The Electronics Workshop
MEASURING WITH METERS
meter (a.k.a. VOM, volt-ohmmeter, multimeter) is the most
useful tool one can have for
troubleshooting electrical problems on
a layout. It can tell you if there's a short
or an open in the wiring, if a track gap
h as opened up, if a locomotive's motor is
defective or if a component is defective.
It can tell you if you have a voltage drop
in your wiring, it can tell you how much
current a locomotive is drawing and it
can tell you how much voltage a power
supply is putting out. It can tell you a
lot of things about the electrical parts
of your layout, but it doesn't say, "Hey,
that light bulb's defective!" You have to
be able to interpret what it's telling you.
Hopefully, I can help you with that.
There are two kinds of meters, analog and digital. An analog meter has
a pointer, which moves across a scale
on the meter face much like the speedometer in a car. A digital meter h as a
display of numbers like the display of a
digital clock or watch. (Photo #1)
Both types of meters have the same
basic func tions and make the same
types of measurements. They all measure A.C. volts, D.C. volts, A.C. current,
D.C. current and ohms (resistance).
Since both types of meters operate basically the same way, I'll talk about how
to use them first before getting into
specifics about each kind later.
So, what are the advantages of one
over the other? The digital me ter has
a more accurate readout. It doesn't
require you to interpret the reading.
The analog meter is good for watching changes. You can see the increase
in track voltage as a momentum
throttle does its thing and you can
see the pointer swing back and forth
as a locomotive goes over dirty track
or over an open rail joiner or causes a
momentary short. The disadvantage
of a digital meter is if the voltage or
current is varying slightly, the digits
are constantly changing which can be
distracting. Also, as the range increases,
the number of decimal places becomes
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Photo 1: Thi s is a photo of both meters together. The digital meter has a 3V2-digit di splay; that is it
ca n di splay three digits plus the number l on the left. It has four sockets for the probes: the second
socket from the left is for the black probe which stays there ; th e leftmost socket is for measuring
voltage and resistance ; the next one is for measuring current up to 200 mA and the one on the far
right is for measuring current up to 10 amps.
This analog meter happens to have its probe sockets on the top end of the case. They are identified
along the top of the meter face. The second from the left is the common for the black probe, which
stays in that socket. The one on the far left is for measuring resistance and current up to 250 mA; the
third one is for measuring voltage and the one on the far right is for measuring current up to 10 amps.

fewer. (Photo #6) The disadvantages
of an analog meter are that it requires
interpretation of the reading, the scales
are not as highly accurate as a digital
readout, depending on the user's interpretation, and it will require a little
mental arithmetic to get the value. The
cost of both kinds of meters is similar.
You r meter will have a display, either
a faceplate with a lot of numbers on
it and a pointer, or a window for the
digits. It will h ave a knob for selec ting the func tion and the ranges within
each function, although there are auto
ranging digital meters, which are more
expensive. There will be two probes,
one red and one black, with three,
sometimes four sockets to plug them
in to. The black probe goes into one of
the socke ts, usually marked COM and
it may be colored black. It stays in that
socket. The red probe h as two socke ts
to plug into. One will be marked volts/

ohms or may'be colored red. The other
socket is marked current and to take
current measurements the red probe
is moved to that socket. It is used only
to take current measurements. It may
have a four~h socket to measure currents to 10 amperes.
The dial around the knob is marked
off in sections for A.C. volts, D.C.
volts, A.C. current, D.C. current and
resistance measurements. Within each
sec tion are ranges of measurements,
expressed as the maximum for that
range. There is one other selection on
the knob for digital meters, and that is
the off position. Always turn a digital
meter off when you're finished using
it or the battery will run down . An
analog meter doesn't need an off position, but never leave it in the resistance
section or diode test position when you
put it away. If the probes were to come
together or both touch metal, it would

