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Electrical equipment, devices, and conductors are wired 
together to form circuits. In this study unit, you’ll learn how 
to combine what you know about electrical equipment and 
conductors to wire typical residential circuits. You’ll also 
learn about many electrical system features.

When you complete this study unit, you’ll be 
able to

• Identify the function of various electrical components

• Recognize and work with various types of electrical 
 systems

• Describe the function of grounding wires and explain 
how they’re properly connected

• Identify terminals on electrical equipment and properly 
connect them to circuit conductors

• Select the proper switches, receptacles, and device 
boxes needed for given applications and describe how 
they’re wired

•	 Identify	the	terminals	on	light	fixtures	and	explain	how	
they’re wired

Remember to check your student portal regularly. Your instructor may 
post additional resources that you can access to enhance your learning 
experience.
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ELECTRICAL HARDWARE 
REVIEW
This study unit begins with a review of electrical hardware 
and a discussion of electrical systems. Then you’ll learn how 
devices and hardware are wired to form the branch circuits 
that ultimately make up a system.

Think of electrical components as the building blocks with 
which circuits and systems are constructed. You’ve learned 
how to connect wires to a receptacle’s terminal screws, for 
instance. Now you’ll learn how to decide what conductors to 
route to the receptacle’s box and how to continue wiring from 
the receptacle to other parts of the circuit. You’ll learn how to 
install many types of equipment, including electrical devices, 
boxes, and lighting fixtures.

Before beginning to study the detailed work that’s involved in 
a wiring job, first understand the larger picture. More different 
types of electrical jobs exist than you could count. However, 
even though the overall jobs may be quite different, most jobs 
are easily broken into a group of similar, smaller tasks. The 
list below outlines the general approach taken by an electri-
cian to wire a typical residence. You won’t be familiar with 
all the tasks and terms outlined below. Soon, however, you’ll 
understand much more about what each step requires.

While the work performed by industrial electricians may 
be very different from work done by electricians who focus 
on residential wiring, many of the tasks listed here apply 
to industrial wiring as well. Remember that while wiring a 
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complete home may require most or all the tasks listed here, 
it’s likely that new electricians will be required to perform 
only some of these tasks. With more experience comes more 
responsibility and more exposure to a broader range of tasks.

 1. Obtain a wiring diagram and/or floor plan for the 
dwelling. While most commercial and industrial wiring 
installations (other than the smallest) are defined by a 
schematic, many residential wiring layouts won’t be. 
When a residential wiring job doesn’t include a wiring 
diagram, it’s often up to the electrician to create a rough 
one. In this case, it’s best to work with a floor plan. The 
floor plan should clearly define the location of kitchen 
counters, furnace, and other features that affect the wir-
ing plan.

 2. Determine the size and location of the new or existing 
service entrance and main panel box.

 3. Create all modifications to new or existing wiring dia-
grams at this time. Have the inspector and contractor or 
customer approve your plans.

 4. Create a material count list for the job. Be sure to 
account for all equipment required for the service 
entrance, panel, subpanels (if any), each branch circuit, 
all appliances, and other pieces of special equipment 
you’re responsible for installing.

 5. Install boxes at each required location, being sure to fol-
low local codes for box height, spacing, and size.

 6. Provide a pathway for conductors. In a residential wir-
ing job, this usually involves drilling holes in studs to 
provide a path for cables from one box to the next. In a 
commercial or industrial installation, this often means 
sizing and installing conduit.

 7. Run conductors for each branch circuit. When possible, 
feed power directly into the branch circuit box that’s 
closest to the panel. Be sure to identify the branch cir-
cuit of each conductor at the service panel end. Don’t 
connect the feed wires to the panel at this time.

 8. Connect and install all devices such as switches, recep-
tacles, lampholders, exhaust fans, etc.
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 9. After all the devices in the branch circuit have been con-
nected and installed in their respective boxes, connect 
each branch circuit’s feed wire to the service panel. As 
these connections are made, install the circuit breaker, 
and terminate the wire.

 10. Mark the panel schedule with the location and function 
of each branch circuit. Turn the power on, and test each 
branch circuit.

Getting Started with Circuit Wiring
As learned earlier, not all electrical jobs require the same 
tasks. This unit concentrates on how an electrician goes 
about wiring a simple residence. The tasks required to wire a 
home differ from those followed when wiring a new manufac-
turing facility. However, the basic approach to wiring is the 
same. All wiring jobs require organization, thinking ahead, 
careful work, and attention to specifications. Before starting 
any large wiring job, an electrician first needs to consider 
an overall basic approach, including examining the electri-
cal equipment needed. This is done even before outlining the 
actual tasks needed to accomplish the job.

Electrical Equipment
In the electrical trade, the term electrical equipment describes 
any material, fitting, device, appliance, fixture, or apparatus 
used as part of, or in connection with, an electrical installation. 
In that context, the word equipment can be used interchange-
ably with the word component, since each piece of equipment 
is a component of the installation. In these study units, there-
fore, the word equipment will be used interchangeably with 
the word component. Figure 1 shows how some of the many 
types of electrical equipment join to form an electrical system.

Basic Electric Circuits
Defining an electric circuit isn’t as easy as defining electrical 
equipment. The term electric circuit can refer to either the 
complete path of an electric current, including the generating 
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equipment, or only a distinct portion or certain section of the 
complete path.

In general, the distinct portion of an electrical path is 
established in reference to a particular source of power. 
Depending on the type and size of the total electrical instal-
lation, an elec tric circuit may have several different sources. 
For instance, consider an electrical receptacle as a source of 
power. Then, any electric load that’s connected to or plugged 
into the receptacle would be a component of a circuit that 
starts and ends at the receptacle. This type of circuit is used 
with each appliance shown in Figure 2.

Using the same receptacle as a source of power, many types 
of circuits, both simple and complex, can be powered. Usually, 
a single assembly will contain all necessary conductors and 
devices (such as an on/off switch) to complete the electrical 
path from the receptacle, through the load, and back to the 
receptacle.

POWER FROM 
ELECTRIC COMPANY

SERVICE 
PANEL

SYSTEM
GROUND

HOT

METER
GFI RECEPTACLES

FAN 
AND 
LIGHT

OTHER BRANCH CIRCUITS

KITCHEN

GARAGE

BEDROOMS

EXTERIOR

TO NEUTRAL BUS

BATHROOM BRANCH

FIGURE 1—Electrical systems, no matter how large or complex, can be broken into a variety of 
 equipment.
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Most of the electrical apparatus and appliances used in 
everyday life have a circuit similar to the one just discussed.

Residential Circuits
Even though the circuits in the appliances shown in Figure 2 
fit the basic circuit definition, they’re not the types of circuits 
you’ll find in residential or commercial installations. Speci fi

SMALL 
APPLIANCE

CIRCUIT

TO PANELBOARD

PLUGS

TOASTER

FOOD 
PROCESSOR CROCK POT

COFFEE
MAKER

CROCK
POT

TOASTER
HEATING
ELEMENT

FOOD
PROCESSOR

MOTOR

COFFEE
MAKER

HEATING 
ELEMENT

IRON
HEATING
ELEMENT

R1 R2
M 1

 

R3 R4

IRON

TO PANELBOARD

PICTORIAL DIAGRAM

SCHEMATIC DIAGRAM

FIGURE 2—If we consider each plug as a source of power, the electric current will start at the recep-
tacle, flow through a load, and end at the receptacle. When the panelboard serves as the source, the 
branch circuit consists of five loads in parallel.
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cally, the receptacle is the source of power for the appliances, 
but the main panelboard, with its associated circuit breakers, 
is the source of power for residential or commercial circuits.

These residential circuits, called branch circuits, carry elec-
tricity from the main panelboard to the corresponding outlets 
and equipment and then back to the panelboard. Branch cir-
cuits are described by the function they serve, and each type 
of branch circuit has to be wired in accordance with good 
wiring practice as specified in the National Electrical Code. 
Figure 3 illustrates some typical branch circuits.

The circuits in Figure 3 are described by their function, such 
as general-purpose and small appliance circuits. A circuit is 
also described by other characteristics, such as voltage level, 
current rating, number of phases, and whether the circuit is 
grounded. These parameters will be discussed in detail later 
in this study unit.

Electrical Systems
An electrical system is, as a whole, all the circuits necessary 
to serve a particular installation or function. The typical 
residential electrical system consists of the service entrance 
plus all the branch circuits. Figure 3 shows some of the 
branch-circuit types required in a residential electrical sys-
tem. The service entrance and panelboard aren’t included in 
the  illustration.

Symbols and Terminology
You’ve already been introduced to wiring diagrams and sche-
matic symbols. Electricians use these diagrams to determine 
where to locate a building’s electrical devices. Often, though, 
electricians are assigned a residential wiring job without 
being given a wiring diagram. Instead, the electrical contrac-
tor will be given some basic information, such as the exact 
location of major appliances, bathroom vanities, and kitchen 
counters. The contractor will then be responsible for wiring 
the residence based only on the floor plan. In these cases, the 
electrician decides where to locate outlets, switches, exterior 
weatherproof receptacles, and lampholders.  
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GENERAL-PURPOSE BRANCH CIRCUIT

TO
PANELBOARD

NIGHT
LIGHT 
25 W

PORTABLE FAN
75 W

DROP LIGHT
60 W

BED LAMP
50 W

ELECTRIC 
SHAVER

10 W

TELEVISION SET
100 W WORK LIGHT

80 W

VACUUM
CLEANER

400 W

TABLE LAMP
50 W

STEREO HI-FI
150 W

MICROWAVE
1650 W

CROCK POT
1320 W

FOOD 
PROCESSOR

150 W

REFRIGERATOR
250 W

COFFEE
MAKER
600 W

TO
PANELBOARD

TOASTER
1100 W

LARGE GRILL
1300 W

BLENDER
250 W

SMALL APPLIANCE BRANCH CIRCUITS

TO 
PANELBOARD

FIGURE 3—A branch circuit is defined as the conductors or wiring between the final protective device 
in the circuit and the outlets. The general-purpose circuits are usually 15-A (ampere) circuits, while 
the small-appliance circuits are 20-A circuits, shown here by the relative power consumption in watts 
(W) of several appliances.
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To do this, electricians must rely on their knowledge of elec-
trical codes, sound judgment, and previous experience when 
laying out branch circuits.

Fortunately, beginning electricians spend plenty of time 
working in the trade before their supervisors will expect them 
to lay out a home’s wiring system.

Commercial and industrial wiring jobs usually come with 
complete wiring diagrams. Electricians may need to change 
one of these, but only after careful consideration and con-
sultation with a supervisor, engineer, or architect. Whatever 
type of work they do, it’s critical that electricians know how 
to interpret wiring diagrams. You already know a little about 
common schematic symbols and will learn much more about 
working with schematics later on. For now, let’s repeat the 
basic schematic symbols studied so far to help in interpreting 
the wiring diagrams in this study unit. Figure 4 shows most 
of the standard wiring symbols found in residential wiring 
diagrams.

