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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 raultiple
fingered wiper arrangement which will increase
the number of steps of resistance adjustment.

Multiple finger 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 affect 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
fingered 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 fingered 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,
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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 fingered
wiper assembly.

Figure 4 is a side view of this multiple fingered
wiper assembly showing the insulation between
the wiper arms.

Migure 5 is g 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 15 which comprises a resistance element 27
and a wiper contact arm 23. The resistance
element 2T has terminals 1, and {3 which are
connected across the terminals of the secondary
winding 16 of transformer IT. The primary wind-
ing 18 of transformer (7 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 21 is connected
to wiper 23 and also to a midpoint 24 of the sec-
ondary winding 16 of transformer 17. 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 271 results in a stepped voltage vari-
ation. As long as the wiping contact 23 is touch-
ing one specific 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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however will move to the position of contacting
the next adjacent turn with only a negligible
amount of movement of the wiper and when
in contact with this turn another definite and
progressive voltage or resistance step occurs.
Voltmeter 2{ connected between wiper 23 and
tap 24 of secondary winding f6 is used to indi-
cate the variation in voltage which results above.
This connection provides a well known voltage
divider arrangement in which movement from a
point of potential on winding 27 equal to volt-
age of sécondaly windilig (5 4f tap 24 creates
a difference in’ potential between these points
which is indicated by the voltmeter. A voltage
change indicated by voltmeter 2{ as wiper 23 is
moved on winding 27 indicates the change in
resistance between those respective points. Thus
one definite step of voltage oceurs caused by one
step of resistance between any two turns of wire.
This same situation will be ttue if the confact
tip of contact 23 is large in comparison to the
wire wound on the resistance element so that it

will be in electrical contact with more than one |

turn at the same time. This condition will also
occur in an arrangement where the wiper con-
tact 23 is replaced by a wiper assembly carry-
ifig tWo or ihoreé Wipifig contdcts if these wiper
cohﬁact arms do not contam sufﬁolent resistance

& pé This

is true because only the wipers nearest the eitheér s

eXtrémities of resistance elemient are effective and
résistaiice: of p'o'te'r'itiondetez therebetween  is
shorted ouf as in a sitigle wipsr with a large con-
tdet siirface. The wipers thén toich points of
equal potential and act as a single wiper.

THE §éhematic didgram shown in I‘xgure 2 is
the electrical circuit used in testmg this instant
designi: The potertiomeéter 29 comprises & resis-
tatice elémétit 31 and 4 wiper dssembly 24, Ter-
minals 7, and {3 of the resistance elemerit 27 are
conhécted to theé secofidary 16 of the transformer
1T and primary winditig I8 of transformer {
al$6 enérgized fiom a cofistant A. C. soirce. F01
siiiplicity of drawing and explanation; we have
sho¥n the wiper assembly 28 of potentiometer 29
a§ having thrée wiper arms, 31, 82, 33, The sche-
matic dlagram ﬁgm atively shows that each of the
WiDEF driné possess an appreciable amount of re-
sistaiice 4§ represéiited by resistors 5i,52 and 53.
The dlagram also shows that the 1nd1v1dua1 Wwiper
arhis 31, 32, 33 a¥é separdted fromi one another
and laterally spaced along the resistaiice elémient
2T, This 1mproved form of poten‘ jometer design
includitig theé wiper assembly a§ descrlbnd abové
provides ah arrangement which will increasé the
nuliber of steép§ 6f fesiStance adjustment over
thé numbér of steps of resistdncé adjustment
whiéh ¢an be obtained f¥om the conventional po-
tefitiomeétér in 4 mannér which Will become évi~
dént as the disclosure proteeds.

