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This invention relates to an improved form of 
potentiometer for electrical regulating systems 
and other comparable applications, and it has 
particular relation to means for increasing the 
number of steps of resistance adjustment which 
such potentiometers are capable of providing. It 
is therefore an object of this invention to pro 
vide a potentiometer apparatus with a multiple 
?ngered wiper arrangement which will increase 
the number of steps of resistance adjustment. 

Multiple ?nger wiper arrangements are not 
new in the art of potentiometers, but their design 
has been directed towards a method of insuring 
that at least one wiper contact will be in electrical 
contact with a turn of wire of the resistance ele 
ment of the potentiometer at all times so that the 
possibility of an open circuit at the potentiom 
eter is thus eliminated. Such an arrangement, 
however, will not a?ect an increase in the num 
ber of steps of resistance adjustment over the 
adjustment which such elements are capable of 
providing, regardless of the number of wipers 
and the manner in which they are spaced. It is 
an object of this invention to provide a potentiom 
eter apparatus in which each of the multiple 
?ngered wiper arms possess an appreciable 
amount of resistance between a contact tip for 
each of the multiple arms and a point common 
to all of the multiple arms of the wiper appa 
ratus. 

It is a further object of this invention to pro 
vide such an arrangement in which the increased 
number of resistance adjustments are constant 
throughout the entire range of the potentiom 
eter. 

It is a still further object of this invention to 
provide a multiple ?ngered wiper arrangement 
which can be used with all forms of wound re 
sistance elements. 

Various other objects, advantages and fea 
tures of novelty which characterize our inven 
tion are pointed out with particularity in the 
claims annexed hereto and forming a part, here 
of. However, for a better understanding of the 
invention, its advantages, and objects attained 
by its use, reference should be had to the sub 
joined drawing, which forms a further part 
hereof, and to the accompanying descriptive mat 
ter, in which we have illustrated and described 
a preferred embodiment of our invention. 

(Cl. 201--56) 
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Figure 1 is a schematic electrical diagram of 

a conventional potentiometer used as a voltage 
divider so that the steps of resistance adjust 
ment of the potentiometer can be readily meas 
ured. 
Figure 2 is a schematic electrical diagram of 

the improved form of potentiometer used as a 
voltage divider so that the steps of resistance ad 
justment of the potentiometer can be readily 
measured. 

Figure 3 is a top view of the multiple ?ngered 
wiper assembly. 

Figure 4 is a side view of this multiple ?ngered 
wiper assembly showing the insulation between 
the wiper arms. 
Figure 5 is a series of schematic views of the 

contacts of the wipers as they pass from one turn 
of wire of the resistance element to another turn. 

Figure 6 is a series of schematic views of the 
variable resistance combinations which are ob 
tained as the contact tips pass from one turn of 
wire of the resistance element to another. ' 

In Figure 1 is shown a conventional potentiom 
eter l5 which comprises a resistance element 21 
and a wiper contact arm 23. The resistance 
element 21 has terminals 1, and I3 which are 
connected across the terminals of the secondary 
winding l5 of transformer H. The primary wind 
ing l8 of transformer I1 is energized from any 
suitable A.-C. source (not shown). For the pur 
poses of measuring the resistance or voltage ad 
justment to be obtained from this potentiom 
eter, a voltmeter or galvanometer 2| is connected 
to wiper 23 and also to a midpoint 24 of the sec 
ondary winding l6 of transformer IT. With this 
arrangement, where the wiping contact 23 must 
pass from one turn of wire to another, it is found 
that the voltage variation as charted against the 
movement of the wiper 23 along the resistance 
element 21 results in a stepped voltage vari 
ation. As long as the wiping contact 23 is touch 
ing one speci?c turn of wire, a definite voltage 
prevails. When the contact 23 arrives at the 
valley or dip between the two windings and it, at 
that time, comes in contact with both windings, 
an instantaneous variation in voltage results 
which is so short-lived that it can be disregarded 
for practical purposes. This variation is caused 
by the shorting by this contact of the one turn 
of wire common to the contact tip. The wiper 
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they be spaced laterally along the resistance ele 
ment 21, the arrangement noted above would 
arise inthat only the contacts which are closest 
to either extremity of the resistance element will 
be effective in contacting the resistance element, 
and the result is that such an arrangement would 
give no increased steps of resistance adjustment 
over the present form. 
In the wiper assembly as shown in Figure 3, a 

