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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-
vide 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 10 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, {o Ed-
win R. Goldfield et al., my circuit 10 of the pres-
ent application might well be used to energize the
relay 1T 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 17 would be de-

energized and the contact member 16 of the Gold- .
field et al, patent would automatically open ang .
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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 10 is a pair of normally open
contacts 1 (which are closed at the beginning
of a timed period) and a set of normally closed
contacts 12 (which are opened to terminate a
timed period). To a suitable low voltage source
1, L2, are connected lines 18 and i4. In one
of these lines is placed the manually controlled
push-button {5 whose associated contacts 16 are
normally opened, and closed only so long as the
button {5 is held down. Connected between lines
i3 and 14 is a relay coil 17 which confrols the
contacts {I. A second relay coil {8 is connected
between lines (3 and i4 for the purpose of con-
trolling two sets of contacts, namely 19 and 20,
as will later appear. )

The circuit for controlling the timing opera-
tion -comprises a transformer 2i having a pri-
mary 2la energized from the source La, L, and
two secondaries 215 and 2ic. A known rectifier
circuit is illustrated comprising the rectifier tube
22 :whose plates 22a¢ and 22b are connected with
opposite ends of the transformer winding 210
and whose cathode 22¢ 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
25 is connected between lines 23 and 24, and ‘a
voltage regulator tube 27 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 confacts 12,
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 365 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 19 is connected by -
line 81 to line 24. The other of the contacts I8
is connected by line 82 to line 24 and in this
line is provided the condenser 33. The voltage

across condenser 33 is supplied from tap 26b on = .
) resistance.. 26 .-through. variable resistance .34, .. .:
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The charge on grid 38¢ is provided through line
35 in which is found the resistance 28.

The operation of the device of Fig. 1 is as
follows:

An exposure is started when push-button I8
is manually closed to energize the relay {7 which
thus closes the normally .open contacts {i and
completes the. circuit .16,
button 15 is closed, it energizes the relay coil
18 also. This opens the nermally closed contacts

At the time . push-

1

19, which up to this moment have kept the con- ..

denser 33 short circuited. A charge then begins
to build up on condenser 33

adjustable to give a rough time adJustment),
(b) by the capacitance of condenser.3

is adjustable to give a finer time adjustment..-
At the moment the relay.coil {8 opened the

contacts-15,.it also closed the normally: open con- ...«
...the charge. on condenser

tacts 20 . This placed the substantially constant

potenma‘ between tap 26a and line 24, across.the
- This is .a trigger-tube as. Irwntlm'\ed,',T
above and. is non- conducting until the charge on..
It
will be: noted.that there:is no- potential across ..

tube .30,

the grid 30c.rises t0.a predetermined . value.

and the. charging. .
rate of this condenser is determined by (a) the-
potential between tap 266 and line 24. (this is...

u and (c) i
by the value of the variable resmtance 34 which

.control of the relay winding 1§.
Js the relay winding 42 which controls the nor-

clireuit 48, .
rected.with line 24,

the charge, on grid 3%¢.is a

4
and in Fig. 2 T have shown means for protecting
the apparatus against such faulty operation. To
this end, tube 38, similar to tube 26 but having a
slightly different grid, is connected in paraliel
with tube 38 between the upper end of resistance
28 and line 24. The tap 28c for this purpose is
close to 28 and is connected by line 48 to the
plate 39a of the tube 85. In series in line &8, are
the pair of normally open contacts 4! under the
Also in line 48

mally closed relay contacts 43 which are in the
The cathode 286 of tube 3% is con-
The grid §%¢ is connecied
by 46 to.line 35.. The tube 39 is so constructed
snd arranged that it becomes conducting when
small arcount, say

" "five or ten volts, higher than the charge on grid

20

38c neeessary. to render the tube 38 conducting.
1t results from this construction, that upoen fail-
ure of tube 83,.the tima period will continue untii
23 ‘has risen slightly

..above the normally intended value so as to build

25789
line 48, tube 39, and line 24 thus energ
+»winding- 42 and. opening. the -normally closed con-

the tube 20 uptll the moment. a, timing operaticn .

begins:: -

When the condenser. 33.is charged sufficiently. .
to bring the.grid 38c to: the threshold point neces-.-
30. conducting, current-- ..
- points 43 of the-latched-out type which I have
~indicated diagrammaftically by the latch 45.

sary 1o, render. the tube

flows.in line. 28 thus energizing relay coil-29 and. .
!? . LO 3

opening. \th,e norma,lly closed -, contacts
de-energize ,the. controlled cn'cuwt 8., .-
The contacts 42

tr1gge1 tube 23:from conducting. (When D. C. -cur-

to set-the. devwe for .another exposure.

