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2 Claims,

This invention relates to timers and more par-
ticularly to automatic timers of the electronic
type.

An object of the present invention is to provide

8 an automatic elecironic timer having an in-
finitesimal number of time periods intermediate
fixed maximum and minimum values.

Another object of the invention is to provide in
an automatic electronic timer circuit a degenera-

10 tive discharge circuit in which the tube load is
in the cathode circuit in contrast to the so-called
pure resistance discharge circuit.

A further object of the invention is to provide
an automatic electronic timer circuit in which re-

15 producibility of any timing period is easily and
expediently accomplished.

Still a further object of the invention is to pro-
vide an automatic electronic timer device which
may be inexpensively manufactured and main-

20 tained at & minimum of cost and attention.

These and other objects are attained by the
means described herein and disclosed in the ac-
companying drawing, in which:

Fig. 1 is a diagrammadtic circuit illustrating the

25 preferred emhodiment of the circuit comprising
the present invention.

Fiz. 2 is an alfernate form ¢f circult embodying
the present inventicn.

Fig. 3 is a comparative condenser discharge

39 curve graph showing a discharge curve through a
pure resistance compared with a discharge curve
through the circuit comprising the invention.

Fig. 4 is a diagram illustrating an alternative
detail of the invention.

35  Pg. 5 is a modification forming & detail of the
invention.

With reference tc Fig. 1, a sultable source of
alternating current, not shown, is adapted to be

. electrically connected toc the circuit shown

40 through a suitable plug i, having suitable con-
ductors 2 and 3 leading therefrom. A current
will flow through conductor 2, through a suitable
voltage dropping resistor 4 to cathode heaters §
of a suitable voltage doubler tube 6. Cathode

45 heaters 5 are in series with the cathode heaters 7
and 8 of tubes 9 and 10 respectively, being elec-
trically connected thereto by conductors f{ and
§2. This circuit is completed back to the source
of voltage at plug | via conductor 3.

50  When cathodes 5, T and 8 are heated to the
proper temperature, the circuit is ready for op-
eration. It should be noted that in alternate
half cycles current will flow through conductor 2,
through conductors 13 and (4 to plate I5 of tube

55 6, through said tube to cathode 16, conductor 17,

(CL 175—320)

to electrolytic condenser 8 thence through con-
ductors 19 and 3 back to the plug {. Condenser
18 will thereby be charged with the polarities in-
dicated in Fig. 1. On the other alternate half
cycles, current will fiow from plug i through con-
ductors 2 and 20 to electrolytic condenser 2¢,
thence via conductors 22 and 23 to the second

. plate 24 and cathode 25 of tube §, through con-
ductor 26 back to plug §, as shown.

Condenser 2f is charged with polarities indi-
cated on the circuit diagram. This circuit will
hereinafter be referred to as the power supply
circuit.

As the impressed voltage scross condenser (8
builds up, current will start to flow through con=
ductor 27, through relay coll 23, conductor 29, to
plate 80 thence to cathode 3! of tube 18, thence
through s suiteble cathede resistor 82, to con-
ductors 3 and 19 back to the other side of con-
denser 8.

At some point, before the voltage scross con-
denser {8 reaches a constant or steady value,
enough current will flow through relay coil 28 to
operate sald relay by closing contacis 93 end
opening contacts 34. Contacts 23 are normally
open and contact poinits 34 are normally cicsed
as well known {o the art.

It should ke noted that when the voliage on
condenser (8 resches o sieady value, that the
current fowing through tube (0 will be limited
only by the self-biasing action of lis Sow through
cathode resistor 32 and the efiect of having con-~
denser 3% in the grid cirecuit of tube 6. This
circuit is hereinafter referred t0 as the outpub
control circuit.

This current fiow through conductors 27 snd
29 is sufflcient {c energize relay coil 28 whereby
the normally open relay contacés 33 in the con-
denser charging circuit are closed, and simulia-

neously therewith contacts 34 in the normslly 4

closed load circuit are opened, thereby breaking
or opening said load circuit. The load circuit
comprises conductors § and 36 through contacts
34 of relay coil 28, conductors 37 to the load, said
circuit being completed back to plug { via con-
ductors 38 and 13. It should be noted that this
load circuit may be completed through s suiteble
switch such as-39 in which event said load circuit
is not effected by operation of relay coli 28.

