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The Basics ofElectricity

To better understand digital mul ti meter s,
electricity. After all, DMMs always measure some aspect of electricity.

Electricity passing through a conductor is similar to water flowing through a pipe. Every
pipe hadorce thatcreates a certain pressure, causing water to flow. In the case of
electricity, thatforce might be a generator, battery, solar p@anslome other power

supply. The pressure created by that power supply is called voltage.

Voltage is the pressure applied to the circuit
Current is the Flow of the electricity theconductor
Resistance is any restriction to the flow of the currematéonductor

Voltage, current and resistance are the three most fundamental components of electricity.
Voltage is measured in volts, current in amps and resistance in ohms.

The three components in an electrical system are electrical
pressure, or voltage (measured in volts), the amount of
electricity flowing, or current (measured in amps), and
impedances within the system, or resistance (measured in
Ohms)

Voltage, Current and Resistance

Voltage is the pressure that is applied to a conductor. There are two common types of
power sources, Alternating Current (AC) and Direct Current (DC). Alternating Voltage is
the most common form of electricity. It is the power supplied by the utitigenerators
which flows through our electrical circuits. The symbol for AC voltagV~ .

Alternating Voltage

A generator creates
electricity from two opposite
magnetic fields, as the wire
turns between these two
fields, electrons are pulled
first in a positive, thenin a
negative direction

DC Voltage is a constant level of stored energy. Itis stored in batteries or converted
from alternating voltage through the use of electronic rectifiers. Electronic products like
TVs, VCRs anccomputer equipment run on DC power.

The symbol for DC voltage iV=.



Direct Voltage
V=

@ vl Unlike alternating voltage,
direct voltage is a steady
I flow of positive energy. Itis
= commonly stored in batteries

for use in electronic
equipment.
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Current is the flow of electricity through a conductor. As with voltage, there are two
types of current, AC and DC. The symbol for current is the |étter

The third component is resistance, measured in Ohms. Resistance in the circuit impedes

the flow d current through a conductor. The symbol for resistance is the Greek Omega,

g, sometimes referred to as the horseshoe.

Ohmés Law

Toget her, voltage, current and resistance co
important equation for electricians. By ugia DMM, they can establish values for the

three variablesvhich help in diagnosing electrical problems.

Ohmés Law can be expressed in equation form

Ohmdés Law is
— X in an equatio

Voltage — Current X Resistance

Tech Note:Voltage determines the floa¥ current; the greater the voltage, the greater

the current. If resistance is increased, the current will decrease. Lower the resistance,

and current wil/ increase. The 71 e;lvalts,i onship
Ohms and Amperemust matkmatically balance.

Letdos take an example; say we have a 120 Vol
set on low, it would draw 7 amps. The load resistance is aroung bdt if we change

the setting to high, the current draw would increas&2 amps, and the load resistance

will decrease to 1@ .

YV = A ¥ Q I f Ohms (qdurentfA)r ease
120= 7. X 177 decreases, and if Current (A) increases,

Ohms ( § decreases
120 = 12T x 10

For useful formulas See Appendix A



Electrical Circuits
In an Electrical system, there are two ways that loads are connected in aicirsertes
orin Parallel.

In a Series Circuit, each device is connected together in a line. Current flows through
each device connected to the circuitydli were to incrase the resiet in the Series
Circuit shown below, the light would dimY ou have restricted the flow or available
current to the light.

Light
In a series circuit, loads

within the circuit have an
? Switch

impact on the flow of

= Rattery electricity to the other loads.

VWA

Resistor

Series Circuit

In Parallel Circuit , the same amount of voltage is applied to each device. Current can
flow freely through each device without affecting another. Our homes are wired in
Parallel for this reason.

Switch

In a parallel circuit, loads

within the circuit will not
impact the flow of electricity
Resistor to the other loads.
Light

Parallel Circuit

When making measurements with a digital multimeter, it is important to remember that
Voltage measurements are madth the test leads connectadRaralle] and Current
measuremes are madevith the test leads connectedSeries.

