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D’Arsonval Dossier

How these meters work and how to make
them work for you is no mystery. Discover the inner
machinations of the D’Arsonval movement for yourself.

his article covers the

basic aspects of the
panel meters most fre-
quently used by amateurs.
These meters indicate volt-
age and current. The article
will not address itself to
alternating-current meters
and meters combined with
electronic circuits that
measure values such as FM

frequency deviation, resis-
tance, signal strength, and
the like. However, a little
knowledge of how the sim-
ple voltage- and current-
measuring devices work
may turn your junk box or
your next flea-market visit
into something very profit-
able.

Panel meters are made in

a large variety of ranges,
and when the desired range
is not available, it is possi-
ble to adapt what is on
hand to provide the neces-
sary service. Voltmeters
can be bought with ranges
from millivolts to kilovolts
and ammeters from micro-
amperes to a hundred Am-
peres. However, by judi-

Flea-market meters come in all shapes, sizes, and ranges. Some really large units are fre-
quently seen. Six- and 10-inch sizes make great bench meters; how about an oversize
S-meter for your next QRP rig? It may take a bit of patience, but even matching meters can
be found if you keep your eye out for them. There are thousands of low-price, high-quality
meters like the Weston 301 type available in junk boxes and flea markets.
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cious buying at auctions
and flea markets, low-cur-
rent meters (typically, 0-1
milliampere) can be pur-
chased that can be adapted
to a wide range of currents
and voltages. Read on!

How They Work

Meters measure current
even when they are actual-
ly indicating voltage. Their
needle deflection is nomi-
nally proportional to the
flow of current through
them. In the case of meters
using D’Arsonval moving
coil movements, the meter
deflection is strictly propor-
tional to the current
through them. This is the
most popular type of meter
and will be the type primari-
ly discussed in this article.

The only other type of
meter that is normally seen
by amateurs is the iron-
vane type. This type is used
frequently for ac measure-
ments. It does not deflect
strictly proportionally with
current through its coil. Its
major claim to fame (for
amateur use) is its low cost.
Unlike the D’Arsonval type,
the current in an iron-vane
meter flows through a
fixed rather than a moving
coil. The common, low-cost
type is generally plagued
with calibration problems
caused by magnetic materi-
al {e.g., iron or steel) in its
vicinity. D’Arsonval move-



ments are relatively but not
entirely free of this sort of
problem.

Meters deflect when cur-
rent passes through them
because the current creates
a magnetic field that op-
poses a permanent magnet-
ic field built into the meter.
The vane in an iron-vane
meter is a permanent mag-
net and is attached to the
indicator needle. The me-
tered current flows in a
fixed coil that is wound
around (but not on) the
vane. The field created by
the current in the coil op-
poses that of the vane, and
the vane moves until force
from its field balances the
force from the field of the
coil.

D’Arsonval meters have
moving coils that rotate
within a permanent mag-
netic field. In this configur-
ation, the fields can be
properly arranged to cause
the needle (attached to the
rotating coil) to move in a
manner that is strictly pro-
portional to the current
flowing in the coil. The pro-
portionality of the D’Arson-
val meter allows its scale to
be divided into equal divi-
sions for equal changes in
current throughout its
scale. The typical iron-vane
meter provides more mo-
tion for a given current
change at the low end of its
scale than at the top end.
The scale atthe topend of a
typical iron-vane meter is
crowded and difficult to
read.

Meter Resistance

The flow of current
through a meter obeys
Ohm’s Law. The meter itself
has resistance and, there-
fore, the current through it
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Flea marketeer with his meter display. Excellent sources of meters of all descriptions, flea
markets and auctions offer the lowest prices. In most cases, meters work properly or do not
work at all. Flea-market and auction prices are generally low enough to risk as-it-is purchas-
ing. However, most sellers will honor your request for your money back.

will be proportional to the
voltage across it—see Fig.
1(a). If resistance is added in
series with a meter—see
Fig. 1(b), more voltage will
be required to cause the
original amount of meter
current to flow. It will be
shown later that this is the
way to turn a sensitive cur-
rent meter into a voltmeter.
If a resistance is added in
parallel with the meter—
see Fig. 1(c), the input
voltage still occurs across
the meter, but a portion of
the input current is by-

Full Scale
Current

100 microamps
200 microamps
500 microamps

1 milliamp
3 milliamps
5 milliamps

passed (or shunted) through
the parallel resistance. The
parallel resistance is known
as a shunt. This is the meth-
od for turning a sensitive
current meter into a less
sensitive (or higher) current

meter.

