
Jan. 7, 1941. T. A. COHEN 2,228,163 
ELECTRICAL CONTROL APPARATUS 

Filed April 27, 1936 3. Sheets-Sheet l 

as 

- 4- 32 

s f / 

2 -66 
J2/ 

E-42 
a- 52 t 

%. 62 24. 

2 1. ii.11 5Zo - H - || | | | | 
k - 4. 64'-' ca:4. viczse . 

5/ * -4 
-- to 77 a 23 

INVENTOR. 

22-22e (2 6ay 

Aus. 3/4 avera/ ATTORNEYS." 

  



Jan. 7, 1941. T. A. coHEN . 2,228,163 
ELECTRICAL CONTROL APPARATUS 

Filed April 27, 1936 S Sheets-Sheet 2 

/37 

-- /Z9 
1. 

INVENTOR. 

A 2434.2% ATTORNEYS." 

  

  



Jan. 7, 1941. T. A. coHEN 2,228,163 
ELECTRICAL CONTROL APPARATUS 

Filed April 27, 1936 5. Sheets-Sheet 3 
-y ac % - 909060 FIG-5 2000) or 

f 0-?eas WSS) 
/26 

f58 

-/33 

454.1 /83 
-/35 

FG-7 
-2 

4 - 

| 41-24" 
- 

INVENTOR. 

d72%ze (262622? 
BY 

2-me, &é%2%, avere/e6% 
ATTORNEY.5 

  

  



Patented Jan. 7, 1941 

UNITED STATES 

2,228,163 

PATENT OFFICE 
2,228,163 
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23 Claims. 
My invention relates to electrical control ap 

paratus. 
One of the objects of my invention is to pro 

vide improved apparatus for enabling a vacuum 
tube oscillator to control a relay, which appara 
tus does not necessitate the engagement and dis 
engagement of contacts for controlling the oscil 
lator. 
A further object of my invention is to provide 

to such an apparatus which will be accurate and 
reliable in operation. 
When a relay to be controlled by an oscillator 

circuit is directly connected for energization from 
the oscillator circuit itself, it is necessary to pro 

5 vide an extremely sensitive relay because of the 
small magnitude of the oscillator output cur 
rent. Such sensitive relays require frequent and 
precise adjustment, and it is accordingly a fur 
ther object of my invention to provide a control 

it apparatus of the type indicated in which sensi 
tive relays are eliminated and which provides a 
high degree of consistency of operation with a 
minimum amount of servicing. 
Further objects and advantages of the inven 

25 tion will appear from the description and claims. 
In the drawings, in which several embodiments 

of my invention are shown, 
Figure 1 illustrates somewhat diagrammati 

cally a control apparatus embodying my inven 
tion applied to the control of an electric furnace 
or the like; 

Fig. 2 is a diagrammatic view showing another 
form of apparatus and circuit embodying my in 
wention; 

35 Fig. 3 shows still another form; 
Fig. 4 is a fragmentary circuit diagram illus 

trating another arrangement of a sensitive in 
strument and thermo couple circuit for use in the 
control apparatus of Figs. 1, 2, and 5; 

4) Fig. 5 is a circuit diagram illustrating what is 
now considered to be a preferred embodiment of 
my invention; 

Fig. 6 is a plan view showing a preferred form: 
of contactless control apparatus and sensitive in 

5 strument means, such as a voltmeter, for use in 
connection with the circuits and apparatus 
shown in Figs. 1 to 5, inclusive; and 

Fig. 7 is a side elevation of the apparatus 
shown in Fig. 6. 

5th In the specific embodiments shown, the appa 
ratus and circuits in general include an Oscil 
lator circuit having a load impedance in the Out 
put circuit, an amplifier or repeater tube con 
trolled by the voltage drop across the load in 

65 pedance, a relay controlled by the output cir 

(C. 236-69) 
cuit of the repeater or amplifier tube, and a 
contactless means for affecting the tuning of the 
Oscillator circuit, thereby causing a charge in the 
Current flowing through the load impedance to 
control the repeater tube and effect the oper- 5 
ation of the relay. As is well known in this art, 
the plate current of an oscillator in oscillating 
condition is of a fixed value, depending upon 
plate voltage and grid bias. When the oscil- . 
lator goes out of oscillation or oscillation changes 10 
occur, the grid bias changes, causing a change 
in plate current. In the specific embodiment 
shown, I provide contactless apparatus com 
prising sensitive instrument means responsive to 
a condition to be controlled for affecting the os- 5 
cillator circuit, thus causing a change in the os 
cillator plate current flowing through the load 
inpedance, and take advantage of this current 
change for controlling the relay so as properly 
to control the condition to which the sensitive 20 
instrument means is responsive. 
The apparatus and circuit of Fig. 1 comprises, 

as will be more fully described hereinafter, an 
Oscillator circuit f which includes a tuning coil 
f3, contactless sensitive instrument means 2 for 25 
affecting the oscillator circuit, and relay appa 
ratus 3, controlled by the oscillator output 
change for controlling a condition to which the 
Sensitive instrument means 2 is responsive. 
As shown in Fig. 1, the condition to be controlled 80 
is the temperature of an electric furnace 20, 
shown diagrammatically as including a heat 
ing circuit 2 connected through suitable con 
tactors or other control apparatus 22 to a suit 
able source of energy represented by the supply 35 
conductors 23. The control apparatus 22, which 
may be of any suitable type well known in the 
art, is connected through a plurality of con 
trol wires 24 to the contacts of the relay 3, where 
by operation of the relay effects corresponding 40 
operation of the control apparatus 22 to control 
the heating circuit of the furnace 20. The sen 
Sitive instrument means 2, as shown best in Figs. 
6 and 7, comprises a pointer or arm 4 mounted 
to swing about a pivot 5 and carrying a leaf or 5 
flag 8 of a metallic substance which, in the 
movement of the arm 4 about its pivot, swings 
between a pair of coils and 8. In Fig. 1 the 
tuning coil f3, which corresponds to the coils 
7 and 8 of Figs. 6 and 7, is shown as a single 50 
coil, but it may obviously be formed in two parts 
corresponding to coils 7 and 8 of Figs. 6 and 7. 
The arm 4, on which the leaf or flag 6 is 

mounted, preferably carries an indicating point 
er 75 cooperating with a scale 3 and may be 55 
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part of any sensitive indicating system, such as 
a voltmeter or the like. The metallic leaf may 
be of any suitable shape or form and may be 
formed from any suitable metal or metals, de 

5 pending upon the characteristics desired. 
In Fig. 1 the sensitive instrument means 2, 

the detailed construction of which will be more 
fully described in connection with Figs. 6 and 7, 
is shown as including an operating winding 30 

10 connected through suitable conductors 3 to a 
thermo couple 32 located within the furnace 20 
so as to be influenced by the temperature of the 
furnace. As will be apparent to those skilled in 
the art, fluctuations of the furnace temperature 

l6 affect the thermo couple 32 so as to vary the 
energization of the winding 30, whereby fluctu 
ations in the furnace temperature are converted 
into corresponding movements of the arm 4 and 
the flag 6, movement of the flag 6-being effective, 
through the circuits shown in Fig. 1, to control 
the relay means 3, as will be hereinafter de 
scribed, and thus control the heating circuit of 
the furnace. 

