
                           GE Appliances

APPLIANCE ELECTRICITY

FOR SERVICE TECHNICIANS

Source, Path, and Load

31-9092



IMPORTANT SAFETY NOTICE

Major appliances are complex electromechanical devices. General Electric Company’s Major Appli-
ance Service Publications are intended for use by individuals possessing adequate backgrounds of
electrical, electronic, and mechanical experience. Any attempt to repair a major appliance may result
in personal injury and property damage. General Electric Company cannot be responsible for the
interpretation of its service publications, nor can it assume any liability concerning their use.

SAFE SERVICING PRACTICES

To preclude the possibility of resultant personal injury * and/or property damage, ** it is important
that safe servicing practices be observed. The following are examples, but without limitation, of such
safe practices.

1) Before servicing, always disconnect the product from its electrical power source by removing the
product’s electrical plug from the wall receptacle, or by removing the fuse (or tripping the circuit
breaker to OFF) in the branch circuit serving the product.

NOTE: If a specific diagnostic check requires electrical power be applied (e.g., a voltage or
amperage measurement, etc.), reconnect electrical power only for the time required for such a
check, and disconnect it immediately thereafter. During any such check, ensure no other conduc-
tive parts (panels, etc.) – or you – be exposed to any exposed current-carrying metal parts.

2) Never interfere with or bypass the proper operation of any feature, part or device engineered into
the product.

3) If a replacement part is required, use the specified General Electrical Company part, or an
equivalent, which will provide comparable performance.

i

* PERSONAL INJURY, in the form of electrical shock, burns, cuts or abrasions, etc. can occur
spontaneously to the individual while attempting to repair or service the product, or may occur at a
later time to any individual in the household who may come in contact with the product – unless safe
servicing practices are observed.

** PROPERTY DAMAGE, resulting from fire, flood, etc., can occur immediately or at a later time
as a result of attempting to repair or service the product – unless safe servicing practices are ob-
served.



2) Read the SAFETY PRACTICES section in this book for additional SAFE SERVICING PRAC-
TICES.

3) Don’t attempt a product repair if you have any doubts as to your ability to complete it in a safe
and satisfactory manner.

ii

4) Prior to reconnecting the electrical power source to the washer or dryer, be sure that:

a) all electrical connections within the product are correctly and securely connected,

b) all electrical harness leads are properly dressed and secured away from sharp edges, high-
temperature components (e.g. resistors, heaters, etc.) and moving parts,

c) any non-insulated current-carrying metal parts are secure and adequately spaced from all non-
current-carrying parts,

d) all electrical grounds – both internal and external to the product are correctly and securely
connected,

e) all water connections are properly tightened on washers, and
f) all panels and covers are properly and securely reassembled.



IMPORTANT SAFETY INFORMATION

This appliance electricity course and all demonstration aids have been designed with the
personal safety of the instructor and students in mind. All jacks are insulated, all terminals and
wiring are either hidden or insulated, the AC power source incorporates both an isolation trans-
former and a current limiting resistor, as well as a fuse and an ON/OFF switch that services all
AC sources.

In order to provide the functionality for which this training was designed, some live electrical
components my be exposed.

Any electrical or mechanical component can develop a malfunction with use, transportation,
and handling.

Safe service practice dictates that all electrical and mechanical devices be handled with the
assumption that a malfunction has negated the effect of the built-in safety design.
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ATTITUDE AND APPLIANCE SERVICE

You have probably been exposed to more electrical theory than you need to properly diagno-
sis and service electrical faults that occur in home appliances.

It is our intent, through this course, to provide you with a solid foundation in the understand-
ing and application of the principles of electrical diagnosis. We have included material in this presen-
tation that  will be covered in depth, as well as reference material that you can use to help foster a
better understanding of electrical diagnosis.

APPROACH TO SERVICE

The service calls you receive fall into many categories:
1 Electrical faults
2 Mechanical faults
3 Installation faults and
4 NO FAULT.

It is incumbent on you, as a fully qualified appliance repair technician, to quickly and accu-
rately determine which of these four situations apply to each service call. As many as 1 in 3 service
calls made on warranty products are not the result of a product fault, rather from improper installa-
tion or a lack of customer knowledge of how the product works.

Do NOT enter the home with an attitude that says to the customer, “There’s nothing wrong
here! Why are you bothering me?”

Do NOT enter the home with an attitude that says, when there is a fault, “Never seen that
before!”

Do NOT enter the home with an attitude that says, “Happens all the time. Surprised it lasted
so long for you.”

DO enter the home with an attitude that says you have an open mind, have empathy for the
consumer, and convey respect to the issue they are experiencing with their product.

DO convince yourself that the appliance has a fault before attempting a repair.
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DEVELOPING A PROPER ATTITUDE

Successful technicians must develop and maintain a mental attitude that allows them to be
professional in their approach to troubleshooting.

Each appliance that you will be asked to service has one common thread - they were de-
signed, built, and tested before the consumer experienced a problem. Our task is not to redesign the
product in the field, rather it is to return the appliance to the fully functional state it was in when it
left the factory.

LOGICAL THINKING

As service technicians, we work with electromechanical devices, in the form of tools and
appliances. These electromechanical devices have no emotions, the service technician does. There
has never been an electromechanical device in our product line that was out to get a service techni-
cian. Accordingly, there has never been a product that was repaired simply by getting emotional
about the repair. Machines do what they do and when they don’t, we can determine the fault and to
repair them once again function as they were originally designed.

