
Study Unit

Reading Electrical
Schematic Diagrams



Electrical schematic diagrams are used to describe how a cir-
cuit is constructed. These diagrams act as circuit road maps
for the person repairing or installing the circuit. The electrical
symbols used on the diagrams represent the circuit compo-
nents and the way they’re connected to each other. Functions
of the circuit are also represented by electrical symbols.

In this study unit, you’ll learn to recognize standard electrical
symbols and how they function in a schematic. Using a
schematic diagram, you’ll be able to trace current flow and
determine the operating condition of the circuit. The first
examples in this study unit show schematic diagrams repre-
senting simple circuits. These examples will help you improve
your familiarity with the basic symbols and visualize how
power flows through the circuit. As you work through the
study unit, you’ll learn to read more complicated and practi-
cal schematics.

This unit also explains how to use schematic diagrams to
troubleshoot a circuit and its components. You’ll trace
schematics of air-conditioning units, motor controls, and
alarm systems. Throughout these sample exercises, you’ll
learn how to apply the basics of reading a schematic diagram
to better understand a circuit’s function.
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When you complete this study unit, you’ll be

able to 

• Identify standard electrical symbols and describe their

meaning

• Describe the parts of a schematic diagram

• Explain the flow of electrical current through circuit

devices

• Describe and identify electrical drawings, block 

diagrams, wiring diagrams, and electrical schematic 

diagrams

• Interpret switch status and describe a switching circuit’s

operating behavior

• Trace wiring diagrams for motor controls

• Identify a ladder diagram and describe its function
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INTRODUCTION
Earlier in your studies, you were introduced to some common
schematic symbols that are found in plans and sketches.
This unit builds upon your limited knowledge of symbols and
applies the symbols to circuits you’ll encounter on the job. In
the pages ahead, you’ll learn how to trace circuits by using
electrical schematic diagrams. By the end of this unit, you’ll
be able to evaluate a schematic and determine how the repre-
sented circuit functions (Figure 1).

Study Unit Title

FIGURE 1—Electricians rely on

schematic reading skills to pinpoint

problem areas in an electrical sys-

tem. You can save time, energy, and

cost when repairing or installing

electrical systems by developing

effective schematic reading skills.
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As an electrician, you’ll be asked to evaluate electrical sys-
tems or components. To perform your job, you’ll need to
understand the electrical schematic diagrams provided in
service manuals, electrical construction plans, and electrical
drawings. Interpreting schematic diagrams is the major focus
of this study unit.

What Are Schematics?
The dictionary defines schematic as a structural or proce-
dural diagram of an electrical or mechanical system. As an
electrician, you’ll need to interpret sketches and drawings of
electrical components and circuits. Most of these sketches
and drawings won’t give the actual pictures of the devices or
installations. Instead, the drawings and sketches used by
electricians contain symbols. 

These symbols represent certain types of components, their
purposes, application, and relative position in the installa-
tion. Such drawings are called schematics or schematic 
diagrams. They give a scheme, or pattern, according to which
devices are used, without showing the form or physical con-
dition of each element. For example, if a schematic shows
two circles connected by a straight line, as shown in 
Figure 2, this means that two motors are connected together.
However, this schematic doesn’t define either motor’s physi-
cal location.

The schematic doesn’t describe the actual shape or types of
motors or their horsepower rating. The purpose of schematic
diagrams is to permit a clear view of electrical circuits so
electricians can easily trace the wiring of individual devices
and fully understand the function and purpose of each part.

FIGURE 2—The size of

each motor isn’t related

to the size of the symbol.

Without any additional

information, the motor

size could be as small as

your fist or as large as a

house.
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Electrical Drawings
An electrical system is represented by one or more types of
drawings. Drawings used in the electrical field are usually
one of four types: physical drawings, construction drawings,
working drawings,or diagrams.

Physical drawings are drawn freehand or produced on a com-
puter. Like a photograph, these drawings show a device’s
shape and details of construction. A physical drawing can
replace a photograph. An electrical physical drawing shows
the actual shape of a device by providing an enlarged view of
the parts contained in the device. Often these internal parts
are drawn as they would appear if the device was taken
apart. This type of drawing is commonly called an exploded
view. When accurately drawn, such an exploded view pro-
vides valuable information on the order in which a device is
assembled and disassembled. 

Construction drawings show the physical arrangement and
views of specific electrical equipment. They indicate all the
important dimensions and are drawn to a suitable scale.
They usually contain different views of the same device, such
as top, front, and side elevation views, or sections of the
device. If the purpose of an electrical drawing is to provide
information on the dimensions and electrical layout of a
structure or of a piece of electrical equipment, it’s most con-
venient to use construction drawings. Electrical connections
aren’t, however, shown in construction drawings. Only an
experienced person can visualize the actual device from the
construction drawings. Therefore, a physical drawing or 
photograph is often added to the construction drawings in
manuals, catalogs, blueprint sets, and books.

The working drawing is similar to an architect’s floor plan.
This type of drawing is most commonly referred to as a 
blueprint, even though modern computer-generated prints are
no longer blue. The working drawing shows the outline and
dimensions of a building, room, or space where the electrical
equipment is installed. The working drawing shows walls,
windows, and doors of the building, and, in addition, uses
symbols to indicate the placement of electrical equipment,
such as motors, lamps, outlets, and other electrical devices.
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Lines on the plan also indicate the general location of wiring
between the individual devices. The line type typically distin-
guishes between exposed and concealed conductor routing.

Electrical schematic diagrams represent the last type of elec-
trical drawing. The term electrical drawing sometimes refers
to this more specific type of drawing. Let’s take a more
detailed look at electrical schematics.

Electrical Schematics

Electrical schematic diagrams are drawings
that use standardized symbols (known as
schematic symbols) to represent electrical
components included in a circuit or system.
Schematic diagrams indicate the scheme,
or plan, for connecting the components to
serve a specific purpose. Unlike a construc-
tion drawing, schematic diagrams aren’t
drawn to scale and don’t show the shape of
the device, as you can see from Figure 3.
The straight lines joining component 
symbols indicate that the components are
electrically connected.

Block diagrams, shown in Figure 4, describe a circuit or sys-
tem in its simplest form. Each component of the circuit is
represented by a block and connected by straight lines with
arrows. The blocks are often labeled but sometimes identified
only by their shape. Block diagrams are used to describe the
overall function of the circuit and help isolate where a prob-
lem is located. The location and direction of the arrowheads
indicate the flow of electrical power. However, it’s easier to
interpret circuit behavior by using Figure 3. You can follow
the flow of electricity from one battery terminal to the switch,

FIGURE 3—A simple circuit consisting of a

battery, switch, and light bulb is described by

using standard symbols. 

FIGURE 4—The same

diagram described in

Figure 3 is shown in this

block diagram. You can

easily trace the flow of

power from each com-

ponent using this type

of diagram.
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from the switch to the light bulb, and from the bulb back to
the other battery terminal. 

The type of diagram in Figure 3 shows how the power flows
to the bulb. If the switch is open and the bulb is off, the cir-
cuit is performing properly. If the switch is closed and the
bulb is off, you would test the switch to make sure power
was flowing through. You would do this because you know
that power normally flows in a loop from the battery, through
the switch and light, and back to the battery. 

As stated earlier, schematic diagrams use lines to show con-
nections between components. The diagrams are classified as
single-line diagrams and complete diagrams, based on the
number of lines shown between the symbols. Single-line 
diagrams use a single line to connect the device symbols.
Single-line connections don’t necessarily represent the actual
number of wires connecting the components. The complete
diagram, on the other hand, shows the actual number of
wires between any two parts of the circuit. For instance, if
three wires are used between elements, the diagram is known
as a three-line diagram.

Most often, accepted standard symbols are used in diagrams.
However, diagrams may show other symbols used by individ-
ual manufacturers. The intended meanings of these unique
symbols are explained in the legend of a schematic diagram.

Wiring diagrams are also widely used, but they aren’t strictly
schematic diagrams. Wiring diagrams show simple drawings
of the devices and sometimes indicate physical locations and
actual connections of wires and equipment, as well as sym-
bols representing the devices. Wiring diagrams are sometimes
referred to as connection, equipment, or panel diagrams,
according to their application.

A wiring diagram resembles a construction drawing because
it shows the actual layout of wires on panels or between
devices. 

Wiring diagrams also resemble schematic diagrams because
the same standardized symbols may be used. The difference
between the two is that schematic diagrams show the circuit
connections of units, while wiring diagrams show the existence
of connecting wires and layout of components in a circuit. 
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Properties of Schematics

To serve all its intended purposes, the schematic drawing
must be accurate. Its accuracy ensures that the depicted cir-
cuit is correctly represented. Since the schematic’s role is to
provide information free from any doubt, it must be properly
constructed using universally recognized symbols.

An engineer may draw a schematic with a pencil or with a
computer program. The diagram will serve its purpose if it
has two of the properties just mentioned—accuracy and 
complete understanding for the user.

