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UNITED STATES PATENT OFFICE

ELECTRONIC CONTROL APPARATUS

Willls H. Gille, St. Paul, Minn,, assignor to Min- .
neapolis-Honeywell Regulator Company, Min-
. neapolis, Minn,, g corporation of Delaware

Aprlication January 9, 1943, Serial No, 471,833
21 Claims. (Cl. 250—27)

- 'The present invention g concerned with elec- trol system employing my novel control ‘appa-
tronic conirol apparatus and more particularly ratus as a means of detecting & burner flame,

with apparatys designed to detect the DPresence Figure 2 is modified form ot my control ap-
of a rectitying impedance such as g burner flame paratus, o : :
bridging a fiame gap. 8 Figure 3 is g stil] further modified form of my
the co-pending application of Vilynn 0. control apparatus; and :
" Beam, Serial No. 450,613, filed July 11, 1942, there Figure 4 is another modification of my contro]

i disclosed control device' which is adapted to apparatus, this modification being shown in con-
determine whether gn impedanice connected nection with a burner control system, . - )

BCTOSS & gap is rectifying or not and to act in one 10  Referring to the drawings, the control appa-
manner when the impedance is rectifying and ratus of the present invention 1s shown as located
to act in-another when the £aD Is elther open = Within a housing 10, Thig housing may be of any
circulted or is bridged by an Impedance which  suitable material, being preferably of metal.

larly applicable for the detection of a burner 15 down transformer 2 having g line voltage pri-
the Beam application, it 1S necessary to employ 20 conductors 21 and 22 to line wires 28 and 24 Jead- -

28 voltage second'a,ry winding 15 and the high volt-. .

above in which any tendency towards undesirable‘ 30

a second triode’

A further object of the pr, esent invention is 0 e control device for supplying power at various
Provide a control device of the general type dis~ . Potentials to the contro] device; even though this
cussed above in which g phase shifting bridge is 85 means must be in turn connected to some primary

A'stlll further object of the present invention 49 on armature 29. ' The switch blade and armature
is to provide g control: device in which a single are normally biaseq by gravity or any other suit-'

- electronie discharge device may pe employed = gpe means away from switch contact 28. Upon
without sacrificing any of the advantages- of op- coil 26 being energized, switch blade 271 is moved .
eration obtained with the arrangement disclosed against its bias into engagement with switch con~ -
in the aforesaid Beam application. - 45 tact 28. :

A still further object of the Invention is to . A condenser 3 is connected by conductors $2
brovide a burner control system embodying the  anq 33 in parallel with relay coil 28, Condenser
control apparatus of the breviously named: ob- 31 acts a5 a shunt condenser to eliminate any
Jects in which the meang responsive to the burner bulsations in the current flowing through relay
flame is rectifying only when it is €xposed to a 50 cof] 28, : ‘
burner flame, . The energization of relay coil 28 is controlled

Other objects.of the invention wil be apparent - by an electronic discharge device 38. This de-

- from g consideration of the accompanying speci- vice comprises g conventional envelope 37 which
fication, claims, and drawings, of which: . €ncloses the various electrodes. The control de~

Figure 1 is a schematic view of the burner.con- §5 Vice 38 is one which. normally -comprises two
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triodes. A double cathode 38 serves to form &
cathode element for each of the two triodes. As-
soclated with this cathode are & pair of heater
elements 39 and 40 which are connected in
parallel. The first triode comprises cathode ele-
ment 38, a grid 41, and a Dplate 42, A second
triode is constituted by the cathode 38, a grid
44, and a plate 48. Since the control apparatus
of the present invention does not require the use
of two triodes, the anode 45 is not employed.
This anode is merely shown because in a con-
ventional tube having two control grids such an
anode would be present. The triode consisting
of cathode 38, anode 42, and grid 41 is preferably
of the type which is designed to operate with
an anode voltage of such a magnitude that the
triode conducts current whenever the grid po-
tential is above a predetermined value negative
with respect to the cathode. In other words, this
triode is of the conventional type normally op-
erated with a “negative cut off point.”

The heater elements 39 and 40 are connected
by conductors 46, 82, 41, 99 and 98 across the
gecondary (8. Secondary 15 thus serves to con-
stantly energize the heater elements 39 and 40. .

Resistors 48 and &9, and a condenser 58 form
the elements of a filter network between the grid
41 and the cathode 38, as will be more fully ex-

plained later. A protective resistor §{ is con--

nected in series with grid 44. The numeral 52
is employed to designate a condenser which is
employed to control the potential of grid &1.
The secondary (6, a condenser 54, and a choke
coil 55 constitute the elements of a phase shift-
ing network. 'The condenser 54 and choke coil
5 are connected to secondary I8 by conductors
57, 58, 59, and 60. The voltage between the junc-
tion of conductors 88 and 89 and the lower ter-
minsl of secondary 18 leads in phase the voltage
between the upper and lower terminals of sec-
ondary 18 by 90° ’
The relay 28 is
troling an electrically operated gas valve €3,
This gas valve is of the type which when ener-
" gized permits a flow of gas and which upon de-
energization interrupts such flow. The gas valve
83 controls the flow of gas through & pipe ¢4 to

a main gas burner 86. Located adjacent to the.

main gas burner 88 is a pilot burner 81, the
flame of which is indicated by reference numeral
68. - The pilot burner 67 is connected to ground
as indicated at 69. The pilot burner is supplied
with gas by a pipe 70 which is connected to the
gas supply pipe 64 at a point on the upstream
side of valve 63 so that the pilot burner 87 is
normally constantly supplied with gas and hence
normally constantly burning. A flame electrode
12 1s located so as to extend into the path of
pilot flame 68. This flame electrode is connected
by conductors 18, terminal 14, and conductor 18
to the junction of conductors 58 and §8.

