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UNITED STATES PATENT office 
2,409,473 

ELECTRONICTIMING OEVICE 

Edwin M. Callender, Philadelphia, Pa., assignor 
to The Budd Company, Philadelphia, Pa., a cor 
poration of Pennsylvania 

Application January 4, 1944, Serial No. 516,928 
(C. 171-97) il Claims. 

This invention relates to an electronic timing 
device of the type having adaption for indicating 
a repeated cycle of operation. - 

In many industrial operations and in the utili 
Zation of various equipment in the arts, such as 
photographic apparatus, it is frequently desirable 
that the apparatus function intermittently at a 
uniform time interval with a uniform mainte 
nance of effectiveness at each interval. For 
example, in aircraft photography where it is 
desirable to secure landscape photographs at def 
inite time intervals there being a predetermined 
length of exposure at each interval, apparatus of 
the above-described type is essential. 

It is one of the important objects of the inven 
tion to provide a timing device of the electronic 
type which functions with complete uniformity 
as to time for length of actual interval and for 
time period between intervals, provided a con 
Stant Source of Voltage is impressed on the unit. 
Another important object of the invention is to 
provide apparatus of the type mentioned in which 
adjustability to “on' or “off’ position may sepa 
rately be accomplished and with a close degree of 
gradation of time. 

In the following specification there is described 
apparatus which may be preferred for accom 
plishing the objects hereinabove mentioned, the 
elements of the circuit being diagrammatically 
indicated in the accompanying drawing. With 
special reference to the drawing I have indicated 
terminals 0 and which are adapted for con 
nection to a source of alternating current. Con 
nected to these terminals are the conductors 2 
and 3 hereinafter referred to as “mains' or 
“lines' between which the timing apparatus is 
connected. Two load circuits, referred to in the 
claims as first and Second loads, are indicated in 
the diagram, one from the point 4 through load 
f5, relay contact 6, relay arm 27 and conductor 
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40 to the opposite main 3, and the other circuit 
from point 4 to load 8 through relay contact f 9, 
arm 27, to circuit IT and power main 3. Each 
of these loads may consist of an indicating ele 
ment Such as a lamp which when the current 
flows therethrough is energized. 
The relay 20 for making effective current flow 

through the contacts 6 and 9 of the load cir 
cuits comprises a coil 2 having a magnet core 
22 and movable armature 23 fixed to a contact 
member 24 including a central insulation block 
25 and spaced contact plates 26 and 27 extending 
on either side from the insulation block 25 and 
pivoted at point 60. The arm 27 is positioned be 
tween the contacts 6 and 9 of the load circuit, 55 of the variable resistor 4. 
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and, in the de-energized position of the relay, 
rests on the lower contact 9 by gravity, or equiv 
alent means thus completing the circuit through 
the load 18. When, however, the relay is ener 
gized, the arm 27 moves upWardly and engages 
the upper contact 6 thereupon breaking the cir 
cuit through 8 and closing it through the load 
6. In the description that follows, load 8 is 

referred to as an “off' load and load 5 as an "on' 
load, visualize a lamp as load 5 and a non-lumi 
In Ous resistor a Sload 8. 
The lower end of the coil 20 is extended down 

wardly and connected with the anode 30 of a 
grid-controlled-gaseous-discharge tube, other 
wise known as a thyratron. This tube encloses a 
shield grid 32 and control grid 33, an indirectly 
heated cathode 34 and a heater filament 35. 
The main 3 is directly connected to the cathode 
of this tube. 
As is well known, a tube of the mentioned type 

passes current only in one direction, namely, from 
the anode to the cathode and the starting of this 
current flow when the appropriate voltage exists 
between the tube elements is controlled by the 
various grids of the tube, a negative potential on 
the control and shield grid of sufficient value pre 
wenting the flow of current between the anode 
and Cathode and a decrease of this negative 
potential on the other hand to a point approach 
ing Zero permitting the current to again flow 
between the tube elements. In the operation of 
the circuit a Zero or slightly negative potential 
On the grids 32 and 33 with a line potential of 
110 or more volts on the mains permits current 
flow through the relay circuit and thyratron 3. 
The gas filled diode tube 36 is associated with 

the thyratron 3? in perfecting the time control 
of the apparatus. The anode 37 of the diode is 
connected to the upper contact 38 associated with 
the armature plate 26 of the relay and is normally 
disconnected therefrom as shown. The cathode 
39 of the diode is extended from the tube to one 
end 40 of the variable resistor 4? having a slid 
able contact 42 for obtaining a fine gradation of 
resistance and variation. Connected to the other 
terminal 43 of the variable resistor is a fixed 
resistor 44 having a resistor terminal 45, one of a 
bank of resistor terminals 45, 46, 47 and 48, each 
of which may be connected to the power main f2 
by means of a nowable contact arm 49. Termi 
nal 46 is connected through fixed resistor 50 and 
terminal 47 through fixed resistor 5 in parallel 
to the terminal 45. The terminal 48 is con 
nected through a fixed resistor 52 to one end 40 