The wires between symbols are drawn either horizontally or
vertically, as shown in Figure 5, and rarely are they slanted.
This doesn’t mean that the actual wire, which physically con-
nects two components, must always be horizontal or vertical.
The actual connections are based on the available space and
practical considerations. A switch and a lamp, as shown in
Figure 3, might be next to each other in the schematic 
diagram, but may actually be located in different rooms. If
they’re connected directly to each other, they’re still properly
represented in the schematic diagram.

A dot at the junction of two wires, labeled A in Figure 5, 
indicates a connection of two wires. At point B in Figure 5,
you’ll notice that there isn’t a dot. Wire junctions on a
schematic without a dot means that the wires don’t touch. A
darker line, which is often referred to as a heavier-weight line,
indicates main circuit wiring (not shown in Figure 5).

FIGURE 5—A schematic

diagram for a motor 

control is shown here.

Notice that the line con-

nections running to the

motor run horizontally

and vertically.
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Schematic diagrams are, in effect, shorthand explanations of
the manner in which an electrical device or group of devices
operate. Schematic diagrams incorporate symbols and abbre-
viations extensively. Using symbols presumes that the person
looking at the diagram is reasonably familiar with how the
device operates and will be able to assign the correct 
meaning to the symbols.

Many symbols may be interpreted differently in different
installations. For example, a circle generally means a load or
device consuming electrical current. It could mean, among
other things, a lamp, motor, generator, or relay coil. A letter
in the circle usually clarifies the meaning. For example, M
indicates a motor, G a generator, and L indicates a lamp.
Other elements can be explained in the legend of the accom-
panying diagram. Circles without identifying letters found in
a living room diagram showing the lighting circuits probably
represent lamps. If circles are found in a single-line diagram
of a power station, it’s more likely that they represent 
generators. If a circle is part of a symbol together with a coil
symbol, it’s assumed that it represents the armature of a
rotating machine, such as an electric motor or generator.

Usually, every part on a complete schematic diagram has an
identifying number assigned to it. Supplementary information
about such parts is supplied on the diagram or on an accom-
panying list and identified by the same number.

Wiring Diagrams

Electrical schematic diagrams are an electrician’s primary
source of information for understanding circuits. For exam-
ple, if asked to troubleshoot a fire alarm system, you must
first study the schematic diagram. From this diagram, you’ll
be able to identify the components and flow of current and
determine the type of circuit.

After gathering all the component information, you’ll need to
know how the components are connected. To learn this,
examine the wiring diagram. This diagram indicates the lines
and connection point locations for testing. Figure 6 shows an
example of a wiring diagram. 
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Wiring diagrams use symbols similar to
those in an electrical schematic diagram.
Wiring diagrams also indicate where the
wires are physically located, which helps
the troubleshooting electrician locate shorts
or ground faults that can cause switches or
lights to not work. You’ll learn more about
ground faults later in this section. 

Supplementary Prints

In addition to the schematic and wiring 
diagrams, electricians will find other 
supporting documentation helpful.
Specifications, parts lists, and technical
manuals are extremely useful when
installing or repairing electrical devices.
These drawings provide useful information
for installing electrical components and

offer a physical representation of each component. For exam-
ple, when installing a home alarm system, an electrician
needs to know the distance between sensors in order to bring
enough wire to the job site. This information is found by
examining a location plan.

Electricians refer to the parts list to check the contents of the
device they’re installing and technical manuals to identify the
detailed features of individual parts. Parts lists help electri-
cians identify each part and understand the order in which
these parts are installed. When installing a ceiling fan, for
example, you’ll need to differentiate between the bracket
hardware and the electrical connection hardware. If you con-
fuse the two types of hardware, you may encounter both an
electrical and mechanical problem. You could experience an
incomplete circuit or the fan falling from the ceiling. This can
be avoided by referring to the additional prints and lists
included with the system you’re working on.

FIGURE 6—Wiring diagrams supply valuable

data for troubleshooting circuits. These dia-

grams include information needed to evaluate

a circuit’s behavior.
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Legends

Legends are critical for understanding
information and symbols which are
unique to the represented circuit. The
purpose of a legend is to better specify
what the schematic symbols repre-
sent. Legends sometimes also provide
additional information, perhaps even
detailed notes, regarding one or more
components. An example of a legend
is shown in the schematic diagram
shown in Figure 7.

The legend used in the schematic dia-
gram in Figure 7 gives further information about the circuit.
Device 1 is a DC generator that drives two pumps. The end of
the circuit is grounded to the chassis. If the pumps weren’t
operating and the generator was supplying current, you
would check to make sure the ground connection was secure.

Application of Schematic Diagrams
Schematic diagrams are useful in all types of electrical 
work. They serve as a guide in checking the connections of
electrical installations and in providing proper wiring for 
the devices. Schematic diagrams are invaluable when 
troubleshooting. Diagrams allow the electrician to determine
which parts are needed to install the circuit. Also, diagrams
are a vital part of any book, manual, or catalog describing
and explaining the functions of electrical equipment.

An electrician whose job consists of wiring residential or com-
mercial buildings relies on schematic diagrams to determine
the number and location of outlets, fixtures, and switches;
the type of devices required; and the way they should be 
connected. Operating machinery in industrial plants and pro-
tecting and maintaining this machinery is made easier by
referring to schematic diagrams. When generating, transmit-
ting, and distributing electric power, schematic diagrams are
used every step of the way—for designing, constructing,
maintaining, and repairing the equipment and system.

FIGURE 7—A series of motors are connected in the

schematic. The legend provided helps describe the

type of motor connected and the type ground.
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Schematic diagrams are also essential when producing 
electrical machines, devices, and instruments. All internal
connections can be made and components assembled by 
following the given diagrams step by step. This is equally
important whether you’re producing a small electric clock or
a large generator.

Types of Circuits
The primary job of schematic diagrams is to indicate which
devices in an electrical system are connected. As you know,
all electrical systems have one or more sources of electric
power and a closed loop of conductors. The conductor loop,
which electricians refer to as a circuit, provides the path for
electrical current to flow through the system’s devices. The
circuit must be completed, or closed, to energize these
devices. Electricians use schematic diagrams while they
check the completeness of an actual circuit.

To interpret schematic diagrams, it’s first necessary to know
what they represent. First of all, each circuit must be wired
so that it’s capable of forming a complete loop. Most circuits
contain devices that purposefully interrupt the loop. Of
course, the most commonly found loop-interrupting device is
the switch. Also, each circuit loop should be connected by
conductors to a source of electric current. The conducting
path, from the current source, may consist of one or more
conductors. There may be several devices in the same loop,
or additional loops branching off to other devices. But, for
each electrical device, it must be possible to trace a com-
pleted conducting loop back to the current source.
Electricians study schematic diagrams to be sure they’re 
connecting devices properly and when they’re checking 
previously made connections. Figure 8A shows a completely
closed circuit. Current flows from the power source, through
the circuit conductors, to the lamp, through the closed
switch, and back to the source. This type of schematic dia-
gram helps electricians check the completeness of a circuit. 
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Closed Circuits

Figure 8A shows a simple example of a completed circuit.
When a schematic wiring diagram is drawn with a closed cir-
cuit such as this, you should assume that the represented
circuit is normally energized. The source of the power pro-
duces direct current. The positive (+) and negative (-) signs
shown in the figure indicate the positive and negative termi-
nals. A conductor, or wire, connects the positive terminal to a
lamp. Another conductor, or return wire, connects the lamp
to the switch. From the switch, a conductor is connected
back to the cell. This is a closed, or complete, circuit. A com-
plete path is provided for the current flow to the lamp and
back. If the DC power source is working and the switch is
closed, the lamp will light.

If the switch is opened, as shown in Figure 8B, the circuit
isn’t complete, and current doesn’t flow. As a result, the lamp
doesn’t light. The switch acts as a simple control device that
controls the flow of current to the load. The lamp is the elec-
trical load of the circuit, or the device that uses electrical
power for a specific practical purpose. The purpose here is
illumination. The circuit in Figure 8B is an intentionally open
circuit. Recognize that the straight lines in the diagrams in
Figure 8 represent conductors. Notice also the standard 
symbol for a DC power supply, which is a set of parallel lines.
The longer line represents the positive side of the cell and the
shorter line the negative side. The lamp symbol is used for
incandescent lamps of any kind.

FIGURE 8—The schematic

diagrams shown here

demonstrate a closed (A)

and an open (B) circuit.
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Open Circuits

What happens if the lamp in Figure 8A doesn’t light up when
the switch is closed and the cell and the lamp aren’t defec-
tive? This would suggest an opening or break in the circuit
conductors. Such a circuit is a faulty open circuit, where the
break in the wire interrupts the current flow.

When troubleshooting this situation, con-
sult the schematic diagrams to trace the
wiring in the circuit. The diagram for a 
simple circuit for one lamp will look like 
the ones shown in Figure 8. When you 
suspect an open circuit, following the
wiring schematic of this circuit allows you
to readily determine where in the circuit
you should use your meter and trouble-
shoot for the break. If you find any spot
where the conducting path is uninten-
tionally broken, like the one shown in
Figure 9, the circuit is open and faulty.

Obviously, this same approach should be used when looking
for open conducting paths in much more complicated 
circuits. 