Figures § diid 4 are detailed drawings of the
potentiometer assempbly 20 déscribed above:. The
résistance element 21 of the potentlometer 20 is
compriséd of a pfuralxty of turihs of res1stance
wiré wound around a core member 44. While the
résistance element shown in Flgure 3 in pari is
cir¢ular, it can bé formed in any des1red sha,pn
provuied that the wiper asserably 28 can move
relative thereto and in contact with th1s resist-
arice élement 1. Wiper assembly 98 comprises
a-plifality of wiper arms 31, 32 and 33 mounted
together on a bloek of 1nsu1at1ng materlal 3" S0
that the movement of the wiper arms 31, 32 and

33 is simultanéous with each armi moving the
The wiper aim 31 includés a

santé distance.
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4
wiper contact 34 and a terminal lug 41. Wiper
arm 32 includes a wiper contact 35 and a termi-
nal lug 42. Wiper arm 33 includes a wiper con-
tact 36 and a terminal lug 43. 'These wiper arms
31, 32, and 33 are assembled one on top of the
other with insulating layers 45 and 46 positioned
between said arms to separate and insulate them
from one another. Insulating rivets 38 serve to
mount these wiper arms with insulating layers
therebetween on insulating block 37. A shaft 49
attached to insulating block 37 moves the wiper
assembly 28 reldtive to thé resistance elemient 21,
The wiper contacts 84, 35 and 36 of arms 2l,
32, 33 respectively are also separated from one
a;nother by means of the insulating material 4%
and 46 as seen in Figure 4. These contacts are
spaced laterally from one another due to the posi-
tion in which each is mounted on its respective
wiper arm. In the present arrangement, it was
found that wiper contacts 34, 38 and 35§ should
be spaced the distence equal to width of 13
turns of resistance wire apart to obtain the great-
est number of resistance combinaticns, which is
three for three wipers as will be noted below,
and as uniform resistancde variations as possible.
In like rhanner, should four or five wipers be used,
the spacing between each contact tip to obiain
the opfimum results shiould be the distance of 1¥/x
turns apart wherein N is the number of wipers—
that is, 1% turng apart for four wipers and 1%
tuins apart for fivé wipers. While this desired
spacing may be impractical when the size of the
wite on the resistance element 27 becomes t00
small, an ihcreaséd number of resistance adjust~

35 ment steps can be obtained if the wipers are

spaced more than one whole turn apart but not
a distance which is not equal to any whole num-
ber of turns.

Thé séthematic diagram of Pgure 2 indicates
that there is a résistance associated with each
of the contact wiper arms 31, 32 and 33 of the
wiper assembly 28, these resistances being mdi-
cated by numerals §f; 52, and &%, respectively.
This resiStance in each of the wiper arms-can
The lim-
ifing factor governing the size of this resistance
is tHe requirement that the resistance associated
with eath wiper arm should be greater than the
least amount of resistance of the resistance ele-
mént 21 between any two gdiacent contact tips
or ‘wiper contacts 34, 30 or 35, 36 in order that
the efféct of the increased number of steps shall
péecome evidént. Any resistance smaller than
this amount appedrs to act as & short between

' the common terminal and the contact tips giving

the effect of a single wiping contact. This is to
say that the resistances 5t, 52 and 53 as shown
in Figure 2 may be either internal or external
of the wiper arms: 3, 82 and 33 but they each
must be of a magnitude which is greater than.
that portion of the resistance element 27 which
lies between wiper -contacts 34; 35 or 25, 36, If
the internal Fesistance 6f each wiper arm is great-
er than the minimum values identified above;
theén an assembly of such wiper arms which is
properly spaced and tied together in the common
point at oné end will give the increased steps of
resistdncé adjustnient. From: the practical stand~
poitit, the coaventional wipef assembly, whether
it be multiple or not, would include wiper arms
of 1n51gn1ﬁcant résistancé material to connéct the
wiping contact with the terminal lug. Such an
arrangemenﬁ amounts to & diféct short between
the confact tip and the terminal fug. Should a

-plurality’ of sch wipérs Bé used, and should
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they be spaced laterally along the resistance ele-
ment 271, the arrangement noted above would
arise in-that 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 41, 42 and 43. Schematically the mem-
pbers 51; 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 27 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 31, 32 and
23 to the resistance of the peortion of resistance
element 27 between the contacts 34, 35 or 25, 36 is
approximately 6 to 1. With 30 volts applied to
the extremities 1, 13 of potentiometer winding
21, from secondary winding (6 of transformer
i1, there is approximately a .0578 difference in
voltage drop between each adjacent turn of wire.
By using voltmeter 21 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 2i or millivoltmeter is necessary to

complete this calculation. This arrangement was |

also tried with external resistances of three chms
and one hundred ohms, or approximately a ratio
of 1 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 defined. With one hundred ohms
of resistance in each of the wiper arms, the steps
were still clearly defined, 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 aporoximately 5 to 1
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,
¢ 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 8-12
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 b 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

