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My invention relates to temperature regul 
lators and has for its object the provision of 
simple and reliable means for maintaining a 
predetermined temperature with precision. 
More specifically my invention relates to 

temperature regulating apparatus for fur 
naces, ovens and the like, whereby a predeter 
mined temperature is automatically main 
tained. My invention has particular appli 
cation in the regulation of electrically heated 
devices. 
In carrying out my invention I control the 

temperature of the heated device by means 
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of an electron discharge device or tube hav 
5 ing its output circuit energized from an 
alternating current source of supply, and its 
input circuit controlled by means responsive 
to the temperature of the heated device 
whereby the current in the plate circuit of 
the electron discharge device is varied in 
such manner as to control the temperature. 
For a more complete understanding of my 

invention reference should be had to the ac 
companying drawing in which Fig. 1 is a 
diagrammatic representation of a temper 
ature regulator embodying my invention, 
while Figs. 2 and 3 are views showing modi 
fied forms of my invention. 

Referring to the drawing, I have shown 
my invention in one form as applied to an 
electric oven or furnace 10 which is heated 
by means of a resistor 11 connected to a suit 
able electrical supply source 12. The tem 
perature of the heated device 10 may be 
controlled by means of a switch 13 which 
when closed short circuits a section 11 of 
the resistor whereby the rate of heat gen 
eration is increased. As shown, this switch 
is normally in open position and may be 
raised to closed position by means of a mag 
net coil 14. For suitably controlling the 
circuit of the coil 14 in response to the tem 
perature of the device 10 I have provided 
apparatus comprising a Wheatstone bridge 
15 and an electron discharge device 16. 
The Wheatstone bridge comprises the 

usual four resistances 17, 18, 19 and 20, the 
resistance 20 having a positive temperature 
coefficient and being situated in the heated 
device 10 so as to be subjected to the tem 
perature to be regulated. The bridge is 
energized from a suitable alternating current 
supply source 21, which may be the same as 

the supply source 12, the terminals 22 and 
28 of the bridge being connected to the 65 supply source 21. 
As shown, the electron discharge device 16 

is of the Well known,3-electrode type, it being provided with a filament 24, a grid 25, and 
a plate 26. The input or grid circuit of 
the tube is connected so as to be responsive to 
the voltage across the terminals 27 and 28 
of the bridge. As shown, a step-up trans 
former 29 is used for the purpose of increas 
ing the voltage applied to the grid circuit. 
In order to give the grid a slight negative 
bias one terminal of the secondary of the 
transformer 29 is connected to the terminal 
22 of the bridge while its other terminal is 
connected through a conductor 30 to the 
grid 25. The grid circuit is completed by 
means of a conductor 31 leading from the 
lament 24 to an intermediate point 32 of 

the resistance 18. It will be observed that 
with these connections for the grid circuit, when the plate is positive a negative bias 
will be introduced by the voltage drop across 
the portion of the resistance 18 between the 
terminal 22 and the point 32. The plate 26 
of the tube is connected by means of a con 
ductor 33 through the magnet coil 14 to one 
side of the supply source 21. The plate cir 
cuit is completed from the filament 24 to the 
supply source 21 through the conductor 31 
to point 32, thence through a portion of the 
resistance 18 to the terminal 22, and from 
the terminal 22 to the opposite side of the 
supply source 21. A suitable source of 
alternating current supply, which may be 
the supply source 21, is used for the filament 
24, the connections being made through a 
transformer 24. 
The relative values of the resistances 17. 

18, 19 and 20 are adjusted in such manner 
that upon the occurrence of a temperature 
in the heated device 10 which is slightly 
above a predetermined mean temperature to 
be maintained, the potential of the terminal 
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27 will be negative with respect to the ter. 
minal 28 when the terminal 23, and hence 
the plate 26, is positive, to such a degree that 
the transformer 29 will apply a negative 
potential to the grid sufficient to reduce the 
plate current to such a value that the mag 
net coil will release the switch 13 and allow 
it to open. This inserts section 11 of the 
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heating resistor in the heating circuit where: 
by the rate of generation of heat is reduced 
to such an extent that the temperature of 
the device 10 will tend to fall. It will be 

is understood, of course, that the resistance 
20 is exposed either to the full temperature 
of the heated device 10 or in such manner 
as to be responsive to changes in the tem 
perature of the device. Under the temper 

