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This invention relates to electric heating 
units, and particularly to an electric heater 
unit adapted to maintain itself automati 
cally at substantially constant temperatures. 

Electric heating units have become very 
desirable for domestic use in connection with 
household cook stoves, Ovens and also for 
commercial and scientific use in various 
folns of heaters, furnaces, Ovens, etc. To 
make such heating units commercially prac 
ticable and to adapt them to wide use, it is 
desirable that the heater be of cheap, eco 
nomical and rugged construction. It is also 
very desirable that such heating units be 
adapted to maintain the heated device at 
substantially constant temperatures. Sub 
stantially constant, temperatures in the 
heated device have hel'etofore been obtained 
by the use of suitable supplemental thermo 
stat control units. 

Resistors embodying a series of contact 
ing carbon blocks, commonly referred to as 
carbon pile resistors, have been previously 
proposed for various purposes other than 
heating. For example, carbon pile resistors 
have been proposed heretofore in which the 
inherent negative coefficient of resistance of 
the carbon unit was compensated for Sufi 
ciently to provide a resistor having substan 
tially no change in its resistance over a rela 
tively wide operating range. 
This invention differs fundamentally from 

the above mentioned types of resistors in 
that a heating unit is herein proposed, which 
unit automatically maintains itself at Sub 
stantially constant temperatures. This in 
sures a substantially constant temperature 
in the heated medium without the use of 
supplemental thermostat devices. This re 
sult is obtained by providing a heating unit 
which as a whole has a much larger positive 
temperature coefficient of resistance than 
that of any known metallic resistor. More 
over, the resistor portions of a heating unit 
enabodying my invention have a relatively 
large heat transmitting surface and are or 
dinarily in heat conducting relation with 
the object or body to be heated, whereby the 
heating unit may be operated at tempera 
tures relatively close to that of said heated 
body. Owing to the very high temperature 
coefficient of resistance thereof, the resist 
ance of the complete unit increases very 
rapidly with slight increases in its tempera 
ture, thus automatically reducing the energy 
input to the resistor when the operating 
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temperature of the heating unit increases 
but slightly. The heating element herein 
proposed may, therefore, be said to inher 
ently maintain itself at a substantially con 
stant Operating temperature as distinguished 
from previously proposed heating units 
which operate at materially higher tempera 
tures than the medium being heated and 
which attempt to maintain a substantially 
uniform temperature in the heated body 
through changes in the electric current tra 
versing the resistor effected by the operation 
Of thermostatic devices. 
An object of this invention is to provide 

a self-controlling electric heating unit hav 
ing a very high positive temperature co 
efficient of resistance, whereby the tempera 
ture of Said unit may be maintained substan 
tially constant within very narrow limits. 
A further object of the invention is to 

provide a heating unit, the resistor portions 
of which may be maintained at temperatures 
but slightly greater than that of the object 
to be heated, whereby ruggedness and lon 
gevity of the heating unit may be readily 
obtained. 
Another object of my invention is to pro 

vide a heating unit adapted to maintain 
itself within very close limits at predeter 
mined adjusted temperatures. 
A further object of this invention is to 

provide an electrical heating unit compris 
ing a multi-part resistor of relatively small 
temperatule coefficient of expansion cooper 
ating with a material of relatively high ten 
perature coefficient of expansion. So arranged 
that thc heating unit as a whole will have a 
relatively high positive temperature coeffi 
cient of resistance. 
A further object of the invention is to pro 

vide an electrical heating unit which will 
very rapidly heat up to a predetermined de 
sired operating temperature. 
Another object of this invention is to pro 

vide an electrical heating unit of simple, 
rugged and economical construction for use 
in cook stoves, ovens and other heating de 
vices. 
Other objects of the invention will be ap 

parent to those skilled in the art from the 
description of it hereinafter given. 

In the accompanying drawings: 
Figure 1 is a horizontal longitudinal Sec 

tion of a heating unit in which aligned re 
sistor blocks or bodies are disposed within a 
container; 
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2. 

Fig. 2 is a vertical longitudinal section of 
the heating unit shown in Fig. 1; 

Fig. 3 is a longitudinal section of a heat 
ing unit in which resistor blocks are dis 
posed within a closed tube; 

Fig. 4 is sectional view on line 4-4 of 
Fig. 3; 

Fig. 5 is a longitudinal section of a form 
of heating unit in which resistor particles or 
bodies are disposed within a closed con 
tainer: 

Fig. 6 is a sectional view on line 6-6 of 
Fig. 5; 

Fig. 6 is an enlarged sectional view of 
the pressure applying means and adjacent 
portions shown in Figs. 1, 2, 3 and 5; 

Fig. 7 is a longitudinal section of another 
form of heating unit in which apertured re 
sistor blocks are mounted on a rod; 

Fig. 8 is a sectional view on line S-S of 
Fig. 7: 

Fig. 9 is a sectional view on line 9-9 of 
Fig. 10 showing a heater in which resistor 
blocks are disposed within a circular con 
tainer and adjacent to the walls thereof; 

