective said 
cathodes connected to the other of said conduc 
tors, certain other of said valves having their 
respective said anodes connected to said other 
conductor and their respective Said cathodes 
connected to said one conductor, impedance 
means connected in Series between certain. Of 
said anodes and the one of Said conductors to 
which they are connected, said certain ones of 
said valves being alternately arranged with said 
certain other of said valves, means connecting 
said anode of each said sequentially arranged 
valves with said control electrode of the respec 
tive next to operate Said valve, and neans for 
controlling the conductivity of the first to Op 
erate of Said alternately arranged Valves. 

5. In an electrical timing network, a pair of 
electrical conductors adapted to be supplied with 
alternating potential, a plurality of discontinu 
ous control type electric valves arranged for Se 
quential operation, each said valve having an 
anode and a cathode and a control electrode, 
each said valve being of the discontinuous con 
trol type in which the control potential between 
said control electrode and Said cathode deter 
mines the time that said valve is rendered con 
ductive and which when once rendered conduc 
tive are uninfluenced by said control potential, 
certain ones of said valves having their respec 
tive Said anodes connected to One of Said COIl 
ductors and their respective said cathodes con 
nected to the other of said conductors, certain 
other of said valves having their respective Said 
anodes connected to said other conductor and 
their respective said cathodes connected to said 
one conductor, electrical conducting elements 
connected in series between certain of Said 
anodes and the one of said conductors to which 
they are connected, said elements acting to eS 
tablish a potential thereaCOSS as a Consequence 
of a potential being applied thereto, Said cer 
tain ones of Said valves being alternately ar 
ranged with said certain other of Said Valves, 
means connecting Said anode of each said Se 
quentially arranged valves with said control 
electrode of the respective next to operate said 
valve whereby the potential produced by the 
one of said elements associated With Said respec 
tive anode will produce Said control potential 
for the valve having said i.espective control elec 
trode, means for controlling the conductivity of 
the first to operate of Said alternately arranged 
valves, another discontinuous control type valve 
having main electrodes connected between Said 
pair of conductors and having a pair of control 
electrodes, means connecting one of Said pair 
of grids to one of said elements, and means con 
necting the other of Said pair of control elec 
trodes to another of Said elementS. 

6. In an electrical timing network, a paii' of 
conductors adapted to be Supplied With an al 
ternating potential, a plurality of circuit tie 
ments adapted when energized to produce a 
control potential, a Series of discGintinuous con 
trol type valves, each said valve having an aiiode 
and a, gathode and a control electrode, each Said 
anode being connected individually With an in 
dividual one of Said eleinents, Said elements a S 
Sociated with alternate OneS. Of Said Valves being 
connected to one of said conductors, Said ele 
ments associated with the Walves intermediate 
said alternate valves being connected to the 
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8 
other of said conductors, means connecting the 
control electrode of each said valve to the One 
of said elements associated with the next preced 
ing one of said valves whereby the Voltage pro 
duced by said element associated with Said next 
prior valve provides a control voltage between 
said electrode and said cathode of Said Valve 
following said prior valve, certain of said ele 
ments comprising a chargeable element arid 
means to control the discharge of Said Chaige 
able element whereby the potential established 
thereby is maintained for a predeteriained time 
interval subsequent to the rendering nonconduc 
tive the one of said valves associated thereWith. 

7. In an electrical timing network, a pair of 
terminals adapted to be supplied with an alter 
nating potential, a plurality of discontinuous 
control type valves arranged for Sequential Oper 
ation, said valves being arranged in two groups 
with said valves of one of Said groups alternately 
arranged with said valves of the other of Said 
groups, each said valves having an anode and a 
cathode and a control electrode, a plurality of 
voltage establishing elements, each Said eleinent 
being operable when energized to establish a 
potential thereacross, means individually Co 
necting the anode of the Valves of Said. One group 
individually to certain of Said voltage inea. ES, 
means connecting said certain voltage elersheritS 
to one of said terminals and the Cathodes of Said 
one group to the other of Said terminals, in 
dividually connecting the anodes of tine valves of 
said other groups individually to other' of Said 
voltage elements, means connecting Said other 
voltage elements to Said other terminal and the 
cathodes of Said other group to Said one tel 
minal, means for applying a Voltage gFOduced by 
Said voltage element aSSociated With a preceii: 
valve between said control electrode and Said 
Cathode of the next valve following Said preced 
ing valve, and means for controlling the potential 
between Said cathode and Said control electode 
of the first valve to be operated of said plurality 
of Valves. 