Grounded Circuits

A ground connection, or ground, occurs when part of an 
electric circuit contacts the earth. The connection can be
made directly to the earth or to a device that’s connected
with the earth. You’ve studied simple circuits supplied by DC
power sources. Since most of your experience will be with AC
circuits, we’ll shift our focus in that direction.

As you know, circuits are intentionally grounded at some
point, as shown in Figure 10A. Intentional grounds are 
represented by the standard ground symbol, which is three
parallel lines that form a triangular shape. Three broken
lines indicate a faulty ground.

If a faulty ground develops between the ungrounded, or hot,
conductor and the lead, a short circuit occurs and the over-
current protection should open or trip. However, if a faulty
ground (Figure 10B) develops between the load and the point

FIGURE 9—This schematic diagram shows a

fault or break in the wire.
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of origin of the grounded conductor, or neutral, the lamp
would still operate. Should this faulty ground develop
between the load and the switch, the switch would have no
control over the lamp.

Short Circuit
Another important check when using dia-
grams to troubleshoot faults is the check
for short circuits. A short circuit exists when
a conductor of low resistance connects, by
fault or accident, one or more conductors in
a circuit. This allows the current flow to
bypass the load. Short circuits often occur
when the conductors leading from the
source and the conductors returning to the
source come in contact before reaching the
load. In Figure 11, for example, the heavy
conductor represents a short in the circuit. Such a conductor
is in contact with the wires on the left and right, and the cur-
rent will flow through the short-circuiting conductor and not
through the lamp. This is because the conductor offers less
resistance than the lamp. Since the circuit was designed to
have a certain amount of resistance provided by the lamp,
much more current is drawn through the reduced resistance.
The high current causes heat and could burn the insulation
and cause a fire. If there’s a short circuit, the device receives
very little or no current.

If a circuit is completed without the intended load, a short
circuit results. In tracing a schematic diagram, keep in mind
that there should always be a load between the source of the
power and the return wire. 

FIGURE 10—The schemat-

ic diagrams shown here

represent an intentionally

grounded circuit (A) and

a circuit with a faulty

ground (B).

FIGURE 11—This schematic diagram shows a

shorted circuit.
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Series and Parallel Circuits

Everything you’ve learned so far about
schematics can be applied to series and
parallel circuits. As you’re aware, if such
devices are connected in series, or one after
the other, so that each unit must be passed
through when tracing the closed loop of the
circuit, the circuit is a series circuit. 
Figure 12 shows a series circuit. Four
lamps are connected in series in the circuit,
which receives the current through termi-
nals, from the power source. You already
know that the same amount of current will
flow through each part of a series circuit. In
Figure 12 each lamp is supplied with the
same amount of current, which is also the

circuit current. You also know that the sum of the voltage
drops across each circuit component is equal to the total 
circuit voltage.

When loads are connected so that the circuit may be com-
pleted through each load without tracing through the other
loads, the circuit is a parallel circuit, as shown in Figure 13.
Each lamp has its own closed loop, and the current from the
terminals must branch off to reach each lamp. Remember,
the sum of currents in all branches of a parallel circuit is
equal to the circuit current. The voltage across each of the
devices connected in parallel is equal to the terminal voltage.

One electric circuit may have many parts connected in series
and parallel. There’s no limit to combinations of series and
parallel connections. To operate properly, the circuit must,
however, be completed, through all series or parallel parts.
The amount of current and voltage for each part of a combi-
nation circuit must be calculated step by step by applying
the fundamental electrical laws.

FIGURE 12—This schematic diagram repre-

sents a series circuit.

FIGURE 13—This

schematic diagram

shows a parallel

circuit.
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Self-Check 1
At the end of each section of Reading Electrical Schematic Diagrams, you’ll be asked to

pause and check your understanding of what you’ve just read by completing a “Self-Check”

exercise. Answering these questions will help you review what you’ve studied so far.

Please complete Self-Check 1 now.

1. _______ describe the actual shape and appearance of the components used in an electrical

circuit.

2. Schematic diagrams use _______ to show electrical connections between components.

3. The symbol shown below represents a _______.

4. The circuit shown below is an example of a/an _______ circuit.

Questions 5–8:Using the figure below, match the letter in the diagram with the component

it represents.

______ 5 Lamp

______ 6. Conductor

______ 7. Power source

______ 8. Ground

Check your answers with those on page 63.

G
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SCHEMATIC DIAGRAMS OF 
SIMPLE ELECTRICAL DEVICES
Before you begin tracing more complex circuits, it’s important
to become familiar with the devices that make up a circuit.
This section takes a closer look at the components of a cir-
cuit. Electricians must learn about these before tracing
schematics. 

Power Sources

DC Sources

A source of electric current may produce direct current (DC)
or alternating current (AC). In a DC power system, the cur-
rent always flows in the same direction from the source
through the load and back to the source. The most common
sources of direct current are single-cell batteries, multicell 
batteries, and generators.

The cells produce current through chemical reactions
between the fluid (electrolyte) and plates inside the battery.
Primary cells can’t be recharged when the electrical energy
has been used up. Secondary cells may be recharged when
their capacity has been exhausted. Several secondary cells
make up a storage battery, as shown in Figure 14. Storage
batteries are used largely for vehicles and standby power

FIGURE 14—Storage bat-

teries are constructed of

multiple cells. The cells

make a recharging

process possible. 
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when the main power source has been interrupted.
The symbols for single-cell and multicell batteries are
shown in Figure 14, next to the illustration of the bat-
tery.

A DC generator is a rotating machine that produces
current by induction. Induction is caused by the rota-
tion of copper windings in a magnetic field. The field
windings must be “excited” in order for the induction
process to begin. This is accomplished by creating an
induction force using an additional winding that
causes a force to be created in the field winding. This
additional winding may be part of the generator, as in
a self-excited generator, or a separate exterior wind-
ing, as in a separately excited generator. You’ll find
the symbols for DC generators shown in Figure 15.

AC Sources

Most applications of electric power in lighting and
industry use alternating current, which changes the
direction of current flow according to the frequency of
the system. The most common frequency of alternat-
ing current is 60 hertz (Hz). Remember that hertz is a
unit of frequency equal to one cycle per second and
that the electrical current in residences (within the
U.S.) cycles at 60 Hz. If the frequency of a system is
60 Hz, the current changes direction 60 times in one
second to flow first in one direction and then in the
opposite direction. A curve that plots the values of current 
for an AC source is shown in Figure 16. It represents the
changes of current from zero to a maximum positive value
and back to zero, then to a maximum negative value and
back to zero. A similar plot can be made to represent the
voltage values produced by an AC source. If the source itself
isn’t shown in a diagram, the symbol ~ next to the supply
terminals of the system indicates that the circuit is supplied
by alternating current. Figure 17 shows examples of various
alternator symbols. 

FIGURE 15—DC generators are

used to supply direct current

through induction of internal 

copper windings.
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The alternator has the field poles mounted on the rotor. The
field poles are excited by a separate source of direct current,
which is a DC generator, called the exciter. The prime mover
turns the shaft of the alternator, which cuts the stator con-
ductors and induces an alternating voltage. This generated
voltage is then applied to the outside circuit to supply the
load current. You’ll learn more about AC sources later in this
program. However, you’ll need to be able to identify some

FIGURE 16—The graph of current shown here represents one complete cycle from an alternating 

current (AC) source.

FIGURE 17—Alternators,

or AC generators, pro-

duce alternating current.

The symbols of various

alternator types are

shown here. 
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connections of three-phase alternators. Use Figure 18 to
become familiar with the schematic symbols for three-phase
alternators. Figure 18A represents a three-phase wye, 
Figure 18B indicates a three-phase grounded neutral star
(wye), Figure 18C shows us a three-phase delta, and
Figure 18D represents a three-phase delta, dual-voltage 
alternator.

Transformers
A transformer is used when the AC voltage required by a load
is lower or higher than the voltage available from the source.
As you know, the transformer steps up (increases) or steps
down (decreases) the incoming voltage. In the transformer,
the supply voltage is applied to a primary winding, while the
load draws its current from the secondary winding. The pri-
mary winding induces an alternating voltage in the secondary
winding, which is in proportion to the number of turns in 
the primary and secondary windings. Transformers are 
constructed as single-phase or three-phase devices. 

FIGURE 18—The inter-

nal connections for

some three-phase

alternators are shown

here. These symbols

are used in heating

and air conditioning

and motor-control

applications.
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Types of Transformers

Large transformers used in transmis-
sion systems are called power 
transformers. They may step up the
voltage produced in the generator to
make it suitable for commercial trans-
mission or step down the voltage in a
transmission line to make it practical
for distribution. Power transformers are
usually installed in generating stations
and substations, mostly outdoors.
Power transformers may have radiators
surrounding the windings to distribute
heat from the transformer. The type of
cooling used in a transformer is indi-
cated next to symbols, such as OA
for oil and air-cooled and FOA for
forced-oil-and-air-cooled. 

Another type of transformer is the 
distribution transformer. The distribu-
tion transformer steps down the voltage
at various points of a power distribu-
tion system for customer-required 
voltage levels.

