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6 Claims,

The present invention is concerned with an
electronic control device and more particularly
with one designed to determine whether an im-
pedance is rectifying or not, ‘

In the co-pending application of Vilynn O:
Beam, Serial No. 450,613, filed by July 11, 1942,
there is described a control device which is
adapted to determine whether an impedance con-
nected across a gap is rectifying or not and to
act in one manner when the impedance is rec-
tifying and to act in another when the gap is
either open circuited or is bridged by an im-
pedance which is non-rectifying. ~In this cir-
cuit of the Beam application, a plurality of elec-
tronic triodes are employed, one of these triodes
being employed as the main control triode and

the other to function as a rectifier and to intro- -

duce certain phase shifting festures. The pres-
ence of this last named triode increases the com-
blication of the apparatus and adds to the num-
ber of auxiliary circuit elements which must be
employed. :

If is a general object of the present invention to
provide a control device accomplishing the func-
tions of the device described in the aforesaid
Beam application by ‘employing a single electronie
discharge device having bt one anode. .

A further object of the present invention is to
provide a control device of the electronic type
having but a single electronie amplifier, which
amplifier has only one anode, the conirol device
including a first connection between the con-
trol electrode of the amplifier and a source of
bower to maintain the potential of the control
electrode below the value at which the amplifier
is effectively conductive and a second connection
between the control electrode and a different
point on the source of power, this second con-
nection being: such that it would normally also
tend to maintain the control electrode potential
below this value but having means associated
with it which is effective upon sz gap in the con-
nection beirig bridged by a rectifying impedance
to raise the potential of the grid above this value.

A further object of the invention is to provide
A& control device such as set out in the last object
in which the means for raising the potential of
the control electrode upon the impedance being
rectifyitig' is a condenser connected to the con-
trol electrode. - - '

A further object of the present invention is to

provide a burner control system embodying the

control device of the previously named objects in .

which the means acting as a rectifying impedance
is a means responsive to the burner flame and
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‘rectifying only when it is exposed to & burner

flame. :

Other objects of the invention will be apparent
from & consideration of the accompanying speci-
fication, claims, and drawing, of which :

The single figure is a schematic view of my
control device employed as a flame detecting ap-
paratus for a burner control system.,

Referring to the drawing, the control device of
the present invention is shown as being located
within & housing 10, This housing may be of any
suitable form. If the housing is of metal it is
desirable that it be connected to ground as at (1.

Disposed within the housing 10 is a step up;
step down transformer 12 having & line voltage
primary 13, a high voltage secondary winding {5
and low voltage secondary windings 14 and 6.
The primary winding 13 is connected to terminals
IT and 18 and by conductors -19 and 20 to line
wires 31 and 32 leading to any suitable source
of alternating power (not shown). The low volt-
age secondary winding (6 is employed for ener-
gizing auxiliary apparatus to be controlled by the
control device. The secondaries 14 and 15 are
employed to energize the various elements of the
control device. As far as the apparatus of the -
present invention is concerned, the transformer
12 constitutes the source of power and elsewhere .
in the specification ang clajms, the expression
“source of power” is used to designate the means
associated with the control device for supplying
power at various potentials to the control device,
even though this means must in turn be con-

- nected to some primary source .of power.

A relay 21 comprises a relay coil 22 and a
switch blade 23 adapted to engage a fixed con-
tact 24. Switch blade 23 is associated with an

‘armature 25 which in turn is associated with the

relay coil 22, Switch blade 23 is normally biased
by gravity or other suitable means away from
contact 24. Upon energization of relay coil 22,
however, the armature 25 is drawn. to the left
to move switch blade 23 into engagement with
contact 24, ‘
A condenser 27 is connected by conductors 28,
28 and 30 in parallel with relay coil 22. Con-
denser. 27 acts as a shunt condenser to eliminate
any pulsations in the current flowing through
relay coil 22, . ‘ _ ‘
The energization of relay coil 22 is controlied
by an electronic discharge device 33. This device
comprises a conventional envelope 34 which en-
closes a cathode 35, an anode 36, and a control
grid 81. The cathode 35 is of the indirectly

heated type and has a heater 41 associated theree
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WIth for heating the same. The heater &1 is
connected to secondary winding 14 by conductors
42 and 43. 'The electronic discharge device 33 is

so designed that the voltage amplification is rel-

atively uniform when a voltage is applied to the
output circuit of such magnitude that the ampli-
fier is effectively conductive only when the poten-
tial of the grid is positive with respect to a cut off
potential substantially negative with respect to
the cathode. In other words, the discharge device
is of the conventional type normally operated with
-8, “negative cut off point.” Tt is to be understood
that the terms “cut off potential” or “cut off
point,” as used in the specification and claims
refer to the grid potential at which the amplifier
output is insufficient to energize the relay even
though there still may be an appreciable current
flow through the relay. In other. words, at the
“cut off potential,” the amplifier is effectively
non-conductive.

