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The present invention relates to combustion 
control systems for fuel burners. 
An object of the invention is to provide a com 

bustion control system which operates in accord 
ance with a characteristic of the fuel burner 
fame, 
Another object of the invention is to provide a 

combustion control system embodying safety con 
trol provisions which Operates in accordance with 
a characteristic of the fuel burner flame. 
A further object of the invention is to provide 

a safety control system for a fuel burner which 
relies in its operation upon the characteristic 
fluctuating conductance of burner flames. 
A still further object of the invention is to pro 

vide a safety Control system for a fuel burner 
which employs a pair of electrodes in engagement 
With the burner flane and which is Sensitive to 
the presence of a flame between the electrodes 
but is insensitive to other conductive paths there 
between. 
A further object of the invention is to provide 

a control system for controlling the quality or 
extent of combustion in a fuel burner which re 
lies in its operation upon the conductance be 
tween a pair of electrodes in engagement with 
the burner flame and Otherwise insulated from 
each other. 
A still further object of the invention is to pro 

vide a control system for controlling the quality 
or extent of combustion in a fuel burner which 

O 

15 

20 

25 

30 

relies in its Operation upon the characteristic r 
fluctuating conductance of burner flames. 
Another object of the invention is to provide 

a combined combustion quality and safety con 
trol system for a fuel burner which relies in its 
Operation upon the conductance between a pair 
of electrodes in engagement with the burner 
flame and otherwise insulated from each other. 
A further object of the invention is to provide 

a combined combustion quality and safety control 
system for a fuel burner which relies in its Oper 
ation upon the characteristic fluctuating con 
ductance of burner flames. 

In combustion control systems which have been 
proposed heretofore, various means have been 
employed for determining if Combustion condi 
tions are proper, and whether combustion actu 
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ally takes place, one such means comprising an 
electrode which extends into the flame of the 
burner and which is so connected in the system 
as to provide a conductive path of relatively low 
resistance to ground through the fame. The 
variation in the electrical conductivity of this 

a flame is not present is commonly employed to 
change the bias on the control grid of an elec 
tronic valve for Controlling a thermal safety 
switch. Since there is a possibility that a low 
resistance path may be set up from the electrode 
to ground through other agencies than by means 
of the flame, for example, a low resistance path 
which may be established between the flame elec 
trode and ground by reason of carbonization, by 
accidental touching of the electrode to ground, 
or by other abnormal conditions simulating com 
bustion, provisions have been made in devices 
of the prior art for preventing the fuel supply 
and ignition from being turned On. When such ab 
normal conditions exist. 
Since an abnormal condition of this character 

simulating combustion may arise after the system 
is already in Operation, it is desirable to provide 
means for distinguishing between such abnormal 
conditions and natural combustion while the sys 
tem is in Operation. For example, in a thermo 
statically controlled house heating system, if the 
control System is insensitive to the presence O 
the flame after initial ignition of the fame, the 
fuel feeding means will be operated continuously 
as long as the room thermostat is closed. If the 
flame should then be extinguished, the furnace 
will be flooded with atomized fuel and a highly 
explosive mixture of the latter will be permitted 
to accumulate. 
Various means, independent of safety control 

means have been provided in the prior art for 
determining the quality of combustion in a burn 
er, that is for determining the degree of combus 
tion of the fuel, and for controlling the mixture 
of fuel and air to the burner so as to secure opti 
mum combustion conditions. 
I have discovered that the conductance of a 

flame is not constant in magnitude, but is con 
tinuously fluctuating. In addition I have discov 
ered that the amplitude of the fluctuations varies 
inversely with the degree of combustion of the 
burning fuel. That is to say, the amplitude of 
fluctuation of the flame conductance is larger 
when the flame is yellow, containing a large quan 
tity of unburned carbon particles, and smaller 
when the flame is blue, indicating that combus 
tion of the burning fuel is more nearly complete. 
Advantage of these characteristics is taken in 

the device of my present invention, which device 
relies in its operation on the fluctuating charac 
ter of the flame conductance to detect the pres 
ence of a flame and is responsive to the amplitude 

path to ground when a flame is present and when 65 of the flame conductance fluctuations to provide 
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a measure of the quality or degree of combustion 
of the burning fuel. 
The various features of novelty which charac 

terize my invention are pointed out with particu 
larity in the claims annexed to and forming a part 
of this specification. For a better understanding 
of the invention, however, its advantages and 
specific objects obtained with its use, reference 
should be had to the accompanying drawings and 
descriptive matter in which I have illustrated and 
described a preferred embodiment of the inven 
tion. 
Of the drawings: 
Fig. 1 is a schematic diagram of a preferred 

embodiment of my safety combustion control 
system as applied to a fuel burner; and 

Figures 2, 3, 4, 5 and 6 show various modifica 
tions of the flame responsive circuit of my inven 
tion, which circuit may be used to operate either 
a safety control system or a combustion control 
system, or both. 

Figure of the drawings shows a gas burner 
supplied with gas through conduit 2 and the 
flow of gas to the burner is controlled by an elec 
trically operated or other suitable valve 3. A 
pilot burner 4 is provided which is controlled by 
an electrically operated or other suitable valve 
5, and means are provided for igniting the pilot 
flame including a pair of electrodes 6 which are 
connected to the terminals of a secondary wind 
ing 7 of an ignition transformer 8 having a pri 
mary winding 9 which is adapted to be energized 
from the alternating current supply lines L. 
and I. 
The fuel valve operating circuit of my control 

system is controlled by means of a thermostat 
O which may be located in a room or space to 

be heated. The thermostat O may be of any 
suitable construction and includes a bimetallic 
element connected by means of conductor 
f2 to line L, and a contact blade 3 adapted to 
engage a stationary contact 4 which is con 
nected to line Li through a thermal switch 5 
and winding 6 of a transformer 7. 
The thermal switch 5 is preferably of the 

