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The invention relates to electrical circuits in
which high impedances are involved.

Electronic tubes are often arranged in electrical
circuits in which high impedances, in the order
of megohms, are connected to an electrode of the
tube. While electronic tubes of only two elec-
trodes may be employed in such circuits, it is more
usual to employ tubes of more than two elec-
trodes, one of which is a control electrode, usually
in the form of a grid, to which the high imped-
ance is connected. Such high impedance net-
work may be associated with a low impedance
network for purposes of control. However, there
may be current flow between the high impedance
network and the low impedance network as for
example due to the open circuit impedance of a
connecting circuit or of the low impedance net-
work which would affect the high impedance net-
work in such way as to have undesirable effects
upon intended operations. For example, where
the charge on a condenser is being utilized in g
high impedance network for controlling the grid-
cathode potential of a controlled electronic tube,
the impedance under open circuit conditions of
a circuit leading to the condenser may have a
considerable effect on the condenser charge and
thus may adversely affect the grid control of the
tube.

The object of the invention is to prevent the
flow between a high impedance network and g
low impedance network of unwanted current
which would adversely affect the desired func-
tioning of the high impedance network.

The invention involves isolating a high imped-
ance network from an associated low impedance
network so as to prevent the flow of leakage or
stray currents which would interfere with the de-
sired operation. More specifically, an isolating
electronic tube having an extremely high and
uniform resistance when extinguished and which
basses current freely when conducting is con-
nected at such point between the high imped-
ance network and the low impedance network
that it prevents any unwanted effect upon the
control of a controlled electronic tube.

The invention is applicable to alternating cur-
rent circuits, to direct current circuits, or to a
combination thereof. For the most part however,
the invention will be considered in connection
with direct current circuits. Also, while the in-
vention is of general application gnd will be so
described, it will also be described as applied to
control circuits in which condensers are utilized
in timing the change of potential difference ap-
plied to an electronic tube. There are various
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arrangements of timing circuits in which con-
densers may be thus utilized. In some arrange-
ments, the timing is obtained by controlling the
rate of charging of a condenser by the value of
resistance in the charging circuit, in others by
controlling the rate of discharge of a condenser
by the value of resistarnce in the discharge circuit,
In many instances in which these arrangements
are utilized to control the potential difference
applied to an electronic tube, as for example to
control the potential difference between the con-
trol electrode (hereinafter referred to for conven-
ience as a grid) and cathode of the tube, these
resistances are of high chmic value, usually in
the order of megohms. Where such high resist-
ances have connections to control circuits, leak-
age resistance in these control circuits as for
example the resistance across open switch con-
tacts, may affect the operation. In applying the
invention to such circuits, the isolating electronic
tube may be provided in the condenser charging
circuit or the condenser discharge circuit, depend-
ing upon the arrangement of the various circuits
and the manner in which the condenser is being
utilized,

In the embodiments shown, the isolating elec-
tronic tube is illustrated as a two electrode gas
filleq tube. It is preferred, especially where the
controlling circuits to which the high impedances
are connected run to some remote point, to gr-
range this tube and the high impedance circuits
as a unit, suitably enclosed to protect against
moisture and dirt and to shield it against stray
electrostatic and electromagnetic effects. In
timing circuits, the isolating tube may be ar-
ranged along with the condenser, the condenser
timing resistance and controlled tube as g unit,
with the unit arranged for connection to cther
circuits. In certain circuit arrangements, this
unit may embody other elements, such as auxil~
iary resistances. :

Circuit arrangements are shown in which the
charging of a condenser is utilized in timing the
change of potential difference between a pair of
electrodes of g controlled electronic tube. In the
embodiments of these arrangements which are
illustrated, the isolating tube is connected in the
discharge circuit for the condenser. In this posi-
tion the isolating tube acts in lieu of switch con-
tacts to control the condenser discharge circuit
and insures an extremely high and uniform re-
sistance in this circuit under open circuit condi-
tions. A direct current voltage source is utilized
in association with the isolating tube and con-
denser to cause sufficlent voltage to be applied
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to this tube to effect the discharge of the con-
denser to a low value. This source is illustrated
as in the form of a resistance connected across
the charging source and adapted for connection
of an adjustable portion thereof in the discharge
circuit. Such resistance arrangement will here-
inafter be termed a potentiometer resistance.
Also, resistance is provided which is of such value
and is connected in the circuits in such a way
as to prevent any appreciable effect on the con-
denser charging due to any leakage under open
circuit conditions across contacts controlling the
condenser charging circuit. With such arrange-
ment, a uniform timing operation for control of
the grid potential of the controlled tube is
assured.

A circuit arrangement is also shown in which
the discharging of a condenser is utilized in tim-
ing the change of potential difference across the
grid-cathode of the controlled tube. In the em-
bodiment of this arrangement which is illus-
trated, the isolating tube is located in the charg-
ing circuit for the condenser. It is also in an
auxiliary discharge circuit provided to cause dis-
charge of the condenser to a uniform voltage
value for the start of the timing operation, this
value being determined by the voltage at which
the isolating tube becomes non-conducting. In
this position, the isolating tube when it is ex-
tinguished provides a gap of extremely high and
uniform resistance in the condenser charging cir-
cuit and guxiliary discharge circuit. A resist-
ance is connected in the charging circuit for the
condenser at such point as to prevent a short
circuit on the line when the auxiliary discharge
circuit is closed. This resistance is of such value
as not to delay appreciably or prevent the desired
charging of the condenser due to leakage resist-
ance of the auxiliary discharge circuit when this
circuit is open.

Modes of carrying out the invention and vari-
ous features and advantages thereof will be
gained from the above statements and from the
following description and appended claims.

In the drawings:

Figure 1 is a schematic wiring diagram of cir-
cuits illustrating generally an application of the
invention; .

Figure 2 is a diagrammatic illustration of a unit
for controiiirig the chianze of orid notential of an
electronic tube by the charging of a condenser;

Figure 3 is a diagrammatic illustration of the
unit of Figure 2 connected to other circuits in
which the engagement of switch contacts starts
the charging of the condenser;

Figure 4 is a diagrammatic illustration of the
unit of Figure 2 connected to other circuits in
which the separation of switch contacts starts
the charging of the condenser;

Figure 5 is a diagrammatic illustration of the
unit of Figure 2 in which the condenser energy
is utilized to act through an electronic tube to

" cause momentary functioning of a translating de-

vice;

PFigure 6 is a schematic wiring diagram of cir-
cuits in which the change of grid potential of
an electronic tube is controlled by the discharge
of a condenser; and

Pigure 7 is a set of curves illustrating the ac-
tions which take place in the circuits of Fig-~
ure 5.

