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An Experimenter's Potentiometer
By the Engineering

THE potentiometric method pro-
vides accurate measurements of

voltage in the laboratory. This meth-
od is employed extensively in the
calibration of voltmeters and also
particularly in the measurement of
small d -c voltages. It has the super-
iority of all bridge -type measure-
ments; i. e., the comparison of an
unknown to a standard quantity.

Although the advantages of poten-
tiometer -type voltage measurements
are readily conceded by the experi-
menter, this method has not been
generally available to him. The rea-
son for this has been the costliness
of potentiometer instruments.

This :Article describes an accurate,
lower -priced potentiometer which
may be assembled by the experi-
menter. This instrument will pro-
vide the precision which formerly
has not been obtainable in low -budget
laboratories and instrument shops.

Basic Principle of Potentiometer
By means of the potentiometer cir-

cuit, the value of an unknown d -c
voltage is determined by reference
to an accurately -known standard d -c
voltage. To perform the measure-
ment, a null adjustment is made and
the unknown voltage then is deter-
mined from a proportionality in
which the unknown voltage is to the
standard voltage as the ratio of the
circuit resistances.

Figure 1 shows the basic circuit of
the potentiometer. The principal ad -
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justable component (main control)
in this circuit is the slide wire, AC.
This is a precision variable resistor
which in its simplest form is a
straight length of resistance wire
stretched tautly between terminals A
and C and provided with a slider and
scale. In modern laboratory poten-
tiometers, the slide wire is spirally -
wound around a form, in order to get

as long a strand as possible into a
small space.

Battery B supplies a current to the
slide wire through the adjustable
limiting resistance, R. A standard
cell supplying an accurate voltage,
E,, is connected to the slide wire
through a center -zero d -c galvano-
meter, M.
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As the slider is moved along the
wire, the resistance between A and B,
and B and C, is changed. Thus, the
ratio of resistance between A and B
to that between B and C may be al-
tered as minutely as the slider can
be positioned. Current flowing from
Battery B produces a voltage gradient
along the wire, so that the voltage
drop between A and B is directly
proportional to the distance from A
to B. Thus, the voltage drop is e,
(corresponding to an A -to -B resist-
ance of ri) when the slider is at B,
and is e., (corresponding to an A -to -
B' resistance of ro) when the slider
is set to B'. The resistance and volt-
age drop increase between A and B
and decrease between B and C as
the slider is moved to the right. The
opposite is true when the slider is
moved to the left.

To illustrate operation of the cir-
cuit, assume first that the slider is
set to Point B (say, midway between
A and C) and that the rheostat, R, is
adjusted to pass a safe amount of
current through the slide wire. A
voltage drop, ei, will be set up be-
tween A and B. This voltage will
increase as R is lowered, and vice
versa, and its polarity will be the
same as that of the standard cell.
When ei equals the standard cell,
voltage, E., it will buck the latter and
no current will flow in the circuit
AMB. Consequently, the galvano-
meter, M, will not be deflected. Thus,
the meter may be zeroed initially by
adjustment of Rheostat R. At this
point, the circuit is nulled and the
resistance setting of the slide wire is
indicated by

Now, if the standard cell is re-
moved from the circuit and an un-
known voltage (Ex) substituted for it,
the circuit can remain balanced (null-
ed) only if the unknown voltage is
equal to the standard cell voltage; i.
e., Ex = Eti. If this equality does
not exist, the meter will be deflected
upscale if Ex is smaller than E., or
downscale if Ex is larger than E.
To restore null, the slider must be
moved to a new point (B') at which
the voltage drop (e0) equals the un-
known voltage. Voltage eo then will
buck Ex, and the meter will be re-
turned to zero. The new resistance,
between A and B', now is r. (The
slider would be moved to the right
to B', as shown, if the unknown volt-
age were higher than the standard
cell voltage. It would be moved to
the left if the unknown were lower).
If the slide wire is accurately cali-
brated in resistance settings and the
standard cell voltage is known close-
ly, the unknown voltage (Ex) may be
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determined from the initial and final
resistance settings (r1 and ro) and
the standard cell voltage (E.): Thus,
Ex = (E.r2)/ri. This is true because
the ratio of the voltages is equal to
the ratio of the resistance settings.
That is, Ex/E. = r2/r1.

