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To all whom it may concern:

" Be it known that I, Frank THORNTON,
Jr., a citizen of the United States, and a
resident of Mansfield, in the county of Rich-
land and- State of Ohio, have invented a
new and useful Improvement in Control
Systems for Electric Furnaces, of which the
following is a specification.

My invention: relates to electric furnaces
and particularly to methods of control for
electric-resistance furnaces.

One object of my invention is to provide
an automatic system of control for an elec-
tric-resistance furnace where the resistor
has a negative-temperature-resistance coeffi-
cient. '

Another object of my invention is to pro-
vide an automatic control system for elec-
tric-resistance furnaces that shall be simple
and easily adjusted and that may be kept
in working order by the workmen operating
such furnaces.

In operating electric-resistance furnaces
that have a negative-temperature-resistance
coefficient, it is necessary to apply a higher
voltage to the resistor when cold than is
required when the resistor is hot. Where
a transformer is used to reduce the line
voltage to the yalue required by the furnace,
this variable voltage may be obtained by
progressively changing the number of effec-
tive turns in the primary winding of the
transformer, and my invention: relates to
methods of accomplishing this.

In practising my invention, I provide a
transformer having a plurality of spaced
taps on the primary winding and.a plu-
rality of electrically operated switches to
control the connection of the supply circuit
to the primary winding, actuating these
switches by a corresponding number of
double-contact, double-coil relays. These re-
lays are, in turn, controlled by a correspond-
ing number of double-contact, quick-acting
thermostats that are caused to operate by a
plurality of heating coils of different heating
capacities.” These heating coils are connected
in series and to a source .of electromotive
force so arranged as to send a current
through the heating coils that is directly
proportional to the'current in the resistor of
the furnace. ~This source. of :electromotive
force may be a current transformer or a se-
ries resistance of suitable value connected to
a conductor carrying the current {raversing

the resistor. The relays are electrically in-
terlocked so that not.more than one switch
may be closed at one time.

The single figure of the drawing is a dia-
grammatic view of apparatus and circuits
embodying my invention. As shown in the
drawing, a supply circuit 10 energizes the
primary winding of a transformer 20
through a conductor 11, cormected to one of
the conductors of circuit 10, and selectively
controlled conductors 12, 13, or 14, a suit-
able switch (not shown) being used to in-
terrupt the circuit when the furnace is not
in operation. The conductors 12, 13 and
14 terminate at corresponding contact ter-

minals of the electrically operated switches:

17, 16 and 13, respectively, the other corre-
sponding contact terminals of these switches
being connected to a common return con-
ductor 18 that is connected to the other

conductor of the supply circuit 10. The*
secondary winding of the transformer 20"
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is divided into halves that may be connected -

in series or in parallel by a suitable switch
19 and energizes the furnace 21 through
two conductors 22 and 23. :

A control supply circuit 24 is provided
to energize the coils of the electrically op-
erated switches 15, 16 and 17, the circuits
through these coils being controlled by
double-contact, double coil relays 25, 26
and 27. Corresponding terminals of -the

coils of switches 15, 16 and 17 are connected

to conductor 24* and the other correspond-
ing terminals to conductors 28, 29 and 30,
respectively. .Conductor 28 terminates in
an adjustable contact terminal 31 of the
relay 25, and, similarly, conductors 29-and
30 terminate, respectively, in adjustable con-
tact terminals 32 and 33 of the relays 26 and
27. As relays 25, 26 and 27 are alike, a.

description of the construction of reliy 25°

will suffice for the three. Two cqils, 34 and
35, are placed a relatively small distance

apart, with their axes in-alinement. Two

soft iron cores;, 36 and 37, are operatively
connected to%ether by a metal rod 38 of
such length that, when the core 37 is wholly
within coil 35, the core 36 is partially with-
drawn from coil 34. A metal bar 39, is
pivotally connected to a stud or pin 40, and

as a ‘slot 39* near its other end. A pin 38,

"secured to rod 38 and projecting through

the slot 39* serves to actuate the free end

of bar 39, A contact lever 41 is also pivot-.
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ally connected to stud 40 and is provided,
at its free end, with two contact-terminal
pieces or lugs, in the usual manner.. A ten-
sion spring 42 is'pivotally connected to bar
39 and contact lever 41, at points near their
mid-lengths, and operates to preclude lever
41 from moving until bar 39 has been moved,
by means of cores 36 and 37.and the con-
necting rod 38, through the greater part

of its turning movement, when it will cause’

contact lever 41 to turn relatively quickly
on its pivot stud 40, thus providing a quick-
break switch, ‘

