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My present invention relates to electrical tially non-oxidizable or non-corrodible metal. resistance apparatus and more particularly sufficiently heat-resisting to withstand the 
to apparatus of the compression type. temperature occurring in use of the appara- 55 

It is an object of the invention to provide tus for instance, brass. The container has 
5 apparatus of the above type simple and rela- preferably a thin cylindrical wall 6 and a 

tively inexpensive in construction, the ohmage thin end or bottom wall 7 integral therewith 
of which while readily adjustable within in the neighborhood of inch in thickness. 
fine limits, shall, nevertheless, not be subject. By preference the bottom wall is in the form 60 
to undesired fluctuation or variation, even of a segment of a sphere convex externally 

10 when left in circuit continuously for a sub- and concave internally, although different 
stantial period of time. forms of curved surface may be employed. 

... - Certain preferred features of the invention Enclosed within the container 5 to com 
reside in the construction of a resistance unit pletely fill the same is a compression resist- 65 
embodying a container preferably cylindrical ance medium 8. This medium comprises : 

15 in shape, substantially filled with commi- preferably a mixture of conminuted graphite 
nuted resistance material, the walls of the and mica subdivided into small flakes, al 
container being preferably of thin heat-re- though any appropriate resilient mineral 
sisting material, the container being con- fiber may be used in this mixture in place of 70 
pletely closed to prevent escape of even the the mica. Other types of permanently re 

20 smallest particles of the resistance material, silient compressible resistance medium such 
part of said container being readily dis- as shredded carbonized cloth may also be 
placeable to vary the compression and, there- used. My invention does not reside in the 
fore the resistance of the included medium, particular resistance medium per se. Any 75 
the interior of the container wall contacted substance or mixture of substances prefer 

25 by the resistance medium being preferably ably in comminuted form, the conductivity 
devoid of projections of protuberances. of which will increase with the pressure ap 
Although the best results as regards cons plied thereto is satisfactory, provided it is 

stancy of resistance or conductivity of the either inherently resilient, or is associated 80 
unit for any particular setting are obtained with resilient means to effect increase of re 

30 when all of the preferred features are em- sistance when pressure is released. '-- 
ployed, it will be understood that satisfac- The container 5 has a flange or rim 9 forme tory operation may be brought about forcer- integal there with at it upper edge, the said 
tain purposes when one or more of these fea- flange furnishing a rest for the container 85 
tures are not utilized. within the casing 1. By preference an in 

35 Referring now to the drawings, sulating heat-resisting gasket 10 is inter 
Fig. 1 is a view in longitudinal section posed between support brackets 11 secured 

showing a preferred application of my in- to the inside of the casing, upon which brack 
vention; ets the gasket rests, the container in turn 90 

Fig. 2 is a fragmentary transverse section- resting upon said gasket. The container ex 
40 al view taken along the line 2-2 of Fig. 1 tends downwardly from the support brackets 

and; . o and the entire surface thereof is freely ex 
Fig. 3 shows a fragment of a modified posed within the casing 1, for a purpose 

form of diaphragm. which will appear below. as 
Referring now to the drawings, I have Preferably a diaphragm 12, completely 

45 shown by way of example a rheostat com- closes or seals the container against egress of 
prising a common form of enclosing casing even the smallest particle of the cpmminuted 
1 having a cover 2 and an operating handle resistance material contained therein. The 
3 with a pointer 4 to indicate the setting of diaphragm by preference is formed of asbes- 00 
the rheostat upon the usual form of scale tos or equivalent mineral fiber compressed 

50 (not shown) on the cover. into a thin felt and-held preferably between 
Within the casing 1, I provide a resistance layers of asbestos cloth, although wine mesh 

unit comprising a container 5 of a substan- may be employed for this purpose. If de 



2 

sired, a suitable inctal diaphragm 50 (Sce 
Fig. 3) may be used instead of the asbestos 
diaphragal, this diaphragm having prefer 
ably pressed out circuitferential grooves. 