form disclosed in the Patent 1958,081, issued to 
F. S. Dennison, May 8, 1934. As shown more 
or less diagrammatically in the drawings, this 
switch comprises a stationary arm f and a mov 
able arm 9 biased for movement away from arm 
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the control system comprises the primary wind 
ing 6 and the secondary winding 27, having 
terminals 28 and 29 and a center tap 30. The 
portion of the secondary winding 2 between 
terminal 2 and center tap 30 serves as a source 
of energy for an electric discharge device 3, 
hereinafter referred to for convenience as the 
rectifier. The rectifier 3 may be of any suit 
able type, being shown in the drawings as a 
triode comprising an anode 32, a control elec 
trode 33, a cathode 34, and a heater flament 5. 
Control electrode 3 is shown connected to cath 
ode 34, so that the triode acts substantially as 
a diode. The rectifier 3 is adapted to charge a 
condenser 36, which is shunted by a resistance 
36A, during the half-cycles when it is conductive, 
and the condenser S and resistance 36A are so 
proportioned that a substantial part of the 
charge is maintained on the condenser during 
alternate half-cycles, thus maintaining between 
its terminals a unidirectional potential, polarized 
as shown in the drawings. This charging circuit 
may be traced from center tap 30 of transformer 
secondary winding 27, through a conductor 37, 
condenser 8, and rectifier 8 to terminal 29 of 
the transformer winding. The center tap 30 is 
Connected to ground as at 8. 
The potential which is maintained by the con 

denser 36 supplies a circuit, hereinafter termed 
the detector output circuit, through a second 
electric discharge device 39, hereinafter referred 
to as the detector. The detector 39 is shown as 
a triode comprising an anode 40, a control elec 
trode 4, a cathode 42, and a heater filament 43. 
The detector Output circuit may be traced from 
the positive terminal of condenser 36, through 
conductor 37, a resistor 44, anode 40, cathode 42, 
a cathode biasing resistor 45, and a conductor 
46 to the negative terminal of condenser 36. 

40 Control electrode 4 f is connected through a con 
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8 but normally held in engagement with the lat- . 
ter by means of a bimetallic element 20. Ele 
ment 20 is rigidly secured at One end to a block 
2 and is arranged to be heated by a coil 22 
when the latter is energized through a circuit 
which will later be described. Upon energization 
of coil 22 for a predetermined period of time, ele 
ment 20 will be warped sufficiently in the clock 
wise direction to permit arm f 9 acting under 
spring or other bias to separate from Switch arm 
8 thereby interrupting the circuit including 
thermostat O. The switch 5 will remain locked 
in this position until manually returned to its 
normal closed position. 
Both the main burner and the pilot burner 4 

are supplied with a combustible mixture of fuel 
and air from the mixing chamber 23 into which 
fuel is introduced through conduit 24, and air 
through conduit 25. The amount of air pass 
ing through the conduit 25 is controlled by an 
electrically operated, or other suitable valve 
26 which is adapted to be energized from the 
alternating current supply lines L and L. 
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denser 47 and a conductor 48 to an electrode 49 
which projects into the flame of the pilot burner 
4. The conductor 48 is preferably encased within 
a shield 50, which is grounded, as at 5. The 
control electrode 4 is also connected through a 
resistor 52 to the conductor 46. The conductor 
48 is connected through a resistor 53 to the con 
ductor 46. The difference of potential between 
the control electrode 4 and the cathode 42 is 
controlled by a circuit, hereinafter termed the 
detector input circuit, which may be traced from 
the positive terminal of condenser 36, through 
conductor 37, ground connection 38, a ground 
connection 54, pilot burner 4, the conductance, 
if any, existing between the burner and the flame 
electrode 49, the flame electrode, conductor 48, 
resistor 53 in parallel with condenser 4 and re 
sistor 52, and conductor 46 to the negative ter 
minal of condenser 36. As noted, the control 
electrode 4 is connected to the common terminal 
of condenser 47 and resistor 52. 
When there is a path of constant conductance 

between electrode 49 and burner 4, all the cur 
rent traversing that path will pass through the 
resistor 53 because the condenser 47 will not pass 
direct current. There will, therefore, be no 
transfer of energy through the condenser 4 
and accordingly the control electrode 4 will be 
at the same potential as conductor 46. Detector 
39 will then be conductive. These conditions will 
obtain regardless of the value of the constant 
Conductance, that is, regardless of whether it is 

The transformer which supplies power for 5 2erQ (absence of fame), of appreciable mag 
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nitude (grounded fame electrode conditions), or 
some intermediate value. 
When a flame exists between electrode 49 and 

burner 4, however, the current traversing the 
fame will fluctuate in accordance with the vary 
ing conductance of the flame. This current may 
be considered as composed of a constant direct 
component and a Superimposed fluctuating Com 
ponent. The condenser 4 will pass the fluctuat 
ing component, and a fluctuating potential will 
thereby be produced across the resistor 52. This 
fluctuating potential is applied to the control 
electrode 4 and operates to vary the flow of 
current in the output circuit of the detector 39 
at the frequency of said fluctuating potential. 
The potential difference established across the 

resistor 44 by the varying current flow in the 
detector output circuit is used to control a third 
electric discharge device 55, hereinafter referred 
to as the amplifier, and shown as a triode com 
prising an anode 56, a control electrode 5, a 
cathode 58, and a heater flament 59. This con 
trol operation is effected through the amplifier 
input circuit which may be traced from ampli 
fier grid 57, conductor 60, resistor 44, through 
conductor 37 and cathode 58. The amplifier 55 
is supplied with energy by that portion of the 
transformer secondary winding 27 between ter 
minal 28 and center tap 30, and controls the 
flow of current through an Output circuit. which 
may be traced from terminal 28, through a 
conductor 6 f, a relay winding 62 having a con 
denser 63 connected in parallel therewith, an 
other relay winding 64 having a Condenser 65 
connected in parallel therewith, anode 56, ca 
thode 58, and conductor 37 to center tap 30. 
The relay winding 62 comprises a part of a 

relay 66, which also includes switch arms 67 
and 68, cooperating with front contacts 69 and 
70, respectively. The switch arm 68 is spring 
biased to engage with a back contact f. The 
term 'front contact' is used to indicate a con 
tact on which a switch arm is closed when its 
associated relay winding is energized, and "back 
contact' indicates one on which a switch arm is 
closed when its relay winding is de-energized. 
The relay winding 64 comprises a part of a relay 
72, which also includes a switch arm 3, co 
operating with a front contact 74 and a back 
contact 75. The Switch arm 3 is biased to close 
on its back contact 75 by a spring 7 and is 
adapted to be moved against that bias force and 
against the opposing force of a compression 
spring 79 into engagement with contact 4. If 
the current flow through the relay winding 64 
gradually increases from zero, it first overcomes 
the opposing bias of spring 77, and pulls arm 
73 down until it engages spring 79. The spring 
T9 then balances the attraction of the relay wind 
ing and holds the switch arm 3 separated from 
both its front and back contacts. If the current 
flow through winding 64 continues to increase, 
it eventually becomes sufficient to . Overcome the 
opposing effect of both springs .77 and 79, and 
closes switch arm 3 on its front contact 74. By 
adjusting the tension on the spring T and the 
compression of spring 79, the current levels at 
which these two actions of relay 72 take place 
may be adjusted as desired. 
As previously explained, when a path of con 

