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2,894,197
POTENTIOMETER APPARATUS

Clifford E. Berry, Altadena, Calif., assignor, by mesne
assignments, to Consolidated Electrodyrnamics Corpo-
ration, Pasadena, Calif., a corporation of California

Applcation July 25, 1955, Serial No. 523,977
4 Claims. (CL 323—79)

This invention relates to potentiometers and it has par-
ticular reference to potentiometer apparatus for provid-
ing an output voltage proportional to selected numerical
values.

Conventionally, a large number of expensive precision
resistors are required in such potentiometers, making the
apparatus complex and expensive. For example, the well
known Thompson-Varley precision decade potentiometer
requires eleven precision resistors for each decade order
of digits represented except the least significant where ten
such resistors are needed.

The present invention provides potentiometer apparatus
requiring less than half the number of precision resistors
required in conventional potentiometers of this type, and

it accomplishes the same function without sacrificing any

significant operational qualities. To this end, the po-
tentiometer apparatus of the invention includes electrical
resistance means for receiving a reference voltage, with a
plurality of electrical taps spaced along the length of the
electrical resistance means and dividing the resistance
means into a plurality of resistances having predetermined
relative values and arranged in electrical series, a plu-
rality of output circuits commonly coupled to an output
terminal, a separate summing resistance of different value
included in each output circuit, said summing resistances
having predetermined relative values, and means for con-
currently making electrical contact between any of the
plurality of electrical taps and output circuits.

In a preferred embodiment, the reference voltage is
applied across the respective ends of an electrical re-
sistance. The electrical resistance has ten electrical taps
representing a decade of digital values spaced along its
length, thereby dividing the resistance into nine sub-
stantially equal resistances arranged in electrical series
with the reference voltage. An output circuit is provided
for each decade order of decimal digits to be represented,
and there is a summing resistance for each output cir-
cuit with the values of the summing resistances being in
ratio to one another approximately as 1:10:100 etc. going
from the most significant to the least significant decade
of wvalues represented by the output circuits. The re-
spective sumiming resistors are coupled between a common
output terminal and the respective output circuits. A
load resistance is coupled to the output terminal, and
means are provided for selectively making electrical con-
tact between any of the ten electrical taps and the output
circuits to provide a voltage at the output terminal repre-
sentative of corresponding numerical value.

Thus, a simplified decade potentiometer is provided by
using a single voltdge divider circuit, as represented by
the nine resistances in series with the reference voltage,
and commonly contacting the taps of this same voltage
divider with all output circuits, the differentiation between
output circuits being made by way of summing resistors.

The invention is explained in detail with reference to
the accompanying drawing which is a schematic repre-
sentation of the preferred embodiment of the invention.

Referring to the drawing, a three-decade potentiometer
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employs a voltage dividing circuit 10 made up of nine
substantially equal resistors 12 connected in series. A
voltage source 14, providing a reference voltage E,, is
connected in series with the resistor series by a pair of
input terminals 16, 18 located at the respective ends of
the resistor series.

In the voltage divider circuit, equal resistance incre-
ments are designated by the encircled numerals 0-9 re-
spectively.

Ten electrical taps 20, each having three tap contact
points, as typically shown at 20A, 20B, 20C respective-
ly are severally connected at equal resistance increments
along the resistance series, i.e. severally connected be-
tween the adjacent resistors of the series and to the re-
spective ends of the resistor series. The tap contact points
20A, 20B, 28C are given “hundreds,” “tens” and “units”
designations respectively in accordance with the relative
values of number orders they are to represent. Thus,
three sets of tap contacts are provided by the plurality of
taps: a “hundreds” set of ten tap contacts 22; a “tens”
set of ten tap contacts 24; and a “units” set of ten tap
contacts 26.

A “hundreds” selector arm 28 is provided for making
electrical connection with the tap contacts in the “hun-
dreds” set. A “tens” selector arm 30 is provided for
making electrical connection to the tap contacts of the
“tens” set, and a “units” selector arm 32 is provided for
making electrical connection to the tap contacts of the
“units” set.

The “hundreds” sclector arm 28 is positioned along
the “hundreds” set of tap contacts by a “hundreds” se-
lector 34. The selector and associated tap contacts and
selector arm may be any suitable electrical or mechanical
device, such as a stepping switch or the like. Likewise,
a “tens” selector 36 and a “units” selector 38 control the
position of the “tens” and “unmits” selector arms 30, 32
respectively.

A “hundreds” output circuit 40 is connected between
the “hundreds” selector arm 28 and an output terminal
42. A “tens” output circuit 44 is connected between the
“tens” selector arm 39 and the output terminal 42, and
a “units” output circuit 46 is comnected between the
“units” selector arm 32 and the output terminal 42.

A “hundreds” summing resistor 48, having a resistance
value designated as R, is coupled in the “hundreds” out-
put circuit 49. Likewise, a “tens” summing resistor 56
having a resistance value designated as 10R and a “units”
summing resistor 52 having a resistance value designated
as 180R are coupled in the “tens” and “units” output cir-
cuits respectively.

A load resistor 54 of arbitrary value designated as XR
may be connected between the output terminal 42 and
ground as shown.

The output of the device is represented by Ey and it
is received by a utilization circuit 56 which may be any
circuit wherein it is desired to utilize the output of the
potentiometer.

The potentiometer operates as follows. The reference
veltage B, provided by the voltage source divides across
the series of resistors 12 in equal voltage drops, with the
plurality of taps 26 being spaced at substantially equal
voltage increments along the resistor series. The “hun-
dreds,” “tens” and “units” selectors are actuated to posi-
tion the respective selector arms in accordance with any
desired numerical value as represented by the encircled
numerals, and because of the relative proportions of the
respective summing resistors 48, 56, 52 the output of
the potentiometer at the common output terminal 42 is
representative of the numerical value selected.