15 ohm resistor is attached to each of the ter 
minal lugs 4 I, 42 and 43. schematically the mem 
bers 5i,v 52, 53 are applied to this external re 
sistance and to any internal resistance of the 
wiper arm and wiper contact as a unit, but if the 
wiper arms are designed to include the necessary 
resistance no external resistance is necessary. 
Here the free ends of these 15 ohm resistors are 
together in a common point 60. Potentiometer 
winding 21 is wound with #37 A. W. G. Nichrome 
wire having a total average resistance of 1280 
ohms for 520 turns or an approximate resistance 
of‘ 2.5 ohms turn. With this amount of external 
resistance added the wiper arms, the ratio be» 
tween the resistances in the wiper arms 3 I. 32 and 
33 to the resistance of the portion of resistance 
element 21 between the contacts 34, 35 or 35. 36 is 
approximately 6 to 1. With 30 volts applied to 
the'extremities 7, l3 of potentiometer winding 
21, from secondary winding I6 of transformer 
l1, there is approximately a .0578 diiierence in 
voltage drop between each adjacent turn of wire. 
By using voltmeter 2| to measure this voltage 
variation which occurs as wiper 28 is moved across 
potentiometer winding, the actual number of 
steps is evident and the value of each of the re 
sistance steps obtained can be determined. A 
milliammeter (not shown) inserted in circuit be 
tween the wipers and secondary tap in series with 
voltmeter 2| or millivoltmeter is necessary to 
complete this calculation. This arrangement was , 
also tried with external resistances of three ohms 
and one hundred ohms, or approximately a ratio 
of l to 1 and 40 to 1 respectively with that resist 
ance included between the contact tips. With 
three ohms added to each wiper arm the phe 
nomenon of increased resistance adjustment 
steps became evident, but not until the external 
resistance was increased with these increased 
steps clearly de?ned. With one hundred ohms 
of resistance in each of the wiper arms. the steps 
were still clearly de?ned, but the rate of the 
change of the resistance steps were no longer uni 
form. The ratio which appears to give the most 
uniformity between steps is approximately 5 to l 
and a ratio greater or less than this will tend to 
vary the proportion of change between steps. 
Figures 5 and 6 include a series of sketches a, b, 
c and d which show the positions of the wiper 
assembly 28 with respect to the turns of the po 
tentiometer winding immediately beneath the 
wiper assembly 28 as said wiper assembly is moved 
a distance equal to the width of one whole turn 
of resistance winding. For convenience in iden 
tifying the turns beneath and in contact with 
the wiper contacts of wiper assembly 28 during 
this movement, these turns are numbered 8-42 
in sketches a-d of Figures 5 and 6. These ref 
erence numbers refer to the particular point on 
the individual turns of the potentiometer wind 
ing at which the cross section of Figure 5 is taken. 
The resistance shown in Figure 6 between these 
numbers indicates the value of the actual resist 
ance of the turns between these points. Figure 6 
is merely a series of schematic sketches of vari 
ous resistance combinations occurring between 
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6 
the wiper assembly and that section of the po 
tentiometer winding immediately in contact with 
the wiping contacts of said assembly as the wiper 
assembly 28 is moved through a series of posi 
tions with respect to, the turns of the potentiom 
eter winding 2'! over a distance of one whole turn. 
The axial movement between each sketch is equal 
to the distance of one third of the turn from each 
adjacent position. The sketches a of Figures 5 
and 6 disclose the wiping contacts 34, 35, and 36 
in contact with the turns numbered 8, 9, and II 