Io ature conditions assumed, the resistance of 
resistance 20 will be increased by the in 
crease in temperature to which it is exposed 
to a value sufficiently greater than the re 
sistance 19 to give the required difference in 
potential between the terminals 27 and 28 
to operate the electron discharge device as 
previously described. 
As the temperature of the device 10 now 

falls, the resistance 20 will decrease in value. 
20. This results in a decrease in the difference 

of potential between the terminals 2 and 28 whereby the negative grid potential is 
correspondingly reduced. Eventually when 
the resistance 20 has the same value as the 

25 resistance 19 the grid potential will be 
normal, that is, no potential will be im 
pressed upon it by the transformer 29, and 
upon a further fall in temperature the po 
tential of the terminal 27 will become posi 

30 tive with respect to the terminal 28 when 
the terminal 23 is positive. This action re 
sults in a gradually increasing flow. of cur 
rent in the plate circuit in response to the 
falling temperature of the device 10 whereby 

35 the energization of the coil 14 is increased, 
and finally upon the occurrence of a pre 
determined minimum temperature, which is 
slightly below the temperature to be main 
tained, the energization of the coil 14 will 
be great enough to close the switch 13 and 
thereby short circuit the section 11 of the 
heating resistor. The temperature of the 
device 10 now rises and upon the occurrence 
of the predetermined maximum temperature 
the cycle will be repeated as previously de 
scribed. In this manner a predetermined 
mean temperature will be maintained. 
By suitably adjusting the resistances of 

the bridge and the ratio of transformation 
of the step-up transformer 29, the appara 
tus may be arranged to give very close tem 
perature regulation, for example it is en 
tirely practicable to maintain a prede 
termined mean temperature to within plus 
or minus one-tenth of one degree C. Fur 
thermore, to increase the sensitivity of the 
apparatus one or more additional electron 
devices may be used as amplifiers. 

In the modified form of my invention 
shown in Fig. 2, two stages of amplification 
are used. Each stage is shown as consist 
ing of two electron discharge devices or 
tubes which are connected in a push-and 
pull or two wave circuit. One tube only 
may be used for each stage of amplification, 
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however. The terminals 27 and 28 are con 
nected to the primary 35 of a transformer, 
the secondary 36 of which has its terminals 
connected to the grids of the amplifying de 
vices 37 and 38, shown as being of the 
3-electrode type. The secondary 36 is, 
vided with a central tap. 39 whereby one 
half of the secondary is connected in the 
input or grid circuit of the tube 37, while 
the other half is connected in the grid cir 
cuit of the tube 38. The plates of the tubes 
37 and 38 are connected to the terminals of 
the primary 40 of a transformer, the 
secondary 41 of which has 
connected to the grids of another pair of 
amplifying tubes 42 and 43. A central tap 
is provided on the primary coil 40 whereby 
one-half of the coil is connected in the out 
put circuit of the tube 37, while the other 
half is connected in the output circuit of 
the tube 38, a plate battery 44 being includ 
ed in the tap connection. The connections 
for the tubes 42 and 43 are the same as the 
connections for the tubes 37 and 38 the 
output circuit of these tubes energizing the 
two halves of a primary coil 45 of a trans 
former, the secondary 46 of which has its 
terminals connected to the grids of two 
tubes 47 and 48 which also operate in push 
and-pull circuits. The plate or output cir 
cuits of the tubes 47 and 48 are energized 
from the source of alternating current 21, 
preferably through a transformer 49. The 
secondary 50 of the transformer 49 has its 
terminals connected to the plates of the 
tubes 47 and 48 and is provided with a cen 
tral tap from which a conductor 51 leads 
through the magnet coil 14 to the filaments 
of the tubes. In this manner the output cir 
cuits of the tubes are energized by the halves 
of the secondary 50 E. the coil 14 being in the output circuits of both tubes, and therefore, receiving a substantially true 
direct current. 
The operation of this modification of my 