Besides being able to interpret wiring diagrams, electricians 
must also be able to communicate ideas clearly with other 
electricians and others involved in the building process. A 
thorough understanding of the following definitions is needed 
to accurately discuss electrical systems.

accessible Capable of being removed or exposed without 
damaging the building structure or finish; not permanently 
closed in by the structure or finish of the building

appliance Utilization equipment, generally other than indus-
trial, normally built in standardized sizes or types, which 
is installed or connected as a unit to perform one or more 
functions

branch circuit The circuit conductors between the final 
overcurrent device protecting the circuit and the outlet(s)

branch circuit, appliance A branch circuit supplying energy 
to one or more outlets to which appliances are to be con-
nected; also, circuits with no permanently connected 
lighting fixtures that aren’t a part of an appliance

branch circuit, general-purpose A branch circuit that sup-
plies a number of outlets for lighting and appliances
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FIGURE 4—On wiring plans, components such as receptacles, switches, and junction boxes are repre-
sented by symbols.
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branch circuit, individual A branch circuit that supplies 
only one piece of utilization equipment

circuit breaker A device designed to open and close a circuit 
by manual means and to open a circuit automatically on 
a predetermined overcurrent without injury to itself when 
exposed to current within its rating

concealed Made in accessible by the structure or finish of 
the building; wires in concealed raceways are considered 
concealed, even though they may become accessible by 
being withdrawn

device A unit of an electrical system that carries but doesn’t 
use electrical energy

equipment A general term that includes material, fittings, 
devices, appliances, fixtures, apparatus, and similar com-
ponents used as part of or in connection with an electrical 
installation

exposed On or attached to the surface or behind panels 
designed to allow access

fitting An accessory, such as a locknut, bushing, or other 
part of a wiring system, that’s intended primarily to per-
form a mechanical rather than an electrical function

GFCI (ground fault circuit interrupter) An inexpensive 
electrical device that opens a circuit if it detects that the 
current flow coming from a load isn’t equal to the current 
flowing to the load

ground A conducting connection, whether intentional or 
accidental, between an electric circuit or equipment and 
the earth, or to some other conducting body

grounded conductor A system or circuit conductor that’s 
intentionally grounded, such as a grounded neutral

grounding conductor A conductor used to connect equip-
ment or the grounded circuit of a wiring system to a 
grounding electrode or electrodes

lighting outlet An outlet intended for the direct connection 
of a lampholder, a lighting fixture, or a pendant cord termi-
nating in a lampholder
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outlet A point on the wiring system at which current is 
taken to supply utilization equipment

panelboard A single panel or group of panel units (assem-
bled to form a single panel) that includes buses, automatic 
overcurrent devices, and light, heat, or power circuit con-
trols with or without switches

plug A device that, when inserted into a receptacle, estab-
lishes connection between the conductors of the attached 
flexible cord and the conductors connected permanently to 
the receptacle

raceway Any channel for holding wires, cables, or bus bars 
that’s designed expressly for, and used solely for, this 
 purpose

receptacle A contact device installed at the outlet for con-
necting a single attachment plug

receptacle outlet An outlet where one or more receptacles 
are installed

switch, general use A switch intended for use in general dis-
tribution and branch circuits. It’s rated in amperes and is 
capable of interrupting its rated current at its rated voltage

utilization equipment Equipment that utilizes electrical 
energy for mechanical, chemical, heating, lighting, or simi-
lar purposes

Wiring Systems
Wiring systems are named after the types of conductors and 
conduit utilized in the system and the location of the wiring 
system, whether it’s in the open or behind finished surfaces. 
Most residences have a nonmetallic cable wiring system, while 
some specific applications may call for the use of armored 
cable or even conduit. The type of wiring system determines 
the type of components that must be installed in the system, 
especially when it comes to selecting boxes and fittings.

Boxes
Boxes are required wherever there’s a break in the wiring. 
The break will exist wherever there’s a splice or junction 
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or wherever a device, fixture, or electric load is going to be 
installed in the system. Tables 1 and 2 list the more common 
types of boxes used to support electrical components. Figure 
5 identifies some of the components associated with outlet 
boxes.

There are several types of outlet boxes, available in either 
metallic or nonmetallic materials. Nonmetallic boxes are usu-
ally less expensive, weaker structurally, and nongangable. 
Remember, a gangable box is one that can have additional 
boxes added to it. This means that a single box-switch combi-
nation can be easily expanded (if the original box is gangable) 
into a two, three, or more switch box. In general, nonme-
tallic boxes are used primarily in modern residential wiring 
installations, while metallic boxes are used in industrial, 
commercial, and certain residential applications. Box selec-
tion depends on several factors, cost being just one of them. 
Some installations require that metallic conduit and boxes 
be used for structural reasons. However, the most import-
ant factor to consider when selecting a box is the box’s size. 
Box size is determined by the size and number of conductors 
it will contain. This is the feature most often controlled by 
codes. Before installing a new outlet box in a wiring system, 
electricians need to know the following:

 1. Material type

 2. Box shape and size

 3. Type and size of knockouts

 4. Type of mounting bracket

 5. Type of cover to be installed

 6. Type of clamp or connector needed

 7. Will a box extension be installed

Sizing Device Boxes
Up to this point, you’ve learned what device boxes are and 
the various shapes they come in. You’ve also become famil-
iar with the basic types of fittings associated with device 
boxes. However, the most important question to answer when 
selecting a box for an application is, “What size box should 
be used?” Considering how most circuits are wired, it makes 
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(Reprinted with permission from NFPA 70-1999 the National Electric Code®, Copyright © 1998, 
National Fire Protection Association, Quincy, MA 02269. The reprinted material is not the complete 
and official position of the National Fire Protection Association on the referenced subject which is 
represented only by the standard in its entirety. National Electrical Code® and NEC® are registered 
trademarks of the National Fire Protection Association, Inc.)
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sense to ask this question. A box is really just a container 
intended to hold wires, splices, and electrical devices like 
switches. The number of wires, type of device installed, and 
number of connections made within the box depend on the 
circuit’s design and function. The box must be sized to con-
tain these circuit components.

There are several rules that govern the minimum size of box 
used. The wiring, fittings, and devices—such as switches—all 
require space in the box. Therefore, all boxes are sized not 
only by their front dimensions, but also by their depth. The 
various box styles are available in an assortment of depths. 
The NEC requires that the volume of the box provide free 
space for all conductors enclosed in the box.

Conductors will occupy much of the volume of the box. The 
NEC requires that the volume of free space listed in Table 2 
be maintained for each conductor of a given wire size. Since 
most branch circuits utilize only one (and rarely two) sizes 
of wire, the NEC and most manufacturers have set up tables 
similar to Table 1 that list the maximum number of wires 
that can be enclosed in a given size of box. However, Table 1 
can’t always be used because different combinations of wire 
sizes may be used.

Table 2

VOLUME ALLOWANCE REQUIRED PER CONDUCTOR

 Size of Conductor  Free Space within Box for  

 (AWG) Each Conductor (in3)

 18 1.50

 16 1.75

 14 2.00

 12 2.25

 10 2.50

  8 3.00

  6 5.00

(Reprinted with permission from NFPA 70-1999 the National Electric 
Code®, Copyright © 1998, National Fire Protection Association, Quincy, 
MA 02269. The reprinted material is not the complete and official posi-
tion of the National Fire Protection Association on the referenced subject 
which is represented only by the standard in its entirety.)
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W ITH KNOCKOUTS
W ITH BP BRA CKET

W ITH CLA MPS

A ND FH BRACKET

J BRA CKET W ITH CLA MPSFA BRACKETCLA MPS

W ITHOUT BRA CKETS

W ITH KNOCKOUTS PLASTIC BOX

DEV ICE BOXES

W ITH BRA CKET

SQUARE BOXES

OCTAGON BOXES

DEVICE BOXES
W ITH BRA CKET

FFIGURE 5—Electricians will use these types of boxes most often. Each type of box is available with 
many styles of brackets and with knockouts for cable or conduit.
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The maximum number of wires that can enter any outlet box 
can be determined from the device-box volume and the wire 
sizes. Device boxes not listed in the NEC have their volume, 
in cubic inches (cu. in.), marked on them. As you may al ready 
know, the volume of a space, such as the space inside a box, 
is found by multiplying the space’s height times its width 
and then multiplying the result times the space’s depth. It’s 
important to remember that this approach to calculating vol-
ume only works if all three dimensions are in the same units, 
such as inches.

The number of wires that can enter a device box is limited by 
the NEC to prevent excessive heat generated by overcrowd-
ing wires and splices. Table 1 lists the maximum number of 
wires for many common sizes of outlet boxes. Note how the 
number of wires allowed decreases as the wire size increases. 
In fact, this maximum wire count includes more than just 
conductors. Devices and other fittings are also counted when 
determining the effective number of conductors in a box. The 
effective conductor count includes the volume occupied by 
other components.

Remember that the fittings and devices that may be mounted 
to the box also require space. To provide for these compo-
nents, along with the wiring, remember the following rules. 
When counting the equivalent number of conductors in a 
device box,

 1. Do not count conductors from a fixture as wires in the 
box.

 2. Count as ONE all the fixture studs, hickeys, or cable 
clamps, no matter how many there are.

 3. Count as TWO each switch, receptacle, or similar device.

 4. Do not count any wires that originate and end in the 
same box, such as a receptacle ground.

 5. Count as ONE all bare grounding wires, no matter how 
many there are.

 6. Count as ONE any wire that runs through the box with-
out a splice or tap.

 7. Count as ONE each circuit conductor that enters the box 
and doesn’t pass through the box.
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Let’s apply what you’ve learned about sizing device boxes 
with two examples. Review each problem carefully, and study 
the solution until you understand it thoroughly.

Problem 1: Look carefully at the device box/receptacle 
installation shown above. Using what you know about count-
ing conductors, what’s the count in the installation shown?

Solution:

Step 1: Count ONE for each current-carrying insulated con-
ductor.

 Cable 1 5 2 (1 hot, 1 neutral)

 Cable 2 5 2 (1 hot, 1 neutral)

Step 2: Count TWO for each device (switch, receptacle, 
etc.).

 Receptacle 5 2

Step 3: Count all cable clamps (regardless of how many) as 
ONE.

 Clamps 5 1

Step 4: Count all ground wires (regardless of how many) as 
ONE.

 Grounding Wires 5 1

Step 5: Total

 Total count 5 8
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Problem 2: Based on Table 1 and assuming that No. 12 wire 
is used, what minimum size device box would be required in 
Problem 1?

Solution: The minimum size device box that can be used for a 
conductor count of 8 is the 3 3 2 3 31⁄2 device box.

Electrical Devices
Even though the objective of all wiring systems is to deliver 
current to electrical loads, electricians spend most of their 
time wiring the electrical devices, like switches and recep-
tacles, to the power source. You’ll learn how to wire many 
types of electrical components; however, as an electrician 
you’ll spend the majority of their time running wire from one 
location to another and connecting various combinations of 
switches and receptacles.

