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High-Resistance Non-Electronic D. C. Voltmeters

By the Engineering Department, Aerovox Corporation

VOLTMETER used to check high-

resistance electronic circuits
must have high internal resistance,
in order to minimize ecircuit loading.
The d. c. vacuum-tube voltmeter
meets this requirement and has been
obtainable in the service category
for about 15 years. Most of these
electronic voltmeters have input re-
sistances of 11 megohms, constant
for all ranges, although some service-
type models go as high as 20 meg-
ohms.

The non-electronic d. c. voltmeter
offers the advantages of complete
portability, simplicity, freedom from
drift and zero adjusting, and the abil-
ity to operate without any sort of
power supply. These features often
are definitely required in field test-
ing and are desirable also in the lab-
oratory when removal from power
line and batteries is a requisite. But
the common non-electronic voltmeter
has relatively low input resistance.

It is of interest to note that a non-
electronic d. c. voltmeter having high
input resistance can be obtained with
a sensitive d. c¢. microammeter and
high-resistance multiplier. The full-
scale deflection of the microammeter
must be somewhat lower than is com-
mon in meters ordinarily used in
conventional voltmeters. Thus, a 0-10
d. c¢. microammeter with a 25-meg-
ohm series resistor provides a 0-250
d. c. voltmeter. Note that the input
resistance in this case is higher than

that of the conventional d. c. vac-
uum-tube voltmeter. The instru-
ment sensitivity is 100,000 ohms per
volt.

Ultra-high-resistance, non-electron-
ic d. c. voltmeters of this type are
entirely practical. Multiplier resist-
ors may be switched in the instru-
ment circuit, in the conventional man-
ner, to change ranges. D. C. micro-

ammeters are available with full-scale
deflections of 2, 5, 10, 15, 20, and 30
microamperes.

U. H. R. Voltmeter Circuits

Figure 1 shows the circuit of a mul-
tirange ultra-high-resistance d. ec.
voltmeter having 100,000 ohms per
volt sensitivity. A 0-10 d. c. micro-
ammeter is employed. The voltage
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ranges provided are 0-1, 0-5, 0-10, 0-50,
0-100, 0-250, 0-500, and 0-1000 volts.
Other ranges, more desirable to the
reader can be added or substituted
for those shown. The multiplier re-
sistor values are calculated by means
of Ohm’s Law, R = E/I where R is
the required multiplier resistance
in ohms, E is the desired full-scale
voltage deflection in volts, and I is
the full-scale current deflection of the
microammeter in amperes. Figure 4
is a chart listing calculated multi-
plier resistance values for 23 com-
mon voltage ranges for use with sen-
sitive microammeters of six different
full-scale deflections.

The internal resistance (‘m) of
high-sensitivity ~microammeters is
comparatively high. In the 0-10 mi-
croammeter, for example, this value
lies between 2000 and 4000 ohms, de-
pending upon manufacture and mod-
el number. For best accuracy, the
meter resistance value, rm must be
subtracted from the calculated multi-
plier resistance, R, whenever R/r is
100 or less. Thus in Figure 1, the
calculated value of the 1-volt multi-
plier would be 100,000 ohms. But
the meter internal resistance is 2000
ohms and 100,000/2000 = 50, so we
must subtract the meter resistance,
giving the accurate multiplier value
of 98,000 ohms. On each other vol-
tage range, R/rm is higher than 100,
so the calculated multiplier resist-
ance values are used.

Figure 2 is a table showing pertin-
ent data for commercially available
sensitive d. ¢. microammeters with
full-scale deflections between 2 and
30 microamperes. Displayed in this
chart are the internal resistance ('m)
values and the voltmeter sensitivities
(in ohms per volt) which the meters
will provide in voltmeter circuits.
All except the 2 microampere model
are panel-type instruments. The 0-2
microammeter is a portable case-type,
but can be mounted on the panel of
an assembled u. h. r. voltmeter.

Figure 3 shows a useful variation
of the u. h. r. volt-meter circuit. Here,
a centerzero type of microammeter
is employed. The right half of the
scale is graduated from zero up to
the maximum positive voltage, and
the left half from zero down to the
maximum negative voltage of the
same value. When a test voltage is
applied so that the upper input ter-
minal is positive, the meter is de-
flected up-scale to read the voltage.
If the voltage source is reversed, the
meter is deflected down-scale and
reads the same voltage but with
negative sign. Thus, no changeover
of test leads is needed.

Sensitivity and Resistance

The last column in the chart in
Figure 2 shows the voltmeter sensi-
tivity which is afforded by available
high-sensativity microammeters.
These sensitivities are obtained on
each range of voltmeters employing
the meters.