The values of these 
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resistors are adjusted so as to give a broad Var 
iation in total resistance between the diode cath 
ode 39 and the power main 2. For example, in 
the specific circuit described, to give excellent 
results the values of the resistor 4 should be 
.5 megohm, resistor 44, 15 thousand ohms, resistor 
50, megohm, resistor 5, 3 megohns and 
resistor 52, 10 megohms. All of these resistCrs, 
it is pointed out are included in the “on” load Cir 
cuit and are effective in adjusting the time inter 
val during which the relay is energized and load 
5 is receiving current. 
The diode 36 is provided with a heater 53 for 

the cathode 39, this heater having a Series con 
nection with the heater 33 of the thyratron 3, 
the current for these heater filaments being Sup 
plied from the secondary 54 of the transformer 
55, the primary 56 of which is connected directly 
across the mains. To insure a proper function 
ing of the tubes 3 and 36, switches 5 and 58 
are placed in the main f2 on either Side of the 
point 4 to include the connection to the trans 
former 56 so that power may be applied to the 
transformer 55 with the Switch 58 open to delay 
activation of the relay. Screen grid 32 of the 
thyratron 3 is connected through a leakage 
resistor 59 to the end 60 of the armature plate 
26 and from this point a conductor 6 connects to 
a bank of capacitors 62 and 63, a Switch 64 pro 
viding means for adjusting the capacitors of the 
capacitor bank. Conductors 65 and 66 connect 
the capacitors to the power main i3. The trans 
ient arresting capacitors 6 and 36 are connected 
between the cathode 3i of the thyratron and 
screen grid 32 and control grid S3, respectively. 

Control grid 33 is connected through a resistor 
68 to the lower contact 69 adjacent relay arma 
ture 25. This grid is also connected through the 
grid resistor 68 to a resistance arm 1) making 
positive contact with the resistor terminals 11, T2, 
3 and 74. Terminals 72, 3 and 74 connect re 

spectively with resistol's 5, 6 and TT, the same 
forming a parallel circuit to a conductor 73 in 
conjunction with the conductor 9 from the 
terminal t . The conductor 78 leads through the 
variable resistor 86 having a movable contact 
arm 8 and through the fixed resistor 82 to the 
main 3. For the specific arrangement herein 
above referred to, Values for these resistors found 
satisfactory are resistor 75, 5 megohms, 76, 10 
megoinms, T 7, 20 megohms, resistor 80, 400,000 
ohms and resistor 82, 1/2 megohms. 

In addition to the resistol 68 connected direct 
ly to the control grid of the thyratron, use is made 
of a leakage resistor 83 Wiich in the circuit as Set 
up with the control resistor aS indicated may have 
a value of 10 megohns. This value assisted With 
the value of 10 megohns for the resistor 68 af 
fords a Satisfactoly leakage path for the capaci 
tors as will now be eXplained. 

In the operation of the apparatus, Switch 5 is 
closed, thereby energizing the transformer 55 
and causing filaments 35 and 53 of the tubes to 
become heated. With the proper load elements 
in the load circuits for the “on' and "off’ posi 
tions, the switch 58 is closed thereby impressing 
On the anode of the thyratron 3 a potential of 
sufficient value, in view of the Zero potential of 
the grids, to cause a flow of current through the 
tube during the positive alternation of the ini 
tial cycle of current alternation. This flow of 
current energizes the relay 20 which lifts arma 
ture 23, closing the “on' load circuits 5 and 6 
and the circuit from the diode anode 37 to the 
Screen grid 32 of the thyratron. 
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On the reversal of the line voltage the relay 

arimature remains in the closed position. This 
is made possible through the use of a So-called 
telephone type relay which employs a Shading 
ring on the movable arrnature end, the action of 
winich is to make effective the pull of the ai'na 
ture through the negative half cycle. This arises 
from tile fact that the current and fiux Values of 
the relay coil and the Siladed ring are 90' Out of 
phase with each other, the Shaded ring voltage 
being 180° out of phase with the primary poten 
tial so that the simultaneous effect of coil and 
shading ring values is to extend a positive pull of 
flux over Substantially all of the negative half 
cycle of the line voltage and this extension com 
bines Witi tile physical lag of the arnature to 
raaiiitain the armature of the relay in closed posi 
tion tin roughout the period of alternation. (For 
definition of “shaded coil' see page 489, 'Stand 
ard Handbook for Electrical Engineers,' 7th edi 
tion, 1941.) 
On the reversal of the Voltage in the power 