In previous study units, you learned that electrical devices 
serve three purposes: (1) to control a circuit, (2) to protect 
a circuit, and (3) to provide a convenient breakpoint in the 
circuit’s wiring. Figure 6 shows a sample of how devices and 
loads interconnect. Note that the circuit is made up of (1) 
devices that control the flow of current, such as switches and 
circuit breakers; (2) safety devices, such as circuit breakers, 
that protect the circuit’s components and loads; (3) devices 
such as receptacles and conductors that distribute and 
deliver the current to the load; and (4) electrical loads.

Electrical Loads
Electricity is a form of energy that doesn’t directly serve a 
useful purpose. It’s always converted to some other form of 
energy at the electrical load. As a rule, it’s converted to heat, 
light, or some type of motion or mechanical energy. For the 
three electrical loads illustrated in Figure 6, the light bulbs 
provide light while the radio produces sound.
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The current and power requirements of appliances vary greatly. 
Whereas the light bulb may require less than 100 watts 
(W) of power, some of the appliances used for heating may 
require 1000 to 1500 W or more.

This great variation in power demand has a great deal to do 
with the type of circuit in which the appliance can be used. 
Table 3 lists the typical power requirements for a number of 
appliances and the type of circuit in which these appliances 
are normally used.

We’ve now briefly reviewed what you’ve already learned about 
several types of electrical hardware. In the next section of 
this study unit, we’ll discuss electric services and features of 
large electrical systems.

SERVICE ENTRANCE LOAD ON/OFF

MAIN
BREAKER

CIRCUIT 
BREAKER

CONDUCTOR

CLOCK 
RADIO

RECEPTACLE

LOADS

SWITCH

LAMPHOLDER
WITH PULL CHAIN

LAMPHOLDER

FIGURE 6—Control devices can be part of the load, such as the ON/OFF switch on the clock radio. 
They’re also used to protect the circuit, like the circuit breaker; as stand-alone control devices, like 
the wall switch; or as part of another device, like the switch built into one of the lampholders. These 
and other control devices are used to turn the load on and off or regulate the load’s temperature or 
motor speed.
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Table 3

TYPICAL POWER REQUIREMENTS OF APPLIANCES

  Circuit Type  

Appliance Power Required (watts) (G.P. = General Purpose)

Air conditioner (room) 1200 G.P., Separate

Air conditioner (central) 5000 Separate

Attic fan 400 G.P.

Toaster 1200 Appliance

Automatic washer 700 Laundry

Broiler 1000 Appliance

Coffee maker 1000 Appliance

Dishwasher-disposal 1500 Separate

Steam iron 1000 Laundry

Electric blanket 200 G.P.

Electric clock 2 G.P.

Clothes dryer 9000 Separate

Freezer 350 Appliance

Fluorescent lights (each tube) 15–40 G.P.

Hair dryer 100 G.P.

Heat or sun lamp 300 G.P.

Ironer 1650 Laundry

Lamps, each bulb (incandescent) 25–200 G.P.

Mechanism	for	fuel-fired	heating	 
  plant 800 Separate

Oil burner 250 Separate

Portable fan 100 G.P.

Portable heater 1650 G.P.

Radio 100 G.P.

Ranges, electric 12,000 Separate

Refrigerator 200 Appliance

TV 350 G.P.

Vacuum cleaner 300 G.P.

Ventilating fan 400 G.P.

Waste disposal 500 Appliance

Water heater 3500 Separate

Water pump 700 Separate
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Self-Check 1

At the end of each section of Wiring Electrical Components, Part 1, you’ll be asked to pause 
and check your understanding of what you’ve just read by completing a “Self-Check” exer-
cise. Writing the answers to these questions will help you to review what you’ve studied 
so far. Please complete Self-Check 1 now.

 1. When working with electrical hardware, what word can usually be substituted for the  
word equipment?

  __________________________________________________________

 2. What type of wiring system is used in most homes?

  __________________________________________________________

 3. What’s the maximum number of No. 12 conductors that can be wired into a  
3 3 2 3 2-inch device box?

  __________________________________________________________

 4. What three purposes do electrical devices perform?

  __________________________________________________________

  __________________________________________________________

  __________________________________________________________

 5. What two common residential appliances require the most power to create?

  __________________________________________________________

Check your answers with those on page 73.
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OVERVIEW OF ELECTRICAL 
 SYSTEMS
Before discussing how an electrician arranges conductors, 
devices, and other pieces of equipment into electrical branch 
circuits, it’s important to recognize what type of electrical 
system is being built. As you already know, in residential 
wiring, the power-company-supplied electricity enters the 
building at the service entrance. This is almost always a 
three-wire, 120/240-volt circuit. However, when dealing with 
commercial and industrial wiring, it’s very likely that electri-
cians will encounter a different type of electrical service. This 
part of the study unit discusses different types of electrical 
systems. You’ll also learn a little about what makes one type 
of system preferable to another.

Electric Service
Electric public utility companies produce and distribute electric 
power to their customers almost exclusively as alternating 
current (AC). The delivery of direct current (DC) has largely 
been discontinued except for private generating plants and 
in industries that require close control of motor speeds. 
Because an electrician isn’t likely to encounter direct-current 
services, only alternating-current services will be discussed 
here. Although the use of three-phase AC service (for com-
mercial and industrial applications) has increased rapidly in 
recent years, there are many areas where only single-phase 
service is available. When only single-phase service is avail-
able, there is, of course, a limit on the size of the load that 
can be served.

Three-Wire Circuits
Two-wire circuits consist of a hot wire and a neutral wire. If 
two two-wire circuits are run in the same general area, both 
circuits could be serviced by a single three-wire cable, as 
shown in Figure 7. Note that lines a and b are hot wires and 
the remaining line n is the neutral, which is connected to the 
neutral bus in the panelboard. This neutral bus is, in turn, 
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connected to ground. It’s important, however, to recognize 
that the neutral side of the circuit isn’t the same electri-
cally as the ground circuit. If lines a and b are connected to 
opposite legs of the service entrance, the current will flow as 
indicated by the arrows. The phrase opposite legs of the ser-
vice entrance means that if line a is connected to the black 
service entrance wire, line b is connected to the red service 
entrance wire. The voltage between either lines a and n or 
b and n is 120 V, whereas the voltage between lines a and 
b is 240 V. As you know, this is because of the behavior of 
alternating current. When the current supplied by the black 
service-entrance cable reaches its maximum value (120 V), 
the current from the red service entrance cable is at negative 
120 V. The difference between the two is 240 V.

Since the neutral lines, or wires, are connected together at 
the panelboard, they are, in effect, one wire. Why use two 

FIGURE 7—This wiring configuration allows two branch circuits to be fed by one three-wire cable.
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wires when one will do? A three-wire, 120/240-V circuit will 
do the work of two two-wire, 120-V circuits. Consider the 
condition when equal loads are used on the three-wire circuit 
in Figure 7. Assuming that each load draws 20 A, then 20 
A flow in lines a and b. Remember that in a three-wire cir-
cuit, the current supplied to the service panel by the two hot 
conductors (L1 and L2) is out of phase. This is represented 
graphically in Figure 7. When the alternating current flow-
ing in a moves to the right, the current flowing in b moves to 
the left. This also means that the two arrows on the shared 
neutral (n) are in opposite directions. Therefore, the currents 
cancel, and no current flows in the neutral wire. The result is 
no voltage drop in the neutral and less voltage drop in each 
circuit. When the load’s current draws are unequal, there’s 
still less current flowing in the neutral conductor than in 
either of the hot conductors. For example, if line a is carrying 
20 A and line b is carrying 15 A, then the neutral n is carry-
ing 5 A (20 2 15 5 5 A). Although the neutral current is no 
longer zero, it’s much less than either load’s current draw. In 
reality, the single loads in Figure 7 would be replaced by sev-
eral smaller loads located throughout each branch circuit. In 
ideal cases, they’re equally distributed between the two sides 
of the circuit.

Single-Phase AC Service
Single-phase alternating current is available in two- and 
three-wire services. In general, the three-wire service is used 
for most single-phase applications such as residences, stores, 
and small businesses. Exceptions are small loads under 
about 3 kW (kilowatts), such as signboards and television 
boosters, which are supplied by two-wire, 120-V services. 
A single-phase service is supplied by a distribution trans-
former as shown in Figure 8. The public utility supplies a 
high voltage, such as 6900 V, to the primary winding of the 
distribution transformer. The voltage is reduced, or stepped 
down, in the transformer and supplied to the customer from 
the secondary winding. Electric power is supplied to the cus-
tomer at 120/240 V and uses three wires that connect to the 
transformer secondary winding.
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In three-wire service, 120 V is provided between either of 
the outside lines and the center line, or neutral, and 240 V 
is provided between the two outside lines. The 120-V con-
nections are used for lighting and small appliances, and the 
240-V connection is used for heavier loads such as electric 
ranges and electric clothes dryers.

Commonly found single-phase voltages are 115/230 and 
120/240 V, three-wire, with solid neutral. Solid neutral 
means that the neutral wire isn’t interrupted by a switch or 
fuse or other device.

The two values separated by the slanted line indicate that 
two voltages are available from one three-wire service. These 
are the voltages encountered in residential wiring.

In some old residential installations, electricians will encoun-
ter two-wire, single-phase systems. These systems are rare 
and can supply only a limited load at one voltage. In areas 
with aggressive code enforcement, these systems have been 
replaced with a typical three-wire, 120/240-V service.

Grounding of Electrical Systems
Previously it was mentioned that the neutral wire in a res-
idential electrical system is grounded, or connected to the 
earth. When the neutral wire is connected to the earth, it’s a 
grounded conductor because it carries current during normal 
circuit operation. A grounding conductor is also connected to 
the earth, but it doesn’t carry current during normal circuit 
operation. For example, the grounding conductor connected 
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FIGURE 8—This shows how single-phase service is derived.
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to the frame of a 240-V motor carries current only when 
there’s a short circuit between the motor winding and the 
motor frame.

Grounding an electrical system promotes safety by reducing 
shock and fire hazards. Consider the situation in which a 
6900-V line accidentally falls and contacts the electric wires 
leading to a house. If the wires leading to the house aren’t 
grounded, all the wires will be carrying 6900 V. Touching any 
wire would give a 6900-V shock. However, when the wires 
supplying the house with 120/240-V power are grounded, 
the danger is reduced. Because the neutral wire of the elec-
trical system is grounded, as shown in Figure 9, the voltage 
on the 120-V line will be higher than the normal 120 V, but 
much less than 6900 V. The voltage on the house wires can-
not increase to 6900 V because there’s a low-resistance path 
from the hot wire through the transformer winding and the 
neutral wire to the ground.

Grounding also improves the safety of the electrical system 

by reducing the voltage to ground. In Figure 9, the normal 
voltage to ground is 120 V. If the ground were removed from 
the neutral wire, the voltage to ground would be 240 V. 
Although in many cases 120 V is high enough to kill a per-
son, it’s safer than 240 V.

