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76 ¢l aphom it may concern: :

Be it known that I, Erwin R. STOEKLE,
o citizen of the United States, residing. at
Milwaukee, in the county of Milwaukee and
State ¢f Wisconsin,

useful Improvements in Electrical Resist-

ances, of which the following is a full, clear, -

concise, and exact description, reference be-
ing had to the accompanying drawings,
forming a part of this specification. _

"This_invention relates to improvements
in electrical resistances particularly of an
adjustable type.
Jevices described below are particularly de-

sioned to furnish certain control elementsin

wireless apparatus, but the novel methods of.

varying the . resistance herein described are
also adapted to other applications in which .
the electrical current in'a cireuit is to . be:
varied. e e e

One application of this new electrical re- .
sistance is in the construction of so called.,
orid-leaks for- the vacuum, tubes. used in
Wireless communication. .:Such .. grid-leaks:
have 2 - resistance of. the- order’ of one.
megohm and-are often
necting two terminals

.with - a. pencil

desirable to-have.such.

lite. It is however,
resistances conveniently-adjustable. and ex-
isting- types are neither: convenient to. ad-
just nor permanent in character. .. . ..,

One object of this. invention is:to; provide,,
an improved electrical .resis or: made of-a,
resistance material which is.elastically de-i

>

. formable so that the.resistance may be va-,

ried by changing the configuration-of - the:

resistor by “the application . of:. mechanical;

[ -

stress.

Another object is to provide an improved .
electrical resistor made:of a highly: resilient..
electrical resistance material whose:, specific.
resistance can be made of:any desired value’
over wide limits by adjusting- the, propor-.
tions of the constituents of the composition
comprising the resistor. AR _

Another object is to provide an -electri-

1 resistance device employing’a. resistor:
of the above nature which can-be. conven:-
jently regulated over any desired. range. _ .
Another object is to provide an improved-
clveirical resistance of relatively large mag-
nitmle 1
nitesimal steps from a fraction of a megohm
up to several megohms. : :
“\nother object 1s to provide an improved,,

‘have invented new.and .

The adjustable resistance’

constructed,; by:.con:-;
drawn on insulating, material such.as bake- .

whose value can.be regulated in in--

variable electrical resistance whose magni-
tude may, be changed at will by varying the
length and cruss-section of the current path
through an elastieally .yielding resistor, by
the application of pressure to. an electrode
in contact with. the.resistor; this method of
varying resistance being an improvement
over the usual sliding contact ‘methods in
that 2 more intimate contact is maintained
between the resistor and the variably con-
tacting electrode, and also in that the abra-
sion of the resistor due to sliding a contact
upon its surface is obviated. o

Another object is to provide an imprbvé(]
varl

chz(ll',aictex‘ than the grid-leaks now commonly .
used. .., e o
Otheér objects  and
pear.

r

novel features of this
from the following de- -

resistance, will a
scription and t
F‘i%ureé::l.to-&. e
.Figure 1,
and 'prefefx_‘ed,f_qrni ‘of the resistance device .
in,which T is ae- -
complished by regulating
pathrof: the, current.... .
Figute 2 shows a. Dl
struction. 1,7 e
“Tigire
construction jn. which
of the current is varied in a-somewhat dif-.
ferent manner. -... ... . . e e
" Figure, 4 shows.a plan 'view .of this con-
struction. = S T T
-Figure

sulation of the resistance is ac-

n’view of this con-.

5 shows a cross section of a device

in.which the flow of current.- is, radially,,

through, the resistor ¢lement.and.in which
the resistance may be adjusted: by varying-
both'the length and cross section of the cur-.
rent path. = . - L C ,
- Figure .6, shows a plan -view. of this.de-
VICC. .. .. - .- i - _; L '
Figure 7 shows a cross section of another
construction in which’ the resistance is va-

. ried by compressing the resistor. and by

changing. the cross section and length of
-the current path. - o
Figure--8,.shows.

re in- perspective . view a-
construction. in which the :resistance is va-
ried -by' changing the tension on the resis-
tor. _ . S . . '

Figure, 9 is a, perspective view. of another
construction in which the resistance is va-
ried by varying the length of the current

path.

able . orid-leak .whose :value can be va-.

shows in_cross-section a simple

3 ‘shmy"'s::i\f(:‘ross-} section-of another |
thelength of the path .
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Referring to the Fig. 1 the terminal screws .

