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The present invention is concerned with a 
timing apparatus by which it is possible to ob 
tain a plurality of timing intervals from a single 
timing apparatus. More particularly, the pres 
ent invention is concerned with an electronic 
control device for obtaining a plurality of timed 
periods by utilizing the electrical characteristics 
of an electron discharge device and its associated 
electrical networks. 
In the present day automatic controls, such 

as the controls utilized with fuel burners, it is 
often desired to render certain portions of the 
controlled apparatus operative before others in 
order to insure maximum safety in the operation 
of the controlled apparatus. Such an apparatus 
is shown in the copending application, Serial 
No. 78,592, of John M. Wilson and Richard S. 
Feigal, filed on February 26, 1949. With the 
apparatus of the present invention it is desired 
to obtain a first and a second timing interval foll 
lowing the closing of a main control switch and 
further timing interval following the opening of 
the main control switch. 
The timing in the present invention is accom 

plished by using the heating time of an indirectly 2 
heated cathode of an electron discharge device 
for obtaining a first timing interval. A further 
timing period is obtained following the first tim 
ing period by utilizing a resistor and condenser 
network having a predetermined discharge tim 
ing. A third timing interval is obtained by uti 
lizing the cooling time of the indirectly heated 
cathode of the associated discharge devices. 

It is therefore an object of the present inven 
tion to provide a timing apparatus for obtaining 
a first timing interval following energization of 
an indirectly heated cathode of an electron dis 
charge device and utilizing the cooling time of 
this cathode and the discharging of an asso 
ciated condenser for obtaining a further timed 
interval. w 

Another object of the present invention is to 
provide an improved timing apparatus which 
utilizes delay in thermionic emission for obtain 
ing a first timed interval, which utilizes a 
resistor-condenser network for obtaining a sec 
ond timed interval which is proportional to the 
thermionic emission and a third timed interval 
dependent upon the time it takes for the therm 
ionic emission to die out. 

Still another object of the present invention 
is to provide a thermal electron emissive timer 
adapted to be energized to give a first timing in 
terval following the energization thereof and to 
provide therewith a second timing means which 
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is energized a timed period following Said firs 
time interval. 
A still further object of the present invention 

is to provide in an electronic timer using the 
heating time of a first discharge device for ob 
taining a first timing interval and using the dis 
charge timing of a resistor-condenser network 
which is charged during said first time interval 
to obtain a second timed interval. 
These and other objects of the present inven 

tion will be understood upon a consideration of 
the accompanying specification, claims and draw 
ing of which: 
The single figure shows diagrammatically the 

timing apparatus as it may be employed to actu 
ate an appropriate electrical circuit according to 
a predetermined sequence. 

Referring now to the single figure, the numeral 
8 represents the signal light for indicating when 
a first time interval has expired in the timing 
apparatus. The numeral represents a further 
indicating lamp which is used to indicate the ex 
piration of a second timed interval of the timing 
apparatus. The timing apparatus is located 
within the housing indicated generally by the 
numeral 2. The timing apparatus located with 
in the housing 2 may be seen to comprise a pair 
of electron discharge devices 5 and 20. The 
discharge device 5 comprises an anode 6, a 
control electrode 7 connected to a cathode 8 
and a filamentary type heater 9 which is adapt 
ed to heat the cathode 8 to be electron emissive. 
The discharge device 20 comprises an anode 2, a 
control electrode 22, a cathode 23 and a filament 
type heater 24 which is adapted to heat the cath 
ode 23 to be electron emissive. 
Supplying an energizing voltage for the dis 

charge devices 5 and 20 is a transformer 25 
having a primary winding 26 which is connected 
to a suitable source of power and a pair of Sec 
ondary windings 27 and 28. Located in the ener 
gizing circuit for the discharge device 5 is a 
control relay 33 having a relay winding 3 and a 
pair of switch blades 32 and 33. The switchblade 
32 is normally biased into engagement with an 
associated switch contact 34, by means not 
shown, and the switch blade 33 is normally biased 
out of engagement with an associated contact 35, 
by means not shown. A suitable by-pass con 
denser 36 is connected across relay winding 3 
and functions in the normal manner to filter the 
direct current flowing in the anode circuit of the 
discharge device 15. 