invention is substantially the same as the 
operation of the arrangement shown in Fig. 
1 with the fundamental difference that the 
coil 14 is energized with a substantially di 
rect current. As with the apparatus of Fig. 
1, the arrangement is such that negative po 
tentials are applied to the grids of the tubes 
47 and 48 when their plates are positive 
upon the occurrence of the predetermined 
maximum temperature. Likewise a positive 
potential is applied to the grids of the tubes 
when their plates are positive upon the oc 
currence of a predetermined minimum tem 
perature. It may be desirable to use two 
stages of amplification, as shown, in order to 
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obtain the correct phase relations. This is . 
due to the fact that with transformer cou 
pling between the tubes, the currents in the 
output circuits of electron discharge devices 
are considerably out of phase with those in 
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the input circuits. Where two stages of am 
plification are used a phase difference of sub 
stantially 180° is introduced by the tubes 
which is taken into account in selecting the 
polarity of the connections. If resistance 
and condenser coupling between the tubes 
is used the plate voltage of each tube is ex 
actly 180° out of phase with the grid volt 
age, and one or any desired number of stages of amplification may be used. 
In the modified form of my invention 

shown in Fig. 3, I have utilized a vapor elec 
tric electron discharge device 55 for con 
trolling the supply of electric current to the 
furnace. This vapor electron discharge de 
vice has sufficient capacity to carry the total 
amount of current required for the furnace 
so that no relays are necessary. The device 
is provided with two plates or anodes 56 and 
57, grids 58 and 59, and with a central cath 
ode 60 consisting of a small quantity of mer 
cury. An exciting battery 61 is provided 
and a switch 62 whereby by closing the 
switch 62 the cathode is excited in a well 
known manner. Preferably the switch 62 
remains closed during the operation of the 
furnace. This device functions as a two 
way rectifier. When a positive voltage is 
applied to one of the plates 56 and 57 an arc 
is formed between this plate and the cathode 
60, but when this plate becomes negative the 
arc is extinguished. The function of the 
grids is to control the formation of the arcs. 
When the potentials of the grids are lower 
than a predetermined value the arcs will not 
start and when the grid potentials are above 
this value the arc will start. The character 
istics of the device 55 may be such that cer 

40 
tain negative grid potentials will prevent 
operation, while certain positive grid poten tials will produce operation. 

In this modification of my invention the 
electrical connections between the Wheat 
stone bridge 63 and the alternating current 
Source of supply 64 are substantially the 
same as shown in Figs. 1 and 2, one leg 65 
of the bridge being in the furnace 66. The 
heating resistor 67 for the furnace has one 
terminal connected by way of the conductor 

50 68 to a central point on the secondary 69 
of the transformer 70, the primary of which 
is connected across the supply source 64. 
The remaining terminal of the resistor is 
connected through a conductor 71 to the 
cathode 60. The terminals of the secondary 
69 are connected to the plates 56 and 57. It 
will thus be observed that the resistor 67 is 
connected in circuit with the rectifying de 
vice 5.5, which is energized from the trans 
former 70, so as to be supplied with a pull 
sating direct current when the device is in operation. 
The energization of the grids. 58 and 59 is 

controlled by means of the bridge 63, two 3 

3 

72 and 73 being provided for purposes of 
amplification. The input circuits of the 
tubes are connected to the points 74 and 75 
of the bridge, which correspond with the 
points 27 and 28 of Figs. 1 and 2, by means 
of a transformer 76 having two secondaries 
77 and 78 connected in the input circuits of 
the tubes 2 and 73 respectively. Any suit 
able source of alternating or direct current 
may be used for heating the filaments of the 
tubes. As shown, the filaments are heated 
by means of alternating current which may 
be derived from the supply source 64, the 
connection with the filaments being made 
through suitable transformers 79 and 80. 
As shown, the energization for the output 

circuits of the tubes is obtained from the 
transformer 70, the plate of the tube 72 be 
ing connected to one terminal of the second 
ary 69 through a conductor 81 while the 
plate of the tube 73 is connected to the other 
terminal of the secondary 69 by means of a 
conductor 82. Two resistances 83 and 84 are 
provided, each having one terminal connect 
cd to the cathode 60 through a battery 85, 
while the remaining terminals are connected 
to the cathodes or filaments of the tubes 72 
and 73, respectively, and also through con 
ductors 86 and 87 to the grids 58 and 59. 

