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Electrical circuits rely on conductors to carry current from 
one point to another. All electricians deal with some form of 
conductors every day.

In this study unit, you’ll learn about conductor charac-
teristics that are important to the electrician. The process 
required to select and install the correct conductors for a job 
is described in this study unit. 

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

• Identify the physical properties and characteristics of 
conductors

• Identify electrical properties and characteristics of  
conductors

• Work with tables that define conductor characteristics

• Install and connect wires and cables in residential  
circuits

• Size conductors to match circuit requirements
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1 

PHYSICAL PROPERTIES AND 
CHARACTERISTICS
As an electrician you must know as much as possible about 
wires. In the electrical trade, wire or conductor refers to a 
metal strand that’s either insulated or not insulated. You 
must install the appropriate wire or number of wires when 
wiring electrical circuits. You need to know, for example, 
“How many of what kind of wires should I put in this run of 
conduit?” or “Should I use No. 12 or No. 14 copper wire for 
this branch circuit?”

In terms of physical and electrical properties, conductors 
have seven general characteristics that you’ll need to know.

• Wire sizes

• Types of metal

• Weight of wire

• Types of insulation

• Tensile strength

• Resistance

• Ampacity

There are thousands of pages describing these seven charac-
teristics of conductors. Fortunately, as an electrician, all you 
need to know are the general characteristics and where to 
look for the data and specific information that will help you 
select the right material.

Conductors
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An electrician whose basic interest is in residential wiring will 
work primarily with wires and cables. Most of his or her work 
won’t involve conduit. Conduit, as you know, is a raceway 
housing for wires or cables. In this study unit you’ll learn 
about conductors, wires, and cables and how to work with 
them. It’s also important to know how to work with conduit 
even though you may do so only on rare occasions. Later in 
your program, you’ll learn how to size conduit based on the 
number of conductors it will carry.

Conductor Terminology
In your future as an electrician you’ll probably hear the terms 
conductor, wire, cable, lead, and cord used interchangeably. 
In many cases the definitions of these terms leave a cloudy 
area in which a particular type of conductor is known by 
more than one term. It will help you to learn the basic defi-
nition of each term. As you gain experience, you’ll begin to 
differentiate one term from another. The following definitions 
are some you should be familiar with in order to gain a solid 
understanding of the material in this study unit:

cables  (1) Single conductors composed of a number of 
strands; (2) multiple conductors composed of a group of 
insulated conductors, such as a service entrance cable.

bare conductor  A conductor having no covering or electrical 
insulation.

covered conductor  A conductor encased in a material that 
isn’t recognized as electrical insulation.

insulated conductor  A conductor encased within material 
that’s recognized as electrical insulation.

cords  Small, very flexible stranded cables usually used to 
connect permanent wiring to an electrical load, such as a 
drop cord, lamp cord, or extension cord.

device  A unit of an electrical system intended to carry but 
not utilize electric energy.

leads  (1) Conductor assemblies, usually flexible and  
insulated; (2) a type of wire, such as a lead wire, but often 
the term wire is dropped (antenna lead-ins, lead lights).
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lighting outlet  An outlet intended for the direct connection 
of a lampholder, a lighting fixture, or a pendant cord termi-
nating in a lampholder.

outlet  A point in a wiring system where current is supplied 
to utilization equipment.

receptacle  A contact device installed at the outlet for the 
connection of a single attachment plug.

duplex receptacle  A single device containing two  
receptacles. 

single receptacle  A single contact device with no other con-
tact device on the same yoke.

receptacle outlet  An outlet where one or more receptacles 
are installed.

utilization equipment  Equipment which uses electri-
cal energy for mechanical, chemical, heating, lighting, or 
 similar purposes.

wires  Pieces of slender, flexible metal ranging from a thick-
ness that can barely be bent by hand down to a fine thread 
size.

As you can see, even the definitions overlap, and it’s nearly 
impossible to avoid using some of the terms interchangeably. 
As an electrician, you’ll learn when to use particular terms 
for particular applications. Take note, as you continue with 
this study unit, how the terms conductor, wire, and cable are 
used. Remember that the term used may vary from one part 
of the electrical business and region of the country to another.