Tech Note:The number one mistakeade when usingnodern multimeters is to try and
measure voltage with the test leads in the current input jacks. The input impedance of the
current inputs jacks is in the range of 0.1 ohm to around 8 ohms, depending on the
manufacturer. This low impedance is like a stlortuit when making a voltage
measurement. Because of this low resistance and possible short circuit condition most
multimeters current input jacks are fuskr protection. Well constructeaeters will use

a highenergy fuse for this protection but youl Wwlow the fuse if you test in this manner



Types of Multimeters

There are two common types of Multimeters, Analog and Digital. Digital Multimeters
(DMMSs) are the most common. They use a liquid crystal display (LCD) technology to

give more accuratreadings. Other advantages include higher input impedances, which
will not load down sensitive circuits, and input protection.

Analog metersuse a needle movement and calibrated scale to indicate values. These

were popular for years, but recentheir numbers have declined. Every voltmeter has an
internal resistance or impedandée input impedance of an analog meter is expiiss

AOhms per

Vol to

The input impedance of an analog meter is
expressedi n AOhms per Vo
example the impedance for AC volts is

5000 ohms per volt. If | want to measure
120Vac the input resistance would be 5000

x 120 or 600,000 ohms.

Tech note:Analog Meters The internal impedance of the meter is in paraiethe

measurectircuit. You wanthis impedancéo have as little effect on the measurement as
possible so the higher the impedance the befer.most electrical measurements this

effect is minimal, biufor sensitive electronics of today the effect of the added resistance
could besignificant This is just one of the disadvantages of an Analog meter. There are

however a few useful applications for analogters

tomorrow.

so they

arenot

The Digital Multimeter (DMMs) feature adigital or liquid crystal display (LCD).
Measurement readingse displayed asumerical valuesn theLCD Display. The
display also alerts you to any pertinent symbols and warnings.

APD REL

EBE o

MAX MIN*

9808

30 Pain Praax

C'Fm)

Tech Note:Digital Multimeters and ClampMetersise different techniques internally, to

goi

measure ACDC voltage, Resistance and Amperes. An advantage of a digital multimeter
is their accuracy and input protection. Their input resistance or impedance is very high,
in the range of 1,000,000 to 10,000,000 ohms, so there is little effect on the measurement.
On good quality meters, their inputs aatso protectedirom faults and misus&est
instruments today devote a good deal of architecture to overload protection. Most digital

ng



meters meet some safety standard such &0WQ10or IEC (International Electre
technical Commission).

DMMs at a Glance
The port panel is where you plug in your test leads. The diagram below explains where the
test leads go for specific tests.

Digital multimeters are more
commonly used because of a few
key features, including higher
accuracies, higher input
impedances and input protection.

Multimeter Safety

When making a meter selection look for a tester that is independently certified to some
safety standardJL, IEC, CSA.

Pay close attention to how and wheriyare using the equipment. Never use equipment
that is outside of its manufacturer specified measurement range, or outside of its category
rating.

Over
Voltage Description of Category
Category
CAT IV | Primary supply, Overhead or underground utility service.
CAT I Distribution level mains, fixed installation
CATII Local level mains, appliances, portable equipment.
CAT I Signal level, special equipment or parts of equipment, telecommunic;
) and electronics.

Tech Note: Multimeter SafetyThe major issue addressed by the UL601010 standard

was to look at fault potential to available energy and define limited by category to each.
The most common fault was high voltage transients on high energy circuits. If a transient
were to cause a faultithin an instrument with high energy present, it could result in a
cascading failure of meter, equipment, and possibly personal injury.

The easiest way to understand the different category mtifithe IEC standard is to

think of the potential Short Giuit energy. The higher available short circuit energy, the
higher the category.



For additional information on Meter Safety refettihe IDEAL whitepaper on METER
SAFETY

The Dial

Setting the Function

The dial of the DMM allows you to choose the funotoy ouér e i nt er ested in
Whet her you intend to measure one of the thr

advanced function like frequency or capacitance, you must first set the dial to the
appropriate function.

Setting the Range

The dial alsglays another essential role in measuring electricttyat of determining

the range of measurement. The range you select on the dial determines the placement of
the decimal point as it appears on the LCD. In turn, the position of the decimal point
deternines how refined, or precise, your reading is. This is called resolution.