If meters are to be modi-
fied with series or parallel
resistance, it is obvious that
the resistance of the meter
must be known. Examina-
tion of meter characteris-
tics, as given in manufac-
turers’ catalogs, gives us the
ranges shown in Table 1.

Resistance
(Typical)
1000-2000 Ohms
400-1000 Ohms
100-200 Ohms
40-60 Ohms
20-40 Ohms
10-20 Ohms

Table 1. Typical sensitive current meter resistances (D’Ar-

sonval type).
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In no case should an
ohmmeter be connected
across a sensitive meter to
determine its resistance.
The current from the ohm-
meter will overrange the
meter and may destroy it. A
convenient and safe meth-
od of determining the resis-
tance of a meter is shown.
in Fig. 2. It consists of caus-
ing full-scale current to
flow in the meter and then
adding a variable resistance
{shunt) across the meter and
adjusting it until the meter
reads half-scale. If the se-
ries resistance (Rgg) is much
higher than the meter resis-

Rse
Rwm
R
£y v

Fig. 2. Determining meter re-
sistance. Set £y and/or Rsg
for full scale with Ry discon-
nected. (Rsp should be at
least 100 X R,.) Connect
Ry and adjust it until the
meter reads one-half scale.
Disconnect Ry and measure

its resistance with an ohm-
meter. Ry will equal Ryy.
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Fig. 1. Basic meter circuits. (a) Electrical characteristics of meter alone. (b) The meter with
resistors in series. (c) The meter with resistance (Rsy) shunting current around it.



A typical D’Arsonval meter movement is shown above.
Note the even (linear) scale. All of the divisions are the same
size. This type of meter is the most used by amateurs. The
ordinary variety balances the force resulting from a fixed
magnet and a moving current coil against a pair of hair
springs. Recently, a new type using taut-band springs has
been introduced. Both types operate similarly and have
linear needle motion with respect to current.

tance (use Table 1 as a
guide), the total current will
not vary significantly when
the variable resistance is
added. It can be shown that
when the variable resis-
tance is adjusted for half-

scale current, the meter re-
sistance is equal to the ex-
ternal shunting resistance.
The external resistance can
then be disconnected and
(safely) measured with an
ohmmeter.
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Fig. 3. Voltmeter circuit loading. (a) High-impedance voltage
divider. (b) The result of a voltmeter loading down the cir-
cuit in 3(a). (c) Using a meter with higher internal resistance

gives more accurate results.
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Meter Resistance Problems

In the case of voltmeters,
the resistance of the meter
and its series resistors must
be high with respect to the
resistance of the circuit be-
ing measured. If it is not,
the voltmeter will load
down the circuit and the
voltage measurement will
be low. This is illustrated in
Fig. 3. Note in Fig. 3(a) that
the real divider voltage is
five volts and that a
1,000-Ohms-per-volt meter,
see Fig. 3(b), loads the cir-
cuit down to 1.4 volts (72%
low). Even a 20,000-Ohms-
per-volt meter as shown in
Fig. 3(c) loads the circuit
down to 4.4 volts {(12%
low). If an 11-megohm
vacuum-tube voltmeter
were used, the indicated
voltage would be essential-
ly correct, at about 4.99
volts (0.2% low). The moral
here is very clear: Use the
highest resistance volt-
meter that you can if you
want to avoid loading down
the circuit being measured.