Referring to Figure 1, the arrangement there
illustrated is for the purpose of setting forth
the invention as applied to circuits in general. It
will be understood that there are many different
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circuit arrangements to which the invention is
applicable and that the manner in which the in-
vention is applied depends upon the partiular
circuit arrangement. Thus, the circuits of Fig-
ure 1 do not serve as a basis for explaining all
possible applications of the invention but do ad-
mit of an explanation of the principles involved.
The circuits shown are for controlling grid po-
tential with respeet to cathode of a controlled
electronic tube, designated CTB. This tube is il-
lustrated as a three electrode tube and may be
either gas filled or high vacuum type. The anode
of this tube is designated ANB and the grid is
designated GRB. The cathode of the tube is
designated CAB and may be of the type indirectly
heated by a filament (not shown), the directly
heated type or cold cathode type, depending upon
the particular circuit requirements. While the
controlled tube may be supplied with and/or con-
trolled by alternating current or direct current,
direct current supply will be assumed. Three
supply lines are illustrated to enable a negative
potential on the grid with respect to the cathode
to be obtained when desired. Accordingly, these
supply lines are designated, +, = and —, = line
being negative with respect to line + and positive
with respect to line —. A potentiometer resist-
ance PRA is connected acrosg lines -4 and — the
grid GRB is connected to an adjustable point on
this resistance as indicated by arrow D. The
plate circuit of the controlled tube extends from
line +, through switch contacts J, a translating
device X, plate ANB, cathode CAB to line =.
Switch contacts A and B are connected in series
by wire WA across lines -+ and —, and a point
between these contacts on wire WA is connected
to an adjustable point indicated by arrow E on
potentiometer resistance PRA.

While the potentiometer resistance PRA may
in certain applications be of relatively low ohmic
value, in other applications it would be of high
ohmic value in the order of megohms. In such
event an isolating tube ITA is provided in the
connection between wire WA and arrow E. The
isolating tube ITA, the controlled tube CTB and
resistance PRA are positioned in close proximity
and preferably arranged as a unit which may be
enclosed to protect against moisture and dust and
to shield against extraneous eclectrostatic and
electromagnetic effects. The isolating tube is
preferably o simple gas filled two electrode tube
with its electrodes designatcd =7 and BLB,
However, it may be of the type having one ele-
ment a cathode and the other an anode, or may
be of a greater number of electrodes in which
event a high vacuum fube may be employed in
certain applications as by controliing the flow
of current therethrough by controlling the grid
voltage or by placing a bias on the grid to give
the tube cut-off characteristics. Also where
tubes of more than two elements are employed,
only two of the elements may be utilized as for
example the grid and cathode. Therefore, it is
to be understood that in a general sense g two
electrode tube as referred to herein is meant a
tube of two or more electrodes, but two of which
are utilized in the isolating circuit. A second
potentiometer resistance PRB is provided for
fixing the potential on the low impedance side
of the isolating tube when contacts A and B are
open. The isolating tube and the wire WB are
connected to a point on this resistance by arrow
F adjustable so that when contacts A and B are
open substantially ne potential difference exists
on the two sides of the isolating tube due to the
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potential drops across corresponding portions of
potentiometer resistances PRA and PRB. Re-
sistance PRB is of relatively low ohmic value so
as not to be appreciably affected by any parallel
leakage resistance across contacts A and B.
With such arrangement, the isolating tube iso-
lates the high impedance network to the right
of this tube from the low impedance network to
the left of the fube.

In operation, assume thai controlled tube CTB
is a hot cathode gas filled tube and that the ar-
row D is adjusted to such point on resistance
PRA gs to provide a bias on grid GRB with re-
spect to cathode CAB to prevent the firing of
the control tube. To fire the tube, contacts A
are closed to short circuit the portion of resist-
ance PRB between line -~ and arrow F. Thus
a by-pass circuit is established through contacts
A and isolating tube ITA for the portion of re-
sistance PRA between line -4 and arrow E and
the isolating tube becomes conducting. Arrow
E is positioned so that this raises the potential
of the grid with respect to cathode of the con~
trolled tube to a point sufficient to fire the tube.
The voltage drop between arrow E and line —
being the voltage drop across lines 4+ and —
less the voltage drop across isolating tube ITA,
arrow E is positioned so that the potential drop
between arrow E and line — is such that, for the
position of arrow D, the grid potential with re-
spect to cathode is raised to the desired value.

It is believed that it will be understood from
the above description that the controlled tube
may be fired in other ways. For example, in case
of the hot cathode tube the arrows could be
positioned so that the separation of contacts B
would raise the grid potential with respect to
cathode to a point sufficient to fire the controlied
tube. Also, the grid potential with respect io
cathode of a cold cathode tube may be similariy
controlled by proper positioning of the arrows.
Contacts J are included for breaking the plate
circuit of the controlled tube, which puts out
the tube. A high vacuum controlied tube may
be controlled in similar ways to vary the current
flow in the plate circuit.

If isolating tube ITA and potential fixing re-
sistance PRB were not provided, in case the con-
trolled tube is a gas tube or a high vacuum tube
with cut-off characteristics and is rendered con-
ductive by the closing of coniacts A, leakage re-
sistance between line - and wire WB when con-
tacts A are separated might be sufficiently low
relatively to the resistance of potentiometer re-
sistance PRA between line + and arrow E to
cause unwanted conduction of the controlled
tube. Similarly, if the conduction is controlied
by the separation of contacts B, leakage resist-
ance between wire WB and line — might be
sufficiently low to prevent the controlled tube
becoming conductive. Similarly, in case the con-
trolled tube is a high vacuum tube of other char-
acteristics, such leakages might prevent the de-
sired control of the current flow through the
controlled tube. However, with the isolating tube
and resistance PRB provided, such leakage re-
sistances can not cause the isolating tube to be-
come conductive so that they have no effect upon
the control of the controlled tube,

Reference may now be had to Figures 2, 3, 4
and 5 which show circuit arrangements embody-.
ing the invention in which the functioning of a
gas filled controlled tube CTD is timed by tim-
ing the charging of g condenser CN. ‘The con-
denser is connected in series with timing re-
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5 static and electromiagnetic effects.

sistance RC io ¢
denser charge. “he grid-caihnde
controlled tuhe is connecied ac
5o that the building up of the
respect to cathode to b
layed by ths delay in bu
the condenser. S8inece the potentisl dron across
the grid-cathode Iz being controlled, resistance
RC is of high chmic value, in the order of meg-
ohms, The grid of the conirolled tube ig deg~
ignated GRD, the anode AND snd the cathode
CAD. An isolating tubs ITC is provided in the
condenser discharge circuil, A potentiometsy ra-
sistance PRC is provided in conjunciion with the
isolating tube for counirolling ths discharging of
the condenser. The isolating tube is connected
between the point of connection of grid GRD,
condenser CN and fiming resistance RC and gd-
justable point G on the potentiowmeter resistance,
Also a protective resistance Ry is provided, this
resisiance being of relatively low ohmic value.
These elements ave arranged as a unib and en-
closed as indicated by ¥ to ssal against moisture
and dirt and {o shield against extransous electro-
The unit dig-
connected from external circuits is diagrammat-
ically shown in Figure 2.