respectively. As noted above, these wiping con 
tacts are spaced a distance of 1% turns apart. 
The actual value of the resistance combination 
shown in the sketch b of Figure 6 can be calcu 
lated by treating any two of the adjacent re 
sistance arms 5!, 52. and 53 and the resistance 
of the potentiometer winding 21 between the 
points of contact of these two resistance arms as 
a delta circuit combination. By simple mathe 
matical calculation, this delta circuit can be con 
verted into an equivalent star circuit. Two legs 
of this star circuit can be combined with the 
remaining resistance arm and turn or turns. of 
resistance winding remaining in the network or 
combination to form another delta circuit which. 
can similarly be resolved into a ?nal resultant 
star circuit. In converting these resistance com 
binations from delta to star circuits the common 
point 60 must be kept as a terminal point. The 
resultant star circuit when combined with the 
remaining leg of the ?rst star circuit will give 
a single resultant star circuit which is the equiv 
alent of the circuit resistance combination shown 
in sketch 6a. The two legs of the resultant star 
circuit common to the potentiometer winding, 
that is, the legs terminating in points 8 and II 
are effectively part of the resistance of the po 
tentiometer winding 21. The third leg of the 
resultant star circuit which is the resistance be 
tween the common point of the star and the 
common point of the wiper assembly 28 is effec 
tively the resistance of the wiper. Thus the 
actual resistance of the potentiometer winding 
includes those portions of the winding on either 
side of the wiper assembly and the beforemen 
tioned legs of the star circuit. In measuring the 
resistance of a portion of the winding between the 
common point of the wiper assembly 5!] and the 
extremity 1 or I3 of the winding 21, there will 
be included in the circuit that portion of the star 
circuit which is e?ectively the resistance of the 
wiper. In using a measuring instrument or de 
vice with suf?ciently high inherent impedance, 
the amount of voltage drop due to this resistance 
between common point of the resultant circuit 
and the_connection to the measuring instrument 
is negligible and can be disregarded, or calcu 
lated if necessary. Similarly, sketch 1) shows the 
wiper contacts 34, 35 and 36 in contact with 
turns 8, Hi, and II respectively; sketch 0 shows 
these wiper contacts 34, 35 and 36 in contact with 
turns 9, Ill and II respectively; and sketch . d 
shows these wiper contacts 34, 35 and 36 in con 
tact with turns 9, ID and I2 respectively. Sketch 
d shows the position of the wiper assembly after 
it has been moved along the direction of the 
higher numbered turns a distance equal to the. 
width of one turn of resistance wire of the wind 
ing 21. The resistance combination of the 
sketches b, c,‘ and d of Figure 6 can be similarly 
evaluated as indicated above. When computed 
these resistance combinations, with the 15 ohm 
resistance in each wiper arm, showed an increase 
in the value of the resistance between one ex 
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dainty of said combination and this common 
15 tor the résu iit stai- circuit over each pre 
ceding resistance combination an amount 
which was approximated 33% of the change in 
the ‘lstanc’e between the same points during the 
total movement or the assembly ‘a distance ‘of 
dfle't??'dlé tiif?. By increasing Or ‘decreasing this 
fiat/“i6 which was approximately 6 to 1 when _15 
earns was used in each wiper arm‘, the amount 
of variation between the values for each posi 
thin; as the steps obtained; is changed and they 
are 'nd longer uniform although the number of 
steps ‘still remain a fixed ‘and definite‘ number. 
it routes that with four 'or ?ve wipers, spaced 