Fig. 10 is a vertical section on line 10-10 
of Fig. 9; 

Fig. 11 is a plan view of a heating unit in 
which resistor blocks and a cooperating 
member are arranged in spiral form; 

Fig. 12 is an elevation, partly in section, 
on line 12-12 of Fig. 11; 

Fig. 13 is a horizontal section of a heat 
ing unit in which resistor blocks are ar 
ranged in aligned relation within a spiral 
tube; 

Fig. 14 is a vertical section on line 14-14 
of Fig. 13; 

Fig. 15 is a plan view of another form 
of heating unit in which resistor blocks and 
a cooperating member are arranged in Spi 
ral form; 

Fig. 16 is an elevation, partly in section, 
on line 16-16 of Fig. 15; 

Fig. 17 is a plan view, partly in section, 
of a form of heating unit in which resistor 
blocks are arranged in aligned relation with 
in a spiral cavity formed between two co 
operating members: 

Fig. 18 is a vertical section on line 18-18 
of Fig. 17; 

Fig. 19 is a plan view, partly in section, 
of a form of heating unit in which apertured 
resistor blocks are mounted on a spiral rod; 

Fig. 20 is a sectional view on line 20-20 
of Fig. 19: 

Fig. 21 is an enlarged view of a form of 
resistor block or body; 

Fig. 22 is an enlarged view of another 
form of resistor block; 

Fig. 23 is an enlarged view of a rectan 
gular resistor block; 

Fig. 24 is an enlarged view of a resistor 
block having cylindrical convex ends; 

Fig. 25 is an enlarged view of a resistor 
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block having one cylindrical concave and 
one cylindrical convex end; 

Fig. 26 is an enlarged view of an aper 
tured spherical resistor block; 

Fig. 27 is an enlarged view of a cylindri 
cal resistor block having one spherical con 
cave, and one spherical convex end; 

Fig. 28 is an enlarged view of a cylindri 
cal resistor block having spherical convex 
ends; 

Fig. 29 is a view showing various forms 
of resistor particles for use in a form of 
heating unit similar to that shown in Figs. 
5 and 6; and 

Fig. 30 is an enlarged sectional view of 
a resistor block provided with an electrical 
insulating shell. 
One form of heating unit contemplated by 

my invention may comprise a series of sub 
stantially contacting aligned resistor blocks 
or bodies disposed adjacent to a confining 
or cooperating or expansion member adapt 
ed to receive heat from said blocks. Said 
cooperating member preferably has a rela 
tively high temperature coefficient of expan 
sion with respect to that of said blocks, and 
if electrically conductive, is insulated from 
Said blocks. Electric connections are pro 
vided whereby electric energy, preferably at 
constant voltage, may be passed through 
said aligned blocks. It may be noted that 
Ordinarily a large proportion of the electric 
resistance of said series of blocks is due to 
the contact l'esistance between adjacent 
blocks. - 

Adjustable pressure applying means is 
provided whereby said blocks may be placed 
under an adjustable predetermined initial 
longitudinal pressure. Said pressure ap 
plying means cooperates with said cooperat 
ing member so that the pressure between the 
resistor portions will be decreased on expan 
sion of said cooperating member, due to 
heat received from said resistor blocks, and 
vice versa. The temperature at which the 
heating unit is maintained is dependent upon 
the initial pressure placed upon said blocks 
by said pressure applying means. In a heat 
ing unit as above described, it will be seen 
that when the series of blocks has substan 
tially attained the desired temperature, a 
slight further increase in temperature will 
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cause reduction of the mutual pressure be 
tween said blocks and hence considerably in 
crease the resistance of the entire series of 
blocks. Thus I have provided a heating 
unit which, due to its high temperature co 
efficient of resistance, is adapted to main 
tain itself at predetermined temperatures 
within very close limits. 

It may be further mentioned that, on ac 
count of the extent and character of contact 
between the series of resistor blocks and the 
body to be heated, the temperature of said 
resistor blocks may be but slightly higher 30 
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than that of the heated object, thereby in 
creasing to a very appreciable degree the life 
of the heating unit and rendering possible a 
ther nostatic control based in part on the 
temperature of the resistor. 

In Figs. 1 and 2 is shown one form of 
heating unit contemplated by ny invention, 
comprising a container 1, which may be of 
metal and which preferably has a high tem 
perature coefficient of expansion. Disposed 
within said container 1 is a series of substan 
tially contacting aligned resistor blocks or 
bodies 2, which may be composed of any 
suitable resistor material, such as, for ex 
ample, compressed graphite. The container 
1 is adapted to receive heat from the resistor 
blocks when said blocks 2 are heated, and is 
electrically insulated therefrom by suitable 
insulating means 3, such as vitreous enamel, 
inica, etc. Electric energy may be supplied 
to said blocks 2 through conductors 4 and 5, 
which, in turn, al'e shown as contacting elec 
trically with the conducting blocks 6 and 7. 
the electric energy being transmitted 
through the series of blocks 2 between the 
conducting blocks 6 and 7. The blocks 6 and 

assist also in applying pressure to Said 
blocks 2. As will be more readily seen by 
reference to Fig. 6", a threaded spindle S is 
adapted to move through the threaded boss 
9. One end of said spindle S is operatively 
connected to the block 7 and insulated there 
from and the other end of the spindle S is 
shown as provided with a knurled head 10. 
Thus by turning the head 10 the resistor 
blocks 2 may be compressed between the 
blocks 6 and 7 to any desired degree. The 
higher the operating temperature of the 
heating unit desired, the greater is the initial 
longitudinal pressure imposed upon said 
blocks 2. 