Referring nowy to Figs. 6 and 7 which show 
25 one form of the sensitive instrument means 2 

illustrated diagrammatically in Fig. 1, this sensi 
tive instrument means, as shown, constituting 
a D'arsonval type indicating movement, such as 
a voltmeter comprising a movable coil 30 and 

80 a pointer 4 pivotally mounted at 5, having an 
index finger 75 cooperating with an arcuate Scale 
f3 and carrying the flag 6 which cooperates with 
the coils and 8 to affect the tuning of the OS 
cillator circuit. These coils 7 and 8 may be 

35 mounted on a setting lever 76 which may be 
pivotally mounted at 76a coaxially with the 
pointer 4 and which setting lever may also carry 
an index finger cooperating with the arcuate 
scale 3 and which setting lever 76 may be set 
to any desired position by means of any suitable 
lever adjusting mechanism 78. As indicated 
above, when the flag 6 closely approaches the 
coils and 8, an oscillator circuit will be affected, 
causing the operation of a relay. Such appara 

45 tus is useful in various situations, and in Fig. 1 
is shown in connection with furnace temperature 
control, in which case the voltage controlling the 
position of the voltmeter pointer 4, as hereinbe 
fore indicated, is produced by a thermo couple 

50 so that when the voltage ccasioned by the ac 
tion of the thermo couple causes the flag to ap 
proach closely the coils 7 and 8, the relay will 
be operated to control the furnace temperature 
in any suitable manner. 

55 Considering now the embodiment of the in 
vention shown in Fig. 1, the oscillator circuit, in 
dicated generally by the reference numeral f, in 
cludes an electron discharge device or vacuum 
tube 34 having a control electrode or grid 40 

60 and a pair of output electrodes comprising a 
cathode or filament 4 and an anode or plate 
42. As shown, the input or grid circuit of the 
tube 34 extends from the control electrode 40, 
through the conductor 43, the usual grid con 

65 denser 44 and grid leak 45, and through the 
conductor 46 to the upper end of the tuning coil 
3, the circuit being completed from the lower 
end of the coil 3 through a conductor 47 and 
a conductor 48 which is connected to the flament 

70 or cathode 41. 
The output circuit of the tube 34, as shown, 

is Supplied from a battery 37, although obvious 
ly other Suitable energy sources may be used, 
and this output circuit may be traced from the 
positive side of the battery through the conduc 

tor 49, a load impedance or resistor 33, a radio 
frequency choke coil 50, a conductor 5, a tank 
circult including an inductance 52 and a vari 
able condenser 53, and through the conductor 54 
to the anode or plate 42. From the other side 5 
of the battery the output circuit may be traced 
through the conductors 55 and 48 to the fla 
ment 4 and a by-pass circuit including conduc 
tors 56 and 57, and a by-pass condenser 58 is 
connected between the conductors 5 and 48, l0 
which by-pass circuit, in conjunction with the 
choke coil 50, prevents the flow of high frequency 
Oscillatory currents through the load impedance 
33 and the battery 3, only the non-pulsating 
component of the plate current flowing through 5 
the load impedance and the battery. 
AS will be apparent to those skilled in the art, 

a fixed grid bias is applied to the control elec 
trode 40 due to the grid leak 45 and the grid 
condenser 44, and the above-described input cir- 20 
cuit of the tube 34 constitutes a tuned circuit 
by reason of the distributed capacity of the tun 
ing coil 3. Thus, when the output or plate 
circuit of the tube 34 is tuned by adjustment 
of the condenser 53, so that the plate circuit is 25 
in resonance with the grid or input circuit, the 
metal flag 6 being remote from the tuning coil 
3 so that the coil is not affected thereby, sus 

tained oscillations will be produced by the tube 
34, the necessary feed-back coupling being pro- 30 

vided by the interellectrode capacity of the tube 
and the by-pass condenser 58. 
The vacuum tube constants of the oscillator 
34 are So chosen that in the normal oscillating 

condition the non-pulsating component of the 
plate current through the resistor 33 is low. 

In order to effect operation of the relay 3 in 
response to changes in the plate current of the 
oscillator circuit , a repeater or amplifier tube 
32 is provided having an input electrode or grid 40 

59, and output electrodes including a filament 60 
and a plate 6. As shown, the load impedance 
33 is common to both the output circuit of the 

Oscillator tube 34 and the input circuit of the 
repeater tube 32, the latter circuit extending 45 
from the filament 60 through the conductors 62 
and 63, the potentiometer 36 which is con 
nected across a suitable bias battery 64, a con 
ductor 65, the load impedance 33, and by way 
of a conductor 66 to the input electrode or grid 50 
59. Normally with the oscillator tube 34 in 
oscillatory condition, the potentiometer f36 is 
adjusted so as to provide a voltage slightly less 
than the voltage drop across the load impedance 
f33, and accordingly a small negative bias is ap- 55 
plied to the grid circuit of the tube 32, the volt 
age drop across the load impedance being due to 
the flow of normal low plate current in the os 
cillatory circuit. 
The output circuit of the tube 32 is energized, to 

as shown, from a suitable battery 38 and extends 
from the positive side of the battery through 
the conductor 67, the winding 35 of the relay 
3, and by way of a conductor 68 to the plate 6. 
From the other side of the battery 38, this out- 65 
put circuit extends through conductors 69 and 
62 to the filament 60. With a Small negative bias 
on the grid 59, as indicated above, a relatively 
large current flows in the output circuit of the 
tube 32 and the winding 35 is accordingly en- 70 
ergized. So as to operate the movable contact of 
the relay 3 from the uppermost position shown 
in Fig. 1 into engagement with the lower station 
ary contact of the relay, engagement of these 
contacts being effective to energize a control cir- 75 

