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This invention relates to improvements in a 
timer of the electronic type and adapted to cause 
the closing and opening of a power circuit. 
An object of the present invention is to pro 

Wide novel means for very accurately timing peri 
Ods of short duration. 
Another object of the present invention is to 

provide a circuit wherein the time period de 
pends upon a space-discharge device to which 
Voltage is applied only for the very short dura 
tion of the operation timed. 
Another object of the present invention is to 

provide timing means controlled by the time 
period necessary to build up a predetermined 
charge on a condenser which is short circuited 
except during the short period when a timing 
operation is being performed. 
Another object of the present invention is to 

provide novel means for insuring that the con 
trolled circuit Will be opened at the end of a se 
lected time period or very shortly thereafter 
under all circumstances. 
Other objects of the invention comprise the 

provision of safety devices insuring the proper 
Operation of all parts at all times and the novel 
arrangement of circuits as disclosed in the ac 
companying drawings and specification, and the 
eSSential features of my invention will be set 
forth in the appended claims. 

In the drawings, 
ig. 1 is a view showing one embodiment of 

my invention utilizing rectified A. C. current in 
the timing circuit; 

Fig. 2 is similar to Fig. 1 but illustrates a num 
ber of safety features added to the circuit of Fig. 
1 to insure the proper operation under all cir 
cumstances; while 

Fig. 3 is a circuit similar to Fig. 1 but utilizing 
A. C. current in the timing circuit. 

Referring to Fig. 1, the circuit to represents 
the controlled circuit in which the electrical 
energy is to be applied for a predetermined 
period. In One form of my device, it is utilized 
for controlling the exposure of an X-ray tube. 
Referring to United States Letters Patent Num 
ber 2,267,908, granted December 30, 1941, to Ed 
win R. Goldfield et al., my circuit O of the pres 
ent application might well be used to energize the 
relay 7 of the said Goldfield et al. patent so 
as to hold the X-ray tube circuit in energized 
condition. So long as the relay is energized by my 
controlled circuit, and when my control circuit 
is de-energized, then the relay 7 would be de 
energized and the contact member 6 of the Gold 
field et al. patent would automatically open and 
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2 
de-energize the X-ray tube circuit. This appli 
cation of my invention is illustrative only and 
in no sense a limitation upon my invention. 

Referring back to Fig. 1 of the drawings, in 
series in the circuit 0 is a pair of normally open 
contacts (which are closed at the beginning 
of a timed period) and a set of normally closed 
contacts 2 (which are opened to terminate a 
timed period). To a suitable low voltage Source 
L1, L2, are connected lines 3 and 4. In one 
of these lines is placed the manually controlled 
push-button f 5 whose associated contacts 6 are 
normally opened, and closed only so long as the 
button 5 is held down. Connected between lines 
3 and 4 is a relay coil 7 which controls the 
contacts . A second relay coil 3 is connected 
between lines 3 and 4 for the purpose of con 
trolling two sets of contacts, namely 9 and 20, 
as Will later appear. 
The circuit for controlling the timing opera 

tion comprises a transformer 2 having a pri 
mary 2 a energized from the Source L1, L2, and 
two secondaries 2 lb and 2 c. A known rectifier 
circuit is illustrated comprising the rectifier tube 
22Whose plates 22a and 22b are connected With 
opposite ends of the transformer winding 2b 
and whose cathode 22c is energized from the 
transformer winding 2 c. Rectified current is 
thus supplied between line 23 and line 24, the 
latter having a central tap on the transformer 
winding 2 (b. The usual condenser 25 is con 
nected between lines 23 and 24. The resistance 
26 is connected between lines 23 and 24, and a 
voltage regulator tube 2 is connected in parallel 
with this resistance to maintain a constant Volt 
age between the tap 26a and line 24. Thus tube 
is shown with a cold cathode, but may be pro 
vided with a hot cathode if desired. Line 28 
is connected with tap 26a, and contains in Series . 
the relay coil 29 which controls the contacts 2. 
Also in series in line 28 is the pair of normally 
open contacts 20 previously mentioned. A triode 
30 is connected between lines 28 and 24. The 
triode has a plate 30a, a cathode 3b and a con 
trol grid 30c. This tube is of the 'glow' type 
which is non-conducting until the charge on 
the grid 30c rises to a certain threshold value. 
The tube is shown with a cold cathode but might 
have a hot cathode if desired. One of the pair 
of normally closed contacts 9 is connected by 
line 3 to line 24. The other of the contacts 9 
is connected by line 32 to line 24 and in this 
line is provided the condenser 33. The Voltage 
across condenser 33 is supplied from tap 26b on 

.resistance 26through variable resistance. 34...: 



2,453,486 
3. 