One terminal of coil 34 is connected to an
adjustable contact terminal 43 by means of
a conductor 44, and, similarly, one terminal
of a coil 45 is connected to,an adjustable con-
tact terminal 49 by means of a conductor 51,
and one terminal of a coil 47 is connected to

-an adjustable contact terminal 50, by means

of a conductor 52. The other terminals of
coils 34, 45 and 47 are connected, respec-
tively, to contact terminals 65, 68 and 71 of
thermostats 66, 70 and 73, by means of con-
ductors 56, 57 and 58.. One terminal of coil
35 is conriected to conductor 28 by means of
a conductor 59. The corresponding terminal
of coil 46 is connected to conductor 29, b

means of a conductor 61, and the correspond-

ing terminal of coil 48 is connected to con-

ductor 30, by means of a conductor 63. The
other terminal of coil 35 is connected to a

contact terminal 67 of a thermostat 66, by

means of a conductor 60. The correspond-
ing terminal of coil 46 is connected to a con-
tact terminal 69 of & thermostat 70, by means

" of a conductor-62, and the corresponding
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terminal of a coil 48 is connected to the con-
tact terminal 72 of a thermostat 73, by
means of a conductor 64. The contact lever
41 is connected to one of the terminals of
coil 45, by means of conductor 53, and a
contact lever 80 is connected to the corre-
sponding terminal of coil 47, by means of a
conductor 54, and a contact lever 81 is con-
nected to conductor 24° of the control circuit
24, by means of a conductor 55.
Double-contact thermostats 66, 70 and 73
are provided, with their stationary contact
terminals connected as stated above, while
the fixed end of bi-metallic strips 66, 70*
and 73* are connected to a conductor 74 that
is connected to conductor 24* of the control

‘circuit 24. The strips 66*, 70* and 73* engage

the contact terminals 65, 68 and 71, respec-
tively, when cold, and, when heated, become
disengaged therefrom and imme liately en-
gage contact terminals 67, 69 and 72, re-
spectively. Heating coils 66°, 70° and 73°,
that are associated with the respective
thermostats 66, 70 and 73, are connected in
series and are energized by the secondary
75 con-
nected to. the conductor 22. If desired, the
current transformer may be replaced by a

series resistance, as the object of this part
of the device is to cause a current to flow
through the heating coils that is in direct
proportion to the current flowing through
the resistor of the furnace. - Coil 73 has
the greatest watts loss of the three coils, and
coils 70° and 66° have each a progressively
smaller watts loss. A rheostat 79 is pro-
vided in shunt with. the heating coils so as
to enable the operator to divert part of the
current and thus control the working tem-
Eera,ture of the furnace, as will hereinafter
e more fully described.

Assuming that the position of the various
parts is as shown in the drawing, if it is
desired to place the control system in opera-
tion, the proceeding is as follows: close
switch 19 to connect the two halves of the
secondary winding of transformer 20 in

parallel and energize circuits 10 and 24 by’

closing the respective control switches (not
shown in the diagram). A circuit will be
established as follows: from conductor 24*
of circuit 24, through conductor 74, strip
73s, contact terminal 71, conductor 58, coil
47, and thence, through conductor 52, con-
tact terminal 50, lever 81, conductor 55, to
conductor 24* of circuit 24. A second cir-
cuit will be established, as follows: from
conductor 24*, conductor 74, strip 70*, con-
tact terminal 68, conductor 57, coil 45, and
thence, through conductor 51, contact ter-
minal 49, lever 80, conductors 54 and 52,
contact terminal 50, lever 81, conductor 55,
to conductor 24° of circuit 24. A third cir-

" cuit comprises conductor 74, strip 66%, con-

tact terminal 65, conductor 56, coil 34, con-
ductor 44, contact terminal 43, lever 41, con-
ductors 53 and 51, contact terminal 49, lever
80, conductors 54 and 52, contact terminal
50, lever 81 and conductor 55, to conductor

94b of circuit 24. These circuits will ener-’

gize the three coils 34, 45 and 47, causing
them to attract their respective soft iron

cores, and will operate to give the contact.

levers 41, 80 and 81 a turning movement on
their respective pivots, and the free ends of
these levers will engage the respective con-
tact terminals 31, 32 and 33.