The unit is arrangsd for use with external
control circuits in which either making or break-
ing contacts are available for the control operg-
tion. To facilitate connection of the unit in
either control arrangement, terminals T4, TH,
TC, TD, TE and TF are provided., ‘Terminals
TA and TC are for conneciion to a source of di-
rect current, ferminal TA being counnected 1o
thie positive supply line and terminal TC io the
hegative supply line in the civcuit arrangements
llustrated. Potentiometer resistance PRC is
connecied across terminals TA gnd TC., As the
potentiometer resistance is used to provide a volb-
tage to maintain conduction in the isolating tube
during discharge of the ¢ othey sources
of direct current may be a1 1 such as o bab-
tery connected betwesn the isclating tube and
either supply Hne. 'Timing resistsnce
nected between terminal TA and the side of the
condenser conniected to the grid of the controlled
tube. The cther side of the condenser is connech-
ed to terminal TE along with one eng o? ST
ance RD., The cother end of resists
connected to terminal T, “Fhe anode
controlled {ube is connected to ferminal 7
the cathode to terminal T¥. 7The cir
shown without provision for s bias of the grid
with respect to the cathode. It is to be under-
stood, however, that a bias may be provided when
desirable for certain types of tubes. In the ease
of a thyratron for example, a negative bias may
be provided off potentiometer resistarnce PR,

The unit is adaptable to various timing ar-
rangements, the circuit connections dspending
upon the requirements of the particular applica-
tion. It may be utilized, for example, in tim-
ing arrangements in which the timing operation,
once started, is continued to completion, or in
which the timing operation may be interrupted
before completion. For such timing arrange-
ments it is preferred to position arrow G so thai
the potential differetice hetween line -+ and the
arrow is not less than the extinction voltage of
the isolating tube, and to employ an isolating
tube of such characteristics relative to the lne
voltage that during the charging of ithe con-
denser, it is not caused to break down by the neb
voltage that exists in any closed cirouit across

ouit of the
condenser

32 I8 con-

B
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the tube. This will be discussed in detail later.
The circuits of Figures 3, 4 and 5 all admit of
interruption of the timing interval.

In Figures 3 and 4 the unit is shown connect-
ed to external circuits in which the current in
the plate circuit of the controlled tube is utilized
to cause the functioning of an electroresponsive
device. The timing operation is started by a time
initiating switch TS. In the circuits of Figure
3, contacts of this switch are engaged to start
the timing operation, these contacts being des-
ignated TSA. In the circuits of Figure 4, con-
tacts of the switch are separated to start the
timing operation, these contacts being designat-
ed TSB. In each case, this operation is effect-
ed by the energization of the coil of switch TS
in the arrangements of circuits illustrated, but it
could not be effected by the deenergization of
this coil. The electroresponsive device in the
plate circuit of the controlled tube is illustrated
as the coil of a time relay designated TR, the
circuits being such as to cause the desired oper-
ation of this relay upon the expiration of g cer-
tain time interval after the operation of switch
TS.  However, other electroresponsive devices
may be controlled by the controlled tube. In
the particular arrangement shown the time re-
lay has two coil portions in the form of two sep-
arate coils, one designated CPB for operating the
relay and the other designated CPA for neutral-
izing the operating coil to drop out the relay.
The plate circuit is through neutralizing coil
portion CPA, this coil portion being located on
the cathode side in the circuit in the interests of
standardization and to limit the amount of cur-
rent flow in the grid-cathode circuit as the tube
breaks down. A push button PB is illustrated
for completing the circuit for operating coil por-
tion CPB to cause the time relay to operate.
Upon operation, the time relay engages contacts
TRB in a work circuit. It also engages contacts
TRA in Pigure 3, or separates contacts TRC in
Figure 4, preparatory to the initiation of the
timing operation. A circuit through resistance
RE maintains relay TR operated after the push
button is released.

The circuit arrangements of Figures 3 and 4
might be utilized, for example, in collective con-
trol push button elevator systems in which one
or more motor generator sets are shut down upon
the expiration of a predetermined time interval
after the last call has been answered. Such a
system is usually arranged so that, if another
call is registered hefore the time interval expires,
the timing operation is interrupted and the
mechanism restored to initial condition for the
start of a subsequent time interval. In applying
the timing circuits to a system of this character,
the registration of a call, represented by depress-
ing of push button PB, would cause operation of
relay TR and switch TS would be arranged to be
~deenergized so long as any call is registered and
to be energized upon the last call being answered.

In operation of the arrangement of Pigure 3,
upon the pressing of push button PB the circuit
is completed for the operating coil portion CPB
of time relay TR. This relay operates to engage
contacts TRA and TRB. The engagement of
contacts TRA prepares the time initiating cir-
cuit. When the time arrives to start the timing
operation, the time initiating swich TS operates
to engage contacts TSA which completes the
charging circuit for the condenser. This eircuit
is from line -, through timing resistance RC,
condenser CN, and by wire WC through contacts
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TRA and TSA to line —, At the same time pro-
tective resistance RD is connected by contacts
TRA and TSA across the supply lines. The con-
denser starts to charge at a rate determined by
the capacity of the condenser and the value of
resistance RC. Upon the charge on the condenser
building up to a point to raise the potential of
grid GRD with respect to cathode CAD to a cer-
tain value, the controlled tube breaks down. The
voltage applied across the anode-cathode of the
tube is sufficient for the discharge to transfer to
the anode, completing a circuit for the neutraliz-
ing coil portion CPA of time relay TR and thus
causing this relay to drop out. This circuit is
from line 4 through the anode-cathode of con-
trolled tube CTD, coil portion CPA, and contacts
TRA and TSA to line —, Upon the‘relay drop-
ping out, it separates contacts TRA to break the
charging circuit for the condenser. The separa-
tion of these contacts also renders the isolating
tube subject to the combined voltage existing
across the condenser and between line 4+ and
arrow G. This voltage breaks down the isolat-
ing tube, completing the discharge circuit for
the condenser. This circuit is from the point
of connection of the condenser to the grid GRD
through isolating tube ITC, the portion of poten-
tiometer resistance PRC between arrow G and
line 4, wire WE and resistance RD to the other
side of the condenser, Should switch TS be de-
energized before the time interval expires, as for
example in response to the registration of a call
in an elevator system such as above discussed,
contacts TSA separate to break the charging
circuit and the isolating tube breaks down to
establish the discharge circuit, provided the volt-
age across the condenser plus the potential drop
between line 4 and arrow G is equal to or above
the tube’s break down voltage. Once the isolat-
ing tube breaks down, current flow therethrough
continues until the net applied voltage falls to
the value of the extinction voltage of the tube,
whereupon the tube goes out. Any charge on
the condenser which is not discharged by way of
the circuit through the isolating tube is dissi-
pated in a discharge circuit through charging
resistance RC, wire WE and protective resist-
ance RD. :

In the circuits of Figure 4, contacts TRC and
TSB in parallel short-circuit the condenser
charging circuit when either of these contacts
are engaged. In operation, relay TR is operated
in response to pressing of push button PB as be-
fore, This relay becomes self-holding through
resistance RE and separates contacts TRC in
preparation for the timing operation. Upon op-
eration of switch TS, contacts TSB separate to
break the by-pass around the charging ecircuit
for the condenser, starting the timing operation.
The charging circuit is from line + through re-
sistance RC, condenser CN, and resistance RD,
to line —. Upon the expiration of the time in-
terval, the controlled tube breaks down causing
the dropping out of relay TR as before. This
relay reengages contacts TRC which reestab-
lishes the by-pass for the condenser charging
circuit which is part of the discharge circuit for
the condenser. This discharge ecircuit is through
iselating tube ITC and the portion of poten~
tiometer resistance PRC between arrow &G and
line 4 as before, wire WF, wire WG and contacts
TRC, back to the other side of the condenser,
Owing to the fact that the voltage now applied
to the isolating tube is sufficient to break down
this tube, the condenser is discharged. Should
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switch TS be deenergized before expiration of
the timing interval, its contacts TSB engage to
reestablish the by-pass circuit. Any charge on
the condenser which is not discharged through
the isolating tube is dissipated in a discharge
circuit through resistance RC, wire WF, wire
WG and contacts TR,

In Pigure 5 the unit is shown connected to
external circuits in which the current in the grid-
cathode circuit of the controlied tube is utilized
to cause the functioning of an electroresponsive
device, illustrated as the coil of a relay XR. 'This
coil is connected in the grid-cathode circuit of
the tube on the cathode side across condenser
CN. The timing operation is started by switch
TS. Switch TS, upon operation, engages con-
tacts TSA completing the charging circuit for
the condenser and connects resistance RD across
the supply lines. Upon the potential on the grid
reaching a certain value, the controlled tube
breaks down completing the circuit for the coil
of relay XR. Inasmuch as the energy of the
condenser is utilizeqd to break down the tube, this
current flow is of short duration so that the op-
eration of relay XR is momentary.