stant conductance exists between electrode 49 
and burner 4, detector 39 is conductive. The 
potential difference across resistor 44 produced 
by this current makes control electrode 57 nega 
tive with respect to cathode 58, and maintains 
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3 
amplifier 55 substantially non-conductive. When 
a flame exists between electrode 49 and burner 
4, however, detector 39 is intermittently ren 
dered non-conductive, and as a result, the po 
tential of the control electrode 57 is interrinit 
tently substantially the same as the potential 
of Cathode 58. Amplifier 55 will then be inter 
mittently conductive during the half cycles when 
the anode 56 is positive with respect to the poten 
tial of cathode 58. It is noted the frequency of 
the fluctuations of the flame conductance is 
greater than that of the current supplied by the 
transformer (the latter being of commercial fre 
quency, for example, 25 or 60 cycles). The con 
densers 63 and 65 are provided to smooth out 
the pulsating current which is passed by the 
amplifier 55, and thereby stabilizes the action of 
their associated relays, The relay 66 is designed 
to pick up its Switch arm substantially as soon 
as the amplifier 55 becomes conductive. The 
relay 2 is designed to open the circuit through 
its back contact 75 when the current flow reaches 
a predetermined level, and to close the circuit 
through its front contact. 74 when the current 
reaches a predetermined higher level, as ex 
plained previously herein. 
When the temperature of the room or space 

to be controlled falls below the value it is de 
sired to maintain, the thermostat iO operates 
to move the switch blade 3 into engagement 
with the stationary contact 4, thus completing 
energizing circuits for the transformer primary 
f6, the ignition transformer primary 9, and the 
pilot burner valve 5. The energizing circuit for 
the ignition transformer primary 9 may be 
traced from line LP through thermostat 0, 
thernal Switch 5, a conductor 80, switch arm 
68, back contact 7, a conductor 8, and winding 
9 to line L. The energizing circuit for pilot 
burner valve 5 may be traced from line L2 
through thermostat 0, thermal switch 5, heater 
coil 22, a conductor 82, valve 5, and a conductor 
83 to line L. The energizing circuit for trans 
former primary 16 has been previously traced. 
The heater filaments 35, 43 and 59 of valves 

3, 39 and 55, respectfully, are preferably ener 
gized from a separate secondary winding (not 
shown) on the transformer 7. Therefore, the 
valves 3, 39 and 55, will be rendered operative 
after a short time delay required for the fila 
ments to heat upon engagement of the thermo 
stat contact arm 3 and contact 4. 
The normal result of the opening of the pilot 

burner valve and the energization of the igni 
tion transformer will be the appearance of a 
flame at the pilot burner. The presence of a 
flame at the pilot burner acts through the detec 
tor and amplifier circuits, as previously described, 
to energize relay winding 62, causing switch arm 
68 to close on front contact 70, and switch arm 
6 to close on front contact 69. This de-ener 
gizes the ignition transformer 9 by opening its 
circuit at contact 7, energizes the main burner 
valve 3, and shunts the heater coil 22 from the 
circuit of pilot burner valve 5. The energizing 
circuit for the valve 3 may be traced from line 
I through thermostat fo, thermal switch 5, 
conductor 80, switch arm 68, contact 70, a con 
ductor 84, valve 3, and conductor 83 to line L. 
The heater coil 22 is shunted through a con 
ductor 85, contact 69, and switch arm 67. The 
Safety control system is then in full normal Op- . 
eration. . . 

If a flame does not appear when the pilot 
burner valve and the ignition transformer are 
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energized, the heater winding 22 of thermal 
switch S will remain energized, and will, after 
a predetermined time, open the switch is and 
thereby de-energize the entire System. 

If the flame becomes extinguished after the 
system has attained full operation, the relay 
winding 62 will be de-energized thus opening 
the circuit at contact 70 to the main burner 
valve 3 and thereby effecting closure of the lat 
ter, energizing the ignition transformer primary 
9, and opening the shunt around heater wind 
ing 22. If a flame thereafter reappears, the 
system will again go into full operation, but if 
a flame does not appear within a predetermined 
time, the thermal safety switch 5 will operate 
to deemergize the entire System. 
The air controlling valve 26 is operated by a 

reversible motor (not shown) which is energized 
for rotation in one direction through a circuit 
which may be traced from line I through con 
ductor 86, switch arm 73, contact 75, conductor 
87, valve 26 and conductors 89 and 83 to line L. 
and is energized for rotation in the opposite di 
rection through a circuit which may be traced 
from line L, conductor 86, Switch arm 73, con 
tact 4, conductor 88, valve 26, conductors. 89 and 
83 to line L. The motor is adapted to close the 
valve when it is energized through contact 5 
and conductor 87, and to open the valve when 
energized through contact 74 and conductor 88. 
The valve 26 is provided with a limit switch (not 
shown) which operates to Open conductor 87 and 
thereby deenergize the motor when the valve has 
been adjusted to its closed position. The limit 
switch is preferably so adjusted that the valve 
can never be completely closed. A second limit 
switch (not shown) is also provided for opening 
conductor 88 and thereby deenergizing the motor 
when the valve 26 has been fully opened. 
When the system operation is first initiated, 

the switch arm T3 will be in the position shown, 
the valve 26 will be at its minimum opening, and 
the fuel mixture will accordingly be rich. This 
will result in the establishment of a yellow flame 
having a conductance which fluctuates widely, 
whereby the effective current value in the am 
plifier output circuit and thereby through relay 
winding 64 will be sufficient to close the switch 
arm 3 against contact 4. This will energize the 
motor of valve 26 in the direction to Open the 
valve. As the valve opens, more air is supplied 
and accordingly, combustion becomes more com 
plete. The amplitude of the flame conductance 
variation decreases, and hence the current 
through relay winding 64 decreases, until it 
reaches a value at which springs 77 and 79 bias 
switch arm 73 away from contact 74, but main 
tains it Out of engagement with contact 75. The 
fuel mixture will then have its proper propor 
tions, and the valve setting will remain constant 
until some change in fuel quality, for example 
B. t. u. Content, or pressure, or the like, causes 
a change in the amplitude of fame conductance 
fluctuation outside the range for which the de 
vice is adjusted. 