mains, after the first positive half cycle, current 
is interiupted through the thyration and is per 
initted to flow into and charge the condenserS 62 
and S, the circuit being completed through the 
point 63 contact 38, diode anode 3i and cathode 
39 and tirough the "on' resistor control to the 
main 2. She annount of current flow is, of 
course, controlled by the adjustment of the re 
sistor alms 52 and 49 in the “on' unit, larger 
resistance decreasing the amount of current flow. 
in this negative inaif cycle of current flow a defl 
Inite limited quantity of current is paSSed into 
tie capacitors 2 and 63 which is at Once effective 
as a negative potential on the Screen grid 32 thus 
educing the potential of the grid below zero. At 

tire Second positive half cycle current again paSS 
es tirough the thyratron 3 re-energizing the 
reiay 23 and on the second negative half cycle a 
further incretaent of charge is effected in the ca 
pacitoi's thus reducing by a Second definite 
aimount the potential of the screen grid 32. Sub 
sequent alternations of the cycle build up the 
negative charge on the Screen grid 32 to the point 
where it fallis below the striking potential of the 
tube, at which point, current will fail to flow 
through the thyratron at the next positive half 
cycle and the 'on’ position of the circuit will 
thus be ended. At the nonent of break Cf cur 
rent through the thyratron due to the action of 
the shield grid 33, the relay 20 becomes de-ener 
gized and the arrnature falls thus breaking con 
tact with the 'ori' load i5 and making contact 
with the 'off' load 8 and simultaneously making 
contact, between the capacitors and the 'off' con 
trol resistor unit ain it. It Will be Seen that 
placement of the resistor arm C at any given re 
sistor terminal will result in a leakage flow of 
current from the capacitors 62 and 63 which, 
after a predetermined time interval as determined 
by the particular resistor to which the arm O is 
connected, 1'educes the negative potential of 
screen grid 32 to a point, where it, Will exceed the 
striking potential of the tube whereupon current 
will once again flow through the thyratron in 
the positive half cycle of the line voltage and 
charging of the capacitor 62 will again be re 
Sumed. 

It is pointed out, in connection With the thyra 
tion that as the load passes from “on' to “off' 
position and the relay 20 is de-energized a con 
nection is made between capacitor 62 or 63 and 
the control grid 33 whereby the negative biasing 
of the shield grid is amplified. This is due to the 
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fact that the control grid is closer to the cath 
Ode than the screen grid and therefore a reversal 
of effect at the critical striking point is prevented 
through the joint action of both Screen and Con 
trol grids. 
As described, the “off’ position of the load cir 

cuit is confined to the time period in which the 
leakage current flows through the 'off' control 
unit to the point of reversal. The leakage effect 
is Supplemented also by the resistorS 68 and 83 
connected to the control grid to form a circuit 
to the power main 3. 
The circuit as described including the elec 

tronic elements and accessory relay and other ap 
paratus has been found efficient and particularly 
applicable to the purpose and effective in accom 
plishing the objects of the invention. However, 
modifications of the circuit and elements may, of 
course, be made to accommodate the same to par 
ticular uses, and hence, no limitation is implied 
by the specification other than indicated by the 
claims as hereto appended. 
What is claimed is: 
1. An electric timing device connprising power 

mains, a normally closed first load circuit, a nor 
mally open second load circuit, relay means for 
connecting alternately said first and Second load 
circuits to the power mains, and time change 
means for independently adjusting the timing of 
said alternate load circuit connection both as to 
off and on positions. 

2. An electronic timing device comprising power 
mains, a normally closed first load circuit, a nor 
mally open Second load circuit, relay means for 
connecting alternately said load circuits to the 
poWer mains, and time change means for ad 
justing the timing of said alternate load circuit 
connections, said relay means comprising a re 
lay, load circuit switch contacts operable by said 
relay, an electronic device including a control 
grid, a branch circuit conductor connecting Said 
relay and electronic device in series across said 
mains, and a capacitor connected to said con 
trol grid and to said mains adapted to impress 
at recurrent intervals a negative potential on 
said grid of Sufficient value to disrupt the Cur 
rent flow in said electronic device and relay. 

3. An electronic timing device comprising power 
mains, a normally closed first load circuit, a nor 
mally open second load circuit, relay means for 
connecting alternately said load circuits to the 
power mains, and time change means for adjust 
ing the time of Said alternate load circuit con 
nections, said relay means comprising a relay, 
load circuit switch contacts operable by said re 
lay, an electronic device including a control grid, 
a branch circuit conductor connecting said re 
lay and electronic device in Series across said 
means, a capacitor connected to Said control grid 
and to said mains adapted to impress at recur 
rent intervals a negative potential On Said grid 
of Sufficient value to disrupt the current flow in 
said electronic device and relay, and means for 
varying the length of Said intervals. 