5 The diaphragnu is electrically insulated from 
tic coli tailer preferally lay a second ius lat 
ing gasket 13 of heat-resisting material in 
terposed between the flange 9 of the contain 
er and thic rim 14 of the diaphragm. When 

10 the asluestos diaphragua is used, the gasket 13 
inlay. be omitted. 
Thc diaphragin is firmly secured at its rim 

with respect to the container, by means of 
bolts 15 which cxtend transversely through 

15 the rim 14 of the diaphragm, the gasket 13, 
the flange 9 of the container, the gasket 10 
and the brackets 11. The openings 16 and 17 
in the metallic diapliragua and in the con 
tainer flange through which the bolts extend 

20 are preferably substantially larger than the 
diameter of the bolts and spaced therefrom 
to prevent a short-circuiting between the dia 
pluragm and the container. 
The container 5 constitutes one of the 

25 electrical terminals of the resistance unit, 
an electrical conductor 18 being connected 
thereto preferably at the bottom thereof and 
extending to the exterior through an outlet 

- 41 in casing 1. The other electrical terminal 
30 preferably comprises a post 19 to which is 

connected a conductor 18 extending through 
an outlet 41 in the casing 1. The post 19 
extends upwardly or outwardly from the diaphragm and is preferably clamped ceni 

35 trally thereto by means of a pair of clamp 
ing washers 20 and 21 at opposite sides 
thereof, a nut 22 threaded upon the lower 
end of the post serving to clamp the dia 
hragm 12 between the washers 20 and 21. 
y preference the lower washer 21 is ex 

tended outwardly beyond the upper washer 
and beveled as at 23 so that the surface 
thereof in contact with the resistance me 
dium shall be substantially continuous with 

45 the adjoining. surface of the diaphragm as 
shown. The nut is preferably countersunk 
within the lower washer as shown at 24, the 
parts being so arranged that the nut and 
the threaded end of the post terminate sub 

60 stantially flush with the washer in order 
to provide a substantially smooth and con 
tinious surface without sharp projections 
or extensions in contact with the resistance 
medium. - 
Means is provided for ailjusting the pres 

40 

55 

sure upon the resistance Janelium 8 in the 
container to effect any electrical resistance 
within the range of the apparatus. This 
neans "may comprise a cylindrical cam wall 

60 27 rising from the upper end of the con 
tainer and having a pair of cams in the 
form of helical grooves 28 in which fit pins 
29 secured to and extending outwardly from 
a flange 30, upon a plate 31 concentric with 

(8 and of slightly smaller diameter than the 
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can wall. The plate 31 rests upon a washer 
32 which in turn rests upon a shoulder 33 
on post 19, a nut 34 sccuring the plate 
against upward movement with respect to 
post 19. The late 33 is free to revolve 
arolind pist 19 as an axis, and governs the 
Vertical displacement of said post. A coil 
spring 35 preferably encircles the post and 
preses at its upper end against the plate 31 
and rests at its lower cind upon a retainer 
plate 36. m 

Preferably the periphery 37 of retainer 
plate 36 together with the periphery. 14 of 
the closure diaphragm 12 are clamped be 
tween the can wall 27 and the flange 9 of 
the cylindrical side wall 6 by means of thc 
bolts 15 which extend through can wall 27, 

80 

retainer plate 36, diaphargah 12, gasket 13, 
container flange 9, gasket 10 and bracket 11. 
. The handle 3 upon the cover of the rho 
stat casing is connected with the container 
5 in sucla manner that rotation thereof will 
cause corresponding increase or decrease of 
the compression of the resisting medium. 
For this purpose the handle has secured 
thereto by any desired means an arm 38 pro 
vided at its extreme end with a fork 39 
straddling a pin 40 upon the plate 31. 

It will be understood that as the handle 
3 is turned the arm 38 will turn therewith 

8. 