The input resistance changes with
each range of the voltmeter, however,
since it is equal almost entirely to
the resistance value of the multiplier.
The multiplier values listed in the
chart in Figure 4 show the input re-
sistance which a given voltmeter will
have on each range. If we take 10
megohms as the approximate input
resistance of a d. c¢. vacuum-tube volt-
meter, we find that this value will be
equalled on the 20-volt range using

SCALE METER RESISTANCE, SOLTMETER
(ma.) rm f(ohms) (ohms per volt)
0—2 10,000 500,000
0—s5 8000 200,000
0—10 2000—4000 100,000
0—15 5000 66,666
0—20 1520 1 50,000
0—30 1520 33,333
TABLE OF MICROAMMETER DATA

FIGURE 2

a 0-2 microammeter, the 50-volt range
with a 0-5 microammeter, 100-volt
range with 0-10 microamperes, 150-
volt range with 0-15 microamperes,
200-volt range with 0-20 microamper-
es, and 300-volt range with 0-30 micro-
amperes. In each instance, all higher-
voltage ranges will have higher input
resistance than the v. t. voltmeter.
These relationships point up the
necessity for using the lowest-range
microammeter that can be afforded
for this application.

Pointers on U. H. R. Voltmeter
Construction
The combination of extremely sen-
sitive microammeter and very high
multiplier resistance is not common-
place. Certain precautions are ne-
cessary in the construction of volt-
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meters employing this combination,
which do not arise in connection with
voltmeters up to 20,000 ohms-per-volt
sensitivity. These precautions are
outlined below.

1. Special instrument-type resist-
ors are required beyond 50 megohms.
Be sure that the outer surfaces of
these components are cleaned care-
fully after soldering into place. Try
not to touch the surfaces with the
bare fingers, to prevent depositing
greasy or moist finger prints. After
installation, wash the exterior por-
tions of the resistors with carbon tet-
rachloride or any other solvent re-
commended by the resistor manufac-
turer. If the resistors have been
coated with a special high-insulation
wax, DO NOT TOUCH THE BODIES,
and do not use solvent which might
dissolve the wax.

2. Use the minimum of heat in
soldering the resistors in place. Pro-
vide a protective heat sink by holding
the pigtails with flat-nose pliers while
soldering. Continue to grip the leads
with the pliers until the soldered joint
has cooled completely.

3. The range switch must be pro-
vided with excellent insulation to pre-
vent leakage paths. Always use a
ceramic-type switch for this appli-
cation, and do not handle the ceramic
insulation any more than necessary
during assembly of the voltmeter.
After installation, wash the ceramic
with carbon tetrachloride or lacquer
thinner to remove any contamination.

4. The input terminals of the volt-
meter must be insulated from the
panel material by ample washers or
inserts of high-quality dielectric ma-
terial, such as polystyrene or ceramic.

FIGURE 4

VOLTAGE BASIC METER RANGES
RANGE | 02 ya. | 0—5ma. | 0—10 na. | 0—15 ya. | 0-—20 we. | 0—30 ua
0—1 500 K 200K 100 K 66.67 K 50K 33.33K
0—1.5 750K 300K 150 K 100 K 75K 50 K
0—2 1 meg. 400 K 200 K 1333 K 100 K 66.66 K
0—2.5 | 1.25 meg. 500 K 250K 166.7 K 125 K 83.33 K
0—3 1:5 n;g 600 K 300 K 200K 150 K 7 100 K
0—>5 2.5 megs 1 meg 500 K 3334 K 250K 166.7 K
6—7 5 13.75 megs. lr Sim;g 750 K 500 K 375K 250K
0—10 | Smegs. | 2megs. | 1mes. | 666.7K | 500K | 333.3K
OA——ilrs 7.5 megs 3 megs 1:5 meg. 1 m'eg. 750 K - 500 K7
0—20 10 megs. | 4 megs. 2 megs. | 1.33 meg.| 1 meg. 666.6 K
O—ZL 12:5 megs 5 megs. 2.5 megs. | 1.67 meg. | 1.25 meg 833.3K
_ QTBO 15 megs 6 megs. 3 megs. “2 megs. 1.5 megi 1 meg
0—50 25 megs. | 10 megs. 5 megs. |{3.33 megs. | 2.5 megs. | 1.66 meg.
0—75 |(37.5 megs.| 15 megs. | 7.5 megs. 5 megs. {3.75 megs. | 2.5 megs
0—100 50 megs. | 20 megs. | 10 megs. |{6.67 megs.| 5 megs. 3.3 megs
0—150 | 75 megs. | 30 megs. | 15 megs. 10 megs. | 7.5 megs. 5 megs
0—200 {100 megs. | 40 megs. | 20 megs. (13.3 megs. | 10 megs. | 6.7 megs
0—250 | 125 megs. | 50 megs. | 25 megs. |16.7 megs. |12.5 megs. [ 8.3 megs
0—300 (150 megs. | 60 megs. | 30 megs. | 20 megs. | 15 megs. | 10 megs
0—500 {250 megs. | 100 megs. | 50 megs. |33.3 megs.| 25 megs. |16.6 megs.
0—750 (375 megs. | 150 megs. | 75 megs. | 50 megs. [37.5 megs. | 25 megs.
0—1000 {500 megs. | 200 megs. | 1 00 megs. |66.7 megs. | 50 megs. | 33 megs.
0—1500 | 750 megs. [ 300 megs. | 150 megs. | 100 megs. | 75 megs. | 50 megs.
TABLE OF MULTIPLIER RESISTANCE VALUES