Located on the input of the discharge device 
20 is a resistor-condenser timing network 40 
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which comprises an adjustable resistance device 
4 and a timing condenser 42. Located in the 
anode circuit of the device 20 is a relay 45 having 
a relay winding 46 and a switch blade 4 which is 
normally biased by means not shown out of en 
gagement with an associated contact 48. A Suit 
able by-pass condenser 49 is connected acroSS the 
relay winding 46. 

In considering the operation of the present in 
vention, it will first be assumed that the main 
control Switch 4 is in the open position. When 
the switch 4 is in the open position the ap 
paratus will be deemergized and the control sig 
nal lights () and will not have any operating 
voltages applied thereto by the relaySOf the tim 
ing device 2. 
apparatus in operation it is necessary to first 
close the main control SWitch. A which Will com 
plete the energizing circuit to the filament heaters 
of the discharge devices 5 and 20. This energiz 
ing voltage may be traced from the upperter 
minal of secondary Winding 28 through conductor 
60, filament heater 9, conductor 6d, filament 
heater 24, conductor 63, control switch 4 and 
conductor 64 back to the lower terminal of sec 
ondary 28. With this last traced circuit com 
pleted the filament heaters 9 and 24 will begin 
to heat their associated cathodes 8 and 23. 

After a predetermined time the cathodes 8 
and 23 will be heated sufficiently so that they will 
tend to become electron emissive. When the 
cathode 8 becomes sufficiently heated to become 
electron emissive, there will be a current flow 
through the discharge device f5 on the half cycle 
of the alternating voltage when the anode is 
positive with respect to the cathode. This cur 
rent flow may be traced from the upper terminal 
of secondary 27 through relay winding 3, con 
ductor 65, anode 6, cathode 8, and conductors 
66 and 67 back to the lower terminal of second 
ary 27. The further circuit may also be traced 
through the resistor 44 of the timing network 
40 and this circuit may be traced from the upper 
terminal of secondary 27 through conductor 68, 
resistor 4t, conductor 69, switch contact. 34, 
switch blade 32, conductor 65, anode 6, cathode 
(8, and conductors 66 and 67 back to the lower 
terminal of secondary 27. With the current 
flowing in the last traced circuit through resistor 
4, there will be a voltage drop across the re 
sistor. 4 and this voltage drop will be such that 
the upper terminal of the resistor 4? is positive 
with respect to the lower terminal. 
Inasmuch as the condenser 42 is effectively 

connected in parallel with the resistor 4 by con 
ductors 70 and 7 f it will be seen that the con 
denser 42 will assume a polarity which is directly 
proportional to the Voltage drop across the re 
sistor 4. This drop is also directly proportional 
to the voltage drop across the relay winding 3 
Since the condenser 42 is also essentially con 
nected in parallel with the relay winding 3 f by 
way of conductors 70 and 68 on one terminal and 
by. Way of conductors 69 and 7, Switch contact 34 
and SWitch blade 32 to winding 3 on the other 
terminal of condenser, 42. The voltage built up 
across the condenser 42 will be of such a polarity 
as to tend to maintain the discharge device 20 
nonconducting. This will be seen since the upper 
terminal of condenser 42 is connected directly 
to the cathode 23 by means of a conductor 72 
While the lower terminal of condenser 42 is con 
nected directly to the control electrode 22 by 
means of conductor 73. 
. As the electron emission of cathode 8 in 

When it is desired to start the 
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4. 
creases with the continued heating of the cathode 
by the heater 9, eventually the current flow 
through the discharge device will become Sufi 
cient to energize the relay 30. The time that it 
takes for the relay 30 to become energized after 
the main control switch 4 has been operated 
may be, for example, about 15 Seconds. 
When the relay 30 becomes energized the 

switch blade 32 moves out of engagement with 
switch contact 34 and the switch blade 33 moves 
into engagement with switch contact 35. When 
switch blade 33 engages contact 35 an energiz 
ing circuit will be completed to the indicating 
light 0 and the associated control circuit and 
this circuit may be traced from the input line 80 
through conductor 82, indicating light 10, con 
ductors 83 and 84, switch blade 33, switch contact 
35, and conductor 35 back to the other input 
power ine 8. With the operation of the lamp 