It will be clear from the foregoing explanation 
that the combustion control system described 
controls a fuel burner in accordance with the 
presence or absence of a flame, and also con 
trols the proportions of the fuel mixture so as 
to obtain efficient combustion. Moreover, as will 
be apparent to those skilled in the art, either of 
these functions may be obtained without the 
other. w 

2,352,143 
In Fig. 2 I have illustrated, more or less dia 

grammatically, a modified detector and amplifier 
circuit embodying my invention, in which the use 
of a separate rectifier is obviated by combining - 
in a single triode the functions of the rectifier 
and detector. Fig. 2 also shows a modified relay 
system, in which a single relay B6A performs all 
the functions of relays 66 and 72 of Fig. 1. Parts 
in Fig. 2 which are the equivalents of correspond 

10 ing parts in Fig. 1 have been given the same 
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numerals. 
In Fig. 2 the triode 39 acts as both rectifier and 

detector in the circuit. The rectifier circuit is 
the same as the detector output circuit and may 
be traced from transformer center tap 30 through 
conductor 37, resistor 44, anode 40, cathode 42, 
resistor 36A and condenser 36 in parallel to the 
transformer secondary winding terminal 29. 
Current pulses through this circuit during the 
half cycles when the anode is positive, and builds 
up a charge on condenser 36 such that its ter 
minals have the polarity shown in the drawings. . 
The detector input circuit comprises the same 
elements as in Fig. 1, but functions in a slightly 
different manner, due to the fact that cathode 
42 is connected to the positive terminal of Con 
denser 36 rather than to the negative terminal. 
The fame conductance in this circuit is in par 
allel with a circuit including condenser 47 and 
resistor 52 in series, between one end of resistor 
53 and the grounded positive terminal of con 
denser 36. When the conductance between the 
flame electrode 49 and the grounded burner is 
constant, the potential across condenser 4 is also 
constant, and no current passes through it. Con 
trol electrode 4 of valve 39 remains, therefore, 
at substantially cathode potential. When a flame 
exists between electrode 49 and ground, however, 
its conductance varies, and a variable potential 
is impressed across condenser 47. A fluctuating 
current then flows through the Condenser, caus 
ing a fluctuating potential difference across re 
sistor 52 and intermittently reducing the output 
of detector 39. The detector, therefore, responds 
to flame conditions in the same way that the 
detector of the Fig. 1 arrangement responds to 
flame conditions. w 
The relay 66A in Fig. 2 operates all the switch 

arms for the combustion and safety control sys 
tem of Fig. 1. Each switch arm and contact has 
been given the same reference numeral as in 
Fig. 1, with the letter A added. The back contact 
5A and the front contacts 69A and 7 OA are 
mounted on springs 758, 69B and 7 OB, respec 
tively. 
When the average current flowing through re 

lay winding 62A is below a certain level, for ex 
ample, 10 milliamperes, the winding is not ener 
gized sufficiently to lift its armature, and the 
switch arms are in the position shown in the 
drawings. As the current increases above 10 
m.a., the winding is energized sufficiently to close 
switch arms 6A and 68A against contacts 69A 
and 70A, respectively. . Contact 75A, moved by 
compression spring 75B, follows switch arm 73A 
and remains in engagement with it. If the cur 
rent in winding 62A continues to increase be 
yond, say 20 m. a., the switch arms are moved 
further upward, as they appear in Fig. 2, com 
pressing springs 69B and TOB and raising switch 
arm 3A beyond the upper limit of movement of 
contact 75A and into engagement with spring 
T9A. Since there are now three springs, 69B, TOB, 
and 9A, opposing further upward motion of the 
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armature, the current in relay winding A must 
increase still more, say, above 30 a. a, in order 
to bring switch arm TRA into engagement with contact A. 

it maybe seen, therefore, that the switch arms 
ETA and A have one of two alternative posi tions, dependent upon the relay current being 
greater or less than 10 m. a. in the given ex 
ample, and that the switch ara. A may take 
up any of three positions corresponding to the 
illustrative relay currents ranges of 0-20, 20-30, 
and over 30 m. a, respectively. It should be ap 
parent to those skilled in the art that these cur 
rent ranges may be adjusted to any desired value 
by adjusting the spring tensions. 

Fig. 3 I have E. another modifica 
tion of the arrangement of Fig. 1 wherein safe 
failure of the system is obtained on failure of 
the detector and wherein the potential of the 
flame electrode 49 is maintained positive with 
respect to the burner potential. The negative 
terminal of condenser 3 is grounded in this 
modification, thus making the fame electrode 48 
positive with respect to the burner and to ground. 
It is known that flames possess a rectifying 
characteristic, that is to say, the conductivity 
of the flame is greater in the direction opposite 
to the direction of the flame propagation. The 
use of a positively biased flame electrode takes 
advantage of this characteristic. It is desirable 
to take advantage of this characteristic in that 
the position of the flame electrode in the path 
of the flame is less critical than when the flame 
electrode is negative in potential relatively to 
the burner as in the Figs. 1 and 2 arrangement. 
That is to say, the position of the flame electrode 
may then be adjusted considerably with respect 
to the flame without affecting the circuit oper 
ation. 

In Fig. 3 I have also illustrated the use of a 
power amplifier whereby more positive operation 
of the relays 66 and T2 is obtained thereby per 
mitting the use of heavier and more rugged relays. 
The triode amplifier 55 of the previous circuit 

arrangement has been replaced in Fig. 3 by a 
tetrode 8 having an anode 2, a screen electrode 
9, a control electrode 94, a cathode 95 and a 
heater filament 9. The amplifier output circuit 
may be traced from terminal 28 of the trans 
iformer secondary winding 27 through a conduc 
tor 97, relay winding 62 in parallel with con 
densert, relay winding 64 in parallel with con 
denser 6, anode 92, cathode 95, and a conductor 
98 to tap which in this circuit is closely adja 
cent terminal 29 of the secondary winding. The 
screen electrode 93 is connected through a re 
sistor 99 to the conductor 97. The control elec 
trode 94 is connected to the negative terminal of 
resistor 44 through a condenser DO, and to the 
terminal 29 of the transformer secondary wind 
ing 2 through a resistor O. The latter con 
nection is provided to bias the control electrode 

negatively during the half cycles of the sup 
ply voltage when the anode 92 is positive so 
that amplifier 9 will be non-conductive in the 
absence of an impulse supplied through con 
denser , which condenser serves to isolate 
control electrode 4 from constant potentials 
existing in the detector circuit. The normal 
grid-biasing voltage is therefore supplied inde 
pendently of the detector circuit in this modif 
cation, and in case of failure of the detector, the 
amplifier output would be cut off, thus causing 
the system to cease operation. This is a partic 

ularly desirable feature, especially, in the safety 
control system, as it would prevent operation of 
the system with a defective detector circuit. 