A control circuit will Dbe established,
through the operating coil of switch 17, as
follows: from conductor 24* of circuit 24,
through the coil of switch 17, conductor 30,
contact terminal 33, lever 81, and conductor
55, to conductor 24° of circuit 24. This will
cause switch 17 to operate and establish a
circuit, as follows: from one conductor of

“circuit .10, through conductor 18, the con-

tact terminals and contact bridging mem-
ber of switch 17, conductor 12, a part of the
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conductor 11, to the other conductor of cir-
cuit 10. As a relatively small number of
turns of the primary winding of trans-
former 20 ig included in the circuit, the sec-
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oiidary-voltage: of* the transformer will be
relitively high and-will cause a current to flow
through the cold resistor of the furnace 21.
The  temperature’ of the resistor will .in-
¢rease ‘and the resistance will, therefore,
décrénse, Tesulting in an increase in the cur-
rent value. “An' electromotive force will: be
induced in the secondary winding 76 of the

transformer 75 that will cause a current to

flow ‘through’ the heating coils 66°, 70* and
78* in series‘and also through the rheostat

79 if saine:is connected in circuit. "As heat- -

ing coil 73" has the largest watts loss of the
three coils; the thermostat strip 73* will be

- caused to move first and will be disengaged
from'its ‘contactterminal 71-and immedi-:

ately will engage contact terminal 72. This
operdtion will interrupt: the control circuit
through theé' coil of switch 17, permitting
this switch ‘to" open -and ‘deénergize the
transformer. .. :As soon as strip 73" engages
contact terminal 72, the following control
circuit:is established’s from conductor24® of
circiiit 24, thfough ¢onductor 74, strip 73%
contact terminal 72,:conductor - 64,: coil 48,
conductors 63 ‘arid 80, contact sterminal 33,
lever 81 and conductor 55, t0 conductor 24°

of ‘circuit 24. -This will cause coil 48 to at--

tract its ‘¢odperating: core meémber and will
result in-contact lever 81 having a turning

movement, causing.its free end to engage:
contact terminal 50.- A new control circuit.

is thereby established; as follows: from con-
ductor 24 of circuit 24, through the coil of
switch 16, conductor 29, contact terminal 32,
lever 80, conductors 54 and 52, contact ter-
minal’ 50, lever 81 and conductor 55, to the
conductor 24° of circuit 24." This will cause
switch' 16 to operate and close a circuit, as
follows: from ‘one conductor of circuit 10,
through conductor- 18, the contact termi-
rials and contact-bridging member of switch
16, conductor 13, the primary winding of
transformer 20 and conductor 11, to the
other conductor of the supply circuit 10.
A relatively large number of turns of the
primary winding will, therefore, be in-
cluded ‘in the: circuit, and the secondary
voltage impressed -on- the : resistor. of the
furnace 21 “will ~be- correspondingly de-
creased.. <ol

1f the resistance of the furnace 21 con-
tinues to decrease, with a corresponding in-
crease of current through-it and through the
conductor 22, the derived current through
the secondary winding 76 and through the
heating coils 66°, 70° and 73 will increase
and, at a predetermined value of current,
the amount of heat generated in the coil T0®
will ‘cause the strip 70* to be disengaged
from “its coGperating :contact terminal 68
and to immediately engage contact terminal
69. - A circuit will thereby be established, as
follows: from conductor 24* of circuit 24,
through conductor : 74, strip -70° contact

g

terminal 69, conductor 62, coil 46, conduc-
tors 61 and 29, contact terminal 32, lever
80, conductors 54 and 52, contact terminal
50, lever 81 and conductor 55, to conductor
24b of circuit 24. This will cause coil 46 to
attract its codperating core member and
cause the contact lever 80 to be disengaged
from contact terminal 32 and immediately
to engage contact terminal 49.. This opera-.
tion serves to interrupt the circuit through
the coil of switch 16, thereby causing said
switch ‘to -open and interrupt the circuit
through the primary winding of trans-
former 20 and deénergize the same. .
A new ¢ontrol circuit has been established
by the turning movement of lever 80, as
follows:: from conductor 24* of circuit. 24,
through the coil of switch 15, conductor 28,
contact terminal 31, levér 41,:conductors 53
and 51, contact terminal 49, lever 80, con-
ductors 54 and 52, contact terminal 50, lever
81 and conductor 55 to-conductor 24° of cir-
cuit- 247 *This'will cause switch 15 to oper-
ate ‘and. close ‘a circuit, as follows: from. one
conductor - of “eircuit ‘10, .conductor 18, the
contact' terminals and-contact bridging mem-
ber of switch 15, conductor 14, the primary
winding 'of transformer' 20 and conductor
11, to the other conductor of circuit:10.:A-