The energization of valve 63 is not only con-
trolled by relay 26 but also by a room thermostat
11. This room thermostat is of conventional
construction and comprises a bimetallic element
18 to which Is attached a contact arm 19. The
contact arm 19 Is adapted to be moved by the
bimetallic element 78 into and out of engagement
with a contact 80. As indicated by the legends
«c” and “H,” bimetalilc element 18 is effective
upon a drop in temperature to move the contact
arm 719 to the left into engagement with contact
80. Upon a rise in temperature, it is adapted
to move the contact arm 79 to the right out of
~ engagement with contact 80. A magnet 81 i3

.-
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assoclated with contact arm T9 to impart a snap
action to the contact arm and to cause & suitable
differential to exist between the temperature at
which the contact arm 79 engages contact 80
and that at which it separates from contact 80.
The following are values which can be em-
ployed in a specific embodiment of the inven-
tion: Windings 16 and IT may each be designed
so that they produce voltages of approximately
300 volts. The secondary I8 can be designed to
have a voltage output of approximately 12 volts.
The winding {4 is preferably a 24-volt winding.
In the same embodiment, the resistors 48 and 49
can be one and two megohm resistors respective-
1y. The condensers 50 and 52 can be .02 micro-
farad condensers and the condenser 31 is prefer-
ably an 0.5 microfarad condenser. The resistor
51 may be a five megohm resistor. The values
of condenser 54 and choke coil 55 are so selected
as to give substantially equal impedances for
current of the available frequency. It is to be
understood that these values are merely iilus-
trative values which can be varied over a wide
range and that the invention is not in any way
limited to the use of elements having these
values. i
 OPERATION OF FIGURE 1

When pilot burner is extinguished

. The various elements are shown in the posi-
tion which they occupy when the pilot burner 61
is extinguished and when the temperature ad-
jacent room thermostat 77 is at or above the de-
sired value so that the thermostat 1T is “satis-
fled.” Under these conditions, the following-
charging circuit to condenser 52 is active: from
the upper terminal of secondary {8 through con-
ductors 82 and 83, condenser §2, conductors 84
and 88, resistor 6i, grid 44, cathode 38, and con-
ductors 87, 88, 92 and 98 to the lower terminal of
secondary 15. The flow of current through this
circult is only in the direction traced due to the
rectifying action of the grid 44 and cathode 38.
The effect of the current flow through condenser
$2 in the direction traced is to cause a unidirec-
tional voltage to be impressed across condenser
52. The polarity of this voltage is such that
the right hand terminal of condenser 52 is nega-
tive and the left hand end positive. The right
hand terminal of condenser 82 is connected by
conductors 84, 89, resistors 48 and 49, and con-
ductor 81 to grid 41. The left hand end of con-
denser 82 is connected by conductors 83 and 82,
the secondary 15, and conductors 96, 82, 88 and
87 to the cathode 38. In other words, the right
hand terminal of condenser 52 is a grid terminsl
and the left hand end a cathode terminal. Since
the right hand terminal of condenser 52 is a
terminal which is negative, it will be obvious
that the result of this unidirectional voltage
across condenser 52 is to bias grid 41 negatively.
This action is aided by secondary {8. It isto .
be noted that the upper terminal of secondary
{5 is connected to the grid #1 through condenser
52.  The lower terminal is connected to the .
cathode. The lower terminal is also connected
by conductors §8, 99, and (00 to the upper ter-
minal of secondary 11. The lower terminal of.
secondary 17 is connected by conductor 81, relay
coil 26, and conductor 98 to the anode 42. The
potential of the upper terminal of secondary is
is thus displaced 180° in phage with respect to
the lower terminal of secondary {1 to which the
anode 42 is connected. Hence, the voltage in-
troduced into the connection of the left hand ter-
minal of condenser 52 to grid 41 by cathode IB




is 180° out of phase with respect to the anode
voltage. Hence, the tendency of this voltage, to
the extent that it is applied to grid 41 through
the filter network, is to ald the charge on con-
denser 52 and to bias grid 41 turther negatively,
The cumulative result of the charge on con-
denser 52 ang. this out of phase voltage intro-
duced by secondary 1§ is to bias the grid 41 be-
low the cut off potential or at least sufficiently
close to it that insufficient current flows through
relay coil 26 to energize the relay effectively.
The charging of condenser 52 occurs not only
through the circuit traced above but also through
the following circuit: from' the upper terminal
of secondary {5 through conductors 82 and 83,
condenser §2, conductors 84 and 90, resistors 48
and 49, conductor 81, grid A1, cathode 38, and
conductors 88, 92, and 96 back to the lower ter-
minal of secondary 15. It will be noted that this
circuit relies upon the rectifying effect of grid
41 and cathode 38,
this circuit is somewhat less,
" previously traced due to the
48 and 49. Thus, while both the grids 41 and
44 act as elements in rectifying ecircuits for
charging condenser 52, the charging is acéom-
plished principally through the first mentioned
circuit including griq 44 and cathode 38,

As previously noted, the resistors 48 and 49 and
condenser 80 function as elements of a filter
system.. It is to be noted that condenser 80 is
connected by conductors 83 and 94 ‘between the
junction of resistors 48 and 48 connected to the
grid 41 and conductor. 87 leading to the eathode
38. Tt will.be readily apparent that condenser
60 functions in the usual manner of a shunt con-
denser of a filter network to-tend to filter out
any alternating current voltage Iimpulses that
might otherwise be applied to grid &1, . :

It will be seen from the foregoing description
that as long as a flame is absent, the grid 41 is
biased negatively below the
result of a charge Impressed on condenser 52.
As 8 result, the triode comprising cathode 38 and
anode 42 is not conductive. As win presently be
explained, this makes it impossible to cause enaf-
gization of gas valve 63, .

When flame is. present :
As so0n as the pilot burner 87 is ignited so that

flame 68 is present, & new charging circuit is
established to condenser 52. This charging cir-

however, than that

—.

cuit is as follows: from the Junction of conductors:

58 and 58 of the phase shifting network through
conductor 78, terminal 14, conductor 13, flame
electrode 12, flame 88, burner 871, ground con-
nections 68 and 98, conductors 85 and 84, con-
denser 52, conductors 83 and 82, secondary 18,
and conductors 98, 92, and 89 to the lower end of
the secondary 16 of the phase shifting bridge.
It will be noted that the above circult was traced
through the flame in a direction opposite to
lame propagation. It has been found that the
on flow through a flame is greatest'in the direc-
fon’ of flame propagation. In other words, the
‘onventional current flow through a flame is
ireater in the direction Opposite to flame propa-
'ation., Hence, while current may flow through
lame 68 in both directions the current flow is
auch greater in the direction traced. As g re-

The current flow through:

8,8.79.379
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that the last traced oircult was traced through
condenser 82 in g direction opposite to that trsced
in connection With the first circuit. In other
words, the effect of the current flow through the
last traced ‘cireuit is to Impress across condenser
B2 a charge such as to make the right hand ter-
minal of condenser 52 positive and the left hand
terminal negative, As previously pointed out,
the right hand terminal of condenser 82 is the
grid terminal and the left hand end the cathode
terminal. Thus, the tendency of the current flow
through. the last traced circuit including the flame
is to raise the potential of the grid with respect
to the cathode. The constants of the cireuit are
80 selected that when a flame is present in the
flame gap, this increase in the potential of the
grid is sufficient to ralse the grid potential ap-
preclably gbove the cut off- value so that the
triode Including cathode 38 and plate 42 becomes
conductive, ‘When this happens, it is possible
for a circuit to be established through relay coil

the lower end of secondary

1T through conductor 91, relay coil 28, conductor

88, anode 42, cathode 38, and conductors 87, 88,
82, 99, and 100 to the upper terminal of secondary -
11. The current flow through relay cofl 26 a5 a

result of the circuit Just traced causes energiza-

tion of relay coil 26 so as to move switch blade

21.into engagement with contact 28." This makes -
possible the “establishment of a circuit to gas

valve 63 under the control of room thermeéstat 77,

Let 1t now be assumed that the room thermo-
stat 17 calls for burner operation; that is, that
contact arm 18 is moved into éngagement with
contact 80. When this ‘happens, the following
circuit is established to gas valve 63; from the
upper terminal of secondary 14, through conduc-
tor 101, terminal 102, conductor 103, bimetallic
element 18, contact blade 79, contact 80, con- -
ductor 104, terminal {08, conductor 108, terminal
107, conductor 108, gas valve 68, conductor | 03,
terminal 110, conductor 111, switch blade 21, con-
tact 28, and conductor 112, to the other terminal
of secondary 4. ‘The energization of gas valve
83 causes it to move to, open position permitting
gas to flow through pipe 64 to. the main burner
68. Since it has already been assured that the
pllot burner 87 is burning, 1t is certain that main
burner 86 will be properly ignited. o

Normally the burner 88 will remain ignited un-
Hl the thermostat 77 becomes satisfled.” When
this happens; the contact arm 19 separates from
contact 80 thus interrupting the energizing cir.
cuit to valve 68 and causing valve 83 to close.

If at any time during the operation of the sys-
tem, the pilot burner 87 1s extinguished, the con-
trol device of the present invention is effective
to cause almost immediate closure of main gas
valve 88. “As soon as the pilot flame 68 is in-
terrupted, current can no longer flow through
the last traced charging eireuit for condenser

B2, As g result, the only charging circuit for

65

70

ult, there is a definite direct current component

1 the current flowing through condenser §2 with
he result that condenser 52 tends to be charged
8 a result of this current fow. It will be noted

5

condenser 52 is the one first traced. It will be
recalled that the effect of this charging circuit
is to produce a charge across condenser §2 which
biases the grid 41 below the. effective eut off
potential. The time required for charging this
condenser is extremely small, Thus, almost im-
mediately after the pilot flame 68 is extinguished,
the potential of grid 41 is lowered to a value
such that the burner relay 285 is denergized. This
causes an interruption of the circuit to main gas
valve 63 so as to terminate the flow of gas to the
main burner 68. ‘
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When flame gap is bridged by high resisiance
impedance

1t occasionally may happen that the flame gap

becomes bridged accidentally. One difficulty
which is occasionally encountered is that carbon
builds up on the flame electrode 68 to the point
where the carbon either engages the burner 61
or is separated from burner 67 so slightly that the
impedance between the flame electrode and the
burner is substantially below the open circuit
impedance and may €ven be very close to the
flame impedance. It is obvious that the flame
responsive apparatus should not respond to the
presence of such an impedance in the same man-
ner as it does to a flame. My present apparatus
is particularly designed to distinguish between
such & high resistance impedance and a flame.
It will be recalled that the charging of con-
denser 52 in the direction opposite to that in
which it is charged by the biasing circuits de-
pended upon the rectifying effect of flame 68.
Any normal impedance bridging the flame gap
is not rectifying in effect. Under such circum-
stances, accordingly, the current flow through
the condenser 52 as a result of .the last traced
circuit is the same in both directions so that the
only voltage impressed upon condenser 52 as a
result of such current flow is an alternating volt-
age. Such an alternating voltage in no way af-
fects the direct current potential, Purthermore,
this alternating voliage has such a phase relation
- with respect to the voltage applied to the anode
circuit that it tends to further lower the potential
of grid &1, as will be pointed out presently. “This
later effect is more pronounced when the im-
pedance between flame gap 72 and burner 67 is
relatively low in magnitude. ’

When substantial short circuit exisls across
: flame gap

" Under certain circumstances, a - substantial
short circuit condition can exist between the flame
gap and the burner 61. A typical condition js
that which occurs when the flame electrode be-
comes. unduly heated and softens so as to bend
down and touch the burner 61. Under these con-
ditions, the impedance between the electrode 12
and the burner 67 is relatively small. When this
happens, the current flow through condenser 62
as a result of the circuit to the flame gap be-
comes very substantial. Or, viewed in another
light, the impedance between the grid terminal
- of condenser 52 and the junction of conductors

58 and 59 becomes relatively low. The effect of .

this is to cause grid 41 to tend to assume the
potential of the junction of conductors 58 and 59.
Several other factors must be considered, how-
ever, in determining the potential which is ap-
plied to grid 41 under these circumstances. It
is to be noted that the junction of conductors
84 and 85 to which grid 41 is connected is also the
junction of a connection involving condenser 52
and the impedance between flame gap 12 and
burner 61. In other words, the grid is connected
to the junction of two conductive legs one of
which contains the capacity of impedance of con-

denser 52 and the other of which contains the .

resistive impedance of the flame gap. The con-
denser and the impedance of the flame gap con~
stitute, in effect, a phase shifting bridge. As
long as the value of the impedance between flame
electrode and burner 67 is comparatively high, the
effect of this phase shifting action is not serlous.
Asit becoines lower, however, a more pronounced

2,379,872 -

. phase shifting action takes place. If the grid:
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were connected directly to the upper end of sec-
ondary 16 and if the condenser 52 were not pres-
ent, the grid would be at a potential 180° dis-
placed from the potential of anode 42. This
would be desirable but is not possible in view
of condenser 52. Due to the presence of -con-
denser 52 and the resultant phase shifting ac-
tion, the grid 41 would no longer be at a potential
180° displaced from that of the anode umnless: a
phase shifting bridege was provided. The-phase
shifting bridge including condenser 54 and choke
coil 55 operates to cause the voltage between the
junction of conductors 58 and B9 and the lower
end of secondary 16 to lead that between the up-
per and lower terminals of secondary #6. This
lead in the voltage compensates for the lag in the
voltage introduced by the presence of condenser
The result is that the two phase shifting
actions cancel each other so that grid 41 tends
to be maintained at a potential substantially 180°
displaced from the anode potential. 'Thus, as the
impedance between flame electrode 12 and burner
61 decreases, the potential of grid 41 is lowered
as a result.of the out of phase alterndting volt-
age applied to the grid by the connection through -
the flame gap to the phase shifting bridge.