On a manual ranging
meter, the function and
range must be selected

Auto ranging meters will
automatically choose the
measurement range

Symbols Measur_ement Descriptions
Functions

Vo~ AC Voltage Measures amount of AC Electrical Pressure
V— DC Voltage Measures amount of DC Electrical Pressure
mV Milli Volts .00V or 1/1000V

A Amperes Measures amount of electron flow

mA Milli Amperes .001 orl/1000A

Q Ohms Measurement of resistance to the flow of elect||
M- Diode Device used to control direction of electron floy
) Audible_ Auqlible indication of continuity for low

Continuity resistance
- é Capacitance Device used to store electrical potential




For A complete listing See Appendix B

Auto vs. Manual Ranging

Tech note: Manual ranging multimetergorce us to think about the measurement before
we select the range of timeeter As an example, if | want to measure 120V AC on a
manual ranging metdrwould turn the Dial or switch to the VAC section and select the
200V RangeThis givegyouample measurement range and the maximum resolution for
the masurement. If the voltage is unknowtart with the maximum or higistrange and
step dowrto achiee the maximum resolution on the displalote that OL or overload
means that you need to select a higher range and this should not damage the meter.

Tech Note: Auto ranging multimetergynly themeasurement functiameeds to be

selected. Themultimessc i r cui t ry wi |sélectithabast rangeafdrihe al | y o
measuremeni here are two things to remember about an auto ranging meter. One thing

is that the timing for the meter to achieve and settle on a range can take a few seconds.

The otheiis the synbols and numerical expression used on the display. If a user fails to

pay close attention to what the display is tellthgm an error can occur with the

interpretation of the displayed value. As an example, 240mV could be interpreted as
240Viftheusr doesndét pay cl on® e theimVoe nitcioonn otno tthhee |
display.

Understanding Count, Resolutionand Accuracy

The count is the maximumumber ofdigits that can be shown on the display. In most
cases this value is one less that the Cofitiie display Forexample ifyou have a 200
count unif the maximum reading per range is 1999 or one less that 2000.

To get a better under standilhypuacefusingasol uti on,
manual ranging unitthatset on 20V and youdre measuring a
more than 20V, the display will red@®L0, or overload. You must reset the dial to a

higher range and take a new reading. The most refined reading, therefore, uses the range

that provides the Ist resolution without overloading. Select the range just higher than the

expected reading.

Range Maximum Range
Setting and Resolution
2V 1.999V

20V 19.99V

200V 199.9Vv

1000V 1000V

Meter Accuracy:

Most metefs accuracy are expreskas a + percentage of input + a-tiumber of
counts, expresslas +H{ X% + No. of couns}. Forexamplethe Ideal 61342 is a 4000
count display with a basic DC Voltage accuracy of 5% + § The +5 is called the



count or floor andefers to thedeast significant digit of the display in reference to range
and resolution.

If we want to determine the maximum error of the m#tat is measuring a source of
12V, first determine the percentage error and add the count or floor.

The % accuracjor a12V source would be 12 0.005= 006

To determine the counive must determine the meferange and resolution.ttie

display is @24000count displaywe need to determine the best range and resolution. For
12 V this would be the 40V rangEhedisplaymaximumresolution is39.99and the last
significant digit would be 001 with atotal count of 0.05

Theaccuracy of the meter is-#0.06 +.05) which is = +/0.11, so theLow limit is
11.89and the High limit would b&2.11

Tech Note:Display Counts & Resolution

The display count is the maximum digital resolution of the multimeter. A 2000 count
display, has a maximum reading of 1999, one less than the display count. -8ot010
display has a maximum reading of 3999. These two disgee thanost commorg000,
20,000 and even 50,000 count displays are also available. The display count determines
maximum range and resolution.

Pwin Pmax
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A 2000 count unit is often called a 3-% digit display.
The 3 refers to the number of full digits, and the %
refers to the capabilities of the most significant digit
(furthest to the left) which can be either a 1 or 0.
Most meters today are 4000 count units. This
means that the most significant would be 0 to 3 or
one less that the count of the analog to Digital
Converter.
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The display count is important in determining the maximum resolution (hnumber of digits
after the decimal point) of the reading.
measuring a 24@olt supply with a 2000 count and 4000urt multimeter and what
rangeyouwould set the meter to.