-still larger number of ‘turns of the primary

winding will be included inthe circuit, and,
therefore, the secondary voltage will -be still
smaller. -Within normasl limits,:the second-
ary voltage should now be low enough to:
permit’ on'fy such current to flow throughthe
resistor as will maintain:the temperature at
a constant value: If, however, the tempera-
ture rises still furtier, resulting in a further
decrease ' of  resistance,-and, hence, an in-
crease of current, the derived current in the
heating coils;-and ‘especially in the heating
coil 66°, will become large- enough to -cause
the strip 66*to be disengaged from the con-
tact terminal 65 and to engage contact ter-
minal 67. This action will result in closing
a -new control circuit, as follows: from con-
ductor 24* of circuit 24, through conductor
74, strip 66*, contact terminal .67, conductor
60,- coil 35,.conductors 59 and 28, contact
terminal 81, lever 41, conductors 53 and 51,
contact terminal 49, lever 80, conductors 54
and ' 52, contact terminal 50, lever 81- and
conductor 55;to conductor 24* of circuit 24.
This will cause relay 25 to operate, and
lever 41 will engage contact terminal 43,
interrupting the circuit through the coil of
switch 15, éausing it to operate and inter-
rupt the circuit through the primary wind-
ing of transformer 20. The transformer
will, therefore, be deénergized and the fur-
nace 21, as well as the heating coil 66, will
begin ‘to-cool, and, after a predetermined

lower temperature has been reached, the

strip 66* will be disengaged from contact
terminals 67 and engage contact terminal 65.
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The control circuit through the coil of
switch 15 will be reéstablished, and this
switch will operate to close the -circuit
through conductor 14, thereby reénergizing
the transformer 20 and causing current to
again flow through the resistor. :

If it is desired to change the operating
temperature of the furnace, the rheostat 79
may be adjusted to accomplish this object.
As the adjusting handle of the rheostat is
moved to decrease the resistance included. in
the circuit in shunt with the heating coils,
more current will be diverted from the heat-
ing coils, and, therefore, the current through
the . resistor of -furnace 21 must be greater
before the thermostats will operate in the
manner .described above. Switch 19 may be

used to connect the two halves of the sec-.

ondary winding of transformer 20 in paral-
lel or in .series to enable extreme voltage
requirements to be met, and is not a part of
my invention: . . Co .

Tt is clear that various modifications and
changes may be made without. departing
from ‘the spirit and :scope of my invention,
and I desire that only such limitations shall
be -placed thereon as are imposed by the
prior art or are specifically set forth 1n the
apfended claims. - - ,

claim as my invention: :

1. In an electrical heating system, the
combination . with a variable source of
energy and a heating element having a nega-
tive - temperature - resistance coefficient the
temperature of which is to be regulated, a
supply circuit, a transformer having a plu-
rality-of spaced taps on the primary wind-
ing, ‘and a plurality of electromagnetically
operated switches for controlling the con-
nections of the supply circuit to the primary
winding of the transformer, of a plurality
of - plural-position switches for actuating
said electromagnetically operated switches,
and: temperature-actuated means for con-
trolling said plural-position switches.

9. In an electrical heating system, the com-
bination with a main heating element having
a negative-temperature-resistance coefficient
the temperature of which is to be regulated,
a supply ecircuit, a transformer having a
plurality of spaced taps on the primary
winding, and a plurality of electromagneti-
cally operated switches for controlling the
connection of the supply circuit to the pri-
mary winding of the transformer, of a plu-
rality of plural-position switches for actu-
ating said electrically-operated switches,
temperature-controlled means for control-
ling said plural-position switches, and an
auxiliary heating element out of thermal
communication with the main heating ele-

ment for actuating said temperature-con-

trolled ‘means. o :
3. In an electrical’ heating system, the
combination with a main heating element

1,349,391

having a negative - temperature - resistance
coefficient, a .supply circuit, a transformer
having a plurality of spaced taps on the
primary winding, and a plurality of elec-
trically-operated switches for controlling
the connection of the supply: circuit to the
primary winding of saidp transformer, of
plural-position switches for actuating said
electrically-operated . switches, thermostats
for controlling said plural-position, switches
and an auxiliary-heating ‘element -out of
thermal commumcation-with.the main heat-
ing element. for actuating said.thermostats.