It will thus be observed that the output 
circuit of the tube 72 leads from its plate 
through the conductor 81 to the left hand 
terminal of the secondary 69, through the 
left hand half of the secondary, and thence 
through conductor 68, the resistor 67, con 
ductor 71, battery 85 and resistance 83 to the 
filament of tube 72. In a similar man 
ner the output circuit of the tube 73 is com 
pleted through the right hand half of the 
secondary 69 and the resistance 84. The 
battery 85 is connected so as to apply a 
negative potential to the grids 58 and 59 
when the tubes 72 and 73 are not in opera 
tion and thus prevent operation of the de 
vice 55 when the tubes 72 and 73 are not in 
operation. This battery 85 is not indispen 
sable although its use is preferable. When 
the tubes 72 and 73 are in operation, the cur 
rents in their plate circuits produce voltage 
drops across the resistances 83 and 84 which 
voltage drops are opposed to and greater 
than the potential of the battery 85, the 
differences being applied to the grids 58 and 
59 whereby the grids are made positive and 
the vapor electric device 55 set in operation. 
The arrangement is such that when the 

temperature of the furnace is below a pre 
determined mean temperature which is to 
be maintained, the voltage drop in the leg 
65 will be less than that of the lower right 
hand leg of the bridge, consequently the 
point 74 of the bridge will be positive with 
respect to point 75, and hence the grid of 
tube 72 positive, when the plate of the tube 
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electrode electron discharge devices or tubes 72 is positive. This follows from the fact l8U 
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that when the point 74 and thus the right 
hand side of the primary of transformer 76 
are positive, the left-hand sides of the Sec: 
ondary 77 and hence the grid of tube 72 will 
be positive, since the primary and second 
aries of the transformer 76 are in opposite phase relation, With the right-handside of 
the primary of transformer 70 is positive the 
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left-hand side of secondary 69 and hence the 
plate to the tube 72 will be positive. Under 
these conditions also, the point 74 will be 
negative with respect. to the point 75, and 
consequently the grid of the tube 73 posi 
tive, when the plate of the tube 73 is posi 
tive since the polarities in transformers 70 
and 76 will then be reversed. Therefore, 
when the furnace is at this low temperature 
the tubes 72 and 73 will operate, and the ar 
rangement is such that positive voltages due 
to the drops across the resistances 83 and 84 
will be applied to the grids 58 and 59 when 
the plates 56 and 57 are respectively posi 
tive. The device 55 thus operates to supply 
full load current to the heating resistor 67 
until such time as the temperature rises to 
some predetermined maximum value above 
the mean temperature, under which condi 
tion the point 74 will be negative with re 
spect to point 75 and consequently the tubes 
72 and 73 will be prevented from operating. 
Under these conditions the battery 85 ap 
plies negative voltages to the grids 58 and 59 
whereby the device 55 is prevented from 
operating. As a result no current is Sup 
plied to the resistor 67 by the device 55 and 
the temperature of the furnace therefore 
falls until upon the occurrence of the pre 
determined minimum temperature previously 
assumed, the device 55 will be set in opera 
tion, the cycle of operation being repeated 
as previously described. 

Tf less exact regulation is desired the am 
plifier tubes 72 and 73 may be omitted and 
one of the terminals of each of the second 
aries 77 and 78 connected directly to the 
grids 58 and 59 respectively of the device 55, 
the other terminals of the secondaries being 
connected directly to the cathode 60. 
While I have described my invention as 

embodied in concrete form and as operating 
in a specific manner in accordance with the 
provisions of the patent statutes, it should 
be understood that I do not limit my inven 
tion thereto, since various modifications 
thereof will suggest themselves to those 
skilled in the art without departing from 
the spirit of my invention, the scope of 
which is set forth in the annexed claims. 
What I claim as new and desire to secure 

by Letters Patent of the United States is:- 1. A temperature regulator comprising 
temperature fesponsive means for causing 
an electromotive force to be produced in 
creasing from zero in one direction when the 
temperature rises above a predetermined 
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mean temperature and from zero in the 
opposite direction when the temperature 
falls below said predetermined mean ten 
perature, and temperature control means re 
sponsive to said electromotive force. 