piefégrably 1% and 11/5 turns apart, respectively, 
that four 6i“ ?ve steps or resistance ‘variations are 
available. This is, of course, eliminating and dis 
regarding any variations which might occur when 
one bi wiper contacts shorts out a turn or 
a 'ii'uni'ber of turns of the resistance element 21. 
In the above illustration, teference to the effect 
of (inane-e in the value ‘of resistance of thank); 
tehtiéiheter winding 61' a portion thereof between 
one eitréniity am the pension point of the wiper 
assembly when one of the wipers shorts out a 
turn or the potentiometer winding 21, has been 
6' ('1 since’ this occurrence is‘ only‘ instanta 
means and has no noticeable eifect on the opera 
not‘ of ‘such ‘voItag'e or resistance varying devices. 
in considering this invention it should be kept " 

1h jini'ii'a' that the present, diselosure is intended 
to’ be illustrative only and the scope of this inven; 
tion is t6 be'deter'rnined only by the appended 
c'léii 
We " claim‘: 
1. In 'a potentiometer, a resistance element 

cb‘in’pi‘i‘sihg ‘a plurality of turns ‘of resistance wire, 
a w'ip assembly including a plurality of contact 
members fmovable relative to said resistance ele 
m'eiit in electrical Contact therewith, said contact 
Iii fnb'ers being laterally spaced alongsaid resist 
anéé element by a distance which is not equal to 
any whole number of turns; and ‘said wiper assem 
bly haviné fr'es’istance members connecting each 
arsaia contact members to a common junction 
point; the value of each of said members being 
greater than the smallest value of resistance of 
said resistance element between the points of en 
gagement of any two of said contact members. 

:2‘. In .a potentiometer‘; a resistance element 
éonipi‘isiné a’ plurality of turns of resistance wire, 
a plurality of contact wiper‘ members‘ each hav 
iiié'a'vvipfei' arm and a contact tip, means mount 
ir'ié, together said contact wiper ‘members as a 
unit for movement relative to said resistance ele 
Iii M‘ are is electi‘i'cal contact therewith, said 
wiiiéi‘ arms being connected together at a com 
me?sbim, said contact tips being laterally spaced 
along said resistance element by a distance which 
is" 'ot equal to any whdle number of turnssaid 
éfintiict members having an internal resistance 
betwe ii the point of contact to said resistance 
e‘lernent and the point common to the wiper arins 
which is greater than the resistance of the turns 
of ‘were of resistance element between two adja 
cent contact tips; and means including said con; 
tact wiper members for moving each of said con‘ 
tact tips laterally along the resistance element, 
the’ value of the portion of said resistance element 
between one extremity thereof and a common 
p‘fiin‘t on the Wiper arms‘ being varied by two or 
more‘ stepped variations as said contact tips move 
a’distance equal to width of one turn of wire ex‘ 
elusive of any resistance variation which occurs 
when‘ any one or more of said'contact tips rno-' 
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mentarily short ‘oiit ‘one ‘or i'nore' turns of said re; 
sistance element. 

‘3. In a device of the class described, in com 
bination, a resistance element comprising a'pluf 
rality of turns of resistance wire, a source of 
power connected to the ‘extremity of said resist 
ance element, a plurality of contact wiper mem 
bers each having a wiper arm and a contact tip, 
said Wiper arms being connected together at a 
common point, said contact tips being laterally 
spaced along ‘said resistance element by a dis 
tancé which is not equal to any whole number of 
turns and mounted for movement relative to said 
resistance element and in electrical ‘contact there 
with, said contact members having an internal 
resistance between the point of contact to said 
resistance element and the point common to the 
wiper arms which is greater than the resistance 
of the turns of wire of resistance element be 
tween two adjacent contact tips, and means in 
cluding said contact wiper members for moving 
each of said contact tips laterally along the re: 
sistance element, a voltage drop being obtained 
between one extremity of the resistance element 
and the common point of the wiper arms which 
varies by more than two stepped voltage varia: 
tions as said ‘contact tips move a distance equal 
to the width of one turn of wire exclusive of any 
‘voltage variation which occurs when any one or 
more of said contact tips momentarily short out 
one or more turns of said resistance element. 

4-. In combination; a coiled resistance element 
comprising a plurality of adjacent turns of re 
sistance Wire, a plurality of contact members mov~ 
able along said element and spaced apart along 
the direction of movement by a distance which is 
di?'er’ent from the width of any whole number of 
turns and connections between each of said con 
tact members and a common junction point, each 
of said connections including a resistance mem 
ber having a resistance greater than that of said 
resistance element between the points of en 
gagement' of two of said contact members. 

