Basic Electronics
Series




Introduction

* From time to time, it may be necessary or
desirable to have a panel meter read and
display values that are beyond the native
capability of the meter movement.

* This can be accomplished by extending the
meter’s effective range.

* This modification can be made for both
current meters (ammeters) and voltage
meters (voltmeters).
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* The range extension is accomplished by
adding a resistance of a calculated value to
the meter circuit...

» For voltmeters, the resistance is added in series
with the meter.

- Voltmeters are connected in parallel to the circuit
under test, and we therefore need to increase the
circuit resistance to raise the effective meter circuit
resistance and reduce circuit loading by the meter.

= For ammeters, the resistance is added iIn
parallel to the meter circuit.
- Ammeters are connected in series with the circuit

under test, and we therefore need to reduce the circuit
resistance to reduce the voltage dropped by the meter.
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Sample Circuits

Voltmeter — Series Resistance Ammeter — Parallel Resistance
SERIES RESISTOR FOR YOLTAGE RANGE EXTENSION PARALLEL RESISTOR FOR CURRENT RANGE EXTENSION
O VA | C '
R1 g
PM1
§ PQMM1METER AMMETER
S i &
O C

Under the skin, a voltmeter is an ammeter calibrated to read voltage...
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Values of Interest

» There are several values in which we are
interested when working with this topic...

* R,, --the through-resistance of the basic meter
movement

= /,, --the current through the meter movement
= /), --the voltage across the meter movement
= M --the multiplication factor desired

» R, --the series resistance needed for the range
extension desired

» R, --the parallel resistance needed for the range
extension desired



* One value is determined by the range
extension desired:

= M

= Some of the values are calculated using
basic Ohm’s Law equations:
=/, and IV,

» Some of the values have specific equations
outside of Ohm’s Law:
" R, and R,

» One value must be determined through
testing:
u RM



Determining the Values

* The first value to be determined is R,, or the
resistance through the meter movement...

* NOTE: This value cannot be determined via a
simple measurement of the meter with an
ohmmeter, as the ohmmeter output current
may well be greater than the maximum

current that can safely be handled by the
meter movement!

" The R,,value must be determined via bench
testing as follows...




Meter Through-Resistance

* This value can be
determined using
the test circuit
shown at right.

* The value of R1 is
selected to produce
as close to full-scale
deflection as is
possible, and is
based upon the
supply voltage used.

SELECTED FOR FULL-SCALE DEFLECTION
R1

VvV

= Using Ohm’s Law,
we can determine
that the value of R1
should be right
around 6kQ)...

+
It g . AMMETER
—— 6vIC
- R2 A
: DECADE BOX

PM1
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» That value is calculated as follows:
"Ry, = == 22 = 60000
I 0.001
* This equation uses the full-scale current value
of the meter movement, which is TmA (0.001A)
and the source voltage shown in the diagram of

6.00V to derive the resistance needed.

= While 6kQ is not a standard resistor value,
6.2kQ) is a standard value, which will give us a
meter deflection that is slightly under full-scale:

E = 0% 9.0009663394 = 0.966mA

"I = R 62090
- The value of 62090 was used as that was the actual
measured value of the 6.2kQ 1% resistor used.
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= |t is acceptable that a resistor value greater
than the initial 6kQ) is used, as it is better to
end up with a meter deflection that is less
than full scale instead of one that is more
than full scale, which a lower-value resistor
would have produced.

= Of course, if the specific calculated value of
resistance is available, it should be used.

" |nsert the resistor into a series connection
with the meter and apply the specified test
voltage via a suitable power supply.

* Note the exact meter reading.



o2 ERTED FBR FULL-SCALE DEFLECTION
R1

» Once the meter reading VWA

has been obtained and  } | |+ S
noted, connect a decade = eixc 4 @)
resistance box, or other fecauE Box
suitable resistance that
IS both variable and = Adjust the variable
measurable, in shunt resistance until the
across the meter. meter deflection is

= This is indicated by the right at 50% of its
variable resistor R2 In original deflection.
the schematic diagram

» Remove the power

t right.
g from the circuit.
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= Without changing the reS|stance adjustment at
all, remove it from the circuit and measure that
resistance value.

= With the meter at 50% of its original deflection, the
current flow through R2 and the meter will be
balanced, meaning that the adjusted value of R2 is
the same as the resistance through the meter
movement.

» Record that resistance reading for later use.

* |[n most cases, ammeter resistances are less
than 100Q, though that is not an absolute rule or
limit. Meters may vary considerably.

" [n my test case, the meter through-resistance or
R,,came in at 79.1Q. Note this for later use.
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Multiplication Factor

* The value of M, or the Multiplication Factor, is
based purely on the ratio of change desired
from the original meter movement full-scale
current level.

= [t is determined using the following equation:

(desired current maximum in mA)

| M —
(initial current maximum in mA)

" [f we want to make a 0-1mA meter able to
display values from 0-50mA, the equation is:

desired current maximum in mA 50
M= )= 25

(initial current maximum in mA) 1




Meter Current and Voltage

* The equation for determining the current
through the meter (7, )is...

6.00V 6.00V

" [y = (6200170 B AW ok 0.000954A = 0.954mA

» That takes us to the equation for determining
the voltage across the meter (V,, )...
=1/, = 0.0009544 X 79.1Q = 0.0754614V = 75.461mV

* Note that here, only the meter resistance used
as opposed the full circuit resistance as above.
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* Those equatlons were S|mple variations of the
basic Ohm’s Law equation set.

