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This invention relates to variable resistors, par 
ticularly those employing a resistance film coated 
On an insulation base, and more especially to such 
resistors provided in compact form and having 
small over-all dimension. 

In copending applications of Lester L. Jones, 
Serial No. 193,357, filed May 21, 1927, and Serial 
No. 350,731, filled March 28, 1929, (since issued as 
Patents 1,836,600 and 1,819,246 on December 15, 
1931 and August 18, 1931, respectively) there are 
disclosed variable resistors in which the resistance 
element consists of a thin resistance film coated on 
an insulation base. The object of the present in 
vention is to generally improve the construction 
and operation of such resistors, and particularly 
with a view to providing a compact resistor which 
is exceedingly small in over-all dimension. 
The resistance element consists of an enameled 

base, on one face of which an annular film of 
resistance material is painted. In order to reduce 
the over-all diameter of the finished resistor, we 
make the insulation base in the form of a circular 
disc which is only slightly larger than the desired 
outside diameter of the resistance film, or, differ 
ently expressed, the resistance film is painted 
closely to the edge of the enameled disc. 

It is necessary to provide a terminal contact at 
One end of the resistance film. In order to make 
the unit operative as a potentiometer, it is desira 
ble to provide terminal contacts at both ends of 
the resistance film. As is set forth in the latter 
of the above-identifled applications, these terminal 
contacts may best be provided by painting the end 
of the resistance film with a silver paint. In order 
to obtain an outside connection with these termi 
nals they have heretofore been extended beyond 
the diameter of the resistance film. In accord 
ance with one of the objects of the present inven 
tion, the diameter of the complete resistor is not 
much greater than that of the resistance film, and 
to fulfill this object and yet provide convenient 
contact with the terminal contacts, we find it pos 
sible and convenient to paint the terminals over 
the resistance film and to extend the painted ter 
minals around the edge of the base and onto the 
back thereof, at which point contact may readily 
be made with connector lugs projecting from the 
back of the finished resistor. 
As is above indicated, compactness in the pres 

ent resistor is attained, first, by painting the re 
sistance film close to the edge of the insulation 
base, and, second, by painting the silver contact 
terminals around the edge of the base. These two 
expedients introduce considerable difficulty be 
cause of the fact that the insulation base is enam 

(C. 2011-55) 
eled. The enamel tends to form round surfaces 
because of its cohesiveness and surface tension. 
When a sheet of material having square cut edges 
is erameled, the enamel tends to bulge at the pe 
riphery of the disc. This makes the resulting base 5 
unsatisfactory for receiving a resistance film close 
to the edge thereof, inasmuch as the sliding con 
tact will not have a flat surface on which to ride. 
If the sheet material is made of metal, as is usually 
the case, additional difficulty arises because the lo 
enamel in tending to round itself, cuts close to 
and frequently exposes the sharp corner edges of 
the metal. This makes the base unsatisfactory for 
the application of the silver paint which is ex 
tended around the edge and onto the back of the 15 
Same. 
Accordingly, a further object of our invention is 

to overcome the foregoing difficulties and to make 
it possible to obtain a more satisfactory and con 
tinuous coating of enamel on a base, with the ap- 20 
plication of fewer or even One coat of enamel. 
This, we have found, is possible by rounding the 
edge of the sheet metal before applying enamel to 
the same. When the base is rounded in this man 
ner the enamel follows the natural curve of the 25 
edge, and no bulge is formed. A perfectly plane 
surface results, on which the resistance film may 
be painted as closely to the edge thereof as may 
be desired. 
Contact with the resistance film is made by a 30 

sliding brush or floating contact which slides 
directly upon the surface of the resistance film. 
As has been set forth in the above-identified co 
pending applications, this contact is preferably 
made of pure silver in order to take advantage of 35 
a certain amount of natural lubrication between 
the resistance film and the silver, and in order to 
prevent abrasion and wearing out of either the 
resistance film or the silver. The sliding brush 
is preferably formed with a number of individu- 40 
ally movable fingers in order to make good con 
tact over the entire width of the film, and the 
effective operation of the brush therefore depends 
upon it having a certain amount of natural 
resiliency. A further object of our invention is 45 
to provide a brush contact which will be economi 
cal in the use of silver, which will possess the ad 
vantageous wearing properties of a soft metal 
such as pure silver, and which, at the same time, 
will possess the advantageous springiness of rela 
tively hard resilient metals such as phosphor 
bronze or nickel silver. To this end, we provide 
a brush, the outer surface of which is made of a 
thin lamination of pure silver which is backed up 
Or Supported by and made resilient by a backing 
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spring made of phosphor bronze or nickel silver 
and the like. This construction may be attained 
most conveniently and Satisfactorily by Super 
imposing a very thin sheet of pure Silver with a 
thin sheet of the backing metal, and thereafter 
handling the compound sheet of material as a 
Single sheet of material when running the same 
through the dies which cut and form the sheet 
material into the desired shape of the brush. 
The brush is pivotally mounted on a rotatable 