In Figs. 3 and 4 is shown a heating unit 
comprising a closed tube 11 in which is dis 
posed a series of substantially contacting 
aligned circular resistor blocks 12. The end 
13 may be suitably affixed to the tube 11 by 
any suitable means, as by welding. The elec 
tric conducting blocks 14 and 15 are prefer 
ably similar in cross section to resistor 
blocks 12, and are similar in construction 
and function to the blocks 6 and 7 of Fig. 1. 
Insulating means 3, conductors 4 and 5, spin 
dle 8, boss 9 and knurled head 10 are similar 
in construction and function to the corre 
sponding members described under Figs. 1 
and 2. 

In Figs. and 8 is shown another form of 
heating unit in which a series of apertured 
resistor blocks 16 is disposed on a rod 17, 
which is provided with an enlarged portion 
18 at one end and a threaded portion 19 at 
the other end. Conductors 20 and 21 are 
connected respectively to blocks 22 and 23, 
whereby electric energy may be readily sup 
plied to the blocks 16, Electric insulation 24 

is disposed between the rod 17 and blocks 
16, 22 and 23 between the enlarged portion 18 
and block 22, and between block 23 and 
member 26. Pressure may be imposed upon 
the resistol blocks 16 by turning the nut 25, 
whereby the pressure is transmitted through 
the member 26 and block 23 to the l'esistol 
blocks 16. 

Heaters embodying my invention and ar 
ranged in spiral form are advantageous for 
many purposes since thereby a relatively 
large heating surface can be arranged in a 
Small space. Thus such heating units might 
be advantageously employed in domestic 
stoves for hot plates. In Figs. 13 and 14 is 
shown a spiral tubular form of heatei' which, 
except for its spiral shape, is quite similal' in 
its general characteristics to the heating unit 
shown in Figs. 3 and 4. Within the spiral 
tube 27, which is preferably of metal, are 
shown a series of spirally aligned resistor 
blocks 28. The blocks 28 as shown are of 
substantially cylindrical shape with spheri 
cally convex ends, whereby the blocks 2S 
may readily contact. One with another, re 
gardless of the cul' vature of the spiral. The 
blocks 28 are suitably insulated from the 
metal tube 27 by any suitable insulating 
means 29. At the inner end of the spiral is 
shown an electric conductor 30 connected to 
a fixed conducting block 31, which block 31 
is insulated from the tube 27 and against 
which one of the resistor blocks 28 abuts. 
At the outer end of the spiral an electric con 
ductor 32 is connected to a conducting block 
33 fixedly disposed adjacent the outer end of 
the spiral 27 but insulated therefrom. yov 
able through the block 33 is the threaded 
spindle 34 having a knurled head 35 and 
provided at its inner end With an enlarged 
portion 36. By suitably turning the head 35, 
the resistor blocks 2S may be placed under a 
predetermined pressi'e between the no vable 
portion. 36 and the stationary block 3 . A 
spiral heater contemplated by my invention 
may be disposed entirely in one plaine as 
shown in Figs. 13 and 14 or may be disposed 
in a plurality of planes as in the case of a 
spiral ascending about a cylindrical space. 

In Figs. 17 and S is show in : nother for 
of spiral heater in which a spiral tihular 
cavity is formed between the cooperating 
metal members 37 and 38, which neinbers 
may be suitably affixed in cooperative rela 
tion, as by welding. Within the cavity are 
shown the spirally aligned resistor hocks 
39, which in this case are shown as cylin 
drical in shape, one end of which being 
spherically concave and the other end spher 
ically convex, whereby the blocks 39 may 
readily contact one with another, regardless 
of the curvature of the spiral. Between the 
resistor blocks 39 and the members 37 and 
38 is disposed suitable electric insulating 
means (not shown), A3, the innei end of .. 
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the spiral is the electric conductor 41, con 
nected to the conductive block 43, which is 
disposed at the inner end of the spiral cavity 
and which is also suitably electrically in 
stilated from the portions 37 and 38. At the 
outer end of the spiral is the electric con 
ductor 43 attached to the conductive block 
44, which block is fixedly mounted at the 
outer end of the spiral cavity and insulated 
from the sides thereof. Movable through 
the block 44 is the threaded spindle 45 pro 
vided with a knurled head 46 and connected 
at the inner end thereof by a suitable joint 
with the member 47 through which pressure 
may be exerted upon the series of resistor 
blocks 39. 