Conductor Materials

Wires are conductors that connect the parts of an electrical 
system together. Wires carry electric power supplied by the 
power company to the outlets, where the electricity is used  
to perform functions such as lighting and heating.

The wires used in buildings are almost always made of 
copper or aluminum. In new residential construction, only 
copper wire is used, because its resistance is lower and it’s 
more straightforward to connect. Copper wire comes in three 
grades of hardness: hard-drawn, medium hard-drawn, and 
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soft-drawn, also called annealed. Most residential wiring is 
soft-drawn. The other two grades are used most often for 
commercial and industrial applications. Aluminum wire is 
both cheaper and lighter than copper wire, but it’s no longer 
installed because of its potential connection and heat prob-
lems. If you run into aluminum wiring on a job, it’s advis-
able to replace it with copper wire or modify the connections 
according to the steps you’ll learn shortly.

Wires can be made from either one single strand (most often 
known as solid) or a number of smaller strands. The small-
er sizes of wires used for wiring buildings are usually made 
from one strand, and the larger sizes of wire are made from 
several strands. Stranding makes the larger wires more flexi-
ble and easier to install.

Although most wire is insulated, an electrician will sometimes 
use uninsulated, or bare wire, as a grounding wire.  
The neutral wire in some service entrance cables is also 
uninsulated. This is worth noting, as the service entrance 
cable can also be used to supply residential electric ranges.

Insulation Materials

Electrical wire insulated with a thermoplastic material is the 
type typically found in today’s electrical systems. It’s made 
by covering a copper conductor with a uniform thickness of a 
plastic insulating compound. The thickness of the insulation 
depends on the size of the conductor and its intended use. 

Thermoplastic wire insulation isn’t the only type you’ll 
encounter in your work. Rubber-insulated wire was once very 
popular for interior wiring. It’s still manufactured for use in 
high-temperature, wet, and underground locations. Other 
approved insulations are also listed in the National Electrical 
Code (NEC). 

Each type of insulation must be used only in locations for 
which it’s approved. Some are used only in dry locations. 
Others are for underground use. The NEC dictates what types 
of wires are used for various purposes. The insulation on 
normal interior wires is rated to a maximum of 600 volts.
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Insulation Coding

Most wire is categorized by insulation type and the conditions 
under which it can be used. Wire is identified by letters. For 
example, THW, THHN and RUW wires are common. Each of 
these letters designates a particular type of insulation, or the 
approved working conditions for the wire.

In handbooks on electricity, as well as in the NEC, you’ll 
find charts that list almost every type of insulation you may 
encounter. You should familiarize yourself with the letters 
and their meanings as listed in Table 1. It’s important that 
you know the designations of more commonly encountered 
wire types.

Referring to Table 1, THHW is a thermoplastic insulated wire 
used in dry or wet locations. It’s limited to a maximum tem-
perature of 75°C (degrees Celsius) wet or 90°C dry. THHN is 
also a thermoplastic insulated wire that can be used for dry 
and damp (but not wet) locations to a maximum of 90°C. 
Although both are thermoplastic insulated wires, they’re 

Table 1

INSULATION CODE

Symbol Meaning

MI Mineral insulation (metal sheathed)

MTW Moisture-, heat-, and oil-resistant

UF Underground feeder cable (direct burial in earth)

USE Underground service-entrance cable

DP Data processing cable, power, and signaling circuits

C Lamp cord

A Silicone, dry and damp locations

RHW Flame-retardant, moisture-resistant

RH Flame-retardant

THHW Moisture- and heat-resistant thermoplastic

THHN	 Heat-	and	flame-resistant

THWN	 Moisture-	and	heat-resistant,	flame-retardant
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 different in that THHN is a heat-resistant thermoplastic and 
THHW is a heat-resistant and moisture-resistant thermo-
plastic. Practically speaking, THHN is the most commonly 
used wire type. In addition, a single wire might have multiple 
designations; in other words, a wire might be listed as THHN 
and THWN or MTW, depending on its intended use.