), the apparatus will indicate the expiration of 
the first timing interval in the timing sequence 
of the apparatus. - 
When the switch blade 32 moves out of en 

gagement with switch contact 34, the charging 
circuit for the condenser 42 is interrupted. 
With the interruption of this charging circuit, 
the condenser 42 will discharge through the re 
sistor 4. This discharge circuit may be traced 
from the upper terminal of condenser 42 through 
conductor i0, resistor 4?, conductor 7 back to 
the lower terminal of condenser 42. As the con 
denser 42 discharges the control electrode 22 of 
discharge device 20 becomes biased less negative 
With respect to the cathode 23 and after a pre 
determined time the charge on the condenser 42 
will have reached a point where current will paSS 
through the discharge device 20 and this cur 
rent flow will energize the relay 45. 
The current flow circuit for the discharge de 

vice 20 may be traced from the lower terminal 
of secondary 27 through conductors 67 and 86, 
relay winding 46, anode 2, cathode 23, and con 
ductors T 2, 70, and 68 back to the upper terminal 
of secondary 27. When current is flowing in the 
last traced circuit, the relay 45 will become en 
ergized and the switch blade 47 will move into 
engagement with switch contact 48. When this 
occurs, the indicating light will indicate the 
expiration of the second time interval. It will be 
seen that this second time interval will be com 
pleted a certain time interval following the first 
time interval which will be dependent upon the 
time constants of the timing network 40. The 
energizing circuit for the indicating light may 
be traced from the input power line 80 through 
conductor 87, light , conductor 88, conductor 
89, switch contact 48, switch blade 47, and con 
ductor. 9) back to the other input power line 8. 
The apparatus is now in the operating, posi 

tion with both of the timing control relays 30 
and 45 in their energized positions and their re 
spective indicating lamps () and indicating 
the expiration of the first two time intervals. 
The apparatus will remain in its energized posi 
tion until such time as the main control switch 
f4 is moved to the open position. 
When the main control switch 4 is moved to 

the open position it is desired that the control 
relays remain in the energized position for a 
predetermined time following the opening of the 
main control Switch. As soon as the main control 
switch. 4 is noved to the open position the en 
ergizing circuit to the filament heaters 9 and 24 
Will be broken. With the opening of the energiz 
ing circuit to the filament heaters the heaters will 
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begin to coolas will the associated cathodes f8 and 
23. Due to the heat storage capacity of the caths 
odes 8 and 23 the cathodes will remain elec 
tron emissive for a predetermined period. Which 
may be, for example, approximately 13 seconds. 
As long as these cathodes remain electron emis 
sive there will be current flowing through the 
discharge devices 5 and 20 and the relays 30 and 
45 will remain in the energized position, AS 
soon as the electron emission of the associated 
cathodes drops below the value necessary to 
maintain the relays energized and the condensers 
in parallel therewith are discharged, the relayS 
will drop out and the apparatus will return to 
the position shown upon the drawing. When the 
relays 36 and 45 are moved to their deenergized 
position, the energizing circuits for the indicat 
ing lamps 0 and f f will be open. Upon the sub 
sequent closing of the main control switch 4, 
the apparatus will go through its operating cycle 
in the manner described above. Obviously, the 
operation of the relays 30 and 45 may be used 
to control any desired apparatus in the sequence 
described above. 

From the foregoing it will be seen that the 
present invention provides an apparatus for ob 
taining a plurality of timed Sequences by utiliz 
ing the heating timing of an indirectly heated 
cathode, the discharge timing and the resistor 
condenser network which was charged during 
the heating period of the Cathode and the cool 
ing period of the cathode. While a specific emi 
bodiment of the invention has been shown, it 
will be obvious to those skilled in the art that 
many modifications may be made well within the 
scope of the invention and therefore I intend 
the invention to be limited solely by the Scope of 
the appended claims. 