8. In an electrical timing netWork, a pair Of 
terminals adapted to be Supplied With an alie' - 
nating potential, a pair of discontinuous-type 
control valves, each Said valve having an anode 
and a cathode and a COntrol electrode, an energy 
Storage network, means connecting Said netWOik. 
between one of said terminals and Said anode of 
one of said valves, means connecting said one 
valvecathode to the other of said terminals, means 
connecting the cathode of the other of Said valveS 
to said one terminal, a control means, neains con 
necting said control means between Said other 
valve anode and Said other terminal, ?ileanS COil 
necting said control electrode and Said cathode 
of said other valve to receive a control potential 
from said Storage netWork. 

9. The combination of claim 8 in whici said 
Storage network comprises a parallely connected 
reactive impedance and a resistOi and in Which 
said last-named means Comprises a conductor 
connecting Said other valve control electrode to 
said one valve anode. 

10. In an electrical timing network, a pair of 
conductors adapted to be supplied with an alter 
nating potential, a first and a Second discon 
tinuous control-type Valve, Said first valve hav 
ing an anode and a cathode, Said Second valve 
having an anode and a cathode and a controi 
electrode, an energy Storage network compris 
ing an energy Storage device and means con 
trolling the discharge of Said device, circuit 
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means connecting said network between said 
first valve anode and One of Said conductors, 
means connecting said second valve cathode to 
said one conductor, means connecting Said first 
valve cathode to the second of said conductors, 
a conductor connecting said control electrode to 
said first valve anode, and means for controlling 
flow of current, through said storage network. 

11. The combination of claim 10 in which a 
control means is connected between Said Second 
valve anode and said other conductor. 

12. In a welding timer, a pair of conductors 
adapted to be supplied with an alternating po 
tential, a plurality of discontinuous control-type 
valves, each said valve having an anode and a 
cathode and a control electrode, a plurality of 
energy storage networks comprising a capacitor 
and a resistor connected in parallel, a first Of 
said networks being connected between the anode 
of a first of said valves and one of said conduc 
tors, a first conductor connecting said first valve 
cathode to the other of said conductors, a Second 
of said networks being connected between the 
anode of a second of said valves and Said other 
conductor, a second conductor connecting said 
second valve cathode to said one conductor, a 
third of said networks being connected between 
the anode of a third of said valves and said one 
conductor, a third conductor connecting said 
third valve cathode to said other conductor, a 
transformer having a primary winding and a 
first and a second secondary winding, said pri 
mary winding being connected between the anode 
of a fourth of said valves and said other con 
ductor, a fourth conductor connecting Said fourth 
valve cathode to said one conductor, a fourth 
of said networks connected between the anode 
of a fifth of Said valves and said one conductor, 
a fifth conductor connecting said fifth valve 
cathode to said other conductor, means Con 
necting a fifth of Said networks between the 
anode of a sixth of said valves and said other 
conductor, a sixth conductor connecting said 
sixth valve cathode to Said one conductor, means 
connecting said second valve control electrode 
to Said first valve anode, means connecting said 
third valve control electrode to said second valve 
anode, ineans connecting said fourth valve con 
trol elect"Ode to Said third valve anode, means 
connecting said first secondary winding between 
Said fifth waive control electrode and said fifth 
waive cathode, means connecting said sixth 
Valve CCInti'ol electrode to said fifth valve anode, 
control means connecting the anode of a seventh 
of Said valves to Said other conductor, a seventh 
Conductor connecting Said seventh valve cathode 
to Said one conduetor, Said seventh valve having 
a Second control electrode, means connecting 
said Second Secondary winding between one of 
Said Seventh waive control electrodes and said 
seventh Valve cathode, means connecting the 
other of Said Seventh valve control electrodes to 
One of Said valve anodes, means connected to pro 
vide a control potential between said first valve 
control electrode and said first valve cathode, 
and naeanS actuated as a consequence of the 
potential appearing across said fifth network 
for controlling said last-named means. 

i3. The combination of claim 2 in which Said 
first and said third and said fourth and said fifth 
networks have a discharge time in excess of sev 
era periods Cf Said Sou(ce. 

14. In an electric tiner, a pair of conductors 
adapted to be supplied with an alternating po 
tential, a series of discontinuous control-type 

10 
valves, each said valve having an anode and a 
Cathode and a control electrode, circuit means 
connecting said valves between said conductors 
so that the cathodes of alternate first ones of 
said valves are connected to one of said conduc 
tors and the cathodes of alternate Second Ones 
of Said valves are connected to the other of said 
conductors, electrical devices individually con 
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nected to each of said anodes, means connecting 
the devices associated with said alternate first 
valves to Said other conductor and the devices 
associated. With said alternate second valves to 
said one conductor, means connecting the control 
electrodes of said alternate Second valves to the 
anodes of the next preceding alternate first valve, 
a control netWork comprising another discontin 
uous control-type valve having an anode and a 
cathode and a control electrode, means connect 
ing said network between Said other conductor 
and the control electrode of the first One of Said 
alternate first valves whereby the conductivity of 
said last-named another Valve controls Said first 
one valve, and means applying a potential estab 
lished by the last of said alternate second valves 
between the control electrode and cathode of Said 
last-named another Valve. 