90 

05 
and through the fork 39 and pin 40 it will 
cause a rotation of the disk31. For a clock 
wise rotation of the handle 3 in the specific 
embodiment shown, the pins 29 will travel 
downwardly along the cam grooves 28 and 
the plate 31 will thereby be forced down 
wardly and with it the post 19. This causes 
a depression of the diaphragmatic cover 12 
against the opposition of spring .35 and a 
corresponding compression of the resisting 
medium against the end or bottom wall i, 
with the consequent decrease in resistance, 
until the diaphragm reaches the limiting de 
pressed position shown in dotted lines. .. 
When the handle 3 is turned in the oppo 

site or counter-clockwise direction the plate 
31 is caused to rise by reason of the upward 
component of the travel of pins 29 within 
the can grooves 28 and the diaphragmatic 
cover 12 rises therewith, the expansion of 
the compressed resisting medium and the 
expansion of spring 35 also tending to press 
the diaphragm upwardly. The compression 
upon the resisting medium is thus decreased 
and the electrical resistance increased. The 
limiting position corresponding to maximum 
ohmage appears in full lines on the draw 
Ings. 
By preference the apparatus is so ar 

ranged as to cause the resistance medium to 
be completely short-circuited for one ex 
treme position of the handle. For this pur 
pose the conductors 18 and 18' have contacts 
42 and 42 respectively intermediate their 
ends and within the casing 1, said contacts 

OO 

s 
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being preferably aligned as shown, and an 
electrical contact arn 43 rotatable with the 
landle connects the contacts 42, 42 to short 
circuit the resistance when the pointer 4 on 
the landle is in position indicating zero 
sistance. 

By preference apertures 25. and 26 are 
provided near the top and near the bottom 
of the casing 1 to effect ventilation for car rying of the heat generated during opera 
tion in the resistance unit. 

I have discovered that by the use of a 
resistance unit of the character set forth, 

15 

20 

I achieve the desirable result of substantial 
constancy of conductivity for any particular 
setting, regardless how long the circuit in 
which the resistance unit is employed re 
mains closed. My resistance unit is, there 
fore, of particular utility in electrical regu 
lators and controllers where it is important 
to maintain a substantial constancy of re 
sistance and my relatively inexpensive unit 

30 

35 

40 

45 

50 

5 

0 

can, therefore, 
considerably more expensive electrical re 
sistance coil or grid resistances commonly 
used for such purposes.. 

In operation, the thin-walled container 5 
quickly becomes heated as the current gen 
erates heat by its 
sistance medium. eventilating current 
of air through passages 25 and 26 in the cas 
ing coming into contact with the entire sur 
face of the container exposed thereto, effec 
tively carries of the heat generated after 
the current has been on for a short period of 
time. Apparently, the temperature of the 
container walls remains substantially con 
stant after the circuit has been closed a very 
short interval of time and, therefore, no ex 
pansion or contraction thereof takes place 
thereafter. It seems to follow that the pres 
sure exerted by the walls 3. the resistance 
medium does not vary and, therefore, that 
no changes in ohmage will occur. I have cs 
tablished experimentally that the olhmage of 
my unit remains substantially constant for 
an setting regardless how long the circuit 
'inans closed. It is to be understood that 

the foregoing theory, as to the reason for 
this iniformity is merely tentative and may 

- be subject to modification. 
Substantial constancy of ohmage for any 

particular setting is reliably maintained in 
the use of a unit as set forth enbudying a 
contailer having thin walls of heat-resisting 
ulaterial, preferably cntirely exposed to the 
air, the vessel being completely sealed against 
escape of the resistance medium contained 
therein, there being a total absence of pro 
tuberances or projections extending into the 
resistance medium. In the case of smaller. 
installations it is also desirable, though not 
essential, that the walls of the container be 
not plane but convex or concave exteriorly, 
preferably the former, although in the case 

e 

used as a substitute for the 

age through the re-. 

of larger installations such construction is 
found to be of greater importance when the 
best results are to be obtained. It seeins that ordinary plane walls, more particularly ill 
larger installations, have a tendency to Sag 
inwardly under heat and to thereby change 
the pressure upon the resisting medium. This 
probably accounts for varying conductivities. 
With convex or concave walls of the charic 
ter set forth, on the other land, the conduc 
tivity nuaintains a constant value for any particular setting. This is probably ex 
plained at least in part, by the fact that such 
convex or concave walls have no tendency to 
S. 