5. In ‘combination, a coiled resistance element 
comprising a plurality of adjacent turns of re"-. 
s'istan‘ce ‘wire; a plurality of contact members 
movable along said element and spaced apart 
along'th'e direction of ‘movement by a distance 
which is equal to the 11/ it turns‘ where N is the 
number of contact members used, and connec 
tidns between each of said ‘contact members and 
a common junction point, each of said connec 
tions including ‘a resistanc'e'having a resistance 
greater ‘than that of said resistance element be: 
tween the points of engagement of two of said 
contact members; 

6. In combination; a resistance element com; 
prising a plurality of turns of resistance wire; a 
plurality of contact wiper members each having 
a wiper arm and a contact tip, said contact m'e'm-J 
bers being insulated from one another and 
mounted to move relative to said resistance ele 
ment‘ in electrical contact therewith; said wiper 
arms ‘being connected together in a common 
point; means including said contact wiper mem 
bers f'or'laterally spacing along said resistance 
element said contact tips; each of said contact 
wiper arms having an internal resistance between 
said contact tips and a point common to the ad 
jacent wiper arm which is greater than the small 
est amount of resistance of the resistance ele 
ment between any two adjacent contact tips. 

‘,7. In combination,’ a resistance element com 
prising a plurality of turns of resistance wire, a 
plurality of contact wiper members each having 
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a wiper arm and acontact‘tip, said contact wiper 
members being insulated from one another and 
mounted‘ to move relative to said resistance ele 
ment in electrical contact therewith, means in 
cluding said contact-wiper members for spacing 
said contact tips laterally'along said resistance 
element a distance not'equal'to any whole-num 
ber of turns, an external resistance the value of 
which is greater than the smallest amount of 
resistance of the resistance element between any 
two adjacent contact tips connected in series with 
each of said wiper arms, and said opposite ends of 
said external resistances being connected together 
to form a common point for said contact wiper 
member. 

8. In a potentiometer, a resistance element 
comprising a plurality of turns of resistance wire 
Wound around a core member, a plurality of con 
tact wiper members each having a contact arm 
and a contact tip, said contact wiper members 
being insulated from one another and mounted 
to move relative to said resistance element in 
electrical contact therewith, means including said 
contact wiper members for laterally spacing along 
said resistance element said contact tips a dis 
tance equal to 11/»: turns where N is the number 
of wipers used, said wiper arms being connected 
together in a common point with each of said 
contact wiper arms having an internal resistance 
between said contact tips and a point common to 
the adjacent wiper arm which is greater than 
the smallest resistance of the resistance element 
between any two adjacent contact tips, and means 
including said contact wiper members for mov 
ing each of said contact tips laterally along said 
resistance element, the resistance between an ex 
tremity of the resistance element and a common 
point of the wiper arms being varied by two or 
more resistance variations as said contact tips 
move a distance equal to the width of one turn 
of wire exclusive of any variations which occur 
when one or more contacts momentarily short 
out one or more turns of the resistance element. 

9. In combination, a resistance element com 
prising a plurality of turns of resistance wire 
Wound around a core member, a source of power 
connected to the extremities of said resistance 
element, a plurality of contact wiper members 
each having a contact arm and a contact tip, 
said contact wiper members being insulated from 
one another and mounted to move relative to said 
resistance element in electrical contact there 
with, means including said contact wiper mem 
bers for laterally spacing along said resistance 
element said contact tips a distance equal to 
11/»: turns where N is the number of wipers used, 
said wiper arms being connected together in a 
common point with each of said contact wiper 
arms having an internal resistance between said 
contact tips and a point common to the adjacent 
wiper arm which is greater than the resistance of 
the resistance element between two adjacent con 
tact tips, and means including said contact wiper 
members for moving each of said contact tips 
laterally along the resistance element, a voltage 
drop being obtained between one extremity of 
the resistance element and the common point of 
the wiper arms which varies by two or more volt 
age variations as said contact tips move a distance 
equal to the width of one turn of wire exclusive 
of any variations which occur when one or more 
contacts momentarily short out one or more turns 
of said resistance element. 