It will be seen that I have provided a control
mechanism which operates under all circum- .
stances to distinguish between a rectifying and
non-rectifying impedance without the use of a
second triode. In the above operation, the anode
45 plays.no part whatsoever and could be omitted
in a tube especially designed for applicant’s con-
trol mechanism. ’

SPECIES OF FIGURE 2

The species of Figure 2 is similar to that of
Pigure 1 with the exception of the type of phase
shifting bridge that is employed. Since the gas
valve 63, the gas burner 66, and the thermostat
1T are all identically the same in structure and
in the manner in which they cooperate with the
control apparatus, these elements have not been
shown in Figure 2. To further enable a more
ready comparison of the arrangements of Figure"
2 and Figure 1, identical reference characters
have been applied in the two figures to corre-
sponding elements. Those elements which corre-
spond to elements of Pigure 1 and whose func~
tion is readily apparent from the foregoing de-
scription of Pigure 1 are not described again i
connection with Figure 2. :

In the present species, the transformer 12 not
only comprises the secondaries 14, 15, and 17, but
also a center tapped secondary (16 which takes

' the place of secondary 16 in the species of Figure .

1. The cathode 38 is connected by conductors 81,
88, and 89 to the center tap 118 of this secondary
i16. Associated with the secondary 116 are a
condenser 120 and a resistor 121. The condenser
120 and resistor 121 are connected by conductors
122, 123, 124, and 125 between the opposite ter-
minals of secondary 116. The secondary (18 to-
gether with the condenser 120 and the resistor 121
constitutes a phase shifting bridge, the output
terminals of which are the center tap {18 and the

- junction of conductors 123 and 124. 'The voltage -
. existing between the junction of conductors 123

and {24 and the center tap 118 is displaced 90°
in phase from the potential between the upper
and lower terminals of secondary {16, the poten-
tial difference across the junctions of the phase
shifting bridge leading the potential difference
between the terminals of secondary 116, - In other
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words, the voltage between the output terminals
of the phase shifting bridge of this species leads
the supply voltage by the same amount as the out-
put voltage of the phase shifting bridge of the

species of Figure 1. The essential difference be-

tween the two phase shifting bridges isthat in the
species of Figure 1, a condenser ang inductance
combination is employed, while in that of Pigure 2
& condenser-resistor combination is employed.
While the condenser-inductance combination
glves a greater phase shift, the phase shift result-
ing from the phase shifting network of Figure.1
1s only 80° because of the fact that a center tapped
secondary is not, employed. .

Referring again to Figure 2, the lower terminal
of secondary 1§ is connected by conductors { 26,
127 and 128 to conductor 89 which, as previously
noted, is connected to the cathode 38, The upper
terminal of secondary 1§ ig connected through
conductors 82 and 83 with condenser 52,

It is belleved that the operation of the species

10

15

20

of Figure 2 will be readily apparent in view of

the foregoing description. - When there is no
flame, g charging circuit is established through
condenser 52 as follows: from the upper termina]
of secondary 15 through conductors 82 and 83,

condenser 52, conductors 84 and 88, resistor 5,
88,128,121,

grid 44, cathode 38, and conductors 81,

- &nd 126 back to the other terminal of secondary
I8. Due to the rectifying action of grid 44 and
cathode 38, the current flow takes place through
condenser §2
& direct current Dotential is impressed across con~
denser 62, the polarity of this potential being such

- that the right hand end of condenser 52 {3 nega.
tive and the left hand end positive, Since con-
denser 52 is connected to grid 41 in the same man-
ner as in Figure 1, it will be obvious that the tend-
-ency of this charge is to impress a negative volt-
8ge on grid 41. This voltage is furthermore aideq

‘by the alternating potential across secondary 15.

- It is to be noted that, as in Figure 1, the voltage
bhase of this voltage with respect to the cathode
38 is displaced 180° from the voltage applied to
the anode by secondary 7. Thus, in the absence
.of s flame, the grid is biased negatively below the
cut off point so that Insufficlent current can flow
through the relay coil 26 to cause energization of
thesame. . - ‘

Upon flame being establish.ed, an energizing
circuit is established from the junction of con-
ductors 123 and 124 through conduetor 18, ter-
minal 14, conductor 13, burner electrode 12, burn-
er flame 68, burner 67, ground connections 88 and

* 85, conductors 85 and 84, condenser 52, conduc-

tors 83 and 82, secondary 15, and conductors 128,
121, 128, and 89 to the center tap (18 of the sec-
ondary {i6. The output voltage of the phase
shifting bridge is thus applied to the flame elec-
trode circuit just as in the species of Figure 1.
As a result of the application of this voltage and
the rectifying action of the flame, a direct current
voltage is applied to the condenser §2, which volt-
age Is opposite to the voltage produced by the
previously traced charging circuit, Thus, the po-
tential of grid 41 is raised sufficiently to cause
energization of relsy coil 26 S0 &8 to permit the
establishment of an energizing circult to gas
valve 63, ]

In the event of the flame gap being short cir-
cuited, the operation is again substantially the
same as in Figure 1. In the first place, the im-
pedance bridging the flame 88D has no rectifying
effect so that there is-no tendency for condenser
52 to be charged in a direction opposite to which

- R —

only in the direction traced so that.
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tential 180° out of phase With
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it is charged by the biasing circuits. In the sec-
ond place, the establishment of g non-rectifying
impedance connection across the flame gap tends
to cause the grid 41 to assume an alternating po-
the anode potential.
As with the species of Figure 1, the phase shifting
tendency of condenser §2 and. the impedance
across the flame gap is compensated for by the
phase shifting effect of the phase shifting bridge
including condenser {20 and. resistor 121,

SPECIES OF FIGURE 3

The species of Figure 3 is similar to that of -
Figure 1 as far as the Phase shifting’ bridge is
concerned. However, in this species, instead of
employing the rectifying effect of the grid .and
cathode of a second triode, a tube Having an aux-
iliary anode, commonly referred to as g diode, is
employed. A second condenser connected in se-
ries with this diode and ‘the cathode is charged
-action of  the diode and

The transformer 12 in this case comprises the
primary winding {3 and the low voltage second-

- 8I'y windings 14 and (5 as in the case of Figure 1.

It also comprises high voltage windings 16 and (7.
In addition, a low voltage winding 140 is provided
for the purpose of energizing the cathode heater,

As in Pigure 1, the secondary 16 is employed
as the power supply of a phase shifting bridge,
Connected across the terminalg of -this bridge in
series with each other are g condenser B4 and a
choke coil 58, T .