Wire Colors

When electrical wires are grouped together to form a cable 
or when several run in conduit, identification of each wire 
becomes necessary. Different insulation colors make this 
identification easier. Two colors have been set aside for spe-
cial uses. The white wire is used as a grounded conductor,  
or neutral, and the green wire is used as a grounding  
conductor, or ground. Of course, in the type of cable most 
often used in residential work, the grounding conductor is 
often bare rather than green. In the trade, they’re simply 
referred to as neutral and ground. The typical cable used in 
residential wiring has one black wire (hot wire) and one white 
wire, along with a bare or green ground wire. When a three-
wire cable is used, it will have one black wire, one white wire, 
and normally one red wire. Three-wire cable is useful for wir-
ing three-way switches. Four- and five-wire cables are made 
by using other standard insulation colors.

As you’ll learn later, electricians often apply tabs made of 
 colored electrical tape to mark hot conductors. However, 
these tabs won’t be used on neutral or ground wires.

Wire Sizes

Water Pipe Analogy

We all know that a 1/2-inch pipe won’t carry as much water 
as a 1-inch pipe, assuming the same water pressure is exert-
ed on each pipe at the supply source. This happens because 
there’s more resistance to the flow of the water in the smaller 
pipe. Electrical conductors react in the same way. Smaller 
conductors offer more resistance to electrical flow. You’ll see 
this in the wire tables that we’ll be using soon.
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You can make several other camparisons between water 
pipes and wires. The following terms should give you a better 
feel for the physical and electrical characteristics of conduc-
tors and wires.

resistance  Resistance to the flow of water in pipes and the 
flow of electricity in wires increases with an increase in 
length of the pipe or wire, respectively. Also, resistance to 
flow in either pipes or wires depends on the material from 
which the pipes or wires are made.

thickness  The water pressure a pipe can withstand depends 
on the material from which the pipe is made and the thick-
ness of the material. The electrical equivalent of pressure, 
or voltage, that the insulation of a conductor withstands 
depends on the insulation material and its thickness.

rate of flow  The maximum flow of water, in gallons per unit 
of time, increases as the diameter of the pipe increases. 
The maximum flow of electricity per unit of time, known 
as ampacity (amps) increases as the diameter of the wire 
increases.

Many of the electrical principles mentioned here will be 
described in greater detail later in this study unit. Applying 
the water pipe comparisons should help you to understand 
them.

Sizes of Conductor

The size of circular conductors is either measured in circular 
mils or indicated by a wire gage number. Note that when a 
wire’s size is 12 gage, electricians very often refer to the wire 
as number 12 wire. Gage numbers are used to measure the 
size of conductors. A number 2 wire is larger, not smaller, 
than a number 8 wire. Although the circular mil could be 
used to measure all wire sizes, in practice it’s used only for 
the largest wires. The cross-sectional area of a solid wire, in 
circular mils, is found by squaring the diameter of the wire, 
in mils. So, mils squared is the same unit of measurement 
as a circular mil. One mil is 1/1,000 of an inch. For example, a 
wire with a diameter of 0.1 inch has a diameter of

0.1 3 1,000 5 100 mils
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The cross-sectional area of the wire is

100 3 100 5 10,000 cmils (circular mils)

Large areas are expressed in thousands of circular mils, 
abbreviated kcmil, rather than in circular mils:

1 kcmil (thousand circular mils) 5 1,000 cmils

For example, the area of the wire with a diameter of  
100 mils is

10,000 cmils 5 10 kcmils

This 10-kcmil wire in the past was identified as a size 10 
MCM wire. The MCM designation was used when the elec-
trical trade used Roman numerals instead of the system of 
measurement that’s used today. The first M in MCM is the 
Roman numeral representation for 1,000. Unless you hap-
pen to encounter a very old wiring diagram, it’s unlikely that 
you’ll see wire sizes in MCM. Just keep in mind that it has 
the same meaning as “thousand circular mils” (kcmils). 

The cross-sectional area of a wire as measured in circular 
mils isn’t equal to the area as measured in square inches. 
Commonly used tables, such as the tables in the National 
Electrical Code, use the AWG (American Wire Gage) and kcmil 
system of comparing wire sizes.