f will, of course, be understood that my 
unit may be used in resistance starting boxes 
or in other apparatus which are not kept in 
circuit for more than a few seconds at a time 
and in which any substantial rise in conduc 
tivity is not particularly undesirable. 
that event although I prefer to use the for 
of container shown and described, and al 
though superior results are obtained by its 
use, sufficiently good results can be obtained 
where the walls of nay form of container are 
thick rather than thin, plane rather than 
curved and where the container is not coln 
pletely sealed. 
My resistance unit includes a completely 

In 
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closed container, the closure of which in the . 
preferred embodiment is a diaphragn) to 
permit displacement and compression of the 
resistance medium and to prevent escape 
thereof. It will be understood, lowever, 
that the broader features of my invention 
can be carried out by the use of a closed coin 
tainer in which any part of the wall thereof 
is flexible even though such wall portion be 
not resilient and in whicl compression is ef. 
fected by displacing a portion of the con 
tainer wall, utilizing the capacity of yield of 
the flexible portion, even though the pres 
sure be not applied directly at such flexible portion. 

It is also to be noted that although I pre 
fer to employ a metallic container, part or 
all of the wall may be of heat-resisting in 
sulating material 

It will be understood that as the resist 
ance medium is compressed to reduce the 
ohmage, the pressure is directly exerted 
against the bottom 7, the side wall of the 
container is placed under tension and the 
gaskets 10 and 13 under connpression. In 
some resistance devices, particularly when 
delicate and low olhmage control is wanted, 
it is desirable to place the resistance medium 
under considerable compression. The me 
tallic container although thin-walled will, in 
such cases, withstand the substantial tensile 
force applied thereto, and the gaskets will 
be of increased effectiveness under large 
pressures to form a tight joint and will thus: 
prevent loss of any of the resistance me 
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dium. Where the containe' wall is jade of 
insulating material of low tensile strength, 
it would have to be made thicker to resist 
breakage when allowed to extend freely be 
low the support brake in the manner dis 
closed, with the disadvantages heretofore in 
dicated. 

I claim- - 
1. An electrical resistance unit comprising 

in combination, a heat-resisting container, 
couniinuted electrical resistance material 
substantially filling said container, said con 
tainer having a flexible closure rigidly fixed 
thereto at its rinn to prevent escape of any 
part of -said resistance material, said clo surcheing displaceable to vary the compres-. 
sion and the electrical resistance of said en 
closed material, means for displacing said 
tainer. - . . . . 

2. An electrical resistance apparatus com 
closure and electrical terminals for said con-e 

. . . . ... " and thereby varying at will the resistance 

ing container having relatively thin end 
walls, comminuted resistance material sub-. 
stantially filling said container, one of said 
walls of said container being of flexible 
metal, means for exerting pressure upon the 
resistance material whereby the electrical re 
sistance imposed by the apparatus may be 
varied in accordance with the degree of pres 
sure exerted upon the flexible wall. 

3. The combination set forth in claim 2 
in which one of the end walls of the con 
tainer is of thin metal and constitutes a ter-. 
minal. 

4. An electrical resistance apparatus com 
prising in combination, a container having 

( 

5 5 

a curved heat-resisting side wall and a thin 
heat-resisting end wall, comminuted resist 
ance material substantially filling said con 
tainer, said container having a closure to 
prevent escape of any part of said resistance 
material, said closure being displaceable to 
vary the compression and the electrical re 
sistance of the enclosed material, the termi 
hals of said uit being one at said end wall 
and the other at said closure, said apparatus 
including operating means for displacing 
said closure, and thereby varying at will 
the resistance imposed by said apparatus. 

