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This invention relates to protective arrangements for 
industrial apparatus and,more particülarly,to an im 
proved Sensitive control arrangement operable to rapidly 
interrupt the Supply of heating energy to a medium re 
sponsive to a Sensed change of a predeterminable mag 
nitude in a State of the füedium. 
Whie the invention control arrangement is USeful in 

many applications,a particülar and Soleiy exeraplary 
appication is in the high frequency electric field heating 
of dielectric materials,particularly thermoplastics. fn 
Such high frequency heating operations,the materia? 
being heated,or the electrodes,or both,frequently are 
damaged as a reSult of exceSSive current fiOW or arcing, 
Such excessive current fioy or arcing may be due to 
any one or more of Several factors,Süch as the preSence 
of included conductive impurities in the material,varia 
ionSin thickneSS of the material causing Severe localizad 
heating and/or flash-over,the appication of excessive 
H. F. power or voltage,the application of H. F. power 
for eXCeSSive periods of time,Or exceSSive compression 
of the materiai by the electrodes. 
The preSent invention takes advantage of the Gbserved 

fact that the aforementioned arcing is preceded by an 
increase in the conductivity of the heating material,Such 
increase continuing until the arcing condition occurs. 
To this end,the invention arrangement includes sensing 
means,in operative association with the electrodes and 
the material being heated,to Sense any Such increase in 
conductivity of the material,and utizes any detected in 
crease in Such ccndüctivity to rapidly interrupt the Supply 
of heating energy to the material. 
More Specificaly,a moderate D. C. potential is ap 

plied between the H. F. energy applying electrodes by 
a SenSing circuit. If the afore-mentioned increase in 
conductivity of the material being heated occurs,the 
current fioW in the Sensing circuit increaSes. This in 
Crease in the Sensing circuit current fow is utized to 
Substantiallyinstantaneousiy apply an immediately efec 
tive blocking potential to a radio frequency(R. F.)gen 
erator Supplying the heating energy. Thus,the heating 
energy Supply is interrupted before either the electrodes 
Or the material being heated are injured. 

In a particular practical application of the invention 
principles,the H. F. energy is Suppied by an R. F. 
oScillator Whose grid current fows through one or 
more normally conductive amplifer valves acting as a 
Variablegrid resistance. Where the D.C.sensingcircuit 
has a high current fow,due to increased conductivity of 
the material being heated,a thyratron circuitis made 
conductive The reSultanthigh voltage D.C.potentialis 
applied to the amplifier tubes which act momentariyas 
a heavy drain of the D.C,potential supply. Thissudden 
.fiow of current produces a pulse in a pulse transformer 
in the high voltage D. C circuit,and this pulse initiates 
conduction in another thyratron circuit,The Iatterim 
mediately appies a suficiently high negative voltage to 
the ampifer grids to reduce the amplifer conductance 
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to a Hegligible Valüe,greatiy increasing the resistance in 
the OScillatorgrid circuit. This,in turn,greatly reduces 
the intenSity of the oScillations,minimizes the drain on 
the high voltage D.C. Supply to permituse of relatively 
Smai components,and alows the terminal voltage of 
the latter Supply to rise and thus expedite the termination 
Gf QScillation. 
For an ünderstanding of the invention principles, 

reference is made to the following description of typical 
embodiments thereof as iliustrated in the accompanying 
draWingS. ín the draWings: 
Fig,1 is a Schematic Wiring diagram of a preferred 

embodiment of the invention; 
Figs. 2 through 5 are schematic wiring diagrams of 

alternative embodimeats; 
Fig,6 iliustrates a modification of a portion of the 

circuit arrangement shown in Fig,5; 
Hig,7 illustrates a Sensitivity selection arrangement 

applicable to the embcdiments of Figs.1 and2;and 
Fig,8 is a Schematic wiring diagram of a further 

modifed form of the invention. 
Referringfirst to Fig,1,the invention controlarrange 