In Fig. 4 I have illustrated a modification of 
is the circuit arrangement of Fig. 3 in which the 

condenser 4 has been dispensed with and the 
functions thereof are performed by the con 
denser O. Fig. 4 differs further from Fig. 3 in 
that a negative flame electrode is employed. The 

0 detector input circuit in Fig. 4 may be traced from 
the positive condenser 36 through conductor 37, 
ground 88, ground 64, pilot burner 4, the flame 
conductance, flame electrode 49 and resistances 
02 and 52 in series to the negative terminal of 

5 condenser 36. Control electrode 4 is connected 
to the common terminal of resistor O2 and 52. 
When the conductance between electrode 49 and 
pilot burner 4 is constant, the potential of con 
trol electrode 4 and the output of detector 39 

20 are also constant, and no current passes through 
condenser 00 to the control electrode 57 of am 
plifier 55. When a flame exists between electrode 
9 and burner 4, its varying conductance causes 
a like variation in the potential of control elec 

925 trode 4 and in the output of detector 39, which 
is transmitted through condenser 00 to the con 
trol electrode 5 of amplifier 55. A condenser 

is provided in shunt with the cathode biasing 
resistor 45 in Fig. 4 in order to stabilize the po 

30 tential across that resistor when the detector 
output is fluctuating. The resistor O2 is pro 
vided to limit the flow of current between the 
control electrode 4 and cathode 42 upon the . 
accidental occurrence of the fisme electrode 49 as becoming grounded. 

Fig. 5 illustrates a modified detector and am 
plifier circuit which employs a single electronic 
tube of the duplex-diode triode type, numbered 
0 in the drawings, having an anode O5, a con 

40 trol electrode 06, and a cathode IOT, two diode 
anodes 08 and 09 and a heater flanient O. 
The elements OS and 106 and OT function as a 
triode and the diode anodes fo8 and 09 coop 
erate with the cathode 07, to form a half wave 

45 rectifier the circuit of which may be traced from 
tap 3 of the transformer secondary winding 27, 
through a conductor fill, diode anodes 108 and 
09, cathode 07, resistor 45, and resistor 90 and 

condenser 86 in parallel to terminal 29 of trans 
so former secondary 27. The input circuit of the 

triode, which functions as both detector and am 
plifier in this modification, is the same as that 
for detector 39 in the circuit of Fig. 2, except 
that the potential difference across resistor 5, 

is caused by current flow in the rectifier circuit, 
is utilized to bias control electrode 06 negal 
tively, with respect to cathode IOT. This bias potential is applied through resistor 52, and op 
erates to maintain the triode nonconductive ex 

60 cept when a fluctuating potential is superim 
posed upon it or in other words a flame exists 
between electrode 49 and ground. v 

Fig. 6 illustrates a modification of the circuit 
of Fig. 5, in which the position of the resistor 90 

is and the condenser 36 has been changed from the 
cathode side of the rectifier to the anode side, and which may be more desirable than the cir 
cuit of Fig. 5 for some types of electronic tubes. 

It will be readily understood by those skilled in 
70 the art that the relay arrangements of Figs.l. 

and 2 are interchangeable, and that either one 
may be used in any of the circuits shown. 
While in accordance with the provisions of the 

statutes, I have illustrated and described the best 
76 form of my invention now known to Ine, it will 
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be apparent to those skilled in the art that 
changes may be made in the form of the appa 
ratus disclosed without departing from the spirit 
of my-invention as set forth in the appended 
claims, and that in some cases certain features 
of my invention may sometimes be used to advan 
tage without a corresponding use of other 
features, 

Having now described my invention, what I 
claim as new and desire to secure by Letters 
Patent is: 

1. A combined safety and quality control sys. 
ten for a fuel burner including fuel and air sup 
ply means, igniting means to establish a fame 
at said burner, a device to control said fuel sup 
ply means, and means to control the mixture of 
fuel and air supplied to said burner comprising 
in combination, a pair of spaced electrodes insu 
lated from each other and positioned in the path 
of said flame, and means connected to said elec 
trodes and responsive to the conductance of the 
path therebetween to control said control device 
and said mixture control means, w 

2. A combined safety and quality control sys 
ten for a fuel burner including fuel and air sup 
ply means, igniting means to establish a flame 
at said burner, a device to control said fuel sup 
Plly means, and means to control the mixture of 
fuel and air supplied to said burner comprising 
in combination, a pair of spaced electrodes in 
sulated from each other and positioned in the 
path of said flame, a device to operate said fuel 
supply control device, a device to operate said 
mixture control means, and means connected to 
said electrodes and responsive to the conductance 
of the path therebetween to control said operat 
ing devices. 

3. A combined safety and quality control sys 
ten for a fuel burner including fuel and air sup 
ply means, igniting means to establish a flame 
at said burner, a device to control said fuel sup 
ply means, a valve to control the mixture of fuel 
and air supplied to said burner, and a device to 
operate said valve comprising in combination, a 
pair of spaced electrodes insulated from each 
other and positioned in the path of said fame, 
a current responsive device to operate said first 
meationed device, a current responsive device 
to operate said second mentioned device and hav 
ing an operating characteristic such that when 
energized with current of a predetermined range 
it actuates said second mentioned device to open 
said valve and when energized with current of 
a different predetermined range it actuates said 
second mentioned means to close said valve, and 
means adapted to be connected to a source of 
electrical energy and to said electrodes and re 
sponsive to the conductance of the path between 
said electrodes to control the energization of said 
Current responsive devices. 

4. A combined safety and quality control sys 
ten for a fuel burner including fuel and air sup 
ply means, igniting means to establish a fame 
at said burner, a device to control said means 
having two operating conditions one permitting 
and the second preventing establishment of a 
flame at the burner, and means to control the 
mixture of fuel and air supplied to said burner 
comprising in combination, a pair of spaced elec 
trodes insulated from each other and positioned 
in the path of said flane, a current responsive 
device to operate said control device and adapted 
when energized to actuate said control device to 
its first mentioned operating condition and 
adapted when deemergized to actuate said con 
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trol device to its second mentioned operating con 
dition, a current responsive device to operate 
said mixture control means, and means adapted 
to be connected to a source of electrical energy 
and to said electrodes and responsive to the 
conductance of the path between said electrodes 
to control said current responsive devices. 
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5. A safety control system for a fuel burner 
including means to establish a flame at said 
burner and a device to control said means com. 
prising in combination, a pair of spaced electrodes 
insulated from each other and positioned in the 
path of said flame, a device for operating said 
control device, a circuit adapted to connect said 
Operating device to a source of electrical energy, 
and means to control the conductivity of said 
circuit in response to fluctuations in the conduct 
annce between said electrodes, said last men 
tioned means being insensitive to steady values 
of conductance between said electrodes. 