-will: remain open as long as .
relay ..29. is. enelglzed which iin turn s as long .
as the, tuke 30 remains gonducting. - As is -well
known the only way to recycle or. to Stop. the.

-used) is.to remove the cwrrent entirely. ...
In other words, push-button. {5 must .be. -opened: .

40

The above-descrlbed devme is wery accuratr’--.

because.tube and .condenser leakage in the timing

circuit:is held to a minimum. No power is ap~. ..

plied .fo tube 88.and the.condenser.33 is.short

circuited.until the instant the timed:period. be--

gins, and. all of the factors controlling the.charg- ...,

ing of.the condenser
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.

28 are.accurately predeter- ..

60

- results.
.. position once they are opened by the

An place thereoi..
:reset before another operation may he performed,

and it is assumed that before rese
wrelay, the. operator. will insert 2 new tube 30 so

up a c‘mlge on grid 2f%e-sufficient to render tubs
39 conducting. - ~Thereupen, current fows through
izing relay

tacts 43. This will: de~energize circuit 18 after
a time period.but slightly longer than would have

-been the case had fube -3¢ heen functioning
.properly.

Preferably, but not necessarily, I malke the relay

Thie
operation of this.type of relay is well known and
in the contacts 43 being latched in open
energiza-

tion of the.relay.winding 42. This will call the

-attention of the opsrator to the fact that tube

38 has failed so.that a-new tube may be inserted
The latch 48 mush be manually

tting this latch

that the device is again safe against opsration for
an extended time period other than that intended

. OF ex pected

A modlﬁcation of . Fig.-2 which may or may not

~be used is the insertion.of the voltage regulator

tube 46 between lines 85 and 24. Fhis insures a
little more. positively a .constant voliage at tap
28b and:insures a little more accurately that she

v condenser 83 will be charged in exactly the time
.. interval. selected...

55,

insure. the .safe operation thereof under all con-

ditions...

All parts which.are exactly. like those

of Fig. }: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..27 has:
been provided in:series.in:the controlled. circuit: ..
The relay ,winding: 88 is connected between .

60.:

1,

Fig. 3:s.like Big. 1 excep} that it iMlustrates the

use of -A. C. current in the timing eircuits. To

.this end, the low voltage source Li, Lz, is con-
-nected.fo.the primary winding 2ig as before,

but
the secondary winding £id is directly across the
lines 23-and 24.. The rest of the circuits are like
those:shown in Fig. 1.and perform the same fune-

-tions, and, therefore, have been given the same

. reference characters..
~ cuit from that shownin Fig. 1 is that using A, C.
L-eurrent.across the tube 88, it might be possible

lines 23 and.24 and is so.constructed and-arranged......
-~ energization. of circuit {g.if the push-button 5

that when the .voltage is normal.in the winding

38 it holds .the contacts 37 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 -48:under ..

these scircumstances is- impossible, .

A study.of;Fig, 1. will show that if,tube 30 .

should..fail, the energization, of circuit 18 .would. -
extend.past the.period.set: on the. timing device,..

.disadvantageous. depending upcn
. stances..

One difference in this cir~

for this tube to recycle and to go on with the

were ‘held closed. . This might or might noi be
the circum-
-To avoid this possibility, the rectified
current of Fig. 1 may be used.

WhatI:claim is:

1. Means for timing the period of energization

.+0f a power-circuit .comprising means for causing
' -energization:of said:circuit including s first relay,
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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
cireuit 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 ovening 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 re'ay being responsive to
a change in the conductivity condition of said
tube to cause deenergization of said power circuit.

2. Means for timing the period of enargization
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 cireuit 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-
ing circuit, means for energizing said relay means
substantially simultaneously with energization of
sald 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 ftrigger
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
means.

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 g source of substantially constant elec-
trie potential for said timing circuit, a condenser
circuit including a condenser controlling the po-
tential of said grid and a source of electricity for

15
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‘charging said condenser and a short eircuit 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
potentia]l 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 nower 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 ifs 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 overation 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 cperation thereof,
means for causing de-energization of said circuit
including a relay, an energizing timing circuit for
said relay including in series s pair of normally
open contacts and a space discharge tube having
a confrol 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 s 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



2,453,486

7
for energizing said relay-means responsive to said
Afirst named means, -and said relay being respon-
-sive to-a change in the conductivity condition of
said tube-to cause de-energization of said power
-circuit. .
- JACK BALL.
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