2. In a temperature regulator, the com 
bination with a heated device, of heating 
means therefor, a Wheatstone bridge hav 
ing a resistance varying with the tempera 
ture of said heated device, a source of elec 
trical supply for said bridge whereby said 
bridge causes an electromotive force to be 
produced having a polarity in one direction 
when the temperature is above a predeter 
mined mean temperature and a polarity in 
the reverse direction when the temperature 
is below a predetermined mean temperature, 
and means responsive to said electromotive 
forces for controlling said heating means. 

3. A temperature regulator comprising an 
electron discharge device provided with in 
put and output circuits, a source of alternat 
ing current Supply for the output circuit 
of said device, means responsive to the tem 
perature to be regulated for causing an elec 
tromotive force to be applied to said input 
circuit varying in polarity in accordance 
with said temperature whereby the current 
in the output circuit of said device is varied, 
and means responsive to the current in said 
output circuit for controlling said tempera 
ture. 

4. A temperature regulator comprising an 
electron discharge device provided with a 
grid and a plate, means responsive to the 
temperature to be regulated for causing a 
positive or a negative potential to be ap 
plied to said grid in accordance with the 
degree of said temperature, a source of alter 
nating current supply in the plate circuit of 
Said device, and temperature control means 
responsive to the current in said plate cir 
cuit. 

5. A temperature regulator comprising a 
Wheatstone bridge provided with a resist 
ance varying with the temperature to be 
regulated, an electron discharge device hav 
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ing input and output circuits, connections 
between the input circuit of said discharge 
device and said bridge, said bridge being ar 
ranged to apply an electromotive force to 
said input circuit varying in accordance 
with the temperature to be regulated, and 
temperature control means responsive to the 
current in the output circuit of said dis 
charge device. 

6. A temperature regulator comprising an 
electron discharge device provided with in 
put and output circuits, a source of alter 
nating current supply for the output cir 
cuit of said device, temperature control 
means connected in said output circuit, and 
temperature responsive means for con 
trolling the energization of the input cir 
cuit of Said device so as to vary the current 
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in said output circuit, whereby said tem 
perature control means is operated to main 
tain a predetermined temperature. 

7. A temperature regulator comprising an 
electron discharge device provided with a 
grid and a plate, a source of alternating cur 
rent supply for the plate circuit of said de 
vice, temperature responsive means for caus 
ing a negative potential to be applied to 
said grid when said plate is positive upon 
the occurrence of a predetermined tempera 
ture and for causing a positive potential to 
be applied to said grid when said plate is 
positive upon the occurrence of a predeter 
mined different temperature, and tempera 
ture control means responsive to the current 
in said plate circuit. 

8. A regulating 
Wheatstone bridge having a resistance 
varying with the quantity to be regulated, 
a source of alternating current supply for 
said bridge, an electron discharge device 
controlled by the unbalance of said bridge, 
connections between the output circuit of 
said discharge device and said supply 
Source, and controlling means responsive to 
the current in said output circuit. 

9. A temperature regulator comprising a 
Wheatstone bridge provided with a resist 
ance varying with the temperature to be 
regulated, a source of alternating current 
supply connected across two of the terminals 
of said bridge, an electron discharge device provided with input and output circuits, 
connections between said input circuit and 
the other two terminals of said bridge, con 
nections between said output circuit and said 
Supply source, and temperature control 
means in said output circuit responsive, to 
the current in said output circuit so as to 
maintain a predetermined temperature. 

10. In a temperature regulator, the com 
bination with a heated device, electric heat 
ing means therefor, a source of electrical 
supply for said heater, an electron discharge 
device having its output circuit connected 
to said supply source in series with said 
heating means, and means responsive to the 
temperature of said heated device for con 
trolling said electron discharge device in 
such manner that the supply of electrical 
energy to said heating means is interrupted 
upon the occurrence of a predetermined tem perature. 