3 5 
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cuit including the conductors 24 so as properly 
to operate the furnace controlling contactors in 
dicated diagrammatically at 22. 
Upon the occurrence of a predetermined 

change in the temperature existing within the 
furnace 20, the thermo couple 32 and the ener 
gizing winding 80 of the sensitive instrument 
means 2 are affected so as to move the arm 
and cause the metal flag 6 to approach the tun 
ing coil 3 and effect a change in the tuning of 
the Oscillator tube 34. Upon the vacuum tube 
oscillator 34 being affected by the approach 
ment of the flag 6 to the coil 3 so as to dis 
rupt the Oscillatory condition, the plate current 
of the oscillator increases, causing a cérrespond 
ing increase in the voltage drop across the load 
impedance 33 and a similar increase in the neg 
ative bias upon the vacuum tube f2. As a re 
sult of the increased negative bias on the input 
circuit thereof a consequent large decrease oc 

his 
change in plate current correspondingly de 
creases the energization of the winding 35 of 
the relay 2 which controls the external contact 
ing apparatus to the furnace 20, the movable 
contact of the relay 2 being released for move 
ment to the uppermost position shown in Fig. 1. 
As indicated above, a fixed grid bias for the vac 
uum tube 32 to prevent cut off, due to the nor 
mal drop through the resistor f33 is derived 
from the potentiometer 36 and is of such value 
and nature as to allow the grid circuit of the 
tube 32 to be placed in the proper operating 
condition for efficient relay action. 
The construction shown in Fig. 2 is quite simi 

lar in most respects to that of Fig. 1 except that 
in Fig. 2 the apparatus is operated from an ordi 
nary rectified alternating current power supply 
39, 40, the rectifier not being shown as it is 

40 well known in the art. These circuits may also be 
operated from unrectified alternating current in 
a so-called self-rectifying state as will of course 
be understood by those skilled in the art. 

Since the operation and arrangement of the 
is embodiment shown in Fig. 2 is so similar in its 

50 

s s 

(U) 

O 

fundamental aspects to the embodiment of Fig. 1, 
it is not believed necessary to trace in detail all 
of the individual circuits, similar reference nu 
merals being used to identify similar parts in the 
two embodiments. In Fig. 2, the sensitive in 
strument means for controlling the tuning of the 
coil 31 and the means controlled by the relay 3 
have been omitted in order to simplify the draw. 
ings, but it will of course be understood that the 
embodiment shown in Fig. 2 is intended for use 
with similar means. The cathodes or fiaments 
4 and 60 are shown in Fig. 2 as connected to 
the midpoints of the secondary windings of suit 
able flament heating transformers to and , and 
it will of course be understood that similar heat 
ing means may be associated with the filaments of 
all of the embodiments of the invention herein 
shown, such heating means baing omitted from 
Figs. 1 and 5 in order to simplify the drawings. 
In Fig. 2 a potentiometer, comprising a pair 

of fixed resistors 82 and 83 and an adjustable re 
sistor 84, is connected across the source of Sup 
ply represented by the supply conductors 39 and 
40. The output circuit of the oscillator tube 34 

extends from the positive source of supply 39 
through the conductors 85 and 86, the right-hand 
portion of the resistor 84 and the adjustable ter 
minal 87 of the potentiometer, the load impedance 
f33, the choke coil 50, the plate tank circuit in 

is cluding the inductance 52 and the condenser 53, 

3 
the plate 42, the filament 41, the conductors con 
necting the flament to the heating transformer 
70, and through the conductors 88 and 89 to the 
negative source of supply 40 which is connected 
to the left-hand fixed terminal of the potentiome 
ter. The by-pass circuit for preventing the flow 
of radio frequency energy through the load im 
pedance 3 and for providing suitable feed-back 
coupling to the input circuit of the tube 34, is 
similar to the embodiment shown in Fig. 1 in that 
it includes a coupling and blocking condenser 58. 
If desired, an additional inductance coil 99 may 
be included, as shown in Fig. 2, in the grid cir 
cuit between the tuning coil 3? and the fila 
ment 4. 

It is thought that the remaining circuits in the 
embodiment shown in Fig. 2 will be obvious with 
out further description, in view of the description 
already given in connection with Fig. 1, and it 
will of course be understood that the potentiome 
ter utilized in Fig. 2 is so adjusted that the volt 
age drop across the left-hand portion of the re 
sistor 84 corresponds to the voltage supplied by 
the bias battery 64, the potentiometer f36 of Fig. 
1 thereby compensating for a portion of the nor 
mal voltage drop across the load impedance 33 
and applying a desired minimum negative poten 
tial to the grid 59 of the tube 32 when the oscil 
lator tube 34 is in oscillatory condition. 

Fig. 3 shows apparatus and circuit similar to 
that of Fig. 2 but arranged so that a thermo 
couple f4 corresponding to the thermo couple 
32 of Fig. 1, an associated line resistor 42 and a 
Sensitive instrument means or indicator meter 
43 corresponding to the sensitive instrument 
means 2 of Fig. 1, are included in the feed-back 
circuit of the Oscillator. 

In control apparatus, such as being discussed, 
it is very important that in case of thermo couple 
breakage, the apparatus be turned to “off' posi 
tion. If this is not done, the possibility Of the 
furnace being left in the “on' position is present, 
which might result in a furnace burn-out, which 
in commercial work is serious. 
The circuit and apparatus of Fig. 3 is designed 

to obviate this condition of the furnace being left 
in “on' position in case of thermo couple break 
age. 

Referring further to Fig. 3, since from the 
above explanation it will be understood that in 
the normal operating condition the plate current 
of the oscillator 34 is of low value, it follows that 
if the feed-back coupling circuit or oscillator re 
turn lead f44 from the coupling condenser 45, 
which corresponds to the coupling condenser 58 
of Figs. 1 and 2, is open, the plate current will im 
mediately rise, due to the cessation of oscillation. 
This rise of the plate current flowing through 

the load impedance 33 will cause a drop in the 
plate current of the vacuum tube 32, as herein 
before explained, with a consequent opening of 
the relay. This operation takes place if the 
thermo couple 4 which is in series with the con 
denser A5 in the feed-back circuit burns out or 
opens, leaving closed the feed-back circuit 
through the resistance 42 and meter 43. Since 
the oscillator circuit constants are so chosen that 
a small increase in resistance in the Oscillator re 
turn lead will cause the OScillator to go out of 
oscillation, protection from furnace burn-out due 
to thermo couple breakage is assured. 