The precision of voltage measure-
ment by this method depends upon
the accuracy of setting of the slide
wire, the accuracy to which the stand-
ard cell voltage is known, and the
sensitivity of the galvanometer.

Details of Experimental
Instrument

In commercial, high -precision, lab-
oratory potentiometers, the slide wire
is replaced by a bank of precision
resistors adjusted by rotary switches.
The standard cell is of the special
cadmium type and has a nominal
voltage of 1.01830 v.

The experimenter's potentiometer
(Figure 2) employs a 10 -turn helical
potentiometer, R1, for the slide wire.
This 1000 -ohm unit has a linearity of
0.1%. It is provided with a direct -
reading dial (supplied by its manu-
facturer). Since the resistance of
this component is directly proportion-
al to the shaft rotation, the dial reads

direct in ohms. The standard cell
(B,) is an inexpensive mercury cell.
The cell voltage remains constant at
1.34 v nominal throughout the cell
life, almost to the exact instant of
burnout. Before installation into the
circuit, the exact voltage of this cell
may be determined by means of sep-
arate precision voltage measurement.

The galvanometer is a standard 50-
0-50 d -c microammeter, M. A nor-
mally -open pushbutton switch, So, is
connected in series with this meter.
Both the meter and the standard cell
are protected, since current can flow
in the meter circuit only during short
intervals when the pushbutton is
tapped for test. (The current drain
could be considerable when the cir-
cuit is unbalanced, hence should not
be allowed to flow continuously under
off -null conditions).

The spdt switch, Si, is the function
switch. When it is thrown to its
STANDARDIZE position, the stand-
ard cell, 131, is connected to the poten-
tiometer circuit for initial null ad-
justment. When S, is thrown to its
MEASURE Position, the standard cell
is disconnected and an unknown volt-
age, applied to the input terminals.
X, and may be measured with
the potentiometer.



The 6 -volt battery, B2, supplies cur-
rent to the slide wire potentiometer
through the CURRENT ADJUST
rheostat, R2. A spst switch, S3, is
provided for disconnecting this bat-
tery when the instrument is not in
use. Both R, and R, must be wire -
wound units. No graduated dial is
needed for R2.

The 10 -turn potentiometer, R1, has
been specified for compactness, sim-
plicity, accuracy, and convenience.
However, in less critical versions of
this instrument, a single -turn wire -
wound potentiometer may be em-
ployed if it is provided with an ac-
curately - calibrated, direct - reading
ohms dial.

Operation of Instrument
Initial Balance. (1) Set Switch

Si to STANDARDIZE. (2) Set Po-
tentiometer R1 to some convenient
point near the center of its range.
(3) Close Switch S. (4) Tap Push-
button switch S2 repeatedly while
adjusting Rheostat It,. Continue to
do this until Meter M no longer de-
flects in either direction. To pre-
vent damage to the meter, the but-
ton should not be held down con-
tinuously for any length of time, only
tapped, until deflection of the meter
no longer is beyond either full-scale
limit. (5) The circuit is balanced
(nulled) when the meter does not
deflect either upscale or downscale
when the pushbutton is depressed.
(6) At this point, note the resistance
setting of R1 and record this value
as r1.