ment is ilustrated as appied to apparatus for electric 
field heating Gf dielectric material i@ which may be a 
thernoplastic. The electric feld is applied to material 
?$ by Spaced,cooperabie electrodes i and ?2 supplied 
With H. F. energy from an R. F. oScillatorgeneralyin 
dicated at ?5 Portions of the oscilator ?5 not nec 
eSSary to an underStahding of the invention have been 
Cmitted to simplify and clarify the ilustration,Thus, 
the connection f3 ofelectrode ií to the osciatoroutpüt 
is Shown as a partialy broken ine tappinginto another 
partialy broken ine ?4 representing non-ilüstrated con 
Ventional Cutput Components of esciator?5. Electrode 
?2 is grounded, 
The OScilatorinciudes a valve 20 whose plate voitage 

is Suppiedfrom D. C. power supply f6 havingthe D.C. 
Output polarities indicated. Power supply i6 may be 
a battery,but is preferably a rectifier and fiter unit 
stppied with A. C potentials from Secondary winding 
??f of plate transformer PT whose prinary winding 
PTPis connectedin an A.C. supply circuit derivedfrom 
terminals17. Piate transformer PThasother Secondary 
Windings for other power supplies referred to hereinafer. 
The flament heating voltage for valve 2@ is supplied 

by a Secondary Winding FTS-i of a filament heating 
transformer FT havingits primary winding FTP con 
nected across the A·C power supply in multiple with 
Winding PTP. Primary windings PTP and FTP are 
energized whenever a main control switch 18 is closed. 

?n the embodiment of Fig,1,the invention control 
arrangement includes an amplifier valve or tube 3@ in 
Series with the grid-cathode circuit of osciatortube 2@, 
and a pair of grid-controled,gaseous conduction tübes 
Or Valves 40 and 5@ The flaments ofthese threetubes 
are heated from Secondary windings FTS-2, FTS-3,and 
?TS-4 offilament transformer FT Alternatively,the 
*ament heating currents may be battery supplied,in 
these tubes as Wel as in tube 20. Several D. C. pOWer 
Supplies,Such as 21 through 25 are inciuded ? the 
ContrGlarrangenent,with polarities asindicated,These 
POWer SUpplies may be batteries but preferably are 
rectierflier units receiving A. C input potentialsfrom 
secondaryWindings PTS-2 through PTS-6 ofplatetrans 
former PT Alternatively,power supply 25 may be a 
charged capacitor. 
When control switch 18 is closed,poweris applied to 

al the heatingfiaments and to el bias mediumand high 
Voltage power Suppies,through energization of trans 
formerS PT and FT Valves 4@ and5@ are maintained 
in non-conducting condition by bias power suppies 22 
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and 24,respectively,whereas amplifier tube 30 is main 
tained in a State of low conductivity by medium voltage 
power Supply 21 connected between its grid and cathode 
in Series with limiting reSistor 27. This is the condition 
of the apparatus during Stand-by periods after main 
Switch ?8 has been closed but before "Start° button 28 iS 
depreSSed. 
When Start button 28 is depressed,relay 35is picked 

up through the normally closed contacts 35a of a relay 
45 in shunt with resistor 27. Relay 35 closes its con 
tactS45a,completing a holding circuitin Shunt with but 
ton 28 So that relay 35 remains energized even if button 
28 is releaSed. Relay 35 also closes its contacts 35b to 
apply plate power to oSciator tube 20,and 35c to con 
nect relay 45 from grid to cathode of tube 30. 

With the closing of contacts 35b,tube 20 is ready to 
oscillate when the D.C. potential diference and the total 
grid circuit resistance between its grid and cathode are 
of the correct magnitude,At the Same time,the con 
nection of the coil of relay 45 greatly reduces the grid 
circuit resistance,and thus the voltage between the grid 
and cathode of tube 30 drops to a negligible value This 
increases the conductivity of tube 30,thus reducing the 
resistance of the grid circuit of oSciliator tube 20 So that 
the latter begins to oscillate at full power. Closing of 
contacts 35c also applies plate potential to tube 40 so 
that the latteris ready to conduct when itis triggered. 
The generated R. F. energyis now applied to material 

10through electrodes 11 and 12. At the same time,a 
D.C."sensing"potentialis applied across the electrodes 
and material10frompowersupply25. Thispowersup 
ply ordinarily forces a negligible current through the 
circuit comprising material 10,electrodes 11,12,R. F. 
filter 31,limiting resistor 32,power supply 25,variable 
resistance 33,and power Supply 24 to ground. 

