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[57] ABSTRACT 

A potentiometer for accurately varying the electrical 
resistance exhibited between two terminals thereof as 
a speci?ed non-linear mathematical function of the 
unit-by-unit extent of movement of a movable contact 
along an elongate resistance element which overlies an 
array of discrete conductor members whose areal ex 
tent and areal disposition under and in bridging con 
tact with the film are such that the speci?c mathemati 
cal function is simulated in variation of the exhibited 
resistance. in circular-track elements, representative 
functional relationships include 90° sine, 180° sine, 
360° sine, 20db log, single-sided square, and double 
sided square. 

10 Claims, 6 Drawing Figures 
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1 
NON-LINEAR POTENTIOMETER WITH 

‘ CONDUCTOR ARRAY 

BRIEF SUMMARY OF THE INVENTION 

a. Background of the Invention 
Heretofore it has been known to provide so-called 

function potentiometers, an exhibited output potential 
of which varied approximately in accord with a mathe 
matical function relative to movement of the actuator, to 
such as a shaft. Such potentiometers have largely com 
prised wirewound resistance elements, the resistance 
wire of which was'wound either with varying spacing of 
convolutions of the wound wire, or with varying lengths 
of wire per turn as in the case of shaped-card elements. 
Great care in winding the elements was required, and 
irrespective of such care, close matching of successive 
ly wound elements was seldom attained, and the ele 
ments were bulky and of restricted resolution as are all 
wirewound resistance elements. It also has been sug 
gested that a non-linear potential variation might be 
obtained without involving all of the noted known un 
desirable physical and electrical characteristics of 
wirewound non-linear potentiometers, by laying down 
in a base a circular series of radially extending conduc 
tive strips with their faces flush with the surface of the 
base, dimensioning the strips variably as to width, 
length and spacing, laying down a continuous film of 
carbon or other resistance material over a portion of 
each strip and between the strips, leaving the inner end 
of each strip exposed for contacting, and arranging a 
movable contact to be moved successively from one to 
the vnext exposed strip end. The latter suggested 
proposal, exempli?ed by the structure disclosed in US. 
Pat. No. 2,632,831, did not attain practical status since 
the resolution of the device was even poorer than that 
‘provided by wirewound function-elements, the value of 
resistance exhibited changing in step-like changes of 
value of inconstant magnitude and spacing relative to 
contact movement. 

b. The Present Invention 
By the present invention, gross improvements in 

resolution are attained over the prior art function-simu 
lating potentiometers, by utilizing a uniform ?lm of re 
sistance material, such as a cermet, for the resistance 
element, and driving a movable contact along an elon 
gate brushing track or‘surface of the element. The re 
sistivity of the film is as uniform as it is practicable to 
make it, and the resistance exhibited between the 
movable contact and either terminal of the element is 
made to vary non-linearly relative to unit-by-unit 
movement of the contact along the element, by ap 
propriate dispersal of a multiplicity of discrete precise 
ly dimensioned and precisely arrayed conductor mem 
bers in the form of conductive ?lms in areal contact 
with one face of the resistance element and laterally 