contact arm which is fixed to a rotatable control 
shaft. This contact arm should be as resilient as 
possible, and this effect may ordinarily be ob 
tained by reason of the radial length thereof be 
tWeen the axis of rotation and the brush. In the 
present resistor, however, in which the entire 
diameter of the unit may be exceedingly small, it 
is desirable that the resilient length of the contact 
arm be made considerably greater than the effec 
tive radius thereof. To fulfil this object we have 
devised a contact arm which may be stamped out 
of a single piece of resilient sheet metal, and which 
comprises a central portion which is fixed to the 
shaft and an outer portion fixed to the central 
portion at one side thereof, the slidable brush 
being mounted on the outer portion at the op 
posite side thereof. This construction makes the 
resilient length of the contact arm equal to the 
diameter, rather than the radius thereof. 
Other objects of the present invention are con 

cerned with the provision of a compact assembly 
for the finished resistor, and the construction of 
the elements of the resistor so that they may be 
conveniently assembled to form the completed 
resistor. 
To the accomplishment of the foregoing and 

such other objects as will hereinafter appear, our 
invention consists in the resistor elements and 
their relation one to the other as hereinafter are 
more particularly described in the specification 
and sought to be defined in the claims. The 
Specification is accompanied by drawings in 
which: 

Fig. 1 is a perspective view of a finished re 
sistor; 

Fig. 2 is a section taken through the same; 
Fig. 3 is an exploded view showing the method 

of assembling the resistor; 
Fig. 4 is a rear elevation of the resistance ele 

ment assembly; 
Fig. 5 is a detail section through the resistance 

element; 
Fig. 6 is an elevation of the bearing plate and 

contact arm assembly; 
Fig. 7 is an enlarged section taken in the plane 

of the line T-T in Fig. 6; 
Fig. 8 is a section taken in the plane of the line 

8-8 in Fig. 7; and 
Figs. 9 and 10 are detail Sections illustrative of a 

feature of our invention. 
A perspective view of a finished resistor made 

in accordance with our invention is shown in Fig. 
1. As is evident from that figure, the resistor 
comprises a cylindrical body A which may be 
mounted directly upon a panel or the like by 
means of a threaded bushing B. It should be 
noted that the body A of the resistor is quite 
small in length, while the diameter thereof is 
no greater than that of the adjusting knob C 
which itself is relatively. Small. More specifi 
cally, the resistor may successfully be construct 
ed with the body A having a diameter of only 
about three-quarters of an inch, and a pre 
ferred and popular size is one in which the dil 
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ameter of the body A is about one inch. These 
resistors are, of course, intended for special use 
in which size is an important factor, and par 
ticularly so where the conflicting requirements 
of Small size and very high resistance variation 
must be met. A specific example of such use is 
the mounting of a volune control resistor di 
rectly upon the tone arm of a magnetic pickup 
for phonographs. 

Referring to Figs. 2 and 3, the resistor may 
be described, generally, as comprising a cup 
shaped housing or casing A in which there is 
housed a resistance element assembly compris 
ing a resistance element D and a contact lug 
disc E, and on which there is mounted a contact 
arm assembly comprising a bearing plate F and 
a contact arm G carrying a brush H. The beat 
ing plate F is permanently attached to the cas 
ing A by means of a sealing ring J. As is evi 
dent from an inspection of Fig. 3, these elements 
may be assembled together in an exceedingly 
Simple manner by merely dropping the resist 
ance element assembly D, E into the bottom of 
the housing A, thereafter applying the bearing 
plate F to the edge of the housing, and locking 
the plate and housing together by means of the 
Sealing ring J. 
These elements will next be considered in 

greater detail. The resistance element D en 
ploys enamel for insulation. This enamel is 
Ordinarily applied to a sheet metal stamping, 
which is desirable because of the ease with which 
the sheet metal may be stamped to desired con 
figuration, and because of the efficient heat dis 
sipating properties of the metal. However, in 
Special cases in which it is essential that there 
be no appreciable capacitance in the resistor, as 
When dealing with very high radio frequencies, 
the plate may be made of an insulation such as 
isolantite. Even in such cases it is preferable 
that the plate be subsequently enameled, because 
the Surface of the isolantite is not nearly as 
Smooth as that of the enamel, and the surface 
irregularities may project through the thin re 
sistance film and wear the sliding contact exces sively. 