6. A safety control system for a fuel burner 
including means to establish a flame at said 
burner, and a device to control said means com. 
prising in combination, a pair of spaced Gee 
trodes insulated from each other and positioned 
in the path of said flame, a current responsive 
device for operating said contro device and 
adapted when energized to actuate said control 
device to permit the establishment of a fame 
at said burner and adapted when deemergized to 
actuate said control device to prevent the es 
tablishment of a flame at said burner, means 
adapted to connect said current responsive de 
vice to a source of electrical energy including an 
electric discharge device having an input circuit 
and an output circuit in which said current re 
sponsive device is connected, and means to con 
trol the input circuit of said discharge device in 
response to fluctuations in the conductance be 
tween said electrodes, said last mentioned means 
being insensitive to steady values of conductance 
between said electrodes. 

7. A safety control system for a fuel burner. 
including means to establish a flame at said 
burner, and a device to control said means com 
prising in combination, a pair of spaced elec. 
trodes insulated from each other and positioned 
in the path of said flame, a current responsive 
device for operating said control device and 
adapted when energized to actuate said control 
device to permit the establishment of a flame at 
said burner and adapted when deenergized to 
actuate said control device to prevent the estab 
lishment of a flame at said burner, means adapt. 
ed to connect said current responsive device to a 
source of electrical energy including an electric 
discharge device having an input circuit and a 
output circuit in which said current responsive 
device is connected, and a connection between 
said electrodes and the input circuit of said dis 
charge device including a reactance to control 
said input circuit in response to fluctuations in 
the conductance between said electrodes, said 
last mentioned connection being insensitive to 
steady values of conductance between said elec 
trodes. 

8. A combustion quality control system for a 
fuel burner including fuel and air supply means, 
igniting means to establish a flame at said burn 
er, and a device to control the mixture of fuel 
and air supplied to said burner comprising in 
combination, a pair of spaced electrodes insu 
lated from each other and positioned in the 
path of said burner flame, a device for operating 
said control device, a circuit adapted to connect 
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said second mentioned device to a Source of 
electrical energy, and an electric discharge de 
vice having an output circuit connected in said 
first mentioned circuit and an input circuit con 
trolled by fluctuations in amplitude of the con 
ductance between said electrodes but insensin 
tive to steady values of said conductance. 

9. A combustion quality control system for a 
fuel burner including fuel and air Supply means, 
igniting means to establish a flame at said burn 
er, a valve to control the mixture of fuel and air 
supplied to said burner, and a device to Operate 
said valve comprising in combination, a pair of 
spaced electrodes insulated from each other and 
positioned in the path of said burner flame, a 
current responsive device to operate said first 
mentioned device and having an Operating char 
acteristic such that when energized with cur 
rent of a predetermined range it actllates Said 
first mentioned device to open said valve, when 
energized with current of a second and different 
predetermined range it actuates said first men 
tioned device to maintain said valve stationary, 
and when energized with current of a third and 
different predetermined range it actuates said 
first mentioned device to close Said valve, a cir 
cuit adapted to connect said current responsive 
device to a source of electrical energy, and an 
electric discharge device having an Output cir 
cuit connected in said first mentioned circuit 
and an input circuit controlled by fluctuations 
in amplitude of the conductance between said 
electrodes but insensitive to steady values of Said 
conductance. 

10. In combination, fuel burner means to 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
Contact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice operable in one sense indicating the pres 
ence of fluctuations in magnitude of said con 
ductance and one condition of operation of said 
burner and Operable in another sense indicating 
the absence of fluctuations in magnitude of said 
conductance and another condition of Operation 
of said burner, a source of electrical energy, an 
electric circuit for operating said device in said 
one sense in response to the presence of fluctua 
tions in the magnitude of Said conductance in 
cluding an electric discharge device having an 
input circuit and an Output circuit, a connection 
between said output circuit and said first men 
tioned device including said source of energy, 
and means including a connection to said con 
ductance through said terminals to control the 
input circuit of said discharge device in response 
to the presence of fluctuations in the magnitude 
of said conductance. 

11. In combination, fuel burner means to 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
contact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice operable in one sense indicating the pres 
ence of fluctuations in magnitude of said con 
ductance and One condition of Operation of Said 
burner and Operable in another Sense indicating 
the absence of fuctuations in magnitude of Said 
conductance and another condition of Operation 
of said burner, a source of electrical energy, an 
electric circuit for Operating said device in Said 
One sense in response to the presence of fluc 
tuations in the magnitude of Said conductance 
including an electric discharge device having an 
input circuit and an Output circuit, a connection 
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7 
between said output circuit and said first men 
tioned device including said source of energy, a 
reactance, and means including said reactance 
and a connection to said conductance through 
said terminals to control the input circuit of 
said discharge device in response to the pres 
ence of fluctuations in the magnitude of said 
conductance. 

12. In combination, fuel burner means to 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
Contact with said Conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice operable in one sense indicating the pres 
ence of fluctuations in magnitude of said con 
ductance and One condition of operation of said 
burner and Operable in another sense indicating 
the absence of fluctuations in magnitude of said 
conductance, and another condition of operation 
of said burner, a source of electrical energy, an 
electric circuit for operating said device in said 
One sense in response to the presence of fluctua 
tions in the magnitude of said conductance in 
cluding an electric discharge device having an 
input circuit and an output circuit, a connec 
tion between said output circuit and said first 
mentioned device including said source of energy, 
a second electric discharge device having an in 
put circuit and an output circuit, a connection 
between the output circuit of said second men 
tioned discharge device and the input circuit of 
said firstmentioned discharge device including said 
Source of energy and means including a connec 
tion to Said conductance through said terminals 
to Control the input circuit of said second men 
tioned discharge device in response to the pres 
ence of fluctuations in the magnitude of said 
conductance. 