Technicians should always consider outside influences on the performance of a product
before expending time and effort attempting to fix a fault that does not exist. When you reach a
diagnosis conclusion, verify the accuracy of that conclusion. For example, a clothes dryer that takes
too long to dry may do so because the washer does not extract the water form the clothes properly
during the spin cycle. Nothing you replace on that dryer will cause the clothes to dry more quickly.
Or a refrigerator in an unheated area of 45 degrees that does not keep ice cream frozen will still not
do so regardless of the parts you change.

A professional appliance service technician must always keep an open mind, ready to aban-
don first conclusions when information contradicts initial diagnosis.

A professional appliance service technician must understand the functionality of all product
lines and have the ability to divide his service procedures into the components of that product - those
things that can be seen, felt, heard, or viewed with test equipment such as meters and gauges.

Most importantly, professional service technicians have patience. Each valid check reduces
the number of possibilities.

Technicians who effectively troubleshoot appliances are good diagnosticians. Diagnosis is, in
fact, the process of elimination, an art form of locating the fault by effective use of information
available to them. This information can be verbal (from the consumer), or from experience (under-
standing what a product does), or from test equipment. The speed and accuracy with the technician
locates the true fault is a measure of the technician’s ability to diagnose.
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APPLIANCE ELECTRICITY AND HEAT

The design and manufacture of household appliances incorporates the basic fundamental of
heat.

How do we create heat?
How do we move heat?
How do we dispose of heat?
How do we avoid heat?

Appliances address these concerns in both highly visible methods and in less visible ap-
proaches. A cooking product, for example, needs to create heat to cook food, while a refrigerator
must remove heat to preserve food. Also important to the design of these products is the fact that
each component must maintain safe, acceptable levels of heat for personal safety and component life.
Additionally, it is not efficient to produce excess heat in products that must remove heat.

WHAT IS HEAT?

Heat, generated by electricity, occurs when electrons collide with atoms in metal that are less
than perfect conductors. The more collisions that occur, the greater the heat generation.

When you have a conductor that is perfect - there is no resistance to the flow of electricity
creating no collisions, you produce no heat. The number and frequency of collisions is controlled by
conductor type and distance the electrons must travel.
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All conductors used on appliances, usually in the form of wire, have some resistance. When
electrons pass through these conductors, they collide with atoms and produce heat.

We use this principle to our advantage when creating devices that we want to produce heat,
such as heating elements for cooking products, defrost heaters for refrigerators, or ignition systems
for gas appliances.

Due consideration is given to the amount of heat created for consumer exposed components,
motors, and items that would create heat in areas where heat must be minimized.

Appliance design relies heavily on the creation AND avoidance of heat
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SOURCE, PATH, LOAD

Before any component can function and create heat, either as a direct result or a by product of
its’ function, we must understand the rules under which it operates.

SOURCE

Before any work can be done, we must provide fuel for that process. In the case of electrical
components, we must provide electricity (voltage) to achieve the desired result.

Consider the previous example:

Before any electrons can flow and collide with the atoms that cause the resistance, there must
be provisions made for the electricity (voltage) to be present at the components. The source of fuel
for electrical devices can be a wall outlet or battery. (How the voltage is manufactured and is made
available at these components is the subject of another discussion.)

No heat can be created or controlled in an electrical device until we have a source for this
electrical force or potential. Voltage is simply a term used to indicate the electrical pressure within an
electrical circuit. Source voltage is a term used to describe what potential is available to the electrical
device. We call electric pressure potential, voltage, or electromotive force (EMF). The electric force
creation occurs in different ways — chemical mechanical, heat light etc.  Until the remaining two
components, path and load, are added, no work (no heat) is created.

The electrical force present in a battery or a wall outlet can be thought of as similar to the
water in a tank. When the tank is full, we can measure the pressure present in the tank. As long as we
can maintain the water level in the tank, opening a drain valve provides a constant rate of flow. This
flow is measured in gallons per minute (GPM)
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When an electrical outlet or battery is “full”, we can measure the pressure (voltage) present.
As long as we can maintain the level in the in the outlet (through power transmission) or a battery
(through  chemical means), attaching an electrical device causes this voltage to “drain” and provide a
constant rate of flow. This flow is measured in volts - AC volts at the wall outlet and DC volts at the
battery.

You may have experienced a weak battery in your vehicle, or some battery operated device.
When you try to use the starter in your vehicle, or operate a portable electrical device such as a
cordless drill, very quickly the demand for potential exceeds the ability of the battery to cause that
chemical reaction that provides electrical potential.

Using a wire size that is inadequate to the current flow in an AC circuit results in current loss,
unlike a DC circuit that can experience voltage reduction.

This three-wire system supplies the pressure, or voltage to the house through the fuse box.
The potential voltage from either line one (L1) or line two (L2) to ground is 120 volts The potential
voltage from L1 to L2 is 240 volts The three wire systems are the standard upon which will base our
expectations of potential voltage. You will notice from the figure that one terminal of the 120-volt
receptacle connects to the line side of the fuse box and two terminals connect to the neutral or
ground. Therefore, if we check from the smaller slot of the receptacle (L1) to either the narrow slot
(N) or the round connector (N), we can determine a potential of 120 volts. We check the outlet m this
manner to determine proper grounding and fusing. The figure above shows a properly wired or
polarized receptacle. When we reverse the black wire and the white wire, the plug has reverse
polarity. Reverse polarity can cause trouble in some instances. It is also important that the round pin,
or ground, be connected to the fuse box. This connection gives us an added measure of safety. Never
cut the round pin from a plug so that you may plug it into an outdated receptacle or improper
extension cord.
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SOURCE IDENTIFICATION

Source voltage readings are a comparison between expectation and reality. Before attempting
to make a source voltage reading, you must identify the expected voltage for the product and identify
the source voltage potential determined by the receptacle.