The charge on grid 33 c is provided through line 
35 in which is found the resistance 36. 
The operation of the device of Fig. 1 is as 

follows: 
An exposure is started when push-button. 5 

is manually closed to energize the relay which 
thus closes the normally open contacts if and 
completes the circuit. C. 
button 5 is closed, it energizes the relay coil 
8 also. This opens the normally closed contacts 
9, which up to this moment have kept the con 
denser 33 short circuited. A charge then begins 
to build up on condenser 33 and the charging. . 
rate of this condenser is determined by (a) the 
potential between tap 26b and line 24, (this is. 
adjustable to give a rough time adjustment), 
(b) by the capacitance of condenser,33, and (c) 
by the value of the variable resistance 34 which 
is adjustable to give a finer time adjustment. 
At the moment, the relay coil i8 opened the 

contacts 15, it also closed the normally. Open cons ... 
tacts:20. This placed the substantially constant 
potential between tap 26a and line. 24 across the . 
tube 30. This is a trigger tube as mentioned. 
above, and is non-conducting until the charge on. 
the grid 3.3g rises to a predetermined value. It 
will be: noted that there is... no potential across .. 
the tube, 3G, until the moment, a timing operation 
begins. . ; 
When the condenser.33 is charged sufficiently 

to bring the grid 30c. to the threshold point neces. 
sary to render, the tube 3D conducting, current. . . . 
flows in line, 28, thus energizing relay coil 29 and 
opening, the normally closed, contacts .. 2 to : 
de-energize, the controlled circuit 16. 
The contacts. i2. will remain open as long as 

relay. 29, is energized, which in turn is as long 
as the tube 3 remains conducting. As is well . 
known, the only way to recycle or to stop the 
trigger tube 33 from conducting, (when I. C. cur 
rent is used) is to remove the current entirely. ... 
In other words, push-button, 5 must be opened. 
to set they device for another exposure. ... 
The above-described device is very accurate ... 

-:45, 
circuit is held to a minimum. No power is ap-, ... 
plied to tube 38: and the condenser. 33 is short, i. 
circuited until the instant the timed period be. . . . 
gins, and all of the factors, controlling the charg- ..., 
ing of...the condenser 33 are accurately predeter- . 

because.tube and condenser, leakage in the timing 

mined. . . . 
The apparatus of Fig.2 includes all of the parts ... 

described in connection, with Fig. 1, with the ad 
dition of certain other parts either, to render the . . 
apparatus. more accurate, in its operation or to . 
inSure, the Safe operation thereof, under all coni ... 
ditions... All parts. which are exactly, like those... 
of Fig. 1; and which, operate as: there described... 
have been given; the same reference, characters . . . 
in Fig. 2; and further description of these features 
Will, therefore, be unnecessary. . . . . 
To insure against Voltage failure, in the timing 

circuits, a pair. of normally open contacts, 3 has: 
been provided in series, in the controlled circuit, 
0. The relay winding. 38 is connected between 

lines 23 and 24 and is so constructed and arranged... . . . 
that when the Voltage is normal in the winding 
38 it holds the contacts, 3 closed; but: on partial . . . . 
or entire failure of the voltage in the transformer . . . 
or rectifier, circuit, the contacts 37 will open auto-, ... 
matically and energization of circuit - G - under : 
these circumstances is impossible. 
A study of Fig. 1, will show that if tube 30 

should fail, the energization of circuit is would 
extend past the period.set on the timing device, 

At the time push-, ..., 

4. 
and in Fig. 2 have shown means for protecting 
the apparatus against such faulty operation. To 
this end, tube 39, similar to tube 3 but ilaving a 
slightly different, grid, is connected in parallel 
with tube 30 between the upper end of resistance 
23 and line 2:... The tap 26c for this purpose is 
close to 26a and is connected by line 45 to the 
plate 39ct of the tube 39. In series in line 8, are 
the pair of normally open contacts : under the 
control of the relay winding 8. Also in line 9 
is the relay, winding 62 which controls the nor 
mally closed relay contacts 43 which are in the 
circuit. . . . The cathode 39 b of tube 38 is con 
rected with line 25. The grid 33 c is connected 
by 44 to line 35. . . The tube 39 is so constructed 
and arranged that it becomes conducting When 
the charge on grid 3Sc. is a small a Yaount, say 
five or ten volts, higher than the charge on grid 
3 c necessay, to render the tube 3 conducting. 
At results from this construction, that upon fail 
ure of tube 33, the time period will continue until 
the charge, on condenser 33 has risen slightly 
above the normally intended value so as to build 
up a charge on grid 29c sufficient to render tube 

539 conducting. Thereupon, current flows through 
line 4, tube 39, and line 24, thus energizing relay 
winding 32 and opening the normally closed con 
tacts A3. This will de-energize circuit 3 after 
a time period but slightly longer than would have 
been the case had tube 30 been functioning properly. 

