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INTRODUCTION
Welcome to your electrical equipment practical exercise! The
purpose of this exercise is to help you apply your program
learning to some real-life situations.

In this instruction package, you learned about the broad
range of equipment that’s installed by electricians.
Throughout your career, you’ll witness many changes in
boxes, conductors, switches, receptacles, and other types of
equipment. What will remain constant, however, is the need
for electricians who can correctly identify and install the right
component in a particular application.

It’s also important that an electrician understand the funda-
mental principles of electricity. A strong understanding of
these principles is a necessary step towards being able to
properly interpret how specific electrical systems work.
Therefore, in this practical exercise we’ll also explore several
of these principles. 

Throughout this program, you’ll be given the chance to apply
what you’ve learned by completing practical exercises. In this
practical exercise, you’ll complete some suggested activities
that will help you learn more about the tools, tasks, and
challenges that are encountered by working electricians on a
day-to-day basis. The suggested activities are fun, hands-on
activities you may want to try on your own. Then, we’ll ask
you to answer some questions about what you’ve learned.
These questions will be graded as an examination.

Installing Electrical

Equipment



Installing Electrical Equipment2

The suggested activities are optional, but the examination 
at the end of the exercise is required and must be submitted
to the school for grading. However, because the suggested
activities are designed to help you increase and enhance your
learning, we strongly recommend that you attempt to com-
plete as many of the activities as possible.

Now, when you’re ready, complete the exam at the back of
this booklet. Then, submit only your answers to the school
for grading, using one of the answer options described in
your first shipment.

Remember, even though this exercise contains examination
questions, we’ve designed it to be fun, challenging, and
interesting. Applying your knowledge to real-life situations
will help you realize how much you’ve learned. It will be a
rewarding experience that will give you confidence in your
newly acquired skills.

We hope you enjoy this practical exercise!

SUGGESTED ACTIVITIES
It’s time to take a break and have some fun. The following 
are some hands-on activities that you may want to try to
enhance your learning. None of these activities will be 
graded. However, these activities will help you expand your
practical understanding of the electrician’s profession. We
therefore recommend that you read through the exercises in
order to help you apply your knowledge to some practical sit-
uations. At any time, you can proceed to the graded portion
of the practical exercise at the end of this booklet.

Activity 1
You’ve already learned that an electrician installs a broad
range of different pieces of equipment. The more commonly
encountered equipment (such as receptacle boxes) comes 
in a variety of shapes and sizes. The ability to efficiently 
and correctly choose the right component to install is a skill
that all good electricians must develop. Also, note that it’s
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particularly important to be able to work from verbal 
instructions or a wiring diagram. This activity will help you 
to develop this skill further.

In this activity, you’ll be presented with a list of electrical
equipment, some of which is needed to wire a typical three-
bedroom home. This list contains many of the items that an
electrician installs on a daily basis. You’ll be told how many
of each item is needed, and asked to find out how much the
items cost. Additional items that would not normally be
required when wiring a new residence are also included in
the list. These were added to expand your exposure to
include some of the equipment used in remodeling and 
nonresidential wiring. This activity is designed to give you a
better idea of the costs of the equipment you’ll be working
with. It will also show you why it’s important for an electri-
cian to carefully evaluate a wiring diagram to determine all of
the material needed for a job before presenting an estimate to
a customer.

To complete this activity, you’ll need to plan on visiting at
least two retailers with a large selection of electrical equip-
ment. Try to visit one large home building center and one
electrical supply house. You’ll probably find that the home
center has a broader selection of common items, but that the
electrical supply house has a larger selection of seldom-used
electrical products and tools.

The following is the list of items you need for your project. Be
sure to read through the list carefully before you go to the
store so that you have some idea of what you’re looking for.
At the store, find each item on your list and make a note of
its cost. Finally, after you’ve gathered prices for all of the
items on the list, multiply each price by the number of 
needed items to determine the total cost of each item. (For
example, if you need five of a particular  item and they cost
$1 each, the total cost of that item will be 5 � $1 = $5.)

As you look for each item in the store, be sure that the 
conduit hardware matches the size and type of conduit
selected. Also, note whether the boxes come with brackets
already installed, or if there’s another way to install them 
(for example, with nails).
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Note that some items in the list are followed by the words
“per item/per case.” These are items that would usually be
purchased by the case, rather than one at a time, because
they’re so commonly installed and get used up so quickly.
When you see this designation in your list, record both the
cost per case and the cost per item. If you need help finding
an item or a price, a salesperson in the store should be avail-
able and willing to assist you.

Equipment Type

(Note: Box volumes
are approximate.)