I claim: 
1. A timing device comprising, a thermal elec 

tron emissive timer having an energizing circuit 
which is adapted to be completed by means in 
cluding an actuating Switch, a first current re 
sponsive means having an energized and a de 
energized position and an electrical time delay 
network connected in a series-parallel current 
flow circuit with said thermal emissive timer 
when said first current responsive means is in 
the deenergized position, said first responsive 
means being energized upon the current flow 
through said electron emissive timer reaching a 
predetermined value following actuation of said 
switch and being maintained energized under the 
control of said Switch, a second timer having a 
second responsive means and said time delay 
network connected in circuit therewith, and 
means including said time delay network for 
maintaining said second timer ineffective for 
a timed period following energization of said first 
responsive means. 

2. A timing device comprising, a thermal elec 
tron emissive timer having an energizing circuit 

: which is completed by means including an actu 
ating switch, a first current responsive means 
and an electrical time delay network connected 
in a series-parallel current flow circuit with said 
thermal emissive timer, said first responsive 
means being energized upon the current flow 
through said electron emissive timer reaching a 

... predetermined value a timed period following 
actuation of said switch, and upon energization 
to disconnect said network from said thermal 
emissive timer, said first responsive means being 
maintained energized under the control of said 
switch, a second timer having a second responsive 
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6 
means and said time delay network connected in 
circuit therewith, and means including said net 
work for maintaining said Second timer ineffec 
tive for a timed period following energization 
of said first responsive means. 

3. A timing apparatus, comprising in Con 
bination, a first electron discharge device having 
an anode, and a cathode heated to be electron 
emissive by a filament heater, first responsive 
means connected in a current flow circuit with 
said discharge device and adapted to be eners 
gized thereby when the current flow there 
through reaches a predetermined value, switch 
means when actuated connected to complete an 
energizing circuit to said flament heater So that 
after a predetermined time said responsive means 
will be energized and maintained energized under 
the control of said switch means, a time delay 
network initially connected by switch contacts of 
said first responsive means to said discharge de 
vice, said network being disconnected by said 
Switch contacts from said device When Said re 
sponsive means becomes energized, a second dis 
charge device having further current responsive 
means in circuit therewith, and means including 
said network for maintaining said Second dis 
charge device ineffective for a predetermined 
length of time following energization of said 
first responsive means. 

4. A timing apparatus, comprising in con 
bination, a first electron discharge device hav 
ing an anode and a cathode heated to be elec 
tron emissive by a filament heater, first respon 
sive means connected in a current flow circuit 
With said discharge device and adapted to be 
energized thereby when the current flow there 
through reaches a predetermined value; switch 
means when actuated connected to complete an 
energizing circuit to said filament heater so that 
after a predetermined time said responsive means 
will be energized and maintained energized under 
the control of said switch means, a resistor 
condenser delay network initially connected by 
Switch contacts of said first responsive means 
to said discharge device, said network being dis 
connected by said contacts from said device 
when said responsive means becomes energized, 
a second discharge device having further cur 
rent responsive means in circuit therewith, and 
means including said network for maintaining 
said second discharge device ineffective for a 
predetermined length of time dependent upon 
the time constant of said network upon said first 
responsive means becoming energized. 

5. A timing apparatus, comprising in combina 
tion, a first electron discharge device having an 
anode and a cathode heated to be electron emis 
sive by a filament heater, a second electron dis 
charge device having an anode, control electrode 
and a cathode heated to be electron emissive by 
a filament heater, means connecting said filar 
ments through control switch means to a source 
of power so that a predetermined time following 
actuation of said switch the associated cathodes 
will become electron emissive, first current re 
sponsive means connected in a current flow cir 
cuit with said first discharge device adapted to be 
energized upon the associated cathode becom 
ing sufficiently electron emissive and to be main 
tained energized under the control of said con 
trol switch means, electrical timing control means 
interconnecting said first discharge device in 
biasing relation with said second device so that 
upon the cathodes of said devices becoming cur 
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rent emissive the electron flow in said first de 
vice acting on said control means will maintain 
said device nonconducting, means including said 
first responsive means upon becoming energized 
disconnecting said control means from Said first 
discharge device, said control means adapted to 
maintain said second discharge device noncon 
ducting for a predetermined period following en 
ergization of said first responsive means, and 
second current responsive means connected in 
circuit with said second device adapted to be 
energized upon said device becoming conducting 
and to be maintained energized under the con 
trol of Said control Switch means. - 