... Preferably, but not necessarily, make the relay 
points 43 of the latched-out type which I have 
indicated diagrammatically by the latch is 5. The 

is operation of this.type of relay is well known and 
results in the contacts, 43 being latched in open 
position once they are opened by the energiza 
tion of the relay winding 42. This will call the 
attention of the operator to the fact that tube 

40 39 has failed so that a new tube may be inserted 
in place thereof. The latch 43 must be manually 
reset before another operation may be p&rfarined, 
and it is assumed that before resetting this latch 
relay, the operator, will insert a new tube 33 so 
that the device is again safe against operation for 
an extended time period other than that, intended 
or expected. 
A modification of Fig.2 which may or inay not 

be used is the insertion of the Voltage regulator 
tube 46 between lines 35 and 243. This insures a 
little more, positively a constant, voltage at tap 

... .26b and insures a little more accurately that the 
.; condenser 33 will be charged in exactly the tirine 
interval Selected. . . 

Fig. 3 is like: fig. except that it illustrates the 
use of A. C. current in the timing circuits. To 
this end, the low Voltage Source. Li, 2, is coil 
nected to the primary winding 2 C, as before, but 
the secondary winding 2 d is directly across the 
lines 23, and 24. The rest of the circuits are like 
those shown in Sig. 1. and perform the same tinc 

...tions, and, therefore, have been given the same 
a reference characters. One difference in this cir 
... cuit from that shown in Fig.1 is that using A. C. 
current, across the tube 38, it night be possible 
for this tube to recycle and to go on. With the 

* ... energization of circuit. . . . if the push-button 
were held closed. . This might or might not be. 
disadvantageous. depending up Cn the circuri. 
stances. To avoid this possibility, the rectified 
current of Fig.1 may be used. 
What...claim is: 

... 1. Means for timing the period of energization 
, of a power circuit comprising means for causing 

75 : energization of Said circuit including a first relay, 

ity, 
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means for causing de-energization of Said circuit 
including a second relay, an energizing timing cir 
cuit for said second relay including in series a pair 
of normally open contacts and a space discharge 
tube of the trigger type having a control grid , 
controlling the conductivity condition of said 
tube and a source of substantially constant elec 
tric potential for said timing circuit, a condenser 
circuit including a condenser controlling the po 
tential of said grid and a source of electricity for 
charging said condenser and a short circuit for 
said condenser including a pair of normally closed 
contacts, voltage regulator means for controlling 
the potential of said electrical sources for said 
timing circuit and for said condenser circuit, relay 
means for opening said normally closed contacts 
of said condenser circuit and for closing said nor 
mally open contacts of said timing circuit, means 
for energizing said relay means substantially si 
multaneously with energization of said first re 
lay, and said second relay being responsive to 
a change in the conductivity condition of said 
tube to cause deenergization of said power circuit. 

2. Means for timing the perior of en Argization 
of a power circuit comprising means for causing 
energization of said circuit including a first relay, 
means for causing de-energization of said circuit 
including a second relay, an energizing timing 
circuit for said second relay including in series 
a pair of normally open contacts and a, Space dis 
charge tube of the trigger type having a control 
grid controlling the conductivity condition of Said 
tube and a source of substantially constant elec 
tric potential for said timing circuit, a condenser 
circuit, including a condenser controlling the po 
tential of said grid and a source of electricity for 
charging said condenser and a short circuit for 
said condenser including a pair of normally closed 
contacts, relay means for opening said normally 
closed contacts of said condenser circuit and for 
closing said normally open contacts of said tim 
fing circuit, means for energizing said relay means 
substantially simultaneously with energization of 
said first relay, Said second relay being responsive 
to a change in the conductivity condition of Said 
tube to cause de-energization of Said power cir 
cuit, a second space discharge tube of the trigger 
type connected in parallel with said first named 
trigger tube, said second trigger tube having a 
control grid connected in parallel with said first 
named control grid, said second trigger tube being 
adapted to change its conductivity condition at a 
potential of its control grid slightly higher than 
the threshold potential of the control grid of said 
first named trigger tube, a safety relay in circuit * 
with Said Second trigger tube adapted on a change 
in conductivity condition of said second trigger 
tube to cause de-energization of Said power cir 
cuit, and a pair of normally open contacts in 
series circuit with said second trigger tube and 
adapted to be closed by energization of said relay 
eaS 
3. Means for timing the period of energization 