15. The combination of claim 14 in which said 
control network controls the connection of said 
last alternate Second Valve to Said other con 
ductor. 

16. In an electrical timing network, a pair of 
electrical conducting means adapted to be sup 
plied With alternating potential whereby one of 
Said means is positive and the other of said means 
is negative and conversely, a plurality of electric 
valves arranged for sequential operation, each 
said valve having an anode and a cathode and 
a control electrode, each said valve being of the 
discontinuous control type in which the control 
potential between said control electrode and said 
cathode determines the time that said valve is 
rendered conductive and which when Once ren 
dered conductive is uninfluenced by said control 
potential, certain ones of said valves having their 
respective Said anodes connecting to said one con 
ducting means and their respective said cathodes 
connected to said other conducting means, cer 
tain other of said valves having their respective 
said anodes connected to said other conducting 
means and their respective said cathodes con 
nected to said one conducting means, said certain 
One and said certain other valves being arranged 
in pairs to provide a first and a second valve for 
each Said pair of valves, impedance means con 
nected in Series between said anodes of each of 
said first of Said pairs of valves and the one of 
Said conducting means to which they are con 
nected, said second of said pairs of valves being 
Oppositely arranged with said first of said pairs 
of valves between said conducting means, means 
connecting Said anode of each of said first of said 
pairs of valves with said control electrode of the 
Second of Said pairs of said valves, and means 
for controlling the conductivity of the first to 
Operate of Said Sequentially arranged valves. 

17. In an electrical timing network, a pair of 
electrical conductors adapted to be supplied with 
alternating potential, a plurality of discontinuous 
control-type electric valves arranged for sequen 
tial operation, each said valve having an anode 
and a Cathode and a control electrode, each said 
valve being of the discontinuous control type in 
which the control potential between said control 
electrode and said cathode determines the time 
that Said valve is rendered conductive and which 
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when Once rendered conductive are uninfluenced 
by said control potential, a certain. One of said 
valves having its respective said anode connected 
to one of said conductors and its respective Said 
cathode connected to the other of Said conductors, 
certain other of said valves having their respec 
tive said anodes connected to said other conduc 
tor and their respective said cathodes connected 
to said one conductor, electrical conducting ele 
ments, certain of said elements being connected 
in series between certain of said anodes and the 
one of Said conductors to which they are con 
nected, said elements acting to establish a poten 
tial thereacross as a consequence of a potential 
being applied thereto, said certain one of said 
valves being alternately arranged. With Said ce 
tain other of said valves, means connecting said 
anode of each said sequentially arranged valve 
with said control electrode of the respective next 
to operate of said valve whereby the potential 
produced between one of said elements associated 
With said respective anode Will produce Said con 
trol potential for the Valve having said respective 
control electrode, means for controlling the con 
ductivity of the first to operate of said alternately 
arranged Valves, another discontinuous control 
type valve having main electrodes connected be 
tWeen said pair of conductors and having a pair 
of control electrodes, means connecting one of 
said pair of control electrodes to one of Said ele 
ments, and means connecting the other of said 
pair of control electrodes to another of said 
elements. 
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18. In an electric timer, a pair of conducting 

means adapted to be supplied with an alternating 
potential, a Series of discontinuous control-type 
valves, each Said valve having an anode and a 
cathode and a control electrode, circuit means 
connecting said valves between said conducting 
means So the cathodes of alternate first ones of 
said Valves are connected to one of said conduct 
ing means and the Cathodes of alternate second 
Ones of Said valves are connected to the other of 
said conducting means, electrical devices individ 
ually connected to each of said anodes, means 
connecting said devices associated with said alter 
nate first Valves to said other conducting means 
and the devices associated With said alternate sec 
Ond Valves to Said one conducting means, means 
connecting the control electrodes of Said alternate 
Second valves to the anodes of the next preceding 
alternate first valve, a control network connprising 
another discontinuous control-type valve having 
an an Ode and a cathode and a control electrode, 
means connecting said netWork between said 
other conducting means and the control electrode 
of the first one of Said altel'nate first valves 
Whereby the conductivity of Said last-named an 
other valve controls Said first one valve, and 
means applying a potential established by the 
last of Said alternate second valves between the 
Control electrode and cathode of said last-narined 
another valve. 
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