In order to obtain the desired compactness 
in dimension, the resistance film is applied as 
near to the edge of the enameled plate as pos 
sible. 
will be observed that the annular resistance film 
2 extends quite close to the edge 4 of the resist 
ance element D. Terminal contacts for the 
resistance film 2 are provided by painting the 
ends of the resistance film with silver paint in 
Order to form the terminals 6. Only one such 
terminal is needed when the unit is to be used 
as a resistor, but it is convenient to provide 
both terminals so that the unit may be employed, 
when desired, as a potentiometer. In accord 
ance with another feature of the present inven 
tion, in Order to conserve space, contact is made 
with the terminals 6 at the back of the resist 
ance element, and for this purpose the termi 
nals are extended around the edge and onto the 
back of the enameled base. This is clearly evil 
dent in Fig. 5 in which it will be seen that the 
resistance film 2, painted on the enameled base 
4, is Superimposed by a coating of silver 6 which 
is extended around the edge of the enameled base 
and onto the opposite side in order to form the 
terminal face 8. 
The nature of the enamel and method of ap 

plying and treating the same; the nature of the 
resistance paint and the method of applying and 

This is evident from Fig. 3, in which it : 
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19,605 
treating the same and of adjusting the resist 
ance thereof to desired uniform or tapered 
values; and the nature of the silver paint and 
the method df applying and treating the same, 
are not being described in the present applica 
tion, and reference may be made to U. S. Patent 
No. 1773,105 issued to Lester L. Jones, Alois 
Schmidt, and Joseph Jones on August 19, 1930, 
and to the copending applications of Emil Reis 
'man, Serial No. 350,478, filed March 28, 1929, 
since issued as Patent 1,808,790, dated June 9, 
1931, Joseph. A. Flanzer and Emil Reisman, Se 
rial No. 393,573, filled September 18, 1929, since 
issued as Patent 1,881,445, dated October 11, 1932, 
Emil Reisman, Serial No. 393,574, filed Septem 
ber 18, 1929, Joseph A. Flanzer, Serial No. 444,614, 
filed April 15, 1930, since issued as Patent 1,906,- 
848, dated May 2, 1933, and Joseph A. Flanzer 
and Lester L. Jones, Serial No. 467,832, filled July 
14, 1930, since issued as Patent 1962,438, dated 
June 12, 1934, as well as the previously identified 
Copending applications, for detailed information 
On these points. 

It has heretofore been the practice to employ 
a sheet having square cut edges, such as the 
sheet f2 in Fig. 9. When enamel is applied to 
such a sheet, because of the cohesion and surface 
tension of the enamel there is a tendency for the 
Surface of the enamel to round itself wherever 
possible rather than to take sharp corners, and 
Consequently there is a distinct bulge of enamel 
at the edge of the sheet f2. This bulge forms 
ridges 4 on the face of the disc and at the same 
time cuts the corners of the disc closely, and 
even permits exposure of the same, as at the 
points 6. 
sheet 2 is made from, the bulges f4 introduce a 
difficulty in that they prevent the resistance film 
from being applied near the edge of the enan 
eled base, for the film should, of course, be ap 
plied to a plane surface. When the sheet 2 is 
made of metal, as is usually the case, an add 
tional disadvantage arises because the corners 
6 are insufficiently insulated and may tend to 

short circuit the silver terminals which are 
painted around the edge of the enameled base. 
These difficulties are overcome by rounding the 
edge of the sheet 2 so as to anticipate the nat 
ural tendency of the surface of the enamel to 
contract. Thus, in Fig. 10, the sheet 2 differs 
from the Sheet 2 in having the rounded edge 
8, and in consequence of this the enamel 4' 

is distributed in a uniform layer entirely around 
the sheet 2'. This not only effects the desired 
cure of the difficulties above. enumerated, but, 
we have found, possesses the additional advan 
tage of enhancing the natural covering power 
of the enamel, so that fewer coats of enamel are 
necessary, and even one coat may be success 

y employed on a plate rounded, as by swag 
3. 
The connector lug disc E is best shown in Fig. 