4. An electronic timing device comprising power 
mains, a normally closed first load Circuit, a nor 
mally open second load circuit, relay means for 
connecting alternately said load circuits to the 
power mains, and time change means for ad 
justing the timing of said alternate load circuit 
connections, said relay means comprising a re 
lay, load circuit switch contacts operable by said 
relay, an electronic device including a control grid, 
a branch circuit conductor connecting Said re 
lay and electronic device in series across Said 
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6 
mains, a capacitor connected to said control grid 
and to said mains adapted to impress at recur 
rent intervals a negative potential on said grid 
of Sufficient value to disrupt the current flow in 
said electronic device and relay, and means to 
reduce said negative potential to a point Where 
current flow is resumed through said electronic 
device. 

5. An electronic timing device comprising power 
mains, a normally closed first load circuit, a nor 
mally open second load circuit, relay means for 
connecting alternately said load circuit to the 
power mains, and time change means for adjust 
ing the timing of said alternate load circuit con 
nections, said relay means comprising a relay, 
load circuit Switch contacts operable by said re 
lay, an electronic device including a control grid, 
a branch circuit conductor connecting said re 
lay and electronic device in series across said 
mains, a capacitor Connected to said control grid 
and to Said means adapted to impress at recur 
rent intervals a negative potential on said grid 
of Sufficient value to disrupt the current flow in 
Said electronic device and relay, means to re 
duce Said negative potential to a point where cur 
rent fiOW is resumed through said electronic de 
Vice, and Said time change means including plu 
ral means for controlling the time intervals in 
Which current does, and does not, flow. 

6. An electric tinning device comprising power 
mains, first and second load circuits connected 
to said mains, relay means including switch mech 
anism in Said load circuits for transmitting power 
from Said mains alternately through each of said 
load circuits through movement of said switch 
mechanism and timing means for fixing the tine 
of alternation of Said relay switch mechanism, 
Said relay means including a coil magnet, an 
arnature aSSociated therewith and connected to 
Said Switch mechanism to bring about alternate 
load circuit contacts, and means connected to 
Said magnet for permitting current flow there 
through in one direction only. 

7. An electric timing device comprising power 
mains, load circuits connected thereto, switch 
mechanism Operative to connect alternately each 
load circuit to Said mains, a relay circuit includ 
ing a relay operative to move said switch mecha 
nism to Secure alternate connection of said load 
circuits, means in Said relay circuit for transmit 
ting current therethrough in one direction only, 
and timing means for fixing the period of cur. 
rent flow and non-flow in said relay. 

8. An electronic timing device comprising 
power mains, plural load circuits, switch mech 
anism for connecting each load circuit alter 
nately to said mains, relay means connected to 
Said mains for actuating said mechanism, an 
electronic device connected to said relay means 
for passing current through said relay means in 
One direction only, said electronic device includ 
ing a control element, and means connected to 
Said control element for interrupting periodically 
the flow of current through said relay means. 

9. An electronic timing device comprising power 
mains, dual load circuits, and relay means for con 
necting Said load circuits alternately across said 
mains, Said relay means comprising a relay, load 
circuit switch contacts operable by said relay, an 
electronic device including a control grid, a 
branch circuit conductor connecting said relay 
and electronic device acroSS said mains, and 
means connected to said electronic device for re 
currently blocking current flow therethrough. 

10. An electronic timing device comprising 
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power mains, dual load circuits, and relay means 
for connecting said load circuits alternately 
across said mains, said relay means comprising a 
relay, load circuit switch contacts operable by 
said relay, an electronic device including a con 
trol grid, a branch circuit conductor connecting 
said relay and electronic device across said mains, 
and a capacitor connected to said control grid 
adapted to impress at recurrent intervals a nega 
tive potential on said grid of sufficient value to 
disrupt current flow in Said electronic device and 
relay. 

11. An electronic timing device comprising 

8 
power mains, dual load circuits, relay means for 
connecting said load circuits alternately across 
said mains, and time change means for adjusting 
the timing of said alternate load circuit connec 
tions, said relay means comprising a relay, load 
circuit SWitch contacts operable by said relay, 
an electronic device including a control grid, a 
branch circuit conductor connecting said relay 
and electronic device acroSS Said mains, and 

10 means connected to Said electronic device for re 
currently blocking current flow therethrough. 

EDWIN M. CALLENDER. 