You can see from this refrigerator model tag that this appliance should be connected to a 115
VAC, 60 Hz, 15 amp circuit. The frequency (Hz) is determined by the power generation and is
standard at 60 Hz throughout all of the United States.

This appliance can be plugged into either of the below outlets:

Even though the appliance is rated for 15 amps, you can plug it into a 20 amp outlet. You
cannot, however, plug a 20 amp appliance into a 15 amp receptacle. The receptacle identifies the
wire size that connects the outlet to the fusebox, determined by electrical code.

Notice that when checking potential between the identified neutral and ground, potential is
0V and when testing potential between the line pin and ground or neutral, the potential is 115V.
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For those models that require 208 or 240 volts, as identified on the model tag, the plugs have
a different configurations.

The 240 volt configurations can be 15 amp, 20 amp, or 30 amp. While the layout of the outlet
is similar for 15 amp and 30 amp, there is a difference in size of the plug. You cannot physically plug
a 15 amp plug into a 30 amp outlet or a 30 amp plug into a 15 amp outlet due to this size difference.
Voltage measurements from either line pin to neutral shows a potential of 115V.

The 208 volt configurations can be 15 amp, 20 amp, 30 amp, or 40 amp. While the layout of
the outlet is similar for 15 amp and 30 amp, there is a difference in size of the plug. You cannot
physically plug a 15 amp plug into a 30 amp outlet or a 30 amp plug into a 15 amp outlet due to this
size difference. Voltage measurements from either line pin to neutral shows a potential of 115V, even
though potential voltage between the line pins is 208V.

Any measurement of potential is based upon expectations. Consult the model tag, identify the
outlet type, and compare result to your expectation of potential.

There are also specialized receptacles for ranges and dryers, as pictured above. Potential
voltage measurements are made in the same manner as any 240V receptacle.
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The majority of current 240V appliances are required by the national electrical code to pro-
vide a separate ground and neutral. While this has been the cause for manufactured homes for
some time, it is now a requirement for new installations.

Prior to the 4 wire receptacle, the neutral and ground terminated at
the same pin, referred to as neutral. The 4 wire receptacle provides
distinct ground and neutral paths.

Potential remains the same for L1 and L2

Neutral to ground is a path and not a source.

Potential from L to neutral or L to ground is 115V
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SOURCE VOLTAGE MEASUREMENTS

The measurement of source voltage potential is done using a volt meter, or VOM. Always
check settings to ensure the proper, safe meter utilization. We can measure pressure, or voltage, in
household wiring and in batteries. For the sake of discussion we will call household voltage, AC and
battery voltage, DC. Serious damage can occur to your multimeter when you do not select the proper
scale and input. Since most of you probably use digital meters, will forgo any discussion of meter
movements and concentrate on usage.

Your VOM is an important tool and needs to be maintained in good working order. Battery
must be changed at least yearly and leads should be examined for cuts, abrasions, broken tips, or any
other damage that may effect safe usage.

Take the time to inspect your meter for damage and functionality and familiarize yourself
with operation.
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Meter leads must be connected properly to the meter. Remember to maintain polarity - for
source voltage testing, the black lead connects to common and the red lead to V/Ω.

This illustration is a representation only - consult your meter for proper location.

Next, set the function switch to the highest AC scale. The receptacle gives you an indication
of potential source voltage, however, you do not know what is present until you perform test.

After determining source, you can adjust function switch to lower applicable setting to obtain
a more accurate reading.
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USING YOUR VOM TO CHECK SOURCE VOLTAGE

Set your VOM for the proper voltage type - AC or DC. Always select AC when checking
source voltage in household receptacles, select DC when checking batteries or components identified
as DC on schematic.

Set your VOM to the highest scale for type of voltage selected. You should have an expecta-
tion of what voltage you will see, however, be prepared for inappropriate voltage supply. When you
turn your VOM on, the display will inform you that you have “Open Lead”

A check for potential for the refrigerator referenced in the earlier model tag will provide the
following result:

Note that the plug diagram indicates you will read 115V and your meter displays 120V. Any
source voltage checks are acceptable within a range of + 10%.

Note that the plug diagram indicates you will read 115V and your meter displays 120V. Any
source voltage checks are acceptable within a range of + 10%. The potential between neutral and
ground should always be similar.
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Note that the plug diagram indicates you will read 115V and your meter displays OL. In this
case, OL tells you that there is no voltage potential present between the two points.

When you test for potential and find source voltage between neutral and ground, the outlet is
improperly polarized. Improperly polarized outlets can have a great effect on operation and are a
safety concern for technicians.

Consider the following simple circuit:

When the switch is open, the circuit from L1 to the component is broken, there is no voltage
potential to ground. If you were grounded and happened to touch the component, there would be no
adverse consequences. Coming into contact with L1 side of switch will result in shock and
serious injury.

When the switch is open, the circuit from N to the component is broken, there is full voltage
potential to ground. If you were grounded and happened to touch the component side of the circuit,
there would a shock hazard serious enough that injury or death could result.

Always maintain high levels of safe servicing practices and do not assume that all compo-
nents are properly installed, grounded, and connected to appropriate power supplies.
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A check for potential for the electric range receptacle referenced earlier provides the follow-
ing result. You must set your meter to the highest AC voltage scale and look at the receptacle - your
expectation is either 208V or 240V.