' distant from the track or path on which the contact is 
arranged to travel. Conveniently the array of discrete 
conductor members or conductive films is produced on 
‘the insulative face of a support or substrate, concur‘ 
rently with production thereon of film-like conductors 
which serve as taps and/or terminals for the resistance 
element. Such conductive appurtenances or com 
ponents are, with the exception of those portions which 
are to serve as exposed terminals, covered wholly or in 
part by a ?lm-like layer of resistive material, such as a 
cermet or “conductive plastic" material, which film ex 
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tends beyond the lateral boundary of the elongate area 
or zone in which the array of discrete conductive com 
ponents are dispersed, to provide a brushing or contact 
zone alongside the array of conductor members. The 
movable contact is arranged to brush the resistive film 
along a contact path in the contact zone, none of which 
overlies or is in contact with any of the conductive 
members; that is, the contact is so arranged that it 
brushes the resistance element along a path which is 
con?ned to that area of the resistive film that extends 
beyond the noted lateral boundary of the elongate area 
in which the conductive discrete films are deployed or 
arrayed. Thus the movable contact does not brush any 
of the conductive components nor does it brush any 
portion of the resistive ?lm immediately underlaid or 
overlaid by any conductive component. Thus the ex 
hibited potential variation or resistance variation is not 
undulatory or stepped in character, but smoothly in 
creases and decreases as the contact moves along the 
contact path. As will be made clear, the dimensions, I 
areal extents, and areal spacings and dispositions of the 
conductor members underlying one elongate zone of 
the resistance element, depend upon the particular 
mathematical function or relationship which the poten 
tial output of the potentiometer is desired to simulate 
or “follow.” Exemplary spatial and areal arrangements 
of the two types of active components, i.e., resistive 
and conductive, and a presently preferred physical ar 
rangement in a complete exemplary potentiometer, are 
illustrated in the accompanying drawings comprised in 
this speci?cation or description. 
The preceding brief summary of the invention and its 

background make it evident that it is a principal object 
of theinvention to provide improvements in variable 
resistors or potentiometers of the type in which the out 
put potential is made to vary non-linearly and accord~ 
ing to a determined mathematical function of, or with 
respect to, linear variation of position of a movable 
contact. 

Another object of the invention is to provide general 
improvements in function-generating potentiometers. 
Another object of the invention is to provide an ar 

rangement of potentiometer components by means of 
which a high degree of uniformity or alikeness of elec 
trical characteristics is attained among all of similarly 
produced potentiometers. I 
Another object of the invention is to provide im 

proyements in manufacturing of that class of variable 
resistors termed function potentiometers. 
Another object is to provide improvements in preci 

sion in non-linear precision potentiometers. 
Otherv objects and advantages of the invention are 

hereinafter set out or made evident in the appended 
claims and the detailedv description of the illustrated 
form of the invention. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a pictorial view of an exemplary single-turn 
rotary potentiometer embodying the preferred form of 
the invention, with portions of a structural element and 
of resistive material removed to reveal details; 

FIG. 2 is a pictorial view of a cylindrical resistance 
' element device adapted for axial rotation and incor 
po'rating principles of the invention, using resistive 
material shown as being transparent; 
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. FIG. 3 is a pictorial representation of an elongate 
rectilinear resistance element device according to the 
invention, using resistive material illustrated'as being 
transparent for convenience in illustration; and 

FIG. ,4, 5 and 6 are plan views of three illustrative re 
sistance element devices according to the invention, il 
lustrating arrays of discrete conductor members used 
to provide, respectively, 40db log, 20db log, and 360° 
sine functional outputs in a potentiometer such as that 
depicted generally in FIG. 1, the resistive materials of 
the devices being shown as though they were trans 
parent for convenience in illustration, and portions 
thereof removed to better portray details. 

In the drawings, no specific scale of distance measure 
is applied. 

DETAILED DESCRIPTION 
In accord with the principles of the present inven-, 

tion, a preferred form of resistance element device is 
produced by disposing within a determined boundary 
on an insulative base, such as a ceramic substrate, a 
carefully dimensioned and con?gured elongate array of 
discrete spaced-apart conductor members, such as thin 
metallic films each having a particular speci?c geomet 
rical or areal shape or con?guration and each particu 
larly disposed in the array relative to next-adjacent 
members of the array, then disposing on the substrate 
and over and laterally beyond the array of conductor 
members a film vof resistive material, the latter extend 
ing laterally beyond and outside of the boundary of the 
array of conductor members whereby to provide a 
brushing path or track for accommodation of the wiper 
or contact of the potentiometer distant from the array 
of conductor members. The array of conductors is 
elongate in the direction of travel or motion of the 
movable contact of the potentiometer, whether in an 
arcuate, cylindrical, or rectilinear disposition. The re 
sistance element is provided with terminations at its ' 
electrical ends, and may have intermediate termina» 
tions or taps, all of which preferably are of conductive 
film ‘formed of material like or similar to that of the 
members of the noted array. The film terminations may 
connect directly, or by means of wires, to respective 