Price at First

Location

Price at

Second

Location

Quantity

Needed

Total Cost of

Item, First

Location

Total Cost of

Item, Second

Location

2 3/4-inch-deep
metallic box,
gangable, 14 cubic
inches

1

3 1/2-inch-deep
metallic box,
gangable, 18 cubic
inches

1

Single-gang nail-on
box, 22.5 cubic
inches (per item/per
case)

70

2-gang nail-on box,
35 cubic inches (per
item/per case)

6

3-gang nail-on box,
37 cubic inches

3

Single-gang old-
work box, 18 cubic
inches

NA

2-gang old-work
box, 32 cubic inches

NA

3-gang old-work
box, 37 cubic inches

NA

Single-gang old-
work box, 16 cubic
inches

NA
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Equipment Type

(Note: Box volumes
are approximate.)

Price at First

Location

Price at

Second

Location

Quantity

Needed

Total Cost of

Item, First

Location

Total Cost of

Item, Second

Location

4-inch square 1 1/2-
inch-deep metallic
box, 21 cubic inches

1

4-inch octagonal
nail-on box, 15.8
cubic inches (per
item/per case)

12

Paddle fan box, 1 1/2

inch deep, 15.8
cubic inches

2

Weatherproof utility
box

2

Weatherproof 
receptacle cover

2

Weatherproof switch
cover

1

15 A single-pole
switch (per item/per
case)

21

20 A single-pole
switch

1

15 A duplex recep-
tacle (per item/per
case)

53

20 A duplex 
receptacle

6

Three-way switch
(per item/per case)

3

Four-way switch 1
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Equipment Type

(Note: Box volumes
are approximate.)

Price at First

Location

Price at

Second

Location

Quantity

Needed

Total Cost of

Item, First

Location

Total Cost of

Item, Second

Location

Single-pole dimmer
switch

1

Three-way dimmer
switch

1

30 A receptacle
(DRYER)

1

50 A receptacle
(RANGE)

1

Electric panel 
(30-slot)

1

15 A single-pole 
circuit breaker (per
item/per case)

10

20 A single-pole
breaker (per
item/per case)

4

20 A double-pole
circuit breaker (per
item/per case)

NA

30 A double-pole
breaker

1

40 A double-pole
breaker

NA

50 A double-pole
breaker

1

100 A double-pole
breaker

NA
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Equipment Type

(Note: Box volumes
are approximate.)

Price at First

Location

Price at

Second

Location

Quantity

Needed

Total Cost of

Item, First

Location

Total Cost of

Item, Second

Location

GFCI receptacle
(per item/per case)

5

14/2 wire, per foot 2000

14/3 wire, per foot 500

12/2 wire, per foot 200

12/3 wire, per foot NA

10/2 wire, per foot NA

10/3 wire, per foot NA

8/3 wire, per foot 200

1/2-inch electrical
metallic tubing
(EMT)

NA

1/2-inch EMT male
connector

NA

½-inch EMTcoupler NA

½-inch EMT sweep NA

1/2-inch EMT pipe
bender

NA

1/2-inch to 4-inch
polyvinylchloride
(PVC)

NA

1/2-inch to 4-inch
PVC  male 
connector

NA

1/2-inch to 4-inch
PVC coupler

NA
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As you work through the items on the list, you’ll note that
several of the items are very similar. Therefore, take the time
to observe the differences between similar pieces of equip-
ment. Look at other items in the same area of the stock
shelves to increase your knowledge of what sort of equipment
is available.

For example, many types of receptacle boxes can be used to
hold a single, interior receptacle. Small differences between
boxes, local building codes, and personal preference are all
factors that will affect your choice of box for a given applica-
tion. So, as you look at the equipment in a store, try to note
the difference between two-gang nail-on boxes and two-gang
old-work boxes. After working with them for a while, you’ll be
able to visually identify each box type. If you need a two-gang
box, you might choose a nail-on model with a volume of 
32 cubic inches. If this box isn’t large enough, you could 
use a 31/2-inch-deep gangable metallic box, which will give
you 36 cubic inches of volume.

Perhaps you’ll need to choose a box that’s suitable for a 
specific type of construction. For instance, you would choose
a nail-on box for new construction and an old-work box for
old construction. A nail-on box has nails on the top and bot-
tom that are used to fasten it to studs, and is typically used
in new construction applications. An old-work box can be
placed in a house with finished walls by cutting holes the
same size as the box and fastening it to the drywall with
swing brackets.

EMT and PVC are two types of conduit that look similar, but
they’re used in significantly different ways. EMT is used for
interior installations to protect wires and prevent them from
showing. In residential applications, it’s used mainly in base-
ments and garages. In contrast, PVC conduit can be used
above or below ground with weatherproof lighting and device
boxes to produce weatherproof electrical service applications.
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Panel boxes are another item that can have several different
features. Some of the choices might include the number of
breakers it will hold and the cost of the grade you purchase.
For instance, one brand of panel box might cost twice as
much as another grade. However, the more expensive model
may be made of heavier material, and may include features
like a trip window (an area that shows red when the breaker
has tripped).

Remember that the final step of this activity is to calculate
the total cost of each item, based on the quantities provided
in the list. This step is designed to give you some idea of how
much money is spent on electrical equipment for a typical
home. This is the same process that a professional electrician
would use to work up an estimate for a job.