of a power circuit comprising means for causing 
energization of said circuit including a first relay, 
means for causing de-energization of said circuit 
including a second relay, and energizing timing 
circuit for said second relay including in series 
a pair of normally open contacts and a Space dis 
charge tube of the trigger type having a control 
grid controlling the conductivity condition of said 
tube and a Source of Substantially constant elec 
tric potential for Said tinning circuit, a condenser 
circuit including a condenser controlling the po 
tential of said grid and a source of electricity for 
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charging said condenser and a short circuit for 
said condenser including a pair of normally closed 
contacts, relay means for opening said normally 
closed contacts of said condenser circuit and for 
closing said normally open contacts of Said timing 
circuit, means for energizing said relay means 
substantially simultaneously with energization of 
said first relay, said second relay being responsive 
to a change in the conductivity condition of Said 
tube to cause de-energization of said power cir 
cuit, a second space discharge tube of the trigger 
type connected in parallel wtih said first named 
trigger tube, said second trigger tube having a 
control grid connected in parallel with Said first 
named control grid, said second trigger tube being 
adapted to change its conductivity condition at a 
potential of its control grid slightly higher than 
the threshold potential of the control grid of said 
first named trigger tube, a safety relay in circuit 
with said second trigger tube adapted on a change 
in conductivity condition of said second trigger 
tube to cause de-energization of Said power cir 
cuit, manually resettable maintaining means for 
holding said safety relay in poWer-circuit-de-en 
ergizing position, and a pair of normally open 
contacts in series circuit with said second trigger 
tube and adapted to be closed by energization of 
said relay means. 

4. Means for timing the period of energization 
of a rower circuit after initial operation thereof 
including a relay for initiating operation thereof, 
two space discharge tubes, each of said tubes hav 
ing a control grid controlling the conductivity 
condition of its associated tube at a predeter 
mined threshold, a condenser in circuit with Said 
grids in parallel, electrical contact means nor 
mally short-circuiting said condenser, and elec 
trical circuit energized by said first named relay 
for opening said contact means, a source of elec 
tricity for charging said condenser, an electrical 
circuit energized by said first named relay for 
connecting said source with said condenser, a 
relay responsive to a change in the conductivity 
condition of each of said tubes for causing Open 
ing of said power circuit, and the threshold of one 
of said tubes being slightly higher than the 
threshold of the other of Said tubes, Whereby said 
tube of higher threshold is normally unoperated 
and is available for operation upon failure of Said 
tube of lower threshold. 

5. Means for timing the period of energization 
of a power circuit after initial operation thereof 
including means for initiating operation thereof, 
means for causing de-energization of said circuit 
including a relay, an energizing tinning circuit for 
said relay including in series a pair of normally 
open contacts and a space discharge tube having 
a control grid controlling the conductivity con 
dition of said tube and a source of substantially 
constant electrical potential for said timing cir 
cuit, a condenser circuit including a condenser 
controlling the potential of said grid and a source 
of electricity for charging said condenser and a 
short-circuit for said condenser including a pair 
of normally closed contacts, voltage regulator 
means for controlling the potential of said elec 
trical sources for Said timing circuit and for said 
condenser circuit, said condenser circuit includ 
ing a variable tap on its associated electrical 
Source for providing a rough time adjustment, 
said condenser circuit including other variable 
means for providing a fine time adjustment, relay 
means for opening said normally closed contacts 
of Said. Condenser circuit and for closing said nor 
mally open contacts of Said timing circuit, means 
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for energizing said relay means responsive to said Number : Name Date 
'first named means, and Said relay being respon- 1,901,628 Brainard----------- Mar. 14, 1933 
'sive to a change in the conductivity condition of 1907,279 Blomberg ----------- May 2, 1933 
Said tube... to cause de-energization of Said power 1917,418 : Almquist ----------- July 11, 1933 
circuit. is 2,020,917 Stogoff------------- Nov. 12, 1935 

. . . ACK B.A. 2,104,128 . Honaman -------- --. Jan. 4, 1938 
r 2,252,530 Sweeny ------------ Aug. 12, 1941 

REFERENCESCTE) 2,282,108 Weitmann ----------- May 5, 1942 
The following references' are of record in the 2,304,207 Richardson ---------- Dec. 8, 1942 

file of this patent: 10 : 2,384,647 Schwarzschild ----- Sept. 11, 1945 
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