The electronic amplifier in the present species
is designated by the referente numeral (45, This
amplifier comprises an envelope (48, an anode
141, & grid 148, a cathode 149, and a diode 150.
Associated with the cathode 149 is g cathode
heater 152 which is connected by conductors 154
and 185 with the terminals of secondary 140,

In addition to the condenser 52 of the species
previously described, there is also provided in this
species a further condenser 156,

The condenser. 156 is charged as a result of the
following charging circuit: from the lower ter.
minal of secondary 15 through conduector 158,

- diode 180, cathode 148, conductors 81, 88, and

50

188, condenser 156, and conductor 82 back to the
upper terminal of secondary 6. Due to the rec-
¥ the diode and cathode, the cur-
rent flow through this circuit takes place only in

. the direction just traced. This direction of cur-
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rent flow is such as to cause g unidirectional volt-
age to be built up &cross, condenser 156 of a
polarity such that the right hand terminal of
condenser 186 is positive and the left hand ter-
minal negative. The right hand terminai of con-
denser 156 is connected through conductors 159,
88, and 87 to the cathode 148, The left hand
terminal is connected through conductor 83, con-
denser 52, conductors 84 and 90, resistors 48 and
48, and conductor §1

terminal. The effect, accordingly, of the charge
Just referred to is to bias grid 148 negatively with -
respect to cathode 149, e various elements
of the system are so selected that the magnitude
of this bias is sufficient to bias the grid below the
cut off -point or at least sufficiently close thereto
that the relay coil 26 i§ not adequately energized,

Upon the establishment of -fiame, ‘a charging
circuit through condenser 82 is established.  This
charging circuit is from the Jjunction of condue-
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tors 58 and 59 through conductor 15, terminal 74,
conductor 13, flame electrode 72, flame 68, burner
67, ground connections 69 and 96, conductors 85
and 84, condenser 52, conductor 88, condenser
156, conductor 159, and conductor 89, to the lower
terminal of secondary f6 of the phase shifting
bridge. As was explgined in connection with the
previous species, due to the rectifying action of
the flame, the current flow through the circuit
just traced takes place to a greater extent in the
direction traced than in the opposite direction.
The result of this current flow is that the con-
denser 52 becomes charged with a voltage of such
polarity that the right hand terminal of con-
denser 52 is positive with respect to the left
hand termingl. Furthermore, this positive
charge on condenser 52 is sufficient in magnitude
to overcome the voltage across condenser 156
sufficiently to raise the potential of grid 148 sub-
stantially above the cut off point. As a result,
the relay coil 26 is energized through the follow-
ing circuit: from the lower terminal of second-
ary |7 through conductor 91, relay coil 26, con-
ductor 98, anode 147, cathode 149, and conduc-
tors 81, 88, 159, and 160, to the other terminal
of secondary 117.

The action of the phase shifting bridge is sub-
stantially the same as with the previous species.
Were conductor 15 connected directly to the up-
-per terminal of secondary 18, a definite phase
shifting action would exist whenever a non-rec-
tifying impedance were connected in the flame
gap. It iIs to be noted that the grid 148 is con-
nected to the junction of conductors 84 and 85.
Conductor 84 is connected through condensers 52
and 156 in series to the lower terminal of second-
ary 18. Conductor 85 is, on the other hand, con-
nected through ground connections 95 and 69
and through the impedance of the flame gap to
the conductor 15. Were conductor 15 connected
to the upper end of the secondary 186, the result
would be that there would be a phase shifting
bridge with the resistive impedance of the flame
gap in one leg and the capacitive impedance of
condensers 52 and 158 in the other leg. This
phase shifting effect becomes particularly marked
whenever the flame gap is bridged by a non-reg-
tifying impedance, particularly one with s rela-
tively low impedance value. By interposing the
phase shifting bridge consisting of condenser 54
and choke 85, however, this phase shifting action
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The transformer {2 in this case comprises &
line voltage primary I3, a low voltage secondary

' 14, a center tapped high voltage winding 170, and

a low voltage fllament secondary I74. - The sec-
ondary 170 is provided with a center tap 171 and
a tap 172 displaced slightly from the center tap.
A condenser 175 and a resistor 176 are connected
between opposite terminals of the secondary 170
by conductors 1711, 118, 1719, and 180,

The electronic amplifier in this species is desig-
nated by the reference numeral 184. This ampli-
fier is a conventional type of triode amplifier
having an anode 186, & grid 187, and an indirectly
heated cathode 188. 'The heater 189 of the cath-
ode is connected by conductors 196 and 181 to
the secondary 174.

A charge is normally maintained on condenser
52, this charge being of such a polarity that the
grid 187 is maintained at a potential close to or
below the cut off potential. This charge is estab-
lished by the following circuit: from the tap 172
through conductor 198, condenser 52, conductor
{96, resistor 197, conductor 198, grid 181, cathode
188, and conductor (99, to the center tap (Ti of
secondary 170. Due to the rectifying action of
the grid and cathode, the flow of current through
the circuit just traced takes place only in the
direction traced. This dir:ction is such that the
right hand end of condenser- 52 becomes charged
negatively and the left hand end positively. The
result is that the potential of grid 187 with respect
to cathode 188 is lowered to a value close to or
below the cut off potential. The operation under
no flame conditions may be explained in another
manner. It is to be noted that the tap 172 is on

. the opposite side of tap 171 from the lower ter-

-
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of condenser 166 and the impedance of the flame

gap is counter-acted so that the tendency of the
connections including the conductor 7§ and the
flame gap is to maintain the grid at a potential
180° displaced in phase with respect to the anode
potential. In this way, it is assured that when-
ever the flame gap is bridged by a non-rectifying
impedance, the potential of grid 148 will be low~
ered sufficiently that the relay coil 26 will not
be energized. ’

It will be seen that the species of Figure 3 is
substantially the same in principle as that of
Figure 1 but eliminates the need of a second
triode, Purthermore, by reason of the relatively
large current capacity of the diode-cathode rec-
tifying path, it is assured that a relatively con-
stant source of biasing potential is available.

SPECIES OF FIGURE 4

The species of Figure 4 differs from that of
Figures 1 and 3 in that it employs merely a single
triode and depends upon the rectifying effect of
the grid and cashode of this single triode to pro-
vide the biasing potential.’ '
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minal of secondary 170 to which anode 186 is con-
neeted. 'Thus, when anode 186 is positive with
respect to cathode 188, the tap 172 is negative
with respect to the cathode 188. The condenser
52 and resistor {97 thus connect the grid 187 with
a point of such voltage phase that when the
anode is positive with respect to the cathode, this
connection tends to render the grid negative.
Viewed in either light, the resulf is that the grid
is suficiently negative with respect to the cathode
under no flame conditions so that insufficient
current flows through relay coil 28.