The 2000 count display would be in the 600V range and display 280 volts. The maximum
resolution is 1 volt. The 406€bunt multimeter would be in the 400V range and have a
maximum resolution of .1\rhe unit would display the measurement as 280.0 volts.

As

Range Reading | Resolution . The 2000 count unit

600 600 v ” miiiog would need 1o be Set on
~ - he 600 vol

200 199.9 1V 8s e 8 8 r. v ;Zasurevg;(r)?/r.]gce)r?the

20 19.99 .01v (¥ ] 600V range the maximum
i _ lution would be 1

2 1.999 001V Vol

gl 200mv 199.9 0.1mV



Range Reading | Resolution
600 600 1V

400 399.9 AV

40 39.99 01V

4 3.999 .001V
400mV 399.9 0.1mV

(EEE o
o

_.?—,::""“‘“'
0800 -

The 4000 count unit
would be set on the 400V
range to measure 280V,
and have a maximum
resolution of .1V In this
case the 4000 count unit
would give you the best
resolution

It is important that we understand our numerical expressions to properly setup or read
the display of a Multimeter. In this example we have an auto ranging meter, measuring a

2,800,000 ohm resistor.
million ohms.

FRince 1 20

'li'l

28!

The

di spl agner eads

In this example the

meter reading is
2.800M Y ,

expressdas 2.8 Meg
Ohms or 2,800,000

' L' ohms
M QO

Numerical Display notation
Terms | Numerical Values | Symbol | Expression
Giga | 1,000,000,000 G x10’
Mega | 1,000,000 M x10°
Kilo | 1,000 K x10°
Milli | .001 m x10°
Micro |.000001 m x10°
Nano |.000000001 n x10°

Port Panel

The port panel is where you plug in your test leads. The diagram below explains where
the test leads go for specific tests.

2.



Instrument Input Jacks or Ports

The input jacks or ports of your meter are the working ends of the instrument. Use care
when connecting leads to your instrument. Pay close attention and be sure to connect the
leads into the correct pdttat is markdfor the measurement selected on died.

A com , VO
N

CALIV

1000V
400mA CAT.IT
FUSED(600V) 4

A

DC Voltage Measurements To measurdC voltage, we place the Red lead into the
V  gort and black lead into the COM port. Turnthe dial or switch to ¥Wc orV ===

If it is a manual ranging meter sefor the proper range. As ithe example beloywe
wantto measure a 9V battery so the best range would bi2g0thMerange. If you have an
autoranging meter you only need to set faaction on the dialo Vpc or V ===

e
'.E;;‘-’f—'———m* Most Digital Multimeters are auto
= "3.88 i polarity sensing devices. This means tr
we dono6t have to \
O Red lead on thbot orpositive andhe
O, 3 ‘7"'-9' Black Lead on thbleutral ornegative.
¥,
L/ =)
'@ If you do not pay close attention to
g polarity when using an Analog meter th
s A u meter movement or meter could be
@A A damaged
. 1\
g

AC Voltage Measurement:To measuréAC voltage, we place the Red lead into the q
port and black lead into tHeOM port. Turnthe dial or switch to ¥ or V =~

If it is a manual ranging meter sefor the proper range. Aanexample the meter would
be set to the ZDV rangeto measure a 120V outletlf you have an auteanging meter
you only need to sdtinction toVac orV =~

Remember that it is always a good practice to connect the black lead first then the red.

10



Tech Note:Voltage Measurements

Voltage measurements are perhaps the most common function used on a multimeter.
Voltage is measured between two points so we mailgt sure that we have solid contact

at each point. The proper way to connect a meter is to connect the low or ground (black
lead) first and the High (Red lead) next. We remove the leads in reverse order, Red first
and then Black.

Whenever making live voie measurements use the Three Point method. Measure a
knownlive circuit or source first, then the unknown circuit, then back to the known
circuit.