An autotransformer is a transformer with only one winding.
The single winding serves as both the primary and secondary
windings. Autotransformers are cheaper, smaller in size, and
practical for small differences between the primary and sec-
ondary windings. Figure 19 contains the electrical schematic
symbols used to represent transformers in both single-line
and complete wiring diagrams. Single-line diagrams show
only an electrical connection, while three-line diagrams dis-
play all connections.

Rectifiers
Sometimes it’s necessary to apply direct current to devices
for proper operation. Since electrical power is typically dis-
tributed as alternating current, it’s necessary to convert
alternating to direct current using a rectifier. A rectifier is like

FIGURE 19—Transformer symbols will be found pri-

marily in power-distribution circuit diagrams. Both

single-line and complete diagram symbols for

transformers are shown here.
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an electric valve because it allows current
to flow in one direction but suppresses cur-
rent flow in the opposite direction. When
alternating current is applied to a rectifier,
the output is pulsating direct current.

Various types of rectifier units are used in
electrical applications. They can be gas-
filled tubes with a solid metallic cathode
and an anode. Other rectifiers are made of
semiconductor materials such as silicon,
selenium, and germanium. The standard
electrical symbols for rectifiers are shown in
Figure 20.

When referring to a schematic that contains
rectifiers, or diodes as they are sometimes
called, remember that current flows against
the direction of the arrow, but can’t flow in
the direction of the arrow. 

Refer to Figure 21. As an electrician, you may be required to
install a low-voltage lighting system with two remote switches
and one master switch. Following the rule that current can
flow only in the opposite direction of the arrow of the rectifier,
you can see how an arrangement of rectifiers might be used
in designing a low-voltage control system. 

Motors
Electric motors are rotating machines that use the effects of
induction to transform electrical energy into mechanical 
energy. When a motor is energized by an electric circuit, the
shaft turns. The mechanical power output of a motor is
measured in horsepower. The input is measured in amperes.
Both DC and AC motors are available in industry. 

FIGURE 20—The symbols for four tube-style

rectifiers are shown here.
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DC Motors

Motors powered by direct current are constructed and 
internally connected in the same way as DC generators
requiring field excitation, as previously described in the gen-
erator discussion. Types of motors include shunt, series, and
compound-wound excitation. The symbols for DC motors are
listed in Figure 22.

In a series motor, current passes through both the armature
(the rotating part of the DC motor) and the field or stationary
windings of the motor. Shunt motors divide this current
between the two. The compound motor combines characteris-
tics of both the series and the shunt motors. 

FIGURE 21—The example of a rectifying circuit shown here rectifies alternating current to half-wave

direct current.
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AC Motors

The armature windings of most AC motors are on the stator.
The rotor is the rotating windings in an AC motor. There are
basically two types of AC motors: induction and synchronous.

Later in this program, you’ll learn more about how the
motors are used in various systems. Figure 23 shows 
some symbols used to represent types of induction and 
synchronous motors.

FIGURE 22—These sym-

bols are used to indicate

the type of DC motor in a

schematic diagram. Both

single-line and complete

diagram symbols for DC

motors are shown here.

FIGURE 23—Contact 

symbols and coil identifi-

cations for various relay

configurations are shown

here.
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Electrical Control and Protection
Devices
As you know, the most commonly encountered electrical con-
trol device is a manual switch. However, a manual switch
doesn’t offer sufficient circuit protection because it operates
only when a human acts on it. Electrical systems and equip-
ment are protected from overload-caused damage by fuses,
circuit breakers, temperature switches (actuated by thermal
releases), and magnetic switches (activated by relays). 

In addition to overload protection, electrical equipment must
have other protection. Equipment must be protected from
underload, overvoltage, reverse current, reversed phases, and
voltage surges.

This unit’s next section contains the schematic symbols for
control and protection devices including switches, fuses, cir-
cuit breakers, lightning arrestors, relays, resistors, inductors,
and capacitors. Also included with the symbols are brief
descriptions of the function and normal operation of each
device in a circuit.

Switches

An electrical switch is a device that opens and closes to con-
trol the flow of current in a circuit. Switches may be operated
by temperature, flow, relay, or by manual means. Electricians
need to be able to identify switching devices in every type of
circuit. The schematic symbol for a switch indicates what 
initiates the action of that particular switch.

A manual switch is opened and closed by human force. The
poles of a manual switch are equal to the number of contacts
included in the switch. For example, a single-pole switch
opens one conductor in the circuit. The throw indicates how
the switch operates. A single-pole single-throw switch, for
example, has one set of contacts and one current-conducting
(closed) position. The flow of current through a single-throw
switch can occur only in this one position. A double-throw
also has two current-conducting positions; however, they
each allow current to flow in one of two directions. The 
symbols for four common manual switches are shown in 
Figure 24.
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Other types of manual switches used in industrial and 
heating applications are disconnect switches, push-button
switches, thermostats, and pressure switches. Disconnect
switches are used to open and close current flow from the
main source of power to the circuit. The symbol for a three-
pole disconnect switch is shown in Figure 25. The push-
button switch is used to open and close a set of contacts by
pressing a button. The symbols for the normally closed (NC)
and normally open (NO) push-button switches are shown in
Figure 26A and B respectively.

FIGURE 24—The switches

shown in this drawing are

manually operated.

FIGURE 25—Disconnect switches are used 

primarily in industrial applications. The three-

pole disconnect switch shown here opens or

closes current flow through three sets of 

contacts.
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Traditional bimetallic-element thermostats are mechanically
operated switches used in most temperature-control systems.
Thermostats are considered to be mechanically operated
because the temperature-sensitive element causes the con-
tacts to move through a mechanical linkage. Heating and
cooling thermostats are two types of thermostats. The heating
thermostat opens on a temperature rise and closes on a tem-
perature fall. The cooling thermostat closes on a temperature
rise and opens on a temperature fall. Figure 27 shows the
electrical symbols for each type of thermostat.

FIGURE 26—A normally

closed push-button

switch, shown in (A),

remains in the closed-

circuit position until the

operator of the device

manually depresses the

button to open the cir-

cuit. The switch shown in

(B) requires the operator

to press the push button

to close the circuit.

Unless otherwise indict-

ed, schematics represent

a switch in its normal

position.

FIGURE 27—The two

thermostats shown in

this drawing represent

heating and cooling

devices. The metallic 

element shrinks in cooler

temperatures, which

explains the contact con-

nection and location for

both thermostats.
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Modern control circuits use pressure switches for various
applications. The pressure switch opens or closes the circuit
based on a change in pressure. Two symbols used to 
represent pressure switches are shown in Figure 28. In a
schematic diagram, there are letter designations assigned to
the symbols to indicate the pressure range and purpose of
the pressure switch.

Fuses and Circuit Breakers

Fuses are the simplest kind of overload device. Fuses
are made of a piece of metal with a certain ampacity. If
the designed ampacity of the fuse is exceeded, the fuse
will break the circuit. The symbols used for fuses are
shown in Figure 29.

A circuit breaker is a device designed to open the circuit
when it’s exposed to a current overload or if the circuit
is shorted. The circuit breaker will open on an overload
and must be manually reset. A thermal release breaker
responds to higher temperatures caused by an over-
load current. When the breaker’s temperature becomes
great enough, an internal bimetallic element causes the
breaker to open.

FIGURE 28—The pressure

switch shown in (A) is

designed to open the cir-

cuit when the pressure

rises. A decrease in 

pressure causes the

switch in (B) to open.

Both switches 

represented are normally-

closed types.

FIGURE 29—Fuses are used to

prevent large overloads. This

shows two common symbols for

fuses. 
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Some large breakers are activated by a magnetic release.
They’re usually rated at high voltage and found in outdoor
and indoor installations. If the current is high enough to
cause a strong enough magnetic field, the magnetic force
opens the breaker. Figure 30 displays the symbols for the
breakers.

Lightning Arrestors

High-voltage surges caused by lightning may damage equip-
ment unless a lightning arrestor is used on the installation.
The lightning arrestor may be installed indoors or outdoors
and must be properly grounded. An essential part of the
lightning arrestor is the spark gap, which breaks up the volt-
age surge. The arrestor allows the resulting current to bypass

FIGURE 30—The type of application in which the circuit breaker is used determines which symbol is

used. The general symbol is used primarily in single-phase panel box schematic diagrams.
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the equipment and flow to ground through a low-resistance
path. Figure 31 contains the symbols for common lightning
arrestors. Note that each symbol includes a space or “gap”
between the two sides of the circuit. 

Relays

The purpose of relays is to open and/or close sets of asso-
ciated contacts. Figure 32 shows various relay symbols
used in both electronic and electrical circuit schematics.
The coil that controls the contacts is usually shown as a
circle with a letter or letter designation in the center. Keep
in mind that the coil and its associated contacts may not
be, and in fact, are usually not in the same location in the
circuit diagram. Often, the coil is in a lower-voltage control
circuit, while its associated contacts are used to make or
break a circuit in a higher-voltage circuit. However, the 
contacts will always be tagged to indicate which relay coil
controls them.

Resistors

Resistors and rheostats are used to limit and control DC and
AC circuits. As you know, resistors are devices that resist the
flow of current. They vary greatly in size and shape from
small components found in electronic circuits to large resis-
tive-element heaters. A rheostat is a variable resistor that
provides different resistance values according to connections
of the contacts.