To initiate a timing cycle, the operator closes
a suitable push button switch 40 thereby permit-
ting current to flow from condenser 2{ through
conductors 20, 3, and 41, to condenser 28, the cir-
cuit being completed through conductors 141, 42,
and 43 to contacts 33 of the relay, thence through
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conductor 44 to switch 40 thence through con-
ductor 45 through variable resistor 46 back to the
other side of condenser 21 via conductor 22. 'This
charges the condenser 385 with the polarity as in-
dicated in Fig. 1. This circuit is hereinafter
referred to as the condenser charging circuif.

As condenser 35 becomes charged a negative
bias will be impressed on the grid 47 of tube {0
through conductors (48 and {49. This produces
a cut-off current in tube {0, which results in 2
deenergization of relay coil 28. Contacts 34 of
said relay will then be free to close to their normal
position thus completing the load circuit and
commencing the timing interval. Simultaneously
with the closing of contacts 34, relay contacts
33 will open to their normal position thereby
interrupting. the charging cycle of condenser 3%.
Due to the inherent inertia of the contfacts 33,
they will remain closed for an infinitesimal period
of time after the cut-off of current occurs in {ube
18. Since the inertia effect of the contacts is
constant, the time during which condenser 38
is charged will be accurately and faithfully re-
produced and repeated every time. Since the
time of charging condenser 38 is thus accurately
controlled, the quantity of charge thereon can
also be controlled by varying the setting of vari-
able resistor 46. Variable resistor 48 provides a
very convenient means for compensating for nor-
mal variations found in production, thus greatly
simplifying the tesk of calibration. As soon as
2 pofential appears across the plates or con-
denser 35, current will commence to flow through
conductors 41, 3 and 48 to plate 49 of tube 8.
This circuit hereinafter referred to as the con-
denser discharge circuit, is completed to con-
denser 35 through cathode 58, conductor §i,
through suitable resistors 52 and %8 and conduc-
tor 141, This current will continue to flow until

‘condenser 38 is completely discharged and the

potential of said condenser will vary as shown
by curve A in Fig. 3. At some point just before
condenser 35 is completely discharged, the nega-
tive bias impressed on grid 47 of tube 10 will
have been reduced tc such a value that enough
current will again flow through tube 10 and
relay coil 28 to operate said relay whereby con-
tacts 33 are closed and contacts 34 are opened,
thereby opening the Icad circuit. This termi-
nates the timing cycle and resets the eircuit for
the next operation.

The amount of current that flows through tube
9 and resistors 52 and 53 will, in each instance,
depend upon the potential across condenser 35,
the resistance of the sum of resistors 52 and 53,
and the characteristics of tube 8. Due tc the
degenerative effect of the voltage drop in resistors
52 and 53, it can be seen that only a very small
amount of current will be permitted to flow
through the tube 8 with a given potential across
condenser 35, for any ziven type of tube 8§ that
may be used. Under these conditions the amount
of current flowing and therefore, the rate of
discharge of condenser 35, can be accurately con-
trolled by varying the resistance of the varlable
resistor 52. Since the potential drop across re-
sistors 52 and 53 cannot exceed the grid potential
at which current cut-off occurs in tube 9, for
a given potential on condenser 35; it can be seen
that a much smaller resistance 52 and 53 can be
used to attain a definite condition of discharge
than if a pure resistance and no electronic tube
such as 9 is used.

Referring now to Fig. 3, it can be seen that by
the use of a tybe such as 9, in the condenser
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discharge circult that the amount of resistance
required to reach a deflnite operating point 54 is
approximately 14% of that required when no
such tube is used in the circuit. Still referring
to Fig. 3, it can be seen that the discharge curve
is considerably straightened out away from the
exponential form found with a pure resistance,
as indicated by the broken curve B, whereby the
slope of curve A at the operating point 54 is

much greater when a tube such as 9 is employed.

than when just a pure resistance is used. The
fact that the rate of change of voltage across
condenser 35 with respect to time is greater with
the circuit using a tube 9, greatly improves the
resultant accuracy over those circuits in which
no such tube is used.