Average Responding vs. True RMS

The RMS or Root Mean Square value of an AC m
AEqui val ent Valueo of the waveform to do wor
use two methods to measure an AC waveform. One is Average responding RMS

calibrated andthe other is True RMS. Both are designed for periodic pgvéectly

sinusoidalwaveforms and most are AC coupled, meaning that is blocks any DC bias that

may effect the measurement.

Average Responding voltmetuse a simplecircuit to provide a general-purpose voltmeter a
low cost method to calculate the RMS value of a sinusoidal waveformThe True effective
value can be obtained as long as the AC waveform is a periodic sinusoidal waveform.

When measuring compleveforms with harmonics, such as square waves or AC signals

which have been rectified or electronically controlled in some way devices likadiodes,

SCRo ertriacéb st,he True RMS or fneffective heating va
measuredising an Average responding meter. You must ise@RMS meter to make

an accurate measurement.

True-RMS voltmeters use an integrated circuit thatcomputes the true root-mean-square value

ofacomplexwavef or m. Most are AC coupled, but in s
coupling is available which gives you the nfe
DC component of the waveform.
Peak=1.414 * RMS
/ RMS= 707 * Peak
—  fwg= 637 * Peak The Root Mean Square value is a
measur ement o fl utel
RMS= Avg * 1.11 of the waveform or the ability to do

/ work.

Average responding meters measure
the average value of a pure sine
waveform and calculate the RMS
value

Ave of .637 x 1.11= RMS of .707

11



In commercial and industrial environments, loads like elegtrtighting, computers,
variable speed drives and other electronic equipment draw current in short pulses. This

type of load is caidnon! i near

because i

t

doesnot

dr aw

voltage. The nosinusoidal or distorted waveforneseate harmonics. This distortion of
the waveform can cause an average responding meter to be as much as 10% to 40%
inaccurate. A DMM that is True RMS responding is more accurate in these situations
because it calculates the True Root Mean Square (RM&¢ wf the distorted waveform.

NEC
power sy

and
stems.

others

now

MARX-P :
154
v

RMS:
70.0
v

AVG:
455

dt:
8.32
ms

Current Measurements
Current is the electron flow that causes electrical equipment to operate. When the

equipment is turned on, it is considetedea

recommended

t he

In this example of a common light
dimmer the power is turnaetbwn to
about 50% output. The Average valu
measured wag5.5 volts AC. The True
RMS value was 70 volts AC. The errc
between the average readiagd the

true effective value was 35%.

i |

oado

on

t he

uses

circui

electrical component, such as a lamp, stereo, motor or heating element, that draws

current. Current is measured in amperes, or amps.

Each load has a rated current limit that should not be exceeded. If a load pulls too much
current, excessive heat is produced that may cause insulation damage, component failure
and possible fire hazards. He load is under its rated current limit, it may perform

poorly.

Testing current may be done in several ways, but the most common method, and the most
simple, is with a clamp meter.

This indirect measurement is inherently safer than using a multinmeteries with the
circuit. When making a measurement with a Clamp meter, clamp to either the Hot or

Neutral conductor but not both.

To measure using a meter we must open the circuit and make the measuredeesin
with the load.This is the mospoterially hazardousneasurement made with a
multimeter because the meter novagart of the circuit.

12
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Tech NotesGood multimeters are now protected by a hegtergy fuse. High energy

A esistor
— Battery
Switch

Series Cwmrrent Measurement

R l

fusing i s used
The most commamistake is to accidentally have the test leads in the current input jacks

and make a voltager parallel measurement. Meters without fuse protection on the

to protect

To measure current with a
multimeter, turn the power off at the
breaker as close to the source as
possible.
Break the circuit, connect the
multimeter in series with the circuit,
and reestablish power.

the meter

current inputs should not be used on high energy electrical circuits.

and

From a practical standpoingnly small currents are measured with a multimeter. Most

multimeters have a maximum current capability of 10 amperes. It is algyautical to

shutdown power and break the circuit to take a measurement. The most common
application for direct currenmeasurements with a multimeter is small DC currents, like
4-20 mA control loops found in most process control systems.

Using a Clamp or Current Transformer.