Voltmeters are rated for
their resistance in Ohms-
per-volt. Simply, this means
that a 10-volt, 20,000-Ohms-
per-volt meter will have a
resistance of 10X 20,000=
200,000 Ohms. In a multi-
range voltmeter, the resis-
tance of the meter accord-
ingly increases with the
voltage range in use. Elec-
tronic voltmeters are fre-
quently an exception to the
foregoing statement. They
have a fixed input resis-
tance (frequently 11 meg-
ohms) regardless of the
range they are set to.

However, do not write
off the lowly 1,000-Ohms-
per-volt meter (made from
a 0-1 mA meter). In this day
of solid state, circuit resis-

Meter Range
0-1 mA
0-500 pa
0-200 ua
0-100 pa
0-50 pa

tances (with certain excep-
tions such as FET circuits)
tend to be quite low and
quite tolerant of low-resis-
tance voltmeters. Addition-
ally, one should examine
one’s needs carefully. The
1,000-Ohms-per-volt meter
is rugged, inexpensive, and
is just the thing for an occa-
sional check of power sup-
ply and battery voltages. if
general servicing of tube
and solid-state circuits is to
be done, nothing short of a
voltmeter with megohms of
input resistance should be
considered.

For the most part, inser-
tion of a meter for current
measurements does not
cause significant circuit
change. Milliammeters
have resistances of less
than 100 Ohms, which is
small with respect to resis-
tances (impedances) they
are connected in series
with. Consideration should
be exercised with meters in
the microampere ranges. A
sensitive microammeter
may have over 1,000 Ohms
resistance and could add
significant resistance to the
circuit being measured.

Making Voltmeters from
Milliammeters/
Microammeters

Voltmeters with conve-
nient scales can be made by
adding series resistance to a
milliammeter or microam-
meter, most often to a 0-1
milliammeter or more sensi-
tive meter. It is most con-
venient to choose a meter
range whose scale can be
multiplied by a factor of 10,
100, and so on, to give the
desired voltmeter scale. For
example, say you want a
1,000-volt, full-scale meter.
If a 0-1-milliamp meter is

Ohms to Produce

One Volt Full Scale

{Ohms-per-Volt)
1,000
2,000
5,000
10,000
20,000

Table 2. Voltmeter series resistance ratings.



used, the scale is multiplied
by 1,000 and a label can be
added to the meter face
saying: 1,000 volts.”” Half-
scale (0.5 mA) will be 500
volts. Similarly, a 100-mi-
croamp meter could be
used with a X 10 multiplier.

For most amateur pur-
poses, the series resistors
can be 5% tolerance and
the meter resistance can be
neglected. Table 2 can be
used to select the series
resistance required to ob-
tain a one-volt full-scale
meter from various basic
meter movements. If the
series resistance is in-
creased by a factor, the full-
scale reading will be in-
creased by the same factor.
Typically, if 1,000 Ohms is
required for one-volt full
scale, 2,000 Ohms will re-
sult in two-volts full scale
and 10,000 Ohms will give
10 volts. The series resis-
tance rating for a basic
meter may be calculated by
dividing one by the basic
full-scale meter reading.
Typically, a 0-3 milliam-
meter would require 1 +
0.003 =333 Ohms-per-volt.

The accuracy of a meter
with added series resistance
depends on the meter accu-
racy, the series resistor ac-
curacy, and the meter’s in-
ternal resistance. The latter
effect is generally small for
the accuracies needed by
the amateur. For a 1-volt,
1,000-Ohms-per-volt meter
that uses a basic 0-1 mil-
liammeter with 50-Ohms in-
ternal resistance, the total
series resistance is 1050
Ohms (assuming a 1000-
Ohm external series resis-
tor). Ohm’s Law tells us that
1.05 volts will be required
for a full-scale reading. This
is a 5% error and could be
corrected by using a 950-
Ohm series resistor. For
high voltage ranges, the er-
ror becomes proportion-
ately less.

If you have a means of
accurate calibration at
hand, the series resistance
can be trimmed to elimi-
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nate essentially all of the er-
ror at one scale reading.
The remaining error will be
the meter’'s inherent inac-
curacy. For the best possi-
ble accuracy, the error at
various scale values has to
be plotted using a highly ac-
curate calibration standard.
This discussion of accuracy
is included only to satisfy
the reader who has special
accuracy requirements.