1 and 2 are attached to an insulating base 3
of hard rubber or bakelite. The resistor
element 4 is in the form of a flat-steip or
slab of the elastically resilient resistance ma-
terial and is clamped to the insulating base
by means of the nuts 5 and 6 on the ter-
minal screws 1 and 2. A disc'shaped metal
button 7 having its lower surface convex,
is ‘threaded to-a shaft 8 which extends To-
t%i’ﬁgbly'-' through 4 hole in’the resistor, in-
sulating base and motnting panel 9. The
exterior end of the shaft 8 has fastened to it
an instilating operating knob 10. ““The rota-
tion of the shaft-8 by means of the knob 10
draws the button 7 downward so that its con-
vex surface makés' contact over a greater
ares of the resistor 4, théréby shunting more
of the currerit ffom the resistor through the
mietallic button and dedreasing the 'length

of the path-of the current through the re-- g t
T RTES T Sige in - which ‘the resistor 21 is a circular

sistor. .
Reféerring to the Fig. 2, the pin 11 is fas-
tened in the insulating base and extends slid-
ably thfough'ahol§ in the button 7.
pin serves to prevent the rotation of the byit-
ton when the threaded shaft 8 is rotated. -
“The sesictor” tlement 4, (Figs. 1 and'2)

in its simplest forin may cqnsjst of a flat
strip
binding posts, and

‘of Tubber extending between the two
having a condicting path

“on its surface. which may be. formed by a

pencil mark or layer of conducting’ink. A
preferable method -of forming a more per-
manent conductingsurface on’ the ‘Tubber
was found to be as follows: Lampblack or

_very finely divided carbon is mixed with a

“solution of rubber in carbon disulphidé or

40

other suitdble solvent, in such proportions
as will give the desired specific resistance to
the mixture.  This mixture when applied to

_the clean surface of the rubbér will upon
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“of varying

"drying, form a strongly adhering electrically

conducting layer. o
The resistor may also be made of a slab
of a compasition of rubber and some finely
divided conducting material, such as carbon.
This composition may be made by mixing
a finely divided conducting material such as
lampblack with unvulcanized rubber in such
proportions as will give the desired “elec-
trical conductivity to the resultant product.

"The mixture may then be formed into the

desired shape .and vulcanized to give it the
required resiliency. . ’
Figures 3 and 4 show a cross section and
plan view respectively, of another method
the length .of the path of the
current.” In the Figure 8 the metallic arm
12 is pivoted at one of the terminals 14 by
means of a pivot 13. The lower curved sur-
face of the arm 12 rests against the surface
of the resistor 15. A cam 16 bears upon the
upper surface of the arm 12 and is rotatable
by means of a shaft 17 and an operating

This -
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kngb 18—Fig. 4. A right-handed rotation

of ‘the cam 16 moves the arm 12 down so
that a greater extent of the surface of the
resistor 15.is brought into contact with the
lower curved surface of the arm, thus
shortening the path of the current through
the resistor, a minimum path being attained

- when the:entire under surface of the arm 12

is in contact with the resistor 15. In this
construction the total change in the re-
sistance-is accomplished in less than one

" revolution of-the operating knob 18.

Figure 4 shows a.plan view of this re-

_sistance ‘device and the manner ‘of mounting

it on the panel 18. In this view the con-
tact arm is shown at 12. The cam 16 is
showin fastened to' the-shaft 17 which ex-

‘tends’ -thirough’ the bracket 20 and the

panel 19.
“Figures
plan view respectively,

5 and -6 show a cross-section and
of a form of the de-
disc or diaphragm’ clamped'’ to the insulat-
ing hasé 22 by ‘means of the: metallic ring
937and the screws:24, 25 and 26.

"The digc -shaped ‘resistor -may consist of
rubber with ‘an‘electrically conducting sur-
fice layer ‘applied inthe manner described

" above, or it may consist of a disc of the

above déseribed composition of rubber and
carbon. - 1t may also consist of a layer of
a”yielding electrically conducting material
backed by an elastic diaphragm consisting
of 'a thip disc of mica or other insulating
material as shown ‘at 97 in Fig. 5. Such a
composite -resistor has been. constructed by
superposing a-layer of asbestos impregnated
with’ carbon upon a disc of mica.

The metal disc 28 has its lower convex
surface in contact with the conducting sur-
face of the resistor. A threaded shaft 29
engages with a tapped hole in the disc 28 and
passes rotatably through a bushing 30 which
fastens the ‘base to the panel 31 by means
of the nut 32. ' The exterior end of the shaft
99 has fastened to it the operating knobh 33.
Electrical ¢onnection from the binding post
35 to the disc 28 is made by means of the
meta] strip 34, the bushing 30 and the shaft
99, The binding post 36 is electrically con-
nected to the ring 23 as shown.

