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This invention relates to relsy apparatus ree 
Seasive 3 te:Xperatt S'e (alges, End Rose as 
ticularly to apparatus for controlling a heat, 
Ese, 
Among the fields of application of tiny present, 

investion is that of controlling the fuel supply 
in oil-burning systeins or other similar. systerag 
wherein fuei is Splied to a faine. In certai 
standard gaine-coito 
known, Seias been made of s. 3'esistance bridge 
in connection Wii ai electronic device to coin 
trol the flane. In SEC systerns, the are is use 
as a part of the Voltage. divide which deter 
nines the potential of the coxatio grid, the re 
sistance of the Siame usually being in the orcier 
of Several Siegohras. Ainoag tie disadvantages 
of Such an arrangemeini, are () the elege; 
Which is placed in the are to obtain the re 
sistance circuit is subject to disiaegration frosta 
the faine, tierey shortening the life thereo, 
and (2) due to the caroos deposits which hea 
cone an appreciable part of the total divide 
resistance, the device teasis to drift, in its co 
tro point. 

... The primary object of any present invention 
is to provide an improved systeia capable of acts 
ing as a supervisory means for various types of 
flanes or other heat sources to shut down the 
fuel supply when certain conditions have een 
met, which system will not be subject to the cis 
advantages of similar systems heretofore kyogi. 
More particularly, it is an object of my gases 

eat investion to provide gain is inproved coa Eic, 
Systern oi, the type set forth which will pro 
vide instantaneous fuel supply shut-off when tie 
fane goes off. 
Another, object of my present, invention is to 

provide again proved systern of the type set, or: 
which may be availed of as a the racsia, or as 
8, therostat control. 
A further oeck of Ely investion is to go. 

vide an improved systein as aforesaid which is 
single in construction, has a raininuin nuinea: 
Of parts, and is highly efficiet, in operation. 

Crae Systein according to Ray present, irye 
tio; corpiises a cois eatiose gas ischarge lite 
'tic is corrected to a Sitarie sexy"cs 
E. E. S. aid a variable ingeriance setwork is 
tas get circuit, thereof for controlling the gris 
as a gas discharge libé. Crie railcia of iae 
YEliable etWork is manually Wairiable so that, 
it ca: ce. Set to balance against a predeterrained 
Waige of the other braici in Winich. 2, variate 
aestheat, responsive to tarinese:::e changes 
exagoyed, is late element, being eig: 

Systeins heretofoe 

cooperate Wit, tie iia Ee or other heat source. 
Asy Valia;iog i.a. he impedance of the last 
Shaned, predeter aired network will place the 
ridge Ost of palace and cause the gas dis 

80 

C&rge e s 'e or Festore, dependent pon 
the polarity of the change, and thereby actuate 
2, Soleiloid relay is a tie output circuit of the gas 
disciarge sie & actuate suitable nechanism 
for sitting of the supply of fuel to the fame. 

2e love featres that consider character 
istic of Ray invention are set forth with particu 
iaity in the appended clairs. The invention it 
Self, however, bota as to its organization and 
Red OS operatio2, as well as additional ob 
iects a (d. 8divantages thereof, will best be under 
Stodd Kei e following description of several 
eRactisets Saeseof, when read in connection 
Witka tie accolinganying drawing, in which 

ig 5'e 3 is a Wiring diagrain showing a sys 
eX2 S.CC03'drag to one for of my invention, 
3ig33e 3 is a viring diagi'an showing a sys 

terra according to a somewhat different form of 
37 yeas: 
Sigtse 3 is a wiring diagram of a system of . 

still Yacie 503's of Ely invention, and 
Fig.2es & al. 5 aire views showing the varia 

to ta; nay take place in the heat controlled 
capacitor of the system of Fig. 1. 

Referring more particularly to the drawing, 
wherein sirilar reference characters designate 
cCrescoding parts throughout, I have shown 

s ice oi S. A. F. 3 through a transformer 
3, 6, CEE'etat, inaiting resistor R1 being prefer. 
aily CCEEastees. O he cathode 2 thereof. The 
2a : SaaS tea G, 3riosie, a tetrode, or of any 
3ies Stei:Sile 522.Ées of eisctrodes, that illus 
tigated if the di:'Evig keing a tetrode provided 
With a grid elect:"Gee (), a control grid electrode 
E 5* is late ; 8.6 3, in addition to the 