draw current from its battery, ru n ning
it down . (Photos #2 & #3)
When selecting a range to measure
something, be sure to select a maximum
that is above the expected voltage or
current. If you don't know, star t with
the highest range and work down from
there. It doesn't hurt to m easure a voltage on a setting that is way higher than
needed; you just won 't get as acc u ra te a
readin g. Measuring a voltage on too low
a sca le can damage an an alog m e ter's
pointer as it slams in to the end s top. A
digital m eter w ill usually just display an
overload indication and not be damaged.
Most m e ters ha ve very sm all current
ranges and either meter could be damaged by measuring too high a current.
There are fuses in the current circuit,
which should blow to protect the m e ter.
Never h ave the probes connected to a
live circuit wh en yo u turn a m e ter on
or when you are selec ting the type of
measurement to make. You could, for
instance, turn the knob th rough a resistance section to get to a voltage section,
and the voltage on the probes can damage the meter. It is safe to turn the selector from a high value range to a lower
one with the probes connec ted so long
as you don't turn it too far and go lower
than the voltage you're measuring.
Measuring D.C. voltage
The symbol used to identify the D.C.
voltage section on the dial is a horizontal
solid line over a h orizontal dashed line.
Turn the knob to select the appropriate
range, or if you don 't know wha t the
voltage is, select the high es t ra n ge. On a
digital m e ter, the ranges will be marked
as 2, 20, and 200. The ac tual ma ximum
measurable value is a tiny bit less. For
instance, the h ighest value that can be
measured on the 20-volt range is 19.99
volts. The 20-volt range will probably be
the most useful one for u s. (Photo #4)
Place the red probe on the positive
point to be meas ured and the black
probe on the negative point. Be very
careful to get them the right way
aro und for an analog meter. If they're
backwa rds, the pointer will slam into
the left end stop and may be damaged.
If you get the probes of a digital me ter
backwards, it will still give the correct
reading, but with a minus sig n in front
of it.

Photo 2 : This is a close-up of the selection dial on
the digital meter. It has five function range s plus a
diode/co ntinuity test, a logic test where it can be
used to test digital logic circuits and an off position.
Yo u wi ll see that most of the range selections are
multi ples of 2 - i.e. 2, 20, 200. The actual maximum
measurement is just less than 2 or 20 etc. For
instance, on the 20-volt range, the max imum measurement is 19.99 volts. The highest D.C. and A.C.
voltage ranges have differe nt maximum s.

To measure track voltage, simply
selec t the 20-volt ra n ge and place one
probe on each rail. To see if yo u're
experiencing a voltage drop to the rails,
first meas ure the voltage right a t the
output of the throttle, then m easure the
rails where you think yo u '~e experiencing voltage loss and compare the two
readings. To ch eck if a frog is ge tting
power, p lace one probe on the stock rail
tha t is n't connec ted to the fro g and the
o ther probe on the fro g. You sh o uld see
f ull track voltage. If an au xiliary power
s upply seems to h ave a lower o utput
voltage than it should, measure the
voltage right at its terminals, then disconnec t the wires and m easure again.
If the voltage in the first measurem ent
is signi fican tly lower than the second,
yo u most likely h ave too mu ch load on
the power supply and should divide the
load be tween two power supplies. No te
that unregulated power supplies will
put o ut high er than their stated voltage
with no load conn ec ted.
Measuring A .C. voltage
It's the same procedure as measuring D.C. voltage with the exception
that it doesn't m a tter which probe goes

Photo 3 : This is a close-up of the analog

meter's dial and face. Unli ke the digital meter,
the ranges don't follow a pattern of multiples of
2. If you compare the ranges to the maximum
numbers on each of the meter's scales, yo u
will see how they match up. The scales require
some interpretation as you read them. For
instance, if you are using the 10 V.D.C. range,
yo u will read the black scale marked 0, 2, 4,
6, 8, 10. If you are using the 100 V.D.C . range,
yo u wi ll use the same scale, but now you multiply the readi ng by 10 so that they now become
0, 20, 40, 60, 80, 100. The D.C.V. scale that
goes from 0 to 50 is used for both the 5-volt
and the 50-volt ranges. There are separate
scales for 10 V.A.C. and A.C. amps .
There is only one resistance scale, the one
at the top. To use it, yo u note what value the
pointer is at and multiply it by the selected
ra nge. For instance, if the pointer is at 20
and you are using the X1K ran ge, the value is
20,000 ohms; if yo u are using the X100 range,
then the value is 20 hundred or 2,000 ohms;
on the X10 range it would be 200 ohms.
I previously mentioned that you should try
to have the pointer in the middle of the range
when measuring resistance. As you can see,
the numbers are compressed at both ends, but
spread out in the middle making it easier to get
an acc urate reading in the middle .
to wh ich side of the circuit. T he A.C.
voltage section will be marked with a
wavy line. Select the appropriate range
wi thin the sec tion and take yo ur measurement. You can use a multime ter on
its A.C. se tting to m easure DCC track
voltage. However, since it is not a pure
sine wave, but a mixture of D.C. a nd
pulses, you won't ge t an acc urate reading. It will be good enough to tell if you
h ave los t voltage to a sec tion of rail or if
yo u have a significant voltage drop.
March/ April 2013
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Photo 5: This shows the two meters measuring the same 10,000 ohm resistor. The digital
meter shows 10.70 or 10,700 ohms. The analog meter's pointer is almost on the 10 mark
using the XlK ra nge.
Photo 4: This shows both meters measuring the voltage of a fresh 9-volt battery. The digita l meter
shows 9.60 volts. The analog meter is using the 0, 2, 4, 6, 8, 10 scale. The odd number va lues are
designated by a thicker mark between the even numbers. The smallest divisions represent two volts.
You can see that the pointer is right on the 9.6-volt mark. It 's just a matter of counting the marks:
number 8, big mark 9, little marks 2, 4, 6 giving you 9.6 volts .