Resistance devices are applied in heaters, toasters, stoves,
ovens, motor starters, controllers, lamp dimmers, and other
current-controlling devices. Figure 33 shows some symbols
used to indicate these resistors in electrical schematic 
diagrams. Note that the symbol for the variable resistor 
(rheostat) includes a diagonal arrow across the symbol.
Generally, this feature always designates some type of 
variable adjustment in a device.

FIGURE 31—Lightning

arrestor symbols can be

found in power-distribution

diagrams for commercial

applications.
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FIGURE 32—Machine

schematics for industrial

equipment will contain

many of the relay 

symbols shown in the

drawing.
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Inductors

An inductor is an electrical device that transfers a magnetic
or electrical force from a device that’s carrying current to a
nonenergized body. Figure 34 shows the common symbols
used for inductors.

Capacitors

Many AC circuits use capacitors, which are electronic devices
that first store and then release electrical power. Symbols of
basic capacitors are shown in Figure 35. 

Now take a few moments to review what you’ve learned by
completing Self-Check 2.

FIGURE 33—The 

rheostat is simply a

variable resistor. Its

resistance is deter-

mined by the amount

of material across the

contacts.

FIGURE 34—These symbols represent inductors

but don’t indicate the number of turns contained

in the device.

FIGURE 35—This shows the common capacitor

symbols that you’ll encounter in schematic

diagrams.
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Self-Check 2
1. A(n) _________ __________ switch has only one current-conducting position.

2. What type of switch is shown to the right? ___________

3. Magnetic ________ protective devices rely on a magnetic field to prevent

circuit overloads.

4. A(n) ________ is a variable resistor.

5. Write the appropriate name for each of the symbols shown in the figure

below.

a. _______ c. _______

b. _______ d. _______

Check your answers with those on page 63.
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USING SCHEMATICS
Think of a schematic diagram as just another tool used when
installing and maintaining equipment and circuits. In order
to use any tool, you must know what it’s used for and how to
use the tool properly. You should know what the schematic
diagram can do for you in the electrical task ahead and you
must know how to read the schematic. In previous sections
of this unit, you’ve been introduced to some of the symbols
more commonly found on electrical schematic diagrams.
You’ll now learn some of the techniques you’ll use to put the
schematic to work for you.

Why Use the Schematic Diagram?
Schematic diagrams may be used in both the installation and
the troubleshooting of electrical circuits and systems. When
using the schematic diagram as a reference tool in the instal-
lation and troubleshooting of circuits, the electrician must
know how to locate the physical device with the symbol
shown on the schematic diagram. The electrician must also
know if the symbol shown in the schematic is controlled by a
device in the circuit, if the controlling device is actually out-
side of the circuit, or if the schematic-represented device 
is a stand-alone component in the circuit. The only way to
determine these things is through knowledge and experience
in working with schematic diagrams. Figure 36 shows a 
simple schematic diagram for a fan motor. If you needed to
determine why the motor wouldn’t run and a schematic 
wasn’t available, you could make various voltage checks
starting at the motor. In this way, you might possibly find the
problem through trial-and-error procedures. Unfortunately,
this requires checking the energized circuit, since you’re
looking for an interruption in the flow of current, thus 
exposing yourself to electrical shock hazards. Using the
schematic diagram as a tool, you can identify the intentional
circuit-interrupting devices, the conductors they interrupt,
the conductors’ association with the circuit, and finally check
their operation or status using a continuity tester.
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What the Schematic Diagram Provides
Keep in mind that the conditions shown in nearly all
schematic diagrams indicate a circuit with no current flow,
unless otherwise stated on the schematic diagram. No matter
how complex the schematic may appear, electrical circuits
are nothing more than the intentional opening and closing of
conductors, causing the intentional interruption and flow of
current to a load. Contacts, such as those on switches,
shown as being open in circuits require some type of energy
to cause them to connect, while contacts shown connected
require some type of energy to cause them to open. The dia-
gram tells the electrician where the energy must come from
to either open or close the contacts. If the schematic diagram
indicates that the energy must come from a relay, by labeling
contacts with identifying tags such as 1M1, 1M2, 1M3, and
1M4 as shown in Figure 36, then the electrician must locate

FIGURE 36—This is the schematic for a fan in an air-conditioning system.
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the coil 1M on the schematic. Should the coil not be part of
the circuit being analyzed, which is common, the coil must
be shown somewhere on the schematic or its location other-
wise indicated. In Figure 36, coil 1M is located on the same
schematic, but isn’t part of the high-voltage section of the 
circuit. Without the schematic diagram, it would be very 
difficult to determine what energy causes the normally open
contacts 1M1, 1M2, 1M3 and 1M4 to close. 

Applying the Schematic Diagram as a
Tool
Suppose that as service electrician you’re called to service the
fan motor shown in Figure 36. You’re told there’s a problem
with the operation of the fan motor. When you get to the
location, no one seems to know what the problem is except
that the operator has been complaining. You initially survey
the situation and find the fan motor running, with no 
apparent problems. However, when you locate the stop/start
station, you find that the start button is held in the closed
position with a piece of tape. You remove the tape from the
start button and the motor stops. When you press the start
button again, the motor immediately starts, but again stops
as soon as you release the button. Obviously neither the
operator nor a piece of tape should be required to keep this
motor running. Your first tool to apply to this problem should
be the schematic diagram representing the fan and its 
associated circuits. A quick reference of the overall schematic
diagram shown in Figure 36 tells you that there’s nothing
apparently wrong with the higher-voltage section of this cir-
cuit (because the fan runs). You deduce that the problem
must exist in the control circuit. 

You turn your attention away from all the devices located
between the line conductors and the motor and focus only on
the control circuit schematic diagram, as shown in Figure 37.
The schematic diagram immediately tells you that current
does flow to coil 1M when you depress the start button, but
interrupts when you release the button. Again, the schematic
diagram shows that to be the correct sequence, so you may
now rule out a defective stop or start button. What catches
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your attention (or should), is contact 1M4, which is referred
to as a latching contact. It allows coil 1M to stay energized
once the start button is released. The problem is now identi-
fied as either a defective set of contacts (1M4) or breaks in
the conductors leading to and from 1M4. You may now put
your other tools to use in repairing this problem, a problem
determined and localized by the schematic diagram.

Doorbell System
Many times electricians must answer service calls for their
company on warrantied residential jobs that were installed by
other electricians in their company. The electrician must
respond to the customer as a company representative and
address the problem as professionally as possible. In such
situations, it’s in the best interest of the electrician to equip
himself or herself with the original wiring diagram of the 
residence. The diagram is used as a reference when locating
wiring problems at the site. Figure 38 represents one 
example of a residential wiring diagram. You’ll notice that the
doorbell push-button controls are located at the front and
rear doors. However, the electrician can’t expect the wiring
diagram to identify particular wiring schemes within that 
residence, such as alarm systems, refrigeration controls, and
other signal or control circuits. 

FIGURE 37—Control Circuit for Fan Motor
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One such problem the customer may have is that 
neither doorbell button activates the chime. The electri-
cian may be required to draw a simple schematic of the
electrical components shown on the floor plan that apply
to this circuit. The doorbell chime schematic for this
particular residence may look somewhat like the one
shown in Figure 39. From this simple schematic, the
electrician could systematically troubleshoot the circuit,
going from one device to the next until the problem was
located. In this particular problem, the customer 
complains that neither button activates the chime. 
The electrician would probably not be concerned with
checking the operation of the buttons since chances are
slim that both buttons would be defective, but would
start with voltage checks and proceed according to the
schematic until the problem was located. 

FIGURE 38—Wiring Diagram with Door-Chime Push-Button Switches

FIGURE 39—Door-Chime

System
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Fire Alarm System
Fire alarms are devices used to help prevent loss of life in
case of fire. Homes and businesses have fire alarm systems
installed to meet the local zoning requirements and to reduce
the building’s insurance costs. Security companies often
install complex systems in businesses and large estates.
Even if you don’t work for a security company, however, you
may need to troubleshoot a residential alarm system.

The wiring plan in Figure 40 uses symbols to show the loca-
tion of the smoke detectors and fire alarm bell. The smoke
detectors are used to activate the system when any one of
them senses smoke. The smoke detector detects fire. The fire
alarm bell is used to alert the people in the house that there’s
a fire. Figure 41 shows other symbols used to describe fire
alarm system components in blueprints. Note that devices
similar to smoke detectors are installed to sense excessive
heat.

FIGURE 40—This shows the wiring plan for the first floor of a home. It contains the number of hard-

wired alarms and alarm devices. This system was installed according to the local fire hazard codes,

which may vary from city to city.
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Figure 42 shows the single-line schematic diagram for the
fire alarm system previously shown in Figure 40. The smoke
detectors are connected in parallel to each other and in series
with the alarm bell. The detectors can be considered normally
open, single-pole single-throw switches, as shown in 
Figure 43.

Should any one of the detectors sense smoke, current sup-
plied by a transformer runs through the circuit and the
alarm bell. The switches are normally open. Switches close
when their sensor detects the presence of smoke. The 
switches are in parallel because if any of the detectors close,
the circuit becomes closed and complete. The bell will then
sound until the sensor doesn’t detect smoke or the system is
reset.