The meter display of 240 lets you know that you have potential from L1 to L2. The next step
in the process of testing the source is to check L1 to ground and L2 to neutral.

The meter display of 120 from L1 to ground and L2 to ground lets you know you have source
potential from each line to neutral.

This test shows the correct source potential for the identified receptacle:
Source potential L1 to L2
Source potential L1 to neutral
Source potential L2 to neutral
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A source voltage problem with a 240V receptacle exhibits the following characteristics.

When you have this display on your meter from L1 to L2, you will also have no source
voltage potential from L1 to neutral.

Or no source voltage potential from L2 to neutral.

Or no source voltage potential from L1 to neutral and L2 to neutral.

Polarity is not an issue with 240V receptacles.
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Current electrical code in most areas now requires a 4 wire receptacle that separates neutral
and ground. Checking for potential at the receptacles requires only that you test from each line to
neutral and ground.

This receptacle is similar to previous outlets with a separate
ground added.

Source voltage checks are similar, checks can now be made from either line to neutral and
ground.

Note that the same source potential exists between each line to neutral and ground. No source
potential to either neutral or ground identifies an improperly wired receptacle.
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PATH

Path consists of all the conductors that connects together and permits electrical current to
flow through a circuit from the source, through any present load, and back to the source. Examples
of path include wire, switches, and components that perform the required task.

It is important to note that a component in a closed circuit is a load, while a component in an
open circuit is part of the incomplete path.

The function/range switch is an important part of your meter when using this tool to check
the electrical path. The purpose of the ohmmeter is to discover the internal resistance of a circuit or
component by applying a known voltage across the component and measuring the resulting flow of
current. Since we depend on the battery to supply our power needs, there should be no other applied
to the circuit at the same time. It is also vital that the battery be maintained so that it provides ad-
equate supply voltage in the meter. If there is power applied to the circuit when using the resistance
(ohms) section of the meter, there is every reason to expect that you will, at minimum, cause the fuse
to open in your meter.

By remembering that the ohmmeter reads current flow and not resistance, the output of the
display makes becomes clearer. The amount of current flow, supplied by the battery potential in your
meter, determines the display reading in your meter. This means when there is no current flow,
resistance is infinite, or “OL” on your meter.

This reading is sometimes referred to as “Open Lead”.
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When there is no resistance, the current is at maximum and the display will show 0, or no
resistance.

Note that some meters incorporate an ohm symbol to remind you that you are set for resis-
tance checking.

As the resistance of the unknown increases, the amount of current that the battery can cause
to flow must decrease. The indication on the meter will not be as strong - not as close to zero.

In this example, the meter, set on a 2K scale, shows 617 ohms. If the resistance is doubled,
the meter reading is cut in half and the digital meter calculates and converts this reading. If you use
an analog meter, you will notice that 0 ohms, or no resistance, is on the right side of the scale. In-
creasing resistance reduces current and reduces the distance the movement can travel

Now, with the meter set for the 2K scale, the meters shows 1,234 ohms. The source voltage
available for resistance checks is fixed by the amount of voltage in the meter battery. Most digital
meters have a low battery indicator. Analog meters have a provision for adjusting the movement to
compensate for battery deterioration.

If you see the battery indicator on a digital meter, or can no longer adjust the movement to 0
on an analog meter, the battery must be changed immediately. Because resistance checks rely on
source voltage from your meter, a low battry produces inconsistant and improper resistance readings.
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SELECTING THE CORRECT RESISTANCE SCALE

The previous example referred to a 2K scale. Digital meters have scale selection for resis-
tance testing of all or part of a path. Generally, these scale selections are identified by a symbol for
ohms - Ω. Your meter may have some, all, or more than the following example.

Selecting the improper scale has a big impact on the path resistance reading that you obtain.

Meter leads must be connected properly to the meter. Remember to maintain polarity - for
source voltage testing, the black lead connects to common and the red lead to V/Ω.

This illustration is a representation only - consult your meter for proper location.

You use them same meter lead inputs for resistance testing as you do for voltage testing.
Application of external AC source potential will most likely cause an internal meter fuse to open and
could result in damage to your multimeter.

Always verify proper function/range switch setting before proceeding with any testing.
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Some meters, however, remind you that you have selected a scale that is too low.

Note that there is an Ω symbol in the upper left of the meter display. This symbol shows that
you have a path, but the selection is out of range.

We know the resistance of the path checked is 617 Ω. If we had tested the path with the meter
set for the 200 Ω scale, we would have the following result. Note that now “OL” means Over Load.
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Consider the following simple circuit

This circuit informs us that a resistance check of the component should result in a reading of
850Ω. Watch what happens when we test the component using the 200Ω scale.

Because we have an open switch in the circuit, our meter display informs us that our path is
not complete - we have an open circuit.

Changing the location of the meter lead from L1 to the switch results in indication of an open
circuit - broken wire or open component. This is because we have selected an inappropriate range.
The schematic tells us to expect 850Ω and we set our meter to expect a maximum of 200Ω.

Adjusting the scale to the 2K scale - expectation of less than 2000Ω, results in a much differ-
ent reading.

Our expectation, based upon schematic value is 850Ω and we have an actual reading of
844Ω. Resistance values listed on schematic are generally based upon a specific ambient tempera-
ture. When the component temperature is below that point, the resistance can increase or decrease,
depending upon the temperature coefficient of the component. Negative temperature coefficient
(NTC) means increase in temperature causes a decrease in resistance, positive temperature coeffi-
cient (PTC) means increase in temperature causes an increase in resistance.

200Ω Scale

200Ω Scale

2KΩ Scale
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When our expectation is 850Ω, and we select a scale that is too high, it tells us the path is
complete. It does not, however, provide an accurate reading.