The neutral wire must be kept continuous. In residential wir-
ing, the neutral wire is never interrupted by a fuse, circuit 
breaker, switch, or other device. In industrial wiring, the neutral 
wire may be interrupted if the control device simultaneously 
interrupts the ungrounded wires and the neutral wire.

FIGURE 9—If the neutral wire wasn’t grounded 
and a power wire accidentally contacted the 
hot wire, this entire secondary circuit would 
be floating (not grounded) at 6900 V. In this 
illustration, the transformer winding would 
probably burn out immediately or some protec-
tive device would open the circuit.
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The neutral wire is identified by its white or natural gray 
insulation. When white wire can’t be obtained, paint the ends 
of the wire white, or, more commonly, mark them with white 
tape. The grounding wire is either uninsulated or covered 
with green insulation. In European countries, a green insu-
lation with a yellow stripe is sometimes used to identify the 
grounding wire.

Series and Parallel Circuits
When several parts or devices are used in a wiring system or 
even in an appliance, their circuits may be interconnected in 
various ways. The basic connections of electric circuits are 
series or parallel connections. You’ve already been introduced 
to these two types of connections. Now we’ll consider them as 
applied to circuits.

In a series circuit, the individual components are connected 
end to end, forming a closed path in the circuit, as in Figure 
10. A switch, a fuse, and two heater coils are connected to 
the source of power in a single loop, or conducting path. 
One of the basic rules for the series circuit is that the same 
current flows through each part. If, for example, 10 A flows 
through the switch, then 10 A will flow through the fuse and 
through each of the heaters. The voltage drop across each 
component is different and depends on the resistance of this 
component and the amount of current flowing through it.

If a series circuit is broken, or opened, at one point, the 
entire circuit is “dead,” and no current flows in any part of 
it. This is because the circuit no longer forms a continuous 
conducting loop. This created problems with old-fashioned 
“series” Christmas tree light sets. When one lamp burned 
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FIGURE 10—In the parallel 
circuit, the voltage across 
each of the components will 
be the same as the source 
voltage. In a series circuit, 
the current flow will be the 
same through each compo-
nent.
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out, the entire set was out. The only way to correct the prob-
lem was to replace lamps one by one to find the bad one. 
Obviously, residential wiring circuits, as well as modern 
Christmas tree light sets, aren’t wired as series circuits.

The other basic circuit type is the parallel circuit. In a par-
allel circuit, two or more devices are connected across the 
same source of power, as shown in Figure 10. The two heat-
ers and the fan are connected “in parallel,” or “in shunt,” 
with each other and with the source. In this circuit, the same 
voltage exists across each of the parallel-connected parts. In 
parallel circuits, it’s the current that branches off, with part 
of the current flowing through each of the parallel branches. 
The higher the resistance of a branch, the lower the current 
through that branch.

If one of the parallel branches is disconnected, or opened, 
the current in the other branches continues to flow. So, an 
open circuit in one branch doesn’t stop the current in other 
branches. This is an advantage of “parallel” Christmas tree 
light sets. If one lamp burns out, only this one lamp doesn’t 
light, and you can easily replace it.

Numerous combinations of series and parallel circuits are 
used in electrical systems and appliances. But any combina-
tion of circuits can be broken into simple individual circuits 
for testing.

Simple Combination Circuit
Parts of a wiring system or an appliance may be connected 
in a combination of series and parallel circuits. One exam-
ple is the heater combination circuit shown in Figure 11A. 
In the schematic, notice that the heater and the switch are 
connected in series with each other, and that the fan motor 
is connected in parallel with them. The circuit has two par-
allel branches. One branch has only one component, the fan 
motor. The other branch contains two components in series, 
the heater and the switch. This is a series-parallel combina-
tion circuit.
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In Figure 11A, the colors of the wires are indicated in the 
diagram. Note that one side of each branch has a white wire, 
and that this white wire is connected to the common white 
wire that leads to a source terminal. The red wire from the 
switch and the red wire from the fan motor are connected 
to the black wire that leads to the other source terminal. 
Remember that the common wire is white and that all white 
wires are connected together. The pictorial diagram of the 
same heater is also shown. In this heater, the switch, of 
course, controls only the heating element and not the fan.

The general-purpose branch circuit in Figure 11B shows how 
two switches are wired to control a combination ceiling fan 
and light. Note that the switch-appliance combinations are 
wired parallel to each other.

FIGURE 11—Since the switch in (A) is in series with the heater, it must be able to carry the same 
amount of current as the heater. The general-purpose branch circuit in (B) shows how two switches 
are wired to control a combination ceiling fan and light.
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FIGURE 19—Use this example problem figure for determining the value of 
C.Common Circuit Faults
The three common faults of electrical wiring are open circuits, 
short circuits, and ground faults. An open circuit, as the name 
implies, is simply a circuit that’s no longer complete because 
the continuous path for the current is broken. As might be 
expected, this failure occurs largely at splices and at termi-
nals where the mechanical fasteners may loosen and open 
the circuit. The danger from this type of fault is caused by 
arcing at the point where the circuit opens. This can cause 
considerable damage without tripping the circuit breaker or 
blowing the fuse unless a ground or a short circuit results 
from the original fault.

A short circuit results when there’s contact between the hot 
and neutral wires. This contact allows current to bypass the 
load. Because the resistance of the circuit is considerably 
reduced during the short circuit, a high current flows in the 
shorted portion of the circuit. The high current trips the cir-
cuit breaker or blows the fuse. The danger of a short circuit 
comes from the high current flow, which overheats the insu-
lation and may even cause fire.

A ground fault occurs when an ungrounded wire accidentally 
comes into contact with the ground or the grounding wire. 
Since the resistance of the ground can be quite high, 20 ohms 
or more, a ground fault may not trip the breaker or blow the 
fuse. The first indication of the ground fault may come as a 
high electric bill or difficulty in operating appliances on the 
grounded circuit. A grounded circuit always presents a pos-
sible shock hazard. This is illustrated in Figure 12. The post 
light is mounted on the upper end of a metal pipe that has 
its lower end buried in concrete. Because the post light is 
fed by an old two-wire ungrounded cable, it’s not connected 
directly by a wire to the ground of the electrical system. 
There’s a ground path through the earth, but its resistance is 
high compared to the resistance of a copper grounding wire. 
Therefore, when the ungrounded wire accidentally touches 
the metal pipe, not enough current flows to trip the circuit 
breaker. Thus, there’s 120 V between the post light support 
pipe and the electrical system ground. A person using a gar-
den hose near the post might become part of the ground path 
and receive a shock.
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The way to protect yourself and others from a ground fault is 
to use a ground-fault circuit interrupter (GFCI). These devices 
protect people by de-energizing a circuit, or part of one, when 
the quantity of current flowing to ground exceeds a predeter-
mined value of 6 milliamps. Current values above 6 milliamps 
are considered dangerous. It’s important that you understand 
how the GFCI offers additional protection. The internal cir-
cuitry in the GFCI interrupts circuit power at a much lower 
amperage than the circuit breaker (which is typically 15 or 20 
amps) and interrupts power much more quickly than a cir-
cuit breaker can trip. The combination of lower current levels 
and reduced exposure time can save the life of a person who 
has been electrocuted because of a ground fault. For this rea-
son, the NEC (Section 210-8) requires that GFCIs be installed 
where the danger of electrical shock is higher. Electricians 
must install GFCIs in the following locations:

 1. Bathrooms

 2. Outdoors

 3. Attached or detached garages

 4. Buildings that have a floor at or below ground level that 
isn’t intended as habitable and is limited to a work or 
storage area

 5. Unfinished basements

 6. Crawl spaces at or below ground level

POST
LIGHT

GROUND 
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120 V
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PANELBOARD

UNDERGROUND
CABLE WITHOUT
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FIGURE 12—A ground-fault 
circuit interrupter (GFCI) 
would open this circuit 
and protect anybody from 
getting a shock. Leakage 
currents as small as 6 mA 
(milliamps) are enough to 
trip a GFCI.
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 7. Wet bar locations within six feet of the outer edge of a 
sink

 8. Kitchen outlets that serve the countertop

It’s common practice to wire a GFCI into a branch circuit so 
that receptacles are placed before and after the GFCI device. In 
this type of installation, the device is known as a feedthrough 
GFCI. When this is done, as shown in Figure 13, the upstream 
receptacles don’t benefit from groundfault protection, but all 
downstream receptacles are protected by the GFCI. GFCIs are 
equipped with line and load connection terminals.

It’s important when installing GFCIs to make sure that 
current-supplying conductors (coming from the upstream recep-
tacles in the case of a feedthrough GFCI) are attached to the line 
side and that conductors feeding receptacles downstream are 
attached to the load side. Finally, the ground terminal on a GFCI 
must be connected to the ground conductor.

Keep in mind that a GFCI outlet doesn’t replace a circuit 
breaker. It won’t protect a circuit from overcurrent draw, nor 
will it interrupt the circuit when a hot-to-neutral conductor 
fault occurs.

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

FIGURE 13—GFCIs wired into the middle of a circuit are known as feedthrough GFCIs. Upstream 
receptacles in the circuit aren’t ground-fault protected but downstream ones are. Notice that only 
downstream parts of the circuit may be connected to the GFCI’s load terminals.
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Self-Check 2

  1. What kind of electrical service is usually installed in a modern residence? 

  __________________________________________________________

 2. Which wire in an electrical system doesn’t normally carry any current? 

  __________________________________________________________

 3. What device may be used to interrupt a solid neutral? 

  __________________________________________________________

 4. How would you describe the connection of three devices that are in series with  
each other?

  __________________________________________________________

 5. How is current divided among several series-connected devices? 

  __________________________________________________________

 6. What happens when a series circuit is open at one point?

  __________________________________________________________

 7. How would you describe the connection of three electrical components that are in  
parallel with each other?

  __________________________________________________________

 8. How is current divided among several parallel-connected devices?

  __________________________________________________________

 9. What happens if one of the branches in a parallel circuit is open?

  __________________________________________________________

Check your answers against those on page 73.
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BASIC WIRING PRACTICES
So far we’ve discussed features of electrical devices and elec-
trical systems. Now, you’re going to learn how to wire the 
electrical devices and fixtures, which are mounted to boxes, 
into an electrical system. After learning how the individual 
components are wired, you’ll find out how to use and wire 
combinations of components. By the time you’ve completed 
this study unit, you’ll be able to lay out portions of several 
types of electric branch circuits. Eventually, these branch cir-
cuits join to form a system.

First, let’s review some of the wiring practices that are com-
mon to wiring most components.

Terminals and Lead Colors
As you know, the terminals and leads on receptacles, lam-
pholders, lighting fixtures, and other devices and loads are 
color-coded to help you wire them correctly. The common 
colors for terminal screws are green, white or silver, and nat-
ural brass. The insulation on lighting fixture wires is usually 
black and white. Sometimes both wires on a fixture have 
the same color insulation but one wire’s insulation includes 
a colored line known as a tracer. The wire with the tracer is 
considered to be the identified wire. It should be connected 
to the circuit’s neutral, or grounded, wire. If the identification 
isn’t positive, trace the wires through the fixture. If the fix-
ture uses an incandescent lamp, the neutral wire is the wire 
that’s connected to the outer screw shell. If a grounding wire 
is included, it will be green or green with a yellow stripe.