The labor cost associated with installing the electrical system
is another thing that electricians consider when estimating
the cost of a job. For instance, material and labor costs 
associated with installing a 20 A circuit are more than a 15 A
circuit. This is because a 20 A circuit requires 12 AWG wire,
which costs approximately $0.25 per foot. In contrast, a 15 A
circuit is run with 14 AWG wire, which costs approximately
$0.20 per foot. Thus, a job that requires a 15 A circuit with
1,000 feet of wiring will cost $50 less than a similar 20 A 
circuit. You must also consider that because 12 AWG 
wire is larger and more difficult to work with, it’s more time-
consuming to install in a circuit. Therefore, the labor cost will
be less for a 15 A circuit. (Later in your program, you’ll learn
much more about estimating the cost of a job.)

Activity 2
So far in your program, you’ve learned how to identify electri-
cal equipment by looking at symbols in a wiring diagram. In
this activity, you’ll gain additional practice in identifying
equipment by sight.
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Look at Figure 1 and Figure 2 now. Figure 1 contains wiring-
diagram symbols similar to the ones you’ve worked with in
your program. Note that each of the symbols is labeled with a
circled letter. Figure 2 contains photos and illustrations of
various pieces of electrical equipment. Each of the photos is
numbered.

To complete this activity, simply identify each of the lettered
symbols in Figure 1, and match it to the correct numbered
photo in Figure 2. Write the name of the equipment repre-
sented by the symbol, and the letter under the symbol next
to the number underneath the correct photo. When you’ve
finished matching all of the symbols and photos, check your
answers with those at the back of this practical exercise
booklet.

A

S3

B

P

C

TV

D

L

E

FL

F G

S
H I

T
J

SD

L M

GFCI

K

WP

N O

PS

FIGURE 1—Identify each

of the lettered symbols in

this diagram and match

them to the equipment

photos in Figure 2.
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FIGURE 2—Write the name of the equipment represented and the letter of each symbol under the cor-

rect photo or illustration.
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Activity 3
In this shipment, you learned that the number of conductors
that can be routed through a particular device box is limited
by the size of the box. The size of a device box is expressed
by a standard unit of volume— cubic inches. In this activity,
you’ll observe six different wiring scenarios and determine
which type of box is best suited for each scenario.

Figure 3 shows six different wiring scenarios. In each one,
either a single box or a series of gangable boxes must contain
the wires and equipment that are identified in the figure.
Table 1 contains a list of boxes.

FIGURE 2—Continued
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FIGURE 3—Observe each of the wiring scenarios shown here. Then, select the proper box for each sce-

nario from Table 1.
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To complete the activity, look at each scenario in Figure 3
carefully, and count the number of wires. Then, decide which
single box or ganged series of boxes in Table 1 best suits
each scenario. Information from your study units should help
you make the correct selections. Try to select the smallest
box from the list that satisfies your required volume. Note
that in actual practice, you would probably want to choose a
slightly larger box in order to allow for the addition of more
wires. However, for the purposes of this exercise, assume
that you have a limited number of box types at your disposal,
and that you need to select the one with sufficient volume to
satisfy the electrical code.

Write the name of the correct box in each of the spaces 
provided here.

Wiring Scenario 1: _______

Wiring Scenario 2: _______

Wiring Scenario 3: _______

Wiring Scenario 4: _______

Wiring Scenario 5: _______

Wiring Scenario 6: _______

Table 1

BOXES FOR WIRING SCENARIOS SHOWN IN FIGURE 3

Box A: 4 � 11/4 round box, volume 12.5 cubic inches

Box B: 3 � 2 � 31/2 device box, volume 18 cubic inches

Box C:
Two-gang box with depth of 21/4, volume 20 cubic 
inches

Box D: 4 � 11/2 round box, volume 15.5 cubic inches

Box E: 411/16 � 11/4 square box, volume 25.5 cubic inches

Box F: 3 � 2 � 21/2 device box, volume 12.5 cubic inches
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Activity 4
As you’ve already learned, one of the most dramatic forms of
static electricity that occurs in nature is lightning. In this
activity, you’ll generate a much milder and safer form of 
static electricity on a table or a desk, and observe some of its
effects. To complete the activity, you’ll need a facial tissue, a
small piece of wool fabric, and a piece of plastic (such as an
old toothbrush, a ballpoint pen, or a comb).

Tear off several tiny pieces of the facial tissue and place them
on a flat surface in front of you. Now, take the piece of plastic
and vigorously rub it with the wool for about 10 seconds.
Work through the following four steps, and observe what
happens after you complete each step.

Step 1:     Place one end of the plastic piece near the scraps of
tissue (but not touching them), and observe what
happens (Figure 4).

Step 2:     Move the piece of plastic closer to the scraps of 
tissue, and then touch the end of the plastic 
directly to one of the scraps.