Selecting the 20K scale changes the meter display to 840Ω - the meter is expecting resistance
of up to 20,000 ohms and cannot accurately determine the resistance because it rounds the number
off, dropping the ones column.. The 20K range reads up to 20,000 ohms.

Selecting the 200K scale changes the meter display to 800Ω - the meter is expecting resis-
tance up to 200,00 ohms and reads a resistance in the hundreds. Now the meter drops the ones and
tens column and rounds off to 800Ω. The 200K range reads up to 200,000 ohms.

Selecting the 2M scale changes the meter reading to 1000Ω - the meter is expecting resis-
tance up to 2,000,000 ohms and reads a resistance in the hundreds. Now the meter drops the ones,
tens, and hundreds and rounds off to 1000Ω. The 2M range reads up to 2,000,000 ohms.

Selecting the 20M scale changes the reading to 0Ω - the meter is expecting up to 20,000,000
ohms and reads a resistance in the hundreds. Now the meter drops the ones, tens, hundreds, and
thousands and rounds off to 0Ω. The 20M range reads up to 20,000,000 ohms

20KΩ Scale

200KΩ Scale

2MΩ Scale

20MΩ Scale
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The same circuit, without the resistance listed on the schematic, presents us with a different
perspective.

We know there is resistance in this circuit and must select the correct range on or meter. It is
possible to start at either the high scale or the low scale. The recommended procedure is to maintain
the habit of starting at the high scale with any unknown whether it is voltage or resistance.

At the 20M scale, the meter display informs us that we have path, the scale is out of range.
The range must be lowered to a lower scale.

If we had started at the 200Ω scale, we would not know if we were out of range and needed
to change the scale, or if we had an open circuit causing no path.

20MΩ Scale

200Ω Scale

20KΩ Scale

Because we know we have path, we can drop one level or more. Dropping the scale to 20K
tells us with a path with a resistance of 840Ω.

Since the 20K scale showed us that we have less than 2000 ohms, adjusting the function
switch to 2K provides us with the most accurate reading.

2KΩ Scale
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Understanding our meter provides valuable insight into series and parallel circuits. You recall
that an ohm meter does not read resistance, rather it uses the voltage in the battery to provide a
current reading that provides meaningful output in the form of ohms.

This simple series circuit illustrates this point. We have standard output voltage from the
battery in the ohm meter. This current must now flow through 617Ω plus 617Ω, for a total or 1234Ω.
The meter current has to pass through the first resistance, then the reduced voltage passes through
the section further reducing the feedback.

2KΩ Scale

Parallel circuits respond differently to path resistance testing.

Making this a parallel circuit illustrates how your meter responds. We have standard output
voltage from the battery in the meter. The current flows through each resistance at full potential. The
meter then calculates the resistance of each portion and responds with the appropriate reading.
Looking at this schematic, we can see that each path the source voltage can take results in a resis-
tance of no more than 617Ω.

Series circuits always have a resistance of the sum of resistance present in the path.

Parallel circuits always have a resistance that is lower than the lowest resistance in the path.
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LOAD

Load is measured as the work the source voltage performs. The battery in your meter or the
voltage present at a wall outlet provides potential for work to be done. When we have a completed
path and apply voltage, that work is measured in current flow. The current flow unit of measurement
is amperes, commonly referred to as amps.

There are several methods you can apply to measure the flow of current in an electrical
device. You can use your multimeter or an ammeter. Our preferred method for current testing is done
with a clamp on ammeter. Current testing information provided is for AC circuits only.

This view of a clamp-on ammeter shows us the operating parts and function of a basic
ammeter. Use of a clamp-on ammeter is fairly simple. We must first identify the source of current to
the circuit and place one connector inside the jaws of the ammeter. Hold the ammeter perpendicular
to the wire for best results. Set ammeters with a range selection switch to the highest scale to avoid
damage to the meter movement.
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This example will give us a direct reading from the circuit being tested

We can also test AC circuits that use very little current with a clamp-on ammeter When the
value is too small to read directly, pass the wire through the jaws more than once. This illustration
shows us the wire passing through the jaws two times. We must then divide the meter reading by
two. If the reading is still too small, we can pass the wire through as many times as we need.
Remember to divide the result by the number of times the wire passes through the jaws
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Because current is a measurement of the work being done, in amperes, we can only measure
load current when there is a completed path with source voltage applied.

Measuring load current for this circuit results in no reading on your ammeter because no
work is being done - the path is not complete.

Measuring the load current for the same circuit with the switch closed results in a reading of
0.14 amps. The current reading expected is simply a matter of dividing the source voltage by the path
resistance. The load current is the same throughout the circuit, so your ammeter can be utilized at
any point in the circuit.

Remember:
No path, no load current.
No source, no load current.
If you have load current, you have source AND path.
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APPLIANCE ELECTRICITY  IMPORTANT FACTS

MEASUREMENT OF CURRENT

Measures rate directly                                                1.     Current measured in amperes

Unit ampere measures rate                                          2.     Letter ‘I’ is current.
a. Past given point
b. Ampere equals one coulomb                     3.     Letter  ‘A’ is ampere

per second.
c. 6.28 * 1018 electrons p/sec.                     4.    Only current flows.

ELECTRICAL PRESSURE - VOLTAGE

A. Electrical pressure = force                                   Unit of measurement
                                                                                      1) Volt

1. Forces current to flow.
                                                                                      2) Pressure required to move one coulomb:

2. Creates action in circuit.                                        a) Past one point in one second

3. Keeps current moving.
                                                                                   Symbols – electrical

4. Called electromotive force.                              1) Voltage – E or V

ELECTRICAL RESISTANCE

1) Heating element

2) Converts electrical energy
a) To heat energy

More opposition = more resistance.