4 
disposed between a portion of the resistive ?lm and the 
substrate and which members in this particular con 
struction are of shape and spacing as indicated on the 
lower part of element 22¢. While the resistive element 
22e may in instances be transparent, or translucent, it ‘ 
may be opaque and of the nature of a cermet ?lm or'of 
the nature of a resistive plastic ?lm. The metallic mem 

_ bers 22c are in this example adherent to the substrate, 
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being preferably formed by silk-screen application of a 
metal-containing ink which is ?red to fuse the metal to 
the substrate. The resistive material may be similarly 
applied, and fired if of the nature of a cermet, or cured ' 
if a conductive plastic. The conductive members may 
be of diverse geometrical or areal con?gurations, but 
are all disposed within a specified elongate boundary. 
For example, the arcuate array of members 22c, most 
of which are obscured in FIG. 1 by the remainder of the 
overlying opaque resistive film 22e, is restricted to an 
arcuate zone or region, herein denoted X-Y, and ex 
tending from an inner circular boundary denoted X, 
and an outer circular boundary arbitrarily indicated by 
the dash or broken line Y in FIG. 1. Thereby there is 
provided an arcuate zone or region, herein denoted 
Y'-Z, adjacent to but laterally distant from zone X—Y in 
which the conductive members are contained, in which 
zone Y-Z the resistive material is not underlain by the 
conductive members and within which is the path along 
which the movable contact or ‘contacts of a contact 
device 20d may brush the resistive element. 
As previously indicated, the number, areal extents, 

, and areal dispositions of the conductor members 22c 
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rigid insulated pin terminals af?xed to the base or sub- _ 
strate‘or to other convenient structure. Other pertinent 
and detailed features of the invention are described in 
the following explanation containing references to the 
drawings. ' 

In FIG. 1, the exemplary potentiometer 10 comprises 
a housing composed of a cup 12, a cap or cover 14, and 
a clamp band 16, a part of which has been broken away 
and vthe ?anges of which engage in beveled annular 
grooves in the cap andcup to retain the housing in as 
sembled form when the ends of, the band are drawn 
together by the screw 16'. Antifriction bearing means, 
such as that at 18 in the cover l4,‘are coaxially ara 
ranged in the housing to rotatably support a contact ac 
tuator 20 herein shown as a shaft 20s and wiper arm 
20a. Affixed in the bottom‘ of cup 12 as by. means of ad 
hesive'is the resistance element device 22 which in the 
form shown comprises a substrate 22s in the form of a 
thin washer-likeiannular wafer of ceramic material 
such as alumina, an elongate arcuate resistive ?lm or 
element 22¢, and an elongate array of discrete conduc 
tive ?lm-members 22c which in this example are 

vary widely, depending‘upon the particular functional 
variation it is desired-that the electrical output of the 
potentiometer follow, upon the physical size 'of the 
potentiometer, the relative dimensions of the noted 
zones and their relative positions, and like design fac 
tors. The members 22c are discrete, that is, they are 
separated on the substrate by intervening areas of insu 
lation and by intervening portions ‘of the resistive 
material of the resistive element 22c. The relative ar 
rangement of the array of members 22c and the brush 
ing or contact zone within which the contact path is 
situated may be other than as shown in FIG. 1; for ex 
ample, in an arcuate or annular substrate arrangement, 
the zone in which'the array of conductive members is 
disposed may be radially outward’ from the contact 
zone, in which case the contact device 20d would be 
appropriately attached to wiper arm 20a inwardly of 
the position shown. A return conductor may be alterna 
tively provided by producing a circular conductive ring 
22r adjacent the inner edge of the annular substrate-as 
shown in FIG. 1, or by use of a metal ferrule or ring at 
tached to the substrate or to the bottom wall of cup 12,. 