Smaller wire sizes are identified by American Wire Gage num-
bers. For example, an AWG 10 wire has a diameter of 0.1019 
inch (101.9 mils). The AWG system is most commonly used 
to classify copper and aluminum electrical wires. Steel wire, 
such as that used in fences, is measured by another gage 
system. Note that the larger gage numbers in the AWG sys-
tem apply to the smaller-diameter wires (Figure 1). Although 
the gage numbers run from 60 through 0000, the electri-
cian normally uses only solid wires between No. 10 and 18. 
Although No. 8 wire is also available as solid wire, its use is 
limited because of the difficulty of pulling such large, solid 
wires through conduit. Stranded wire is made of a group of 
smaller wires, or strands, and is typically used when No. 10 
or larger diameter wire is required. However, even the small-
est wire sizes are also available as stranded wire. 
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The largest wires designated by gage numbers are Nos. 0, 00, 
000, and 0000. Those gage numbers are often written as 1/0, 
2/0, 3/0, and 4/0 and pronounced one-aught, two-aught, 
three-aught, and four-aught, respectively. Larger wires are 
designated by their cross-sectional area in thousands of cir-
cular mils, such as 250 and 2,000 kcmil.

Circular Mils and Square Mils

So far we’ve discussed only circular mils; there are also 
square mils. Busbars are conductors that are rectangular 
or square in cross section. They’re used mainly in industrial 
and commercial wiring. However, every panel used in resi-
dential wiring also contains busbars. In fact, the panel rating, 

FIGURE 1—Note that wire 
sizes No. 2, 4, and 6 have 
7 strands each and that 
wire sizes No. 0 and 1 
have 19 strands each.
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in amperes, is based on the size of the busbars. Later in 
this study unit, we’ll describe in detail the current-carrying 
capacity of conductors. This capacity is known as ampacity. 
At this point, you should learn how to compare the ampacity 
of rectangular buses with that of comparable round conduc-
tors and also how to convert from circular mils to square mils 
and from square mils to circular mils.

Three enlarged views in Figure 2 illustrate the comparative 
sizes of one circular mil and one square mil.

The area, in square inches (in2), of a round conductor which 
has a diameter of 1 mil, or 0.001 in, is

where

	 p 5 3.1416

 D 5 diameter of round conductor, in inches

This is equivalent to 1.0 cmil (circular mil). 

The area, in square inches, of a square conductor which has 
a width of 1 mil, or 0.001 in, is

0.001 3 0.001 5 0.000001 in2 (square inches) 5  
1.0 mil2 (square mil)

If we need to convert between square mils and circular mils, 
the following conversions may be used:

square mils 5 circular mils 3 1.2732

circular mils 5 square mils 3 0.7854

FIGURE 2—You may see 
CM and MCM used as 
abbreviations for circular 
mil and thousands of cir-
cular mils when wire sizes 
are described. However, 
when used as units of 
measure they’re abbrevi-
ated as cmil. and kcmil, 
respectively.

πD2 2

4
3 1416 0 001

4
3 1416 0 000001

4
0 0000031

4
0 00000078= = = =. . . . . .3 3 554 2in
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Let’s work through an example problem using these  
conversions.

Problem:

How wide of a 1/4-inch thick busbar is required to have the 
same area, and therefore carry the same amount of current, 
as a stranded, round, copper conductor with a diameter of  
1 inch (Figure 3)? How many amperes will the copper busbar 
carry if a 1-in copper busbar can carry 1,000 A (amperes)?

Follow these steps to solve this problem.

• Find the circular mil area of the round conductor. 

• Find the equivalent area, in square inches. 

• Find the width, W, that the 1/4-inch thick busbar must 
have to equal the cross-sectional area of 1-inch round 
conductor. 

FIGURE 3—Electricians 
must be able to compare 
the area of conductor and 
busbar.
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Solution:

Step 1: Circular mils 5 l,0002 5 1,000,000 cmil 5 1,000 kcmil

Step 2: The area, in square inches, of the 1-inch diameter 
round conductor is

πD2 2
2

4
3 1416 1

4
3 1416 1

4
3 1416

4
0 7854= = = =. . . .3 3 in

Step 3: The area of the busbar 5 A 5 0.25 3 W 

 in which A 5 area of busbar, in square inches

 0.25 5 1/4 in, thickness of the bar 

 W 5 width of the bar, in inches 

 A 5 0.7854 5 0.25 3 W 

 or, solving for W,

 0.25 3 W 5 0.7854

 W 5 
0 7854
0 25
.
.