in Figs. 19 and 20 is shown a form of 
heating unit somewhat similar to that shown 
in Figs. 7 and S but spiral in form. On the 
spiral rod 48 is disposed a series of spirally 
aligned apertured resistor blocks 49. The 
blocks 49 are shown as being substantially 
spherical in shape. The rod 48 is provided 
with a suitable insulating coating 50. At 
the inner end of this spiral is an elect tic 
conductor 51 connected with a conducting 
block 52 held in position by the enlarged end 
53 of the rod 48 and insulated from said 
rod 48 and said end 53. One of the resistor 
blocks 49 abuts the block 52. At the outer 
end of the spiral is an electric conductor 54 
which is connected to a conducting block 
55. On the outer threaded end of the rod 
48 is a knurled nut 56, which is adapted to 
move the block 55 to thereby place the series 
of Jesistor blocks 49 under a predetermined 
pressure. 

in Figs. 9 and () a circular form of heater 
is shown in which a series of circularly 
aligned resistor blocks 57 is shown as dis 
posed within a circular container 5S and ad 
jacent to and closely following the curvature 
of the inner or concave wall thereof. Elec 
tric insulating means 60 is disposed inter 
mediate the blocks 57 and containe' 58. Ad 
jacent to one end of Said series of blocks is 
an electric conductor 61 connected to a suit 
able binding post 62, which, in turn, sup 
ports a conducting block 63 in fixed relation 
adjacent to one end of said series of blocks. 
Adjacent to the other end of said series is 
a conductor (34 connected to a binding post, 
(35, which supports in fixed relation a con 
ducting block 66. Aiovable through the 
block 66 is a threaded spindle 67 provided 
at one end with a knui led head 68. The 
other end of said spindle 67 is connected 
through a suitable joint to a block 69 ad 
jacent to the other end of the series of re 
sistor blocks. By turning the head 68 any 
predetermined longitudinal pressure may be 
imposed on the series of resistor blocks 57. 

it will be noted that in this construction 
a component of the pressure exerted longi 
tudinally on the blocks 57 presses said blocks 
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radially against the inner concave wall of 
the container 58 with a force proportional 
to the said longitudinal pressure, whereby 
transmission of heat from said blocks to said 
container 58 is facilitated and whereby the 
blocks are caused to retain the desired 
aligned position. It will be observed, of 
course, that a curvature of relatively large 
radius is sufficient to obtain the above men 
tioned desirable characteristics. The con 
ductivity of the heat from said blocks to said 
container is, of course, Substantially in pro 
portion to the heat produced by said blocks, 
so that the temperature difference between 
the blocks and the containei may remain 
substantially constant regardless of the 
amount of heat produced. 
To illustrate the operation of my inven 

tion, a heating unit similar to that shown in 
Figs. 9 and 10 was operated continuously for 
about five weeks at definite predetermined 
temperatures throughout a range from 35 to 
25 degrees centigrade. The resistor blocks 
employed were of graphite and were sub 
stantially rectangular in shape, the width of 
(each block between junctions being approxi 
mately it'. At temperatures of about 100° 
C. the temperature of the heater was main 
tained constant within 2° for periods of sev 
eral hours. At this temperature the voltage 
drop across each junction between adjacent 
blocks was substantially 4, volt. At higher 
temperatures higher voltages may be main 
tained between the resistor portion. How 
ever, the voltage drop across each inction 
and the voltage across the entire division is 
preferably maintained at as low a magnitude 
as possible in order to prevent possible arc 
ing between the resistor portions and, in 
general to give the best operating results. 
At the end of the five weeks run, no visible 
deterioration of the resistor portions was 
noted. Preferably, during the operation of 
my heating unit the voltage of the energy 
supply is maintained substantially constant. 
It has been found, however, that commercial 
sources of electric energy have been satisfac 
tory from this standpoint, the device itself 
compensating for any normal variation in 
the applied voltage. This feature will be 
understood from the consideration that a 
minor change in the voltage of the source 
of energy to which the heating unit is con 
nected will be partially compensated for by 
the inherent operation of the resistor. A 
slight decrease in the applied voltage causes 
the current flowing through the resistor to 
decrease and this causes a slight cooling of 
the resistance unit. The cooling of the re 
sistance unit decreases the resistance as pre 
viously explained and thereby causes an in 
creased current to flow. 