Resistance 33 is adjusted to a value Such that,during 
the normal heating cycle,the voltage drops across this 
resistance,and thus the grid voltage of tube or valve 50, 
is Smal enough that tube 50 remains non-conductive. 
However,the adjusted value of resistance 33 is high 
enough that tube 50 will be triggered when material 10 
has been heated at least to the proper temperature,be 
coming thus more conductive,or when the conductivity 
between electrodes 11,12 reaches a value higher than 
normal for any other reason. When the instantaneous 
value of conductivity betWeen electrodes 11,12 reaches 
the predeterminedvalue,the voltage drop across resistance 
33is of Suficient magnitude and correct polarity to trigger 
tube 50 to the conductive State. 
Whentube50istriggered to conductivity,itefectively 

grounds the positive terminal of power Supply 23,A 
current then fiows from ground to the anode of tube 30, 
through the cathode thereof,primary winding 55 P of 
transformer55,power supply23,and tube 50 to ground. 
Most of the voltage of Supply 23 appears across tube 30 
as the resistance of the latter,under the operating volt 
age selected,is much greater than the sum of all other 
impedance components in series inthe above circuit. As 
thegrid circuit of oscillatortube 20isin shunt with tube 
30,the voltage drop across tube 30 appears between the 
grid and cathode of tube 20. 

This drop,when tube 56 is conductive,is of suficient 
magnitude and correct polarity to interrupt the flow of 
anode current in tube 20 and thus Stop oscillations of 
the latter. Thus,the application of H. F.energy to mate 
rial 10 is interrupted,preventing or minimizing arcing, 
sparking,or overheating of electrodes 11,12. 
The Sudden fow of current through primary winding 

55 Poftransformer55induces a voltage pulsein Second 
arywinding55S,Themagnitudeandpolarity ofthisvolt 
age puise are such as to trigger tube 40 to conductivity. 
Current thus flows from power Supply 21 through relay 
45,contact35c,and tube 40. The relatively heavy cur 
rentfow through relay45produces a grid voltage intube 
30 of suficient magnitude and proper polarity to reduce 
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the conductivity of tube 30 to a negligible value,thus 
reducing the drain on power Supply 23. This reduction 
permits use of a Small power Supply for 23,it being de 
Signed for intermittent duty only. Also,the short duty 
cycle of tube 30,when tube 40is conductive,permits use 
of a relatively Smal tube. 
Under the aforementioned heavy current fow,relay 

45 is energized Suficiently to open its normally closed 
contacts,45a and 45b,to break the holding circuit of 
relay35 and to stop current fow through tube 20. Re 
lay35 dropsto openits contacts 35a,35b and 35c,remov 
ing the Shunt around "start° button 28,disconnecting 
anode power from tube 20,and dropping relay45. This 
restores the circuit to its normal "stand-by" condition 
pending a reclosing of button 28,with contactS 45a and 
45b again re-closed. 
The R. F. filter31 prevents conduction of R. F. com 

ponents into the Sensing and control circuits. This filter 
is designed to have negligible Series resistance in the 
Sensing circuit and negligible conductance in Shunt with 
electrodes 11,12. The fiter may comprise one filter or 
several filtersin cascade,either of the Same or difering 
typessuchas"low-pass,°"band-reject,°etc.,and employ 
ing various combinations of resistance,capacitance and 
inductance. Resistor 32 limits the drain on Supply 25 
and minimizes shock hazard to personnel during Stand 
by periods. 