Upon the occurrence of a flame, a conductive
path is established through condenser 52 as fol-
lows: . from the junction of conductors {18 and
119 through conductor 75, terminal T4, conductor.
13, flame electrode 72, burner flame 68, burner 87,
ground connections 69 and 95, conductor 196,
condenser 52, and conductor 185 to terminal {712
of secondary 1710. Due to the rectifying action of
the flame, a greater current flow through con-
denser 52 takes place in the direction traced so
that there tends to be impressed across condenser
B2 a voltage of such polarity that the right hand
terminal of condenser 52 is posifive and the left
hand terminal, negative. This positive voltage is
in effect connected in series with the alternating
potential of that portion o6f the secondary (70
between taps iTf and (72. The magnitude of the
positive voltage across condenser 52 due to flame
rectification is large enough to cause the poten-
tial of grid 181 to be raised sufficiently above the
cub off point. As a result, current flows from the
iower end of secondary 170 through conductor 97,
relay coil 26, conductor 98, anode 186, cathode
188, and conductor 189 back to the center tap 171
of secondary 170.

The condenser {15 and resistor {16 cooperate
with secondary 170 to provide & corrective phase
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shifting action as in the previous species. Were

conductor 79 connected to the upper terminal of .

secoqdary 170, the grid 187 would be connected to
thp Junction of two legs of a phase shifting
bridge, one leg of include condenser

shifting bridge consisting of Secondary 170, con-

sates for the undesirable phage shifting action
Just referred to.

In a typical embodiment of the invention of
Figure 4, each half of secondary winding (10 hag
an output voltage of 300 volts. - The resistor 197
had a resistance value of one megohm. A con-
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denser of approximately .02 microfarad capacity -

is employed for condenser 52. In the same em-
bodiment, tap 112 ig spaced by a voltage of 24
volts from the voltage of center tap 171,

CoNcLUSION

It will be seen that v
mechanism designed for detecting the presence or
absence of a rectifying Impedance which does not
involve the use of two triodes. Furthermore, by
the use of & phase shifting network, I am able to

obtain a controlled corrective phase shift which

does not vary erratically depending upon certain
operating conditions, which have no relation to
the amount of phase shift necessary. -

Although in the illustrateq embodiments of my
invention, I have shown' the rectifying imped-
ance to be & burner flame, it is to be understood
that other rectifying impedances may be employed
even where the mechanism ig controlled as g
burner control device, For example, a flame gap
may be replaced by a photoelectric cell exposed to
the burner flame. Such a photoelectric cell per-
mits current flow in only one direction and allows
such current flow to take Place only when the
photoelectric cell has been exposed to a source of
illumination. Accordingly, where the expression
“means responsive to g burner flame” i employed
In the claims, it ig to be understood that this
expression is sufficiently broad to cover either g
flame gap or a photoelectric cell, . ,

In general, while I have shown certain specific
embodiments of my invention, it is to be under-
stood that this is for purposes of illustration
and that my invention is to be Hmited solely by
the scope of the appended claims,

I claim as my invention:

1. In combination, a phase shifting network
including g source of slternating power, an elec~
tronic discharge amplifier having an anode, g
cathode, and a control electrode, a connection
between said control electrode and. said DPhase
shifting network, the potential of the point of
connection with said phase shifting network be-
ing such that saig connection tends to cause said
control electrode to be maintained at a value at
- which said amplifier is effectively non-conductive,
said connection having g gap therein adapted to
be bridged by an impedance, and means associ-
ated with said connection and responsive to the
direct current flowing across the terminals of said
gap when said gap is bridged by a rectifying im-
pedance to cause the botential of the control
electrode to assume g value at which said ampli-
- fler is effectively conducting,
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amplifier is effectively
3. In combination,

conducting, |
2 phase shifting network

said control electrode to assume a value at which
said amplifier is effectively non-conductive, re-
actance means associated with said connection
and effective when said gap is bridged by an im-
bedance rectifying in the direction of said con-
trol electrode to cause the potential of the con-
trol electrode to assume g value at which said

and said reactance, .

5. In combination;
control device whose energization is to be con-
trolled in accordance with

‘associated with saiq connection and effective

when said gap is 50 bridged by a

tion tending Wwhenever the 8ap is bridged by g
cause said controj
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electrode to assume & value at which said ampli-
fler is effectively non-conductive; and a phase
shifting network in said connection compensating
for the phase shifting effect of said impedance
and said reactance so as to increase said last
described tendency of said connection.

6. In combination: a phase shifting network
including a source of alternating power, a con-
denser, and a resistance; an electronic discharge
amplifier having an anode, a cathode, and a con~
trol electrode; a connection between said control

electrode and the junction of said resistor and

condenser, the potential of said junction being
such that sald connection tends to cause sald
control electrode to be maintained at & value at

‘which said amplifier is effectively. non-conduc-

tive, said connection having a gap therein adapt-
ed to be bridged by an impedance; and means

- associated with said connection and responsive to
‘the direct current flowing across the terminals

of 'said gap when said gap is bridged by a rectify-

. ing impedance to cause the potential of the con-
trol electrode to assume a value at which said

amplifier is effectively conducting. =

7. In combination; a phase shifting bridge in-
cluding a center tapped source of altéernating
power, a capacitive reactance, and an inductive
reactance; an electronic discharge amplifier hav-
ing an anode, a cathode, and a control electrode;
a connection between the center tap of said
source of power and said cathode; a connection
bgtween said control electrodeé and the junction
of said two reactances of said phase shifting
bridge, the potential, of said junction with ve-
spect to that of said ‘anode being such that said
last named connection tends to cause said con-
trol electrode to be maintained at a value at

_ which said amplifier is effectively non-conduc-
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power, each of which tends to cause said control
electrode to assume a potential at which said
amplifier is effectively non-conducting; a first of
said connections comprising & reactance; & second
of said connections having a gap adapted to be
bridged by an impedance; said reactance being -
effective when sald impedance is rectifying in
the direction of the control electrode to cause the
potential of said control electrode to assume &
value at which said amplifier is conductive despite
both of said connections; and means in said sec-
ond connection tending to overcome the phase
shifting effect of sald impedance and said
reactance. : :

10, In combination; an electronic amplifler
having an anode, a cathode, and a control elec-
trode; a source of alternating power; two connec-

- tions between said control electrode and. sald

20

25

30

35

tive, said last named connection having a gap

therein adapted to be bridged by an lmpeédance;
and means associated with said last named con-
nection and responsive to the direct current flow-
ing across the terminals of said gap when said
gap is bridged by a rectifying impedance to cause
the potential of the control electrode to assume

a value at which said amplifier is effectively con-

ducting.