In Figs. 15 and 16 is shown a form of 
heating units in which a series of spirally 
aligned resistor blocks 70 are disposed in 
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cooperative relation with a spiral cooperat 
ing member 71. Between the base 72, and 
the blocks 70 and members 71 is disposed 
electrical insulation 73. Between the blocks 
70 and the spiral member 71 is disposed 
electrical insulation (not shown). The inner 
end of the spiral member 71 is fastened to 
but insulated from the conducting block 74. 
The Outer end of the spiral member 71 is 
connected to but insulated from the fixed 
conducting block 75. Conductor 76 is con 
nected to the block 74, and conductor 77 to 
the block 75. Movable through the block 
75 is the threaded spindle 78 provided with 
a knurled head 79 at one end and connected 
at the other end through a suitable joint to 
the block 80. By turning the head 79 a 
predetermined longitudinal pressure may be 
applied to the spirally aligned blocks 70. 
The blocks 70 are shown as having one end 
of cylindrical concave shape and the other 
end of cylindrical convex shape, whereby 
adjacent blocks may readily contact with 
each other whatever the curvature of the 
spiral. 
In Figs. 11 and 12 is shown a spiral form 

of heating unit in which spirally aligned re 
sistor blocks 81 are disposed between the 
fixed blocks 82 and 83, adjustable pressure 
on the resistor blocks being obtained by mov 
ing a spiral cooperating member 84. The 
member 84 is fixed at its inner end to the 
block S2 but insulated therefrom. The outer 
end of the member 84 is affixed to the spin 
dle S5. The resistor blocks 81 are shown as 
cylindrically convex at one end and cylin 
drically concave at the other end, whereby 
said resistor blocks may readily contact one 
with another regardless of the curvature of 
the spiral. Connected to the conducting 
block 82 is the electric conductor 86, and con 
nected to the conducting block 83 is the 
conductor S7. The blocks 81 and member S4 
are electrically insulated from the base SS 
by insulation 89. The blocks 81 are insulat 
ed from the member 84 by suitable insula 
tion (not shown). Mounted on the base SS 
is a member 90 through which is movable a 
threaded spindle 85, which is provided with 
a head 91 at one end, and to the other end 
of which is attached the spiral member 84. 
By turning the head 91, the length of the 
spiral 84 between the stationary blocks 82 
and 83 may be shortened to thereby impose 
a predetermined pressure upon the aligned 
blocks 81. 
In Figs. 5 and 6 is shown a modified form 

of heating unit in which a plurality of re 
sistor particles or bodies are employed. The 
resistor particles 92, which may be of any 
suitable shape, are shown as confined within 
a closed tube 11. The end 13 may be suitable 
affixed to the tube 11 by any suitable means, 
as by welding. The blocks 14 and 15 are 
shown as similar to the corresponding blocks 
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14 and 15 in Fig. 3. Insulating means 3, 
conductors 4 and 5, spindle 8, boss 9 and 
handle 10 are similar in construction and 
function to the corresponding members de 
scribed under Figs. 1 and 2. Initial pressure 
is imposed on the resistor particles 92 by 
turning the knurled head 10, and thereby 
causing the block 15 to move toward the 
block 14. 
The resistor blocks adapted to be employed 

in heating units of my invention may be of 
various shapes, several forms of which have 
been discussed in the above description. In 
Fig.21 is shown a resistor block 100 of trap 
eZoidal cross-section, such as might be em 
ployed in the form of heater unit shown in 
Fig. 9, although a rectangular form of re 
sistor block 101, as shown in Fig. 23, may al 
so be employed in the heater shown in Fig. 
9. The block 101 is of substantially the 
same shape as that shown in Fig. 1. In Fig. 
22 is shown a cylindrical form of resistor 
block 102 substantially similar to that shown 
in the heater in Fig. 3. In Fig. 24 is shown 
a resistor block 93, which may be satisfac 
torily employed in spiral heater units such 
as shown in Figs. 11 and 15. The ends of 
the block 93 are both shown as cylindrically 
convex, whereby said block may uniformly 
contact with adjacent resistor blocks regard 
less of the curvature in a spiral form of 
heating unit. The resistor block 103 shown 
in Fig. 25 is provided with one end of cylin 
drical concave form and the other end of cy 
lindrical convex form, whereby the block 
may be readily employed in a curved or 
spiral form of heater, such as, for example, 
the heater shown in Fig. 15. An apertured 
spherical form of resistor block 49 is shown 
in Fig. 26, which is substantially similar to 
the resistor block employed in the heater 
shown in Fig. 19. The cylindrical resistor 
block 104 shown in Fig. 27 is provided with 
one spherical concave end and one spherical 
convex end, whereby electrical contact may 
readily be obtained between the adjacent 
blocks when employed in a curved or spiral 
heater. The cylindrical resistor block 94, as 
shown in Fig. 28, is provided with spherical 
ly convex ends and shows in an enlarged 
form substantially the same form of resistor 
block shown in Figs. 13 and 14. Resistor 
blocks provided with curved ends, such as 
above described, may also be employed, of 
course, in straight forms of heaters. In 
Fig.29 are shown various forms of resistor 
particles adapted for use in a form of heat 
ing unit such as shown in Figs. 5 and 6. 
The particles 95 are represented as being 
of irregular shape. However, it may be de 
sired in a heating unit such as shown in 
Figs. 5 and 6 to employ particles of uniform 
shape and size. In such case, spherical par 
ticles 96 or rectangular particles 97 may be 
employed. 
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In Fig. 30 is shown a resistor block 98 pro 
vided with an insulating shell 99 which may 
be of any suitable material, having prefer 
ably the same temperature coefficient of ex 
pansion as the resistor material. Thus, with 
a resistor block such as of graphite there 
may be employed an insulating shell com 
posed of material such as porcelain or alun 
dum. If a block 98 were employed in a 
heating unit such as shown in Figs. 13 or 
17, other insulation would be unnecessary 
between the resistor blocks and the walls of 
the spiral cavity of the heater. 
The operation of a heating unit contem 