4. This disc consists simply of a stamping of 
very thin insulation, such as bakelite. The outer 
diameter of the disc is made very slightly larger 
than that of the resistance element D, the pe 
riphery of which is indicated by the dotted line 
20. The disc, when stamped, is provided with 
a central aperture 22 and a plurality of slots 24, 
26, and 28, as well as a keyway, 30. Connector 
lugs or Soldering lugs. 32 are attached to the disc 
E by being threaded through the upper slots 26 
and along the face of the disc, and thereafter 
back through the slots 28, the ends 34 of the lugs 
being bent upwardly against the disc in order to 

Regardless of what material the 

3 
anchor the lugs securely in place. The exten 
sions of the silver terminals 8 are formed as 
shown in order to bring the silver into direct 
contact with the flat portion of the lugs 32 lying 
between the disc E and the resistance element D. 
The lugs, as well as the contact arm and other 
parts subsequently described, are preferably 
plated with cadmium or tinned so as to prevent 
poor contact as a result of oxidation or tarnish 
ing. 
The connector lug disc E and the resistance 

element D are preferably preliminarily riveted 
together to form a sub-assembly. This is most 
Conveniently accomplished by a central rivet 36 
which may most economically be made in the 
form of an eyelet. This same rivet may be used 
to lock an additional soldering lug 38 in place, 
and the lug may be prevented from turning about 
the rivet 36 by means of an extension 40, the 
end of which is passed through the slot 24 and 
bent downwardly against the opposite face of 
the disc E. This incidentally serves to keep the 
resistance element D and the disc E in parallel 
ism, as is best shown in Fig. 2. 
The contact arm assembly is best shown in 

Figs. 2 and 6. It comprises, generally, a bear 
ing plate F which is rigidly attached to a thread 
ed bushing B. This bushing carries a rotatable 
shaft 42, at one end of which there is flexibly 
riveted thereto a rotatable contact arm G which 
in turn carries a sliding brush or contact H. 
The sliding brush H must be relatively great 

in width in order to contact with substantially 
the full surface of the resistance film. To insure 
good contact at all points along the width of the 
film, the brush is subdivided to form a plurality 
of Separately movable fingers 44. The construc 
tion disclosed in copending application Ser. No. 
357,031 previously mentioned, in which leading 
and trailing fingers are employed, is not suitable 
in the present resistor, due to the small space 
available, and particularly the small total length 
of the resistance film. Accordingly, a single set 
of contacting fingers is employed, and the con 
figuration of these fingers is best shown in en 
larged Figs. 7 and 8 which are sections taken 
along the lines 7-7 and 8-8 respectively. In 
Fig. 8 it will be observed that the fingers 44 have 
an open edge 46 and a closed edge 48. The open 
edge ordinarily makes better contact with the 
resistance film than the closed edge 8, and it is 
therefore preferable that the fingers be so related 
to the resistance element that the open ends 46 
are directed toward the zero resistance terminal 
of the resistance element. It will also be evident 
from an inspection of Figs. 7 and 8 that the 
brush H is pivotally mounted on the contact arm 
G by reason of a fulcrum or pivot point 50 being 
formed in the contact arm G, which point bears 
against the brush H and permits a universal 
tilting movement of the brush so that it may seat 
itself as flatly as possible on the resistance film, 
The ends of the brush are provided with lugs 52 
which are freely received in nating slots 5 in 
the contact arm. This arrangement does not 
interfere with the desirable free tilting move 
ment of the brush on the contact arm, but at the 
Same time keeps the brush in proper radial align 
ment so that the fingers are individually pointed 
in the desired tangential or circumferential di 
rection. 
The present brush is novel not only as regards 

its configuration, but also as regards the mate 
rial from which it is formed. It has already 
been explained in the Copending applications 
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previously referred to, that the brush is prefer 
ably made of a soft metal such as pure silver. 
This metal seems to have a self-lubricating 
property when used in cooperation with a re 
sistance film of the type here considered, and in 
consequence neither the brush nor the film are 
injuriously abraded even over long periods of 
wear. At the same time, the desired efficient 
contact of the brush over the wide resistance film 
can best be obtained only by the provision of 
a certain amount of resilience in the contact 
fingers of the brush. In accordance with the 
present invention the desirable properties of pure 
silver for softness, and of phosphor bronze or 
nickel silver for resilience, are combined without 
adding to the complexity of the brush and its 
manufacture. An inspection of Figs. 7 and 8 will 
show that the brush is made of two laminations 
of material. The Outer lamination 56 is made 
of pure silver, while the inner lamination 58 is 
made of resilient material, such as phosphor 
bronze or nickel silver. In manufacture, these 
sheets of material may be superimposed and 
pressed together to form, what is for all practical 
purposes, only a single sheet of material which 
may thereafter be fed through the usual dies 
in order to punch and form the compound sheet 
of material into the desired brush. In effect, the 
brush is made of pure silver but is provided with 
a backing spring of resilient material for urging 
the silver into contact with the resistance film. 
The contact arm G is made of springy material 