Measuring resistance
The resistance section will be iden tified by the symbol for ohms, the Greek
letter omega (Q). With a digital meter,
you will want to selec t a range that
provides you with the most decimal
points for accuracy. If you select a range
that is too low, the display will either
flash or blank _out. Turn the knob to a
higher range. With an analog meter,
yo u will want a range that puts the
pointer somewhere near the m iddle of
the scale. Important warning: make
very sure there is no voltage at all in the
circuit you ar measuring. Any amo unt
of voltage entering the meter du ring a
resistance measurement can damage
the meter. Disconnect both sides of any
power source or throttle from the circuit
you are measuring. (Photo #5)
With an analog meter, you firs t have
to zero the meter to compensate for
decreasing battery voltage as the battery ages. Select the range you want
then hold the tips of the probes against
each other. Tu rn the zero adjust knob or
thumbwheel until the pointer is exac tly
at the last mark on the resis tance sca le.
You may have to repea t this procedure if you select a different range to
measure. The same warning about not
having any voltage in the circ uit also
applies here.
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Measuring components
If you are measuring a component to
see if it's defective, disconnect one side
of the comp onent from the circuit it is
in . If left in the circ uit, other components around it could change the reading you get. You can measure the value
of a resistor th at h asn't been ins talled
yet (maybe the color code is hard to
read) by h olding the ends of the probes
again st each lead with yo ur fingers. The
resistance of yo ur skin from one hand
to the other is way too high at the low
voltage that the me ter u ses to influence
the reading. You can check a diode to
see if it's defec tive by se tting the ra nge
to a high one and measu ring the diode's
resis tance. No te whether the reading is
open circuit or low. Reverse the probes.
The reading will now be the opposite of
wh at it was before for a go d diode. An
open or low reading in both direc tions
indica tes a defective diode.
A me ter will usually h ave a special
position for testing diodes and checking for continuity. It is indicated by the
diode symboL When using this position to test a diode, do the same thing
as previo usly described. It will show
an open circuit in one direc tion and a
low reading (around 500) in the other
direction . It may or may not beep at
the low rea ding. When checking for
continuity or shor ts, place the probes

on either side of the suspect location. If
they are connected, the meter will beep
and show zero resistance.
To check if an incandescent lamp is
defective, set the meter to a low ohms
range and hold one probe on the centre
con tact of its base and the other on
the th readed part or against the two
wire leads if the bulb has wire leads. A
good bulb will show some resistance, a
defective bulb will show an open circuit.
Measurin g current
Measuring current is a bit more complicated. There are two important things
that need to be done. First, the red probe
needs to be moved to the current measuring socket. Measuring current with
the red probe in its normal socket could
damage the meter. Second, the circuit to
be measured has to be interrupted and
the meter placed in series between the
source and the load. Select the highest
range in the section if you're not sure
bow m uch current the load is drawing. Turn off the power to the source.
Disconnect one wire from the source's
outp ut. Attach one probe to the source's
ou tp ut terminal. If the source is D.C. and
you disconnected the positive output,
attach the red probe to the termina l; if
yo u disconnected the negative output;
attach the black probe to the terminal.
Attach the other probe to the end of the
wire, wh ich you removed. It is best to
use jum.per wires with alligator dips
to attach the probes rather than trying
to hold them on. Turn on the power to

Photo 6: #1

the sou rce. If n ecessary, turn the knob
on the meter to a lower setting. Be
very careful not to turn it so low that
the current is higher than the setting.
This could d amage the meter or a t the
leas t, blow the internal fus e. Turn off
the source's power before removing the
m e ter and rea ttaching the wire.
Mos t inexpensive meters h ave an
upper limit of 250 mA (1,4 ampere).
This rather limits its use for u s, as it's
in s ufficient to m easure the current of
some locomo tives or a large lighting
se tup for instance. More expensive
meters will b e able to mea s ure cu rrents up to 10 amperes with a fourth
socke t just for the 10 A. measurement.
The 250 rnA scale is good for meas uring the amount of current drawn by a
single lamp or LED.

