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VARIABLE RESISTANCE ELEMENT 
Nathan Pritikin and Harold Weinstein, Chicago, 

Ill.; said Weinstein assignor to said Pritikin 
Application May 9, 1951, serial No. 225.381 

8 Claims. 

This invention relates to a variable resistance 
element and in particular to a variable resistance 
element for use as a rheostat or as a potentiom 
eter. It is an object of the invention to provide 
animproved resistance element of that character. 
According to one embodiment of the invention 

a Substantially circular resistance path and a 
pivoted movable contact are employed. A sheet 
of insulating material serves as a base and a 
plurality of spaced conductors traverse the re 
sistance path. These conductors are embedded 
in the insulating sheet and are flush With one 
Surface of the sheet. The resistance element 
itSelf comprises a thin layer or film of carbon 
or other resistance material laid in an arcuate 
path over the major portion of the length of 
each conductor. One end of each conductor, 
preferably the radially inner end, is left bare for 
COOperating With the movable contact. 

Various advantages arise from this construc 
tion. Since the conductors are flush With the 
Surface of the base sheet, a Smooth even surface 
is available upon Which the resistance element 
may be deposited or laid. This is particularly 
advantageous Where graphite or other forms of 
carbon in combination With a Suitable binder 
are employed as the resistance element since a 
carbon film laid over a Smooth surface is much 
more durable than one Which is made to bridge 
Over an irregular surface. Also, since the end 
portions of the conductors which are used as 
stationary contacts are flush With the Surface 
of the base, a continuoussmooth surface is avail 
able over Which the movable contact may ride. 
Physical resistance to movement of the movable 
contact is thereby minimized. The conductors 
carry the current across the Width of the re 
sistance strip With practically negligible re 
sistance, Whereby the entire Width of the re 
sistance strip is employed for carrying current 
over the entire selected length thereof. This 
results in a stable and readily predetermined 
resistance per unit length of the resistance path. 
Also, erosion of the resistance material and a 
SOurce of noise are eliminated by the avoidance 
of direct contact between the movable contact 
and the resistance strip. 

Still another advantage lies in the fact that 
the resistance path can readily be made non 
linear, in accordance With some predetermined 
plan, by Varying the Width of the resistor strip, 
by Varying the Spacing of the transversely ex 
tending conductors, and by varying the width 
of the conductors. 

Accordingly, it is another object of the inven 
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2 
tion to provide animproved variable resistor in 
which mechanical resistance to movement of the 
mOVable contact is minimized. 

It is another object of the invention to provide 
an improved Variable resistor in Which the entire 
Width of the resistance element is employed for 
carrying current over the entire selected length 
thereof. 

It is another object of the invention to provide 
an improved variable resistor Whose construction 
is Well adapted to provide preselected non-linear 
resistance characteristics. 

It is another object of the invention to provide 
an imprOVed l'heostat or potentiometer having 
the desirable characteristics mentioned above 
While being simple, reliable, durable, and eco 
nomica to manufacture. 
This invention, together With further objects 

and advantages thereof, Will best be understood 
by reference to the following description taken 
in combination With the accompanying drawing 
and its scope Will be pointed out in the appended 
claims. 

In the draWing in Which like parts are desig 
nated by like reference numerals, 

Fig. 1 is a plan view of a rheostat or potentiom 
eter constructed in accordance With the inven 
tion; 

Fig. 2 is an enlarged cross-sectional view of 
the same apparatus taken along the line 2-2 of 
Fig. 1; and 

Fig. 3 is an enlarged developed cross-Sectional 
View of the same apparatus taken along the line 
3-3 of Fig. 1. 
The Variable resistance shown in the drawing 

includes a base f l of suitable insulating material 
Such as a thermosetting plastic. A plurality of 
conductors 2 are embedded in the base in spaced 
relationship to define a path, With each con 
ductor being Substantially parallel to adiacent 
conductors as is clearly Seen in Fig. 1. The con 
ductors 2 are set into the base il in Such I'man 
ner that the upper surfaces of the conductors 
and the base are flush, asseen in Figs. 2 and 3. 
The conductors may be inset in the base by 