The combined resistance of resistors 52 and 53
can be smaller than that required in present day
commercial timers using pure resistors in the
condenser discharge circuit, and therefore tim-
ings up to several minutes duration can be at-
tained with a circuit by using the commercial
so-called “volume control” type of resistances
which normally are not manufactured in sizes
greafer than 10 megohms. Since one variable
resistor can be used to cover the entire time range
desired, it is possible to attain a continuous or
infinitesimal range of timings between given
maximum and minimum points, thereby elimi-
nating the labor of assembling the multi-tapped
switches now in use. Such tapped switches re-
quire tedious calibrating for each resistance unit
comprising the tapped switch.

In practice, calibration of the timer circuit
hereinabove described is accomplished by using
2 resistor 33 having known characteristics to
establish the minimum timing period desired and
of then setting variable resistor 52 to the maxi-
mum value. A suitable pointer (mot shown)
secured to the shaft of the variable resistor 52
is then set to indicate the maximum time period
on a suitable marked time scale (not shown).
Variable resistor 48 is then adjusted to increase
or decrease the amount of charge impressed on
condenser 35 until the desired magimum time
value is obtained. Variable time control resistor
32 is then set to the minimum time value desired
and various values of resistor 53 are tried until
the desired minimum time period has been ob-
vained. The calibration is now complete and the
intermediate points between: the maximum and
minimum may be correctly and easily calibrated.
It should be understood that variable resistor 52
may consist of one or more combinations of
variable resistors to give whatever range of time
is desived.

An alternate form of power supply is shown
in Fig. 2 in which a battery 68 and battery §i
are utilized to replace voltage doubler tube &,
condenser 18 and condenser 2{ of Fig. 1. The
cathode heaters 7 and § of tubes 9 and 0, are
now heated by means of a suitable battery 62
placed in series with each as shown. This circuit
operates and controls the timing circuit on the
same principles as hereinabove described for the
circuit shown in Fig. 1.

A modified circuit for charging condenser 35
is shown in Fig. 4, in which variable resistor 486,
push button switch 40 and relay contacts 33 are
replaced by a single pole double throw non-lock-
ing push button switch 63. When switch 63 is
pressed, condenser 35 is charged to the full poten-
tial of its source. The timing cycle and the dis-
charge of the condenser will not commence until
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that this method is not the preferred one since
It does not afford the ease of calibration present
when variable resistor 468, switch 40 and the
relay contacts 33, shown in Fig. 1, are used.

In the alternate circuit shown in Fig. 5, the
circuit has been adapted to use a gas filled tri-
ode 718 in lieu of relay contacts 34 for controlling
the load circuit. In the circuit shown in Fig. 5,
the flow of current through resistor 71, main-,
tains a negative bias on tube 70 of such a magni- |
tude that the voltage supplied by the secondary -
12 of suitable transformer 13, is not sufficient to
form a conducting path through tube 70. When
cut-off of current occurs in tube 10, Fig. 1, and
through resistor Ti, Fig. 5, the grid voltage on
tube 70 becomes zero and current is allowed to
flow through conductor 138 to tube 10 and wire
37 back to the load. The return circuit Is com-
pleted through wire 38 back again to the second-
ary 12 of transformer 13. The primary 14 of
transformer 13 is energized by any suitable
source of A. C. current, not shown. If should be
understood that relay coil 28 is still utilized fo
operate contacts 33 of the condenser charging
circuit.

As used herein the term degeneration or de-
generatively applies to feed back.

From the foregoing, it is apparent that I have
provided a fully automatic electronic timer in
which one variable element, (variable resistor
46) may be utilized to compensate for any differ-
ences in the circuit constants, viz., tubes 9 and 10,
resistors 52 and 53 and condenser 35. This
feature greatly simplifies the time required to
calibrate electronic timers, since each timer
must necessarily, because of the allowable varia-
tion in tubes, resistors and condensers, be in-
dividually calibrated.