It will of course be understood that the therno 
couple 4 of Fig. 3 corresponds to the thermo 
couple 32 of Fig. 1, and in actual operation Would 
be subjected to the furnace temperature or the 
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condition to be controlled so as to operate the Sen 
sitive instrument means f43, the pointer of which 
carries a metal flag (not shown) corresponding 
to the flag 6 on the pointer 4 of Fig. 1 for con 
trolling the tuning coil 3. In Fig. 3 no attempt 
has been made to show the instrument 43 in its 
proper relation to the coil 3, since by position 
ing the instrument 43 as shown in Fig. 3 the ill 
lustration of the circuit connections is greatly 
simplified. 
In Fig. 4 is shown a form of apparatus to in 

sure protection from furnace burn-out, due to 
thermo couple breakage, wherein the protective 
apparatus is external to the oscillator circuits of 
the control apparatus. In this figure the appara 
tus shown includes a thermo couple 46, a pyro 
metric multiplier non-inductive resistor 47, with 
low temperature coefficient, well known in the 
art, and an instrument indicator f48 which may 
be of the usual millivoltmeter type connected 
across the thermo couple. To this circuit is con 
nected in proper polarity a battery 49 in Series 
with a higher resistance 50. The pointer 5 
of the millivoltmeter may carry a flag which will 
cooperate with the pick-up coils of an oscillator 
circuit, such as previously described in Connec 
tion with Figs. and 2, to control the operation 
of a relay which controls the temperature of a 
furnace or the like with which the thermo couple 
is associated. 

Normally, because of the very low resistance 
of the commercial thermo couple, the voltage 
drop across the thermocouple 46 from the bat 
tery resistor circuit is very low, very much Smaller 
than can be discerned upon the scale of the indi 
cator. However, should the thermocouple f46 
break or burn out, a large voltage is immediately 
occasioned across the thermocouple terminals, 
with an immediate throwing of the pointer of the 
millivoltmeter 48 to the top portion of the Scale 
where it will be in juxtaposition to the pick-up 
coils of the oscillator control apparatus, Such as 
previously described, causing a change in tuning 
of the oscillator and a consequent action of the 
relay controlled thereby to cause the furnace ten 
perature to be reduced. 
In Fig. 5 is shown a circuit arrangement which 

constitutes a preferred embodiment of my in 
vention and in which a dual type of vacuum tube 
52 is used, the method of operation being in 

tended to simulate the action of a "Thyratron' 
tube of the self-rectified type, with alternating 
current grid voltage used for control without the 
necessity of the use of either the hot or cold 
cathode type grid control rectifier, which is com 
monly called the electron tube. With the cir 
cuit as shown, plate current changes take place 
between cut-off and saturation, without any in 
termediate plate current fixation. The Opera 
tion of the circuit is as follows: One triode por 
tion 53 of the dual type tube 52 is connected 
in a simple oscillator type circuit, consisting of 
plate tank 59, SO and grid coil 58, with its as 
sociated grid leak and condenser 86 and 87. 
The grid coil f58 is so arranged as to be affected 
by the approachement of a flag such as previ 
ously described (not shown). 

Alternating current voltages are obtained from 
a multi-winding transformer having a primary 
winding 65 connected to a suitable source 
of alternating current, as indicated, and having 
a plurality of secondary windings 66, 6, and 
68 respectively arranged to supply suitable volt 

ages to the tube circuits. Although my invention 
is not limited thereto and other suitable voltages 

2,228,103 
may be employed, the secondary windings , 
167, and 8 in the embodiment illustrated are 
arranged to supply voltages of the magnitudes in 
dicated in Fig. 5, i. e., 200 volts, 55 volts, and 185 
volts respectively. For simplicity of description, 
these voltages will be considered as instantane 
ous values, the voltages across each of the sec 
ondary windings of the transformer being at all 
times in phase with each other, and since the 
tube sections 53 and 54 function as rectifiers 
the operation will be described only with respect 
to the positive half cycles of the alternating cur 
rent voltages. 
The output circuit of the Oscillator tube sec 

tion 53 may be traced from the left-hand or 
positive terminal of the secondary winding 66 
through a radio frequency choke coil or induct 
ance 69, the plate tank circuit 59, 60, the 
anode or plate 70, the cathode or filament fill, 
the conductors 2 and 73, the secondary Wind 
ing 6, the voltage of which is in phase with 
the voltage of the winding 68, the conductor 74, 
the load impedance or resistor 62, and by way 
of the conductor 75 to the right-hand terminal 
of the Secondary winding 66. A by-pass con 
denser 6 is connected, as shown, and in con 
junction with the choke coil 69 pevents the flow 
of high frequency oscillatory currents through 
the transformer windings and through the load 
impedance 62. 
voltage thus impressed across the load circuit of 
the tube Section 53 in the embodiment shown, is 
the sum of the voltages of the secondary wind 
ings 66 and 67, i.e., 255 volts. 
The output circuit for the repeater or amplifier : 

tube section 54 may be traced from the left 
hand or positive terminal of the secondary wind 
ing f 68 through the conductor 6a, the anode 
or plate T, the cathode or filament 18, the 
conductors 2 and 73, the Secondary winding 
6, the voltage of which is in phase with the 

voltage of the winding 68, the conductor f74, 
the operating winding 6 of the relay, and by 
way of the conductor 79 to the left-hand ter 
minal of the secondary winding 68. Thus a to 
tal voltage of 240 volts is impressed on the load 
circuit of the amplifier tube section. It will of 
course be understood that the relay winding 6 
corresponds to the winding 35 of the relay 3 in 
the embodiments shown in FigS. 1, 2, and 3, and 
is arranged to control suitable apparatus such, 
for example, as the furnace shown in Fig. 1, in 
the manner hereinbefore described. 
The grid bias for effecting proper operation of 

the repeater tube section 54 is obtained in a 
manner similar to the hereinbefore described 
embodiments of the invention by connecting the 
grid or control electrode 80 to one end of the 
load resistor 62 through a conductor 8, the 
remaining portion of this circuit extending from 
the flament 78 through the conductors 72 
and 73, the Secondary transformer winding 67, 
and the conductor 74 to the opposite end of 
the load resistor 62. It will be apparent that 
the voltage across the winding f6 is in opposi 
tion to and thus compensates for a portion of 
the voltage drop across the load impedance S2, 
and accordingly when the oscillator section 53 is 
in OScillatory condition so that a plate current 
of low value flows through the load impedance 
62, a minimum negative bias equal to the differ 

ence between the voltage of the winding 67, i. e. 
55 volts and the voltage drop across the load im 
pedance is impressed on the grid 80. The tube 
constants and the value of the load resistance 