Conventionally, three complex voltage divider circuits
are required for a three-decade potentiometer. The
present invention uses one simple voltage divider circuit
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which is common to all output circuits and thereby
effects a substantial saving in the number of precision re-
sistors required. This is accomplished through the use
of a summing resistance for each output circuit with the
values of the summing resistances being in ratio to one
another in accordance with the inverse ratio of the
values of the respective decimal orders represented by
the output circuits.

It will be obvious to those skilled in the art that this
device is an approximate one; however, the approxima-
tion in principle can be made as close as desired by de-
creasing the value of the resistors 12 in the voltage di-
viding circuit or increasing the values of the summing
resistances 48, 50, 52. The reason for the approximate
nature is that the summing resistances draw current from
the dividing circuit and upset slightly the potential dis-
tibution therein.

Assuming for the moment that this effect is negligi-
ble, a straightforward mathematical analysis can be
made. Suppose that the “units,” “tens” and “hundreds”
selectors are set respectively at Ny, Ny and Ny, where
the N’s represent the encircled numerals associated with
the taps on the divider. Considering the summing point
or output terminal shown at 42 in the circuit, the sum
of the currents flowing into this point must equal 0.
Thus,

NuB, o NE: g NiB_p
B 9 VL VL -0
KR~ 100R 10R B

where K is the ratio of the load resistance 54 to the low-
est value summing resistance R. Solving this equation
for Ey we find
B _ (N4+10N+100N3) E-
= 999--900
K

Since the denominator is constant, it is seen that the
output voltage B is proportional to the numerical value
corresponding to the tap position of the three selector
arms.

If the total divider resistance is of the order of
1000 ohms and the source impedance of the input volt-
age is low, the maximum impedance looking back into
the divider circuit (encircled points 4 and 5) is about
246 ohms. If the lowest summing resistance R is greater
than 246,000 ohms, the error introduced by the loading
of the divider circuit is less than one-tenth of one per-
cent. It follows that the precision of the “tens” and

the “units” summing resistors need be within only one *

percent of 10R and ten percent of 100R respectively.

Thus, a three-decade precision potentiometer is pro-
vided by use of only ten precision resistors, nine resis-
tors 12 in the voltage divider circuit and the lowest value
summing resistor R. An equivalent Thompson-Varley
type potentiometer uses about 32 precision resistors to-
gether with relatively complex circuits. Since precision
resistors represent a major portion of the cost of the
instrument, both complexity and cost are considerably
reduced in the present invention.

It will be obvious to those skilled in the art that the
invention is not limited to the use of the decimal system
of numbers. Also, any desired number of decades may
be employed, and the invention is not limited to three
decades as illustrated in the drawing.

I claim:

1. Apparatus for providing a selection of voltage levels
proportional to decimal numbers comprising electrical
resistance means for receiving a reference voltage, a
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decade of electrical taps dividing the resistance means
into a plurality of nine equal resistances arranged in elec-
trical series, an output terminal, a plurality of output
circuits corresponding to the number of higher and lower
order decades of decimal digits to be represented, the
output circuits being coupled selectively to the decade
of taps and coupled commonly to the output terminal
for producing a combined voltage output at said termi-
nal, each output circuit having a different amount of re-
sistance in it, with the resistances of the several output
circuits being in ratio to one another approximately as
1:10:100: etc., going from the higher to the lower order
decades of values represented by the output circuits, and
a load resistance coupled between the output terminal
and one end of the equal resistance series.

2. Apparatus for providing a selection of voltage
levels comprising electrical resistance means for receiv-
ing a reference voltage, a set of electrical taps dividing
the resistance means into a plurality of resistances hav-
ing predetermined relative values and arranged in elec-
trical series, an output terminal, a plurality of output
circuits commonly coupled to the output terminal, means
including a plurality of selector arms independently
movable relative to one another for concurrently cou-
pling each of the output circuits to any of the taps in the
set, and a separate summing resistance of different value
included in each output circuit, said summing resistances
having predetermined relative values so that each output
circuit has a different order of magnitude effect on the
voltage level at the output terminal in accordance with
the relative value of its summing resistance.

3. Apparatus for providing a seclection of voltage
levels proportional to numerical values comprising elec-
trical resistance means for receiving a reference voltage,
a set of electrical taps dividing the resistance means into
a plurality of susbtantially equal resistances arranged in
electrical series, an output terminal, a plurality of output
circuits which severally correspond to higher and lower
order values of numbers to be represented, the output
circuits being commonly coupled to the output terminal,
means including a plurality of selector arms movable
relative to one another for concurrently coupling each of
the output circuits to any of the taps in the set, and a
separate summing resistance included in each output
circuit, with the values of said summing resistances being
in predetermined relation to one another in accordance
with the inverse ratio of the respective higher and lower
orders of value represented by the output circuits.

4, Apparatus for providing a selection of voltage
levels in accordance with decimal numbers comprising
electrical resistance means for receiving a reference volt-
age, a decade of electrical taps dividing the resistance
means into a plurality of sustantially equal resistances
arranged in electrical series, an output terminal, a plu-
rality of output circuits corresponding to the number of
higher and lower order decades of decimal digits to be
represented, the output circuits being commonly coupled
to the ouiput terminal, means for concurrently coupling
each of the summing resistance included in each output
circuit, with the values of said summing resistances differ-
ing form one another by factors of ten.
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