 5 3.1416 in

 This is an odd width. You would probably use a 
31/4-inch wide busbar.

Step 4: A, the area of a 3 1/4-inch by 1/4-inch bar, in square 
inches, is

 A 5 3.25 3 0.25 5 0.8125 in2

 A 1-in2 bar carries 1000 A, so our 0.8125-in2 bar 
carries

 0.8125 3 1,000 A 5 812.5 A

Measuring Wire Sizes

We can measure the diameter of a conductor to find the cir-
cular mil area. However, you usually want to know the wire’s 
gage number. One way you can find out is to use a wire 
gage. While it’s not difficult to measure wire, most often  
you can simply read the AWG number on the insulation.
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A gage used to measure solid circular wires is shown in 
Figure 4. The size of the wire is measured by the slot through 
which the wire just passes. The gage also includes some wire 
sizes that an electrician doesn’t often use. After an electrician 
has worked with wires for some time, he or she learns to rec-
ognize the size of the wire without using a gage. Also, the size 
of the wire is usually printed on the wire insulation in accor-
dance with NEC requirements. The code states that the size 
of wire and type of insulation be marked every two feet on the 
insulation. However, when working with wire that’s already 
installed, the markings are sometimes faded or scraped off, 
making them impossible to read. Stranded wire can also be 
measured with a gage. You just need to keep in mind that 
one strand of a stranded conductor is measured in thou-
sandths of an inch and then converted into circular mils. The 
number of circular mils in a strand is then multiplied by the 
number of strands to find the total circular mil area of the 
conductor.

FIGURE 4—The wire gage 
is used for measuring 
solid conductors through 
1/0. You use the gage 
by slipping the bare con-
ductor from the outside 
perimeter of the gage 
into the slot, and when 
you find the right slot, 
the conductor will ease 
through it without being 
forced. Not all sizes 
marked on the wire gage 
are used by electricians.
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Wire Tables
The standard sizes of wire available for electrical work are 
listed in Table 2. This is important information that every 
electrician should be familiar with and understand. In most 
residential wiring, you’ll use sizes ranging from No. 14 Cu 
(copper) through possibly No. 0000 (4/0) in large electrically 
heated homes. In larger residential buildings, like apartment 
or condominium buildings, and in commercial or industrial 
work, the wires used may be much larger.

Wire sizes are listed in column 1 of Table 2. Note that sizes 
17, 15, 13, 11, 9, 7, and 5 don’t appear in this table because 
they aren’t available for most wiring applications. They’re 
available, however, as magnet wire for use in such equipment 
as coils and motor windings.

Column 2 lists the areas of the conductors in circular mils 
(cmil). The areas are calculated from the overall diameters 
listed in the table. For example, the diameter of No. 10 wire is 
approximately 0.102 inch, or 102 thousandths of an inch. To 
find the circular mil area, square the 102 thousandths of an 
inch, or 1022 5 10,404 cmil. Note that the figure of 10,380 
cmils in column 2 is based on a more accurate wire diameter 
than our original calculation.

If the conductor is stranded, you must take the diameter of 
each wire (column 4), find the area in circular mils, and then 
multiply the areaby the number of strands in the conductor. 
For example, in a No. 2 conductor each strand is approxi-
mately 0.097 inch, or 97 mils. The area in circular mils is 
972 5 9,409 cmil per strand. There are seven strands; there-
fore, 7 3 9,409 5 65,863 cmil. In the table, the more accu-
rate value is 66,360 cmil for No. 2 conductors.

The conversions are the same for conductors designated 
in kcmil sizes. For example, the area of a 250 kcmil cable 
is 250,000 cmil; therefore, the diameter, in inches, of the 
 conductor is

250 000
1 000

500
1 000

1
2

,
, ,

= = in
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Table 2

(Reprinted with permission from NFPA 70-1999, the National Electrical Code®, Copyright© 1998, National Fire 
Protection Association, Quincy, MA 02269. This 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.)
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Note that column 5 lists an actual diameter of 0.575 inch. 
That’s more than the electrically rated diameter, 1/2 inch, 
or 0.500 inch, because of the empty spaces between the 37 
strands in the 250-kcmil cable. You already know that resis-
tance measured in ohms relates to a wire’s ability to conduct 
electrical current. The higher the resistance, the less able the 
wire is to conduct electricity.