This circuit arrangement may be utilized for
various applications. It is particularly suitable
for interrupting holding circuits inasmuch as the
opening of such circuit need be only long encugh
to enable the held switeh to drop out. Such an
application has been illustrated and as an ap-
plication of this character is especially suitable
for shutting down a motor generator set of an
elevator installation such as previously described,
the circuits are arranged for such operation. The
held switch is designated N. ‘The circuit for its
coil is completed by contacts Z. Upon operation
switch N engages contacts NA, NB and NC. Con-
tacts NA compiete a self-holding circuit through
contacts XRA to maintain switch N operated after
contacts Z separate. Contacts NB prepare the
circuit for the coil of switch TS. Contacts NC
are in a control circuit for the motor generator
set. Upon the last call of the elevator system
being answered, contacts LT engage to complete
the circuit for the coil of switch T8. Switch TS
upon operation engages contacts TSA, completing
the condenser charging circuit and thus starting
the timing operation. Upon the voltage of the

condenser reaching a certain value, the controlled ;

tube breaks down and the charge on the con-
denser causes sufficient energization of the coil
of relay XR to cause the separation of contacts
XRA to break the holding circult for the coil of
switch N. Switch N drops out, separating con-
tacts NA, NB and NC. The separation of con-
tacts NC causes the shut down of the motor gen-
erator set. The separation of contacts NB breaks
the circuit for the coil of switch TS. Switch TS
drops out separating contacts TSA to break the
charging circuit for the condenser. ‘This ren-
ders the isolating tube ITC subject to the com-
bined voltage of the condenser and the portion
of potentiometer resistance PRC between arrow
G and line +, causing the discharge of the con-
denser to take place as previously described.
Should a call be registered before the time inter-
val expires, contacts LC separate causing the
dropping out of switch TS. The separation of
contacts TSA enables the discharge of the con-
denser to be effected, isolating tube ITC breaking
down provided sufficient voltage has been built
up on the condenser.

While the circuits in Figure 5 are shown in con-
nection with contacts of switch TS which make
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to initiate the Lming opsraticn, i Wil bhe ap
parent from previous description tisd cor
of switch TS which break could be utillved %o
initiate the timing operation as fCh example by
connecting these contaciy across the condenser
and timing resistance with terminal TD connected
to the negative line instead of the positive line.
Also, while a three-element controlled tube has
been illustrated, a tube having only two elements
may be utilized instead.

In order that the above described operations
may be more clearly understood, assume that the
voltage of the stpply lines is 120 volts and that
a cold cathode contrelied tube is utilized which
breaks down upon the grid becoming 83 volts posi-
tive with respect to the cathode, with g grid-cath.
cde potential drop of 60 volts after the tube has
been fired. Assume also that a tube of such chare
acteristics iz also utilized as an isolating tubs
with the grid and cathode serving as the elec
irodes, This would be of advantage in a timing
unit from the standpoint of replacements. Thus
the isolating tube would have & break down volt-
age of 85 volts and an extinction voltage of 60
volfs. A smaller difference between break down
and extinction voltages may be had if desired, as
by employing a tube having & prebe. In a cone
trol arrangement in which the timing operation
is always carried to completion, arrow G would
be positicned so that the potential drop between
line 4~ and the arrow is 80 volts {o insure the full
discharge of the condenser through the isolating
tube. However, if such adiustment ware provided
for elevator control cirvcuiis such as above dise
cussed and if g call is registered during the charg-
ing of the condenser before the condenser voltage
reaches 15 volts, whatever voltage the condenser
has built up to would be left on the condenser fov
dissipation in resistance R as this voltage added
to the 70 volts preovided by the potentiometer
wotild be insufficient to break down the isolating
tube. It would be preferred thersfore to position
arrow 3 to provide a voliage drop beiween line
-+ and arrow G of 72.8 volnm Ag will be explained
below, this would insure that no greater condensey
charge than that due o & potential drop of 185
volis 4 or — would be present to be dissipated
in the cireuib through resistance RO, which san
bhe more guick L,r giTected.

With arrow & positioned to provide a voltage
drop of 72.5 volts between line - ang the arrow,
only 47.5 volts ave applied fo the terminalg of the
isolating tube upon comuletion of the charging
circuit, assuming the inifial charge on the con-
denser is zero. As the condenser charge builds
up. the voltage across the isolating tube decreases
and becomes zero as the condenser charge reaches
47.5 volts, and then builds up to 37.8 volts in the
opposite direction ag the condenser charge
reaches 85 volts to effect the break down of the
controlled tube. Thus at no time during the
charging operation is there sufficient voltage ap~
plied to the isolating tube to cause this tube to
break down so that the rate of condenser charge
is determined by resistance RC. Upon the break-
ing of the charging circuit for the condenser, the
voltage applied to the isolating ftube is the 72.5
volts potential drop between line 4 and arrow &,
pblus the voltage across the condenser, If the
condenser voitage is such that the total voliage
applied to the isolating tube ig 85 volts or abovs,
the isolating tube breaks down to effect the dis-
charge of the condenser which takes place very
quickly as resistance RD is of low chmic value.
The isolating tuhe remains conductive until the
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voltage applied thereto decreases to extinction
value, namely 60 volts, resulting in the applica-
tion of 125 volts negative to the condenser to
build up a negative charge thereon. If the con-
denser voltage is below 12.5 volts + so that the
total voltage applied to the isolating tube is less
than 85 volts, the tube does not break down.
Thus there can be only a small charge not greater
than 12.5 volts to be dissipated by the discharge
circult through resistance RC.

The isolating tube eliminates any adverse oper-
ation which might be had due to leakage resist-
ance across contacts in the discharge circuit.
Assume for example that, instead of utilizing the
isolating tube and potentiometer resistance, the
discharge circuit around the condenser is com-
pleted by switch contacts. ILeakage resistance
across these contacts is In the order of megohms,
as is timing resistance RC, angd might be of such
value that the voltage applied ic the condenser
due to the potentiometer effect of the leakage
resistance and the timing resistance would be
insufficient to bring the grid up to break down
potential. However, with the isolating tube and

" potentiometer resistance provided, inasmuch as
the internal resistance of the isolating tube is
very high as compared with that of timing re-
sistance RC and as this tube is protected against
leakage, the possibility of any appreciable effect
on the charging of the condenser due to the iso-
lating tube circuit is eliminated. In addition, the
isolating tube serves as a switch to complete the
condenser discharge circuit and also in conjunc-
tion with the potentiometer resistance assures the
full discharge of the condenser or that it will
have a minimum negligible charge for dissipation
through resistance RC preparatory to the next
timing operation, depending upon circuit require-
ments. While leakage resistance may exist
across contacts of time initiating switch TS such
leakage resistance can have very little effect upon
the charge on the condenser as protective resist-
ance RD is of low ohmic value so that, owing to
the potentiometer effect. the voltage applied to
the condenser is negligible, While one end of
resistance RD Is shown connected to terminal
'TD to enable connections to be made to effect the
start of the timing operation either by the open-
ing or the closing of a control circuit, this termi-
nal may be omitted and the connection of such
end of resistance RD made permanent within the
unit as by connecting it to either terminal TA
or terminal TC.