5. An electrical resistance apparatus com 
prising in combination, a container having 
end walls, one of whicl is of relatively thin 
metal, a leat-resisting wall clement connect 
ing said end walls to foru a sealed container, 
and counminuted resistance matcrial filling 
said container, said parts being constructed 
and arranged to permit displacement of one 
of said end walls, relative to the other to 
vary the compression and electrical resist 
ance of said resistance inaterial, said appa 
ratus including operating means for dis 
placing said closure, and thereby varying 
it wili the resistiuce imposed by said ppa 
ratus. 

prising in combination, a sealed heat-resist. 

a sphere with its convexity on the exterior: 

Jmedium. 
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6. An electrical resistance unit, comprising 
in combination, a container having a curved 
side wall, a curved end wall continuous 
there with, said end wall being of a thin heat 
resisting material, comminuted resistance. 70 
material enclosed within said container, said 
container having closure to prevent escape. 
of any part of said resistance material, said 
closure being displaceable to vary the com- - 
pression and the electrical resistance of the 78 
enclosed material. 

... An electrical resistance apparatus come 
prising in combination, a container formed 
of an integral piece of thin metal and com 
prising a cylindrical side wall and an end 80 
wall concave internally and convex exter 
nally, a resistance medium filling said com 
tainer, a closure for said container, and op 
erating means for displacing said closure, 

85 
imposed by said apparatus. . . . . 
8. An electrical resistance apparatus com 

prising in combination, a container having 
a cylindrical side wall, and an end wall of 
thinsheetmetal in the form of segment of: 
said end wall constituting an electrical ter. 
minal, resistance medium filling said con 
tainer, a closure for said container, and op. 
erating means for displacing said closure, 
and thereby varying at will the resistance 
imposed by said apparatus. 

9. An electrical resistance unit comprising 
in combination, an integral cylindrical heat. 
resisting container having a mineral fiber 100 
diaphragm closure, a compressible resistance. . . 
medium enclosed in said container, and 
means operable from the exterior of the con 
tainer for causing deflection of said closure, 
to yary the compression of said resistance 105 

10. An electrical resistance unit compris 
ing in combination, a cylindrical heat-resist 
ing container of thin material having a metal 
lic end wall, an asbestos. diaphragm closure, 110 
a compressible resistance medium substan 
tially filling said container, and means op 
erating upon said closure for deflecting the 
Sane to vary the compression of said re 
sistance medium. . 

11. The combination set forth in claim 6, 
in which the container is formed of an in 
tegral piece of thin metal, and comprises 
a cylindrical side wall and an eud wall con 
'ave internally and convex externally, and 
in which the closure is a ?lexible diaphragan 
sealing said container. 

12. An electrical resistance apparatus coin 
prising in combination, a container having a 
cylindrical side wall, a metalc end wall 25 
and a flexible diaphragm closure, an elec 
trical terminal secured to said closure, and 
can means cooperating with said closure to 
cause depression of s : .d. diaphragm in re 
sponse to a rotary actuating movement. 

5 
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13. An electrical resistance unit compris 
ing in combination, a container haying a 
side wall, a sheet metal end wall, a flexible 
diaphragmatic closure, an electrical terminal 
secured to said closure and centrally thereof 
and projecting outwardly therefrom, a cam 
wall rising from said container, cam pins. 
rigid with said terminal and cooperating 
with said cam wall, and means for causing 

O movement of said pins at will along said can 
wall for depressing said diaphragmatic. 
closure. . . . . . . . . . 

14. An electrical resistance unit compris 
ingig combination, a heat-resisting thin 
walled container a diaphragmatic flexible 
closure therefor, an electrical terminal se 
cured centrally to said closure and extending 
upwardly therefrom a cam wall secured to 
said container and extending upwardly. 
therefrom and having a pair of cam grooves, 
a flanged plate rotatable about said terminal 
and having pins extending outwardly from 
the flange thereof into said cam grooves, a 
spring coiled about said terminal and press 
ing at one end against said flanged disk, and 
a retainer for the other end of said spring, 
said retainer being rigid with said container. 

15. An electrical resistance apparatus com 
prising a sealed container having a metallic 
bottom wall and a yielding top wall, a rela 
tively unyielding, heat-resisting side wall 
constituting an electrical terrhinal, compres 
sion resistance medium substantially filling 
said container, casing enclosing said con 
tainer -electrically insulated . and spaced 
therefrom and means accessible from the ex 
terior of said casing for exerting variable 
pressure against said yielding top wall. 