13. In combination, fuel burner means to 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
contact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice Operable in one sense indicating the pres 
ence of fluctuations in magnitude of said con 
ductance and one condition of operation of said 
burner and operablein anothersense indicating the 
absence of fluctuations in magnitude of said con 
ductance and another condition of operation of 
Said burner, a source of electrical energy, an elec 
tric circuit for operating said device in said one 
Sense in response to the presence of fluctual 
tions in the magnitude of said conductance in 
cluding an electric discharge device having an 
input circuit and an output circuit, a connec 
tion between said output circuit and said first 
mentioned device including said source of energy, 
a second electric discharge device having an in 
put circuit and an output circuit, a connection 
between the output circuit of said second men 
tioned discharge device and the input circuit of 
said first mentioned discharge device including 
Said source of energy, a reactance and a con 
nection to said conductance through said termi 
nals, and means including said reactance to con 
trol the input circuit of said second mentioned 
discharge device in response to the presence of 
fluctuations in the magnitude of said con 
ductance. 

14. In combination, fuel burner means to 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
contact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice operable in one sense indicating the presence 
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of fluctuations in magnitude of said conductance 
and one condition of operation of said burner 
and operable in another sense indicating the ab 
sence of fluctuations in magnitude of said con 
ductance and another condition of operation of 5 
said burner, a source of electrical energy an elec 
tric circuit for operating said device in said one 
sense in response to the presence of fluctuations 
in the magnitude of said conductance including 
an electric discharge device having an input cir- lo 
cuit and an Output circuit, a connnection between 
said output circuit and said first mentioned de 
vice including said source of energy, a second 
electric discharge device having an input circuit 
and an output circuit, a reactance, a connection 5 
between the output circuit of said second men 
tioned discharge device and the input circuit 
of said first mentioned discharge device includ 
ing said reactance and said source of energy, 
and means including a connection to said Con- 20 
ductance through said terminals to control the 
input circuit of said second mentioned discharge 
device in response to the presence of fluctuations 
in the magnitude of said conductance. 

15. In combination, fuel burner means to 25 
produce a conductance having the characteristic 
of normally fluctuating in magnitude, means in 
contact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice operable in one sense indicating the pres- 30 
ence of fluctuations in magnitude of said con 
ductance and One condition of operation of said 
burner and operable in another sense indicating 
the absence of fluctuations in magnitude of said 
Conductance and another condition of operation 35 
of said burner, a source of electrical energy, an 
electric circuit for Operating said device in said 
One sense in response to the presence of fluctua 
tions in the magnitude of said conductance in 
cluding an electric discharge device having an 40 
input circuit and an output circuit, a connec 
tion between said output circuit and said first 
mentioned device including said source of energy, 
a second electric discharge device having an in 
put circuit and an Output circuit, a reactance, a 45 
connection between the output circuit of said sec 
Ond mentioned discharge device and the input 
circuit of said first mentioned discharge device 
including said reactance and said source of en 
ergy, a Second reactance, and means including 50 
Said Second reactance and a connection to said 
Conductance through said terminals to control 
the input circuit of said second mentioned dis 
charge device in response to the presence of 
fluctuations in the magnitude of said con- 55 
ductance. 

16. In combination, fuel burner means to 
produce a varying conductance, means in con 
tact with said conductance at displaced posi 
tions and constituting terminals thereof, a de- to 
vice adapted to be positioned in accordance with 
the amplitude of variation of said conductance 
to determine the condition of Operation of said 
burner means, a source of electrical energy, an 
impedance, an electric discharge device having 65 
an input circuit and an Output circuit, a Con 
nection between said output circuit and said de 
vice including said source of energy, a connec 
tion between said impedance and said input cir 
cuit, and means including a connection to said 70 
conductance through said terminals for pro 
ducing a varying potential across said impedance 
substantially in proportion to the variations of 
said conductance. 

17. In combination, fuel burner means to 75 

produce a varying conductance, means in Con 
tact with said conductance at displaced posi 

'tions and constituting terminals thereof, a de 
vice adapted to be positioned in accordance with 
the amplitude of variation of said conductance 
to determine the condition of operation of said 
burner means, a source of electrical energy, an 
impedance, an electric discharge device having 
an input circuit and an output circuit, a con 
nection between said output circuit and said de 
vice including said source of energy, a connec 
tion between said impedance and said input cir 
cuit, and means including a reactance and a COne 
nection to said conductance through said termi 
nals for producing a varying potential across 
said impedance snbstantially in proportion to the 
variations of said conductance. 

18. In combination, fuel burner means to 
produce a varying conductance, means in con 
tact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice adapted to be positioned in accordance with 
the amplitude of variation of said conductance 
to determine the condition of Operation of said 
burner means, a source of electrical energy, an 
electric discharge device having an input circuit 
and an output circuit, a connection between said 
output circuit and said device including said 
Source of energy, a second electric discharge de 
vice having an input circuit and an Output cir 
cuit, a connection between the output circuit of 
said second mentioned discharge device and the 
input circuit of said first mentioned discharge 
device including said source of energy, and means 
connected to the input circuit of said second 
mentioned discharge device and including a cons 
nection to said conductance through said ter 
minals to control the conductivity of said sec 
ond mentioned discharge device substantially in 
proportion to the variations of said conductance. 

19. In combination, fuel burner means to 
produce a varying conductance, means in con 
tact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice adapted to be positioned in accordance with . 
the amplitude of variation of said conductance 
to determine the condition of operation of said 
burner means, a source of electrical energy, an 
electric discharge device having an input cir 
Cuit and an output circuit, a connection between 
Said Output circuit and said device including said 
source of energy, a second electric discharge de 
vice having an input circuit and an output cir 
cuit, a connection between the output circuit 
of said second mentioned discharge device and 
the input circuit of said first mentioned dis 
charge device including said source of energy, a 
reactance and a connection to said conductance 
through said terminals, and means including 
said reactance and connected to the input cir 
cuit of said second mentioned discharge device 
to control the conductivity of said second men 
tioned discharge device substantially in propor 
tion to the variations of said conductance, 

20. In combination, fuel burner means to 
produce a varying conductance, means in con 
tact with said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice adapted to be positioned in accordance 
with the amplitude of variation of said con 
ductance to determine the condition of opera 
tion of said burner means, a source of electrical 
energy, an electric discharge device having an 
input circuit and an output circuit, a connec 
tion between said output circuit. and said device 
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including said source of energy, a second elec 
tric discharge device having an input circuit 
and an Output circuit, a reactance, a connec 
tion between the output circuit of said second 
mentioned discharge device and the input cir 
cuit of said first mentioned discharge device 
including said reactance and said source of en 
ergy, and means connected to the input circuit 
of said second mentioned discharge device and 
including a connection to said Conductance 
through said terminals to control the conductiv 
ity of said Second mentioned discharge device 
substantially in proportion to the variations of 
said conductance. 