The average amateur can
use series resistance values
calculated from the basic
values in Table 2. He can as-
sume that his accuracy will
be roughly that of the series
resistance tolerance plus
the meter’s tolerance, ie.,
on the order of =10%, if
+5% series resistors are
used.

Shunting to Obtain Higher
Current Ranges

Shunting is just a bit
more difficult than adding
series resistances to obtain
different voltage ranges.
First, the resistance of the
shunt must be calculated.
Then, the shunt resistor
must be obtained. Most
often, the shunt resistor will
have to be wound or other-
wise fashioned. This is
because the resistance
values turn out to be quite
low and most often of non-
standard value.

The shunt resistance in
parallel with the meter re-
sistance must result in a
voltage across the meter
that will produce full-scale
deflection for the desired
full-scale current. This
voltage is calculated using
Ohm’s Law as follows: Vg
= lM(FS)X Rm. (Here, Vs is
the voltage across the
meter at full scale, Ipyrsy is
the basic meter’s full-scale
current, and Ry is the meter
resistance (see Fig. 4). The
method of determining Ry
was previously discussed. It

should be noted that meter

resistances can sometimes
be found by referring to
catalog descriptions. By us-
ing the parallel resistance
expression and Ohm's Law,

This photo shows the face of an iron-vane-type meter. Note
that it has an irregular (non-linear) scale. For the same
amount of current change, less motion occurs near full
scale than at the low end of the scale. in some applications
this may have advantages. Most meters of this sort are made
for low-cost applications or for use in ac applications. They
are frequently found in automotive equipment, both in car
instrument panels and in devices such as battery chargers.

it can be shown that the
shunt resistance is: Rg =
Rm(Vis/TEs) (R — Vis/lgs),
where lgg is the desired full-
scale current and Rg is the
corresponding value of re-
sistance needed to shunt
the meter.

For example, the shunt
required to make a 10-milli-
amp meter from a 50-Ohm,
T-milliamp meter is calcu-
fated as follows: Vg = 001
X 50 = 0.05 volts, and Rg
= (.05/.01) X 50/50 — .05/
01) = 556 Ohms.

Rsn

Rgnx Ry

b Rpag*
PAR" Ron + R

Vrs

¢ Rpar= T

= ImiFs) x Ry, FULL SCALE VOLTAGE

, SHUNTED METER RESISTANCE

, SHUNTED METER RESISTANCE

REQUIRED FOR A DESIRED VALUE OF CURRENT AT

FULLSCALE (lfs)

- Rpag % Rm
SH° Ry-Rean
VES & R
IFs
OR Rgy:= —

L SHUNT RESISTANCE

Fig. 4. Shunt value calculation.



Shunts may be wound using resistors as forms. The shunts
above are those used in the 0-3, 0-30, and 0-300 milliamp
meter described in the text. The resistors should be at least
100 times the resistance value of the shunt. Use a two-Watt
resistor if you have room. This gives better cooling and

makes construction easier.

If a 100-milliamp range
were desired, the foregoing
calculation would indicate
that 0.505 Ohms was re-
quired. Note that in both
cases the shunt resistor is in
proportion to the amount
of current that must bypass
the meter. In the latter case,
the shunt is about 1/100 of
the basic meter resistance.
As can be seen from these
calculations, the resis-
tances are low and (gen-
erally) non-standard.

However, shunt resis-
tances can be constructed
easily from copper wire.
They also may be con-
structed from other less
available wires such as ni-
chrome if you have the ma-
terials available. By using

the Standard Wire Tables
found in the handbooks,
the wire gauge and the
length of this gauge wire
necessary to construct a
proper shunt can be deter-
mined easily. As in the case
of series resistors for volt-
meter applications, the
shunts can be trimmed and
adjusted if accurate cali-
bration standards are avail-
able.