Most often, the neutral terminal screw will be silver. If a fixture 
includes a white terminal screw, because terminal screws 
are plated rather than painted, the white terminal won’t be 
truly white but will, instead, have a whitish color. The white 
neutral wire is connected to the silver or white terminal. A 
lampholder has one brass terminal and one silver terminal. 
Hot (normally black) wires are connected to brass terminals. 
Most new electricians find it easiest to remember this conven-
tion with the expression black to brass. A single-pole switch 
has two brass terminals and a green one, which means that 
hot wires and a ground wire are connected to the switch.
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Commonly Used Terminals
Before actually discussing how to wire various configurations 
of components, let’s first review how to connect the wires 
properly. Too often when a circuit fails, the failure is caused 
by improperly made wire connections, not by failure of the 
electrical device or component.

Most pieces of electrical equipment—such as switches, recep-
tacles, and starters—are equipped with terminals or lugs for 
connecting the conductors. If the equipment is wired with 
No. 10 or smaller-diameter solid conductors, it’s usually pro-
vided with screw terminals such as those illustrated in Figure 
14. The attachment procedure shown in Figure 14 doesn’t 
usually apply to stranded conductors, which aren’t normally 
held in place with terminal screws. The end of the terminal 
screw is usually staked, or deformed, during manufacture to 
prevent the screw from being removed or lost.

TERMINAL LOOP IN WIRE

CORRECTLY INSTALLED
WIRE

INCORRECTLY INSTALLED
WIRE

INSTALLING A WIRE
ON A SCREW TERMINAL 

RECEPTACLE WITH SCREW
AND PRESSURE TERMINALS

SLOT

PRESSURE
TERMINAL

SCREW
TERMINAL

STRIPPING 
GAGE

FIGURE 14—Most receptacles can be wired through both pressure and screw terminals. To attach a 
wire to a pressure terminal, strip insulation as indicated by the strip gauge marked on the device—
usually about 1⁄2 in. Insert the bare wire into the terminal opening, and push it in up to the insulation. 
To remove a wire from a pressure terminal, insert a small screwdriver into the slot to withdraw the 
conductor.
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Before inserting the stripped end of the conductor under the 
screw head, form a loop in it as shown in Figure 14. Then 
place the loop under the screw head so that it wraps most of 
the way (but not entirely) around the screw terminal. Don’t 
lap the end over the conductor. The loop must wrap around 
the screw in a clockwise direction. This is the same direction 
the screw tightens, which will tend to tighten the loop.

Many receptacles and switches are so made that the stripped 
end of the conductor is pushed into a hole in the back of the 
device, where pressure terminals within the device automat-
ically make good contact. This location is commonly referred 
to as a stab lock. Obviously, this feature saves quite a bit 
of time when there’s a need to connect two conductors to a 
specific terminal. Instead of splicing the two conductors and 
a third conductor, known as a jumper, together, then con-
necting the jumper to the terminal, an electrician can simply 
connect one conductor to the terminal screw and insert 
the other into the stab lock. Remember, however, it’s never 
permissible to directly attach two conductors to the same ter-
minal screw.

A duplex receptacle with both screw terminals and pressure 
terminals also is shown in Figure 14. A stripping gauge is 
included on the duplex receptacle to help guide you in remov-
ing the correct amount of insulation. The pressure terminal is 
usually designed to accept only two sizes of solid conductor, 
Nos. 14 and 12. Either the screw terminals or the pressure 
terminals may be used with copper conductors. The pressure 
terminals can be used only with solid copper conductors and 
are not to be used with aluminum conductors or strand-
ed-copper conductors.

Splicing Wires
Sometimes splices, or joints, in the wires are necessary. The 
splices must be mechanically and electrically as good as a 
continuous length of wire. Also, the splice must be as well 
protected by new insulation as it was by the original insu-
lation. One place where splices are often made is in device 
boxes when switches, receptacles, or lampholders are wired. 
To make a splice, remove the insulation where the splice is to 
be made. Then make an electrical and mechanical connection 
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by using a wire nut or some other splicing device. The splice 
is electrically insulated as long as the wire nut covers all of 
the stripped conductor. An illustration showing solid conduc-
tors connected with wire nuts is shown in Figure 15. Figure 15 
also shows how to use a wire nut to join a stranded and solid 
conductor.

In certain instances when wiring a residence, and often in 
industrial work, electricians use connectors designed to 
mechanically attach to a conductor. Pressure connectors, sol-
derless connectors, and crimp-on connectors must be selected 
for the wire sizes and the voltage used. For example, a sol-
derless connector made for a pigtail splice of two No. 14 wires 
can’t be used to splice three No. 12 wires. Also, a solderless 
connector rated for 300 V (volts) can’t be used on a 480-V 
circuit; a 600V solderless connector should be used. An elec-
trician may need to check the manufacturer’s literature or 
the shipping container to determine if a piece of hardware is 
suitable for a particular application.

Wiring Commonly Used Devices
Once branch circuits are laid out, device boxes are installed, 
and conductors are run to the installed device boxes, an 
electrician must connect the conductors to the devices. In 
this part of the study unit, you’ll learn how to wire devices 

CONNECTING TWO SOLID WIRES

Strip about 3/4 inch of insulation
from the wires to be joined. Twist
the wires together; then twist a
wire nut clockwise around the
wires and push into the connector.
No bare wire should remain
exposed.

Bend the unwrapped part of
the solid wire so that it covers
the wrapped part. Squeeze the
bend and twist a wire nut on.

Strip about 1/2 inch of insulation
from the solid wire and about 1
inch from the stranded wire.
Wrap the stranded wire around
the lower half of the stripped
solid wire.

STEP ONE STEP TWO

CONNECTING THE STRANDED AND SOLID WIRES TOGETHER

FIGURE 15—Splicing, or connecting wires, is very easy when wire nuts are used.
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into various types of branch circuits. You’ll also learn how to 
make sure you’re installing the correct device to meet a speci-
fied branchcircuit requirement.

Wiring Receptacles
The duplex receptacle is a common, versatile device used in 
several different types of circuit configurations. It’s import-
ant that an electrician be able to select a receptacle, or any 
device, to match a particular wiring application. Selecting 
the correct receptacle for an installation is made easier if you 
know how to interpret the labels on the device. The labels on 
the receptacle shown in Figure 16 indicate three things. First, 
they show the receptacle’s maximum current and voltage 
ratings—in this case 15 A, 125 V. Second, the labels indi-
cate two testing laboratory symbols, which means the device 
has been approved by the laboratories for the intended use. 
Third, the device has a label that tells what types of con-
ductors can be connected to the device. On this receptacle, 
the label “CU OR CU CLAD ONLY” found on the mounting 

FIGURE 16—The 
receptacle is stamped 
with data on safety 
tests and operating 
characteristics. The 
phrase “CU OR CU 
CLAD ONLY” indicates 
that only copper or 
copper-clad wire may 
be used. “15 A 125 V” 
means the receptacle 
cancarryupto15Aof 
current at voltages up 
to 125 V.
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strap means that the device can be used only with copper or 
copper-clad conductors. This particular device can’t be con-
nected directly to aluminum conductors.

Wiring Duplex Receptacles

As you know, a duplex receptacle is an electrical device with 
two contact receptacles on the same yoke. When examining 
a duplex receptacle, you’ll find two white or silver terminal 
screws on one side and two brass terminal screws on the 
other side. A green grounding terminal will be located at one 
end. You’ll also find four stab lock locations on the back of 
the device. Four terminal screws are provided so that the cir-
cuit wiring can be run from one duplex receptacle to the next 
without splicing.

The wired duplex receptacle shown in Figure 17 would be 
indicated on a wiring plan, or layout, by the symbol shown. 
The black wire, which is the ungrounded wire, is connected 
to a brass terminal screw. The white wire, which is the 
neutral wire, is connected to a silver terminal screw. The 
remaining conductor is a bare or green-insulated ground 

FIGURE 17—In end-of-the-
run wiring, a single cable 
enters the device box. The 
cable contains black, white, 
and bare copper wires. To 
ground the installation, 
assuming the box is metal-
lic, join two 5-in. green 
jumper wires to the ground 
conductor. Then attach one 
jumper to the back of the 
box with a machine screw 
and connect the second 
jumper wire to the green 
screw on the receptacle.
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wire; it’s connected to a metallic device box by a screw. 
Terminal identification is molded into the plastic, but the 
markings vary with the manufacturer. For example, one 
manufacturer molds letters WHITE and GR into the device 
but doesn’t label the hot terminals. Another manufacturer 
molds BLACK, WHITE, and GR into the case. Wiring isn’t 
difficult because WHITE is the neutral connection, BLACK 
or unlabeled is the ungrounded terminal, and GR is the 
green or grounding terminal. Remember, terminal screws are 
approved for securing only one wire; never place two wires on 
one  terminal screw. When there are more wires than termi-
nal screws, splice the wires and run a jumper wire from each 
group to the appropriate terminal.

Middle-of-the-Run Receptacles

Branch circuits are sometimes referred to as runs. Power is 
supplied to the first in a series of receptacles, wired together 
to form a branch circuit, and moves from one receptacle to 
the other, until the end of the branch circuit run is reached. 
Often, two cables will enter a device box, one carrying power 
to the box from somewhere upstream in the branch circuit 
and one carrying power from the box to points downstream 
in the branch circuit. In this situation, which is illustrated in 
Figure 18, connect one white wire to each white terminal and 

FIGURE 18—In middle-of-the-run wiring, two cables enter the box. The only difference between these 
two wiring diagrams is in grounding the receptacle.
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one black wire to each brass or ungrounded terminal. Both 
terminals of a color are common, or connected together, so 
that the circuit is completed through connecting links on the 
duplex receptacle.

Split and Double-Wired Duplex Receptacles

Split-wired duplex receptacles are similar to ordinary duplex 
receptacles except that each outlet is independent and has its 
own terminals. The ordinary duplex receptacle has two termi-
nals on each side, and both terminals on a side are common. 
Many of the betterconstructed duplex receptacles can be 
converted easily from the ordinary type to the splitwired type. 
In Figure 19, a screwdriver is shown being used to remove 
a contact link, which connects the terminals from the two 
halves of the receptacle’s two outlets.

Split-wired duplex receptacles are widely used where the top 
outlet is controlled by a switch and the bottom outlet is per-
manently connected. For example, instead of a permanent 
ceiling light, a floor or table lamp may be plugged into the top 
half and turned on and off with a wall switch. Meanwhile, the 
bottom half of the receptacle would be unaffected by the wall 
switch. Another use is where two circuits run nearly parallel, 
as kitchen appliance circuits do. If the two circuits are fed 
from adjoining breakers (one above the other), or opposite 

FIGURE 19—By 
removing the con-
tact link, this duplex 
receptacle can be 
converted to a 
two-circuit, split-
wired receptacle. In a 
split-wired receptacle, 
the outlets are inde-
pendent but receive 
their voltage from the 
same branch circuit.