in order to resiliently urge the brush into con 
tact with the resistance film. Ordinarily the 
desired resilience of the contact arm may be 
obtained as a result of its having appreciable 
length between its center of oscillation, or point 
of attachment of the shaft, and the point of 
mounting of the brush. In the present case, how 
ever, as is obvious by inspection of the drawings, 
the radius at which the brush is rotated is SO 
small that no appreciable give would be obtain 
able in the contact arm, if constructed in the 
conventional manner. We have, accordingly, 
devised the special contact arm, best shown in 
Fig. 6, which is characterized by the fact that the 
central portion 60 thereof is rigidly mounted as 
by riveting to the shaft 42. An outer portion 62 
of the contact arm is fixed to the central portion 
60 at one side thereof, as at 64, while the brush 
H is fixed to the outer portion 62 at the oppo 
site side thereof, as at 66. The contact arm may, 
of course, be stamped from a single sheet of 
resilient material, and the outer portion 62 may 
then be enlarged, as at 66, to accommodate the 
brush H. It Will be evident that in this ar 
rangement the give of the contact arm may 
take place at the point 66 about the point 64, or, 
in other words, over a length equal to the diam 
eter rather than the radius of the contact arm. 
Furthermore, the construction shown is particu 
larly resilient, due to the fact that the central 
portion 60 is itself somewhat resilient, and due 
to the fact that the joinder between the central 
portion 69 and the outer portion 62 is yieldable. 
The shaft 42 is permanently but rotatably fas 

tened in the bushing B by reason of the shoul 
ders 70 and 72 formed at the ends thereof, the 
shoulders 72 receiving the contact arm G. The 
bushing B is forced or pressed into the bearing 
plate F and is permanently held thereby. The 
bearing plate F is circular and has a diameter 
coinciding with that of the outer edge of the 
casing A. The bearing plate F is appropriately 
flanged, as at 74 in order to receive the bushing 
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B. A lug or stop member 76 is struck from the 
material of the bearing plate F and bent in 
wardly. This stop member cooperates with a 
projection 78 at one side of the contact arm G in 
order to arrest or limit the rotation of the con 
tact arm. Another lug may be struck from the 
opposite side of the bearing plate and bent out 
wardly, as at 80, in order to prevent rotation of 
the entire resistance unit by nating With a re 
cess or aperture 82 in the panel on which the 
resistor is mounted, this being clearly shown in 
Fig. 2. It will be understood that when rotation 
of the resistor need not be so carefully guarded 
against, the lug 80 and aperture 82 may be 
omitted. 

It has already been pointed out that a con 
nector lug 38 is provided on the resistance ele 
ment assembly, and that this iug is not connected 
electrically with the resistance film, but is con 
nected both mechanically and electrically with 
the central rivet or eyelet 36. The lug 38 is in 
tended to be brought into electrical contact 
with the rotatable arm G, and this contact is 
most simply and satisfactorily obtained by form 
ing the contact arm G with a relatively long 
extension 78, and bending the major portion 
of the extension over toward the center of the 
contact arm so as to form a resilient contact 90 
which bears against the rivet, or eyelet 36. This 
resilient engagement incidentally serves to hold 
the resistance element against the bottom of 
the casing A. 
The casing A is preferably molded out of 

bakelite or similar insulation. The bottom is 
provided with slots 92 for permitting the lugs 
32 and 38 to pass therethrough. The bottom 
periphery may also be provided with a shoulder 
94 for receiving and supporting the lug hold 
ing disc E. A key 96 is provided in order to 
pl"event rotation of the resistance element aS 
sembly within the casing. Projections 98 and 100 
may be formed at the open periphery of the 
casing in order to fill in the openings left in the 
bearing plate F when the stop lug 76 and the 
anchoring lug 80 are struck therefrom. This 
mating engagement incidentally causes proper 
alignment of the bearing plate with respect to 
the casing, and prevents rotation of the bearing 
plate relative to the casing. 
An inspection of Fig. 3 shows that the resist 

ance element assembly D, E may simply be 
dropped into the casing A, the lugs 32 and 38 
passing readily through the slots 92. The resist 
ance element must be properly aligned, and is 
held so by reason of the keyway 96. The con 
tact arm assembly F, G, H is next applied to the 
casing and can be received only in proper align 
ment by reason of the projections 98 and 00. 
These, it may incidentally be mentioned, are 
preferably made different in size so as to pre 
vent the bearing plate F from being mounted 
180 degrees out of proper alignment. The bear 
ing plate is next locked to the casing A by means 
of the sealing ring J. This ring is preferably 
made of a verythin brass so that it may readily 
be rolled downwardly to form the closing flange 
O2 without appreciably increasing the dimen 