As will be apparent, the total 3 
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are so prechosen as to provide a slightly negative 
grid bias under these conditions corresponding to 
the maximum amplifier Output current desired 
for proper Operation of the relay. 
An important feature of this embodiment of 

my invention resides in the connections for the 
input or grid circuit of the oscillator section 53, 
a regenerative coupling being provided between 
the grid 89 of the oscillator section and the 
output circuit of the repeater section. As shown, 
the grid circuit for the Oscillator tube section 
extends from the cathode or flament fill through 
the conductors 2 and T3, the transformer 
winding 67, the conductor 74, the relay wind 
ing 6, a conductor 82, a radio frequency choke 
coil. 83, conductors f 84 and 85, the tuning coil 
58, and by way of a suitable grid condenser 
and grid leak 88 and 8 to the grid or input 
electrode 89. A suitable blocking or by-pass 
condenser 88 is connected between the flament 
fT and the oscillator grid circuit as shown. 
It will be apparent from the above-traced cir 

cuit that a fixed grid bias is applied to the grid 
89 which is equal to the voltage drop across the 
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relay winding 6 minus the voltage of the wind 
ing 67, and the resistance of the winding 6 
is so chosen that with maximum current flow 
ing in the output circuit of the amplifier tube 
section the maximum desired negative bias is ap 
plied to the grid 89 of the oscillator section. 
As heretofore explained in connection with 

Fig. 1, the plate tank circuit is tuned to reso 
nance with the tuning coil in the oscillator grid 
circuit, with the metal flag in a position remote 
from the tuning coil, so that sustained oscilla 
tions are produced by the Oscillator tube section. 
With the metallic flag in a remote position 
relative to the pick-up coil 58, the Oscillator 
portion is in a normal state of oscillation with 
plate current of a low value, with the result that 
a low voltage drop exists across the load resistor 
62 and a corresponding. small bias is applied to 

the input circuit of the amplifier section 54, 
which positions its plate current rather high up 
on its grid voltage plate current graph. All con 
ditions are in a state of stability. 
Upon the flag approaching the pick-up coil 

58, the oscillator circuit is de-tuned, causing 
its plate current to rise sharply, increasing the 
voltage drop across the resistor 62, which cor 
respondingly increases the negative bias upon 
the amplifier section f 54, with a consequent drop 
in its plate current through the relay f6. The 
decrease in current through the relay 6 causes 
a decrease in the negative grid bias applied to 
the grid of the oscillation section 53, which 
tends to further increase the plate current of 
the oscillator section 53. This increase in the 
oscillator plate current further increases the 
voltage drop across the load resistor 62 and the 
negative bias upon the amplifier section 54 with 
the consequent effect of dropping the amplifier 
plate current to the cut-off point, which causes 
zero level in plate current. When the flag re 
cedes from the pick-up coil 58, the reverse oc 
curs. The oscillator plate current drops, de 
creasing the drop across resistor 62, which de 
creases the negative bias on the amplifier sec 
tion 54; the plate current of the amplifier Sec 
tion tends to increase, increasing the drop across 
the relay 6, which increases the negative bias 
on the grid of the oscillator f53, aiding in drop 
ping the oscillator section plate current, which 
further tends to decrease the bias upon the am 
plifier section f 54, etc., with the result that the 
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final positioning of the plate current of ampli 
fler section 54 is at saturation. By the judic 
ious choosing of load resistance 62, of the re 
sistance of the relay winding 6 f and the proper 
apportioning of bias voltages as shown, the is 
limits of plate current between cut-off and satu 
ration may be fixed at any desired value. The 
result is that control of this plate current 
change is always maintained with the obtaining 
of abrupt plate current changes of a very rapid 
nature. The result obtainable is comparable 
to the triggering off of a "Thyratron' type hot 
Cathode grid control rectifier without the neces 
sity of using gas-filled tubes. V 

It is not necessary that the apparatus be 
limited to the use of a dual purpose vacuum 
tube, containing double triode elements, since 
this type of tube has been only chosen as a 
matter of convenience, Separate triode ele 
mentS may be operated in the same manner 
with either alternating current or direct current 
voltages applied, the use of the self-rectified cir 
cuit being only a matter of choice or conven 
ience as is readily apparent. 

In Summary, the advantages of this circuit are 
manifest, inasmuch as a relay with a high 
throw-out percentage is not necessary, since the 
plate current changes through said relay are 
very rapid and very large. It is impossible to 
lose control of the oscillator, since, because of 30 
the fact that it is self-rectified, oscillations, no 
matter how minute, will always reoccur. Other 
variations of this circuit will readily occur to 
those versed in the art, such as the use of a 
common power supply, with a self-rectified cir- 85 
cuit, instead of separate voltages as shown. 
Such circuits have been designed and are entire 
ly feasible, the one shown being one of a family 
of Such circuits and being chosen as the most 
descriptive of the above-explained operation. 

Further modifications will be apparent to 
those skilled in the art and it is desired, there 
fore, that the invention be limited only by the 
prior art and the scope of the appended claims. 
Having thus described my invention, what I 45 

claim and desire to Secure by Letters Patent is: 
1. In a control System, the combination of a 

vacuum tube Oscillator having input and output 
circuits, a load impedance effectively included in 
Said Output circuit, a vacuum tube repeater hav- 50 
ing an input circuit coupled to said load im 
pedance to control the Output circuit of said re 
peater in accordance with changes in the volt 
age drop acroSS Said load impedance, an electro 
responsive device having an operating winding 
effectively included in said repeater output cir 
cuit, and means responsive to a condition to be 
controlled by said electro-responsive device for 
affecting the tuning of said oscillator circuit to 
vary the voltage across said load impedance 
whereupon said repeater causes operation of 
said electro-responsive device. 

2. In a control System, the combination of a 
vacuum tube oscillator having tuned input and 
output circuits, a load impedance effectively in 
cluded in said output circuit adapted to be 
traversed only by the nonpulsating component 
of the current in Said output circuit, a vacuum 
tube repeater having an input circuit coupled 
to said load impedance for energization in ac 
cordance with the voltage drop across said im 
pedance, a repeater output circuit, a relay hav 
ing an Operating Winding, connected in said re 
peater output circuit, and means responsive to 
a condition controlled by operation of said relay 
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including a part movable toward and away from 
a portion of said oscillator input circuit to 
change the tuning of said Oscillator, whereby 
the voltage drop across said load impedance is 
varied to effect operation of Said relay. 

3. In a control system, the combination of an 
oscille' or circuit including input and output cir 
cuits coupled with the input and output elec 
trodes of an electron discharge device, means in 
cluding a variable position control element re 
sponsive to a condition to be controlled, said ele 
ment being movable with respect to a portion of 
said oscillator circuit to change the tuning there 
of, a load impedance effectively included in Said 
output circuit so as to be traversed only by the 
non-impulsing component of the output current, 
an amplifier circuit including input and Output 
circuits coupled with the input and output elec 
trodes of a second electron discharge device, said 
amplifier input circuit being so coupled with said 
load impedance as to vary the amplifier Output 
current in accordance With changes in the Wolt 
age across said load impedance, and an electro 
responsive device controlled by said amplifier 
output current for controlling said condition 
upon movement of said variable position control 
element. 