Step 3:     Move the piece of plastic away from the tissue and
cover it with your hand for a moment. Make sure
that your hand touches both the plastic and the
table surface at the same time.

Step 4:     Move the piece of plastic close to the scraps of 
tissue again, finally touching one of them with the
end of the plastic.

Now, let’s examine what happened after you performed each
step. As you learned in your study units, static electricity can
be produced by friction and by induction. In Step 1 of this
demonstration, you generated static electricity by using 
friction. The friction of the cloth rubbing against the plastic
produced opposing electrical charges on the cloth and the
plastic. Bringing the charged plastic near to the tiny scraps
of tissue paper caused them to be charged by induction.
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In Step 2, you moved the plastic close to the scraps of tissue.
The induced charge on the piece of tissue nearest to the 
plastic was the opposite of the charge on the plastic. Since
opposite charges attract, the tissue should have been 
attracted to the plastic. The tissue scraps should have been
drawn toward the plastic, and may even have clung to the
plastic when you brought them into contact with it.

In Step 3, you placed the charged plastic on the table and
covered it with your hand. This action allowed the charge to
“leak off” and dissipate into the table surface, leaving the
plastic without a charge. A brief flow of electrons produced a
small current that flowed out of the plastic to the table sur-
face. So, when you moved the uncharged plastic near the 
tissue in Step 4, there was no attraction between the two.
Both the plastic and the tissue were at the same electrical
potential, and were therefore uncharged.

This activity shows you how easy it is for a static charge to
form, and how a charge can be dissipated by grounding.
When you touched the piece of plastic and the work surface
with your hand at the same time, you formed a simple
“grounding” connection that dissipated the static charge.

FIGURE 4—Move the end

of the electrically

charged piece of plastic

toward the tissue scraps,

and observe what 

happens.
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Although this simple experiment produced only a very small
static charge, much stronger charges can form in industrial
environments. Also, it’s important to remember that even
small electrical charges can seriously damage sensitive 
electronic components. This activity points out why it’s so
important for industrial technicians to attach grounding
straps to their wrists when they’re working with sensitive
equipment and components (Figure 5). The ground strap
keeps your hand at the same electrical potential as the
equipment being worked on, so no charge can build up and
damage the equipment.

Activity 5
In order to perform installation tasks and make repairs in an
electrical system, you should be able to cut and strip wire,
splice it together, and attach connectors to the ends of wires.
Therefore, in this activity, you’ll get some practice with these
tasks. Note that these methods are covered in detail in your
study units. However, this activity will give you a basic, prac-
tical introduction to some of these methods that will enhance
your future learning.

FIGURE 5—A wrist strap

keeps a technician’s hand

at the same electrical

potential as the compo-

nents being handled.
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A close-up view of a wire stripping/crimping tool is shown in
Figure 6. This tool has several different features that you’ll
find useful when working with wires. Let’s look at the fea-
tures shown in the figure from left to right. First, note that
the tip of the tool is designed to be used as a pliers. The 
pliers end of the tool can be used to pick up or grasp small
parts, and also to bend wire. Next, moving to the right, you’ll
see the different stripping holes that are used to fit different
wire gages. The number next to each hole indicates what wire
gage should be stripped in that hole.

Moving to the right again, you’ll see the bolt-cutting area of
the tool. This part of the tool can be used to cut or trim the
ends of small fasteners, such as screws and bolts. The end of
the fastener is inserted into one of the holes in the tool, and
the tool handles are squeezed together to cut off the fastener
end.

Finally, near the handles of the tool is the crimping area. The
term “crimp” means to pinch or press together. If you place a
fastener in the crimping area and squeeze the tool handles,
the fastener will be pinched tightly. The crimping feature of
the tool is used to install connectors on wires.

FIGURE 6—This figure shows a close-up view of a typical wire stripping/crimping tool. Note the differ-

ent areas of the tool that are used for wire stripping, wire cutting, bolt cutting, and crimping. The tip

of the tool is designed to be used as pliers. (Courtesy of Sears Craftsman)
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Now that you understand the features of the wire
stripping/crimping tool, let’s discuss the process that’s used
to strip wire. In order to connect pieces of wire in a circuit
and form a complete electrical path, you’ll need to strip short
lengths of the plastic insulation off the ends of the wire and
thus expose the metal inside. When a piece of wire is to be
connected to a circuit with a crimp-style connector, you
would usually strip about  inch of insulation from both ends
of the wire. To do this, simply place the wire end between the
jaws of the stripping tool in the correct hole for the wire’s
gage. Then, squeeze the tool’s handles to clamp the jaws
tightly onto the wire. Finally, while holding the handles tight-
ly closed, pull the wire out of the jaws of the tool to strip off
the insulation.