Voltage Measurement. After the
balancing operation is completed ac-
cording to the instructions given in
the preceding paragraphs, proceed
immediately with d -c voltage meas-
urement in the following manner:

(1) Do not disturb the setting of R2,
and keep S, closed. (2) Connect the
source of unknown voltage to VOLT-
AGE INPUT terminals X, and X2,
carefully observing the correct polar-
ity. (3) Throw Switch S1 to its
MEASURE position. (4) Tap Push-
button S9 repeatedly while adjusting
Potentiometer R1. (5) The null point
is reached in the adjustment of R,
when Meter M no longer is deflected
when S2 is closed. At this point, re-
cord the resistance setting of R1 as
r0. (6) Calculate the unknown volt-
age (E.) in terms of the 1.34 v stand-
ard cell (B1) voltage: E. = (1.34r0)
/r1. (The resistance value r1 was ob-
tained from the potentiometer setting
in the initial null adjustment). If it
was determined by pre -installation
measurements that the voltage of B1
differs from the nominal 1.34 -volt
value, substitute the true value in the
formula.

Measurement of High Voltage.
When the unknown voltage is much
higher than that of the standard cell,
a null point will not be found at any
setting of Potentiometer R1. Such a
voltage must be stepped down before
it can be accommodated by the in-
strument.

The stepdown is provided by an ex-
ternal potentiometer termed a volt
box. Figure 3(A) shows the basic
arrangement of the volt box: A series
a resistors are connected in a step -
type potentiometer circuit to provide
various voltage step-down ratios such
as 1000:1, 100:1, 10:1, etc. Figure 3(B)
shows the connections between volt-
age source, volt box, and potentiom-
eter. The potentiometer is balanced
for the unknown voltage in the usual
manner. The unknown voltage (E.)
then is calculated: E. = (1.34mr2)/r, ,
where m is the multiplication ratio of
the volt box. (For example; if the

volt box "steps the applied voltage
down" to 1/300 of its original value,
m = 300).

The experimenter may build his
own volt box from a properly chosen
set of precision fixed resistors select-
ed for desired step-down ratios. Re-
commended ratios are 1000:1, 300:1,
100:1, 30:1, and 10:1. The use of a
calibrated smooth -type potentiometer
is to be discouraged, since the reset
precision of this type may be poor.

CAPTION FOR FIGURE 2
B1-1.34 v mercury cell - Mallory

RH3R
B2-Midget 6 -volt dry battery - Bur-

gess 2F4
M-50-0-50 d -c microammeter - Trip-

lett Model 327T
111 -1000 -ohm, 10 -turn, helical poten-

tiometer - Borg Model 205 with
direct -reading dial - Borg Mod-
el 1307

R2 -7500 -ohm, 3 -watt, wirewound
rheostat - I. R. C. Type 58

S1-Spdt wafer switch - Centralab
1460

S2-Spst, normally -open, pushbutton
switch - Grayhill Series 4000

S3-Spst toggle switch
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Equation (1) should read
E.' + Ee - Ee2

cos e -
2E.Et

The paragraph immediately above
Equation (1) should begin: "If E.
and Ef are sinewaves of the same
frequency, etc."
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for MINIMUM SIZE

for MAXIMUM
PERFORMANCE

... the exceptionally reduced sizes and light-
weight of Aerovox metallized -paper capacitors
makes them ideal for those applications where
space is at a premium.

... the unique properties of Aerovox metallized -
paper capacitors-ruggedness, reliability, and
high safety factor assure you of longer equip-
ment life.

for WIDEST OPERATING

TEMPERATURES

Aerovox metallized -paper capacitors are
available in a wide variety of case styles for
operation at temperatures ranging from -65°C
to -125°C.

Complex electronic equipment such as guided missiles, computers,
airborne receivers, transistorized radios and color TV have success-
fully applied Aerovox metallized -paper capacitors. You are invited
to consult with our capacitor specialists for experienced assistance
in selecting the right metallized -paper capacitor for your particular
needs. Complete detailed information, quotations, delivery schedules,
available on written request.

AVAILABLE NOW...
50 VDC METALLIZED - PAPER
MINIATURE CAPACITORS

AEROVOX CORPORATION
NEW BEDFORD, MASSACHUSETTS

In Canada: AEROVOX CANADA LTD., Hamilton, Ont.