4. In a control Systern, an electron discharge 
tube comprising two sections each including in 
put and output electrodes, a tuned input circuit 
coupled between the input electrodes of one of 
Said Sections, a tuned output circuit coupled be 
tween the output electrodes of said one section, 
said tuned circuits being so coupled as to provide 
for Operation of said one section as an oscillator, 
an input circuit coupled between the input elec 
trodes of the other of said Sections, an output cir 
cuit coupled betWean the Output electrodies of Said 
other section, Said last mentioned input and out. 
put circuits providing for operation of said other 
Section as a repeater, impedance means common 
to Said oscillator output circuit and said repeater 
input circuit for causing variations in the cur 
rent fioW in said repeater output circuit upon 
changes in the tuning of said oscillator section, 
In eans movable With respect to a portion of one 
of Said circuits of said oscillator section to change 
the tuning thereof, and relay means responsive to 
the consequent changes in the output current of 
Said repeater Section. 

5. In a control System, an electron discharge 
tube comprising two sections each including in 
put and output electrodes, a tuned input circuit 
coupled between the input electrodes of one of 
Said Sections, a tuned Output circuit coupled be 
tween the output electrodes of Said one section, 
Said tuned circuits being SO coupled as to provide 
for operation of Said one Section as an oscillator, 
an input circuit coupled between the input elec 
trodes of the other of Said sections, an output 
circuit coupled between the output electrodes of 
Said other Section, said last mentioned input and 
output circuits providing for operation of said 
other section as a repeater, impedance means 
common to said oscillator output circuit and said 
repeater input circuit for causing variations in 
the current flow in said repeater output circuit 
upon changes in the tuning of said oscillator sec 
tion, an electro-responsive device having an op 
erating winding effectively included in said re 
peater output circuit for operating Said device 
in response to predetermined changes in the 
output current, and means responsive to changes 
in a condition controiled by Said electro-respon 
sive device including a variable position part 

2,228,163 
movable with respect to a portion of one of Said 
oscillator circuits for changing the tuning there 
of and causing operation of Said electro-respon 
sive device. 

6. In a control system, the combination of a 
vacuum tube oscillator having tuned input and 
output circuits, a load impedance effectively in 
cluded in said output circuit, a vacuum tube re 
peater having an input circuit coupled for ener 
gization in accordance with the voltage acroSS 
said load impedance, an output circuit for said 
repeater, an electro-responsive device having a 
winding effectively included in said repeater out 
put circuit, means movable with respect to a por 
tion of said oscillator for affecting the tuning 
thereof to vary the current flowing in Said oscil 
lator output circuit and said load impedance 
whereby the input circuit of said repeater is in 
fluenced to cause a change in the energization of 
said winding, and a coupling between said wind 
ing and said oscillator input circuit for causing 
a cumulative change in the output of Said oscil 
lator in response to said change in the energi 
zation of said Winding SO as further to change the 
energization of said winding, whereby minute 
movements of said means to vary the tuning of 
said oscillator effect sharp variations in the out 
put current of said repeater between cut-off and 
saturation quickly to operate said electro-respon 
sive device. 

7. In a control System, the combination of a 
Vacuum tube oscillator having tuned input and 
output circuits, a load impedance effectively in 
cluded in Said output circuit, a vacuum tube re 
peater having an input circuit coupled for ener 
gization in accordance with the voltage across 
said load impedance, an output circuit for said 
repeater, an electro-responsive device having a 
Winding effectively included in Said repeater out 
put circuit, means movable with respect to a por 
tion of said oscillator for affecting the tuning 
thereof to vary the cirrent flowing in said oscil 
lator output circuit and Said load impedance 
whereby the input circuit of said repeater is in 
fluenced to cause a change in the energization 
of Said Winding, and means coupling said winding 
with Said OScillator input circuit so proportioned 
and arranged that changes in the energization 
of Said Winding are reflected through said oscil 
lator and repeater to cause further changes in 
the energization of said Winding in a cumulative 
Sense, Whereby a change in the tuning of said os 
ciliator of sufficient magnitude to effect a change 
in the output current of Said repeater causes a 
sharp variation of Said output current between 
cut-off and Saturation quickly to operate said 
electro-responsive device. 

8. In a control System, the combination of a 
vacuum tube oscillator having tuned input and 
output circuits, a load impedance effectively in 
cluded in Said output circuit, a vacuum tube re 
peater having an input circuit coupled for ener 
gization in accordance with the voltage across 
Said load impedance, an output circuit for said 
repeater, an electro-responsive device having a 
winding effectively included in said repeater out 
put circuit, means movable with respect to a por 
tion of said OScillator for affecting the tuning 
thereof to vary the current flowing in Said OSci 
lator output circuit and Said load impedance 
whereby the input circuit of said repeater is in 
fluenced to cause a change in the energization 
of said winding, and a regenerative coupling be 
tween said winding and said oscillator input cir 
cuit for effecting a sharp variation of the repeat 
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er output current between saturation and 16 
off in response to a change in the tuning of S3t. 
oscillator independently of the magnitude of Saidi 
change and the degree of movement of said mov 
able means. 

9. In a control system, the combination 
of an oscillator circuit including input and 
output circuits coupled with the input and 
Output electrodes of an electron discharge 
device, a variable position control element 
responsive to a condition to be controlled 
and movable with respect to a portion of 
said oscillator circuit to change the tuning there 
of, an amplifier circuit including input and out 
put circuits coupled with the input and output 
electrodes of a second electron discharge device, 
means coupling said amplifier input circuit with 
Said oscillator output circuit whereby a change 
in the tuning of said oscillator circuit effects a 
change in the output current of said amplifier, 
an electro-responsive device having an operat 
ing Winding adapted to operate said device be 
tween two positions upon changes of predeter 
mined magnitude in said amplifier output cur 
rent, and a regenerative coupling between said 
Winding in said amplifier output circuit and said 
Oscillator input circuit for effecting a sharp vari 
ation of said amplifier output current between 
cut-off and Saturation in response to an initial 
change in the tuning of said oscillator of suffi 
cient magnitude to effect a slight change in said 
amplifier output current, whereby said electro 
responsive device is quickly operated between 
said two positions in response to a critical move 
ment of said control element regardless of the 
magnitude or speed of said movement. 