' In either case, connection of the contact device to the 
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return conductor is effected by means of a conductive 
'brush 20r conductively attached to the metal wiper arm 
20a of the actuator means. The returnconductor Mr is 
insulated fromthe resistive element 22c and the con 
ductor members 22c by an'intervening bare annular 
portion 22s of the substrate, as indicated in FIG. 1. 

In operation, the shaft 20s, rotating in the noted 
bearings, rotates the arm 20a and carries the contact 
device 20d alongthe elongate arcuate contact path in 
the brushing zone Y-Z adjacent to but external to the 
boundaries of thearray of conductor members. The 
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values of electrical resistance exhibited between the 
movable contact device and any selected termination 
or tap on the resistive element vary in dependence 
upon the displacement of the contact or brushing point 
of device 20d from the respective termination, and, un 
like the situation in an ordinary potentiometer, the 
values will vary non-linearly with respect to units of dis 
placement of the contact point from a “zero” position 
at which the exhibited value is zero. Further, the values 
will vary smoothly and closely in accord with a desired 
mathematical (functional) relationship, due to the ef 
fects of the discrete conductive members 220 substan 
tially short-circuiting or bridging carefully selected 
small discrete areal extents of the resistive layer or film 
comprised in resistive element 22e. The variation of the 
noted exhibited resistance will not be step-wise, nor un 
dulatory or wavy when recorded in graphical form, as is 
the case when a contact moves from turn to turn of a 
wire element or from contact to contact of a series of 

stationary switch contacts; but will, rather, be smooth 
and follow very closely the intended mathematical 
functional variation and when graphically recorded will 
result in a record coinciding with the. graphical plot of 
the function. It is evident that due to the noted bridging 
effects of the discrete conductor members, the varia 
tion of exhibited resistance, relative to extent of travel 
of the contact along the contact path, will not be linear 
and will vary from a linear relationship to an extent de 
pending upon the areal size and spacing or distribution 
of the conductor members underlying the resistive ele 
ment, the relative areas of the latter element that are 
within, and external to, the zone within which the con 
ductive members are arrayed, and the respective re 
sistivities of they conductor members and the element. 
Thus to produce a potentiometer whose electrical out 
put will follow a specific functional relationship to the 
linear motion or advance of the actuator and contact, a 
graphical representation of the desired functional 
variation may be plotted, together with a comparable 
graphical plot representing linear variation of exhibited 
resistance relative to actuator or contact displacement. 
Then the deviations of the ?rst plot or graph from the 
second graph may be noted for a large number of ac‘ 
tuator displacements. Using experimental data ob 
tained by production of a resistance element device 
similar to 22, but including a diversity of areal patterns 
and dispositions of conductive members, and measure 
ment of values of exhibited resistance variations from 
linear values, an approximate or proposed array of con 
ductor members is produced, and conformity or non 
conformity with the desired functional variation is 
determined at diverse points along the course or extent 
of the element. Any resulting non-conformity from the 
desired variation is or may be corrected by small 
change of areal shape or extent of appropriate conduc 
tor members, whereby to obtain an exact arrangement 
or array of the latter necessary to attain the desired 
degree of conformity of variation of exhibited re 
sistance to the specified functional variation. 
Thereafter, in successively produced potentiometers of 
the same construction or type, the exact arrangement 
of conductor members is repeated, using the areal 
array previously-determined as a pattern, to provide a 
variation of electrical potential output, or exhibited re 
sistance, conforming to thespeci?ed functional rela 
tionship. 
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It is evident from the preceding description that by 