8. In combination; a phase shifting network
including a center tapped source of alternating
power, a capacitive reactance, and an inductive

‘reactance; an electronic discharge amplifier hav-

ing an anode, a cathode, and a control electrode;
a first connection between the center tap of
said source of power and said cathode; a second
connection between one terminal of said source
of power and said anode; a third connection be-
tween said control electrode and the junction of
sald two reactances of said phase shifting bridge,
the potential of said junction with respect to the
terminal to which said anode is connected being
sueh that said third connection tends to cause
said control electrode to be maintained at a value
&t which said amplifier is effectively non-con-

ductive, said third connection having a gap there--

in adapted to be bridged by an impedance; and
means associated with said last named connection
and responsive to the direct current flowing across
the terminals of said gap when said gap is bridged
by a rectifying impedance to cause the potential
of the control electrode to assume a value at
which said amplifier is effectively conducting.

9. In combination; an electronic amplifier hav-
ing an anode, a cathode, and a control electrode;
a source of alternating power; two connections
between said control electrode and said source of
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source of power, each of which tends to cause
said control electrode to assume a potential at -
which said amplifier is effectively non-conduct-
ing; @& first of sald connections comprising a
reactance; a second of sald connections having
& gap adapted to be brideed by an impedance;
said reactance being effective when said imped-
ance Is rectifying in the direction of the control
electrode to cause the potential of said control
electrode to assume & value at which said ampli-
fier is conductive despite both of sald connec-
tions; and a phase shifting network in said second
connection compensating for the phase shifting
effect of said impedance® and sald reactance,

‘11. In combination; an electronic' amplifier

_having an anode, a cathode, and a control elec-

trode; & source of alternating power; two con-
nections between said control electrode and said
source of power, each of which tends to cause said
control electrode to assume a potential at which
said amplifier is effectively non-conducting; &
first of said connections comprising & condenser;
a second of said connections having a gap adapted
to be bridged by an impedance; said condenser
being effective when said impedance is rectify-
ing in the direction of the control electrode to
become charged in such a manner as to cause the
potential of said control electrode to assume a
value at which said amplifier is conductive despite
both of sald connections; and a phase shifting
network in said second connection compensating
for the phase shifting effect of said impedance
and said condenser.

12. In combination; an electrically operated
control device whose energization is to be con-
trolled in accordance with the presence or absence
of & burner flame; an electroni¢ amplifier con-
trolling the energization of said control device,
said amplifier having an anode, & cathode, and
g control electrode; a source of alternating power;
two connections between said control electrode
and said source of power, each of which tends to
cause said control electrode to assume a potential
at which said amplifier is effectively non-conduct-
ing; a first of said connections comprising & con-
denser; a second of said connections having a
gap adapted to be bridged by means responsive to
o flame and acting as a -rectifying impedance
when exposed to a flame; said condenser being
effective when said flame responsive means is
exposed to a flame and is rectifying in the direc-
tion of the control electrode to become. charged
in such a manner as to cause the potential of
said control electrode to assume & value at which
said amplifier is conductive despite both of said
connections; and a phase shifting network in said
second connection compensating for the phase
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shifting effect of sald impedance and said con-
denser.

13. In combination; an electrically - operated
control device whose energization is to be con-
trolled in accordance with the presence or absence
of & burner flame; an electronic amplifier- con-
trolling the energization of said control device,
said amplifier having an anode, a cathode, and 3
control electrode; g source of alternating power;
two connections between said control electrode
and said source of power, each of which tends to
cause said control electrode to assume s potential
at which said amplifier is effectively non-conduct-
ing; a first of said connections comprising a con-
denser; g second of said connections having a gap
adapted to be bridged by a burner flame with the
conductive path to said control electrode being
opposite to the direction of flame propagation;
sald condenser being effective when sald gap is
so bridged by a burner flame to become charged
in such a manner as to cause the potential of said
control electrode to assume a value at which said
amplifier is conductive despite both of sald con-
nections; and a phase shifting network in said
second connection compensating for the phase
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shifting effect of said impedance and said con- -

denser.

14. In combination: an electronic discharge
amplifier comprising an anode, a cathode, and a
control electrode; g source of alternating power;
8 reactance element connected to said control
electrode to affect the potential applied thereto;

"first and second circuits for causing & unidirec-
tional voltage drop across said reactance; said
first circuit including a rectifier so disposed as
to cause a voltage drop across said reactance ele-
ment of & polarity such that the resulting poten-
tial applied to the control electrode assumes a
value at which the amplifier is effectively non-
conducting; said second circuit including a gap
adapted to be bridged by a rectifying impedance
having an effect opposite to that of said previ-
ously named rectifier, so that when said gap is
80 bridged, the amplifier is rendered conductive;
sald gap being interposed in s connection be-
tween the control electrode terminal of said re-
actance and a phase shifting network having s
phase shifting effect which compensates for the
phase shifting effect present by reason of said
reactance when said gap is bridged by a non-
rectifying impedance, said connection being ef-
fective when said gap is bridged by a non-
rectifying impedance to maintain said control
electrode at a polarity at 'which said amplifier
is non-conductive.

15. In combination: an electronic discharge

amplifier comprising an anode, a cathode, and a~

control electrode; a source of alternating power;
& condenser connected to said control electrode

" to affect the potcntial applied thereto; first and

second circuits for charging said condenser;
sald first circuit including a rectifier so disposed
as to cause a charge across said condenser of g
polarity such that the resulting potential ap-
plied to the control electrode assumes & value
at which the amplifier is effectively non-con-
ducting; said second circuit including a -gap
adapted to be bridged by 3 rectifying impedance
having an effect opposite to that of said previ-
ously named rectifier, so that when said gap is
50 bridged, the amplifier.is rendered conductive;
said gap being interposed in a connection be-
tween the control electrode terminal of said con-
denser and a phase shifting network having a
phase shifting effect which compensates for the
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phase shifting effect present by reason of said
condenser when said gap is bridged by a non-
rectifying impedance, said connection being ef-
fective when said gap is bridged by a mnon-
rectifying impedance to maintain .said control
electrode at a polarity at which said amplifier is -
non-conductive. : . e

16. In combination; an electronic discharge
amplifier comprising ‘an anode, a cathode, and .
a control -eléctrode; a source of alternating
bower; a reactance element connected to said
control electrode to affect the potential applied
thereto; first and second. circuits for causing . a
unidirectional - voltage drop across said re-
actance; said first circuit including a further
control electrode and cathode acting as a recti-
fler and so connected as to cause a voltage drop
across said reactance element of g polarity such
that the resulting potential applied to the con-
trol electrode assumes & value at which the am-
plifier is effectively non-conducting; said second
circuit including a gap adapted to be bridged
by a rectifying impedance having an effect op-
posite to that of said further control electrode
and cathode, so that when said gap is so bridged,
the amplifier is rendered conductive;  said gap
being interposed in & connection between the
control electrode terminal of said reactance and
a phase shifting network having a phase shift-

Ing effect which compensates for the phase shift-

ing effect present by reason of said reactance
when said gap is ‘bridged by a non-rectifying
impedance, said connection being effective when
said gap is bridged by a non-rectifying im-
pedance to maintain said control electrode at a
polarity at which said amplifier is non-conduc-
tive. .