Tech Note:When using Clampmeter, or a Multimeter with a clamp adapter. A
Clampor Current transformer (CT) measures the magnetic field around a conductor.

The strength of the magnetic field is determined by the amount of current flowing through

the conductor. This allows the clamp meter to measure the current flow indirectly.
It is alsoimportant that the Clamp be around either to Hot or Neutral. Current flows
through both wires but create magnetic fields in opposite directlbysu clamp around
both wires the

13

zgnetic field of Magnetic field of the
the hot conductar neutral conductor

T direction of direction of
current flow: 1 current flow

met er woul d

In a household power cord,
current flows to the load
through the hot conductor, and
returns back through the
neutral conductor. As the
current flow is identical, the
magpnetic fields would be
exactly the same strength, and
cancel each other out, resulting
in a measurement of 0.

read

fioo

t

he



'‘Clamp-meters also allow a much higher level of current measurements. While most
multimeters have a maximum internal current measurement of 10 amps, clamp meters
are available that measure 400, 600 or even as much as 2000 amps. Meters with Clamp
adapters an be used to make high current, but Clameters are much simpler to use.

DC current is measured through the use éfal Effectprobe. A Hall Effect device is a
semiconductor that when subjected to a magnetic field responds with a voltage output
that is proportional to the field strength. Unlike standard Current Transformer Clamps,
Hall Effect current probes are electronic andwered in some way.

Clamp adapters differ from Clammpeters in that they are designed to convert the AC or
DC current measurement to a smaller AC or DC signal. This small signal output is
either a millivolt or milliamp output. Most Clamp adapters arerkea for the user.

INPUT: 1-5008. OUTPUT: Tm¥ PER AMP This is an example of the label
660 WORKING VOLTS MAX AT TNPUT on the Ideal 61-334, 600 Amp
Clamp adapter

CONNECT T0 VOLTAGE INPUT OF METER
SELECT mV AC

Review the specifications of the adapter to determine the output signal and the ratio of
the measurement to the output signal. This is typidaity/Amp or ImA/Amp. Be sure

to set the function switch on the meter to the appropriate measurement and place the test
leads in the appropriate ports. Note that the reading will be displayed in millivolts or
milliamps, not in Amps.

Continuity Measurement

Continuity is a quick check to see if a circuit is complete. Good fuses and closed
switches have continuity. During a continuity measurement, the migtisendsa small
current potentiathrough the circuito measuesthe resistance of the circui he value

for the maximum resistance can vary from meter to meter. Most will indicate continuity
from 0 to 50 ohms. An audible alarm was added to aid in making fast-go testing
withouttaking your eyes of your work.

Continuity is a great go no go test
for switches and fuses.

The audible beep gives you the
freedom to keep your eyes on the
work at hand.

14



Resistance Measurements

Resistance is measured in Ohms ( €2). When you first place the meter in tFQ})

function the meter will give adisplayfOlLAid6 or A1 _
It is important when measuring Resistance that the circuit {Bneegized or turnedff,
or the circuit may damage the meter. Most meters have overload protmtdiranges

to prevent this, but you should check the specifications of your digital multimeter to be

sure.

Resistor

—1 —

Diode Measurement

A diode is a semiconductor device which allows current to flow in only one direction.

For resistance measurements,
place the test leads on each side
of the resistor.

Other components in parallel with
the resistor being measured will
have an effect on the
measurement.

o i

ndi

cati

The standard Ohms function on a digital multimeter does not supply enough energy to
test a bde. The diode function applies an appropriate amount of pre¢suve]tage
potentia), and measures the voltage drop across the diode.
To test a diode, first measure the forward bias of the diode. For most silicon diodes the
voltage drop should meare aroundsV +/-.2V.

Next ,

measur e

condition on the display.

t

he rever se

bias of

t

h e

di

ng

a

ode.

Some meters display the voltage potential applied to the diode. In this case, in the reverse
bias you would see the maximuwraltage potential. This potential for most meters is

around 3 volts.
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Measuring both the
forward and reverse
bias of the diode
ensures that current
will flow in only one
direction

+

! Forward Bias !

! Reverse Bias !