The path:of the current through the
resistor is thus se¢n:to be radially from the
disc 28 to ‘the ring 23. A right-handed
rotation of the knob 83 draws the dise 28
toward the diaphtagm resistor thus flexing

-the latter ‘and bringing a greater surface of

the convex face of 287into contact with the
conducting surface of the resistor 21. This
flexure of the resistor not only shortens the
path of the current from the disc 28 to the
ring 23 but also increases ifs average Cross-
sectional area. Both of these changes in
the geometry of the current path result in
a decrease in the resistance, the minimum
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resistance being attained when contact has
been establisheﬁ between the resistor 2¥ and
the convex surface of the disc 28 to the
outer edge of the latter. ST
Figure 7 shows a cross-section of a device
employing an elastically deformable resis-
tor in which
is changed by compressing the ‘resistor and
by varying the cross section’ and thelength
of the current path. In this figure the re-
cistor 37 should preferably be made en-
tively’ of the rubber-carbon composition’

Y

described above, so that the current in this:

case is: conducted through the volume of
the resistor. The circular metallic button
38 has its lower convex surface bearing
upon the upper surface of the resistor. The
lower button 39 upon which the resistor
rests may have its upper surface either
plain or preferably. also ‘slightly convex.

The upper button is prevented from rotat-

ing by means of the guide pin 40 upon:
which it is free to side. A threaded shaft
41 extends through the tapped insert 42°
moulded in the insulating cover 43 of the’
metallic’ cylindrical shell 44. The pins-45'

and 46 fasten the cover 43 to the shell 44.

The end of the shaft 41 bears in a slight

récess upon the upper surface of the button-

38, and is free to rotate with respect: to the’
button 3S. ~The resistor 37 and:button 38
are insulated from the metalli¢ container 44-
b;}r means of the cylindric insulating shell
4: . - . .

Electrical contact is made to the button
39 by means of the binding post 48 and:the
button 38 is connected to the binding post
49 by means of the insert 42’ and the shaft:
41. ‘The device is mounted on the panel 50
by means of the thr_eaded'insert"42"vs‘hi(;h‘
extends through the panel and is clamped”
by the nut 51. : O

The operation of the above construction’
is as follows: N

The path of the current through the resis-
tance material is from the contatt of ‘the
button 38 with the upper surface of the re:
sistor to the contact of button 39 with its
lower surface. It is obvious that a right-
handed rotation of the operating knob 52
will compress the resistor 37 and thus in-
crease the area of contact of the buttons 38
and 39 with rvesistor. Since in this con-

_struction the length of the current path is

56

60

<
<t

very short compared to the diameter of its
cross section an increase in the contact area
will produce a very marked change in the
resistance between the buttons 38 and 39.

Tt is also obvious that the distance between

the contact buttons 38 and 39 will be de-
creased upon compressing the resistor and
therefore the length of the current path will
he decreased. Both the increase in contact
aren and the decrease in the length of
current path will operate to diminish the

the magnitude of the resistance -
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resistance between the buttons 38 and 39:

when thes resistor is compressed. Con-

versely a relaxation of the compression of

" the resistor by a left-handed rotation of the

operating lmob 52 will operate to increase
the resistance. . v :
“Figure 8 shows another device for regu-
lating resistance ‘by means of this new
elastically deformable resistance material.
In this fizure the resistor 53 consists of a
band of the elastic resistance material one
end of which-is clamped between the metal
blocks 54 and 55 which are secured to a
block of insulating material 56 by means of
the screw 57 and nut 58. This block is
mounted on a metallic bracket 59 from

* which' it’ insulates the terminal 57.

The other end of the resistor strip 53 is
clamped by means of the metal piecé €0
and screw .61 to a member 62 which is held
in a slidable’ relation to the bracket 59 by
means of the slot 63 through which the
rivets 64 and 65 pass. The threaded shaft
66 passes freely through the panel 67 and
the bracket 59 and éngages'a threaded hole
68 ‘in the slidable- member 62. An operat-
ing knob 69 is fastened to the exterior end
of the shaft 66. The binding posts 70 and
71 serve: to make “electrical connections to
the ends of the- resistor strip. -

" The:operation of this device is as follows.