FIGURE 41—Four common symbols for

fire alarm systems are the fire alarm

horn, fire alarm bell, high temperature

alarm station, and smoke detector

FIGURE 42—The schemat-

ic diagram for this fire

alarm system shows

seven smoke detectors

and one alarm bell. 
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Refrigeration System Control
People living in a place where the climate is hot and humid
can appreciate a good air-conditioning system. The air-
conditioning system is made of several electrical and
mechanical devices designed to remove heat from living
areas. As an electrician, you may be asked to look at an 
air-conditioning system to help troubleshoot a problem.
Electricians won’t normally repair problems with a mechani-
cal component. However, after studying a schematic diagram,
electricians should be able to anticipate how the system’s
controls and components interact. This section of your 
study unit helps electricians trace a complex circuit of a
reciprocating air-conditioning system, starting with a
schematic in Figure 44. Note that the schematic shown in
Figure 44 represents the circuit in its de-powered state 
(temperature controller is open) and therefore shows all 
contacts in their normal position. The figures which follow

FIGURE 43—The diagram

shown here replaces the

smoke detectors in

Figure 42 with 

electri-cally equivalent 

single-pole single-

throw switches.

FIGURE 44—The schematic diagram shown here is for a basic air-conditioning control system. The

compressor is currently off. 
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represent portions of this circuit as they’re powered but
aren’t typical of schematic diagrams you’ll work with, as they
show the circuit in something other than its normal state.

Normally, you should start tracing the circuit at the power
source. In this example, the power source is the control power
transformer. The transformer’s primary windings receive
power from a fused disconnect device which isn’t shown here.
If the temperature controller closes, it provides power to the
control relay coil. The control relay then moves to the closed
circuit position, which opens the normally closed liquid valve.
Note that the flow of current through the control relay
depends on auxiliary contact 2 remaining in the normally
closed position. Also, note that all of the auxiliary contactors
are wired to their respective device’s motor control relay.
When the motor is energized, the parallel-wired contactor
closes, remaining closed for as long as the motor is running.
Figure 45 shows an isolated schematic of the first portion of
the control circuit. 

FIGURE 45—The 

temperature controller is

a normally open thermo-

stat that measures either

the air temperature or the

fluid temperature. 
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It’s important that you recognize the fan is externally pow-
ered and controlled. In Figure 45 it’s on. Control power 
(bottom right of Figure 45) then flows to a condenser pump
as the control relay energizes and closes. The normally open
auxiliary contactor AUX. 3 closes and completes a path to the
cooling-tower fan. Figure 46 shows the isolated circuit.

When AUX.3 is closed, power is supplied to the cooling-tower
fan if the circuit is completed through the closed condenser
water temperature control. The condenser water temperature
control is a thermostat. The fan control is wired so that the
temperature control, and the water pump, concurrently start
and stop the fan. Figure 47 shows the flow of current
through the fan’s auxiliary contactors (AUX. 4). Remember
that each auxiliary contactor is wired in parallel with the
respective equipment’s motor controller. The contactor is
energized whenever the connected motor is powered. 

FIGURE 46— The current

flows through the control

relay’s contacts to the

pump. The normally open

auxiliary contactor closes

when the pump is 

energized.
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The final device connected in the control circuit is the com-
pressor. The power then flows through the high and low
refrigerant pressure controller (RPC) and the oil pressure 
controller (OPC), starting the compressor. The auxiliary 
contactor AUX. 5 for the compressor is connected in parallel
to the control relay contacts, as shown in Figure 48. This
allows the OPC and RPC to keep the compressor running
long enough to pump out remaining refrigerant once the 
temperature control opens. Figure 49 shows the circuit 
diagram for this condition.

FIGURE 47—The fan is

connected so that it’s

concurrently controlled 

by the temperature 

controller and the 

water pump’s auxiliary

contactor.

FIGURE 48—The auxiliary contactor, AUX. 5, closes when the compressor is energized. The entire con-

trol circuit is closed and power is flowing through all of the devices.
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The compressor de-energizes when the pressure inside the
compressor is low enough to open the controller RPC. This
condition allows the fan to run to blow cool air to the desired
location. If the temperature controller closes, the process
starts all over again. 

The pressure switches and temperature controls are very
important to the function of this circuit. The pressure 
switches or controls determine the operation of the compres-
sor. If one of these switches fails, you may experience two
problems. The first is that the compressor motor will burn up
if the controller RPC is stuck closed. Secondly, if the con-
troller RPC is stuck open the compressor will never run, and
the cooling fan will blow warm air.

Congratulations! You’ve just traced a refrigeration control
system. The next section of this text covers motor control
schematics, an introduction to ladder-type diagrams, and
power distribution schematics.

Now take a few moments to review what you’ve learned by
completing Self-Check 3. 

FIGURE 49—The RPC and OPC controllers allow the compressor to discharge the remaining coolant

until the preset pressure value for the pressure controller RPC is met.
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Self-Check 3
1. _______ contacts are open when a system is de-energized.

2. You should think of a schematic diagram as another _______ required in the installation and

maintenance of equipment and circuits.

3. _______ or _______ detectors are the part of a fire-alarm system capable of activating an

alarm.

4. In responding to residential, warrantied call backs, the electrician should equip him or herself

with the original _______ _______.

5. Normally, what’s the first schematic symbol to identify when tracing a schematic diagram?

__________________________________________________________

Check your answers with those on page 63.
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MOTOR CONTROLS
Depending on the type of work they per-
form, electricians encounter many different
types and sizes of motors. In industrial and
commercial installations, where large
motors are often found, it’s necessary to
power each motor with a separate circuit.
Small motors, such as the ones used in
fans and household appliances, may be
plugged into convenience outlets without
any special protection.

Three-phase AC motors are usually pow-
ered by circuits that are supplied by a
three-phase power distribution panel. The
panel provides three-wire circuits for
motors and three-phase motor circuits.
Figure 50 shows a panel that distributes
power to four three-wire circuits. The main
power source enters at the bottom center of
the panel. Two of the four circuits are con-

nected to the panel. Circuit overcurrent protection isn’t
shown but is assumed.

Motor Controllers
A motor starter is necessary to provide a safe environment for
the motor to start. If a starter contains a circuit that controls
the speed of the motor, it’s called a controller. The method of
controlling motor speed depends on motor type.

Common types of motor controllers include the faceplate,
drum, and magnetic contactor controller. A faceplate 
controller has a number of resistors arranged so that they 
can be included in the motor circuits as needed. A drum 
controller has rotating contacts, which connect various 
resistors arranged in a drum. Magnetic contactors automati-
cally open and close circuits when their coil is energized. The
contactors may be normally open or normally closed.

FIGURE 50—The power distribution panel is

used to provide and isolate power for use in

AC motors.
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Protective devices are an important part of motor control.
Devices such as overload relays, low-voltage protection
devices, and low-voltage release devices are used to protect
the motor. An overload relay will open the contactors in
motor circuits when the current is too high. Low-voltage pro-
tection devices prevent the motor from starting as long as the
full rated voltage isn’t available. The motor must be restarted
when a low-voltage protection device has done its job. A 
low-voltage release device will disconnect the motor from the
circuit during a drop in voltage. The motor will start auto-
matically with a low-voltage release when the normal voltage
returns.

Types of Motor Control
Motors can be controlled manually or with electrical devices.
Manual control requires an operator to start each stage of the
controlling procedure. A semiautomatic motor control requires
the operator to initiate the control circuit by pushing a 
button. The control then proceeds automatically with a 
preset plan of control. An automatic control doesn’t require
an operator because it’s started and stopped by a pilot
switch. Typical pilot switches are pressure switches, floating
switches, or thermostats.

Diagrams of Push-Button Control Circuits

Three-line and single-line diagrams best describe push-
button motor control circuits. A three-line diagram shows
more detail for making initial connections or tracing a fault in
the control circuit. It shows the devices in symbol form and
indicates the actual connection of devices and wires. Single-
line diagrams use the same symbols as a three-line diagram
to represent the devices, but show the connections with one
line. Single-line diagrams are simple and can be quickly 
constructed.

The diagrams in Figure 51 show a basic motor control cir-
cuit. They don’t show the motor starter, speed controller, or
braking devices. Let’s start with a description of Figures 51A
and B. Figures 51C and D are modified versions of these two
circuits. They’re discussed under the next heading.
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Figure 51A shows a three-line diagram for a motor control
circuit. Figure 51B shows the single-line diagram.

In Figure 51A, L1, L2, and L3 indicate the three-phase sup-
ply lines, and the motor terminals of motor M are labeled T1,
T2, and T3. Each line has a thermal overload protection
device (OL) connected in series with the normally open set of
contacts C1, C2, and C3. Starter coil C controls these sets of
contacts. Each contactor has a pair of contacts that close or
open during operation. The control station at the bottom of
Figure 51A consists of a start push button and a stop push
button and is connected across the lines L1 and L2. A sec-
ondary, or auxiliary, contact C4 is connected in series with
the stop push button and in parallel with the start push but-
ton. The control circuit has an overload contact OL connected
in series with the starter coil C. Pushing the start button
allows current to flow through the coil C. The line contactors
C1, C2, and C3 close when the coil C is energized and the
circuit to the motor terminals is complete.