Ohm – unit for resistance - Ω

Comparison to volt and ampere

a) One volt causes one ampere with one
ohm
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FORMS OF

OHM’S LAW
FORM ONE

VOLTAGE = CURRENT * RESISTANCE
-OR-

VOLTS = AMPS * OHMS

E = I * R

FORM TWO

CURRENT = VOLTAGE/RESISTANCE
–OR-

AMPS = VOLTS/OHMS

I = E / R

FORM THREE

RESISTANCE = VOLTAGE/CURRENT
–OR-

OHMS = VOLTS/AMPS

R = E / I
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COMMON ABBREVIATIONS AND LETTER SYMBOLS
Abbreviation Abbreviation
or or

Term Symbol Term Symbol

alternating current …………a.c. henry …………...h.
ampere …………...a. horsepower ………….hp.
capacitance …………...C impedance …………...Z
capacitive resistance ………….Xc inductance …………...L
centimeter …………cm. inductive reactance ……….....Xl
conductance …………...G mutual inductance …………..M
coulomb …………...Q power ……….…..P
counterelectromotiveforce …….c.e.m.f. resistance …………...R
current …………....I revolutions per minute ….…...r.p.m.
cycles per second ………….Hz root mean square ……….r.m.s.
dielectric constant …………K,k time …………....t.
difference in potential …………...E torque …………...T
direct current ………....d.c. volt …………...v.
electromotive force ………e.m.f. watt …………..w.
frequency …………....f

USEFUL PREFIXES
Prefix Abbreviation Multiplier

tera T 1012

giga G 109

mega M or meg 106

kilo K or k 103

milli m 10-3

micro µ 10-6

nano n 10-9

pico p 10-12

EXAMPLES

1 megaohm = 1 MΩ = 106 ohms = 1,000,000 ohms
1 gigavolt   = 1 Gv   = 109 volts  = 1,000,000,000 volts
10 kilovolts = 10 kv = 10 * 103 = 10,000 volts
5 microamperes = 5 µ = 5 * 10-6 amp = 0.000005 amp
2.56 nanovolts = 2.56 nv =2.56 * 10-9 = 0.00000000256 volt
100 picofarads = 100 pf = 100 * 10-12 farad = 0.0000000001 farad
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GLOSSARY OF ELECTRICAL TERMS

-A-

AMMETER - An instrument for measuring the amount of electron flow in amperes.

AMPERE - The basic unit of electrical current.

AMPERE-TURN - The magnetizing force produced by a current of one ampere flowing through a
coil of one turn.

AMPLIFICATION - The process of increasing the strength (current, power, or voltage) of a signal.

AMPLIFIER - A device used to increase the signal voltage, current, or power, generally composed
of a vacuum tube and associated circuit called a stage. It may contain several stages in order to
obtain a desired gain.

AMPLITUDE - The maximum instantaneous value of an alternating voltage or current, measured in
either the positive or the negative direction.

ARC - A flash caused by an electric current ionizing a gas or vapor.

ARMATURE - The rotating part of an electric motor or generator. The moving part of a relay or
vibrator.

AUTOTRANSFORMER - A transformer in which the primary and secondary are connected
together in one winding.

-B-

BATTERY - 2 or more primary or secondary cells connected together electrically. The term does not
apply to a single cell.

BREAKER POINTS - Metal contacts that open and close a circuit at timed intervals.

BRIDGE CIRCUIT - The electrical bridge circuit is a term referring to any one of a variety of
electric circuit networks, one branch of which (the “bridge” proper) connects two points of equal
potential and hence carries no current when the circuit is properly adjusted or balanced.

BRUSH - The conducting material, usually a block of carbon, bearing against the commutator or
sliprings through which the current flows in or out.

BUS BAR - A primary power distribution point connected to the main power source.

BYPASS - A shunt (parallel) path around one or more elements of a circuit.
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-C-

CAPACITOR - 2 electrodes or sets of electrodes in the form of plates, separated from each other by
an insulating material called the dielectric.

CENTER TAP - A connection at the electrical center of a winding, or midway between the electrical
ends of a resistor or other portion of a circuit.

CHOKE COIL - A coil of low ohmic resistance and high impedance to alternating current.

CIRCUIT - The complete path of an electric current.

CIRCUIT BREAKER - An electromagnetic or thermal device that opens a circuit when the current
in the circuit exceeds a predetermined amount. Circuit breakers can be reset.

CIRCULAR MIL - An area equal to that of a circle with a diameter of 0.001 inch. It is used for
measuring the cross section of wires.

COAXIAL CABLE - A transmission line consisting of two conductors concentric with and
insulated from each other.

COMMUTATOR - The copper segments on the armature of a motor or generator. It is cylindrical in
shape and is used to pass power into or from the brushes. It is a switching device.

CONDUCTANCE - The ability of a material to conduct or carry an electric current. It is the
reciprocal of the resistance of the material, and is expressed in mhos.

CONDUCTIVITY - The ease with which a substance transmits electricity.

CONDUCTOR - Any material suitable for carrying electric current.

CONTACT - One of the current-carrying parts of a relay, switch, or connector that are engaged or
disengaged to open or close the associated electrical circuits.

CORE - A magnetic material that affords an easy path for magnetic flux lines in a coil.