CONTACT LINK

SPLITTING THE CIRCUIT
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legs, of the 120/240-V service, only three wires are needed. 
Then, when two appliances are plugged into the same duplex 
receptacle, they’ll automatically be on opposite legs of the 
three-wire circuit. This means they’ll receive current that’s 
180 degrees out of phase. In this case, the receptacle is often 
called a two-circuit duplex receptacle. Wiring arrangements for 
split-wired and two-circuit duplex receptacles are shown in 
Figure 20.

Note that the split-wired duplex receptacle is only a one-circuit 
device, since the power to both receptacles originates at the 
same circuit breaker. The wiring for the two-circuit duplex 
receptacle originates from two circuit breakers at the distri-
bution center. You’ll learn more about electric circuits and 
the total electrical system in later study units.

Wiring a switched duplex receptacle is best illustrated by 
examining the pictorial diagram in Figure 20. The duplex 
receptacle should be the convertible type shown in Figure 19. 
Remove the terminal link from the brass, or hot, side only. 

FIGURE 20—In a split-wired duplex receptacle, a switch controls one outlet while the other outlet is 
always powered. A two-circuit receptacle can be dangerous to work on if both circuit breakers in the 
main panel aren’t turned off. The two breakers should be mechanically linked.
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The white, or neutral, side should be left connected, and the 
white wire from the panelboard should be connected directly 
to either white terminal screw and tightened. The black wire 
from the panelboard is spliced to a short piece of black wire 
that runs to the lower brass terminal on the duplex recep-
tacle. The lower half isn’t switched and, therefore, is always 
hot. Also spliced to the black wire from the panelboard is a 
white wire that goes to a terminal on the switch. Connecting 
a black wire from the switch to the top half of the duplex 
receptacle completes the wiring. The switch controls the load 
plugged into the top half of the duplex receptacle.

Previously, the statement was made that the white wire is 
always reserved for the neutral, but in Figure 20, the white 
wire is spliced to a black wire. Here, the white wire becomes 
an ungrounded hot wire feeding the switch, which contra-
dicts the statement. The connection is permitted in switch 
loops by the National Electrical Code where two-wire cables 
are used, because the standard cables are made only with a 
black wire and a white wire. However, the ends of the white 
wire should be marked with black tape, and care must be 
used to switch only the ungrounded hot wire. Note that black 
wires are connected to the brass terminal screws on the 
duplex receptacles, and the neutral wire is connected to the 
white terminal. The wiring is incorrect if a white wire is con-
nected to a brass terminal on the duplex receptacle, as would 
happen if the wires connecting the switch were reversed.

Point of Feed

In the preceding discussion of split-wired receptacles, the 
incoming power-supplying cable from the panelboard enters 
the switched receptacle circuit at the receptacle box. The 
point of feed is defined as the point in the circuit at which 
the circuit is fed by the incoming cable. The receptacle is the 
point of feed in Figure 21.

Depending on the actual location of the components in a 
given electrical system, the switch may be closer than the 
receptacle box to the panelboard. If that’s the case, use the 
switch as a point of feed, and wire the devices as shown 
in Figure 22. Basically, the wiring and symbol remain the 
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same except that the connector splice for black wires is in 
the switch box, and three conductors must be run between 
the two boxes. To simplify the illustration, a three-conductor 
cable is used, and the grounding wires have been omitted.

FIGURE 21—If the con-
ductor labeled white or 
black has white insulation, 
the ends of the conductor 
should be taped or painted 
black to identify the con-
ductor as hot.
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Installing Additional Receptacles

Adding new electrical equipment usually means adding new 
receptacles also. In many cases, such as shown in Figure 
23, a second duplex receptacle can be added at a loca-
tion where one duplex receptacle already exists. Mount two 
duplex receptacles in a ganged box on a 120-V circuit. Or, 
if the room has a 240-V circuit, wire the circuit to provide 

FIGURE 22—This middle-
of-the-run switch-wiring 
method is used where it’s 
more convenient to bring 
the point of feed to the 
switch box than to the 
receptacle box.
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two independent 120-V duplex receptacles. Remember, this 
configuration requires that the black and red conductors be 
supplied with opposite-phase current.

Checking 120-V Receptacle Wiring

An electrician must often check his or her own work, or the 
work of others, to be sure that devices and circuits are prop-
erly wired. Polarity checkers and similar tools help electricians 
make sure a device is properly wired. These tools, like the 
one in Figure 24, indicate whenever a receptacle is improperly 
wired. While more time consuming, manual voltage checks 
also warn an electrician of an improperly wired receptacle. 
The voltage diagrams in Figure 25 aid in checking 120-V 
receptacles. If the receptacle is wired correctly, the top termi-
nal is the ground terminal, the lower left terminal is the hot 
terminal, and the lower right terminal is the neutral terminal.

When you’ve wired the receptacle correctly, you should mea-
sure 120 V between the hot and neutral terminals, 120 V 
between the hot and ground terminals, and 0 V between the 
neutral and ground terminals.

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

FIGURE 23—Note that this figure shows two different methods for connecting the white neutral con-
ductors. In the 240-V circuit, either receptacle can be removed without disrupting power to the other 
receptacle.
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FIGURE 24—Polarity check-
ers are useful tools to help 
ease the circuit-checking 
process.

FIGURE 25—Remember 
that the indications will be 
reversed if the ground ter-
minal is at the bottom of 
the receptacle.
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Self-Check 3

 1. The outer screw shell of an electric lamp socket is connected to the _______ wire.

  a. neutral c. grounding

  b. hot d. cold

 2. The _______ circuit wire is connected to the brass terminal on a receptacle.

 3. Name two types of conductors that can’t be used on pressure terminals.

  __________________________________________________________

  __________________________________________________________

	 4.	Differentiate	briefly	between	a	split-wired	receptacle	and	a	two-circuit	receptacle.

  __________________________________________________________

  __________________________________________________________

 5. In the space in front of each set of receptacle voltage measurements, write the letter of  
the matching circuit condition.

Check your answers against those on page 74.

A. OPEN HOT

B. HOT & GRD. REVERED

C. GOOD

D. REVERSED POLARITY

E. OPEN NEUTRAL

F. OPEN GROUND

120

120

X

120

120X

X X

X

X

X X

120

120

120

120 X

X
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BASIC SWITCH WIRING

Poles and Throws
Switches that are turned on and off manually are used with 
many kinds of electrical and electronic equipment. A great 
number of different switches are available. The choice of 
switch depends on its location and intended use.

The action of a switch is described by the number of cur-
rent-carrying lines, or poles, that the switch controls and by 
the number of switch positions, or throws, in which current 
is flowing through the switch. The off position of the switch 
isn’t counted as a throw, since in this position the switch 
doesn’t complete the circuit and won’t allow current to flow. 
Switches are also rated for the current level they’re intended 
to control.

In general, a switch controls one, two, or three current-car-
rying lines, and is therefore called a single-pole, double-pole, 
or triple-pole switch. The lines are usually the hot lines, but 
there are also special applications in which the switch may 
be used to control the neutral wire as well.

In the same way, a switch that has one, two, or three posi-
tions for switching current to different circuits is called a 
single-throw, double-throw, or triple-throw switch, respec-
tively. When a switch is described by both the number of 
poles and the number of throws, an electrician knows exactly 
how it functions in a circuit. You’ll find several combinations 
of poles and throws illustrated in Figure 26, and they’ll aid 
you in your understanding of this discussion.

A very simple switch is a single-pole single-throw (SPST) 
switch, which has a movable blade that makes or breaks con-
tact with a fixed terminal as shown by the schematic symbol 
in Figure 26. The switch can be used to open or close only 
one wire in a circuit, and it has two positions, including the 
off position.

The double-pole single-throw (DPST) switch can open or close, 
counting off two wires at a time, and it has two positions. A 
single-pole double-throw (SPDT) switch has three positions or 
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two throws, but it’s used to open or close a circuit through 
only one wire. By throwing the switch to one side, a circuit 
is closed between the central terminal and one end terminal; 
by throwing the blade to the other side, the circuit is closed 
between the central terminal and the other end terminal. In 
its central position, the blade keeps both circuits open.

The double-pole double-throw (DPDT) switch can make and 
break contact between two wires at a time. It has six termi-
nals and three positions; in the center position, both circuits 
are open; with the throw to the left, the circuits between 
the center terminals and the end terminals on one side are 

FIGURE 26—These are the symbols for the basic types of switches. Note that the off position is not 
included when the number of throws is counted. COM designates the common terminals.
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closed; and with the throw to the right, the circuits between 
the center terminals and the end terminals on the other side 
are closed. The triple-pole single-throw (TPST) and the tri-
ple-pole double-throw (TPDT) switches function in the same 
way as the DPST and DPDT switches except that three cir-
cuits instead of two circuits are involved.

Lamps Controlled from One Point
A switch is commonly used to control one or more lamps 
from a convenient place. When wiring a single-pole switch to 
control one or more lights, it’s a good idea to develop some 
sort of convention. For instance, always connect the hot, or 
feed, wire to the upper terminal while connecting the load (to 
the lamp) wire to the bottom terminal. Follow the same prac-
tice all the time, and it will be easy to later identify a wire at 
the switch simply by where it’s connected. The switch is con-
nected in series with the lamp it controls. If one switch is to 
control more than one lamp, the switch is in series with the 
group of lamps, but the lamps are connected in parallel. The 
parallel circuit of Figure 27 shows four lamps controlled by 
one switch. All the lamps light up when the switch is in the 
on position and the circuit is completed.

If one lamp burns out or is removed, the others will remain 
lighted because the circuit through each lamp is completed. 
If the lamps are connected in series as shown in the mid-
dle view, the lamps will be lighted when the switch is in its 

FIGURE 27—The individually controlled lamps are connected in parallel. A master switch could be 
added to control all lamps from a remote location.
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closed position. However, if one lamp is removed, the circuit 
is broken, and none of the lamps will light, even with the 
switch closed.

Lamps connected in series must be of the same size. If 
they’re not, the smallest-wattage lamps will draw more 
power and, therefore, burn more brightly than normal. The 
larger-wattage bulbs will burn dimmer than normal. This 
is another reason for not using the series connections for 
general lighting. When several switches are to control lamps 
individually, the switches and lamps should be connected as 
shown in the individually controlled view of Figure 27.

An electrician should carefully observe these rules for con-
necting switches.

• Always connect a switch in series with the load which it 
controls (in this case the lamp or lamps).

• The lamp, or parallel group of lamps, controlled by a 
switch is always in parallel with a group of lamps con-
trolled by another switch.

• Switches must always be installed in the ungrounded, or 
hot, side of the circuit. The heavier line, labeled B in the 
circuit diagram in Figure 27, indicates the ungrounded 
(hot) wire, which is usually colored black.

The neutral is indicated by the line labeled W in the figure.