L1

L2

L3

C1

C2

C3

OL T1

T2

T3

OL
C4

C4

L1 L2

OL

L1

L2

L3

C1

C2

C3

OL T1
T2

T3

C4

OL C4

L1
L2OC

T2

FIGURE 51—The schematic diagrams for a push-button control circuit are shown in three-line diagrams

(A and C) and single-line diagrams (B and D).
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When the stop push button is pressed, the circuit opens and
the coil C is de-energized. When the coil is de-energized, the
interlocking contact C4 opens and the motor stops. 

The same connections are represented in Figure 51B by a
single-line diagram. In practice, the two main lines L1 and L2
are drawn vertically, and a horizontal line is used to connect
them. This represents the control circuit with a control 
station. In this diagram, the control station consists of two
push buttons, a secondary interlocking contact, the normally
closed contact OL, and the starter coil. The diagram
describes the situation when the control circuit isn’t ener-
gized and the normally open contacts are open. As you can
see, there isn’t a complete path for current until the start
button is pushed. Always read the diagram from left to right,
or from L1 to L2.

When the start button is momentarily pressed down, the
path is complete from L1 through the control circuit to L2.
The current will flow through this circuit and energize coil C.
Coil C closes the auxiliary contact C4. Once the coil is ener-
gized and the auxiliary contact is closed, the start button
may be released. Contact C4 interlocks, seals, or latches the
circuit and keeps it closed as long as the coil is energized and
the stop button isn’t pressed.

Modifying the Push-Button Control Circuit 

The control circuit shown in Figure 51A may be modified as
shown in Figures 51B and C.

Figure 52A shows connections required if the motor is to 
be started and stopped from separate control stations. The
additional station must be connected in a special way. The
second station’s start button must be connected in parallel
with the original start button. The additional station’s stop
button must be connected in series with the original, as
shown in Figure 52A. The auxiliary contact must also be in
parallel with the second start button. 
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For three control stations, there should be three start but-
tons in parallel with the auxiliary contact and three stop 
buttons in series. In general, any device connected in the
control circuit to start the motor must be connected in 
parallel with the start button and be normally open. Every
device that stops the motor must be in series with the stop
button and be normally closed. By adding the elements to 
the circuit in this manner, a complex control circuit is 
constructed.

Figure 52B shows another way to modify the control circuit
by adding a control relay and a jog button. Jogging circuits
are used when equipment or motors need to be operated
momentarily for inching. The jog circuit allows the starter to
be energized only as long as the jog button is depressed.

FIGURE 52—This shows diagrams for a motor with two control stations.
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Reversing Motor Direction
Figure 52C shows the control-circuit design for reversing the
motor direction as well as starting the motor. A reverse-start
button with its interlock contacts, normally closed contacts,
and reverse-contact coil must be to the basic forward control
circuit.

The reverse-start button is a starting device that must be
added in parallel with the original forward-control start but-
ton. The reverse-start button is connected so that the same
stop button can stop both the forward and reverse rotation of
the motor. 

When the forward-start button (FC) is momentarily pressed,
the forward coil FC is energized and closes the normally open
contact FC1 and opens the normally closed contact FC2 in the
reverse control circuit. The open contact FC2 in the reverse
control circuit makes sure that, even if the reverse start-
button is pressed, the reverse circuit will remain open and
not activate. 

After the stop button has stopped the motor and FC2 returns
to their normally closed position, the motor may be started in
the reverse direction by pressing the reverse-start button
(RC). This action energizes the reverse coil RC, which keeps
the normally open contactor RC1 closed and the normally
closed contactor RC2 open, so that the motor can’t be started
in the forward direction. Figure 53 shows the schematic for
reversing motor control system.

Control of Two Motors
The schematic diagram in Figure 54 shows the basic compo-
nents of a control circuit for two motors. In this circuit
design, the first motor must be already running before the
second can be started. Both motors will stop at the same
time. Basic control circuits for each motor are connected
between lines L1 and L2.
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FIGURE 53—The reverse control circuit contains two contactor coils that determine the motor’s

direction of rotation. The wiring diagram (A) and the single-line schematic diagram (B) show the 

connection and placement of each device for the reverse control circuit.

FIGURE 54—This shows a

schematic diagram for

two motors with a con-

trol system that prevents

the second motor from

starting unless  the first

motor is running.
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When the first start button closes the control circuit of the
first motor, its control coil C1 closes not only the interlock
contacts C1 in the first control circuit but also the normally
open contact C1 in the control circuit of the second motor. If
the start button for the second motor is now pushed, it ener-
gizes the coil C2 and closes the normally open contact C2 in
the second control circuit. The second motor is prevented
from starting when its own start button is pressed unless 
the first motor is already running. Now, both motors will run
until the stop button in either control is pressed. Both
motors can be stopped at the same time by using either stop
button.

Automatic Control Circuit
When fully automatic motor control is
required, two pilot switches, PS1 and PS2,
are connected into the basic control circuit,
as shown in Figure 55. The pilot switch
may be a floating, pressure, or time switch.
The pilot switch will close automatically
when a preset condition occurs. For the
floating switch, a certain level of liquid 
closes the switch. The pressure switch 
closes when a certain value of pressure is
obtained. The timer switch closes when a
preset time interval has elapsed.

At a preset condition, the automatic starting switch (PS1)
closes the control circuit, the coil C is energized and closes
the interlock contactor C. The automatic stopping switch
(PS2) is normally closed and opens automatically at a preset
condition to stop the control circuit. Note that the circuit can
also be controlled with the manual start or stop switch.

FIGURE 55—The automatic switches shown in

this diagram are used as pilot switches for the

control circuit. Pilot switches take over the

decision-making process of the circuit.
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Controllers for DC Motors
By varying the applied voltage, the speed of a DC motor may
be controlled. Faceplate or drum controllers cut the resist-
ance in or out as needed. Controllers are connected to the
control circuits, and any number of combinations can be
made to achieve the desired control. 

One adjustable voltage speed control is the Ward Leonard
system. It uses three rotating machines, as shown in the
block diagram in Figure 56. The source of power may be an
AC three-phase source energizing an AC motor. The AC
motor turns the controlling generator and exciter shafts. An
adjustable resistor (field rheostat) is connected with the field
of the controlling generator and controls the output voltage of
the generator. This voltage is applied to the terminals of the
controlled DC motor and causes speed variations of the
motor. 

Note that the block diagram represents the electrical connec-
tions with solid lines, without showing the details of how and
where these electrical connections are made. When a piece 
of equipment acts physically (rather than electrically) on
another object represented in the diagram, they’re joined with
a dashed line. In this case, for instance, the AC motor drives
both the generator and exciter.

FIGURE 56—The Ward Leonard system of speed control is a commonly used voltage speed control 

system. The block diagram for the system contains three rotating machines to obtain a desired motor

speed.
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Motor Control by Magnetic
Amplifier
Figure 57 shows another method of speed
control in DC motors that utilize magnetic
amplifiers. A magnetic amplifier is a 
saturated-core transformer with three legs.
The central leg carries a winding energized
by a controlling direct current, and the
outer legs carry windings energized by 
alternating current. If the amplifier is 
operated with a highly saturated core, a
small change in DC power has a large influence on the flow
of the AC power, and the result is a large output of AC
power.

Figure 58 shows the motor connections when a magnetic
amplifier is applied for speed control of a DC motor. Should
your responsibilities include servicing equipment such as 
elevators or steel mill rollers, you’ll encounter these systems.
The magnetic amplifier 1 is energized from an AC source 2.
Its output voltage is rectified by the rectifier bridge 3 and
applied to the armature 4 of the DC motor. Field 5 of the
motor is energized through rectifier 6, which receives the AC
voltage from the transformer 7. The same transformer pro-
vides voltage for the rectifier bridge 8, which energizes the

FIGURE 57—Magnetic amplifiers increase the

power supplied to motors by a change 

FIGURE 58—The motor

control circuit shown here

uses a magnetic amplifier

to vary the voltage 

supplied to the motor’s

armature.
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control winding 9 of the amplifier with rectified current, or
DC current, through a variable resistor 10. Small changes in
the resistance change the direct current in the control field.

The changes of direct current cause amplified changes in the
amplifier output voltage. Since this voltage is applied to the
motor, the motor speed is controlled by the change of voltage.

Magnetic amplifiers lend themselves to automatic-control use
because they require little maintenance and have no moving
parts.

Ladder Diagrams
The use and programming of motor controls has evolved as
technology has improved. Later in this program, you’ll learn
about programmable logic controls, commonly known as PLCs.
There are computer programs that engineers and motor con-
trol specialists use to diagram these controls. The standard
ladder diagram is used to clearly illustrate how the control
devices work to regulate outputs based on specific inputs. 

Many of the circuits you’ve studied so far in this study unit
have been drawn as ladder diagrams. The primary path is
always shown in rung #1, the top rung, as indicated by
Figure 59. The primary device in this circuit is the alarm
horn which sounds when the temperature switch THS1 
closes. This is actually a silencing circuit that will silence the

FIGURE 59—This ladder diagram represents an alarm circuit that signals when a high-temperature

condition exists.  
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horn and still allow the alarm light (B1) to glow as long as
THS1 is closed. Ladder diagrams are always drawn to show
that the lower rungs affect the rungs above them. 