COULOMB - The quantity of electricity which passes any point in an electric circuit in 1 sec. when
the current is maintained constant at 1 ampere.

COUNTER E. M. F.  - Counter electromotive force; an e.m.f. induced in a coil or armature that
opposes the applied voltage.

CURRENT - The movement of electrons through a conductor. Measured in amperes and its symbol
is I.
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CURRENT LIMITER - A protective device similar to a fuse, usually used in high amperage
circuits.

CYCLE - One complete positive and one complete negative alternation of a current or voltage.

-D-

D’ARSONVAL MOVEMENT - A meter movement consisting essentially of a small, lightweight
coil of wire supported on jeweled bearings between the poles of a permanent magnet. When the
direct current to be measured is sent through the coil, its magnetic field interacts with that of the
permanent magnet and causes the coil and attached pointer to rotate.

DIELECTRIC - An insulator; a term that refers to the insulating material between the plates of a
capacitor.

DIFFERENCE OF POTENTIAL - The voltage or electrical pressure existing between two points.
It will result in a flow of electrons whenever a circuit is established between the two points.

DIODE - A two terminal device which will conduct electricity more easily in one direction than in
the other.

DIRECT CURRENT - An electric current that flows in one direction only.

DISSIPATION - Loss of electrical energy as heat.

-E-

EDDY CURRENT – Induced, circulating currents in a conducting material that are caused by a
varying magnetic field.

EFFICIENCY - The ratio of output power to input power, generally expressed as a percentage.

ELECTROLYTE - A solution of a substance which is capable of conducting electricity. An
electrolyte may be in the form of either a liquid or a paste.

ELECTROMAGNET - A magnet made by passing current through a coil of wire wound on a soft
iron core.

ELECTROMAGNETISM - The magnetic field around a wire or other conductor when, and only
when, current passes through it.
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ELECTROMOTIVE FORCE (e.m.f.) – The force that produces an electric current in a circuit.

ELECTRON - A negatively charged particle of matter .

ENERGY - The ability or capacity to do work.

-F-

FARAD - The unit of capacitance.

FIELD - The space containing electric or magnetic lines of force.

FIELD WINDING - The coil used to provide the magnetizing force in motors and generators.

FLUX FIELD - All electric or magnetic lines of force in a given region.

FREE ELECTRONS - Electrons which are loosely held and consequently tend to move at random
among the atoms of the material.

FREQUENCY - The number of complete cycles per second existing in any form of wave motion;
such as the number of cycles per second of an alternating current.

FULL-WAVE RECTIFIER CIRCUIT - A circuit, which utilizes both the positive and the negative
alternations of an alternating current to produce a direct current.

FUSE - A protective device inserted in series with a circuit. It contains a metal that will melt or
break when current is increased beyond a specific value for a definite period of time.

-G-

GAIN - The ratio of the output power, voltage, or current to the input power, voltage, or current,
respectively.

GALVANOMETER - An instrument used to measure small d-c currents.

GENERATOR - A machine that converts mechanical energy into electrical energy.

GROUND - A metallic connection with the earth to establish ground potential. Also, a common
return to a point of zero potential. The chassis of a receiver or a transmitter is sometimes the
common return, and therefore the ground of the unit.

-H-

HENRY - The basic unit of inductance.
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HERTZ - Abbreviated Hz. A unit of frequency equal to one cycle per second.

HORSEPOWER - The English unit of power, equal to work done at the rate of 550 foot-pounds per
second. Equal to 746 wares of electrical power.

HYSTERESIS - A lagging of the magnetic flux in a magnetic material behind the magnetizing force
which is producing it.

-I-

IMPEDANCE - The total opposition offered to the flow of an alternating current. It may consist of
any combination of resistance, inductive reactance, and capacitive reactance.

INDUCTANCE - The property of a circuit which tends to oppose a change in the existing current.

INDUCTION - The act or process of producing voltage by the relative motion of a magnetic field
across a conductor.

INDUCTIVE REACTANCE - The opposition to the flow of alternating or pulsating current caused
by the inductance of a circuit. It is measured in ohms.

INPHASE - Applied to the condition that exists when two waves of the same frequency pass
through their maximum and minimum values of like polarity at the same instant.

INVERSELY - Inverted or reversed in position or relationship.

-J-

JOULE - A unit of energy or work. A joule of energy is liberated by one ampere flowing for one
second through a resistance of one ohm.

-K-

KILO - A prefix meaning 1, 000.

-L-

LAG - The amount one wave is behind another in time; expressed in electrical degrees.

LAMINATED CORE - A core built up from thin sheets of metal and used in transformers and
relays.
LEAD - The opposite of LAG. Also, a wire or connection.
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LINE OF FORCE - A line in an electric or magnetic field that shows the direction of the force.

LOAD - The power that is being delivered by any power producing device. The equipment that uses
the power from the power producing device.

-M-

MAGNETIC CIRCUIT - The complete path of magnetic lines of force.

MAGNETIC FIELD - The space in which a magnetic force exists.

MAGNETIC FLUX - The total number of lines of force issuing from a pole of a magnet.

MAGNETIZE - To convert a material into a magnet by causing the molecules to rearrange.

MAGNETO - A generator which produces alternating current and has a permanent magnet as its
field.

MEGGER - A test instrument used to measure insulation resistance and other high resistances. It is
a portable hand operated d-c generator used as an ohmmeter.

MEGOHM - A million ohms.

MICRO - A prefix meaning one-millionth.

MILLI - A prefix meaning one-thousandth.

MILLIAMMETER - An ammeter that measures current in thousands of an ampere.