plated by my invention may be understood 
by reference to the construction shown in 
Figs. 1 and 2. The resistor blocks or bodies 
2 are placed under a certain predetermined 
initial longitudinal pressure between the 
conducting blocks 6 and 7. The longitudi 
nal pressure through the series of resistor 
blocks is, of course, exerted in the direction 
of passage of the current through the blocks, 
regardless of whether the series of blocks 
is arranged in straight or curved align 
ment. The higher the operating tempera 
ture desired the greater is the initial pres 
sure imparted to the series of resistor blocks. 
By connecting the conductors 4 and 5 to a 
suitable source of alternating or direct cur 
rent, electric energy, preferably at a con 
stant voltage, is passed through the series 
of resistor blocks 2. Heat is developed from 
said electric energy, due in part to the re 
sistance of each block 2 and in part to the 
contact resistance between adjacent resistor 
blocks. A portion of the heat generated is 
transmitted to the container or expansion 
member 1, which has a relatively large ten 
perature coefficient of expansion with respect 
to that of the resistor blocks. 
The temperature of the heating unit rises 

to the predetermined temperature, the cur 
rent meanwhile constantly diminishing at 
which predetermined temperature the heat 
generated within the heating unit is equal 
to the heat dissipated thereby. Thus, con 
sidering the operation of the unit when the 
desired temperature has been reached, fur 
ther increase in temperature of the container 
1 decreases the pressure between adjacent re 
sistor blocks and thereby greatly increases 
the resistance of the series, thus reducing 
the current and consequently the heat de 
veloped. The container 1 is thereby slightly 
cooled and contracts, thereby appreciably in 
creasing the pressure between adjacent re 
sistor blocks and hence decreasing the re 
sistance of the series. The current is thus 
increased and also the rate of development 
of heat, whereby the container 1 is slightly 
increased in temperature. The above cycle 
continues during the operation of the heat 
ing unit. Thus it will be seen that my heat 
ing unit has a very high temperature coeffi 
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cient of resistance, greater than that of any 
known metallic resistor, as a result of which Substantially constant temperatures may be 
maintained with variations of but very 
Small magnitude. 

It may be noted that other things being 
equal, the sensitivity of the heating unit, 
namely, the closeness of temperature control 
thereof is proportionate to the distance be 
tween the junctions of the resistor portions. 
Thus, where the resistor blocks are relative 
ly long, the length of the cooperating mem 
bel' is proportionately increased and hence 
a Smaller increase of tenpei'ature is neces 
sary to decrease the pressure between adja 
cent resistor blocks. Thus, the degree of 
sensitivity desired in a heating unit may be 
controlled by the size of resistor portions 
employed, and if it be desired to have the 
temperature range relatively large this can 
be secured by using a larger number of re 
sistor blocks per unit of length of the heat 
ing unit. 

It will thus be noted that my device main 
tains a substantially constant temperature 
with the desired degree of sensitivity, which 
may be varied, for example, by the size and 
number of resistor blocks, as previously set 
forth. 

Resistor blocks and resistor particles em 
ployed in heating units contemplated by my 
invention may be of any suitable material, 
preferably of high resistance. Various 
forms of carbon, including compressed 
graphite, have been found satisfactory for 
this purpose. Graphite is particularly ad 
vantageous due to its low coefficient of ther 
mal expansion. Although carbon has a 
negative temperature coefficient of resist 
ance, my invention is not confined to the 
use of resistor portions of this character. 
in general, resistor blocks of as high resist 
ance as possible are desirable, as thereby the 
number of resistor blocks which must be 
employed in a heating unit for use with 
electric energy of a given voltage may be 
greatly reduced. 
The cooperating member, support or con 

tainer employed in heating units embody 
ing my invention have preferably a very 
high temperature coefficient of expansion 
with respect to that of the resistor material. 
Thus iron, copper, brass, aluminum and 
metals of similar character are very desir 
able for such use. 
The resistor material may be electrically 

insulated from the container or cooperating 
lnenber by any suitable means. For ex 
ample, the cooperating member may be vit 
reous enamelod. This method is very satis 
factory, particularly for ferrous members. 
Mica might also be employed as insulat 
ing material. Furthermore, resistor blocks 
may themselves be provided with an insu 
lating coating such as shown in Fig. 31. 
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Such resistor blocks are advantageous where 
the cooperating member is of a material not 
readily vitreous enameled, such as, for ex 
ample, copper, brass or aluminum. 

It will thus be seen that I have provided 
a heating unit which is adapted to maintain 
itself automatically at substantially constant 
temperatures. 