Reference may now be had to Figure 6 which
shows a circuit arrangement embodying the in-
vention in which the firing of g gas filled con-
trolled tube 2CT is timed by timing the dis-
charging of a condenser 2C. The arrangement
shown is based on the multiple timing circuits
applied to an elevator control system in the co-
pending application of QGavin Watson, William

- Henry Bruns and Harold Edward Galanty, filed
June 24, 1944, Serial No. 541,970. The circuits
of Figure 8, however, are considerably simplified
and involve only one timing circuit. The anode
of the controlled tube is designated 2AN, the grid
is designated 2GR and the cathode is designated
2CA. The circuits are particularly adapted for
the utilization of a hot cathode controlled tube
which is prevented from firing by a negative grid
voltage provided by the charge on condenser 2C.

However, other tubes may be emmployed, as for

example a cold cathode tube in which a source
of direct current of sufficient veltage to fire the
tube could be connected in the grid circuit to
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oppose the condenser bias. A source of positive
biasing voltage BS is illustrated in the grid-
cathode circuit on the cathode side. In case of
hot cathode tubes, this blasing source may be
utilized to cause firing of the tube at a higher
value of negative condenser voltage, and in con-
junction with a potentiometer resistance PRD
to regulate the time interval. It will be assumed
for purposes of further description that the con-
trolled tube is an indirectly heated hot cathode
tube.

Two sources of direct current supply are illus-
trated to enable the condenser to be charged to
provide a negative grid voltage and to provide
for the connection of the biasing source BS on
the cathode side of the grid-cathode circuit.
The supply lines for these sources are designated
PC-+ and PC— for the plate circuit and CO+
and CO— for the condenser charging circuit.
The condenser 2C is connected across its supply
lines through isolating tube 2IT and resistances
2RI and R1, this being the condenser charging
circuit. Timing resistance 2R is connected across
the condenser to delay the condenser discharge,
The grid of the controlled tube is connected to
the negative side of the condenser, thereby con-
necting the grid-cathode circuit across the con-
denser and a portion of potentiometer resistance
PRD so that the decrease of negative potential
of the grid with respect to cathode to g point
to fire the tube is delayed by the delay in the
discharge of the condenser. A resistance 2R3 is
provided in the grid circuit, the purpose of which
will be explained later. Since grid voltage is
being controlled, condenser discharge resistance
2R is of high ohmic value, in the order of meg-
ohms. An auxiliary discharge circuit is provided
for the condenser. This eircuit is from the posi-
tive side of the condenser through current lim-
iting resistance RT for the isolating tube, con-
tacts 2D3, isolating tube 2IT, to the negative side
of the condenser. The plate circuit for the con-
trolled tube extends from line PC4- through
translating device XA which may be the coil of a
switch, anode 2AN, cathode 2CA, the secondary
of the transformer TFR, to line PC—. Alternat-
ing current voltage is superimposed by trans-

. former TFR. on the direct current voltage applied
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to the plate circuit of the controlled tube. Alter-
nating current is supplied to the transformer by
a source of alternating current designated AC.
This source is connected to the transiormer as
by a knife switch designated M. The value of
this superimposed voltage with respect to the di-
rect current plate voltage is such as to cause the
resultant voltage applied to the tube to be nega-
tive for a fraction of a cycle, enabling the grid
to retain control to shut off the tube. The con-
nection of the direct current supply lines to the
condenser charging circuit is illustrated as con-
trolled by a knife switch designated K. Simi-
larly, the connection of the direct current supply
lines to the plate circuit is illustrated as con-
trolled by a knife switch designated L. Switch L
is closed a certain time, depending upon the
characteristics of the controlled tube, after the
closing of switch K. This is to enable the cathode
to become heated and to permit the condenser to
become charged to place sufficient negative po-
tential on the grid with respect to cathode to
prevent the firing of the controlled tube when
switch L is closed. The controlled tube, con-
denser, isolating tube and resistances may be
arranged as a unit and this unit sealed against
moisture and dirt and shielded against extraneous
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electrostatic and electromagnetic effects. Other
elements may be included in this unit for con-
venience, as for example transformer TFR.

When utilized in an elevator control system
such as set forth in the aforementioned co-pend-
ing application of Watson, Bruns and Galanty,
contacts 2D3 are contacts of & floor relay and in
the specific arrangement illustrated are contacts
of a floor relay responsive to a down hall but-
ton for a floor above the first floor. The call
registered by this floor relay is picked up by a
down travelling car or may be responded to by
an up travelling car provided it is the highest
call to which the car is subjeet. The purpose of
the timing circuits as embodied in such system
is to enable a down. call to be made effective for
stopping an up travelling car, if the call has
remained unanswered for more than a certain
length of time, even though a call exists for g
floor above. It is desirable to interrupt the tim-
ing operation for any down call picked up in
regular operation before the time interval ex-
pires and condition the circuit for g subsequent
operation. The particular timing circuit illus-
trated admits of interrupting the timing inter-
val and, while particularly adapted for such
operation, it may also be utilized for applications
where the timing operation once initiated is car-
ried to completion.

In operation, to conditicn the circuits for time
ing, switch M is closed to apply alternating cur-
rent voltage to the primary of transformer TFR,
Also switch K is closed to complete the charging
circuit for the condenser. The value of the ap-
plied voltage is sufficient to
of isolating tube 2IT to effect the charging of
the condenser. As the condenser charge builds
up, the potential drop across isolating tube 2IT
decreases until extinction value is reached
whereupon the tube goes out. The condenser
then starts to discharge hy way of discharge re-
sistance 2R until, due to the lowering of the con-
denser charge, the voltage applied to the isolat-
ing tube rises to a point sufficient to break this
tube down. This recharges the condenser to a
value to cause the isclating tube to extinguish.
This cycle of operation is continuocusly repeated.
The charging of the condenser places a negative
potential on the grig with respect to cathode of

the controlled tube sufficient to prevent the fir- 5

ing -of this tube upon the closure of switch I..
The closure of switch L places the circuits in
condition for the timing operation.

Upon the closure of contacts 2D3, the auxil-

iary discharge .circuit for the condenser is com- 5i

bleted and resistance 2R ig connected across the
line. The potential drop across the condenser
is sufficient to cause the isolating tube to break
down for current flow in a direction opposite to
that for charging the condenser and, owing to
the fact that resistance RT is of low ohmic value,
the condenser discharges immediately to the
value of the extinction voltage of the isolating
tube. As this point is reached, the isolating tube
goes out and the condenser now discharges into
discharge resistance 2R. Owing to the high
ohmic value of resistance 2R, this discharge takes
place slowly, the rate depending upon the value
of resistance 2R.