5 degårei, a resistor a nay be pro 
beivreeza i.e Sesis&c.; S1 and the control 

( ; ; 223 & 25iSig Voltage on the control 

E in the is pl; gr. 
Eidge constitute 

2S 33 33'58.33 &nd 9, the air oeirag 
E33C aliy Variabie capacitor 
Geirg growicled with a variable 

incia SS 8, fixed late or electrode 
33.3g giate of electrode 3 consti 

gle, 337 a. iNetallic element cons 
3, 5 & Sexie 5 or other stit 

53 &A viiiga. $2.5 say be supplied 
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through a pipe or conduit under control of a 
guitable valve (not shown). Upon application 
6 heat to the bimetallic element 3 of the capac 
itor Ca, the element 3 will warp in either direc 
tion to assume the position of either Fig. 4 or 
Fig. 5, depending upon the relative coefficients 
of expansion of the metals of which the element 
G3 is formed. In either case, it will be apparent 
that the capacity of the capacitor Ca will have 
been changed. 
Connected to the plate 8, or in the output cirr 

cuit of the tube , is the winding 1 of a sole 
noid relay 9 the armature of which is arranged 
to cooperate with the movable element 2 of 8. 
switch in a circuit to be controlled and which 
may be arranged to cooperate with the afore 
mentioned valve iii tie conduit or with other 
suitable mechanism for shutting of the Supply 
of fuel to the fame 5. In operation, the capac 
itor C is manually adjusted to balance the arm 

of the bridge against the arm 9. When heat 
is applied to the bimetallic electrode 3 by the 
flame or other suitable heat source 5, it is ob 
vious that the capacity of the capacitor C2 will 
change, whereupon the arms and 9 of the 
bridge will become unbalanced and the tube 
will be fired to energize the relay 9 and operate 
the switch element 2 . In the circuit of Fig. 1, 
if the capacitor C2 is so arranged that its capac 
itance will decrease with a decrease in temper 
ature, the resulting increase in impedance of the 
branch or arm 9 will make the grid (, more poss 
itive and fire the tube. However, the reverse 
action is also possible, that is, the action can be 
reversed by making the capacitance of the capac 
itor C2 increase in capacity with decrease in ten 
perature. In any event, it will be obvious that, 
in my improved system, the tube acts as a relay 
device with the bridge 2-3 constituting a voltage 
divider for impressing an operating voltage on 
the grid 4 to fire the tube A when the element 
G3 has reached a predetermined temperature. 
Should the flame go out, the drop in temperature 
of the element 3 will restore the balance be 
tween the arms and 9, and the tube will shut 
down to deenergize the relay 9, whereupon the 
switch element 2 will be returned to original 
position, as by a spring 22. 
The arrangement of Fig. 2 is similar to that 

of Fig. 1, but in place of the capacitors C1 and C2, 
I substitute a manually variable resistor R3 in 
the branch and a heat responsive variable re 
sistor R4 in the branch 9. The resistor R3 is 
preferably made of a material which has a Zero 
temperature coefficient, while the resistor R4 
is made of a material having a high temperature 
coefficient so that, when heat is applied to the 
resistor R4, its resistance will vary and the in 
pedance of the branch 9 of the bridge will be 
altered. As in the case of the System of Fig. 1, 
that of Fig. 2 is initially set by adjusting the 
resistor R3 to balance the branch against the 
branch 9. When a predetermined temperature 
has been reached, the resistance of the resistor 
Ra will have been sufficiently altered to cause the 
tube to fire and operate the relay 9. When the 
heat source is removed from the resistor R4, its 
temperature will drop, the original impedance 
of the branch 9 will be restored to balance it 
against the branch 7, and the tube will go off. 
The system of Fig. 3 is similar to those hereto 

fore described, but in this systein I employ a 
pair of inductances L3 and L4, respectively, in 
the arms 7 and 9. The inductances 3 and is 
are provided with magnetite cores or the equiv 
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2,834,830 
slent, the inductance i3 being Gagtasy acists 
able, and the inductance is being Edgaole C 
response to a bimetallic element 23 which is 
connected to the core thereof by a suitable coas 
pling 25 and which is responsive to the heat of 
the flame 5. Here, again, the System is Orga 
inally set by manually adjusting the inducte 
ance 3 to balance the arm against the arm 9. 
When heat is applied to the bimetallic element 
28, the inductance of the coil I4 will be changed 
to alter the impedance of the arm 9, whereupon 
the tube will be fired and the relay 9 enee 
gized. If the flame 5 goes out, the bimetal 
lic element 23 is restored to its original position, 
the balance between the arms and 9 is resumed, 
and the tube becomes inoperative, whereupoa 
the relay 9 is deenergized and the Switch ele 
ment 2 restored to normal position by the Spring 
22. 
From the foregoing description, it will be ap 