A condenser 45 and a current limiting resistor

" 46 are connected between the grid 37 and tap 47
of secondary 15 by conductors 48 and 49. The
right hand terminal of condenser 45 is connected
to ground as indicated at 50. The condenser 45
is emploved to control the potential of the grid
37. as will be more fully exvlained later.

The relay 21 is illustratively shown as con-
trolling an electrically operated zas valve 54.
This zas valve is of the type which when energized
permits a flow of gas and which upon deenergiza-
tion interrunts such flow. The gas valve 54 con-
trols the flow of gas through a vive 55 to a main
gas burner 56. ILocated adjacent to the main
gas burner 56 is a nilot burner 57, the flame of
which is indicated by the reference numeral 58.
“The pilot burner 57 is connected to ground as
indicated at 58. 'The vilot burner is supplied
with gas by a pipe 60 which is connected to the
gas supplv pive 55 at s point on the upsiream
side of valve 54 so that the pilot burner B7 is
normslly constantly supplied with gas and hence
normally constantly burning. A flame electrode
g1 is mounted so that it extends into the flame

58, when present. This flame electrode is con-

_ nected by conductor 62; terminal 62, and con-
ductor 64 to a resistor 65. The resistor €5 is in
“turn connected by conductor 86 to the lower
terminal of secondary 185. .
The energization of valve 54 is not only con-
trolled by relay 21 but also by a room thermostat
78. This room thermostat is of conventional
construction and comprises a bimetallic element
7{ to which is secured a contact arm 72. The
contact arm 12 is adapted to be moved into and
out of engagement with a fixed contact 73. As
indicated by the legends C and H, the bimetallic
clement 71 is effective to move the contact arm
12 to the left in the direction of contact 73 upon
a temperature fall and to the right away from
contact 73 upon a temperature rise. A magnet
74 is associated with contact arm 72 to impart
a snap action to the contact arm and to cause a
suitable differential to exist between the temper-
ature at which the contact arm T2 engages con-
tact 13 and that at which it separates from con-
tact 73. ’ . )
The following values are the values which can
be employed in one embodiment of the invention.

The transformer 12 can be so designed that the 7

voltage of secondary 8 is 24 volts and the volt-
age of each half of secondary 15, 300 volts. The
tap 81 can be displaced approximately 24 volts
from the center tap of secondary 15. The voltage
of secondary 4 is dependent upon the type of
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heating element #1 that is employed. 'The re-
sistor 46 can have s resistance of 3 to 4 megohms
and the resistor 65 a resistance of at least 12
megohms. An 0.02 microfarad condenser can be
employed for condenser 45 and an 0.5 microfarad
condenser for condenser 21. As previously in-
dicated, however, it is to be understood that these
values are merely illustrative values and that the
invention is not in any way limited to the use
of elements having these particular values, ex-
cept as set forth in the appended claims.

OPERATION .

When pilot burner is extinguished
The various elements are shown in the position
which they occupy when the pilot burner is ex-

tinguished and when the temperature adjacent
room thermostat 18 i1s at or above the desired

‘value so that the thermostat 70 is “satisfled.”

Under these conditions, a charging circuit is es-
tablished through condenser 45 as follows: from
tap 41 of secondary {5 through conductor 48,
condenser 45, conductor 49, resistor 46, grid 21,
cathode 35, and conductor 77 back to the center
tap 18 of secondary 15. Due to the fact that -
current will only flow from the grid to the cathode,
current will flow through this circuit only in the
direction just traced. The effect of the current
flow in this direction is to charge condenser 4%
so that a direct current potential exists across
its terminals. The polarity-of this potential is
such that the right hand end of condenser 45
is negative and the left hand end positive. The
grid 37, it will be noted, is connected to the right
hand end of condenser 45 and the cathode 85 to
the left hand end through the:portions of wind-
ing 16 between taps 47 and 78. The effect of
this charge is thus to bias grid 37 negatively
with respect to cathode 35. Viewed in another