If contacts 2D3 remain engaged, upon the ex- 7T

piration of a certain time interval the negative
potential on grid 2GR with respect to cathode
2CA decreases to a point to permit the controlled
tube to fire. This results in current fow through
electroresponsive device XA. Upon the subse-

cause the break down ¢
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quent separation of contacts 2158, sondensey
is recharged and, upon the voteniizl of the grid
with respect to cathode becoming negalbive a
certain amount, the controlled tubs is shub off
by the action of the superimposed alternating
current voltage. The condenser becomey fully
charged after contacts 2133 separaie and the dis-
charge recharge cycle is repeated as before awgit-
ing the subsequent engagement of contacts 2D3.
Should contacts 2D3 separate before the expira-
tion of the time interval and thus before the
controlled tube has fired, the condenser is fully
recharged and the discharge recharge cycle is
repeated as before.

In order that the above described operations
may be more clearly understosd, assume that the
direcl current voltage of lines PC+ and PC—
is 110 volts, that the peak value of the superim-
posed transformer secondary sliernating cur-
rent voltage is 141 volts, and thab an indirectiy
heated hot cathode tube having characteristics
suitable for these voltages and a critical grid
voltage of spproximately —3 voltg is utilized.
Assume further that the potential across lines
CO+ and CO— ig 180 volts, that a 4 microfarad
condenser with a 20 megchm discharge resist-
ance is utilized, and that the isolating fube has
a break down voltage of 85 volts and extinction
voltage of 60 volts. Resistances 2RI, BT ang ZR3
are of relatively low ohmic value, being about
160,000 ohms, 1,000 ohms and 50,000 ohms re-
spectively. By utilizing g3 positive grid biasing
voltage of 28 volts, the conirolied tube may be
caused to fire when the condenser hag gischarged
to 30 volts.

To further facilitate understanding of the op-
eration, curves illustrating the potential drop
across the condenser under different conditions
of operation are illusirated in Figure 7. Other
than to conform to the voltage values above
assumed, these curves are not to scale. The po-
tential drop across the condenser is plotted
against time. Upon the closure of switch ¥ t{o
charge the condenser initially, the full 180 volig
potential drop of lineg CO-- and CO— i3 aoress
resistances RY, 4R1{ and the isolating tube. This
causes the tube to hreak down to charge the
condenser, The condenser charges relaiively
rapidly owing to the low resistance of the charg-
ing eircuit. Upon the condenser voltage drow
reaching 120 volis, the voltage drop across the
isolating tube falls to 60 volts and this fube goes
out. This inibial charging curve of the condenser
is represented by the full line between O and the
boint CC. As soon as the tube goes out the con-
denser starts to discharge through resistance IR,
Due to the high value of this resistance, this
discharge takes place relatively slowly. 1If this
discharge were uninterrupted it would follow the
full line from point CC to point CD and then
the dotted line, Only a portion of this discharge
curve is shown and it is understood that it woutild
continue on as a logarithmic curve, However,
upon the voltage across the condenser falling to

5 95 volts, the point CD. the voltage across the

isolating tube reaches 85 volts, causing the tube
to break down again. As a result, the condenser
immediately recharges from the point CI to the
point CC” whereupon the isolating tube goes out
and the condenser discharges again from point
CC’ to point CD’. 'These operations are con-
tinuously repeated as indicater by the full line
curve,

Assume now that contacts 2D3 are closed.
This may occur at any time during any one of
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the condenser discharge, recharge cycles. As-
sume first that contacts 2D3 are closed during
the condenser recharge period represented by
the line extending from point CD to point CC’.
The action under such assumption is indicated
in dash lines. The isolating tube is conductive
during this recharge portion of the cycle so that
upon the engagement of contacts 2D3 to apply
the condenser voltage to the isolating tube, the
direction of current flow in the tube is reversed
to discharge the condenser. Owing to the fact
that resistance R7 is of low ohmic value, the
potential drop across the condenser drops in-
stantly to the extinction voltage value of the
tube, namely, 60 volts, represented by the point
AD. The condenser then discharges slowly into
discharge resistance 2R. The operation had upon
the closure of contacts 2D3 during the discharge
portion of the cycle is represented in dot dash
lines, The isolating tube is not conductive dur-
ing the discharge portion of the cycle so that
upon the application of the condenser voltage
to the tube it breaks down to discharge the con-
denser to the point AD’, whereupon the isolating
tube goes out. From this point on the condenser
discharges slowly into its discharge resistance
as before. Should contacts 2D3 separate during
the discharging of the condenser, the condenser
is recharged as represented by the curve extend-
ing from the point VT to the point VC and the
discharge recharge cycles are resumed. This is
indicated in dash double dot lines.

It is to be noted that, regardless of when the
contacts 2D8 close, the condenser voltage falls
immediately to the extinction voltage value of
the isolating tube, namely, 60 volts, thereby pro-
viding & uniform starting point for the timing
operation., Upon the condenser voltage decreas-
ing to 30 volts negative, the grid potential with
respect to cathode, is reduced to 2 volts negative
which fires the controlled tube.  Owing to alter-
nating current voltage being superimposed on
direct current voltage for application to the plate
circuit of the controlled tube and to the values
of these voltages, the tube goes out and refires
each alternating current cycle and is conductive
for the major portion of each cycle. This op-
eration is repeated so long as contacts 2D3 re-
main closed. Upon the separation of contacts
2D3, the charging circuit for the condenser is
reestablished. When the controlled tube fires the
grid potential becomes positive with respect to
the cathode and the negative charge on the con-
denser is reduced. The values of resistances 2R3
and 2RI are such as to enable the condenser to
be recharged upon the establishment of the
charging circuit with the result that the tube is
shut off when the grid voltage becomes 2 volts
negative. The condenser is recharged fo 120
volts and resumes its discharge recharge cycles
in accordance with the charging curve of Fig-
ure 7.

Thus it is seen that the isolating tube, being
in a wire common to a charging and auxiliary
discharge circuit, isolates the grid side of the
condenser from the operating circuits. Also, in
conjunction with resistance 2RI it enables the
timing operation to be controlled by the auxiliary
discharge circuit by means of which during any
discharge recharge cycle, such operation may be
stopped by the closing of contacts 2D3 to by-pass
the condenser and isolating tube. This isolating
tube serves as a switch when this by-pass is com-
pleted to interrupt the auxiliary discharge cir-
cuit at a fixed voltage, thereby starting the actual
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timing operation at a fixed voltage to insure
uniform timing operations. It also serves as a
switeh to interrupt the charging operations dur-
ing the discharge recharge cycles. Any leakage
resistance across contacts 2D3 or from these
contacts to line CO— is of no appreciable effect
because of resistance 2RI which is of relatively
low ohmic value, Inasmuch as. the internal re-
sistance of the isolating tube is high and as it is
protected against leakage, the possibility of any
appreciable effect on the timing operation when
the tube is out is eliminated.