21. In combination, fuel burner means to 
produce a varying Conductance, means in con 
tact with Said conductance at displaced posi 
tions and constituting terminals thereof, a de 
vice adapted to be positioned in accordance with 
the amplitude of variation of said conductance 
to determine the condition of operation of said 
burner means, a source of electrical energy, an 
electric discharge device having an input cir 
cuit and an output circuit, a connection between 
said output circuit and said device including said 
Source of energy, a second electric discharge de 
vice having an input circuit and an output cir 
cuit, a reactance, a connection between the out 
put circuit of said second mentioned discharge 
device and the input circuit of said first men 
tioned discharge device including said reactance 
and Said source of energy, a second reactance, 
and means including said second reactance and 
a connection to Said conductance through said 
terminals and connected to the input, circuit of 
said second mentioned discharge device to con 
trol the conductivity of said second mentioned 
discharge device substantially in proportion to 
the variations of said conductance. 

22. A safety control system for a fuel burner 
including means to establish a flame at said 
burner, and a device to control said means com 
prising in combination, a pair of spaced electrodes 
insulated from each other and positioned in the 
path of Said flame, a device for operating said 
control device, a circuit adapted to connect said 
operating device to a source of electrical energy, 
and means to control the conductivity of said 
circuit in response to fluctuations in the con 
ductance between said electrodes to maintain 
said first mentioned means in flame producing COndition. 

23. A safety control system for a fuel burner 
including means to establish a flame at said 
burner, and a device to control said means com 
prising in combination, a pair of spaced elec 
trodes insulated from each other and positioned 
in the path of said flame, and means responsive 
to fluctuations in the conductance between said 
electrodes to control said device to maintain 
said first mentioned means in a flame producing Condition. 

24. A combined safety and quality control 
System for a fuel burner including fuel and air 
Supply means and igniting means to establish a 
flame at Said burner comprising in combination, 
a device to control said fuel supply means, means 
to control the mixture of fuel and air Supplied 
to said burner, and means responsive only to sus 
tained fluctuations in a characteristic of said 
flame indicative of flame presence and com 
bustion quality to control said control device 
and Said mixture control means. 

25. A combined safety and quality control sys 
tem for a fuel burner including fuel and air 
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supply means and igniting means to establish 
a fame at said burner comprising in combina 
tion, & device to control said fuel supply means, 
means to control the mixture of fuel and air 
Supplied to said burner, and means responsive 
to a characteristic of said fame indicative of 
flame presence and combustion quality to con 
trol said control device and said mixture con 
trol means. 

26. A safety system for a fuel burner including 
means to establish a flane at said burner com 
prising in combination, a device to control said 
means, and means responsive only to sustained 
fiuctuations in a characteristic of said flame in 
dicative of fame presence to control said device 
to maintain Said first mentioned means in a fame 
producing condition, w 
2. A Safety system for a fuel burner including 

means to establish a flame at said burner, and 
means responsive Only to sustained fluctuations 
in a characteristic of said fame indicative of 
fiane presence to control said fame establish ing means, 

28. A safety system for a fuel burner includi 
ing means to establish at said burner a flame 
having a fluctuating characteristic indicative of 
fisne presence, and means responsive only to 
sustained fluctuations in said characteristic 
and including a device exposed to the region nor 
inally including said flane to operate said sys 
ters to control said flame establishing means 
and thereby the presence of a fame at said 
burner. 1. 

29. A cornbustion control system for a fuel 
burner including means for producing combus 
tion to establish a flame at said burner, and 
means responsive only to sustained fluctuations 
in a characteristic of said flame indicative of 
normal combustion to control said combustion producing means. - 

30. A combustion control system for a fuel 
burner including means for producing combus 
tion to establish a flame at said burner, com 
prising in combination, a pair of spaced elec 
trodes insulated from each other and positioned 
in the path of said flame, and means connected 
to said electrodes and responsive to sustained 
fluctuations in the conductivity of said flame but 
insensitive to steady values thereof to control 
Said combustion producing means. 

31. Apparatus comprising a burner, means 
for supplying the elements of combustion to 
the burner, and means responding to the ratio 
between the elements of combustion supplied 
the burner comprising means responsive to 
changes in the amplitude of fluctuation in the 
electrical conductivity of the flame issuing from 
the burner and produced by the burning of the 
elements of combustion. 

32. Apparatus comprising a burner, means 
for supplying fuel and air to the burner, and 
means responding to the ratio between the fuel 
and air supplied the burner comprising a pair 
of Spaced electrodes disposed to be enveloped in 
the flame issuing from said burner, an electric 
circuit including said electrodes, and means re 
Sponding to changes in the amplitude of fluc 
tuation in the conductivity of said circuit. 
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33. Apparatus comprising a burner, means for 
Supplying fuel and oxygen to the burner, and 
means responding to the ratio between the fuel 
and oxygen supplied to the burner Comprising an 
electric circuit including a portion of the fame 
produced by the burning of the fuel and oxygen, 
and means responding to changes in the ampli 
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tude of fluctuation in the electrical Conductivity 
of said circuit, 

34. Apparatus comprising a burner, means for 
supplying the elements of combustion to the 
burner, and means responding to the ratio be 
tween the elements of combustion comprising an 
electric circuit including a portion of the flame 
produced by the burning of the elements of com 
bustion, and means responding to changes in the 
amplitude of fluctuation in the electrical con 
ductivity of said circuit. 

35. In combination, a furnace, means for sup 
plying the furnace with the elements of com 
bustion, means responding to changes in the am 
plitude of fluctuation in the electrical con 
ductivity of the flame produced by the combus 
tion of the elements of combustion, and means 
for controlling the ratio between the elements of 
combustion Supplied the furnace in correspond 

l 

ence with the changes in amplitude of fluctua- 20 
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tion in the electrical conductivity of the fame. 

36. The method of maintaining a desired fuel 
air ratio to a furnace which includes increasing 
and decreasing the fuel-air ratio in Cerrespond 
ence with the decreases and increases, respec 
tively, in the amplitude of fluctuation in the elec 
trical conductivity of the flane produced by 
burning of the fuel and air. 

37. The method of obtaining response to the 
ratio between the elements of combustion supplied 
a flame which includes obtaining response to 
changes in the amplitude of fluctuation in the 
electrical conductivity of the flame resulting from 
the combustion of the elements. 

38. The method of obtaining response to the 
completeness of combustion which includes ob 
taining response to changes in the amplitude of 
fluctuation in the electrical conductivity of the 
flame produced by such combustion. 

WAR P. WLS. 