It will furthel be noted that i have pl"O- 
vided a heating unit of relatively simple 
and substantial construction and Of Vely 
high temperature coefficient of resistance. 

it will horeover be seen that I have pro 
vided an electrical heating unit which will 
very rapidly heat up to a predetermined de 
sired operating temperature and which will 
maintain itself at the operating temperature 
with the desired sensitivity. 

Furthermore, it is to be understood that 
the particular forms of apparatus shown 
and described, and the particular procedure 
set folith, al'e presented for purposes of ex 
planation and illustration and that various 
modifications of said apparat is and proce 
dure can be made without departing from 
my invention as defined in the appended 
claims. 
What claim is: 
1. In an electrical heating unit adapted 

to lnaintain substantially constant temper 
atures, in combination, a plurality of electri 
cally conductive resistor bodies, confining 
means disposed in electrical insulating and 
heat receiving relation to said resistor bodies 
and adapted to place said bodies under a 
predetermined initial pressure, said confin 
ing means being adapted to vary the pres 
Sure between said resistol bodies inversely 
with the variation in temperature of said 
confining means. 

2. In an electrical heating unit adapted to 
maintain substantially constant tempel'a- 
tures, in combination, a plurality of electri 
cally conductive resistor bodies, means of 
relatively high temperature coefficient of ex 
pansion confining said resistor bodies, and 
means for passing current through said re 
sist or bodies, whereby said bodies may be 
heated and may maintain said confining 
means at substantially constant predeter 
mined temperatures. 

3. In an electrical heating unit adapted 
to maintain substantially constant tempera 
tures, in combination, a plurality of electri 
cally conductive resistor bodies, a confining 
means of relatively high temperature coeffi 
cient of expansion adapted to confine said 
resistor bodies and to receive heat therefron, 
means associated with said confining means 
to apply a predetermined pressure to said re 
sistor bodies, and means for passing electric 
current through said resistor bodies, where 
by said bodies may be heated to maintain 
said confining means at Substantially con 
stant predetermined temperatures. 
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4. An electrical heating unit comprising 
a plurality of substantially aligned elec 
trically conductive resistol’ portions, a con 
fining means disposed in electrically insulat 
ing and heat l'eceiving relation to said 'e- 
sistor portions and adapted to place said 
portions under a predetermined initial pres 
sure and to naintain said portions in aligned 
relation, adjustable means to vary said ini 
tial pressure, and means for passing cu'rent 
through said 'esistor portions. 

5. An electrical heating unit comprising 
a plurality of substantially aligned electii 
cally conductive resistor blocks, a confining 
means adapted to place said blocks in 
aligned l'elation undel' a predetermined ini 
tial pressure, adjustable means to vary said 
initial pressure, and means for passing cul'- 
rent through said resistor blocks, whereby 
Said confining means may be maintained at 
substantially constant predetermined ten 
peratures. 

6. In an electric heating unit adapted to 
illaintain itself at substantially constant tell 
peratures, in combination, a series of sub 
stantially contacting aligned resistor blocks, 
a member having a relatively high tempera 
ture coefficient of expansion with respect 
to that of said blocks disposed in coopera 
tive relation to said blocks and adapted to 
receive heat therefronn, means for electrical 
ly insulating said member from said blocks, 
means for supplying electric energy to said 
aligned blocks, and means for placing said 
blocks under a predetermined initial longi 
tudihal pressure variable with the expan 
sion and contraction of said member due 
to heat received from said resistol blocks. 

7. In an electric heating unit adapted to 
maintain itself at substantially constant 
temperatures, in combination, a series of 
substantially contacting aligned resistor 
blocks, a support for said blocks having a 
relatively high temperature coefficient of ex 
pansion with l'espect to that of said blocks, 
said support being adapted to receive heat 
from said blocks, electrical insulating means 
disposed between the electrically conductive 
politions of said blocks and said support, 
electrical conductol's connected to the ends 
of said series of blocks whereby electric cur 
rent may be passed through said blocks, and 
cooperative means acting on the ends of said 
series of blocks adapted to place said blocks 
under a predetermined initial longitudinal 
pressure variable with the expansion and 
contraction of Said support due to heat re 
ceived from said resistor blocks. 

8. In an electric heating unit adapted to 
maintain itself at substantially constant ten 
peratures, in combination, a series of sub 
stantially contacting aligned l'esistor blocks, 
a support for said blocks having a relatively 
high temperature coefficient of expansion 
with respect to that of said blocks, disposed 
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electrical insulating relation to said blocks, 
said support being adapted to receive heat 
from said blocks, electrical conductor's con 
nected to the ends of said series of blocks 
whereby electric current may be passed 
through said blocks, a member disposed at 
One end of said series of blocks cooperating 
with an adjacent polition of Said support to 
form a stop for further movement of said 
blocks towards said member, and adjustable 
means disposed adjacent the other end of 
said Series of blocks, cooperating with an ad 
jacent portion of said support and adapted 
to apply a predetermined initial longitudi 
nal pressure to said blocks variable with the 
expansion and contraction of said support 
due to heat received from said resistor 
blocks. 