* The through-resistance is based upon the
form R = % .

= |[n this case, the full test circuit voltage is used,
which is made up of the series limiting resistance
(6209Q) and the meter resistance (79.1Q)) for a
total of 6288.1Q), applied against the test voltage of

6.00V.

* The voltage across the meter is based upon
the form E =1 X R, but because we are
interested only in the voltage across the
meter, we use only the meter resistance of

79.1 and the calculated meter current of
0.954mA.



Those Other Equations

* The remaining equations are those for the
series resistance for voltage range
extension (R, ) and the parallel resistance
for current range extension (&, )...

"R¢= Ry X (M —1),and

| —_ RM
Rp = ooy
* There Is one other equation of interest...
VM
u RM — A
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= | et’'s explore the first equation, that for R..
"Re= Ry X (M—1)=179.10 x 49 = 3875.9Q

» The closest standard value to that calculated
resistance will be 3.9kQ), which will be suitable for
this use. Thus, for an 50X voltage rage increase
with a meter having a 1mA full-scale current, the R;

value would be 3.9kQ.

= Now let’s look at the next one, that for R,...
"Ry = —M_ = 21— 1614280 or 1.6Q
M-1) ~ 49
= The best option here would be a 1% precision
resistor at that value.
» However, the power rating of the resistor becomes
important, as it will flow enough current to kick the

power value up.




" |n this situation, if we consider the highest
voltage that will be impressed upon the
circuit, we will find that we need more than
the usual Va-watt resistor here...

* |n the circuit for which this change is meant to
be applied, the maximum voltage present will
be 9VDC, and the maximum current will be the

full-scale current value of the modified meter
circuit, or 50mA.

* Thus, 9VDC x 0.0504 = 450mW, meaning that at
least a 500mW resistor is called for.

» Because | like to build in some power
headroom, | will opt for a 1\W resistor here.
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= All of this is being done to extend the current
range of the built-in ammeter on a Radio

Shack model 28-280 Electronics Trainer that |
am giving to one of my grandsons.

* This unit has several red LED’s installed, as
well as some other goodies, and | want him to
be able to accurately measure the current flow
In the various circuits that he will build.

» However, the 0-1mA range of the ammeter is
not sufficient — e.q., the current draw of a
typical red LED is somewhere between 20mA
and 30mA — well beyond the meter’'s 0-1mA
range limit.

* The fix is to extend the meter’s current range.
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= This got me thlnklng about it, and | next
wondered if the 50mA range increase is
really enough.

| decided that | wanted to add two new
current ranges to this meter installation.

= | decided on the my original 0-50mA range
extension, and | added a 0-100mA range
extension as well.

* As shown on the next slide, adding these
two ranges, and making them selectable,
meant that | would need to install two
parallel resistances and a selector switch
to make the range changes possible.



Dual Ranges Added to Meter

O _—

* The schematic at right
shows how the two i

RP1 P

range extenders can s SilbL C)
be added to the i ff S
original circuit. o-10oma] & -0

SW DPEN ---> NORMAL RANGE } SW1

] Note that the SWitCh SW CLOSED ---> EXTENDED RANGE

chosen has a center- ) _ |
off position, which = The next slide will

reverts the meter to its ~ discuss the second
base 0-1mA range. range extension.




" |n this case, the second range extension is
to a level of 0-100mA, which changes the

R, equation as follows:

738

sR, = —M_— 22— (7989890 or 0.800)
(M-1) 99

* This was almost predictable, as the range
extension is twice what we sought
originally, so the resistance required would
have to be half of the original resistance
needed, and it worked out exactly like that.

* The power, however, Is a different story.
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= With this Change the power handling
capability requirement is now increased to
a level of 900mW as can be calculated...

" 9VDCx 0.100A = 900mW

* This means that a 1\W resistor is the
minimum, and Iif | want my headroom, a
2W capability is called for.

= As luck would have it, | can achieve the
required 0.80Q) by using two of the 1.6Q)
resistors in parallel.

» This gives me the power capability of both
of those resistors, for a total of 2W of
power rating for the parallel pair.
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Meter Modifications

40 60

| created a new face = wm B & e
plate label for the \\\\\\‘\‘\‘\‘\“"""’I””’/’//// & |
panel meter on the ‘ N e 7
unit, and installed it to ~ ceeeeee
the meter. | e N (

= | then installed a SPDT =] finished by installing
center-off switch to the a new tag to the meter

panel under the meter. bezel with its new
ranges listed there.
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» This is the result of
the modifications
made to the meter
iInstalled on the
Radio Shack 28-280
Electronics Trainer.

» Note the modified
meter scale, the
meter bezel label,
and the switch with
its positions marked
below the meter.
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Conventional Uses

* As a final note, it should be understood that
almost all commercially-produced multimeters
use this methodology to control voltage and
current ranges offered by the instrument.

* The front panel Range or Function switch switches
In the correct resistances in the correct circuit
configuration for modifying the meter’s ranges.

» Series resistances switched in vary the voltage
range, while parallel resistances switched in vary
the current range.
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Questions?

Please direct any questions or comments to me at
chris@ad2cs.com.
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