.light, the voltage phase of tap 47 with respect

to cathode 35 is opposite to the upper terminal
of secondary 15 to which the anode is connected,
as will be presently explained. Thus, when the
anode is positive, the tap 47 is negative with
respect to the cathode 35. This connection of
the grid 37 through condenser 45 to this point
tends to maintain the grid at a potential 180°
displaced in phase from the anode voltage and
thus tends to bias grid 37 negatively. Regardless
of the manner in which the effect of the connec-
tion including condenser &5 is explained, it is
obvious that this connection acts to bias grid
37 negatively. The voltage existing between taps
27 and 78 is such that the grid is biased negatively
below its cut off point.

Under these circumstances, the amplifier 33 is
not conductive so that relay coil 22 is deenergized
and switch blade 28 is separated from contact
24. With the relay deenergized, it is impossible
to establish a circuit to gas valve B4,

With proper flame

Upon the establishment of a pilot burner flame
58,3 second charging circuit can be traced through
condenser 45 as follows: from the lower terminal
of secondary (5 through conductor €6, resistor
65, conductor 64, terminal 63, conductor 62, flame
electrode 61, fiame 58, pilot burner 51, ground
connection- 59, ground connection §0, condenser
45, and conductor 48 to tap 47 of secondary (6.
While current can flow through this circuit in
either direction, the current flow is considerably
greater in the direction traced than in the oppo-
site direction due to the rectifying characteristics
of the flame. As as well known, the flow of elec-
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trons through a flame is greater in the direction
of propagation of the flame. Thus, the conven-
tional current flow is greater in the direction
opposite to flame propagation, which was the di-
rection in which the last traced circuit was fol-
lowed.

The effect of the current flowing through the
-charging circult just traced is to tend to charge
condenser 45 in a direction opposite to that in
which it was charged by the current flowing
through the previously named charging circuit.
Thus, the effect of this last traced charging cir-
cuit 1s to tend to cause the right hand terminal
or grid terminal of condenser 45 to become posi-
tive with respect to the left hand end. This posi-
tive charge raises the potential of grid 37 despite
the biasing effect of the alternating voltage be-
tween taps 47 and 18, to a value sufficiently above
the cut off poteatial to render amplifier 33 con-
ductive. As a result, current flows through relay
22 through the following circuit: from the upper
terminal of secondary I8 through conductor 80,
relay coil 22, conductors 30 and 81, anode 36,
cathode 85, and conductor T7 to center tap 18 of
. secondary (5. The result of this current flow
through relay coil 22 is that the switch blade 23
is moved into engagement with contact 24, The
engagement of switch blade 28 with contact 24
results in the following circuit being established
to gas valve §4: from the upper terminal of sec-
ondary I8 through conductor 83, terminal 84,
conductor 85, bimetallic element 71, contact blade
12, contact 13, conductor 87, terminal 88, con-
ductor 89, switch blade 23, contact 24, conductor
80, terminal 91, conductor 82, gas valve 54, con-
ductor 93, terminal 94, and conductor 985 back to
the lower end of secondary 18. As a result of
the establishment of this circuit, the operating
mechanism of gas valve 54 ig energized with the
result- that the valye is moved to open position

50 as to permit gas to flow to the main burner

§8. The gas flowing to the main burner 56 is
ignited by the pilot burner 51.

Normally the burner 86 will remain ignited
until the thermostat 70 becomes satisfled. When
this happens, the contact arm 72 separates from
contact 13, thus interrupting the energizing cir-
cuit to valve 54 and causing valve 54 to close.

If at any time during the operation of the sys-
tem, the pilot burner 57 is extinguished, the con-
trol device of the present invention is effective
to cause almost immediate closure of main gas
valve B4. As soon as the pilot burner flame 58 is
interrupted, current can no longer flow through
the last traced charging circuit for condenser
45. As a result, the only charging circuit for con-
denser 45 is the one first traced. It will be re-
called that the effect of this charging circuit isto
produce a charge across condenser 45 which biases

the grid 37 below the cut off potential. The time

required for charging this condenser is extremely
small. Thus, almost immediately after the pilot
flame §8 is extinguished, the. grid 37 is biased

negatively below the cut off point so that the

burner relay 22 is deenergized to cause an inter-
ruption of the circuit to main gas valve 54 so as

to terminate the flow of gas to the main burner 56.