using areal arrays of conductive members disposed 
upon, or under, respective resistive element ?lms as 
described, substantially any speci?c non-linear func 
tion in two variables can be matched to any desired 
degree of exactness. Smoothness of the variation of ex 
hibited resistance can be decreased by decreasing the 
width or transverse dimension of the resistive material 
zone such as zone Y-Z in FIG. 1, relative to the trans 
verse dimension of the zone in which the conductive 
member array is disposed, and/or by changing the 
width of the resistive zone between the contact zone 
and zone X-Y, and vice versa. Also it is evident that the 
resistive element and the array of conductor members 
may take other than arcuate form. For example, the re 
sistive element, and the conductor members array, may 
be disposed upon a cylindrical surface as indicated in 
FIG. 2, or upon a flat rectangular elongate surface as 
indicated in FIG. 3. In FIG. 2, a cylindrical insulative 
substrate 30, with gudgeons 32 and 32' permitting rota 
tional supporting in a housing, has secured thereto a 
functionally related elongate array of discrete conduc# 
tor members 34 and an overlying adherent arcuate re 
sistive element 36. A contact zone 36c is provided, 
remote from the zone 36e within which the boundaries 
of the conductor members array are contained, 
whereby the brushing contact 38 is always distant from 
the nearest conductor member of the array. A‘ set of 
conductive bands 40 and 42, adherent upon isolated 
portions of the substrate 30, serve as return conduc 
tors, each connected to a respective end termination of 
element 36 and brushed or contacted by a respective 
one of a set of brushes 44 and 46. In that construction, 
the contact and brushes may be stationary and the sub 
strate actuated by exerting or applying torque to the 
rotatable structure, as, for example, to the gudgeon 32. 

In FIG. 3 is illustrated an elongate flat rectangular 
wafer-like substrate 50 of insulation bearing an array of 
thin ?at discrete conductor members such as 52, which 
members are overlaid by an elongate resistive element 
54 that extends laterally beyond the boundaries of the 
elongate zone occupied by the conductor members and 
longitudinally into contact with transverse end termina 
tion conductor films 56 and 56'. Thus there is provided 
an elongate contact zone 58 distant from the conduc 
tor-member array and upon which a contact device 60 
brushes incident to relative longitudinal motion 
between the substrate and the contact device. Ter 
minals are provided for the element 54 as required, as 
by wire leads soldered to terminations 56, 56' and to 
contact device 60 as indicated; but other conventional 
terminal means may be utilized. As is evident, the 
lengths, widths and spacings of the conductor members 
of the array may be varied, and the geometrical shapes 
thereof as well, to bring the variation of resistance ex 
hibited between contact 60 and termination 56, for ex 
ample, incident to relative longitudinal translation 
between contact and resistive element, into conformity 
with the corresponding functional variation of any 
speci?ed function of two variables. Thereafter, the 
conductor member array, etc., are duplicated or copied 
to produce any desired number of functionally and 
operationally alike potentiometers. 

In FIG. 4, there is illustrated a resistance element 
device suitable for direct incorporation into a poten 
tiometer structure such as that depicted in FIG. 1, in 
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substitution for the device 22 therein, and adapted to 
provide a resistive or electrical representation of the 
function commonly termed 40db log, more precisely 
de?ned by the equation e/E = 10”") wherein e is the 
potential difference between wiper contact and an end 
termination, E is the potential difference between end 
terminations, and x represents displacement of the 
wiper contact from an end termination. In the drawing, 
the film of the elongate annular resistive element 70 
has been partly removed and the remainder shown as 
though it were transparent. In general, the resistive film 
may be opaque, semi-opaque, translucent, or trans 
parent, depending upon the materials and processes 
employed; but herein the expedient of illustrating the 
film of the resistive element as'being transparent is util-' 
ized solely to improve clarity of illustration. The re 
sistive element 70 in this example overlies a major por 
tion of the elongate arcuate zone within which is con 
tained the invisible and intangible boundaries of an 
elongate arcuate array of discrete conductor members 
such as those indicated by number 72. The conductor 
members are formed on an annular ?at washer-like 
ceramic wafer or substrate 74, for example by being 
silk-screened thereon using conductive or metallic ink 
and then ?red, or by any other appropriate process. In 
this particular instance, the conductor members are of 
large areal extent and of arcuate sector form at one end 