6. A timing apparatus, comprising in con 
bination, a first electron discharge device hav 
ing an anode and a cathode heated to be electron 
emissive by a filament heater, a second electron 
discharge device having an anode, control elec 
trode and a cathode heated to be electron emis 
sive by a filament heater, means connecting said 
filaments through control switch means to a 
source of power so that a predetermined time 
following actuation of said switch the associated 
cathodes will become electron emissive, first cur 
rent responsive means connected in a current flow 
circuit. with said first discharge device adapted 
to be energized upon the associated cathode be 
coming Sufficiently electron emissive and to be 
maintained energized under the control of said 
control Switch means, a resistor-capacitor net 
Work connected in said current flow circuit inter 
connecting said first discharge device in biasing 
relation with said second discharge device so that 
upon the cathodes of said devices becoming cur 
rent emissive the electron flow in said first device 
acting on said network will maintain said device 
nonconducting, means including said first re 
sponsive means upon becoming energized for dis 
connecting said.network from said first discharge 
device, said network when disconnected main 
taining said second device nonconducting for a 
predetermined period, and second current re 
sponsive means connected in circuit with said 
second device adapted to be energized upon said 
device becoming conducting and to be main 
tained energized under the control of said con 
trol switch means. - .. 

7. A timing apparatus, comprising in combina 
tion, first and second electron discharge devices 
each having an anode, a cathode and a filament 
heater arranged when energized to heat said 
cathode to be electron emissive after a timed 
period, an energizing circuit connected to each 
of said heaters including a main control switch, 
first and second relay means connected in series 
circuit with each of said devices respectively, 
means responsive to the current flow through 
Said first discharge device rendering said first 
relay means operative a predetermined time fol 
lowing actuation of said control switch to ener 
gize Said heaters, means including an electrical 
timing circuit means initially connected by said 
first relay means to the anode of said first dis 
charge device and to said second discharge de 
vice to maintain said second discharge device 
inoperative for a further timed period following 
energization of Said first relay means, and means 
including said second discharge device rendering 
said Second relay means operative upon the ex 
piration of Said further timed period, said cath 
Odes, remaining electron emissive for a timed 
period following deenergization of said heaters 
to maintain both of said relay means operative 
for an additional period following actuation of 
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8 
said main control switch to deemergize said heat 
erS. . ; : . . . . . 

. 8. A timing apparatus comprising in combina 
tion, first switch means, a first timing means 
having said first switch means in an energizing 
circuit therewith, first current responsive means 
having an operative. and an inoperative position, 
means including said first timing means for 
actuating said first responsive means to its oper 
ative position a timed period following actuation 
of said first switch means and to maintain Said 
first responsive means in its operative position 
under the control of said first switch means, a 
second timing means having an energizing cir 
cuit controlled by said first Switch means and 
having a second current responsive means in 
circuit therewith, said second current responsive 
means having an operative and an inoperative 
position, and means including said first respon 
sive means, for rendering said second timing 
means effective to energize. Said second respon 
sive means to its operative position a timed period 
following actuation of Said first responsive means 
to its operative position and to maintain said 
second responsive means in its operative posi 
tion under the control of said switch means, 
said last named means comprising an electrical 
timing circuit which is initially connected to be 
charged by said first timing means When Said 
first current responsive means is in its inopera 
tive position. .- ... " . . . . . . 