When flame gap is bridged

It occasionally may happen that the flame gap
is bridged accidentally. In extreme cases, the
flame gap may be completely short circuited such
as would happen when the flame electrode en-
gaged the pilot burner. Again, the flame gap

" may be bridged by some means having a resist-"
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flame itself. For example, carbon may deposit on

the flame electrode until the point is reached
‘where the carbon bridges the flame gap with an
impedance of practically the same magnitude as
a normal flame. It is very essential that the ap-
paratus be able to distinguish between such a
condition and that of a normal flame. The pres-
ent control device iz designed to distinguish be-
tween either of the types of conditions deseribed
in which the flame gap is bridged by an imped-
ance, and a normal flame,

It will be recalled from the preceding opera-
tion that the establishment of a charge on con-
denser 45 of the correct polarity to raise the grid
botential above the cut off value was dependent
upon the rectifying action of the impedance con-
nected  between the flame electrode and the
burner. As long as this gap is bridged by an
impedance having no rectifying properties, the
current flow through the second traced charging
circuit is the same in both directions. In other
words, it is an alternating current. As a result,
the potential difference produced across con-
denser 45 as a result of this current flow is an
alternating potential difference. Furthermore,

.. since the right hand terminal of condenser 45 is
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connected to the lower terminal of secondary i5,
the voltage phase of this terminal being dis-
placed 180° from the voltage phase of the upper
terminal of secondary (5 to which the anode is
connected, this alternating voltage will be 180°
displaced in phase from the anode voltage. In
other words, this alternating voltage across con-
denser 45 will have such a phase relation with
respect to the voltage applied to anode 36 that
when the anode 36 is positive with respect to the

- cathode 35, the right hand end of condenser 45

will be negative with respect to the cathode.
Viewed in another light, the control electrode 37
is connected to-the lower terminal of secondary
15 -through a connection including resistor 46,
the gap between burner 57 and electrode 61, and
resistor65. This connection would normally tend
to cause the anode 37 to assume g potential con-
siderably negative with respect to the potential
of cathode 35. Due to the presence, however, of
condenser 45, this connection is actually effective
to cause the grid bias to be raised in potential
instead of lowered. This effect of condenser 45
is present, however, only when the impedance
between electrode 61 and burner 57 is rectifying.
If it is not rectifying, the connection is effective
to lower the potential of grid 371 as would nor-
mally be expected with any connection between
the grid 37 and a point whose voltage phase with
respect to the cathode is opposite to that of the -
anode. : .

It will thus be seen from the above that upon
the presence of any non-rectifying impedance
between the flame electrode and burner 57, the
grid 37 is subjected to a potential substantially
below that of the cut off point. As a result, tube
33 is .non-conductive so that relay 22 is deener-
gized. ‘'Thus, it is impossible to establish a cir-
cuit to the main gas valve 54.

The resistor 65 is essential in both preventing
the grid potential from being lowered unduly
and also in preventing’ an undesirable phase
shifting effect from taking place. It will be
noted that the grid 37 is connected to the junc-

tion of two legs, one of which contains condenser

45 and the other of which contains a flame gap,
In other words, one of.these legs contains a
capacitive impedance and the other a resistance
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impedance. The result is that there is consider-
able tendency for the grid 31 to be shifted in
phase. 'This phase shifting effect becomes more
pronounced as the resistance between the flame
electrode and the burner decreases. If resistance
65 were not present, under extreme short cir-
cuited conditions, the phase displacement might
be sufficiently close to 90° that the grid potential
might actually be raised above the cut off point.
By employing a sufficiently large resistor 65,
however, it is assured that regardless of how
small the impedance of the flame gap will be,
the total impedance between the lower end.of
secondary {5 and ground connection 58 will still
be relatively substantial in magnitude.

CONCLUSION -

It will be seen that I have devised a control
device particularly applicable for the control of
a burner. This control device is extremely
simple in construction and yet is able o dis-
tinguish between a rectifying impedance and an
impedance which is not rectifying. While I have
shown a flame gap as a means for providing a
rectifying impedance, it is to be understood that
the invention is not so limited. . Even_in the
burner . control art, other means may be em-
ployed. For example, a photo-electric cell may
be employed in lieu of the flame gap. Such a
photo-electric cell, when exposed to the light of
a burner flame, becomes conductive in one direc-
tion only. In other words, the photo-electric
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2. In flame detecting ‘apparatus having only
one electronic amplifier, said amplifier comprising
a cathode, only one anode, and a control elec-
trode; a source of alternating power; an electri-
cally operated device whose energization is to be
controlled in accordance with the presence or