In the arrangement of Fig,2,parts the same as those 
in Fig,1 have been given the Same reference characters, 
Resistor36isthegrid resistor of oscilatortube20. When 
tube 50istriggered to conductivity by the sensing circuit, 
current flows from ground through relay 45,resistor 36, 
R. F.filter37,power Supply23,contacts 45b,and tube 50 
to ground,As the total resistance of relay 45 and re 
sistor 36 is much greater than that of the rest of this 
circuit,most of the voltage of Supply 23 appears acroSS 
the 36—45 Series combination. As this combination is 
inshunt with thegrid circuit oftube 20,the voltage there 
across is of the correct magnitude and polarity to cut of 
anode current through tube 20 and thus interrupt its 
oscillations. 

Relay 45,when energized, opens its contacts 45a and 
45b to drop relay 35 and interrupt plate power to tube 
50. Hn turn,relay 35 opens its contacts 35a,and 35b, 
breakingthe shuntfor button28 and cuttingplate power 
from tube 20. Relay 45 drops to re-close contactS 45a 
and 455,restoring the circuit to Stand-by condition. 

Filter 37 minimizes tranSmission of R. F. into the cir 
cuit of tube 50,thereby preventing unintentionalioniza 
tion of thistube,which latter would cause erratic opera 
tion. 

Figure 3 ilustrates an arrangement employing only 
vacuum tubes orvalves,vacuum tube 60 being Substituted 
for "thyratron°50. Circuit components simiar to or 
identical with those of Fig,1 have been given the Same 
reference characters. 

In this arrangement,the grid-cathode Voltage of tube 
60 is the algebraic sum of the potentials of power Sup 
plies 24 and 41,and the voltage drops across resistance 
33,power supply 41 being similar to the other power 
supplies. Normally,a high net negative grid-cathode 
voltage is applied,resultingin a low state of conductivity 
of tube 60. 
When the conductivity of material 10 reaches a high 

enough value,consistent with the Setting of resistance 33, 
the potential diference between the grid and cathode of 
tube 60 drops and the tube conductivity increases. This 
results in increased current flow from ground through 
relay 45,grid resistor 36,tube 60,and power Supply41 
to ground. The voltage drop across 36?45 is of cor 
rect polarity and magnitude to reduce the anode current 
of oscillatortube 20 to substantialy reduce the intensity 
ofits oscillations. 

Byproperselection of circuit components,theintensity 
of the oScillations relative to the inter-electrode con 
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ductivity may be controled-between any predetermined 
limits from ful output to Zero output. Furthermore; 
since the currentin relay 45 varies with the inter-elec 
trode conductivity,this relay,through operation ofits 
contacts 45a controlling relay 35 and its contactS 35b, 
can be adjusted to interrupt plate powerfor oscillator 
tube 20 either,for only very high interelectrode con 
ductivities or for Specific conductivitylevels,in the lat 
ter case acting as a process timer. Forcertain types 
of operations,relay 45 may be shunted by closing Switch 
42. 
The starting of this arrangement is generaly similar 

to that of Fig,1. Relay 35 has additional active con 
tacts 35d which open,when relay 35 is picked up,to 
remove the blocking voltage from the grid of tube,20 
as contacts 35c are closed to connect the 36?45 Series 
combination in the grid circuit. When relay 45 is Sufi 
ciently energized to open contacts,45a,relay 35 is 
dropped This circuit has the advantage of preventing 
fiow of oscillatorplatecurrentif theinitialinter-electrode 
conductivityistoo high, 

Fig,4illustrates a modification of the Fig,3 arrange 
ment,inciuding an additional stage of amplification,and 
a relocation and a polarity re-orientation of the power 
Supplies to obtain,on the grid of oScillator tube 20,a 
grid voltage which increases in the negative direction 
with?an increase in the inter-electrode conductivity. 
This circuit operates in?the Same manner as that of 