parent to those skilled in the art that I have pro 
vided a novel flame control system which oper 
ates instantaneously, when certain predeters 
mined conditions have been met, to control the 
flame. Although I have shown and descriced 
several embodiments of ny invention, it is ag 
parent that various changes therein, as well as 
other modifications, are possible. For example, 
the grid voltage divider circuit, instead of being 
2, capacitance, a resistance, or an inductance 
divider, may be a combination of resistance, 
capacitance and/or inductance, etc. Other 
changes will, no doubt, readily suggest then 
selves to those skilled in the art. , there 
fore, desire that my invention shall not be lin 
ited except insofar as is made necessary by the 
prior art and by the spirit of the appended 
claims. 

claim as my invention: 
1. In flame responsive apparatus, the combina 

tion of an amplifier comprising an electron dis 
charge device including a pair of bridge arms in 
the input circuit thereof, variable means in one 
of said arms associated with the flame and re 
Sponsive to temperature changes induced thereby, 
and a relay in the output circuit of said device 
associated with the fuel supply to said flame for 
controlling the supply of fuel to said fame, a pre 
determined temperature change resulting from 
Said flame causing a variation in said variable 
means sufficient to alter the balance of said bridge 
arms Whereby to actuate said relay to alter the 
fuel Supply to said flame. 

2. In flame responsive apparatus, the combina 
tion of an amplifier comprising an electron dis 
charge device including a pair of bridge arms 
in the input circuit thereof, variable means in 
each of Said arms adapted to be varied to effect 
a balance of said arms, the variable means in 
one of said arms being manually adjustable and 
the variable means in the other of said arms be 
ing associated with the flame and responsive to 
temperature changes induced by said flame, and 
a relay in the output circuit of said device asso 
ciated with the fuel supply to said fame for coal 
trolling the supply of fuel to said flame, a pre 
determined temperature change resulting from 
Said flame causing a Yariation in said second 
named variable means sufficient to alter the bal 
ance of said bridge arms whereby to actuate said 
relay to alter the fuel supply to said fame. 

3. In flame responsive apparatus, the combina 
tion of an 8mplifier comprising a cold cathode 
gaseous discharge device, a bridge having a pair 
of arms in the input circuit of said discharge dee 
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vice, variable means in each of said arms for ef 
fecting a balance of said arms, the variable means 
in One of said arms being manually adjustable 
and the variable means in the other of Said arms 
being associated with the flame and responsive 
to temperature changes induced thereby, and a 
relay in the output circuit of said device asso 
ciated with the fuel supply to said flame for Con 
trolling the supply of fuel thereto, a predeter 
mined temperature change resulting from said 
fame causing a variation in said second-named 
variable means sufficient to alter the balance of 
said bridge arms whereby to actuate said relay 
to alter the Supply of fuel to said flame. 

4. In flame responsive apparatus, the combina 
tion of an amplifier comprising a cold cathode 
gaseous discharge device, a bridge having a pair 
of arms in the input circuit of said discharge de 
vice, Variable means in each of Said arms for 
altering the impedance thereof, one of said means 
being manually adjustable for adjustment of its 
arm into balancing relation with the other of said 
arms, the variable means in said other arm being 
associated with the flame and responsive to tem 
perature changes induced thereby, and a relay in 
the Output circuit of said device associated With 
the fuel Supply to said flame for controlling the 
supply of fuel thereto, a predetermined tempera 
ture change resulting from said flame causing 
a variation in said Second-named means to alter 
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the iii pedance of its arn and thereby alter the 
balance of said bridge whereby to actuate said 
relay to alter the supply of fuel to Said fame. 

5. The invention set forth in claim 4 character 
ized in that said variable means comprise variable 
impedance elements. 

6. he invention set forth in claim 4 character 
ized in that said variable means comprise variahle 
capacitances. 

7. The invention set forth in claim & characte 
ized in that said variable means comprise variable 
capacitances, and characterized further in that 
the Second-named of Said Variable means con 
prises a capacitor one of the electrodes of Winich 
is constituted by a bimetallic element. 

8. The invention set forth in claim 4 characters 
ized in that said variable means comprise Variable 
resistors. 

9. The invention set forth in claim. A character 
ized in that said first-named variable means coin 
prises a Variable resistor made of lateria having 
substantially Zero temperature coefficient, and 
characterized further in that said second-nained 
variable means comprises a resistor inade of in 3 
terial having a relatively high temperature co 
efficient. 

10. The invention set forth in claim 4 char 
acterized in that said variable ine2iS include 
variable inductances. 
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