sions of the resistor. The material of the ring 
is preferably made quite thin for the additional 
reason that otherwise, when the nut 04 is tight 
ened on the threaded bushing B in order to lock 
the resistor against the panel, there will be a 
tendency to draw the bearing plate, F outwardly 
and to appreciably distort the sane. Of course 
a shoulder may be formed in the bearing plate 
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19,805 
to prevent this distortion, but the present con 
struction is far simpler and cheaper to manu 
facture, and no noticeable difficulty results be 
cause of the thinness of the flange 02 of the 
Sealing ring J. 
The lugs 32 and 38 may be shaped as desired, 

according to the type of conductor to be soldered 
or otherwise attached thereto, and the lugs may 
be left projecting directly outwardly from the re 
sistor, or they may be bent downwardly in the 
manner shown in Fig. 1, depending upon the use 
to which the resistor is to be put. It will also 
be understood that the threaded bushing B may 
be altered in length to fit the requirements of any 
particular installation, and that any appropriate 
type of knob C may be affixed to the end of the 
shaft 42, as by the use of a set screw, or the like. 
The mode of constructing and assembling the 

variable resistor of our invention, and the many 
advantages thereof, will, it is thought, be appar 
ent from the foregoing detailed description there 
of. The resistor is of the advantageous type en 
ploying a resistance film on an insulation base, 
which provides an exceedingly Smooth and non 
microphonic resistance variation the amount of 
which may be made linear or tapered, as desired. 
Although the resistor is of the film type, it is nev 
ertheless made so compact in construction that the 
dimension thereof is considerably smaller than 
other variable types of resistor not possessing the 
advantages of the continuous film resistor. The 
insulation base may be made of enameled sheet 
metal with no difficulty in enameling the same, 
although a perfectly plane surface and insulated 
edge is desired. The sliding brush contact pos 
sesses the advantages of pure Silver and the re 
silience of springy metal such as phosphor bronze. 
The contact arm is made exceedingly small, and 
yet has a resilience equivalent to that of a rela 
tively long arm. A single stamping for the arm 
incidentally includes a stop member to limit the 
rotation thereof, and a resilient contact for mak 
ing electrical circuit there with and for holding 
the resistance element in place. The assembly of 
the unit is simplified by providing sub-assemblies 
which may be put together with but little trouble 
and without the possibility of mistakes or errone 
ous alignment in the assembly. 

It will be apparent that while we have shown 
and described our invention in the preferred form, 
many changes and modifications may be made in 
the structure disclosed without departing from 
the spirit of the invention, defined in the following 
claims. 
We claim: 
1. In the manufacture of resistance units com 

prising an enameled base painted with a film of 
resistance material, the method of preventing the 
formation of a ridge of enamel near the edge of 
the base which includes rounding the edge of 
the base before coating the Same with enamel. 

2. In the manufacture of variable resistance 
units comprising an enameled metallic disc 
painted with an annular film of resistance ma 
terial, the method of preventing the formation of 
a ridge of enamel near the periphery of the disc 
which includes rounding the edge of the disc bear 
fore coating the same with enamel. 

3. A variable resistor comprising an insula 
tion base, a resistance film coated on said base 
near the edge thereof, and a movable contact are 
ranged for movement over said resistance film, 
said base comprising sheet material coated with 
enamel, the outer edge of said sheet material be 
ing rounded prior to the application of enamel 
thereto. 

5 
4. A variable resistor comprising an enameled 

base, an annular resistance film coated on One 
face of said base near the periphery thereof, and 
a movable contact arranged for movement over 
said resistance film, Said base comprising a metal 
lic disc coated with enamel, the outer edge of 
said disc being rounded prior to the application 
of ename thereto. 

5. A variable resistor including an insulation 
base comprising a metallic blank the peripheral 
edge of which is rounded, and the entire surface 
of which is coated with enamel, a film of resist 
ance material painted on one face of said base 
rear the periphery thereof, silver terminals paint 
ed over the resistance material at the ends of the 
resistance film, said terminals extending around 
the edge of the base and onto the back thereof. 

6. A variable resistor comprising a metallic 
disc the peripheral edge of which is rounded, and 
the entire surface of which is coated with enamel, 
an annular film of resistance material painted 
on one face of said disc near the periphery there 
of, silver terminals painted over the resistance 
material at the ends of the resistance film, said 
terminals extending around the edge of the disc 
and onto the back thereof in order to make con 
tact with connector lugs. 