As in the case of volt-
meters, the meter can be
made truly accurate at one
scale reading and must be
error-noted at other read-
ings because of the basic in-
accuracies of the meter. For
amateur use, this sort of ac-
curacy is most often not
necessary. Typically, in the

Wire Ohms-per- Ohms-per- Required

Size 1000 Feet Foot Length
5.56 Ohms 30 105.2 0.105 52.4 ft.
5.56 Ohms 33 211.0 0.211 26.4 ft.
0.505 Ohms 28 66.17 .0662 7.63 ft.
0.505 Ohms 24 26.17 .0262 19.3 ft.

Table 3. Typical wire length for two values of resistance.
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Fig. 5. (a) A multi-scaled milliammeter using an unusual
series and parallel shunting scheme. (b) A multi-scaled mil-
liammeter using standard shunting and a DPDT center-off
switch. (¢) A multi-scaled milliammeter/microammeter that
produces less than one volt drop at full-scale current. Resis-

tances are in Ohms.

100-milliamp case cited
above, a 0.5-Ohm, 5% re-
sistor will give overall ac-
curacy on the order of
+10%. This would suffice
in almost all amateur appli-
cations. A 5-Ohm, £5%
resistor would do for the
10-milliamp case.

To make low resistance
shunts, choose a conve-
nient wire size and deter-
mine what its resistance-
per-unit length is. In most
tables this is given in Ohms-
per-thousand feet. Use the
largest convenient wire size
to ensure good current ca-
pacity, and try not to use
very thin sizes (e.g., less
then #30) to avoid vari-
ations in resistance because
of stretching. Many choices
may be made depending on
the wire size(s) you have on
hand. In the two cases cal-
culated above, some of the
choices are shown in Table 3.

The determination of the
required wire length is
made quite easily by di-
viding the required resis-
tance value by the resis-
tance of the wire in Ohms-
per-foot. The latter is deter-
mined by dividing the
Ohms-per-thousand-feet
rating by 1000 (see Table 3
for illustrations). Some trial-
and-error calculation is gen-
erally required to choose a
size that results in a rela-
tively small coil {or spool)
of wire of a size you have
on hand. Shunts should be
wound on forms such as a
relatively high-value resis-
tor (100 times the shunt
value) and should be coat-
ed with varnish or other
strong coating that will pre-
vent the turns from moving
as a result of on/off current
change.

Shunts should be located
as close to the meter ter-



minals as convenient. How-
ever, fow-current shunts
can be located "in-circuit”
with their meters in remote
positions. in these cases,
the circuit resistance to and
from the meter must be low
with respect to the meter.

If you are clever with
Ohm’s Law, many special
cases can be developed for
shunts. Fig. 5 shows a neat
way of building a multi-
scaled milliammeter using
a 5-milliamp, 20-Ohm
meter. A more convention-
al multi-scale approach is
shown in Fig. 5(b).

Fig. 5(c) makes a lot of
use of a 100-microampere,
1,500-Ohm meter. (Inciden-
tally, these appear to be
readily available from sur-
plus houses these days.)
Ranges are provided from
100 microamperes to one
Ampere, and a bonus scale
of one volt is provided. A
drawback to this circuit in
at least the one-Ampere
range is the fact that the
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drop across the meter cir-
cuit will be one volt for full
scale on all current scales
except the basic 100-micro-
amp range.

Examination of the cir-
cuit will quickly show that
it is a one-volt, 10,000-
Ohms-per-volt voltmeter
that measures the voltage
across shunts that develop
one volt for full scale. Note
that the one-milliampere
shunt is 17100 Ohms. This, in
parallel with the meter
resistance, gives an input
resistance of roughly 1000
Ohms. Consequently, the
accuracy on this range is
improved. On the other
ranges, the shunt resis-
tances are low enough to
make the parallel effect of
the meter circuit insignifi-
cant.

Conclusion

This article has only
scratched the surface of the
subject of meters and their
applications. However, it
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Home-built multi-scaled meters can be housed in metal or
wooden cabinets. The example above is a multi-scaled mil-
liammeter built into a Masonite™ and wood enclosure.
Care should be taken to protect terminals and circuitry that
may carry dangerous voltages. Further, circuitry of this sort
should always be protected to avoid accidental shorts that
may burn out the circuit under test or the meter itself.
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