20 

25 

of the array; decreasing in areal extent but of relatively ' 
uniform separation as the other end of the array is ap 
proached, and diminishing in size to short line-segment 
form at the latter extremity of the‘array, as shown. 
Radially inward extremities of the individual conductor 
members are in this instance notvoverlaid by the re 
sistive ?lm of element 70, illustrating another feature of 
the invention as will presently be explained. Further, it 
should be noted that the conductor members array 
ends before the adjacent termination :2 is reached, 
whereby there is left a short arcuate section of the re 
sistive element that is not underlain by conductor mem 
bers. That is necessitated by the nature of the “40db 
log” function that the electrical output of the poten 
tiometer is required to follow. When the substrate 74 is 
substituted for device 22 shown in the potentiometer 
10 illustrated in FIG. 1, the terminations Hand :1 are 
wire-connected to respective ones of pins T, and a 
metal ring or ferrule similar to Mr of FIG. is applied 
to the inner periphery of substrate 74 for brushing by 
brush 20r. It will be understood that whether the entire 
area of each of conductive members 72 is overlaid by 
resistive film or element 70, or only partially covered, is 
a matter of design; and that the extent to which the 
total width of the resistive ?lm is bridged by conductor 
members is similarly a matter of design. Initially, to 
determine the areal'shape, areal extent, and spacing of 
the conductor members, the latter may optionally be 
applied over the resistive film, to the extent required to 
produce the change of exhibited resistance requisite to 
follow the specified functional relationship between the 
variable movement or translation of the actuator or 
contact, and of the exhibited electrical quantity (re 
sistance or potential). The areal configuration is varied, 
as is the areal extent, progressively, and by steps to pro 
vide discrete conductor members, from one end of the 
array to the other, with correlated reading-out of the 
electrical values as modi?ed by production or applica 
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tion of the discrete members as necessary to obtain cor‘ 
respondence between the functional relationship to be 
followed and the electrical value exhibited. Thereafter 
the areal con?gurations of the resistive element and of 
the array of conductive members are repeated or 
copied for each of a series of substrates for like poten 
tiometers. * ' 

Further illustrating application of the principle of the 
invention to resistance element devices which may be 
used in the housing members 12-14 of FIG. 1, there is 
shown an arrangement in FIG. 5 very similar to that de 
picted in FIG. 4 but adapted to provide an. output fol 
lowing the “20db log” function represented mathe 
matically by the similar equation e/E = 10"“), wherein 
the characters of the equation are the same as those 
previously identified in the functional relationship ex 
plained in connection with FIG. 4. The differences 
between the resistance element devices depicted in 
FIGS. 4 and 5 are principally differences in areal 
shapes and extents of the conductor members and in‘ 
the areal distributions or dispositions thereof in the 
respective arrays. The substrate 74 carries an elongate 
array of conductor members such as 72', a resistive ele 
ment 70’ and terminations t1 and t2. 

Further illustrating how more complex ‘mathematical 
functional relationships are made to be followed by the 
potentiometer output, by differently forming and 
areally arranging the conductor members relative to 
the elongate resistive element, there is depicted in FIG. 
6 a resistance element device 80 suitable for substitu 
tion for that shown at 22 in FIG. 1, with the utilization 

' of two more pins T of the terminal pin array there 

40 

shown. In FIG. 6, the thin annular alumina ceramic 
substrate has applied thereto an elongate array of dis 
crete conductor members 82 of areal shapes and ex 
tents as indicated, the array being comprised of two op-' 
positely disposed sub-arrays, each the mirror-image of 
the other, but the upper (as shown) sub-array having its 
middle members connected to respective ones of 
separate terminations T1 and T2 which serve as the two 