10. In combination, a. resistance element com 
prising a plurality of turns of resistance wire, a 
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10 
source of power connected to the extremities of 
said resistance elementracplurality of contact 
wiper members each havingqa wiper arm anda 
contact'tip, said contact members being insu 
lated from one another and mounted to move 
relative to saidresistance element in electrical 
contact therewith, means including said contact 
wiper members for laterally spacing along said 
resistance element said contact tips a distance 
not equal tov a whole. number of turns, an external 
resistance the value of which is greaterthan 
the smallest amount of resistance of the resist 
ance element between any two adjacent contact 
tips connected in series with each of said wiper 
arms, said external resistance having its free 
ends connected in a common point, and means 
including said contact wiper members for mov 
ing each of said contact tips laterally along the 
resistance element, a voltage drop being obtained 
between one extremity of the resistance element 
and the common point of the external resistances 
which varies by two or more voltage variations 
as said contact tips move a distance equal to the 
width of one turn of wire exclusive of the voltage 
variations which occur when one or more of the 
wiper contacts momentarily short out one or 
more turns of said resistance element. 

11. In a potentiometer, a resistance element 
comprising a plurality of turns of resistance wire, 
a plurality of contact wiper members each hav 
ing a wiper arm and a contact tip, said contact 
members being insulated from one another and 
mounted to move relative to said resistance ele 
ment in electrical contact therewith, means in 
cluding said contact wiper members for laterally 
spacing along said resistance element said con 
tact tips a distance not equal to a whole number 
of turns, an external resistance the value of 
which is greater than the smallest unit resist 
ance of the resistance element between any two 
adjacent contact tips connected in series with 
each of said wiper arms, said external resist 
ance having its free ends connected in a com 
mon point, and means including said contact 
wiper members for moving each of said contact 
tips laterally along the resistance element, the 
resistance between an extremity of the resistance 
element and the common point of the exter 
nal resistances being varied by two or more 
resistance variations as said contact tips move 
the distance of one whole turn exclusive of any 
variations which occur when one or more con-Y 
tacts momentarily short out one or more turns 
of wire of the resistance element. 

12. In combination, a resistance element com 
prising a plurality of adjacent turns of resistance 
wire, energized at its extremities by a source of 
power, a plurality of contact members movable 
relative to said element in electrical contact 
therewith to form a voltage producing device 
whose voltage output varies with movement of 
said contact members, said contact members be 
ing spaced apart along the direction of movement 
a distance which is greater than the width of 
one whole turn but is di?erent from the width of 
any whole number of turns, connections between 
said contact members and a common junction 
point each of which includes a resistance ele 
ment whose resistance value is greater than 
that of said resistance element between the 
points of engagement of two of said contact ele 
ments, and means for moving said contact mem 
bers along said resistance element, said output 
from said voltage producing device varying by a 
plurality of voltage variations as said contact 
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members aremovedadi‘stanceoi one whole ‘turn. 
" "-‘I'T In'bomtii'natidn, a boiled, 'resistamcé. element 
comprising ‘a; 'pluralitsi‘o'i"adjacent;v turns 05 re 
si's't'a‘nc'e wire, ‘a'il'ja'lurality ibf» édntaet‘ ‘(members 
‘mbvablé aldn'gsaiiliielement andl'spaced ‘apart 
's‘aj;16n§'?he_'directi=ori of‘mo'vemen'tiby a distance 
which is~ ‘di?eréiit'?rdmi?he widltih orderly.‘ whole 
number‘ of ‘turns; coiinectibnsTibetwéen each. oi 
Is'a'id ' Contact l'me'mlier's' and 'a_ ‘common. junction 
point," each. > of‘ vsaid connectidns' ‘including. a. 're 
sis?én'ceim'e‘mber ha'v‘ing resistancel'greatex: than 

1.0 

1-2 
that of said resistance e1ement.-. between. vthe) 
points ‘of-(‘engagement "oi two. oflsaigcoritachmem 
bers, and: means mrSmWing said lcontach meni 
bers along said resistanceelement. the resistance 
of’ said- resistance element; between an.,.e>gbmm_ity 
thereof‘ andv the. \common junction?being 
varied by‘ two. onmore. nesistancehvanialzionsz‘ées 
said contact members. are. maved; the. .d‘istancesof 
one turn. ‘ 

ORVILLE, UNDERWQQDA 
RICHARD .S. EEIGAL. 