10. In a control System, an electron discharge 
tube comprising two sections each including in 
put and output electrodes, a tuned input circuit 
coupled between the input electrodes of one of 
Said Sections, a tuned output circuit coupled be 
tween the output electrodes of said one sec 
tion, said tuned circuits being so coupled as to 
provide for operation of said one section as an 
oscillator, an input circuit coupled between the 
input electrodes of the other of said sections, an 
output circuit coupled between the output elec 
trodes of said other section, said last mentioned 
input and output circuits providing for operation 
of Said other section as a repeater, impedance 
neans Common to said oscillator output circuit 
and Said repeater input circuit for causing vari 
ations in the current flow in said repeater output 
circuit upon changes in the tuning of said oscil 
lator section, means movable with respect to a 
portion of one of Said circuits of said oscillator 
Section to change the tuning thereof, relay means 
responsive to predetermined changes in the out 
put current of said repeater section, and a re 
generative coupling between said repeater out 
put circuit and said oscillator input circuit for 
effecting a sharp variation of said repeater out 
put current upon a slight change in the tuning 
of said oscillator section quickly to operate, said 
relay means independently of the magnitude of 
said change in tuning. 

11. In a temperature control system, the com 
bination with an electro-responsive device for 
controlling the temperature source and temper 
ature responsive means affected by the temper 
ature of Said Source, of a vacuum tube oscillator 
having input and output circuits at least one of 
which is tuned to provide sustained oscillations, 
said output circuit being effectively coupled to 
said electro-responsive device to control the oper 
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ation thereof, a variable position part connected 
for operation by said temperature responsive 
in eans, said part being movable to effect the tun 
ing of said Oscillator, and means for controlling 
said ()scillator to effect operation of Said electro 
respoilsive device upon interruption of said con 
nection between said temperature responsive 
means and said variable position part. 

12. In a temperature control system, the com 
bination with a relay for controlling the temper 
ature source and a thermocouple circuit affected 
by the temperature of said source, of a vacuum 
tube oscillator having tuned input and output 
circuits, means for effecting operation of said 
relay in response to changes in the current in 
Said output circuit, an instrument having a vari 
able position part controlled by said thermo 
couple circuit, said variable position part being 
arranged upon movement thereof to affect the 
tuning of said oscillator input circuit whereby 
Operation of Said relay is accomplished, and 
means for effecting operation of said relay upon 
interruption of said thermocouple circuit. 

13. In a temperature control system, the com 
bination with a relay for controlling the tem 
perature source and a thermocouple circuit af 
fected by the temperature of said source, of a 
Vacuum tube Oscillator having tuned input and 
output circuits, means for effecting operation of 
Said relay in response to changes in the current 
in Said output circuit, an instrument having a 
variable position part controlled by said thermo 
couple circuit, said variable position part being 
arranged upon movement thereof to affect the 
tuning of said oscillator input circuit whereby 
operation of said relay is accomplished, and 
means for effecting a change in the tuning of said 
Oscillator upon interruption of said thermo 
couple circuit to cause operation of said relay. 

14. In a temperature control system, the com 
bination with a relay for controlling the tem 
perature source and a thermocouple circuit af 
fected by the temperature of said source, of a 
vacuum tube oscillator having tuned input and 
output circuits, means for effecting operation of 
Said relay in response to changes in the current 
in said output circuit, an instrument having a 
variable position part controlled by said thermo 
couple circuit, said variable position part being 
arranged upon movement thereof to affect the 
tuning of said oscillator input circuit whereby 
operation of said relay is accomplished, and 
means effectively coupling said thermocouple cir 
cuit with said oscillator input circuit to effect a 
change in the current flowing in the said oscil 
lator output circuit upon interruption of said 
thermocouple circuit thereby to cause operation 
of said relay. 

15. In a temperature control system, the com 
bination with a relay for controlling the tem 
perature source and a thermocouple circuit af 
fected by the temperature of said source, of a 
Vacuum tube oscillator having tuned input and 
output circuits, means for effecting operation of 
said relay in response to changes in the current 
in said output circuit, an instrument having a 
variable position part controlled by said thermo 
couple circuit, said variable position part being 
arranged upon movement thereof to affect the 
tuning of said oscillator input circuit whereby 
operation of said relay is accomplished, and 
means for effecting movement of said variable 
position part upon interruption of said thermo 
couple circuit to change the tuning of said oscil 
lator and cause operation of said relay. 
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16. In combination, an electron discharge tube 

having input and output circuits adapted to be 
tuned to resonance to cause Said tube to operate 
as an oscillator, a load impedance effectively in 
cluded in said output circuit so as to be traversed 
only by the non-pulsating component of the os 
cillator output current, whereby the voltage drop 
acroSS said impedance increases when the Oscilla 
tory condition of Said tube varies from resonance, 
a repeater tube having input and Output circuits, 
a Source of biasing potential, and means connect 
ing Said load impedance and Said Source in Series 
relation in said repeater input circuit with the 
Woltage of Said Source in opposition to and of less 
magnitude than said Voltage drop when Said os 
cillator is in resonant condition, whereby the re 
Sulting bias voltage impressed on said repeater 
input circuit is a desired minimum during res 
onaint conditions and increases to a desired max 
inuin upon the cessation of oscillations to con 
trol the output of Said repeater tube. 

i". In combination, a vacuum tube oscillator 
having tuned input and output circuits, a load 
impedance effectively included in said output cir 
cuit, a vacuum tube repeater having an input 
circuit coupled for energization in accordance 
With the voltage across said load impedance, 
Whereby changes in the tuning of said oscillator 
are effective to control Said repeater, an output 
virclit for Said repeater, and means coupling said 
Output circuit of said repeater with said input 
circuit of said OScillator so proportioned and ar 
ranged that changes in the output of said repeater 
tube are reflected through said oscillator and 
repeater to cause further changes in the output 
of said 'epeater in a cumulative sense, whereby 
& change in the tuning of said oscillator of suf 
ficient, Ragntitude to effect an initial change in 
the output of Said repeater causes a sharp varia 
tion of Said repeater output between cut-off and 
Saturation. 

i8. In combination, a vacuum tube oscillator 
having tuned input and output circuits, a load 
in pedance effectively included in said output 
circuit, a vacuum tube repeater having an input 
circuit coupled for energization in accordance 
With the Voltage acroSS said load impedance, 
Whereby changes in the tuning of said oscillator 
are effective to control said repeater, an output 
circuit for said repeater, and a regenerative cou 
pling between said repeater output circuit and 
Said oscillator input circuit for effecting a sharp 
variation of the irepeater output current between 
saturation and cut-Off in response to a change 
in the tuning of said oscillator independently of 
the magnitude of said change. 