16. An electrical resistance apparatus com 
prising a sealed container having a relative 
ly unyielding, heat-resisting side wall, and 
end walls, one of said walls being yielding, 
end wall terminals, a resistance medium in 
said container, said container being con 
structed to permit approach of said yielding 
end wall toward the other, a casing enclosing 
said container insulated and spaced there 
from, said casing having ventilating pas 
sages, and means accessible from the exterior 
of said casing for causing relative displace 
ment of said end walls to vary the compres 
sion and electrical resistance of said resist 
ance medium. 

17. An electrical resistance apparatus 
gomprising in combination a container hay 
ing a thin, heat-resisting side wal, a metal 
lic end wall convex in form and a dia 
phragmatic closure wall, a compression re 
sistance medium within said container, an 
enclosing casing, means supporting said con 
tainer within said casing and insulated 
therefrom, an operating handle upon the ex 
terior of said casing, and means connect 
ing said handle to said resistance medium 

s 

to cause compression thereof responsive to 65 
. actuation of said handle. 

18. An electrical resistance apparatus 
comprising-in combination, a container hav 
ing a cylindrical side wall, a convex end . 
wall continuous therewith, resistance medium 
within said container, longitudinally mov 

said resistance medium, cam means for caus 
ing movement of said means responsive to 
a rotary movement, an enclosing casing for 
said container insulated therefrom, operat 
ing means accessible from the exterier of 
said casing, and a connecting element be 
tween said operating means and said cam 
28S - - - , 

19. An electrical resistance unit compris 
ing in combination, a closed container, com 
minuted resistance material substantially 
filling the same, and an electrical terminal 
extending from the exterior through a wall 
of said container into contact with said re 
sistance material, the portion of said ter 
minal within said container being substan 
tially continuous with the container wall 
to avoid shap metallic edges, corners or 
projections within the container. 

20. An electrical resistance apparatus com 
prising in combination, a resistance unit in 
cluding a heat-conducting container having a 
side wall and an end wall, said container 
being filled with compression, resistance ma 
terial, a displaceable closure for said con 
tainer, a support, a portion of said container 
adjacent said closure resting upon said sup 
port, the body of said container other than 
said closure extending downwardly from said 
support and being exposed to the surround 
ing air. -- - . 

21. An electrical resistance apparatus com 
prising in combination, a resistance unit in 
cluding a thin metallic container having a 
side wall and an end wall integral therewith, 
and having a supporting part at its open end. 
compression resistance material said 
container, a diaphragm closing the open end 
of said container, a casing having a support 
therein upon which said supporting parts 
rest, the body of said container extending 
downwardly from said support and spaced 
at a parts from the walls and bottom of 
said casing, said casing having ventilating 
apertures, whereby excess heat generated in 
said unit will be effectively eliminated. 

22. An electrical resistance apparatus com 
sprising in combination, a compression resist 
ance unit having terminals, an enclosing cas 
ing within which said unit is mounted, elec 
trical conductors leading from said terminals 
through said casing, an operating handle 
upon the exterior of said casing for varying 
the pressure upon said resistance unit, and a 

able means for varying the compression of 
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short-circuiting arm rotatable with said han 
dle for establishing an electrical contact be 
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having compressible 
housed therein, yielding metal parts in con 

tween exposed portions of said conductors to 
short-circuit said unit. o 

23. In a compression rheostat, a container 

tact with said material to permit expansion 
thereof under heat, and means for subject 
ing the resistance material to compression in 
order to adjust the resistance thereof, at least 
one of the yielding metal parts in contact 
with the resistance material being substan 
tially slooth and free from projections. 

-24. In a compression rheostat, a container 
laving a stationary end and a displaceable 
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resistance material 

closure plate, finely divided resistance mate- 15 
rial in said container, a rigid retaining wall 
confining said material between said end and 
said closure, means to displace the closure for 
comfiressing the material in order to create 
paths of conductivity therethrough, said con 
tainer being constructed to allow for the ex 
pansion? of said material "when the same be 
comes heated and to radiate the heat created 
therein. 
Signed at New York city, in the county of 25 

New York, and State of New York, this 20th day of September A. D. 1920. 
AARON MECAHLEVY. 
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