Fig,3 when "start° button 28 is depressed, Normally, 
power Supply4i Keeps the oscilator grid voltage-Sufi 
ciently negative to block the fow of oscillator platecur 
rent when contacts 35b are closed. Vacuum tube ampli 
fier 70 has a zero grid bias and is thus normally highly 
conductive,resuiting in current flow from power Sup 
ply 4i through resistor 43and tube 76 The drop acroSS 
resistance 43,is of the correct magnitude and polarity 
to maintain tube 60 non-conductive. Since there is thuS 
nc current fiow from Supply 23 through the 36?45 
Series combination,tube 20 has no grid bias voltage ap 
plied thereto,when relay 35 opensits contacts 35d and 
closes contacts 35c,and tube 20 begins to oscillate. 
AS the inter-electrode conductivity increaSes,power 

Supplies 25and 4i add algebraicallyto increase the drop 
across resistor 33 in the direction of correct magnitude 
and polarity to reduce theconductivity oftube70. The 
reduced current fiow through resistance 43 decreases the 
grid-cathode voltage of tube 60, increasing the plate 
current therethrough. This increases the drop across 
the 36?45 Series combination and thus the grid volt 
age of oScillator tube 20,thereby reducing the oScila 
tion intensity of the latter, 
amplifiers,the circuit of Fig.4 is more sensitive than 
that of Fig?3. 
The arrangement of Fig,5 is a modification of the 

circuit of Fig,4,with power Supply 23 re-located and 
contacts 35d connected to this power Supply rather than 
to power Supply 41. 
The arrangement of Fig,6 is a modification of the 

circuit of Fig,5,difering in the addition of an addi 
tional vacuum type amplifier tube 80 preceding ampli 
fier 79. Tube 89 is normaly in the low conductivity 
State because of the bias Voltage from power Supply 
24. When current fiows through resistance 33,the volt 
age drop increaSes the conductivity oftube 80,The volt 
age drop acroSS resistor 44 thus increases,decreasing the 
plate current of tube 70. The remainder of the cir 
cuit functions in the Same manner as that of Fig,5. 

Fig,7illustrates a means of obtaining either high or? 
low Sensitivity by a double pole,double throw shunting 
Switch 46 connected to Selectively Shunt power supply 
25. This arrangement may be incorporated in either 
the circuit of Fig,1 or that of Fig,5. In the position 
of Switch 46 connecting power Supply 25into the circuit, 
Sensitivity is determined by power Supplies 24 and 25 
aiding each other. In the shunting position of switch 

As tubes 70 and 60 are, 
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46,only power Supply 24is efective,and the sensitivity 
isreduced. - 

Fig,8 illustrates a further embodiment ofthe inven 
tion in which an amplifier tube 100 is connected in 
Series with the grid resistor 51 of oscillator tube 20 So 
that the normal grid current path is from the grid 
through resistor 51 and tube 10@ to ground. An ampli 
fier tube 90 is So connected that current flows·from 
power supply 47through tube 90,ground,tube 190,and 
resistor 52. As tube 70 is normally conductive,a volt 
age drop appears across relay 45 biasing tube 90 to 
theplate current cut-ofcondition. 
When the inter-electrode conductivity increases,the 

Voltage drop across resistance 33 decreases the negative 
grid-cathode potential of tube 80,permitting more cur 
rent to flow through resistor44 so thatthe grid oftube 
70 becomes negative relative to its cathode The cur 
rent through relay,45 decreases,and tube 90 begins 
to conduct So that current fiows through resistor 52. 
Thus,the grid of tube 100 becomes relatively negative. 
The conduction oftube90efectivelygrounds theposi 

tive terminal Supply 47 and applies a negative potential 
to the oScillator tube grid. If the inter-electrode con 
ductivity is Suficiently high,tube 90 will have a low 
enough resistance So that most of the voltage of supply 
47 will appear across tube 100 As the oscilatorgrid 
circuitis in.parallel with tube100,tube 20 will be biased 
to cut-ofand oscillations willcease. 