Next, let’s examine some wire connectors.
Figure 7 shows a wire nut, a butt splice,
and a terminal end. The wire nut and the
butt splice are both used to connect two
wire ends together. The terminal end is
attached to the end of a wire in order to
provide a convenient connector that can be
attached to another electrical device. While
you’ll mostly encounter wire-nut and termi-
nal connections in electrical work, you’ll
still have opportunities to use mechanical connectors like
butt splices and terminal ends in your work.

Wire nuts are generally used to connect wires in situations
where little strain will be placed upon the wires (for example,
inside a junction box). However, in machine or equipment
applications, vibrations could cause a wire nut to loosen 
and fall off. For this reason, a butt splice may be a better
connector to use in a machine.

A butt splice is a small plastic tube with a metal liner. To
install a butt splice, first strip 3/4 inch of insulation off the
two wire ends that you want to connect. Insert one wire end
into one end of the butt splice, and the other wire end into
the other end of the butt splice. Then, use the crimping tool
to crimp the butt splice in the middle. The crimping action
will seal the two wires tightly together inside the splice, 

FIGURE 7—This figure shows a wire nut, a

butt splice, and a terminal end. 
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forming a good electrical connection. Note that once a butt
splice is installed, it can be removed only by cutting the wires
on both ends of the splice.

The final connector we’ll look at is the terminal end. Although
stripped wire ends can be attached directly to terminals on
electrical devices, when using stranded wire it’s generally
preferable to install a terminal end on a wire. Terminal ends
are tidy and easier to connect to other devices than are bare
wires.

To install a terminal end on a piece of wire, first strip 3/4 inch
of insulation off the end of the wire. Then, insert the wire end
into the terminal end and crimp the terminal end tightly to
seal it onto the wire. The round metal tab of the terminal end
can then be attached to the terminal of any other electrical
component (such as a switch, a battery, a light bulb, and so
on).

It’s very inexpensive to purchase butt splices and terminal
ends. You might buy some and then practice installing these
devices. First, try stripping the insulation off the ends of a
few short lengths of wire. Second, try to connect two wires
together using a wire nut. Third, try connecting two wires
with a butt splice. Finally, install terminal ends on two wire
ends. This exercise will also provide you with useful experi-
ence in using the wire stripping/crimping tool.

Activity 6
In the practical exercise provided with your first instruction
pack, you learned about a project board you would soon be
building. We suggested that you purchase a 4 foot � 4 foot
piece of 1/2-inch plywood or pegboard. In this suggested 
activity, you’ll install rubber isolators on the board you pur-
chased. These isolators look like 1-inch-long rubber “legs.”
You’ll find eight of them in the parts kit that you received in
this instruction package. The isolators will help keep the
project board off surfaces that might be damaged by the
rough plywood or slightly protruding screw heads. They’ll
also reduce the chances of an accidentally charged screw or
other protruding metal object contacting the surface below
the board.
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Along with the rubber isolators, you also received several
other pieces of hardware and equipment in this instruction
package. At this time, locate eight (8) of the longer screws
contained in your kit. These screws are about 11/4 inches
long.

Next, follow these steps to install the rubber isolators on your
board.

Step 1:     Look at the board you purchased. Decide which of
the sides is the roughest, and work with that side
facing down. Place the board on a workbench or on
a solid set of sawhorses (if you have access to
them), or on a solid surface that won’t be damaged
if scratched by a screw point. The rough side will
eventually be the bottom of your project board.

Step 2:     Use a tape measure or ruler to mark the locations
shown in Figure 8. These are the places where
you’ll insert one of the screws.

Step 3:     Next, if you have access to a drill and a drill bit,
drill a hole in each of the eight locations marked on
the board. A 1/8-inch drill bit should be used. Be
sure that the board is positioned in such a way
that you can’t drill into anything that could be
damaged. Also, be sure to follow all of the safety
procedures you learned in the previous instruction
pack. If you don’t have access to a drill, simply
drive the screws in by hand. If you don’t drill a hole
in the board, you may find it easier to drive the
screws through the wood if you first use a hammer
and nail to make a small starter hole. Do this by
driving the nail at least halfway through the board,
removing the nail and installing a screw in its
place.
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Step 4:     At this time, screw the eight screws into the board
at the eight marked locations. As soon as each
screw tip begins to protrude from the back (rough
side) of the board, stop turning the screw.

Step 5:     Insert a rubber insulator onto the pointed end of
each screw as shown in Figure 9. Then, tighten the
screw until the insulator is completely installed.
Repeat this step until all eight of the rubber insula-
tors are installed.

4’ X 4’ PLYWOOD
ROUGH SIDE FACING DOWN

1 1
2 in.

1 1
2 in.

1 1
2 in.

24 in.

24 in.

1 1
2 in.