5. If a metal panel is used, be
sure to specify metal-panel operation
when ordering the microammeter.

6. Make an air-tight seal of the in-
strument case. to prevent the entry
of dust, grease, and moisture which
will tend to create high-resistance
leakage paths on the range switch and
multiplier resistors.

7. Ascertain from the meter man-
ufacturer whether the microammeter
can be used in all positions. If the
meter is specified to operate in one
position only (such as horizontal),
make a practice of using the volt-
meter only in that position.

8. Include a  short-circuiting
switch to short-circuit the microam-
meter itself when the voltmeter is
not in use. Low-range microammet-
ers often are susceptible to fields and
transient phenomena, and the short
circuit will protect the sensitive
movement. Because of the high re-
sistance of the multipliers, no dam-
age will be done if a potential acci-
dentally is applied to the voltmeter
input terminals while the shorting
switch is closed.

Pointers on Use of the Voltmeter

No special technique is required to
measure voltages with the ultra-high-
resistance meter. Manipulation of the
instrument and its care are the same
as with lower-resistance non-elec-
tronic voltmeters. However, it is ap-
propriate to call attention here to a
few precautions which should be ob-
served to protect the meter and in-
sure continued accuracy of the in-
strument.

1. When uncertainty exists as to
the approximate level of a voltage,
use the highest voltage scale first.
Then, switch down successively to
each lower range until deflection is
obtained in the upper portion of the
scale.

2. Switch the voltmeter to its high-
est range during idle periods, and
also close the microammeter short-
circuiting switch.

3. Always close the short-circuit-
ing switch when the instrument is be-
ing transported. This provides ef-
ficient damping of the meter and will
prevent mechanical damage due to
shaking and vibration.

4. Do not expose an ultra-high-
resistance voltmeter to magnetic
fields, moisture, or corrosive fumes
for long periods of time.

5. Keep the panel area around the

input terminals secrupulously clean
of dust, grease, and moisture.
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AEROVOX means capacitors of all cate-
gories, types, values — electrolytic, paper,
plastic tubular, metallized-paper, oil, mica,
transmitting, motor-starting, auto-radio,
miniature, noise-suppression filters, etc.,
etc. There’s on Aerovox capacitcr for every
need. Also wire-wound ond casbon resist-
ors, and a- complete line of fil‘ers for all
applications.

Need capacitors or resistors? For maintenznce
work, building special equipmant,

expediting government orders, as a hobbyist,
in industrial activities — regardless?

Then note that Aerovox, through its
nation-wide distribution setup,
offers you SERVICE PLUS, because:

You can take Aerovox quality and
dependzbility for granted.
No bettsr components are made.

WILKOR means precision-type resistors
made with matchless accuracy and in.
tended for circuits calling for the stability
of wire-wound resistors with the marked
economy of carbon resistors. Widely used
in test equipment and labaratery instru-
ments.

The Azrovox line of capacitors and resistors
and filters, is really COMPLETE.
You can meet your normal needs every time.

If you are in a big hurry, just remember
that your local Aerovox distributcr carries
a representative stock virtually at
your doorstep. What's more, h2 draws on the
outstanding factory stock for prompt

shipment of additional or special items.

Outstanding Aerovox literature —
catalogs, folders, bulleting — c'imaxed by 2
free subscription to the Aerovox
Research Worker (ask your distributor d
about it) —means capacitors and H

resistors function- fitted to latest
radio- electronic developments.

So, for SERVICE PLUS

in obtaining your capacitor and

resistor requirements, contact the local
Aerovox distributor. Our nearest sales
representative is also at your beck and ca'l.
Or write us direct.

Hi-Q ‘means the outstanding selection of
ceramic capacitors ond associated compo-
nents — disks, high-voltage ratings,
tubulors, cartwheel or slug, feed-thru,
stand-off, etc.

AEROVOX 0oRrPORAT ION

NEW BEDFORD, MASS.

HI'QS DIVISION !

OLEAN, N. Y.

Export: 41 E. 42nd St, New York 17, N. Y. ® Cobla: AEROCAP, N. Y. ® ln Conado: AEROVOX. CANADA LTD., Hamilton, Ont. JOBBER ADDRESS: 740 Belleville Ave., New Bedford, Mass