9. A timing apparatus comprising in combina 
tion, first switch means, a first timing means in 
cluding an electron discharge device having said 
first switch means in an energizing circuit there 
with, first current responsive means in circuit 
with said discharge device, said first current re 
sponsive means having an operative and an in 
operative position, means including said first 
timing means for actuating Said. first responsive 
means to its operative position a timed period 
following actuation of said first switch means 
and to maintain said first responsive means in 
its operative position under the control of said 
first Switch means, a Second timing means hav 
ing a second current responsive means in cir 
cuit therewith and having an energizing circuit 
controlled by said first Switch means, and means 
including said first responsive means for render 
ing Said Second timing means effective to ener 
gize Said. Second responsive means a timed period 
following actuation of Said first responsive means 
to itS. operative position and to maintain said. 
second responsive means energized under the 
control of said first switch means, said last 
named means comprising a resistor-capacitor 
timing network which is initially connected to 
be charged by said discharge device of said first 
timing means when said first current responsive 
means is in its inoperative position. . . . . 

10. A timing apparatus comprising in combi 
nation, a first Switch means, a first timing means 
including an electron discharges device. having 
said first switch means in an energizing circuit 
thereWith, first current responsive means in cir-. 
cuit with Said discharge device, said first current 
responsive means having an operative and an 
inoperative position, means including said first 
timing means for actuating said first responsive 
means to its operative position a timed period 
following actuation of said first switch means. 
and maintaining Said first responsive means in 
its operative position under the control of said 
first Switch means, a second timing means in 
cluding a further electron discharge device hav 
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ing a second current responsive means in circuit 
therewith, said Second timing means having an 
energizing circuit controlled by said first Switch 
means, and means including Said first responsive 
means for rendering Said Second timing means 
effective to energize said second responsive 
means a tired period following actuation of 
Said first responsive means to its operative posi 
tion and to maintain said Second responsive 
means energized under the control of said first 
switch means, Said last named means comprising 
an electrical timing circuit which is initially con 
nected to be charged by said first named dis 
charge device when Said first current responsive 
means is in its inoperative position. 

11. A timing apparatus, comprising in com 
bination, a thermal electron emissive timer 
adapted to be energized by means including an 
actuating Switch, first responsive means in cir 
cuit With Said timer adapted to be energized 
when the electron emission of said timer reaches 
a predetermined value and to be maintained 
energized under the control of the actuating 
Switch, and second timing means connected to 
Said first responsive means and having a second 
responsive means in circuit therewith, said sec 
ond timing means adapted to be energized by 
Said means including the actuating switch, said 
Second timing means energizing said second re 
Sponsive means a timed period following ener 
gization of Said first responsive means and main 
taining Said Second responsive means energized 
under the control of the actuating switch, said 
Second timing means comprising an electrical 
timing network which is initially connected by 
said first responsive means to be charged by 
Said thermal electron emissive timer When said 
first responsive means is not energized. 

12. A timing apparatus, comprising in com 
bination, a thermal electron emissive timer hav 
ing an energizing circuit therefore which is 
adapted to be completed by means including an 
actuating Switch, first responsive means in cir 
cuit with Said timer adapted to be energized 
when the electron emission of said timer reaches 
a predetermined value and to be maintained 
energized under the control of the actuating 
Switch, Second timing means connected to said 
first responsive means when said first responsive 
means is not energized, said second timing means 
comprising an electrical time delay network 
initially connected by said first responsive means 
to be charged by said thermal electron emissive 
timer when Said first responsive means is not 
energized, and means including said network 
rendering Said Second timing means effective a 

10 

5 

20 

30 

40 

50 

55 

10 
timed period following energization of said first 
responsive means and maintaining said second 
timing means effective under the control of Said 
actuating Switch. 

13. A timing apparatus, comprising in combi 
nation, a thermal electron emissive timer having 
an energizing circuit therefore which is adapted 
to be completed by means including an actuating 
Switch, first responsive means in circuit with said 
tinner having an energized and a deemergized 
condition and adapted to be energized when the 
electron emission of said timer reaches a pre 
determined value and to be maintained en 
ergized under the control of the actuating switch, 
Second timing means connected to said first re 
Sponsive means When Said first responsive means 
is deemergized, said second timing means com 
prising an electrical time delay network con 
nected by Said first responsive means when in 
the deenergized condition to said electron emis 
sive timer to be charged to a voltage proportional 
to the thermal emission required to energize said 
first responsive means, and means including said 
netWork rendering Said Second tinning means ef 
fective a timed period following energization of 
said first responsive means. 
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