17. In combination; an electronic discharge
amplifier comprising an anode, a cathode, and s
contro] electrode;- a source of alternating power;
a reactance element connected to: said control
electrode to affect the potential applied thereto;
first and second circuits for causing a unidirec~

- tional voltage drop across said reactance; said
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first circuit including a diode and said cathode
acting as a rectifier and so connected as to cause
& voltage drop across said reactance element of
a polarity such that the resulting potential ap-
blied to the control electrode assumes a value at
which the amplifier is effectively non-conduet-
ing; said second ecircuit including a gap adapted
to be bridged by a rectifying impedance having
an effect opposite to that of - said diode and
cathode, so that when said gap is so bridged, the
amplifier is rendered conductive: said gap being
interposed in & connection between the control
electrode terminal of said reactance and a phase
shifting network having a phase shifting effect
which compensates for the phase shifting effect
bresent by reason of said reactance when said -
£ap is bridged by a non-rectifying impedance,
said connection being. effective when said gap
is bridged by a non-rectifying impedance to
maintain said control electrode at & polarity at
which said amplifier is non-conductive. -
18. In' combination; an electronic discharge
amplifier comprising an anode, a cathode, and a
control electrode; a source of alternating power;
a first condenser. connected between said contrpl
electrode and' cathode and acting as a filter; a
second condenser connected between said con-
trol electrode and said source of power to affect -
the potential applied thereto; first and second
circuits for charging said second condenser; said
first -circuit including a rectifier 5o disposed as




10

to cause a charge across said gecohd condenser

of a polarity such that the resulting potential
applied to the gontrol electrode assumes & value
at which the amplifier is effectively non-conduct-
ing; said second circuit including a gap adapted
to be bridged by a rectifying impedance having
an effect opposite to that of said previously
named rectifier, so that when said gap is-so
bridged, the amplifier is rendered conductive;
said gap being interposed in a connection be-
tween the control electrode terminal of said sec-
ond condenser and a phase shifting bridge hav-
ing a phase shifting effect which compensates
for the phase shifting effect present by reason of
said second condenser when said gap is bridged
by a non-rectifying impedance, said connection
being effective when said gap is bridged by a non-
rectifying impedance to maintain said control
electrode at a polarity at which said amplifier
is non-conductive.

18. A control device of the electronic type hav-
ing only one electronic discharge device, said de-
vice comprising only one anode, a cathode, and
a single control electrode; a source of alternat-
ing power; a reactance element connected to said
control electrode to affect the potential applied
thereto; first and second circuits for -causing &
unidirectional voltage drop across said react-
ance; said first circuit consisting entirely of said
control electrode, said cathode, resistance con-
nections, and a portion of said source of power
of such voltage phase as to cause & voltage drop
across said reactance element of a polarity such
that the resulting potential applied to the control
electrode assumes & value at which the ampilifier
is effectively non-conducting; said second circuit
including a gap adapted to be bridged by a rec-
tifying impedance having an effect opposite to
that of said control electrode and cathode; so
that when sald gap is so bridged, the amplifier
is rendered conductive; said gap being interposed
in a connection between the control electrode
terminal of said reactance and a phase shifting
bridge having a phase shifting effect which com-
pensates for the phase shifting effect present by
reason of said reactance when said gap is bridged
by 2 non-rectifying impedance, said connection
being effective when said gap is bridged by a non-
rectifying impedance to maintain said control
-electrode at a polarity at which said amplifier
is non-conductive. .

20. A control device of the electronic type
having only one electronic discharge device, said
device comprising only one anode, a cathode, and
a single control electrode; a source of alternat-
ing power; a first connection between said anode
and sald source of power; & second connection

between said cathode and said source of power; a
condenser;
source of power, sald condenser,

a third connection between said
and said control
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electrode to cause sald condenser to affect the
potential applied to sald control electrode; first
and second circuits for causing a unidirectional
voltage drop across said condenser; sald first
circuit consisting entirely of sald control elec-
trode, said cathode, sald second and third con-
nections, and a portion of said source of power
of such voltage phase as to cause a charge
across said condenser of a polarity such that
the resulting potential applied to the con-
trol electrode assumes a value .at which the am-
plifier is effectively non-conducting; said second
circuit including a g&p adapted to be bridged by
a rectifying impedance having an effect opposite
to that of said control electrode and cathode, so
that when said gap is so bridged, the amplifier is
rendered conductive; said gap being interposed
in a connection between the control electrode
terminal of said condenser and a phase shifting
pridge having a phase shifting effect which com-
pensates for the phase shifting effect present by
reason of said condenser when said gap is bridged
by a non-rectifying impedance, sald connection
being effective when said gap Is bridged by a
non-rectifying impedance to maintain said con-
trol electrode at a polarity at which said am-
plifier is non-conductive.

91. In combination, an electrically operated
control device; an electronic discharge amplifier
controlling the energization of said control de-
vice, said amplifler comprising an anode, a cath-
ode, and a control electrode; a source of alter-
nating power; a reactance element connected to
said control electrode to affect the potential ap-
plied thereto; first and second circuits for caus-
ing & unidirectional voltage drop across said re-
actance; said first circuit including a rectifier so
disposed as to cause & voltage drop across said
reactance element of a polarity such that the re-
sulting potential applied to the control electrode
assumes a value at which the amplifier is effec-
tively non-conducting; said second circuit in-
cluding a flame gap adapted to be bridged by 2
fiame in such a direction that the rectifying ef-
fect of the flame has an effect opposite to that
of said previously named rectifler, so that when
said flame gap is so bridged, the amplifier is ren-
dered conductive; said flame gap being inter-
posed in a connectign between the control elec-
trode terminal of said reactance and a phase
shifting Bijdge having a phase shifting effect
which compensates for the phase shifting effect
present by reason: of said reactance when said
flame gap is accidentally bridged by a non-rec-
tifying impedance, sald connection being effec-
tive when said gap is accidentally bridged by 2
non-rectifying impedance to maintain said con-
trol electrode at & polarity at which said am-
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