Lamps Controlled from Two Points
The single-pole switch can control lights from only one place. 
As you already know, to control a light from two different 
places, you must use two three-way switches without a cen-
ter “off” position.

A three-way switch is an SPDT switch, and it can be iden-
tified by its three terminals and plain handle. (However, it 
doesn’t have a center-off position.) One terminal is usually a 
different color than the other two terminals. That terminal, 
which is known as the common terminal, usually has a dark 
or oxidized finish. The location of the common terminal varies 
with the manufacturer; the common terminal is usually alone 
on one side or at the end of the switch, as shown in Figure 28.
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A three-way switch has three terminals and controls a load 
from two locations, such as at either end of a hallway. The 
circuit diagrams for controlling a group of four lamps by two 
three-way switches are shown in Figure 29. The three-way 
switches make connections from 1 to 2 or 1 to 3, depending 
upon the position of the switch handle. In this case, terminal 
1 is the COM terminal. Special names are sometimes used 
to identify the wires. The wires connecting the two three-way 
switches are the travelers. The ungrounded wire from the dis-
tribution center to terminal 1 of switch 1 is the switch feed. 
The neutral wire from the distribution center to the lamps is 
the lamp feed.

In the top view, the circuit is wired by running the hot wire to 
the COM terminal of the first threeway switch. The neutral 
wire of the cable is connected directly to the load. The black 
wire from the load is connected to the COM terminal on the 

FIGURE 28—Three-way 
switches include an extra 
terminal, known as a 
common terminal. On this 
switch, the common termi-
nal is the higher of the two 
terminals on the right.
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second three-way switch. From the two remaining terminals 
of the first switch, two traveler wires are connected directly to 
the two remaining terminals of the second switch. When con-
necting the two switches, always use three-conductor cable, 
not standard two-conductor cable. While this may be the 
easiest wiring method, other wiring scenarios exist. These are 
also demonstrated in Figure 29.

FIGURE 29—Three-way 
switches don’t really have 
an off position. They com-
plete a circuit to either one 
terminal or the other. In 
the switch positions shown, 
the lamps are energized.
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Lamps Controlled from Three Points
A room with three or more exits or entrances requires light 
switches at each one. In this case, four-way switching is 
used. A three-way switch must always be on each end of 
these multiple-point switching circuits. There’s no limit to the 
number of four-way switches that can be installed, as long as 
they’re installed between the three-way switches at the ends 
of the circuit.

Wiring four-way switches is only a bit more complicated than 
control from two points. The circuit diagrams in Figure 30 
are almost identical with those in Figure 29 except that a 
four-way switch has been inserted in the conductors, known 
as travelers, between the two three-way switches. The broken 
lines within the four-way switch indicate the internal connec-
tions of the switch.

The switch manufacturer determines the connecting method 
used with four-way switches. This method will normally be 
shown on the box the switch comes in. If the wiring between 
switches is incorrect, no harm is done except that the light 
won’t light. The four-way switch, like the three-way switch, 
has a plain handle.

Lamps can be controlled from more than three points by add-
ing a four-way switch at each additional location.

Dimming Incandescent Lamps
Dimmers provide a convenient way to adjust lighting levels, 
save electricity, and make light bulbs last longer. A dimming 
switch must be matched to the type of lighting it will control; 
incandescent dimmers can’t be used on fluorescent lights. 
The total wattage of lights connected to the dimmer mustn’t 
exceed the maximum wattage listed on the front of each 
switch.

Wall-mounted dimmers are designed for use only with perma-
nent light fixtures and are available in both singlepole and 
three-way types. Single-pole dimming switches are installed 
the same way as regular single-pole switches, as shown in 
Figure 31. The only difference is that some dimmers have 
wire leads instead of screw terminals. Three-way dimmers 
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FIGURE 30—These circuits show how a lamp should be wired if controlled from three locations. The 
dashed lines are internal wiring; the red wires are the travelers. A four-way switch must be placed at 
each additional location as more control locations are required.
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are designed so that only one of the two three-way switches 
is replaced. Thus, a light on such a three-way switch cir-
cuit can be turned on and off from two locations but can be 
dimmed at only one of them. A three-way dimming circuit 
also is shown in Figure 31.

In some cases, you may require dimming control of the same 
lamps at two locations. The bottom view of Figure 31 shows 
a special circuit used for that purpose. The circuit requires a 
three-way switch and a single-pole dimming switch at loca-
tion 1 and a four-way switch and second single-pole dimming 
switch at location 2. The dimming switches are used for on/
off control as well as dimming. The three-way and four-way 
switches are used for switching the control from one location 
to the other.

FIGURE 31—Four con-
ductors, or travelers, are 
necessary between the two 
locations of a two-location 
dimming circuit.
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The two-location dimming circuit, as shown in Figure 31, 
is switched for control from location 1. If you’re at location 
2 and want control, you must first throw the handle of the 
four-way switch to the up position and thereby gain dimming 
control at location 2. As you can see, a two-gang device box 
is required at each location.

The electronic components of dimmers sometimes cause 
interference on television sets and AM radios. Most dimmers 
have a builtin filtering device. If the problem continues in 
spite of the filter, move the radio or TV as far away from the 
dimmer as is practical, or plug it into another circuit. If nec-
essary, a power line filter also can be used.

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

 1. True or False? The off position of a switch is not counted as a throw.

 2. A switch is wired in _______ with the load it controls.

 3. Switches are installed to open and close the _______ conductor in a circuit.

 4. True or False? A triple pole switch contains three positions plus off.

 5. True or False? The use of a three-way dimmer allows a lamp to be switched from one location 
and dimmed from another.

Check your answers against those on page 74.
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WIRING LIGHTING COMPONENTS

Wiring Pull-Switch Lampholders
Pull-switch or pull-chain lampholders often used in basements 
and attics are one of the easiest devices to wire. On a wiring 
layout, a ceiling-mounted pull-switch lampholder is indicated 
by the symbol shown in Figure 32. The typical lampholder has 
one brass terminal screw and one white terminal screw. When 
wiring a lampholder, remember to connect the black wire to 
the brass terminal and the white wire to the white terminal.

Not all lampholders are constructed the same way. In some 
lampholders, the terminals are directly accessible on the 
top. Another type of lampholder has to be disassembled by 
unscrewing a ring where the lamp enters the socket. The 
switch socket assembly pulls out and wires are mounted to 
the terminal screws. After completing the wiring, align the 
pull switch with the insulating base so that the parts slip 
together when reassembling the lampholder. A third type of 
lampholder has pressure terminals for use with copper wire. 
A fourth type is equipped with six-inch leads. Splice the black 
lead to the black wire and the white lead to the white wire.

FIGURE 32—Wiring a 
Lampholder
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If the wires continue on to another outlet, it’s usually nec-
essary to splice them. Unlike receptacles, most lampholders 
have only two terminal screws. When the cables are to con-
tinue to another outlet, the outlet is wired by using two 
jumpers, as shown in Figure 32.

Wiring Switched Lampholders
A lampholder controlled by a single-pole switch is shown in 
Figure 33. The cable from the panelboard either runs to the 
switch or the lampholder. When the cable runs to the switch 
first, the wiring is done as shown in Figure 33A. At the device 
box, the two white wires are spliced together. Each black wire 
is connected to the switch. At the outlet box, the black wire is 
wired to the brass terminal screw of the lampholder, and the 
white wire is wired to the white terminal screw of the lam-
pholder.

When the cable from the panelboard runs directly to the 
lampholder outlet box, the connections are made as shown 
in Figure 33B. The white wire from the panelboard is wired 
directly to the lampholder white terminal, but the black wire 

OUTLET 
BOX WHITE

DEVICE 
BOX

SWITCH

LAMPHOLDER

WHITE

CABLE FROM 
PANELBOARD

SWITCH FEED
(A)

DEVICE 
BOX

LAMPHOLDER

WHITE

WHITE

OUTLET 
BOX

SWITCH

WHITE

BLACK

LAMPHOLDER FEED
(B)

BLACK

WIRING OF SWITCHED LAMPHOLDERS

BLACK

BLACK

BLACK

CABLE FROM 
PANELBOARD

FIGURE 33—The wiring 
shown is basically the same 
except that the splice is in 
the device box for switch 
feed and in the outlet box 
for lampholder feed.
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is spliced to the white wire in the cable running to the switch. 
The black wire from the switch is wired to the brass terminal 
on the lampholder. At the switch, the white and black wires 
are each connected to a switch terminal.

In Figure 33, the lampholder is connected to one black 
wire and one white wire. Note, however, the difference in 
the switch wiring. Both wiring configurations are correct, 
and both are approved by the National Electrical Code. With 
switch feed, the switch is connected by two black wires, but 
with lampholder feed, the switch is connected by one black 
wire and one white wire. The change in wire colors is permit-
ted when two- or three-wire cables are used. When conduit is 
used, as in industrial wiring, the white wire from the outlet 
box to the device box is replaced by a black wire. In both cir-
cuits, only the ungrounded wire is switched. The neutral isn’t 
broken by a switch, although it is spliced in the circuit with 
switch feed.

Although a lampholder is shown in Figure 33, a lighting fix-
ture could be used just as well. An incandescent lighting 
fixture usually would have one black wire and one white wire. 
Some fluorescent lighting fixtures have one black wire and 
two white wires. Just splice all the black wires together in 
one group and all the white wires together in another group.

Two Lampholders Controlled by  
One Switch
Two or more lighting fixtures are often controlled by a single 
switch. The symbols in Figure 34 show two lamps controlled 
by a single-pole switch. Switch feed is used as in Figure 33. 
Also, as in Figure 33, the white wire from the panelboard is 
spliced to the white wire feeding the switch. The wiring of the 
right-hand outlet box is the same as that in Figure 33. At the 
left-hand outlet box, a cable and two jumpers are used. All 
the black wires have been spliced together in one connector 
and all the white wires together in another. The black jumper 
is wired to the lampholder’s brass terminal, and the white 
jumper is wired to its white terminal.

When the cable from the panelboard runs to a lighting fixture 
instead of the switch, the wiring is slightly more complicated. 
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The symbols and the wiring for such a circuit are shown in 
Figure 35. One cable and two jumpers have been added to 
the wiring used for one lampholder. Again the black wire 
from the panelboard is spliced to the white wire feeding the 
switch. The black wire from the switch is spliced to the other 
black wires. The white wire from the panelboard is spliced to 
the white jumper and to the white wire of the cable feeding 
the second lighting fixture.

In these descriptions, one cable is always coming from the 
panelboard. In practice, the cable doesn’t usually run directly 
from the panelboard but instead runs from another outlet 
box where power is available. For example, several lamphold-
ers are usually wired on the same circuit. The cable runs 
from lampholder to lampholder, and only the first lampholder 
is wired directly to the panelboard. An example is shown in 
Figure 36, where a pull switch lampholder is fed from the 
switch that controls a switched lampholder. The example 
also shows one place where three-wire cable can be used to 
reduce the total number of wires required.