7. A variable resistor CCnprising an insulation 
base, a resistance film coated thereon, and a nov 
able brush for making sliding contact with said 
resistance film, said brush being formed of a lam 
inated piece of material comprising an outer lam 
ination of pure silver and an inner lamination of 
relatively resilient material such as phosphor 
bronze, both of said sheets being similarly shaped 
and bent into suitable configuration to form the 
desired brush, said configuration including bent 
holding lugs, whereby no fastening means are 
needed for Securing the laminations together, 

8. A compact variable resistance of small di 
ameter including a cup-shaped housing provided 
with apertures in the botton thereof for receiv 
ing connector lugs, a resistance element compris 
ing an insulation disc, an annular film of resist 
ance material painted around one face of the disc 
near the periphery thereof, and a terminal ex 
tending to the opposite face thereof, a connector 
lug riveted to the center of the disc, a connector 
lug in appropriate position for bearing against the 
terminal, said resistance element being received 
in said housing, a bearing plate arranged to fit on 
the top of the housing, a rotatable shaft support 
ed therein, a contact arm fixed to said rotatable 
shaft, said contact arm including a resilient por 
tion for engaging the resistance film and an addi 
tional portion bearing against the aforesaid cen 
ter rivet of the resistance element. 

9. A compact variable resistance of small diam 
eter including a cup-shaped insulation housing 
provided with apertures in the bottom thereof for 
receiving connector lugs, a resistance element 
comprising a disc coated with enannel, an annular 
film of resistance material painted around one 
face of the disc near the periphery thereof, and a 
silver terminal painted over the resistance film at 
the end thereof and around the edge of the disc 
and onto the opposite face thereof, a disc of in 
sulation riveted centrally to the aforesaid resist 
ance element and to a connector lug, an addition 
all connector lug attached to the disc in appro 
priate position for bearing against the aforemen 
tioned extension of the silver terminal, said resist 
ance element and connector lug disc being re 
ceived as a unit in the bottom of the housing, a 
bearing plate arranged to fit on the top of the 
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6 
housing, a rotatable shaft supported therein, and 
a rotatable contact arm fixed to said rotatable 
shaft, Said contact arm including a resilient por 
tion carrying a brush for engaging the resistance 
film and an additional portion bent over to a 
point Opposite the end of the shaft in order to 
bear against the aforesaid rivet at the center of 
the resistance element. 

10. A compact variable resistance of Small di 
ameter including a cup-shaped insulation hous 
ing provided with apertures in the bottom there 
of for receiving connector lugs, a resistance ele 
ment comprising a metallic disc having a rounded 
edge and coated with enamel, an annular film of 
resistance material painted around one face of 
the disc near the periphery thereof, and silver 
terminals painted over the resistance film at the 
ends thereof and around the edge of the disc and 
onto the opposite face thereof, a thin disc of in 
Sulation riveted concentrically to the aforesaid 
resistance element and to a connector lug by 
means of a central eyelet, additional connector 
lugs attached to the insulation disc through 
slots therein in appropriate position for bear 
ing against the aforementioned extensions of 
the Silver terminals, said resistance element 
and connector lug disc being received as a unit in 
the bottom of the housing, a bearing plate ar 
ranged to fit on the top of the housing, a rotatable 
shaft supported therein, a rotatable contact arm 
fixed to said rotatable shaft, said contact, arm in 
cluding a resilient portion carrying a brush for 
engaging the resistance film and an additional 
portion bent over to a point opposite the end of 
the shaft in order to bear against the aforesaid 
eyelet at the center of the resistance element, so 
as to make contact with the said eyelet and in 
order to hold the resistance element at the bot 
ton of the housing, and a thin metallic sealing 
ring holding the bearing plate and housing to 
gether. 

11. A variable resistor including a housing pro 
vided with apertures for receiving connector lugs, 
a resistance element comprising a metallic disc 
having a rounded edge and coated with enamel, 
an annular film of resistance material painted 
around one face of the disc near the periphery 
thereof, and silver terminals painted over the 
resistance film at the ends thereof and around 
the edges of the disc and onto the opposite face 
thereof, a disc of insulation riveted to the afore 
said resistance element and to a connector lug by 
means of a central rivet, additional connector lugs 
attached to the insulation disc through slots 
therein in appropriate position for bearing against 
the aforementioned extensions of the silver termi 
nals, said resistance element and connector lug 
disc being received as a unit in the bottom of the 
housing, and a rotatable contact arm mounted 
On Said housing, Said contact arm including 
means contacting with the aforesaid rivet. 

12. A variable resistor comprising an insulation 
base, a resistance film coated thereon, and a mov 
able brush for making sliding contact with said 
resistance film, said brush being formed of a 
laminated piece of material comprising an outer 
lanination of a soft highly conductive contact 
metal and an inner lamination of relatively hard 
er and more resilient material, both of Said sheets 
being similarly shaped and bent into suitable 
configuration to form the desired brush, said con 
figuration including bent holding lugs, whereby no 
fastening means are needed for securing the 
laminations together. 