19. In combination, an electron discharge tube 
having tuned input and output circuits coupled 
for the generation of Sustained oscillations upon 
propertuning thereof, a load impedance effec 
tively included in said output circuit so as to be 
traversed only by the non-pulsating component 
of the current in said output circuit whereby the 
voltage drop across Said impedance varies with 
Variations in the turning of said circuits, a re 
peater tube having input and output circuits, a 
Source of biasing potential, means connecting 
said load impedance and said source in series 
relation in said repeater input circuit with the 
voltage of Said Source in Opposition to and of less 
magnitude than said voltage drop when said 

S 

tuned circuits are in resonance, whereby a desired 
minimum bias is impressed on Said repeater input 
circuit which increases with changes in the tun 
ing of said tuned circuits, and a regenerative cou 
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pling between said repeater output circuit and 
said tuned input circuit for varying in a cumula 
tive Sense the energization of said tuned input 
circuit upon a change in tuning of said tuned 
circuits of Sufficient magnitude to effect a change 
in the repeater output current, whereby a sharp 
variation of Said repeater output current between 
Saturation and cut-off without intermediate fixa 
tion is caused by a slight change in the tuning 
of Said tuned circuits. 

20. In a temperature control system, the com 
bination with an electro-responsive device for 
controlling a temperature source and tempera 
ture-responsive means affected by the tempera 
ture of Said Source, of a vacuum tube oscillator 
having input and output circuits tuned to provide 
Sustained oscillations, a load impedance effective 
ly included in said output circuit for traversal 
Only by the non-pulsating component of the 
oscillator output current whereby the voltage 
drop across said impedance increases when the 
OScillatory condition of said tube varies from 
resonance, a repeater tube having input and out 
put circuits, a Source of bias potential, means 
Connecting Said load impedance and said source 
in Series relation in Said repeater input circuit 
With the voltage of said source in opposition to 
and of less magnitude than said voltage drop 
when said oscillator is in resonant condition, 
whereby the resulting bias voltage impressed on 
Said repeater input circuit is a desired minimum 
during resonant conditions, said electro-respon 
Sive device being effectively coupled in the output 
circuit of Said repeater tube for operation in re 
Sponse to variations in the repeater output cur 
rent, a variable position part connected for opera 
tion by Said temperature-responsive means, said 
part being movable to control the tuning of said 
Oscillator and thereby increase to a desired maxi 
mun the voltage drop across said impedance and 
the bias voltage impressed on said repeater input 
circuit upon the cessation of oscillations, whereby 
operation of Said electro-responsive device is ef 
fected, and means for so controlling said oscil 
lator as to effect operation of said electro-re 
Sponsive device upon interruption of said con 
nection between said temperature-responsive 
neariS and Said variable position part. 

21. In a control System, the combination of an 
electron discharge tube having input and output 
circuits adapted to be tuned to resonance to 
cause said tube to operate as an oscillator, a 
load impedance effectively included in said out 
put circuit so as to be traversed only by the non 
pulsating component of the oscillator output cur 
rent, whereby the voltage drop across said im 
pedance increases when the oscillatory condition 
of said tube varies from resonance, a repeater 
tube having input and output circuits, an elec 
tro-responsive device having an operating wind 
ing effectively included in said repeater output 
circuit, a source of biasing potential, means con 
necting said load impedance and said source in 
series relation in said repeater input circuit with 
the voltage of said source in opposition to and 
of less magnitude than said voltage drop when 
said oscillator is in resonant condition, and 
means responsive to a condition to be con 
trolled by said electro-responsive device for vary 
ing the tuning of said oscillator from said res 
onant condition, whereby the resulting bias volt 
age impressed on said repeater input circuit is 
a desired minimum during resonant conditions 
and increases to a desired maximum when op 
eration of said condition-responsive means to 
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cause a cessation of oscillations, said increase in 
the resulting bias voltage being effective to con 
trol the Output of said repeater tube and cause 
operation of said electro-responsive device. 

22. In a temperature control system, the com 
bination of an electron discharge tube having 
input and output circuits adapted to be tuned 
to resonance to cause said tube to operate as an 
oscillator, a load impedance effectively included 
in said output circuit so as to be traversed only 
by a non-pulsating component of the Oscillator 
output current, whereby the voltage drop across 
said impedance increases when the oscillatory 
condition of Said tube varies from resonance, a 
repeater tube having input and output circuits, a 
source of biasing potential, means connecting 
said load impedance and said source in series 
relation to said repeater input circuit with the 
voltage of Said source in opposition to and of less 
magnitude than said voltage drop when said Os 
cillator is in resonant condition, an electro-re 
sponsive device having an operating winding ef 
fectively included in said repeater output circuit 
for controlling a source of temperature in re 
sponse to Variations in the energization of said 
winding, and temperature-responsive means af 
fected by the temperature of Said source includ 
ing a variable position part movable to control 
the tuning of said oscillator circuit, whereby the 
bias voltage impressed on said repeater input cir 
cuit varies from a desired minimum during res 
onant conditions to a desired maximum upon 
movement of said variable position part to cause 
a cessation of oscillations, said variation in the 
bias voltage controlling the output of said re 

9 
peater tube to operate said electro-responsive de 
vice in accordance with a change in the tempera 
ture of said source. 

23. In combination, an electron discharge tube 
comprising two sections each including input and 
output electrodes, a tuned input circuit coupled 
between the input electrodes of One of Said sec 
tions, a tuned output circuit coupled between the 
output electrodes of said one section, said tuned 
circuits being so coupled as to provide for opera 
tion of said one section as an oscillator, a load 
impedance effectively included in said output cir 
cuit so as to be traversed only by a non-pulsating 
component of the oscillator output current, 
whereby the voltage drop across said impedance 
increases when the oscillatory condition of said 
tube Varies from resonance, an input circuit cou 
pled between the input electrodes of the other of 
said sections, an Output circuit coupled between 
the output electrodes of said other section, the 
last-mentioned input and output circuits provid 
ing for operation of said other section as a re 
peater, a source of biasing potential, and means 
connecting said load impedance and said source 
in series relation in said repeater input circuit 
With the voltage of Said Source in Opposition 
to and of less magnitude than the said voltage 
drop when said Oscillator section is in resonant 
condition, whereby the resulting bias voltage im 
pressed on said repeater input circuit is a de 
sired minimum during resonant conditions and 
increases to a desired maximum upon the cessa 
tion of Oscillations to control the output of said 
repeater tube section. 
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