4. In an -electrical heating system, the
combination .with a main; heating element,
having: a negative - temperature - resistance
coefficient, a supply circuit, .a- transformer
having a plurality of spaged taps on the pri-
mary winding, and & plurality of electrically
operated. switches for .controlling the con-
nections of the supply-eircuit to the primary
winding of. the transformer,. of . plurality.
of pluralzposition. switchesfor causing said
electrically : operated :switceh.. to. .operate .in.

redetermined order, thermastats for actuat-.
ing said:plural-position switches, .and an
auxiliary  heating . element out .of thermal
communication withithe main heating ele-
ment for actuating said thermostats. ;" -

- 5. In- an electrical - heating .circuit, the
combination with a main heating element
having a negative-temperature resistance,
coefficient, a supply- circuif, a transformer
having a plurality of spaced taps on the pri-
mary winding; and a plurality of electrically
operated switches for icontrolling the con-
nection of the supply circuit to the primary
winding of said ' transformer, of plural-
contact relays for oa.using:sai(ifelectrieally_
operated switches t0 operate .on predeter-
mined order, a plurality.of.double-contact.
thermostats -for-actuating said. relays, and.
an auxiliary heatinﬁ elerrent out of thermal
communication with -the main heating ele-
ment for actuating said thermostats.

‘8. In an electrical heating system, the
combination ‘with a main heating element.
having a negative - temperature:- resistance
coefficient, a:supply circuit, a transformer
having an adjustable primary winding, and
a plurality of electromagnetically operated
switches for controlling the number of turns
of the primary -winding connected to said
supply circuit, of plural-contact relays for
operating said electromafnetically operated
switches, a_plurality of do
mostats for actuating said relays, and an
auxiliary heating element having a plu-

rality of sections.of different heating ca-.

pacities out of thermsl communication with
the main heating element for a¢tuating said
thermostats.. .. o0 o

%. In an electricdl ‘heating system, the
combination with a main heating element
having a negative - temperature - resistance

uble-contact ther-
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coefficient, a supply circuit, & transformer ing a prima and a secondary winding, said
having a primary and & secondary winding, prumary winding being provided with spaced
said primary winding being provided with ‘taps and said secondary winding being con-
spaced taps and said secondary winding be- nected to the main heating e ement, and
" ing connected to said main heating element, electromagnetic switches governing the con- 70
and electromagnetic switches governing the nection of the supply circuit to said taps, of
connection of the supply circuit to said plural-contact, lural-coil relays for con-
taps, of plural-contact telays for causing trolling said electromagnetic switches, 2
said electrical switches to vary the number plurality of double - contact thermostats
of turns of the primary winding connected adapted to control said relays, and an aux- 76
to said supply circuit, a plurality of double- iliary. heating element out of thermal com-
contact thermostats for actuating said re- -munication with the main heating element
h;ys, and an auxiliary heating element out for actuating said thermostats in predeter-
_of thermal communication with the main -mined order, whereby a substantially . con-
heating element and receiving current in stant current is maintained in said main 80
proportion to, and derived from, the cur- heating element.
rent in said main heating element for actu- 11. In an electrical heating system, the
ating said thermostats. combination with a main heating element

‘8. In an electrical heating system, the havinga negilti\'ertemperature-resistance co-
combination with a main heating element efficient, a supply circuit, a transformer hav- 85

having a negative-tempgra,ture—resistance ing a primary winding provided with spaced

coefficient, a supply circuit, a transformer taps and a secondary winding connected to