‘ end terminals of the overlying elongate annular re 
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sistive element 84, while the middle conductor mem 
bers of the lower (as shown) sub-array are merged with 
and connected to a common termination T3 which 
serves as a mid-point tap termination for the resistive 
element 84. The resistive ?lm 84 is tapped by quarter 
point conductive ‘taps at T4 and T5 as shown, and con 
ductor ?lms suchas 85, 86 and ‘86' are optionally 
formed on the substrate concurrently with the conduc- ‘ 
tor members, to facilitate short-wire connections to 
closely spaced terminal pins of the array of pins T af 
fixed to the potentiometer as indicated in FIG. 1. Such 
insulated-wire connectors are indicated at W in FIG. 6. 
An electrical return ring or conductor 88 is provided at 
the inner margin of the annular ceramic substrate, as 
shown, for contact with brush 201'; and the conductor 
88 is connected by a wire W to one of the terminal pins 
T. The areal arrangement of the conductor elements, 
their extents, and their positioning relative to the over 
lying resistive ?lm of the resistive element 84 is such as 
to provide a “sin 360°" functional variation of the ex 
hibited resistance, or of the electrical output of the 
movable potentiometer contact [such as wiper contact 
20d (FIG. 1)]. Mathematically, the function is 
represented by the equation: e/E = sin 0, wherein e = 
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output potential, E is the total applied potential, and 0 
is the angular displacement of the contact 20d along 
the resistive element from a termination T1 or T2. 

In each of the foregoing constructions, the precise 
ness with which the electrical output conforms to the 
respective desired functional relationship between con 
tact displacement and electrical output (exhibited re 
sistance or exhibited potential) may be brought to any 
desired degree-of' tolerance by appropriately changing 
or altering the point-to-point resistance of the ?lm of 
resistive material comprised in the resistive element. 
For example, as indicated in FIG. 6, by selective careful 
removal of resistive material from successive portions 
of the area adjacent the inner periphery of the annular 
film, as indicated at R1, R2, R3 and R4 in the drawing, 
adjustment of the electrical output value can be 
brought into conformity with the theoretical value dic 
tated by the equation, to any desired degree of preci 
sion. Removal of the material can be removed by sand 
blasting, or by laser beam. In the case of potentiome 
ters manufactured to ordinary tolerances, such 
trimming of the resistive film is not necessary. 
The preceding detailed description of the invention 

as embodied in potentiometers having resistance ele 
ment devices of a variety of configurations, and the 
detailed description of the means and mode of dispos 
ing an elongate array of discrete conductor members of 
various areal con?gurations, extents and spacing rela 
tive to a transversely distant elongate brushing or con 
tact zone of a thin elongate resistive element, portions 
of which element are bridged by respective ones of the 
conductor members whereby to make the electrical 
output of the potentiometer vary in accord with a 
speci?ed‘mathematical function, make it evident that a 
substantially in?nite number of non-linear functional 
relationships between two variables may be accom 
modated by respective constructions according to the 
invention. Accordingly, it is not desired that the scope 
of the invention be limited to the specific details of the 
illustrated structures, but that the scope be restricted 
only by limitations expressed in the appended claims. 

I claim: ‘ 

1. An electrical non-linear function-generating 
potentiometer comprising: ' _ 

?rst means, including housing means providing a 
chamber; 

second means, including an actuator device having a 
driving portion in said chamber and a portion ac 
cessible outside said chamber for imparting actuat 
ing motion thereto; 

third means, including an insulative substrate in said 
chamber, and an array of discrete conductor mem 
bers arrayed .on said substrate and adherent 
thereto; 

fourth means, comprising a resistive film overlying 
said conductor members and presenting an elon 
gate exposed surface distant from said array for 
brushing contact by movable contact means, and 
terminal means for said film; 

?fth means, including movable contact means in said 
chamber and a terminal for said contact means, 
said contact means moved by said actuator means 
along an elongate path included in said elongate 
exposed surface whereby to vary the value of elec 
trical resistance exhibited between said contact 
means and either of said terminal means, 
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Ill 
whereby variation of said-value during movement of 

said contact means accurately follows a known 
non-linear mathematical function of such move 
ment determined by the areal extents and areal 
distributions of said discrete conductor members 
overlaid by said resistive ?lm. 