10

15

20

50

5

50

60

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 27 over a distance of one whole turn.
The axial movement between each sketeh 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 11
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 B, 52, and 83 and the resistance
of the potentiometer winding 27 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 final 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 first 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 11
are effectively part of the resistance of the po-
tentiometer winding 27. 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 cf the winding between the
common point of the wiper assembly %8 and the
extremity T or I3 of the winding 27, there will
be included in the circuit that portion of the star
circuit which is effectively the resistance of the
wiper. In using a measuring instrument or de-
vice with sufficiently 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 b shows the
wiper contacts 34, 35 and 36 in contact with
turns 8, 10, and 1 respectively; sketch ¢ shows
these wiper contacts 34, 35 and 36 in contact with
turns 9, 10 and ! respectively; and sketch.d
shows these wiper contacts 34, 35 and 36 in con-
tact with turns 9, 10 and 12 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, ¢, and d of Figure 6 can he 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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i*””emity of s&id combmatlon and this common
point of the resultant star circuit over éach pre-
céding Tesistalice combination by an amount
which Wwas apprommately 33% of thé change in
tHs Tésistance betweén the same pomts during the
total movemeént of the assembly a distahice of
ORE WHOle tiirh. BY iticreasing or decréasinig this
ratio whxch was approxxmately 6 to 1 when 15
dhms Was used in each wipér armi, the amount
of vamatxon between the values for each posi-
tién; &F the steps obtained; is chafged and they
are ho longer uhiform although the number of
steps 5till Yémain a fixed and definite number.

It Tollows that Wwith four or five wipers, spaced
preferably 1% and 11/5 turfis apalt respectlvely,
tHat, fdur or five stebis of resistance vatiatiohs are
4vailable. This is, of course, eliminating and dis-
regardmg aiy variations which mlght oceur when
orie of thé wiper cortacts shorts out a turh or
& tiafiiber of turhs of the résistance elément 2T.
Iri- thé abave illustration, reference to the effect
of ghafige in the value of resistance of the po-
tentlemeter Winding or a portioi thereof between
ofie éxtreniity aiid the cotimon pomt of the wiber
48sembly wheh one of the wipers shorts out 4
turn of the potentlometer Wmdmg 21, has been
d §incé this occuriénceé is only instanta-
nédis and Has no roticeable effect on the opera-
tion of such voltage or resistance varying devices.

in cotisidering this invention it should be kept
in mind that the present diselosure is intended
t6 Be illisttative only ahd the scope of this inven-
tion 1s t6 Bé detérmined ohly By the appended
claifas:

We'c¢laim:

1. In a potentlometer 4 resistance elément
cnmprlsmg a plurahty of turns of reslstance wire,
a Wlp
embérs movable relative to sald resistance ele-
wieht in slectrical contact theréwith, said contact
meémbeérs béihg laterally spaced along said resist-
arice elemént by a distarce which is not équal to
ény wholé nuiiibetr of tirns; aiid sdid wipet assem-
bly having resiStatice meémbers connectmg each
of ‘said confact members to a common Junctlon
point; the valile 6f each of said fmeémbers being
grEater thati thé smaliest value of résistance of
sald resistance eleméent between the points of en-
gagement of any two of sald contact members

corhpmslng a plurality of turns of resistance w1re,
a plurahty of contact Wlper members each hav-
1ng a Wipet arm and a contact tlp, means mount-
ing together said contact w1per members as a
uiiit for ovement relative to said résistance elé-
13 nt and in électtical confact therew1th said
w1per arms bemg connected together 4t 4 com-
mon- pomt said éontact tips bemg laterally spaced
a]ohg said resistanice glement by a distance which
1§ not €qual to any whble number of turns, said
dortaet menibers having ah internal resistarce
BEtwest the point of contact to sdid resxstance
éleriénit and the boifit corimon to the wiper arins
whiéh is gréatér than the resistarice of thé turns
of Wite of resistatice element between two ddja-
éenit contdct tips; ahd means mcludmg said con-
taet wiper hembers for moving each of said con-
tuct tips ldaterally along the resistance element,
the valué of the portion of sdid resistance element
petween oné extremity théfeof and a common
pbinf oh the wipetr arms being varied by two or
iore stepped variations gs said contact tips move
4 distdnce équil to width of one turn of wire ex-
clusive 6f any resistarice varidtion which oceurs
when ahy orie or more of said tontaet tips mo-
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mentarily short ottt one or fhore turns of said re<
sistance eleinent.