Electrical Power Distribution
An electric power system consists of several systems, all of
which contribute to the distribution of usable power. The
main parts of the power system are the generating, 
transmission, and distribution systems. The flow of power
from generation to utilization is illustrated in a single-line
diagram in Figure 60.

FIGURE 60—A schematic

diagram like the one

shown here can represent

a large portion of a power

system consisting of hun-

dreds of devices. 
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The voltage is generated in one or several generators, such as
the generator 1 located in the generating station. The voltage
is then stepped up by transmission transformer 2 to a very
high value that’s ready for transmission. The generator cir-
cuit breaker 3 is used to protect the conductors from the
transformer to the busbars. The transmission line 4 carries
the high voltage from the generator bus 5 in the station to
the high-voltage bus 6 in a substation. The line is protected
by the circuit breakers 7. Voltage is stepped down before
entering a substation system by a bulk-power substation.

The circuit breakers shown on a power distribution may be of
several different types of trip mechanisms depending on 
voltage levels. 

Distribution Substations

Distribution systems provide the link between high-voltage
transmission or substation systems and the consumer of
electric power. Key points of distribution systems are the 
distribution substations, which contain transformers and the
switchgear delivering the needed low-voltage power.

Electricians certified for high-voltage work must become
familiar with a different set of schematic symbols. On-load
tap changers, metering devices, high-voltage relays, and other
devices are represented on the schematic diagrams they use.

Rural Substation

The main types of substations, classified according to their
purposes, are the rural, industrial, and DC substation. The
one-line schematic diagram shown in Figure 61 could 
represent one of many rural substations throughout any
power distribution system. Its symbols are not unlike stan-
dard symbols used in any other one-line diagram with the 
exception, perhaps, of the current transformer. However, the
three-line schematic may appear much different because of
the unique symbols used to represent various types of high-
voltage switching and circuit protection. 
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Industrial Substations

An industrial substation is usually located near an industrial
plant or within the plant itself. Figure 62 introduces other
specialized symbols associated with industrial substation
power distribution. The pothead symbol represents a terminal
that is used on high-voltage systems. It’s a flared, pot-
shaped, insulated fitting used to connect underground cables
to overhead lines in these industrial substations and other
locations.

Figure 63 shows a one-line diagram for a DC system that
receives AC voltage at a high level (13.8 Kv) and reduces it to
a lower (550 volts) DC voltage level. The symbol number 11
provides AC voltage to the substation for service power. 

FIGURE 61—A rural sub-

station, as represented

here, is an economical

approach to distribution.

Unfortunately, if more

than one or two small

buildings use the 

distributed power, more

substations are required.
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FIGURE 62—The single-

line schematic diagram,

shown here, represents

an industrial substation

unit that’s used to pro-

vide usable power to

motor and lighting 

circuits.

FIGURE 63—The single-

line diagram for a DC

substation uses rectifier

units as shown in this

figure to convert the AC

power to direct current.
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Electricians in industrial settings that utilize many DC drive
systems, such as conveyors, will become familiar with these
schematics.

The symbols shown in Figure 64 are common symbols used
in many drawings and diagrams other than underground 
distribution. However, on underground location plans and
schematics, they represent devices that are constructed pri-
marily for underground installation. Symbols indicate only
the type of device and not the specific construction.

Now take a few moments to review what you’ve learned by
completing Self-Check 4.

FIGURE 64—Common Symbols for Underground Installation Devices
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Self-Check 4
1. When a second start button is added to a control circuit with the intention of allowing either

button to start the load, the start buttons are connected in _______ with the original start

button.

2. Name the three parts of the electric power system.

__________________________________________________________

3. How many normally closed devices are shown in the figure above? _______

4. The normally open push button in this figure is connected in _______ with the NO contacts.

5. Name the components labeled with letters a through e in the figure.

a. ______________

b. ______________

c. ______________

d. ______________

e. ______________

Check your answers with those on page 64.



Self-Check 1
1. Physical drawings

2. lines

3. generator

4. closed

5. C

6. B

7. A

8. D

Self-Check 2
1. single throw

2. double-throw double-pole switch

3. release

4. rheostat

5. (a) Circuit breaker
(b) Normally open push-button switch 
(c) Storage battery
(d) Three-phase star

Self-Check 3
1. Normally open

2. tool

3. heat, smoke

4. wiring diagram

5. Power source symbol
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Self-Check 4
1. parallel

2. The generating, transmission, and distribution systems

3. Two

4. parallel

5. (a) Push button (normally closed)
(b) Push button (normally open), 
(c) Interlocking contact (normally open) 
(d) Overload protection device (normally closed)
(e) Relay coil

Self-Check Answers64
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1. A(n) _______ circuit exists when a conductor or conductive

material of low resistance connects across the conductors in

a circuit somewhere between the source and the load.

A. open C. ground

B. closed D. short

2. Look at Figure A1. What happens when the switch in the 

circuit is closed?

A. Only Lamp 1 runs. C. Only Lamp 2 lights.

B. Both lamps light. D. Nothing happens.
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When you feel confident that you have mastered the material 

in this study unit, go to http://www.pennfoster.edu and submit

your answers online. If you don’t have access to the Internet,

you can phone in or mail in your exam. Submit your answers for

this examination as soon as you complete it. Do not wait until

another examination is ready.

Questions 1–20: Select the one best answer to each question.

EXAMINATION NUMBER

00602203

Whichever method you use in submitting your exam

answers to the school, you must use the number above

For the quickest test results, go to

http://www.pennfoster.edu

FIGURE A1—Use this figure to answer

Question 2.
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3. What type of drawing is shown in Figure A2?

A. Block diagram C. Panel diagram

B. Device drawing D. Wiring diagram

4. The symbol shown in Figure A3 is placed near the supply terminals of a schematic 

diagram. This shows that supply current is

A. direct. C. rectified.

B. alternating. D. pulsating.

FIGURE A2—Use this figure to

answer Question 3.

FIGURE A3—Use this figure to

answer Question 4.
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5. Which one of the following symbols in Figure A4 represents a device used to provide

protection from high-voltage surges caused by lightning?

A. A C. C

B. B D. D

6. A device is normally energized if the schematic diagram shows that the device is

A. positioned near the source of power.

B. connected in series with another device.

C. connected directly to a closed switch.

D. a part of a closed circuit connected to the power source.

7. Which symbol in Figure A5 is used to represent a thermostat contact for a heating 

system?

A. A C. C

B. B D. D

8. Which of the symbols in Figure A6 represents a circuit breaker with thermal overload

protection?

A. A C. C

B. B D. D

FIGURE A4—Use this fig-

ure to answer Question 5.

FIGURE A5—Use this

Figure to answer

Question 7.

FIGURE A6—Use this figure to answer

Question 8.
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9. What type of diagrams are used to present the conditions that are available to control

outputs based on inputs?

A. Block C. Panel

B. Schematic D. Ladder

10. What type of diagram is shown in Figure A7?

A. Block diagram C. Three-line schematic diagram

B. Wiring diagram D. Single-line ladder diagram

11. If power is being supplied to the circuit from Line 1, what’s the first open-circuit condi-

tion encountered in Figure A7?

A. A C. C

B. B D. F

12. How many normally open auxiliary relay contacts are shown in the schematic diagram

in Figure A7?

A. 0 C. 2

B. 1 D. 3

13. In Figure A7, what happens when push button C is pressed down?

A. B opens, the coil energizes, and a path is complete to 2.

B. D closes, the auxiliary contact C1 closes, and the overload contact opens.

C. The coil (C1) energizes, the auxiliary contact (C1) closes, and a path is complete 

to 2.

D. Nothing (Both C and E need to be pressed to close the circuit.)

A B C

D

AUX. C1

E

C1

OC

F

1 2

FIGURE A7—Use this figure to answer Questions 10–14.
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14. What type of component is labeled A in Figure A7?

A. Auxiliary contact C. NC pressure switch

B. Oil-type breaker D. Normally closed breaker

15. Which of the following use standard symbols to represent electrical components includ-

ed in a circuit or system to show the scheme or plan of the circuit?

A. Electrical schematic diagrams C. Block diagrams

B. Legends D. Location plan drawings

16. Which one of the following devices in Figure A8 will open the circuit at a definite

amount of overload current?

A. A C. C

B. B D. D

17. Which letter identifies the device used to supply power to the circuit in Figure A9?

A. A C. C

B. B D. H

18. How many fan motors are operating given the conditions shown in Figure A9?

A. 1 C. 3

B. 2 D. 4

FIGURE A8—Use this

figure to answer 

Question 16.

FIGURE A9—Use this fig-

ure to answer Questions

17 through 20.
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19. In Figure A9, if A opens how many fans would be operating in the circuit?

A. 0 C. 3

B. 2 D. 4

20. Which of the following will cause component A in Figure A9 to open?

A. Increase in pressure C. Increase in temperature

B. Decrease in pressure D. Decrease in temperature