Mil-Foot and the Effect of Temperature
The term mil-foot is one you may not often encounter, but you 
should know what it means. The mil-foot is a unit circular 
conductor that’s one foot in length and one mil (0.001 inch) 
in diameter. The resistance of one mil-foot of copper has been 
found experimentally to be 10.37 ohms at room temperature 
(68°C). This is normally rounded off to 10.4 ohms. As you 
know, the symbol for ohms is Ω.

Table 3 lists the resistances of a mil-foot of both copper and 
aluminum at various temperatures. The increase of resis-
tance due to an increase in temperature is one of the reasons 
a limited number of conductors are allowed in a conduit run.

General Applications of Wire Size

Let’s take a look at some common applications that require 
various wire sizes. In most wiring jobs performed by the res-
idential electrician, the smallest size of conductor permitted 
for carrying current is 14 gage copper. 18 and 16 gage wires 
are used for low-voltage wiring, as well as for internal wiring 
in light fixtures and appliances. Remember that the amper-
age rating of a wire must never be exceeded. No. 14 wires are 
allowable for general-purpose 15 amp circuits, the lowest- 
amperage circuits in homes and buildings. The service 
entrance of a residence usually requires the use of 3 gage 
copper for a 100 amp service, or No. 4/0 (0000) copper wire 
for a 200 amp service. Heavy loads such as electric ranges 
and dryers usually require 6 and 10 gage copper conductors, 
respectively. As you can see, an electrician spends most of 
his or her time working with wires ranging in size from No. 
14 to No. 4/0.
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Rules of Thumb for Sizing Wire

Instead of memorizing complex wiring tables, there are  
several rules of thumb that allow an electrician to estimate 
required wire sizes. By using them, you’ll have to memorize 
only a few facts about wire sizes. However, before you learn 
these rules, remember that they’re only guidelines and that 
you should always refer to the proper table when making a 
final wiring decision. An undersized wire has to be replaced 
with a larger one. This is usually a time-consuming and cost-
ly affair. When making a decision, remember the traditional 

Table 3

THE EFFECT OF TEMPERATURE ON THE RESISTANCE 
MIL-FOOT OF CONDUCTOR

Temperature Resistance, ohms

°C °F Copper Aluminum

20 
30 
40 
50 
60 
70

68 
86 
104 
122 
140 
158

10.4 
11.2 
11.6 
11.8 
12.3 
12.7

17.0 
18.3 
19.0 
19.34 
20.16 
20.82
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carpenter’s rule of “measure twice, cut once.” Always double- 
check your wire sizes. With these precautions in mind, here 
are the rules of thumb for sizing wire:

 1. A wire that’s three AWG sizes larger than another wire 
has half the resistance, twice the weight, and twice the 
area.

 2. A wire that’s 10 AWG sizes larger than another wire  
has one-tenth the resistance, 10 times the weight, and  
10 times the area.

 3. 10 gage copper wire is 0.10 inch in diameter, has an 
area of 10 kcmil, has a resistance of 1 ohm per 1,000 ft 
at 70°F, and weighs 32 lb per 1,000 ft.

Let’s look at a few examples that illustrate how these rules 
are used. 

Remember, a difference of three AWG sizes either doubles or 
halves the number of circular mils. As an example, a 1 gage 
wire has a cross-sectional area of 83,690 cmil. 83,690  
divided by 2 is 41,845 cmil. Three sizes smaller would be a  
4 gage wire. Table 2 shows 4 gage to have a cross-section-
al area of 41,740 cmil. The two figures are close enough for 
practical purposes. A 3/0 (000) gage wire is three sizes larger 
than a No. 1 wire and should have a cross-sectional area of 
about 83,690 cmil 3 2 5 167,380 cmil. Table 2 gives 167,800 
cmil, which is also close enough for practical  purposes.

Next, remember the rule that states: Wires that differ by  
10 AWG sizes have either 10 times or one-tenth of the  
circular mil area. 18 gage wire has a cross-sectional area of 
1620 cmil. 1620 multiplied by 10 is 16,200 cmil, and that 
should be the area of a 8 gage wire. Table 2 shows an 8 gage 
wire to have an area of 16,510 cmil. In the same manner, a 
3/0 (000) gage wire has an area of 167,800 cmil. Ten sizes 
smaller should have an area of 16,780 cmil. This is approxi-
mately the area of an 8 gage wire.