MOTOR-GENERATOR - A motor and a generator with a common shaft used to convert line
voltages to other voltages or frequencies.

MUTUAL INDUCTANCE - A circuit property existing when the relative position of two inductors
causes the magnetic lines of force from one to link with the turns of the other.

-N-

NEGATIVE CHARGE - The electrical charge carried by a body, which has an excess of electrons.
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NEUTRON - A particle having the weight of a proton but carrying no electric charge. It is located in
the nucleus of an atom.

NUCLEUS - The central part of an atom that is mainly comprised of protons and neutrons. It is the
part of the atom that has the most mass.

-O-

OHM - The unit of electrical resistance.

OHMMETER - An instrument for directly measuring resistance in ohms.

OPEN - A circuit interruption that results in an incomplete path for current flow.

OVERLOAD - A load greater than the rated load of an electrical device.

-P-

PEAK - The maximum instantaneous value of a quantity.

PERMEABILITY - A measure of the ease with which magnetic lines of force can flow through a
material as compared to air.

PHASE DIFFERENCE - The time in electrical degrees by which one wave leads or lags another.

PICO - Prefix meaning 10-12 (Formerly micro-micro) abbreviated p.

Pi - a constant, value = 3.1416 (symbol π).

POLARITY - The character of having magnetic poles, or electric charges.

POLE - The section of a magnet where the flux lines are concentrated; also where they enter and
leave the magnet. An electrode of a battery.

POLYPHASE - A circuit that utilizes more than one phase of alternating current.

POSITIVE CHARGE - The electrical charge carried by a body, which has become deficient in
electrons.

POTENTIAL - The amount of charge held by a body as compared to another point or body. Usually
measured in volts.

POTENTIOMETER - A variable voltage divider; a resistor which has a variable contact arm so
that any portion of the potential applied between its ends may be selected.
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POWER - The rate of doing work or the rate of expending energy. The unit of electrical power is the
watt.

POWER FACTOR - The ratio of the actual power of an alternating or pulsating current, as
measured by a wattmeter, to the apparent power, as indicated by ammeter and voltmeter readings.
The power factor of an inductor, capacitor, or insulator is an expression of their losses.

PRIME MOVER - The source of mechanical power used to drive the rotor of a generator.

PROTON - A positively charged particle in the nucleus of an atom.

-Q-

QUADRANT - A sector, arc or angle of 90°

-R-

RATED VOLTAGE - The voltage at which a device, component, or appliance is designed to
operate under normal conditions.

RATIO - The value obtained by dividing one number by another, indicating their relative
proportions.

RC - Symbol for resistance-capacitance.

RECIPROCAL - The number one (unity) divided by a quantity.

REACTANCE - The opposition offered to the flow of an alternating current by the inductance,
capacitance, or both, in any circuit.

RECTIFIERS - Devices used to change alternating current to unidirectional current. These may be
vacuum tubes, semiconductors such as germanium and silicon, and dry-disk rectifiers such as
selenium and copper-oxide.

RELAY - An electromechanical switching device that can be used as a remote control.

RELUCTANCE - A measure of the opposition that a material offers to magnetic lines of force.

RESISTANCE - The opposition to the flow of current caused by the nature and physical dimensions
of a conductor.

RESISTOR - A circuit element whose chief characteristic is resistance; used to oppose the flow of
current.
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RETENTIVITY - The measure of the ability of a material to hold its magnetism.

RHEOSTAT - A variable resistor.

-S-

SATURATION - The condition existing in any circuit when an increase in the driving signal
produces no further change in the resultant effect.

SELF-INDUCTION - The process by which a circuit induces an e. m. f. into itself by its own
magnetic field.

SERIES-WOUND - A motor or generator in which the armature is wired in series with the field
winding.

SCHEMATIC DIAGRAM - A diagram of the electrical scheme of a circuit, with components
represented by graphical symbols.

SHORT-CIRCUIT - An abnormal connection of relatively low resistance between two points in a
circuit. The result is a flow of excess (often damaging) current between these points.

SLIP - The difference between the synchronous and operating speed of a motor.

SOLENOID - An electromagnetic coil that contains a movable plunger.

SPACE CHARGE - The cloud of electrons existing in the space between the cathode and plate in a
vacuum tube, formed by the electrons emitted from the cathode in excess of those immediately
attracted to the plate.

SPECIFIC GRAVITY - The ratio between the density of a substance and that of pure water, at a
given temperature.

-T-

TACHOMETER - An instrument for indicating revolutions per minute.

THERMISTOR - A resistor whose variation in resistance is directly proportional to temperature.

THERMOCOUPLE - A junction of two dissimilar metals that produces a voltage when heated.

TORQUE - The turning effort or twist, which a shaft sustains when transmitting power.
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TRANSFORMER - A device composed of two or more coils, linked by magnetic lines of force,
used to transfer energy from one circuit to another.

TRANSMISSION LINES - Any conductor or system of conductors used to carry electrical energy
from its source to a load.

-U-

UNIDIRECTIONAL - Flowing in only one direction (e. g., direct current).

-V-

VARS - Abbreviation for volt-ampere, reactive.

VECTOR - A line used to represent both direction and magnitude.

VOLT - The unit of electrical potential.

VOLTAGE DROP - The difference in voltage between two points, due to the loss of electrical
pressure as a current flow through an impedance.

VOLTMETER - An instrument designed to measure a difference in electrical potential, in volts.

-W-

WATT - The unit of electrical power.

WATTMETER - An instrument for measuring electrical power in watts.

WAVEFORM - The graphic representation of an electromagnetic wave showing variations in
amplitude with time.
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