I have likewise provided by simple, readily
available means, an electronic timer in which the
discharge characteristics of the condenser in the
“time circuit” have been improved by placing a
suitable multi-element tube, in series therewith,
whereby said condenser is discharged with im-
proved characteristics han would be the case if
a pure resistance were used, as is now customary.
This feature greatly improves the accuracy of
reproducibility of timing cycles or periods, as
shown graphically in Fig. 3.

It should also be noted that by reason of multi-
element tube 9 in the timer circuit, a smaller re-
sistance may be used than would otherwise be
necessary to obtain an equal timing interval.
This is a distinct advantage since it permits the
use of the commercial “volume control” type con-
tinuously variable resistors. These commercial
resistors are usually manufactured in the mag-
nitude of 3 megohms.

Experiments have shown that a 3 megohm va-
riable resistor 52 will produce time periods up to
several minutes when the capacity of timer con-
denser 35 is but-one microfarad.

It should also be noted that these advantages
of my discharge timing circuit are based pri-
marily on the regenerative action which resulis
from placing the tube load in the cathode cir-
cuit whereby the constant current discharge
principle is used.

What is claimed is:

1. In an electronic timer of the class described
comprising a power supply circuit, a condenser
charging circuit, a condenser discharging cir-
cuit and an output control circuit, said condenser
charging circuit comprising a manually operated,
normally open switch and a pair of normally

3

open electrically operable contacts and a con-
denser, said; condenser adapted to be impressed
with a charge from said power supply circuit
when said manually operable switch is actuated,
sald output ‘control circuit comprising a tube in-
cluding a plate, grid and cathode and a curtent
responsive means in the plate circuit thereof,
said output control circuit being normally ener-
gized from a suitable source of power for closing
said normally opén contacts in sald condenser
charging circuit and for normally maintaining
an open load circuit, said condenser discharge
circuit comprising an electron tube including
a plate, grid and cathode having a resistance in
the cathode circuit thereof, the negatively
charged terminal of said condenser being elec-
trically connected with the grids of each of said
tubes, the positively charged condenser terminal
being connected to the plate of the condenser dis-
charge circuit tube and to the cathode of the
tube in said output control circuit so that as the
charge builds up on said condenser, a negative
bias is impressed upon the grid of the output con-
trol circuit tube for reducing the current flowing
through said current responsive means in the
plate circuit thereof for closing said normally
open load circuit and of simultaneously opening
said electrically operable contacts in said con-
denser charging circuit to disconnect said con-
denser from said power supply circuit, the charge
upon said condenser being dissipated through
“said discharge circuit, the rate of condenser dis-
charge being governed by the amount of resist-
ance in the cathode circuit of the tube in said
condenser discharge circuif, current flow being
re-established to said current responsive means
as the negative bias impressed on the output
control circuit tube is decreased by the discharge
of said condenser through said condenser dis-
charge circuit to open said load circuit and to
simultaneously close the normally open elec-
trically operable contacts in sald condenser
charging circuit.

2. In an electronic timer of the class described
comprising a power supply circuit, a condenser
charging circuit, a condenser discharging circuit
and an output control circuit, said condenser
charging circuit comprising a variable resistor, a
manually operated, normally open switch and
a pair of normally open electrically operable con-
tacts and a condenser, said condenser adapted to
be impressed with a charge from said power sup-
ply circuit when said manually operable switch
is actuated, said output control circuit compris-
ing a tube including a plate, grid and cathode
and a current responsive means in the plate cir-
cuit thereof, said output control circuit being
normally energized from a suitable source of
power for closing said normally open contacts in
said condenser charging circuit and for normally
maintaining an open load circuit, said con-
denser discharge circuit comprising an electron
tube including a plate, grid and cathode having a
resistance in the cathode circuif thereof, the neg-
atively charged ferminal of said condenser being
electrically connected with the grids of each of
said tubes, the positively charged condenser ter-
minal being connected to the plate of the con-
denser discharge circuit tube and to the cathode
of the tube in said output control circuit so that
as the charge builds up on said condenser, a
negative bias is impressed upon the grid of the
output control circuit tube for reducing the cur-
rent flowing through said current responsive
means in the plate circuit thereof for closing
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