A right-handed rotation of ‘thé knob 69
applies tension to the strip of resistanee

material whereby its resistance is increased..
Conversely a-left-handed rotation of the’

knob relaxes the tension whereby the re-
sistance 1s decreased. In this manner con-
tindous variations of the resistance between
the terminals 70 and 71 can be accornplished

by rotating ‘the knob 69. "

-

Referring to the Fig.

ing base 74, and clamp the resistor 75 to the

: base by meéans of the nuts 76 and 77 and’

the‘contact ‘plates 78 and 79.°

A bent flexible contact'strip 80 has'its con-
vex surface bearing upon the surface of:the
resistor 75 as shown.? A second bent mem-
ber 81 is threaded to the shaft 82 and has its
ends bearing slidably upon the surface of the
member 80 as shown. The shaft 82 passes
rotatably througli the member 80, the re-
sistor 75 and the base 74. An operating
Imob 83 is fastened to the exterior end of
the shaft 82 and serves to rotate the latter.
A stirrup 84 holds the members 80 and- St
in alignment and prevents them from rotat-
ing when the shaft 82 is turned.

A right-handed rotation-of the knob 83
draws the member S1 toward member S0.
thereby flexing the latter and bringing it
into contact with the resistor 75 along a
greater length of the latter. "This shortens
the path of the current through the resistor.
thereby decreasing the- resistance between
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the terminals72and 78. A left-handed rota-
tion of knob 83 relieves the flexure of 80
thus decreasing its contact with 74 and in-
creasing the resistance.

Other methods of accomplishing a change
in the resistance of this novel resilient re-
sistance material and other uses of its pecul-
jar properties will be- apparent to those
skilled in the art. The above specifications
describe devices employing typical ‘methods
of accomplishing this resistaince change, and
other devices employing the novel resistors
described above will be made the subject of
separate patent applications, o

What X claim as new and desire to sgcure
by Letters Patent is:

1. An clastically deformable electrical re-
sistor consisting of a finely divided conduct-
ing material imbedded in a relatively non-
conducting matrix of an elastically deform-
able substance, and means for making elec-
trical connections to said resistor.

9. An elastically deformable electrical re-
sistor consisting of finely divided carbon im-

5 bedded in a matrix of rnbber or gutta per-

cha, and means for making electrical con-
tacts with said resistor. v

3. A variable electrical resistance com-
prising 2 resistor of finely divided conduct-
ing material such. as carbon mmbedded in
and distributed thronghout the yolume of
said resistor; suitzble. terminals for - said
resistor; and means for applying mechani-
cal stress to said resistor, whereby its elec-
trical resistance may be. varied.

4. An electrical resistor comprising an
elastically deformable insulating base; an
electrically conductive layer applied upon
the surface of said base; and suitable termi-

2, pals for making electrical connections to

said conductive-layer’

5. An electrical resistor comprising an
elastically deformable insulating base; an
electrically conductive layer applied upon
the surface of said base; suitable terminals
for making electrical connections to said
conductive layer; and means for varymng
the resistance of said resisior by the appli-
cation of mechanical stress thereto.

6. An electrical resistor comprising a re-
silient base of rubber; an elastic layer of
electrically conductive material such as a
mixture of finely divided carbon with rub-
ber, applied to the surface of said base; and
suitable terminals for making electrical con-
nections with said layér of conductive ma-
terial.

7. A variable electrical resistance com-
prising a strip of resilient material-such as
rubber, an electrically conductive elastic
layer upon the surface of said strip; termi-
nals for making electrical connection vith
said layer; a metallic contact member hav-
ing a convex suriace in contact with said
conductive layer, and means for pressing

BEST AVAILABLE COP:

1,448,481

said convex surface of said contact member

layer whereby the electrical resistance be-
tween said terminals is varied.

8. A variable electrical resistance compris- 7

ing a thin disc of insulating material such
as a disc of mica supported at its edges; an
electrically conductive elastically yielding
layer upon the surface of s2id disc; an insu-
lating base supparting said disc; a metallic
ring clamping said disc at its outer edge to
salgf base and making electrical con tact with
said conductive Igyer; an electrede having a
convex surface.adjacent said electrically con-
dyctive surface layer; and means for flexing

said dise and bringipg said conductive Sur-
face intg variable contact with said convex
surface of said adjacent electrade, whereby
the electrical resistance between said elec-
trode apd said .metallic ring at the outer
edges of  said conductive surface may be
varied. ’

9. A variable electrical resistance com-
prising ap elastically .deformable electrical

resistor in the form of a strip; terminals

making electrical contact with the ends of.

said strip; a contact shoe pivoted to and in
electrical connection with one of said termi-
nals and having a conyvex surface in contact
with the surface of said resistor; and means
for yarying the confact pressure between
the said contact shae and said resistor where-

by contact.is made along a yariable length

of said resistor and its resistance thereby
varjed. B -

10. A wvariable -electrical resistance com-
prising an elastically deformable resistor 1n
the form of a short.cylinder; contact mem-
bers having convex surfaces in contact with
the ends of said resistor; means for moving
said contact members with respect to each
other whereby said resistor may be variably
compressed between said contact members,
and the resistance between said contact mem-
bers varied.