DRILL       HOLE
AT EACH X 

SHOWN HERE

1
8 "

X X

X

X

X

XX

X

FIGURE 8—Use a tape measure or ruler to mark the locations shown here on your board.
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Activity 7
As mentioned earlier, you’ll be installing electrical equipment
onto and wiring the project board that you built in Suggested
Activity 6. When your project board is complete, it will repre-
sent some of the typical circuits found in a house. Initially,
the circuit you build won’t be connected to a power source. It
will simply be an exercise to help you understand how to lay
out boxes and switches and connect them with wires as you
would in a real situation. After you’ve added to this circuit
with materials you’ll receive in later shipments, however, it
will be ready to be supplied with electrical power.

The following is an inventory list of the items contained in
the parts kit that you received with this instruction package.

ONE OF EIGHT 
MOUNTING SCREWS

SMOOTH SIDE 
OF BOARD

SCREW INTO HOLE IN LARGE 
END OF RUBBER INSULATOR

FIGURE 9—Attach a rub-

ber insulator onto the

pointed end of each screw

as shown here.

Basic Electrical Hardware Parts Kit Inventory

Quantity Part Name

1 Device box, gangable

1 Device box, plastic

1 Light box

1 Length of 14/2 wire

1 Single-pole switch

1 Duplex receptacle

1 Lamp holder

8 Rubber insulators 

Wire nuts

Screws (longer screws are for mounting the rubber insulators)
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Follow these steps to complete this activity.

Step 1: Look at Figure 10 and determine
where each item in your inventory
list will be placed on the board.
The devices should be arranged on
the left side of your project board,
as other devices will eventually be
placed on the right half of the
board. Note that while each device
will be installed in a device box,
boxes have been omitted from
these figures for clarity. While it’s
not critical that your project board
be laid out exactly as shown in
Figure 10, it will be easier to wire
the components together if you
arrange yours like the ones in the
figure.

Step 2: Locate the plastic device box and
the shorter screws that came in
your parts kit. Locate the spot for
the receptacle and place the box
there.

Step 3: Make sure that your board is
placed on a safe surface (such 
as a concrete floor) that can’t be
harmed by the fasteners if they go
through the bottom of the board.
To make it easier to fasten the box
to the board, you can predrill the
holes for the fasteners (if you have
access to a drill). If you don’t have
a drill, screw the fasteners into the
board as shown in Figure 11.

FIGURE 10—This illustration shows where the

parts from your kit will be located on the

board.
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Step 4:     Now you’re ready to place the box for the single-
pole switch. Locate the gangable device box that’s
provided in your kit. Place the box on your project
board and predrill the holes for the fasteners, just
as you did for the receptacle box. Remember to
remove the appropriate knockouts for the wire. The
knockouts that are appropriate to remove will be
determined by how you’ve arranged your compo-
nents on the board. Notice that only some of the
knockout locations have built-in cable clamps. Be
sure to choose one of these locations. Then, attach
the box with the fasteners to your board as shown
in Figure 11.

Step 5:     The last box you’ll need to attach to your board is
the light box. Predrill the holes and attach the box
using the shorter screws.

FIGURE 11—This illustra-

tion shows you how to

fasten the boxes to the

board.
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Step 6:     Now that you’ve placed all of the boxes, you’re
ready to start cutting the wire for the project. Use
the 14/2 wire in your parts kit. You’ll be wiring the
lamp holder to operate from the switch that you’ll
install. Measure and cut the wire you’ll need to go
from one item to another as indicated in Table 2
below. When you’re measuring the wire, be sure to
allow enough extra wire so that the wire will go
through the knockout and attach to the device.
Remember that the device will be removed from the
box while you’re attaching the wire, so be sure to
allow enough wire length (approximately 8 inches).

Step 7:     Once you’ve correctly cut all the wires you’ll need,
run the wires as shown in Figure 12. 

Step 8:     After the wires have been cut and routed into each
device box, tighten the cable clamps using your
screwdriver. Next, remove the outer cable sheath
from the cable end that’s in the box, so that about
six to eight inches of insulated conductor are show-
ing. Then use the wire strippers you received in
this shipment to strip 1/2 inch of insulation from
the ends of both wires. Be sure to use the correct
slot on the stripping tool so that you don’t nick or
cut the wire in any way. All you should do is
remove the insulation.

Step 9:     Now connect the stripped conductors to each device
as shown in Figure 12. Be sure to follow the prac-
tices described in your study units when hooking
up receptacles, switches, and lamp holders.

Step 10:   Install each device in its respective box.

Table 2

Run Wires From: Run Wires To:

Switch Receptacle

Switch Lamp
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FIGURE 12—This illustra-

tion shows how the wires

should be run from one

device to another.
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NOTES



Activity 2
  1. Television jack, letter D

  2. Panel box, letter O

  3. Single-pole switch, letter H

  4. Weatherproof receptacle, letter K

  5. Receptacle, letter A

  6. Lamp holder with pull switch, letter E

  7. 220 V receptacle, letter G

  8. Junction box, letter N

  9. Thermostat, letter J

10. Smoke detector, letter L

11. Phone jack, letter C

12. GFCI receptacle, letter M

13. Three-way switch, letter B

14. Exhaust fan/light, letter F

15. Switched receptacle, letter I

Activity 3
Wiring Scenario 1: Box B

Wiring Scenario 2: Box F

Wiring Scenario 3: Box A

Wiring Scenario 4: Box C

Wiring Scenario 5: Box E

Wiring Scenario 6: Box A

29

A
n
s
w
e
r
s

A
n
s
w
e
r
s



NOTES

Suggested Activities Answers30



31

 1. A kitchen contains one section of counter that’s 20 inches

long, one section that’s 10 inches long, one section that’s 

31/2 feet long, and an island that’s 4 feet long. How many

receptacles are needed for all of these areas?