While various circuit arrangements have been
described in which an isolating tube is so posi-
tioned in circuits in which high impedance is
connected to the control electrode of an elec-
tronic tube to isolate this electrode from the open
circuit impedance of control circuits, it is to be
understood that the invention is applicable to
various other circuit arrangements. Also, while
the isolating tube in conjunction with other ap-
paratus enables certain control functiong to be
obtained, the relationship of this tube to such
apparatus and the particular apparatus employed
and arrangement thereof may be varied, depend-
ing upon the requirements of the particular ap-
plication., While, the invention has been de-
scribed in connection with gas filled controlled
and isolating tubes, which are the preferred ar-
rangements, high vacuum tubes may be employed,
as for example a triode with cut-off character-
istics as an isolating tube and a triode which
provides in the range of operating current of
the electroresponsive device a large change in
plate current for a small change in grid voltage
as a controlled tube. Therefore, as many changes
could be made in the above constructions and
circuit relationships and many apparently widely
different embodiments of this invention could be
made without departing from the scope thereof,
it is intended that all matter contained in the
above description or shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. In combination, a condenser, a source of
direct current for charging said condenser, a
resistance of high ohmic value connected to said
condenser to control the rate at which the charge
on the condenser changes, an electronic tube
having a plurality of electrodes, one of which is
connected to the point of connection of said con-
denser and said resistance, a translating device
controlled by said tube, a control circuit for sald
tube, and a second electronic tube having at least
two electrodes, one of which is connected to said
point of connection of said condenser and said
resistance and the other to said control circuit.

2. In combination, a condenser, a source of
direct current for charging saild condenser, a re-
sistance of high ohmic value connected to said
condenser to control the rate at which the charge
on the condenser changes, an electronic tube hav.-
ing a plurality of electrodes, one of which is con-
nected to a point of common connection with said
resistance and said condenser, a translating de-
vice controlled by said tube, and a second elec-
tronic tube connected between said point and said
source adapted upon the application of voltage
of a certain value thereto to permit the free flow
of current therethrough but having a high im-
pedance when the voltage applied thereto is be-
low a certain value.

3. In combination, & condenser, a source of
direct current for charging said condenser, a low
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impedance control circuit for said condenser con-
nected to said source, a high resistance connect-
ed in series with said condenser to said source for
controlling the rate of charging of said condenser,
an electronic tube having an anode, a cathode
and a control electrode, said control electrode
being connected to the junction of said resistance
and said condenser, a translating device in the
anode-cathode circuit of said tube, and a second
electronic tube connecting said junction and said
control circuit, said second tube having two elec-
trodes and having such characteristics as to per-
mit the free flow of current therethrough upon
the application of voltage of a certain value
thereto but having a high impedance when the
voltage applied thereto is below a certain value,

4. In combination, a condenser, a source of
direct current for charging said condenser, 8 re-
sistance of high ohmic value connected in series
with said condenser to said source for controlling
the rate of charging of said condenser, an elec-
tronic tube having an anode, a cathode and a
control electrode, said control electrode being
connected to the junction of said condenser and
resistance, a translating device connected in the
anode-cathode circuit of said tube, a second elec-
tronic tube having two electrodes, one of which
is connected to said junction, and a low imped-
ance circuit extending from the other electrode
of said second electronic tube back to the other
side of said condenser to provide a discharge cir-
cuit for said condenser through said second elec-
tronic tube.

5. In combination, a condenser, a source of
direct current for charging said condenser, an
electronic tube having two electrodes, a discharge
circuit for said condenser extending through said
electrodes, and means providing a direct current
voltage of a certain value connected in series with
said electrodes in said discharge circuit so that
its voltage acts cumulatively with the condenser
discharge voltage.

6. In combination, a condenser, a source of
direct current for charging said condenser, an
electronic tube, a potentiometer resistance con.
nected across said source, and a discharge cir-
cuit for said condenser extending through said
tube and a portion of said potentiometer resist-
ance to provide a direct current voltage in series
with said condenser voltage.

7. In combination, a condenser, a source of
direct current for charging said condenser, & re-
sistance of high ohmic value connected. in series
with said condenser to said source for controlling
the rate of charging of saig condenser, an elec-
tronic tube having a control electrode connected
to the point of common connection of said con-
denser and said resistance, a second electronic
tube, & discharge circult for said condenser ex-
tending through sald second electronic tube, and
means providing & voltage at least equal to the
extinction voltage of said second electronic tube
connected in series with said second electronic
tube in said discharge circuit so that its voltage
acts cumulatively with the condenser voltage,

8. In combination, a condenser, a source of
direct current for charging said condenser, a
resistance of high ohmic value connected in series
with said condenser for controlling the rate of
charging of said condenser, a switch adapted
upon operation to one position to effect the charg-
ing of said condenser from said source, a gas
filled electronic tube having an anode, a cathode
and a control electrode, said contro] electrode he-
ing connected to the junction of said condenser
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and said resistance, a translating device in the
anode-cathode circuit of said tube, a two electrode
gas filled electronic tube connected to sald june-
tion, and a discharge eircuit for said condenser
extending from said junction through said two
electrode electronic tube and including means
which provides a voltage adapted Upon operation
of sald switch fo the other position to combine
with said condenser voltage to cause breakdown
of sald two electrode tube to complete said dis-
charge circuit and {o maintain said two electrode
tube conductive until such combined voltage de-
creases to the extinction voltage of said two elec-
trode tube.

9. In combination, g condenser, a source of
direct current for charging said condenser, s high
resistance connected in series with said condenser
for controlling the rate of charging of said con-
denser, a two position switch adapted upon oper.
ation to one position to effect the charging of
said condenser from said source, gas fllled elec-
tronic tube having an anode, a cathode and a
control electrode, said electrode being connected
to the junction of said condenser and said re-
sistance, an electroresponsive device in the anode-~
cathode circuit of said tube, gz potentiometer
resistance connected across said source, a two
electrode gas filled electronic tube connected be-
tween said junction and a point on said poten-
tiometer resistance, and a discharge circuit for
said condenser extending from said ' junction
through said two electrode electronic tube and the
portion of said potentiometer resistance between
said point and one side of said source, said point
being such as to provide ga voltage between it
and sald one side of said source adapted uUpon
operation of said switch to the other position to
combine with said condenser voltage to cause, if
such combined voltage is at or above breakdown
voltage of said two electrode tube, said two elec-
trode tube to conduct and remain conducting un-
til such combined voltage decreases to the extine-
tion voltage of the two electrode tube, said tubes,
condenser and resistances being enclosed as a
unit to seal them against moisture and dirt and
to shield them against extraneous electrostatic
and electromagnetic effects.

10. In combination; a source of direct current;
an electroresponsive device; a potentiometer re-
sistance; a condenser; g charging resistance for
said condenser connected between one side of said
condenser and one end of said potentiometer re-
sistance; an electronic tube having an anode, a
cathode and a control electrode, said control
electrode being connected to the junction of said
condenser and charging resistance and said cath-
ode being connected to the other side of said
condenser; an electronic tube having two elec-
trodes connected between said junction and g
pboint on said potentiometer resistance; a third
resistance having one end connected to said other
side of said condenser; a control switch operable
to start the charging of said condenser; and cir-
cuits connecting said potentiometer resistance
across said source with said one end thereof con-
nected to the positive side of said source, ¢on-
necting said electroresponsive device between said
other side of said condenser and said cathode,
connecting the other side of said third resistance
to one side of said source, and connecting the
other side of said source to said other side of
said condenser through said control switch, at
least sald tubes, condenser and charging resist-
ance being an enclosed unit.

11. In combination in an enclosed unit have
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ing a plurality of terminals for making external
connections thereto; a potentiometer resistance
connected between a first and second of said ter-
minals; a condenser having one side connected
to a third of said terminals; a charging resistance
for said condenser connected between the other
side of said condenser and said first terminal;
an electronic tube having an anode, a cathode
and a control electrode, said control electrode be-
ing connected to the junction of said condenser
and charging resistance and said cathode being
connected to a fourth terminal; an electronic
tube having two electrodes connected between
said junction and a point on said potentiometer
resistance; and a third resistance having one end
connected to said third terminal.