absence of & flame; circuit connections for con- . -

trolling said electrical device including said anode,
said cathode, and a portion of said source of power
and operative to cause said electrically operated
device to be energized when the potential of said
control electrode is positive with respect to a pre-
determined  cut-off value which is substantially
negative with respect to said cathode; & first con-
nection between said control electrode and a point
on said source of power including a condenser and,
effective to maintain said control electrode at &
potential negative .with respect to said cut-off
value; and a connection between said control
electrode and a second point on said source of .
power such that said connection would also nor-
mally tend to maintain the potential of said con-
trol electrode negative with respect to sald cut-oft-

. value, said connection having g portion thereof re~ -

25
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cell acts as a rectifier. Thus, in the appended -

claims, where the expression “means responsive
to a burner flame” is employed, it is to be under-
stood that this expression is intended to be broad
enough to cover both a flame gap and a photo-
electric cell exposed to a burner flame. In gen-
eral, while I have disclosed a spécific embodi-
ment of my invention, it is to be understood that
this is for purposes of illustration only and that
the invention is to be limited solely by the scope
of the appended claims,

T claim as my invention:

1. In flame detecting apparatus having only
one electronic amplifier, said amplifier compris-
ing a cathode, only one anode, and a control
electrode; a source of alternating power; an elec-
trically operated device whose energization is to
be controlled in accordance with the presence or
absence of a-flame; circuit connections for con-
trolling. said eléctrical .device including said

anode, said cathode, and a portion of said source

" of power and operative to cause said electrically
.operated device to be energized when the poten-
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tial of said control electrode is positive with re~ -

spect to a predetermined cut-off value which is
" substantially negative: with respect to said-

_cathode; a first connection between sald control
electrode and a point on said source of power
and effective to maintain said control electrode
at a potential negative with respect to said cut-

off value; a connection between said control elec- .

-'tain said control element at a potential positive Ao

60 -

trode and a second point on said source of power -

such that said connection would also- ‘normally

tend to maintain the potential ‘of said control

. electrode negative with respect to said cut-off

value, said connection including a flame electrode .

65

sponsive to a flame and acting as g rectifying im-

pedance when exposed to g flame; said‘condenser - . -.
being effective when said portion is rectifying to - o
maintain said control element at s potential posi- L

tive with respect to said cut-off potential.

3. In flame detecting apparatus having only one - -~
- electronic discharge device, said device comprising -.

‘a cathode, only one anode, and a control elec-
trode; an electrically operated device whose eéner~ . - -

gization is to be controlled in accordance with .
the presence or absence of a flame; a source-of
alternating power; circuit connections for con-
trolling said electrically operated device including.
said anode, said cathode, and a portion of said
source of power and operative to cause said elec~
trically operated device to be energized when the
potential of said control electrode is positive with .~
respect to a predetermined cut-off value which
is substantially negative with respect fo said cath-
ode; a first connection between said contro] elec~
trode and a point onh said source of power and
effective to maintain said control electrode at &
potential negative with respect to said. cut-off
value; a connection between said control elec-.
trode and a second point on satd source of power
such that said connection would also normally
tend to maintain the potential of said-éontrol

electrode negative with respect. to said cut-off -
value, said connection having & portion thereof . :

- responsive to a flame.and acting as a- rectifying R
impedance when exposed to flame;- and means. - -
-~associated with said last named connection and .-

effective when said portion is rectifying to msin-
with respect to said cut-off potential. -

- 4. In flame detecting apparatus; an electrically RO
. -operated device whose energization. is tobécon-. . ..
trolled in accordance with the presence or a,bsence, N
of & burner flaine; an-electronic amplifier com< ="~ 7
_prising a cathode, an anode; ‘and.a control.elec. . ...
trode; a sotirce of altemating power; cireult; con- T

-, nections for controlling said électrically operated:

forming one terminal of a gap adapted to be -

bridged by a flamie; and means associated with
said Iast named. connection and effective when

10

“said gap is bridged by a flame to maintain ‘sald. ‘

control element at a potential positive with re- -

spect to said -cut-off ‘potential by reason of the
rectifying properties of the flame,

75

- device including s connection from said anode o : -
" .ohe point.of said-source:of power ‘and a connection - -
between sald ‘cathode and a second pointof said " -

source of power, said circuit. connections- being -
effective to cause energiza.tlon of said -electrically:

- operated. device when the: potentlal of sa1d control -
-electrode is positive with. respect to g predeter- -
‘mined cut-off value which'is substantially nega-

tive wlth respect to said anode, a condenser.
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connection between said eontrol electrode and &
third point of said source of power whose voltage
phase with respect to said second point is op-
posite to that of said first named point to which
said anode is connected, said connection includ-

ing said condenser; & first charging circuit for.

said condenser consisting solely of said last named
connection, said control electrode, said cathode,
and said connection between said cathode and
said second point of said source of power, said
first charging circuit tending to cause said con-
denser to become charged in such a manner that
the potential of the grid is negative with respect
to said cut-off potential; and a second charging
circuit for said condenser comprising a connection
from said condenser to a fourth point of said
source of power whose voltage phase with respect
to said second point is also opposite to that of said
first point, said last named connection having a
. portion thereof responsive to a flame and acting
as a rectifying impedance when exposed to a
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flame; said condenser being effective when said

portion of said connections is rectifying to assume
a charge such as to cause the potential of the grid
to assume g value positive with respect to said
cut-off potential; and said first and second charg=-
ing circuits being the only circuits in which said
condenser is connected. . ‘

5. In flame detecting apparatus; an electrically
operated device whose energization is to be con-
trolled in accordance with the presence or ahb-
sence of a burner flame; an electronic amplifier
comprising a cathode, an anode, and a control
electrode; a source of alternating power; circuit
connections for controlling said electrically oper-
ated device. including a connection from said
anode to one point of said source of power and a

connection between said cathode and a second.
point of said source of power, said circuit connee--

tions being effective to cause energization of said
electrically operated device when the potential of
sald control electrode is positive with' respect to
& predetermined cut-off value which is substan-
tially negative with respect to said anode; g con-
denser; & connection between said control elec-
trode and a third point of said source of power
whose voltage phase with' respect to said sec-
ond boint is opposite to that of said first named
point to which said anode is connected, said
connection including said condenser; & first
charging circuit for said condenser consisting
solely of sald last named connection, said
control electrode, said cathode, and said connec-
tion between said cathode and said second point
of sald source of power, said first charging cir-
_ cuit tending to cause said condenser to become
charged in such a manner that the potential of
the grid is negative with respect to said cut-off
potential; and a second charging circuit for said
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condenser comprising g connection from said con-
denser to a fourth point of said source of power
whose voltage phase with respect to said second
point is also opposite to that of said first point,
said last named connection comprising a gap
adapted to be located in the path of a flame; said
condenser being effective when said gap is bridged
by a flame in the right direction to assume a
charge such as to cause the potential of the grid
to assume a value positive with respect to said
cut-off potential; and said first and second charg-
ing circuits being the only circuits in which said
condenser is connected. :

6. In flame detecting apparatus; an electrical-
ly operated device whose energization is to be
controlled in accordance with the presence or ab-
sence of a burner flame; an electronic amplifier
comprising a cathode, an anode, and a contro}
electrode; a source of alternating power; circuit
connecfions for controlling said electrically oper-
ated device including a ‘connection from said
anode to a first point of said source of power and
a connection between said cathode and g second
point of said source of power, said circuit con-
nections being effective to cause energization of
said electrically operated device when the boten-
tial of said control electrode is positive with re-
spect to a predetermined cut-off value which is
substantially negative with respect to said anode;
a condenser; & connection between said control
electrode and a third point of said source of power
whose voltage phase with respect to said second
point is opposite to that of said first named point
to which said anode is connected, said connection
including said condenser; a first charging circuit
for said condenser consisting solely of said last
named connection, said control electrode, said
cathode, and said connection between said cath-
ode and said second point of said source of power,
said first charging circuit tending to cause said
condenser to become charged in such a manner
that the potential of the grid is negative with
respect to said cut-off potential; and a second
charging circuit for said condenser comprising a
connection from said condenser o a fourth point-
of said source of power whose voltage phase with
respect to said second point is also opposite to
that of said first point, said last named connec-

. tion comprising an impedance of not less than 12

50

megohms in series with a gap adapted to be lo-
cated in the path of a flame; said condenser being
effective when said gap is bridged by a flame in
the right direction to assume a charge such as to
cause the potential of the grid to assume a value

5 positive with respect to said cut-off potential;

and said first and second charging circuits being
the only circuits in which said condenser is con-

nected,
FREDERICK E. LANGE.