A.  Two                                            C.   Four

B.  Three                                          D.  Five

 2. Imagine that you need to determine whether you have

enough free space to run a certain number of different-sized

wires into a box. The wires you need are four No. 6 wires,

two No. 10 wires, and two No. 14 wires. What is the mini-

mum amount of free space required to run these wires into

one box?

A.  8 cubic inches                              C.   30 cubic inches

B.  29 cubic inches                            D.  38 cubic inches
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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 1–25: Select the one best answer to each question.

EXAMINATION NUMBER

00680204

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
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 3. Imagine that you need to install a switch for a light in a basement. One door leads

from the kitchen to the basement stairs, and an exterior door leads into the basement

from the outside. Which of the following statements is correct?

A.  One three-way switch should be placed on the wall in the kitchen 6 inches from the

door frame, and another three-way switch should be placed at the bottom of the

stairs.

B.  One three-way switch should be placed at the bottom of the stairs, and another

three-way switch should be placed at the top of the stairs.

C.  One three-way switch should be placed inside the exterior basement door, and

another three-way switch should be placed at the bottom of the stairs.

D.  One three-way switch should be placed at the top of the stairs, and another three-

way switch should be placed inside the exterior basement door.

 4. An electrician is preparing to use a 4 � 11/2 square box with a volume of 21 cubic inch-

es. Which of the following wiring combinations will fit in this box?

A.  Fifteen No. 18 wires                                         C.  Ten No. 12 wires

B.  Eleven No. 14 wires                                          D.  Nine No. 16 wires

 5. A switch that has two throws and switches only one wire is known as a(n)

A.  SPDT.                                                              C.  TPDT.

B.  SPST.                                                              D.  DPDT.

 6. Look at the resistor that’s illustrated in Figure A-1. Based on your knowledge of the

resistor color code, what is the resistance value and the tolerance of this resistor?

A.  Resistance 7.9 kW, tolerance 10 percent

B.  Resistance 63 kW, tolerance 5 percent

C.  Resistance 92 kW, tolerance 20 percent

D.  Resistance 124 kW, tolerance 5 percent

FIGURE A-1—Use this illustration to

answer Question 6.
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 7. Two electricians are discussing electrical quantities. Electrician A says that resistance is

an opposition to electrical power, and that voltage is electrical pressure. Electrician B

says that current is the rate of electrical flow in a circuit, and that voltage is the oppo-

sition of current flow. Which of the following statements is correct?

A.  Only Electrician A is correct.

B.  Only Electrician B is correct.

C.  Both Electrician A and Electrician B are correct.

D.  Neither of the two electricians is correct.

 8. The dimmer switch in a lighting circuit controls the brightness of one or more lamps by

varying the resistance in the circuit. Which schematic symbol in Figure A-2 could be

used to represent this device?

A.  Symbol A                                                         C.  Symbol C

B.  Symbol B                                                         D.  Symbol D

 9. A coil is energized, causing a contact to be held closed by a latch. This is an example

of a

A.  pole switch.

B.  four-way switch.

C.  remote control with a latching relay.

D.  remote control with a two-coil relay.

10. Which of the following statements about choosing fuses is correct?

A.  When choosing the correct fuse for an application, the standard current rating of

the fuse isn’t considered.

B.  When choosing the correct fuse for an application, it’s not important whether the

fuse has a renewable element or not.

C.  When choosing the correct fuse for an application, the ampacity of the fuse is

unimportant.

D.  When choosing the correct fuse for an application, the voltage level that the fuse

will be controlling isn’t considered.

FIGURE A-2—Use this

illustration to answer

Question 8.
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11. Suppose that you need to determine the box size you need for a particular job. To do

this, you’ll need to count the number of wires that the box will contain. Which of the

following statements about counting wires is not correct?

A.  Count each bare ground wire as one.

B.  Don’t count a wire when the entire piece of wire is in the box.

C.  Count any circuit conductor that ends in the box as one.

D.  Don’t count wires that are run from a fixture to the box.

12. An outside light is controlled from three locations in a residence. There’s a three-way

switch in the basement, a four-way switch in the kitchen, and a three-way switch in

the garage. Which of the following combinations will allow the outside light to be wired

and switched from the bedroom as well?

A.  Replace the basement switch with a four-way and install a four-way switch in the

bedroom.