12. In combination in an enclosed unit for
operation from a source of direct current for
effecting the timed control of an electrorespon-
sive device under the control of a control circuit;
a potentiometer resistance gdapted for connec-
tion to said source; a condenser; a charging re-
sistance for said condenser connected between
one side of said condenser and the end of said
potentiometer resistance adapted for connection
to the positive side of said source; an electronic
tube having a cathode adapted for connection
through said electroresponsive device to the neg-
ative side of said source, an anode, and g control
electrode connected to the junction of said con-
denser and charging resistance; an electronic
tube having two electrodes connected between
said junction and a point on said potentiometer
resistance; and a third resistance having one end
connected to said other side of said condenser
and its other end adapted for connection to either
end of said potentiometer resistance, said other
side of said condenser and the end of said poten-
tiometer resistance opposite to that to which said
third resistance is connected being adapted to
receive the connections of said control circuit.

13. In combination, a condenser, a source of
direct current for charging said condenser, a
discharge resistance for said condenser of high
ohmic value connected in paralle! with said con-
denser, an isolating gas filled electronic tube, a
protective resistance, a charging circuit for said
condenser extending from the negative side of
said source in series through said protective re-

sistance, isolating tube and parallel connected

condenser and discharge resistance to the posi-
tive side of said source, a controlled electronic
tube having a control electrode connected to the
Jjunction of said isolating tube and condenser, a
normally open switch, and an auxiliary discharge
circult for said condenser through said isolating
tube and said switch by-passing said discharge
resistance, the voltage of said source being of such
value relative to the break down and extinection
voltage values of said isolating tube as to cause
repeated charge discharge cycles of the condenser

. when said switch is open and to cause the con-
denser voltage to be high enough when said switch
is closed to break down said isolating tube to
cause discharge of said condenser by way of said
auxiliary discharge circuit until the condenser
voltage falls to the value of the extinction volt-
age of said isolating tube.

14, In combination, a condenser, a source of
direct current for charging said condenser, g dis-
charge resistance for said condenser of high
ohmic value connected in parallel with said con-
denser, an isolating electronic tube, g protective
resistance, a charging eircuit for said condenser
extending from the negative side of said source in
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series through said protective resistance, isolating
tube and parallel connected condenser and dis-
charge resistance to the positive side of said
source, a normally open switch, an auxillary dis-
charge circuit for said condenser through said
isolating tube and said switch by-passing sald
discharge resistance, a controlled electronic tube
having an anode, a cathode and a control elec-
trode, said control electrode being connected to
the junction of said isolating tube and condenser,
and a translating device in the anhode-cathode
circuit of said controlled tube.

15. In combination, a condenser, a discharge
resistance for said condenser of high ohmic value,
a source of direct current for charging said con-
denser, one side of each of said condenser and
discharge resistance being connected to the posi-
tive side of said source, an electronic tube hav=
ing an anode, a cathode and a control electrode,
said control electrode being connected to the
junction of the other side of said condenser with
the other side of said discharge resistance, a
translating device in the anode-~cathode circuit of
said tube, an isolating electronic tube having two
electrodes, one of which is connected to said
junction, a protective resistance connected be-
tween the other electrode of said isolating tube
and the negative side of said source, and & nor-
mally open switch connected between the junce-
tion of said protective resistance and isolating
tube and the positive side of said source, said
isolating tube acting upon the application thereto
of voltage above a certain value to permit the free
flow of current therethrough to enable the charg-
ing of said condenser to be effected and to permit
discharge of said condenser through said switch
when said switch is closed but having a high im-
pedance when the voltage applied thereto is be-
low a certain value to prevent charging of said
condenser or discharge thereof through said
switch to enable the discharge of said condenser
to be effected through said discharge resistance.

16. In combination, & condenser, a discharge
resistance for said condenser of high chmic value,
a source of direct current for charging said con-
denser, one side of each of said condenser and
resistance being connected to the positive side
of said source, an electronic tube having an an-
ode, a cathode and a control electrode, said con-
trol electrode being connected to the junction of
the other side of said condenser with the other
side of said resistance, a translating device in the
anode-cathode cireuit of said tube, and an isolat-
ing electronic tube connected between said junc-
tion and the negative side of said source adapted
upon the application of voltage above a certain
value thereto to permit the free flow of current
therethrough to charge said condenser but hav-
ing a high impedance when the voltage applied
thereto is below a certain value to enable the dis-
charge of said condenser to be effected.

17, In combination, a condenser, a source of

‘direct current for charging said condenser, a

discharge resistance for said condenser of high
ohmic value connected in parallel with said con-
denser, an isolating gas filled electronic tube,
a protective resistance, a charging circuit for said
condenser extending from the negative side of
said source in series through said protective re-
sistance, isolating tube and parallel connected
condenser and discharge resistance to the positive
side of said source, a second gas filled electronic
tube having an anode, g cathode and a control
electrode, said control electrode being connected
to the junction of said isolating tube and con-
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denser, an electroresponsive device in the anode-
cathode circuit of sald second tube, a normally
open switch, and an auxiliary discharge circuit
for said condenser through said isolating tube
and said switch by-passing said discharge resist-
ance, the voltage of said source being of such
value relative to the break down and extinction
voltage values of said isolating tube as to cause
when said switch is open repeated cycles of charg-
ing of said condenser until the voltage across said
isolating tube falls to extinction value and then
discharging of said condenser into said discharge
resistance until the voltage across said isolating
tube rises to break down value and to cause the
condenser voltage when said switch is closed to
exceed the break down voltage value of said
isolating tube to cause discharge of said con-
denser by way of said auxiliary discharge circuit
until the condenser voltage falls to the extinc-
tion voltage value of said isolating tube and to
thereafter cause discharge of sald condenser into
its discharge resistance from a uniform voltage
value.

18. In combination, a condenser, a source of
direct current for charging said condenser, a dis-
charge resistance for said condenser of high
ohmic value, a gas filled electronic tube, a pro-
tective resistance, a charging circuit connecting
sald condenser to said source through said pro-
tective resistance and tube, a normally open
switch, and an auxiliary discharge circuit for
said condenser through said tube completed by
the closing of said switch to effect discharge of
sald condenser to the extinction voltage value of
said tube to thereby provide a uniform voltage
on said condenser when said tube is extinguished
for discharge into said discharge resistance,

19. In combination, a condenser, a source of
direct current for charging said condenser, a dis-
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charge resistance for said condenser of high
ohmic value connected in parallel with said con-
denser, an isolating gas filled electronic tube, a
protective resistance, a charging circuit for said
condenser extending from the negative side of
sald source in series through said protective re-
sistance, isolating tube and condenser to the posi-
tive side of said source, a second gas fllled elec-
tronic tube having its grid-cathode circuit con-
nected across said condenser and parallel dis-
charge resistance, a normally open switch, and an
auxiliary discharge circuit for said condenser
through said isolating tube and said switch by-
passing said discharge resistance adapted when
said switch is closed to effect discharge of said
condenser until the condenser voltage falls to the
extinction voltage value of said isolating tube
to thereby provide a uniform voltage on said con-
denser for discharge thereof into its discharge re-
sistance.
WILLIAM HENRY BRUNS.,
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