3. In a devicée of theé class described, in com-
bination, a resistance element comprising a plu-
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
commoi point, said contact tips being laterally
spaced along said resistarice element by a dis-
tance which is not equal to any whéle number of
turns and mdunted for movement relative to said
resistance element and in electrical contact there-
with, said coéntact 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-
tweéen two adjacent contact tips, and means in-
cluding said corntact wiper members for moving
each of said contact tips laterally along the re-
sistance element, a voltage drop being obtained
bhetwéen one extremity of the resistance element
and the common point of the wiper arms which
varies by more than two stepped voltage varia-
tions ds said contact tips move a distance equal
to the width of one turn of wire exclusive of any
voltagé variation which occurs when any one or
more of sdid contact tips mementarily short ous
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
different from the width of any whole number of
turns and connection$ between each of said con-
tact members and a conimon junction point, each
of said connections ificluding a resistance mem-
ber having a resistance greater than that of said
résistance element between the points of en-
gdgement of two of said contact members.

5. In combination, a coiled resistance element

5 comprising a plurality of adjgcent turns of re-

sistance wire; a plirality of contact members
niovable along said elemeént and spaced apart
along thé directioft of fmovement by a distance
which is €qual to the 1Vx turns where N is the
nuniber of contact members used, and connec-
tions between edch of said contact niembers and
a tommon junction point; each of said connec-
tions irtluding a resistance laving a resistance
greater than that of sdid resistance élement be-
tween thé points of éngagement of two of said
contict membérs.

6. Ir tombiration; a resistance elemént comi~
prisirig a plurality of turns of resistance wire; a
plurality of contact wiper members each having
4 wipef arm and a contact tip, said contdct mem-
Bers being insulated from orié ahother and
mountéd to move reldtive to said resistance ele-
merit in electtical contdct therewith; said wiper
daims ‘being connected together in a common
point, mieans including said cortact wiper mem-
beérs for laterally spacing along said resistance
element 84id contact tips, edch 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 resistarce ele-
ment between any two adjacent contact tlps

7. In combination, a resistance element com-
prising a plurality of turns of resistance w1re a
plurality of contact wiper members each having
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& wipér arm and a.contact 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 17/~ 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
1¥/x 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 Tesistance wire, a
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source of power connected to the extremities of
said resistance element, a plurality of contact
wiper members each having: a ‘wiper arm and a
contact tip, said contact members being insu-
lated from one anothér: 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 distance
not equal to. a whole number of turns, an external
resistance the. value-of - which is' greater -than
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 cccur 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 icontact 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 oecur when one or more con-
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 different 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 are moved.a.distance.of one whole furn.

13, In combinatian, a coiled resistance elemént
comprising ‘a plurahty ‘of ‘adjacent furns of .re-
sistance wire, ‘a: plurality ‘of contact  members
movable along. §aid  element and spaced apart
‘along the: direction: of movement by a distahce
which is different from. the w1dth of -any. whole
number ‘of “turns, connections ‘between each. of
gaid ¢ontact members and a common. junction
point,” each. of said contiections including. a Te-
sxst;ance member having a resxstance grea.tex: than

10

12
that of said resistance element . betweén the
paints of engagement of two of said contagt mem-
bers, and. means. for moving said contact mem-
bers along said resistance element, the resistance
of said resistance.element hetween an.extremity
thereof and. the common junction. point. bﬁ:mg
varied by two. or.more resistance. varia!;xons as
said contact members. are maved. the. distance, of

one turn.
ORVILLE J. UNDERWQQD».
RICHARD S. FEIGAL,