CABLE

BLACK 
JUMPER

CABLE

DEVICE 
BOX

SWITCH

BLACK

WHITE

CABLE FROM
PANELBOARD

OUTLET BOX

WHITE
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OUTLET
BOX

BLACK

WIRING FOR TWO LAMPS CONTROLLED BY ONE SWITCH
AND USING SWITCH FEED

SYMBOL
S

L L

BLACK

FIGURE 34—In this circuit the power feeds from the panel to the switch. Note that the arrow extend-
ing from the S in the symbol means that the point of feed is at the device box for the switch.
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FIGURE 35—Three splices are required when wiring this circuit with lampholder feed. The white wire 
from the switch should be identified as a hot wire on both ends.
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FIGURE 36—When one three-wire cable is used, it’s not necessary to use two two-conductor cables.



Wiring Electrical Components, Part 1 65

Although the schematic symbols in Figure 36 show no con-
nection between the two lampholders, some of the wiring 
may be shared. The device box is fed by a two-wire cable, 
but a three-wire cable runs to the outlet box for the switched 
lampholder. Another two-wire cable runs to the pull-switch 
lampholder. At the device box, the two white wires are spliced 
and run to the switched lampholder where a white jumper 
is spliced to the white cable wires. Although it’s spliced, 
the white wire is continuous to the pull-switch lampholder. 
A black jumper is used in the device box to connect to the 
switch. The black wires are spliced here and in the first 
outlet box to make a continuous wire to the pull-switch 
lampholder. The third, or red, wire of the three-wire cable 
is connected to a switch terminal and to the switched lam-
pholder. It is, of course, wired to the brass terminal on the 
switched lampholder.

Wiring Switches with Pilot Lights
Wiring a switch pilot light is similar to wiring a switch to 
control two lamps at the same time. The difference is that 
one lamp is mounted at the switch instead of both lamps 
positioned at a distance from the switch. The symbols for the 
wiring are shown in Figure 37. In the pictorial and wiring 
diagrams at the left, the cable feeds the switch, and in those 
at the right, the cable feeds the lampholder. The switch and 
pilot lamp are shown as having independent terminals. Some 
manufacturers’ products may have an internal lead between 
the switch and the pilot lamp and require slightly different 
wiring.

When the cable from the panelboard feeds the switch, only 
two-wire cables are needed (Figure 37A). The white wires 
are spliced in the device box with a white jumper, and the 
jumper is connected to the white terminal on the pilot lamp. 
The black wire from the panelboard is connected to one side 
of the switch, and the black wire running to the lampholder 
is connected to the unused switch and pilot lamp terminals.

When the cable from the panelboard feeds the lampholder, 
as in Figure 37B, it’s convenient to use a three-wire cable 
between the outlet box and the device box. The white wire 
connects to the white terminals of the lampholder and the 
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pilot lamp. The black wires from the two cables are spliced in 
the outlet box. At the device box, the black wire is connected 
to a switch terminal, and at the outlet box, the red wire is 
connected to the lampholder brass terminal. At the device 
box, the red wire is stripped and connected to the brass ter-
minal of the pilot lamp and a switch terminal, as shown in 
Figure 37.

FIGURE 37—In these cir-
cuits, the pilot light will be 
on anytime the switch is 
on. These assemblies are 
used when lampholders 
aren’t in sight of the switch 
location.
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Wiring Three-Way-Controlled 
Lampholders
When a pair of three-way switches controls an outlet, there 
are several combinations in which the cable from the pan-
elboard, the switches, and the outlet may be arranged. The 
outlet may be either a lampholder or a receptacle. Figure 38 
shows the most common connections as they would appear 
on a wiring layout. In the upper and middle views, the cable 
from the panelboard feeds the lampholder. In the lower view, 
the cable from the panelboard feeds a three-way switch.

Remember that three-way switches are made with one of 
the three terminals of a different color than the other two. 
That terminal is the common terminal, and its location var-
ies with the switch manufacturer. In the following examples, 
the common terminal is shown alone on one side. The white 
wire from the panelboard always runs to the white terminal 
of the lampholder without being switched, although it may be 
spliced. The black wire from the panelboard connects to the 
common terminal of one three-way switch by either a black 
wire or a white wire, and the wire from the common termi-
nal of the other three-way switch connects to the lampholder 
brass terminal. At the lampholder, there will always be a 
white wire and a wire of another color. When threewire cable 
is used, the other wire will be colored either black or red.

The top view of Figure 38 shows the three-way switch circuit, 
the easiest of the circuits to wire because the fewest splices 
are made. The white wire from the panelboard is wired 
directly to the lampholder, but the black wire is spliced to a 
white wire from the common terminal of switch 2, or S1. In 
the device box for S1, the white wires from the two-wire and 
the three-wire cables are spliced. At both S1 and S2, the red 
wires are connected to the upper terminals and the black 
wires to the lower terminals on the same side of the switches. 
Either or both of these two wires from the three-wire cable 
could be reversed, and the circuit would still function prop-
erly. The black wire in the outlet box at the lampholder is 
part of the two-wire cable and is connected to the common 
terminal of S1.
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FIGURE 38—This shows only a few of the possible wiring combinations for three-way switches.
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In the middle circuit of Figure 38, a two-wire cable from 
the panelboard supplies power to the lampholder outlet box 
and two three-wire cables connect to two device boxes for 
switches. Again, the white wire from the panelboard is con-
nected to the white terminal of the lampholder. This time, 
the black wire from the panelboard cable is spliced to the 
black wire of the cable running to S1, where it’s connected 
to the common terminal of S1. At both S1 and S2, terminals 
and white wires to the lower terminals on one side of each 
switch. At the outlet box for the lampholder, both white wires 
from the three-wire cables are spliced. The red wires also are 
spliced in the outlet box. The common terminal of S2 is con-
nected to the lampholder by a black wire.

In the bottom circuit of Figure 38, a two-wire cable from the 
panelboard supplies the power, and three-wire cables con-
nect the boxes together. This time, the white wire from the 
panelboard cable is spliced in the device box for S1 to a white 
wire from the three-wire cable. At the lampholder outlet box, 
the white wire is connected to the lampholder’s white termi-
nal. The black wire from the panelboard cable is connected 
to the common terminal of S1. In the outlet box in the cen-
ter, the red wire from S1 is spliced to the red wire from S2. 
In the same outlet box, the black wire from S1 is spliced to 
a white wire from S2. The brass terminal of the lampholder 
is connected to the common terminal of S2 by a black wire. 
Note that S1 is connected by a red wire and two black wires, 
whereas S2 is connected by a red wire, a black wire, and a 
white wire.

Mounting Lighting Fixtures
Installing a light fixture on a ceiling or wall consists of three 
operations: installing the box and conductors, wiring the 
fixture, and then mounting the fixture to the box. Wiring is 
basically the same for all fixtures, but the hardware needed 
for mounting varies. The variations, which apply to most wall 
and ceiling fixtures, are shown in Figure 39.

Before starting a job where circuits are already powered, turn 
off the power to the circuit at the service panel. Turning off 
the wall switch may not turn off power to all wires in the box.
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Temporarily hang the fixture from the box with a hook made 
from wire. Don’t let the fixture hang by the circuit conduc-
tors. Connect the fixture wires to the circuit wires in the 
box—black to black, white to white. You won’t normally need 
to attach a ground wire. However, if the fixture has a ground 
terminal, be sure to attach the ground wire.

Be sure to use the correct mounting hardware for the fixture 
you’re installing. Refer to Figure 39 for the different types of 
hardware you may require.

FIGURE 39—Most of these methods could also be used to install wall-mounted fixtures. Method 1 in 
the bottom row is used when installing heavy chandeliers.
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Using Mounting Screws to Install Light Fixtures

Three methods are shown in Figure 39A for installing light 
fixtures with the aid of mounting screws. When Method 
1 is used, the mounting screws are fastened directly to the 
threaded tabs of the outlet box. The spacing of the mounting 
screws and the threaded tabs must be the same.

Methods 2 and 3 utilize an adapter strap that has threaded 
holes for the mounting screws. The strap in Method 2 is 
screwed to the threaded tabs of the outlet box, and the strap 
in Method 3 is secured by using a stud and locknut.

Using Nipples to Install Light Fixtures

Also shown in Figure 39B are three methods of mounting 
light fixtures by using nipples. Method 1, in which a hickey 
joins the nipple to an outlet box stud, is used to mount a 
chandelier. The hickey allows access to the fixture wires, 
which are fed through the nipple into the outlet box. In 
Method 2, a reducing nut is used to secure the nipple directly 
to the stud in the outlet box. A strap containing a nipple is 
used in Method 3. Although cap nuts are used to secure the 
fixtures in Methods 2 and 3, a collar nut is used to secure 
the chandelier in Method 1.

Now take a few moments to review what you’ve learned by 
completing Self-Check 5.
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Self-Check 5

 1. A three-way switch has three terminals. One of the terminals is a different color than the 
other two. This single terminal is known as the _______ terminal.

 2. When does a three-wire cable make pilot light wiring more convenient?

  __________________________________________________________

 3. What’s incorrectly	wired	in	the	three-way	switch	circuit	pictured	in	the	figure	above?

  __________________________________________________________

 4. Which one of the following types of nuts should you use to secure a nipple directly to an out-
let box stud?

  a. Cap nut c. Collar nut

  b. Lock nut d. Reducing nut

Check your answers against those on page 74.
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Self-Check Answers 1

 1. The word component can generally be used in place of 
the word equipment.

 2. Nonmetallic cable wiring systems

 3. Four No. 12 conductors

 4. Electrical devices can (1) protect, (2) control a circuit, 
and (3) provide a convenient breakpoint in the wiring.

 5. Electric range and clothes dryer

Self-Check Answers 2

 1. A three-wire service

 2. Grounding conductor

 3. In commercial circuits, a device may be used to interrupt 
the neutral as long as it simultaneously interrupts the 
hot wires.

 4. The three devices are in series if they’re connected end to 
end, making only one continuous loop.

 5. Each component carries the same current.

 6. A break at any point of a series circuit will stop the cur-
rent in the entire circuit. Continuity doesn’t exist.

 7. Three components are in parallel when they’re all con-
nected together on both sides. They’re “shunting” each 
other; that is, they’re connected across each other.

 8. Each parallel branch carries a part of the total current.

 9. The current stops in the open branch, but it continues to 
flow in other branches.
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Self-Check Answers 3

 1. a

 2. ungrounded (hot)

 3. Stranded-copper conductors and aluminum conductors

 4. The power to both halves of a split-wired receptacle orig-
inates at the same circuit breaker. The power to the two 
halves of a two-circuit receptacle originates at two differ-
ent circuit breakers.

 5. c

  d

  a

  b

  f

  e

Self-Check Answers 4

 1. True

 2. series

 3. ungrounded or hot

 4. False

 5. True

Self-Check Answers 5

 1. common

 2. When the point of feed is at the lampholder.

 3. The black and white wires from the panelboard are 
reversed and wire nuts aren’t installed.

 4. d