11. A variable electrical resistance coin-
prising a conyex lens shaped elastically de-
formable resistor; electrodes making con-
tact with the convex gurfares of said re-
sistor; means for yariably compressing said
resistor between said elecirodes, whereby the
area of contact of said electrodes with said
resigtor may be varied, and the resistance be-
tween said electrodes varied.

12. A variable electrical resistance com-
puising a resistor of an clastically yielding
conducting material; terminals for estab-
lishing electrical connection to said resistor;
a contact element having a convex surface
bearing upon the surface of said resistor;
and means for varying the pressure between
said contact element and said resistor where-
by a variable area of contact between sald
contact element and said resistor is accom-
plished. .

into variaple contact with said conductive

pal
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13. A variable electrical resistance com-
prising an elastically deformable resistor;
suitable terminals for making electrical con-
nection to said resistor, and means for vary-

ing the tension on said resistor whereby its

resistance may be varied.

14. A variable electrical resistance com-
prising a strip of rubber: a conductlve layer
upon the surface of said strip; terminals for
establishing electrical connection to said con
ductive layer; and means for varying the
tension on said strip whereby the resistance
between said terminals is varied.

15. A variable electrical resistance com-
prising an elastically yielding resistor such
as a.strip of asbestos impregnated with an
electrically conducting material such as a
chemically precipitated metal; an insulat-
ing base to which said resistor is fastened;
terminals for making electrical connections
to the ends of said resistor; a flexible con-
tact member in the form of a curved strip
having its convex surface adjacent the sur-
face of said resistor; means for flexing said
contact strip and for pressing its convex
surface into variable contact with said re-
sistor, whereby the electrical resistance be-
tween said terminals is varied.

16. An electrical resistance comprising a
resistor in the form of a strip of woven

fabric impregnated with a.conducting ma--

terial such as finely divided carbon; an in-
sulating base to which said resistor is fas-
tened; terminals for making electrical con-
nections to the ends of said resistor; a flexi-
ble contact member in the form of a curved
strip having its convex surface adjacent the
surface of said resistor; means for flexing
said contact member thus pressing its con-
vex surface into variable contact with said
resistor, whereby the electrical resistance
between said terminals is varied.

17. An electrical resistance comprising a
resistor in the form of an electrically con-
ducting sheet; a flexible curved contact
member having its convex surface adjacent
one surface of said resistor; a second con-
tact member having a surface adjacent to

the opposite surface of said resistor; suit-
able terminals for making electrical con-
nections to said contact members, and con-
trollable.means for flexing said curved con-
tact member by the application of pressure
thereto, whereby a variable compression is
applied to said resistor and a variable area
of intimate contact established between the
surfaces of said contact members and said
resistor, thus varying the resistance between
said terminals. :

18. An electrical resistance comprising a
resistor in the form of a strip of woven
fabric impregnated with a conducting ma-
terial such as finely divided carbon; a bent
flexible contact member having its convex
surface adjacent one surface of sad re-
sistor; a second gontact member adjacent
the opposite surface of said resistor; suit-
able ferminals for making electrical con-
nections to said contact members, and means
for applying pressure to said bent flexible
contact member whereby the latter is flexed
and its convex surface brought into variable
area of contact tith said resistor thus vary-
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ing the resistance between said contact .

members. '

19. An electrical resistance comprising 2
resistor in the form of a sheet; a curved
flexible contact member having its convex
surface adjacent one surface of said re-
sistor; a second contact member having 2
surface adjacent the opposite surface of
said resistor; suitable electrical connections

to said contact members; a compression,

member bearing upon the ends of said flexi-
ble contact member; a screw engaging said
compression member, whereby pressure may
be exerted upon said flexible member thus
changing its area of contact with said re-
sistor and also changing the contact pres-
sure upon said resistor, both of said changes
effecting a change of resistance between
said contact members.

In witness whereof, I have hereunto sub-
seribed my name.

ERWIN R. STOEKLE.
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