2. A potentiometer according to claim 1, in which 
the said actuator device is rotary and in which the areal 
extents and dispositions of said discrete conductor 
members provide variation of the said exhibited value 
of resistance proportional to the sine of the angular dis 
placement of said actuator device. 

3. A potentiometer according to claim 1, in which 
the said actuator device rotates and in which the areal 
extents and spatial dispositions of said conductor mem 
bers provide a variation of said exhibited value of re 
sistance exponentially related to linear rotational dis 
placement of said actuator device. 

4. For a non-linear potentiometer theelectrical out 
put of which varies in conformity with a non-linear 
mathematical relationship between the displacement of 
the potentiometer actuator and such electrical output, 

?rst means, comprising a resistance element device 
comprising an insulative substrate and ?rst and 
second superposed thin elongate components both 
adherent to said substrate, 

said ?rst component comprising an elongate thin 
film-like resistive element, I 

said second component comprising an elongate array 
of thin ?lm-like discrete conductor members each 
having a face and each having at least a portion of 
a face thereof in contact with and bridging a com 
plementary portion of the said resistive element, 

said elongate array of discrete conductor members 
leaving unbridged an elongate contact zone of said 
resistive element laterally adjacent to said array; 

second means, including termination means for said 
resistive device; and 

third means, including actuator means and a contact‘ 
operated thereby along a contact path in said con 
tact zone laterally distant from said array. 

5. A non-linear potentiometer resistance element 
device comprising: 

a thin insulative ceramic substrate; 
an elongate thin ?lm of resistive material forming a 

resistive element, said element adherent to said 
substrate and supported thereon and providing 
?rst and second elongate zones along the length 
thereof said zones including a brushing contact 
zone and a bridging zone extending alongside said 
brushing contact zone; 

an elongate array of areally separated conductor 
members in face to face contact with respective 
portions of said resistive element entirely within 
said bridging zone and generally laterally distant 
from said brushing contact zone, said conductor 
members and said resistance element being su- ‘ 
perimposed upon and supported by said ceramic 
substrate; and ‘ 

termination means for said resistive element; 
whereby resistance exhibited between a selected one 

of said termination means and a succession of 
points along said elongate brushing contact zone 
varies smoothly from point to point therealong and 
varies non-linearly with departure from said 
selected termination and in accord with a deter 
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' mined mathematical function relating exhibited 
resistance and such departure as determined by 
the bridging effects of said conductor members 
upon the said resistive element. 

6. A resistance element device as de?ned in claim 5, 
in which said conductor members are conductive ?lms 
?red upon said substrate and in which said resistive ele 
ment is a thin elongate film of resistive material which 
in said bridging zone overlies and is partially bridged by 
at least portions of said conductor members and which 
?lm is adherent to both said discrete conductor mem 
bers and to said substrate. 

7. A resistance element device as de?ned in claim 6, 
in which said ?lm of resistive material is a cermet. 

8. A resistance element device as de?ned in claim 6, 
in which said ?lm of resistive material is a resistive 
plastic composition. 

9. A resistance device comprising an insulating sub 
strate with a thin ?lm resistive element, said resistive 
element including a ?rst zone extending lengthwise of 

12 
said element and partially across the width of said ele 
ment and a second zone extending lengthwise of said 
element and across the portion of the element width 
not occupied by said ?rst zone, an elongate array of 
thin discrete conductor members permanently 
disposed in contact with said resistive element solely in 
said ?rst zone. ' 

g 10. A potentiometer comprising an insulating sub 
strate with a thin ?lm resistive element, said resistive 
element including a ?rst zone extending lengthwise of 
said element and partially across the width of the ele 

. ment and a second zone extending lengthwise of the 
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element and across the portion of the element width 
not occupied by said ?rst zone, an elongate array of 
thin discrete conductor members permanently 
disposed in contact with said resistive element solely in 
said ?rst zone, and a movable contact engaging said re 
sistive element and operated along a path in said 
second zone laterally distant from said array. 

1k i‘ i i it 
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