Batteries
Photo 6 : #2

Both types of meters h ave an internal
battery. A digital meter w ill likely h ave a
9-volt battery to both run the elec tronics
and provide current for the resistance
meas urements. Analog meters n eed a
battery only for the resistance measu rements and w ill most likely use two AA
or AAA cells. Digital meters have a
low battery indicator to tell you w hen
to replace the battery. The battery in an
analog meter will need replacing when
Photo 6 (Left): These five photos show the

Photo 6: #3

Photo 6 : #4

Photo 6: #5

effect of the changes in preci sion with a digital
meter depending on what range is used.
#1 shows one decimal point for the 200 mV
(millivolt) range. The maximum value would be
199.9 mV. One decimal place is quite sufficient
for mi ll ivolt value s.
#2 shows three decimal points for the 2-volt
range. The maxi mum value wo uld be 1.999
volts. ·
#3 shows two dec imal points for the 20-vo lt
range. The ma ximum value wo uld be 19.99
volts. This wo uld be the most frequ ently used
ra nge for us.
#4 shows one decima l point for the 200-volt
range . The maximum va lue would be 199.9
volts. When measurin g voltages that high , one
decimal place is sufficient.
#5 shows no decimal points for the 1,000-volt
ran ge. The ma ximum value would be 1,000
volts. For ge neral and hobbyist use, the accuracy of fraction s of a volt isn't rea lly needed at
those high voltage s and we would likely have
no need for the 1,000-vo lt ran ge.
There are many more advan ced measure·
ments that can be made with a multimeter
and tests on more complicated compon ents
like tran sistors and ca pacitors, but I don't
have room to get into them here. I'll come
back to them in a futur e arti cle.

you can no longer zero the meter for
resis tance m easu rements.

Buying a meter
A m e ter suitable for model railroad
use won't cost much. You sho uld be ab le
to ge t one for under $20. If you want one
with more bells and whistles or high
accuracy, you'll p ay more. The meter
you choose should have these minimum
sp ecifica tions: D.C. voltage ranges from
100 mV to 200 volts; A.C. voltage ranges
from 1 volt to 200 volts; resistance ranges
from 10 ohms to 10 megohms; current
ra n ges from 100 rnA to 10 amps.
One consideration in analog meters
is its sensitivity, expressed in ohms
p er volt. That indica tes how much
resis tance is introduced into the circuit
when m easuring voltage. A meter with
sen sitivity of 1,000 ohms per volt, for
instance, would insert 10,000 ohms into
the circuit on the 10-volt range. This may
be low enough to draw current from the
circuit and give a fa lse reading. A meter
with sen sitiv ity of 1 megohm per volt
would inser t a resistance of 10,000,000
ohms into the circuit, wh ich is negligible. Digital meters all h ave a very high
sensitivity so it isn't a concern. Digital
m e ters h ave their accuracy expressed as
a percentage.
Before yo u use an analog meter for
the firs t time, yo u will likely n eed to
zero the pointer. At the bottom of the
w indow there will be what looks like
the h ead of a screw. If the pointer isn't
right on the firs t mark on the scale, very
carefully turn this screw a tiny bit until
the pointer is right on the firs t mark.
You may ha ve to repeat this procedure
some time in the future if the meter is
jostled aro und a lot over time.

Photographs
I've included a number of photographs of m y meters to illustrate the
points I've discussed. The digital meter
is a 14 year old Wavetex 15XL, a modera tely p riced professional meter. The
analog m eter is a Pro-Point that I bought
at a hardware store on sale for $20 (regular price $30), which proves that a good
quality m e ter can be bought at little cost.
It has features that one wo uld expect to
find on a more expensive meter like a
10-amp scale, a large meter face and a
mirrored scale. ~
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