Resistor 52 and capacitor 53 have a unique function. 
ff the change ininter-electrode conductivityis veryrapid, 
tube 90 is made conductive ata correspondingrate. Cur 
rent fiows from ground through tube 100,capacitor 53 
(by paSSing resistor 52),power supply47,and tube 90 
to ground. The current through tube 100 will be rela 
tively large,When capacitor 53 begins to charge,cur 
rent fows through resistor 52 producing a voltage drop 
reducing the conductivity of tube 100 The advantage 
is that power Supply 47 and tube 90 may be designed 
for an average D. C. fow much smaller than thepeak 
D. C. fiow delivered. Capacitor 54,in conjunction with 
resistor51,provides an R. F.filterforthe controlcircuit. 
Theinventionarrangementsmaybeusedforotherappi 

cations such as a rapidlyactingthermostatcontrolling the 
temperature of a material being heated,a rapidly acting 
controlswitch responsive to selectedvalues ofthesensing 
circuit current,and a rapidly acting thermostat with the 
Sensing current acting as the heating current. 
While Specific embodiments of the invention have been 

Shown and describedin detailtoilustrate the application 
of the inyention principles,it will be understood that the 
invention may be embodied otherwise without departing 
from Such principles, - 
Whatis claimed is: 
1. A controlarrangementforelectric heatingapparatus 

comprising,in combination,an R. F. oscillator;control 
means including a triode connected in the grid-cathode 
circuit of Said oscilator,and relay means,selectively 
operable to apply an operating grid potential to said os 
cilator and anode potential thereto; spaced electrode 
means connected to the output of said cscilator forap 
plying H. F. energytherefrom to a materialto be heated; 
a Sensing circuit,including a source of D,C,power, 
operable to apply a relatively Smal D.C.potentialacross 
Said electrode means to measure the inter-electrode con 
ductivity; normally non-conductive valve means rendered 
conductive,responsive to current fiow of a predetermined 
magnitude in Said Sensing circuit,to condition said triode 
to Vary the oScillator grid potential to reduce the os 
cilator Cutput;and means,including said valve means 
when conductive,efective immediately thereafter to cp 
erate Said relay means to interrupt the supply of anode 
potential to said oscillator. 

75 

2. Acontrolarrangementforelectric heatingapparatus 
comprising,in combination,an R. F. oscillator; control 
means including a triode connected in the grid-cathode 
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circuit of Said oScillator,and relay means,Selectively 
operable to apply an operatinggridpotentialto Said oScil 
1ator and anode potential theretC; Spaced electrode meanS 
connected to the output of Said oScillator for applying 
H. F. energy therefrom to a materialto be heated;a Sens 
ing circuit,including a Scurce of D. C. power, operable 
to apply a relatively Smal D. C. potential acroSS Said 
electrode means to measure the inter-electrode conduc 
tivity; normally non-conductive valve means rendered 
conductive,responsive to currentfow of a predetermined 
magnitude in Said Sensing circuit,to vary the oscillator 
grid potential to reduce the oscillator output;and Other 
normaly non-conductive Valve means rendered conduc 
tive,responsive to conduction of Said first-named valve 
means,to operate Said relay meansto interrupt the Supply 
of anode potential to Said oScillator. 

3. Acontrol arrangementforelectric heatingapparatus 
comprising,in combination,an R. F. oscillator; control 
means,including a triode connected in the grid-cathode 
circuit of said oscillatorandinterlocking relay means,Se 
iectively operable to apply an operating grid potential to 
said oscillator and anode potential thereto; Said inter 
lockingrelay meansincludinga firstrelay havingan ener 
gizing circuit controlled by a Second relay and a normally 
open Switch in a holding circuit for Said Second relay, 
Said second relay having a normaly open Switch control 
1ingthe supply ofanodepotential to said oscillator Spaced 
electrode means connected to the output of Said oScillator 
forapplying H. F. energy therefrom to a material to be 
heated;a Sensing circuit,including a Source of D. C. 
power,operabletoapplya relatively Smal D.C.potential 
acrosssaidelectrode means to measure the inter-electrode 
conductivity;and normally non-conductive valve means 
rendered conductive,responsive to current fiow of a pre 
determined magnitude in said Sensing circuit,to vary the 
oscillatorgrid potential to reduce the oScillator output, 
and to de-energize saidfirstrelay to open the holding cir 
cuitforsaidsecond relay to deenergize the latterto inter? 
rupt the supply of anode potentialto Said oScillator. 