any Suitable method and accordingly Such meth. 
od Will not be described in detail herein. Pref 
erably, the method employed is that disclosed 
and claimed in another application by the same 
inventors, Serial No. 189,850, filed October 12, 
1950, and entitled Metallic Element Embedding 
Process and Product. The conductors may be 
bars of metal or other conducting material and 
may be of substantial thickness or may be formed 
of Verythin metal foil, for example. 
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In the preferred embodiment a resistance strip 
i 3 of carbon is provided, the carbon being ap 
plied by spraying or by other Suitable means in 
the form of carbon particles mixed With a Suit 
able binder such as ethyl cellulose and a com 
patible solvent such as lacquer thinner. The 
resistance strip or film may, hoWever, be of other 
suitable resistance material such as metal foil 
or metallic Salts. The resistance strip is laid 
over a portion of each conductor 2 and makes 
electrical contact therewith, the Smooth flush 
surface provided by the insetting of the con 
ductors in the base il permitting a uniform ap 
plication of the film or strip. This is advan 
tageous since the film tends to bridge Over any 
irregularities on the surface to which it is applied 
with the result that the film is unsupported and 
hence easily broken at such points, especially 
where the carbon film is used. The Smooth 
surface provided in the preferred embodiment 
shown in the drawing simplifies the application 
of the resistance film and results in a film of 
maximum strength and durability. 

At, each end of the resistance Strip there is ai. 
enlarged conductor electrically connected to ter 
minals A and E. These terminals rnay, for exam" 
ple, be in the form of binding posts, Secured to 
the base i by any suitable means, not shoWn il 
the draWing. 
In the particular embodiment of the invention. 

shown the resistance film is varied in Width at 
two points B and Calong its length. It Will be 
apparent that by Such means a L'esistace rnay 
be obtained having any reasonable form and de 
gree of non-linearity. 
The inner ends of the conductors 2 eXtend be 

yond the inner edge of the resistance fila Where 
by they are exposed and may serve as Stationary 
contacts. A movable contact i? is carried by a 
rotatable arm i5 pivoted near the center of the 
rheostat or potentiometer on a shaft i5. A bear 
ing and some form of control are provided, but 
these are not shown in the drawing since they 
may be of any suitable form, many of Which are 
Well known in the art. 
The movable contact i 3 may be of any deSired 

form and is shown in the drawing as being inade 
up of a series of copper sheets, this form of COn" 
tact being Well known in the art. AS the pivoted 
arm i5 rotates about the Shaft i6, the contact 
successively engages the inner ends of the co?ì 
ductors : 2 and is successively connected thereby 
to corresponding points along the length of the 
resistance film i 3. 

In the particular embodiment disclosed, the 
conductors 42 are of equal Width and evenly 
spaced from the termina. A to the point D. Over 
this length of the resistance path the resistance 
is linear With the exception of the non-linea 
characteristic introduced by the Variation in the 
width of the carbon path at the point:S 3 and C, 
previousy mentioned. However, between the 
points D and E' on the resistance path the con 
ductors, While they continue to be of the Same 
width, are more closely Spaced. The conductOS 
contact and hence substantially Short-circuit the 
resistance film Over the Width of each conduc 
tor, and, accordingly, it is apparent that the re 
sistance per unit length of the resistance pathis 
less between the points D and E, Where the con 
ductors are closely Spaced, than it is betWe8n the 
points C and D, where relatively Wide conductor 
spacing is employed. 
A still lower value of resistance per unitlength 

is obtained between the point E and the termi 
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nal Fºº by virtue of the fact that the conductors 
between these points are made Wider While the 
close spacing of the conductors, employed be 
tWeen the points D and E, is also employed be 
tWeen 3 and Fºº. 

A. rheostat or potentiometer constructed in ac 
cordance With the invention permitS the use of 
a thin film of resistance material of uniform 
thickness, this film being readily applied and of 
maximum strength since it is laid upon a Smooth 
Surface, The Width of the resistance film O' 
Strip may readily be varied to produce any rea 
Sonable non-linear characteristic. A Smooth 
even path is provided for the movable contact 
With the result that minimum mechanical re 
sistance to tine iovement thereof is obtainedi. 
Also, a very substantial cause of noise and Of 
erosion of the resistance material are eliminated 
by Virtue of the fact that the movable contact 
ioeS noti slide over the resistance element itSelf 
buit, instead, €ngageS the ends of the conductO'S. 
& O:à-linea chat'acteristic of the resi Stance 

patin is readiy obtained also by Vaying the l'el 
ative spacing or Width of the conductGS. Finally, 
the entire Width of the resistance fin iS ein 
ployed to carry current, over the entire Selected 
length of the path Whereby the resistance be 
tween each pair of conductors inay readily be 
predetermined. 
The resistance path need ot be circular as in 

the embodiment shoWnout may be of any desired 
form. It may, for example, be arrainged in a 
straight line, a Siding rather than 3, rotating 
contact being provided. Similary, the base leed 
not be flat but may be cylindrical or of any other 
desied contour. EPreferaby, inoWever, the Su 
face is Smooth and even in Order that the resist 
ance materia may be applied easily and may be 
of uniform thickness and Solidly SuppGrted. 