9. In an electric heating unit adapted to 
maintain itself at substantially constant 
tempei'atures, in combination, a series of Sub 
stantially contacting spirally aligned resis 
tor blocks, a container comprising a pair of 
cooperating metal members adapted to sub 
stantially enclose said blocks and maintain 
said blocks in said spirally aligned relation 
and having a relatively high temperature 
coefficient of expansion with respect to that 
of Said blocks, electrical insulating means 
disposed between the electrically conductive 
portions of Said blocks and said support, 
electrical conductors connected to the ends 
of said series of blocks whereby electric 
current may be passed through said blocks, 
a member disposed at one end of Said series 
of blocks cooperating With an adjacent por 
tion of said support to form a stop for 
further movement of said blocks towards 
said member, and adjustable means disposed 
adjacent the other end of Said series of 
blocks cooperating with an adjacent portion 
of said support and adapted to apply a 
predeterlinined initial longitudinal pressure 
to said blockS variable with the expansion 
and contraction of said Support due to heat 
received from said resistol blocks. 

i(). In an electric heater unit adapted to 
maintain itself at substantially constant 
temperatures, in coin bination, a container of 
relatively high temperature coefficient of ex 
pansioli, a plurality of resistor particles of 
relatively low temperature coefficient of ex 
pansion as compared with that of said con 
tainer disposed in substantially contacting 
relation and in close confinement within said 
container, said container being adapted to 
receive heat from said resistor particles, 
electrical insulating means disposed between 
said particles and said container, electrical 
conductor's disposed adjacent to said resistor 
particles whereby electric current may be 
passed through said particles, and coopera 
tive means adapted to place said particles 
under a predetermined pressure variable 
with the expansion and contraction of said 

J. VVVw a W 

container due to heat received from said 
resistor particles. 

11. In an electric heating unit adapted to 
maintain itself at substantially constant 
temperatures, in combination, a series of 
Substantially contacting aligned carbona 
ceous resistor blocks, a metal container for 
said blocks adapted to maintain said blocks 
in said aligned relation and having a rela 
tively high temperature coefficient of expan 
sion with respect to that of said blocks, said 
container being adapted to receive heat from 
said blocks, electrical insulating means dis 
posed between the electrically conductive 
portions of said blocks and said container, 
electrical conductors connected to the ends 
of said series of blocks whereby electric cur 
rent may be passed through said blocks, and 
cooperative means acting on the ends of said 
Series of blocks adapted to place said blocks 
under a predetermined initial longitudinal 
pressure variable with the expansion and 
contraction of said container due to heat 
sigceived from said resistor blocks. 
\12. In an electric heating unit adapted to 

imaintain itself at substantially constant 
temperatures, in combination, a series of re 
sistor blocks having curved ends, at least 
one end of each block being convexly curved, 
said blocks being arranged in substantially 
contacting curved alignment, a support for 
said blocks having a relatively high tem 
perature coefficient of expansion with re 
Spect to that of Said blocks, said support 
being adapted to receive heat from said 
blocks, electrical insulation disposed on said 
blocks adjacent said support, whereby said 
support is electrically insulated from said 
blocks, electrical conductors connected to 
the ends of said series of blocks whereby 
electric current may be passed through said 
blocks, and cooperative means acting on the 
ends of said series of blocks adapted to 
place said blocks under a predetermined in 
itial longitudinal pressure variable with the 
expansion and contraction of said support 
due to heat received from said resistor 
blocks. 

13. In an electric heating unit, in combi 
nation, a series of aligned graphite resistor 
blocks, an expansion member cooperating 
with said blocks along the linear extent 
thereof and arranged to receive heat there 
from and having a relatively high tempera 
ture coefficient of expansion with respect to 
that of said blocks, electrical insulating 
means disposed between said graphite blocks 
and said expansion member, means for pass 
ing electric current through said series of 
blocks to heat said blocks, and means to 
place said blocks under a predetermined in 
itial pressure longitudinally of said series 
of blockS variable with the expansion and 
contraction of said expansion member due 
to heat received from said resistor blocks. 
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14. In an electrical heating unit, in com 
bination, a substantially curved expansion 
member, a series of aligned resistor blocks 
disposed closely adjacent said expansion 
member on the concave side thereof and 
closely following the concave curvature 
thereof, said expansion member having a 
relatively high temperature coefficient of ex 
pansion with respect to that of said blocks 
and being arranged to receive heat from 
said blocks, said blocks being electrically in 
sulated from said expansion member, means 
for placing said blocks under a predeter 

9. 

mined initial pressure longitudinally of said 
series of blocks, whereby a component of 
said longitudinal pressure presses said 
blocks against said expansion member with 
a force proportional to said longitudinal 
pressure, said longitudinal pressure being 
variable with the expansion and contraction 
of said expansion member due to heat re 
ceived from said resistor blocks, and means 
for passing electric current through said se 
ries of blocks to heat said blocks. 
In testimony whereof I affix my signature. 

STERNE MORSE. 
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