having a primary winding and a secondary said main heating element, and a plurality
winding, said primary winding being pro- of electromagnetic switches for selectively
vided with spaced taps and said secondary = connecting said taps to said supply circult, g0
winding being connected to said main heat- ©0f plural-contact, plural-coil relays for
ing element, arid ' electromagnetic switches controlling said electromagnetic switches, -
governing the connection of the supply cir- neans, comprising a thermostat, for actuat-
cuit to said taps, of plural-contact relays for 1ng one of said relays, to-cause 1ts cooper-
causing said electromagnetic switches to ating electromagnetic switch to open and to g5
vary the number of turns of the primary interrupt the circuit through the primary
winding connected to said supply oreuit, a  winding of said transformer, and an aux-
plurality of double-contact thermostats for iliary heating coil for controlling said ther-
actuating said relays, an auxiliary heating mostat said auxiliary heating coil being en-
element out of thermal communication with erglgeé by a current der1.ved from, and pro- 100
the main heating element and receiving cur- portional to, the current In the main heating
rent in proportion to, and derived from, the element and arranged to cause said thermo-
current in said main heating element for stat to operate whenever the current through
actuating said thermostats, and means for said main heating element exceeds a prede-

varying the proportion between the two cur- termined value. . 106
rent, values. 12. In an electrical heating element, the

9. In an electrical heating system, the combination with a main heating element
combination with a main heating element having a negative- temperature - resistance
having a negative-temperature—resistance co- coefficient, a._supply. circuit, a transformer
efficient, & supply gircuit, a transformer hay- having a primary winding provided with 110
ing a primary and a secondary winding, said spaced taps and a secondary winding con-.
primary winding being provided with nected to said main heating element, and a
spaced taps and the secondary winding plura}my of electromagnetic switches for
being connected to said main heating ele- selectively connecting said taps to the sup-
ment, and electromagnetic switches govern- {)ly circult, of plural-contact, plural-coil re- 115
ing the connection of the supply circuit to 12¥s for controlling said electromagnetic
said taps, of plural-contact, plural-coil re- switches, a double-contact thermestat for
lays for causing said electromagnetic actuating one of said relays, an auxiliary
switches to progressively increase the pum- heating element for controlling said ther-
ber of turns of the primary winding con- mostat, said auxiliary heat'mﬁ element. be- 120
nected to the supply circuit, a plumﬁty of ing energized by a current derived from,
double-contact thermostats adapted to con- and proportionalto, the current in the main
trol said relays, and an auxiliary heating heating element, and arranged to cause said
element out of thermal communication with thermostat to actuate one of said relays to
the main heating element for actuating said cause its codperating electromagnetic switch 126
thermostats in predetermined order. to interrupt the circuit through the pric

10. In an electrical heating system, the mary winding of snid transformer when-
combination with a main heating element ever the current through said main heating
having anegative—bemperaturé-res1stanoe co- elgment exceeds a predetermined amount
efficient, a supply circuit, a transformer hav- angd .to. restore the cireuit through the pri- 130
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mary winding after a predetermined lower
temperature 1s reached.

13. In an electrical heating system, the
combination with a main heating element
having w negative - temnperature - resistance
coefficient, a supply circuit, a transformer
having « primary winding provided with
space(T taps and a secondary winding con-
vected to said main heating elemént, and a
plurality of electromagnetic- switches gov-
erning the connection of said supply circuit
to said taps, of a plurality of double-con-
tact, double-coil, relays for controlling the
operation of said electromuagnetic switches,
said relays being electrically interlocked to
preclude more than one electromagnetic
switch being closed at one time, a plurality
of double-contact thermostats adapted to
actuate said relays, and an auxiliary heat-
ing coil out of thermal communication with
the main heating coil for controlling said
thermostats. ,

14. In an electrical heating system, the
combination with a variablé source of en-
ergy and a main heating element having a
negative temperature-resistance coefficient
adapted to be energized from said source
of energy, of means for selectively varying
the effect of said source of energy on said
Theating element, said means comprising a

1,349,301

plurality of plural-position relays, thermo-
stats for controlling said relays, and an auké
iliary heating element out of thermal com-
munication with the main heating element
and receiving current in proportion to, and
derived from, the current in said main
heating element for actuating said thermo-
stats.

15. In an electrical heating system, the
combination with a variable source of en-
ergy and a main heating element having a
negative temperature-resistance coeflicient
adapted to be energized from said source of
energy, of means for selectively varying the
effect of said source of energy on said heat-
ing element, said means comprising a plu-
ality of plural-position relays, thermostats
for controlling ~said relays, an auxiliary
heating element out of thermal communi-
cation with the main heating element and
receiving current in proportion to, and de-
rived from, the current in said main heat-
ing element for actuating said thermostats,
and means for varying the proportion. be-
tween the two current values. .

In testimony whereof, I have hereunto
stibscribed my name this seventh day of
March, 1919.

FRANK THORNTON , IR
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