11. In a temperature regulator, the combi 
nation with a heated device, of a Wheatstone 

65 

bridge having a resistance varying with the 
temperature of said heated device, a source 
of alternating current supply for said 
bridge, and electron discharge device con 
trolled by said bridge, electrical connections 
between the output circuit of said discharge 
device and said supply source, and a heating 
resistor for said heated device connected in 
said output circuit. 

device comprising a 

5 

12. In a temperature regulator, the com 
bination with a heated device, of electric 
heating means therefor, a source of alternat 
ing current supply for said heater, an elec tron discharge device provided with a plate 
and a grid for controlling the supply of 
electrical energy from said supply source 
to said heated device, electrical connections 
between said supply source and the plate 
circuit of said discharge device, and means 
responsive to the temperature of said heated 
device for causing a negative potential to 
be applied to the grid of said discharge de 
vice when said plate is positive upon the 
occurrence of a predetermined maximum 
temperature whereby the supply of energy 
to said heating means is cut off. 

13. In a temperature regulator, the com 
bination with a heated device, of electric 
heating means therefor, a source of alter 
nating current supply for said heater, an 
electron discharge device provided with a 
plate and a grid for controlling the supply 
of electrical energy from said supply source 
to said heated device, a Wheatstone bridge 
having one resistance responsive to the tem 
perature of said heated device, electrical con 
nections between said supply source and 
said bridge, and means for applying the un 
balance voltage of said bridge to the grid of 
Said electron discharge device in such man 
ner that upon the occurrence of a predeter 
mined maximum temperature said grid is 
negative when said plate is positive whereby 
the Supply of electrical energy to said heat ing means is cut off. 

14. In a temperature regulator, the com 
bination with a heated device, a Wheatstone bridge having one resistance responsive to 
the temperature of said heated device, a 
Source of alternating current supply, elec 
trical connections between said supply 
source and said bridge, an electron discharge 
device provided with a grid and a plate, 
means for applying the unbalance voltage 
of said bridge to the grid circuit of said 
electron discharge device, electrical connec 
tions between the output circuit of said dis 
charge device and said supply source, and a 
heating resistor for said heated device con 
nected in said output circuit, said connec 
tions being so arranged that upon the occur 
rence of a predetermined minimum tempera 
ture a positive, potential is applied to said 

id when said plate is positive whereby a 
eating current is produced in said resistor. 
15. In a temperature regulator, the com 

bination with a heated device, of a heating 
resistor therefor, a source of alternating 
current for said resistor, a Wheatstone bridge 
having one resistance responsive to the 
temperature of said heated device, electrical 
connections between said bridge and said 
supply source, a vapor electric device pro 
vided with a cathode, two anodes, and two 
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grids, a transformer connected to said sup 
ply source having its secondary connected to 
said anodes, a connection including said re 
sistor between a central point of said second 
ary and said cathode, a pair of three-elec 
trode electron tubes for amplifying the un 
balance voltage of said bridge, electrical 
connections between said Wheatstone bridge 
and the input circuits of said tubes, elec 
trical connections between the plates of said 
tubes and said secondary, electrical connec 
tions between the filaments of said tubes 
and said grids, and electrical connections in 
cluding resistances between the filaments of 
said tubes and said cathode, said connec 
tions being so arranged that said vapor elec 
tric device is controlled in response to the 
unbalance voltage of Said bridge to supply 
current to said resistor so as to maintain 
a predetermined temperature. 

16. A temperature regulator comprising 
an electron discharge device provided with 
input and output circuits, means responsive 

1,694,264 

to the temperature to be regulated for caus 
ing an electromotive force varying in polar 
ity in accordance with said temperature to 
be applied to said input circuit, a source of 
alternating current supply for said output 
circuit, and temperature control means re 
sponsive to the electromotive force in said 
output circuit. 17. A temperature regulator comprising a 
Wheatstone bridge, an electrical supply 
source for said bridge, an electron discharge 
device, connections between the output cir 
cuit of Said discharge device and said sup 
ply source, said connections including a con 
trol device responsive to the current in said 
output circuit, and means including a resist 
ance of said bridge responsive to the tem 
perature to be controlled for causing a po 
tential varying in polarity to be applied to 
the input circuit of said discharge device. 
In witness whereof I have hereunto set my 

hand this 19th day of June, 1925. 
ALBERT W. HULL. 
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