B.  Replace the garage and basement switches with four-way switches and install a

four-way switch in the bedroom.

C.  Install a three-way switch in the bedroom.

D.  Install a four-way switch in the bedroom.

13. Figure A-3 shows two pith balls suspended by threads from a support. Which of the

following statements about this figure is correct?

A.  Both of the pith balls are uncharged, so they hang straight down.

B.  Pith Ball 1 is positively charged, and Pith Ball 2 is negatively charged.

C.  Both of the pith balls have a positive charge, so they hang straight down.

D.  Pith Ball 1 is negatively charged, and Pith Ball 2 is positively charged.

FIGURE A-3—Use this illustration to

answer Question 13.
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14. Two electrical students are discussing static electricity. Student A says that a basic

property of static electricity is the fact that it can’t be detected. Student B says that an

electric current results when electrons move in a conductor. Which of the following

statements is correct?

A.  Only Student A is correct.

B.  Only Student B is correct.

C.  Both Student A and Student B are correct.

D.  Neither of the two students is correct.

15. Figure A-4 shows two pith balls suspended by threads from a support. Which of the fol-

lowing statements about the figure is correct?

A.  Both of the pith balls are uncharged.

B.  Pith Ball 1 is positively charged, and Pith Ball 2 is negatively charged.

C.  Both of the pith balls have the same charge.

D.  Pith Ball 1 is negatively charged, and Pith Ball 2 is positively charged.

16. Two electricians are discussing the electric series. Electrician A says that if you rub a

piece of glass with a piece of wool cloth, the glass will receive a negative charge.

Electrician B says that if you rub a piece of aluminum with a piece of flannel, the alu-

minum will receive a negative charge. Which of the following statements is correct?

A.  Only Electrician A is correct.

C.  Both Electrician A and Electrician B are correct.

B.  Only Electrician B is correct.

D.  Neither of the two electricians is correct.

FIGURE A-4—Use this

illustration to answer

Question 15.
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17. Look at the resistor that’s illustrated in Figure A-5. Based on your knowledge of the

resistor color code, what is the resistance value and the tolerance of this resistor?

A.  Resistance 1.5 kW, tolerance 10 percent

B.  Resistance 2.7 kW, tolerance 5 percent

C.  Resistance 30 kW, tolerance 20 percent

D.  Resistance 525 kW, tolerance 5 percent

18. Two electrical students are discussing electrical units. Student A says that electrical

power is measured in units called coulombs. Student B says that the abbreviation 

400 kW stands for 400,000 volts. Which of the following statements is correct?

A.  Only Student A is correct.

B.  Only Student B is correct.

C.  Both Student A and Student B are correct.

D.  Neither of the two students is correct.

19. You need to calculate the electrical power, in megawatts, consumed by a heater that

contains only resistors, no capacitors or inductors. You know that the heater is pow-

ered by a 220-volt circuit and requires an input of 22 amps. The power, in megawatts,

consumed by the heater is

A.  0.00484.                                                         C.  4.84.

B.  0.0100.                                                           D.  10.0.

20. Which of the following statements about diagrams is correct?

A.  Control drawings contain only symbols of control devices.

B.  Short circuits occur on a ladder diagram when at least two rungs carry no load.

C.  Control diagrams and ladder drawings are basically the same.

D.  Each section of a switch must appear on the same line of a ladder diagram.

21. Which of the following is a device that’s used to protect circuits from short circuits or

overloads?

A.  An ampacity                                                     C.  A circuit breaker

B.  A parameter                                                     D.  A switch

FIGURE A-5—Use this illustration 

to answer Question 17.
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22. When installing receptacles in a new home, which of the following steps would be

incorrect?

A.  Placing a receptacle over a 15-inch section of counter space in the kitchen

B.  Counting the sliding doors as wall space

C.  Securing a GFCI receptacle next to the bathroom mirror

D.  Installing a receptacle every 14 feet throughout the home

23. Look at the symbol that’s shown in Figure A-6. In this figure, the symbols represent a

A.  three-pole circuit breaker with a thermal overload device in all three poles.

B.  three-pole circuit breaker with a magnetic overload device in all three poles.

C.  three-pole circuit breaker of the draw-out type.

D.  three-pole circuit breaker with a magnetic overload device in one pole.

24. Which of the following is a correct description of what happens when a lamp is turned

on by a wall switch?

A.  The circuit is closed, causing the filament to heat up.

B.  The circuit is opened, causing the filament to heat up.

C.  Current flows from the lamp to the switch, which consumes half as much electrical

power as the lamp.

D.  The circuit is opened, causing the lamp to come on.

25. If you touch a fuse and it feels warm, this means that

A.  the fuse has blown.

B.  the fuse was recently replaced.

C.  the fuse was installed incorrectly.

D.  the fuse is probably being used within its rating.

FIGURE A-6—Use this illustration to 

answer Question 23. 