13. A variable resistor structure comprising a 

19,80s 
generally circular resistance element, a rotatable 
shaft terminating with an end at one side of the 
resistance element, a rotatable contact arm fixed 
on the end of the shaft adjacent the resistance 
element, a fixed stop lug forming a part of said 
resistor structure, and a central contact for elec 
trical connection to said arm, said contact arm 
being stamped out of a single piece of resilient 
sheet metal and comprising a central portion fixed 
to Said shaft, an annular outer portion joined to 
Said central portion at one side thereof, a slidable 
brush mounted on the annular outer portion of 
the contact arm at the opposite side thereof, said 
contact arm further including an extension from 
the first side thereof projecting outwardly and 
then reversely bent upon itself to a point in axial 
alignment with the shaft for cooperation with 
the aforesaid central contact during rotation of 
the arm, the outward projection cooperating with 
the aforesaid stop means of the resistor in Order 
to limit the movement of the slidable brush at 
the Opposite side of the arm. 

14. A compact variable resistor comprising a 
generally circular insulation base, an annular re 
sistance film coated thereon near the periphery 
thereof, a fixed metallic contact element at the 
center thereof, a rotatable shaft terminating at 
one side of said base, and a rotatable contact arm 
mounted on the end of the shaft adjacent the 
base, said contact arm being stamped out of a 
single piece of resilient sheet metal and compris 
ing a generally circular central portion fixed to 
said shaft, an annular outer portion the diameter 
of which is approximately equal to that of the 
base fixed to said central portion at one side 
thereof, and a brush slidable on the resistance 
film of the base and pivotally fixed to the annu 
lar outer portion of the contact arm at the Op 
posite side thereof, said contact arm further in 
cluding an extension from the first side thereof 
bent over from the periphery of the annular 
member to a point in axial alignment with the 
shaft in order to form a relatively long resilient 
circuit-making contact spring for continuous 
contact with the aforesaid fixed metallic contact 
element during the rotation of the contact arm. 

15. A resistance element for a variable resist 
ance unit, said resistance element comprising an 
insulation base, resistance material on one sur 
face of said base, and conductive terminals 
painted on said element and extending from the 
resistance material around an edge of the base 
to a different Surface thereof, said edge being 
rounded before having the conductive terminals 
painted thereover in order to avoid carrying the 
terminals around a sharp edge. 

16. A resistance element for a variable resist 
ance unit, Said resistance element comprising an 
annular insulation base, an arcuate resistance 
film painted on One surface of said base at the 
periphery thereof, and conductive terminals 
painted on Said element and extending from the 
resistance film around an edge of the base to a 
different surface thereof, whereby contact with 
said terminals may be made within the periphery 
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of the annular element without increasing the 
diameter of Said element. 

17. A variable resistor comprising an insular 
tion base, resistance material on one surface of 
said base, a movable contact arranged for nove 
ment over said resistance material, painted con 
ductive terminals extending from the resistance 
material around an edge of the base to a surface 
different from the surfaces receiving the resistance 
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material, and soldering lugs bearing against said 
terminals. 

18. A variable resistor comprising a circular in 
sulation base, an arcuate resistance film coated on 
One surface of said base, a movable contact ar 
ranged for movement over said resistance film, 
conductive terminals painted on said insulation 
base and extending from the resistance film 
around an edge of the base to a surface different 
from the surface receiving the resistance film, 
and soldering lugs bearing against said Second 
surface and contacting said terminals, the points 
of contact with said Sodering lugs being located 
within the outer periphery of the arcuate resist 
ance film. 

19. A variable resistor comprising a casing, a 
resistance element received therein and compris 
ing an insulation base carrying an arcuate strip 
of resistance material, a rotatable shaft carrying 
a contact arm for slidably engaging said resistance 
material, a Soldiering lug extending into the cas 
ing near One end thereof, and means providing 
conductive engagement between the resistance 
element and the soldering lug, said means in 

7 
cluding conductive paint extending from the re 
sistance material around an edge of the element 
to a point on the side of the element facing the 
inner end of the soldering lug. 

20. A variable resistor comprising a relatively 
shallow cylindrical casing, a resistance element 
received within said casing and comprising a cir 
cular insulation base coated with an arcuate film 
of resistance material, a rotatable shaft carrying 
a contact arm for slidably engaging said resist 
ance film, soldering lugs extending into the casing 
near one end thereof, means providing conduc 
tive contact engagement between the resistance 
element and the Soldering lugs, said means in 
cluding conductive paint extending from the re 
Sistance film around an edge of the element to 
points on the side of the element facing the inner 
ends of the soldering lugs, and means holding the 
element against the Soldering lugs for contact 
there with. 
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