4. Anarrangementas claimedin claim 3in which Said 
triodecomprisesanamplifierinparallelwith the oSciator 
grid circuitand havingits conductivity controled by fow 
of current in Said Sensing circuit. 

5. Acontrolarrangementforelectricheatingapparatus 
comprising,in combination,an R. F. oScilator; controi 
means,includingfirstrelay means,Selectively operable to 
apply an operatinggrid potential to Said oScilator and 
anodepotentialthereto;spacedelectrodemeans connected 
to the output of said oscillatorforapplying H. F. energy 
therefromto amaterialto be heated;a Sensingcircuit,in 
cludingasource of D.C.power,operable to apply a rela 
tivelysmal D.C.potentialacross Saidelectrode means to 
measure theinter-electrode conductivity;electronic Valve 
meansoperable,responsive to currentfow of a predeter 
mined magnitudeinsaid Sensingcircuit,to Varythe oScil 
1atorgrid potential to reduce the oscilator output;and 
secondrelay means operable,responsive to operation of 
said first-named relay means,to interrupt the Supply of 
anode potential to said oscillator; Said electronic Yalve 
meansincludinganampliferinparalelwith the oScilator 
grid circuit and a gaseous conduction tube controlling 
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conductivity of Said amplifier; Such current flow in said 
SenSing circuit triggering Said tube. 

6. A control arrangementfor electric heatingapparatus 
comprising,in combination,an R. F. oscillator; control 
means,includingfirst relay means,Selectively operable to 
apply an operating grid potential to Said oscillator and 
anode potentialthereto;spacedelectrode means connected 
to the output of Said oscillatorfor applying H. F. energy 
therefrom to a material to be heated:a Sensing circuit, 
including a Source of D. C. power,operable to apply a 
relativeiy Smai D.C.potentialacross Saidelectrode means 
to measure the inter-electrode conductivity; electronic 
Valve means operable,reSponsive to current flow ofa pre 
determined magnitude in Said Sensing circuit,to vary the 
CScillator grid potential to reduce the oscilator output; 
and Second relay means operable,reSponsive to Operation 
of Said first-named relay means,to interrupt the Supply of 
anode potential to Said CScilator; Said electronic valve 
means including an amplifierin parallel with the oscilia 
torgrid circuit and a gaseous conduction tube controling 
conductivity of Said amplifier; Such current flow in Said 
Sensing circuit triggering Said tube; Said Second relay 
means interrupting flow of current through Said amplifier 
and Said tube to de-activate the arrangement. 
7,A control arrangementfor electric heating apparatus 

comprising,in combination,an R. F. oScillator;control 
means,including first relay means,selectively operable 
to apply an operatinggrid potential to Said oScilator and 
anode potentiai thereto; Spaced electrode means con 
nected to the output of Said oScillator for applying H. F. 
energy therefrom to a material to be heated;a SenSing 
circuit,including a Source of D. C. power,operable to 
apply a relatively Small D. C. potentiai across Said elec 
trode means to meaSure the inter-electrode conductivity; 
electronic valve means operable,reSponsive to current 
fow ofa predetermined magnitude in Said SenSing circuit, 
to varythe oscillatorgrid potntial to reduce the oscillator 
output;and Second relay means operable,responsive to 
operation of Said first-named relay means,tointerrupt the 
supply ofanodepotential to Said oscillator;Saidelectronic 
valve means including an amplifier in paralel with the 
oscillatorgrid circuit and a gaseous conduction tube con 
trolling conductivity of Said amplifier; and an adjustable 
resistanceinsaid Sensingcircuitinparallel with the control 
grid circuit of said tube,the voltage drop across Said 
resistance determining triggering of Said tube. 
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