in the preferred embodinent of the invention 
the conductors 2 are narroW Strips of a thin 
metal foil. It is to be understood, hoWever, that 
other forimS may be Suitable and the Scope of 
the invention is not limited to any particular 
nature of the conductors or method Of arranging 
thern fiush With the Surface of the base. 
Waile a particular erabodinent Gi the inven 

tion has been shown, it Will be understood, of 
course, that the invention is not, limited thereto 
since many modifications may be made, and it 
is, therefore, contemplated to cover by the ap 
pended claims any Such nodifications as fall 
Within the true Spirit and scope of the invention. 
The invention having thus beea described, What 

is clained and desired to be Sectired by Letters 
atentis: 
1. A variable resistor comprising an insulat 

ing base, a plurality of conductors embedded in 
Said base and fiush With one Surface thereof, said 
conductor's being Spaced apart and arranged to 
define a path eXtending substantially transverse 
y of Said conductors, a resistance element ex 
tending along Said path and overlying and con 
tacting a portion of each of Said conductors, and 
a contact, movable With respect to Said base, for 
Successively engaging other portions of each of 
Said conductors. 

2. A Variable resistor comprising an insulat 
ing base, a plurality of conductors embedded in 
Said baSe and fiusa With One SUE'face thereof, Said 
conductor's being Space apart and aranged to 
define a path extending substantially transverse 
ly of Said conductors, a resistance element com 
prising carbon particles and a binder extending 
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along said path and overlying and adhering to 
Said base and to a portion of each of said conduc 
tors, and a contact, movable With respect to Said 
base, for successively engaging other portions of 
each of Saidi. Conductors. 

3. A Variable resisto comprising an insulat 
ing base, a plurality of conductors embedded in 
Said base and fiush Withi One Sui face thereof, Said 
conductors being Spaced apart and arrainged to 
define a path extending Substantial y tranSVerSe 
ly of said conductors, a resistance element over 
lying and contacting a portion of each of Said 
conductors, and a contact novable With reSpect 
to Said base for Successively engaging an eXpoSed 
portion of each of Said conductors. 

4. A variable resistor comprising an insulating 
base, a plurality of conductors embedded in Said 
base, each of Said conductors having a flat sur 
face flush with one Surface of Said base, said 
conductors being Spaceci apart and arranged to 
define a path extending Substantially transversely 
of said conductors, a resistance element overly 
ing and contacting a portion of each of said con 
ductors, and a movable contact for successively 
engaging an eXposed portion of each of Said con 
ductors. 

5. A Variable resistor comprising an insulating 
base, a plurality of conductors embedded in said 
base, each of Said conductors having a flat sur 
face fiush With one Surface of Said base, said 
conductors being Spaced apart and arranged to 
define a path extending Substantially transversey 
of Said conductors, a resistance element compris 
ing carbon particles and a binder overlying and 
adhering to Said base and to a portion of each of 
Said conductors, and a movable contact for suc 
cessively engaging an eXposed portion of each of 
Said conductOrS. 

6. A variable resistor comprising an insulating 
base, a plurality of conductorS embedded in Said 
base, each of Said conductorShaVing a flat Surface 
flush With One Surface of Said base, Said conductors 
being Spaced apart and arranged to define a path 
eXtending substantially transversely of Said con 
ductors, a resistance element Overlying a portion 
of each of Said conductors and contacting Said 

6 
conductors over the entire Width of Said resist 
ance element, and a movable contact for Succes 
sively engaging an eXposed portion of each of said 
conductorS. 

5 7. A Variable resistor comprising an insulating 
base, a plurality of conductors embedded in Said 
base, each of Said conductors having a fiat sur 
face flush With One Surface of Said base, Said 
conductors being Spaced apart and arranged to 
form a path eXtending substantially transversely 
of Said conductors, a resistance element Overly 
ing and contacting a portion of each of said con 
ductors, and a movable contact for Successively 
engaging an eXposed portion of each of Said con 
ductors, said conductors being unequally spaced 
in accordance With a predetermined Schedule 
Whereby Said resistoris made non-linear. 

8. A Variable resistor comprising an insulating 
base, a plurality of conductors embedded in said 
baSe, each of Said conductors having a fiat Sur 
face flulsh With One Surface of Said base, Said 
conductors being spaced apart and arranged to 
forma path extending substantially transversely 
of said conductors, a resistance element Overly 
ing and contacting a portion of each of said con 
ductOS, and a novable contact for SucceSSiVely 
engaging an eXpoSed portion of each of Said con 
ductors, said conductors being of unequal Width 
and arranged in accordance With a predetermined 
schedule Whereby said resistor is made non 
linear. 
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