Notice that none of the values found by using the rules of 
thumb agree with the table values precisely. However, all are 
accurate enough for initial planning purposes.
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Self-Check 1

At the end of each section of Conductors, you’ll be asked to pause and check  
your understanding of what you’ve just read by completing a “Self-Check” exercise. 
Answering these questions will help you review what you’ve studied so far. Please  
complete Self-Check 1 now.

 1. Name the metal most often used as an electrical conductor.

  __________________________________________________________

 2. Describe the insulation used for a THHN wire.

  __________________________________________________________

 3. In residential circuits, what color would be used most often for the insulation of (a) hot wires, 
(b) neutral wires, and (c) ground wires?

  __________________________________________________________

 4. A circular wire has a diameter of 1/2 in. Calculate its area in circular mils and in square inches.

  __________________________________________________________

  __________________________________________________________

Check your answers with those on page 63.
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ELECTRICAL PROPERTIES  
AND CHARACTERISTICS

Conductivity
Conductivity is the material property that determines how 
easily a ma-terial conducts electricity. In considering con-
ductivity, copper (Cu) is used as the base. Since copper is 
the metal most often used as a conductor, the conductivi-
ties of wiring materials are compared with the conductivity 
of  copper. A few of the more common materials include the 
 following:

silver (Ag)  Silver has a conductivity of 106.3% that of cop-
per. Unfortunately, silver isn’t a practical material for use 
in electrical circuits because of its high cost.

aluminum (Al)  Aluminum has a conductivity of 61% that of 
copper. Aluminum, because of its light weight and lower 
cost, was previously used for electrical wiring. One of the 
major drawbacks of using aluminum wire is the formation 
of aluminum oxide. As soon as aluminum is exposed to 
the air, aluminum oxide forms quickly. Aluminum oxide is 
an insulator that prevents the flow of electricity. Another 
difficulty with aluminum wire is that, compared to copper, 
it expands and contracts with temperature changes. This 
causes faulty connections. These problems are some of the 
reasons why aluminum conductors are no longer used in 
residential wiring.

iron (Fe)  Iron has a conductivity of 17.6% that of copper. 
This means a much larger conductor is needed to carry the 
same amount of electricity. This excludes iron from most 
wiring applications.

nichrome  Nichrome has a conductivity of 1.5% that of 
 copper, and nichrome V has a conductivity of 1.6% that of 
copper. You’ll find nichrome conductors in heating devices 
such as stoves, irons, toasters, and space heaters. Nichrome 
is well suited to heating purposes. Even though it becomes 
red hot, it won’t burn up. Its resistance is very high. This 
means that a heating device using nichrome wire needs 
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a much shorter wire to produce the same resistance as 
 copper wire. Also, heated copper oxidizes rapidly, whereas 
heated nichrome doesn’t.

Wire Resistance
The main concerns an electrician has with the resistance of 
a wire have to do with overloads and overheating. Resistance 
directly affects the voltage drop and the ampacity of a wire, 
as you’ll learn later in this study unit. Wire resistance per 
1,000 ft is a value easily obtained from a wire table, but you 
must also be able to convert the table reading to other dis-
tances. For example, suppose you had a wiring run of 200 
ft. How much resistance would there be in a 12 gage wire? A 
table such as Table 2 shows 1,000 ft of stranded 12 gage wire 
has a resistance of 1.98 V. Now, all you have to do is multiply 
the ratio of the two distances by the 1,000 ft resistance:

200 1 98
1 000

0 3963 .
,

.= Ω

You could measure the actual resistance with a multimeter, 
but most meters aren’t accurate enough to measure such 
small resistances. Also, the two ends of a 200 ft conductor 
might be physically difficult to contact. It’s easier to calculate 
the resistance using the method you’ve just learned.

Voltage Drop
Once you know the resistance of a length of wire, you can 
quickly find how much voltage drop will take place over the 
length of wire. New electricians often confuse voltage drop 
with line voltage. The line voltage is the 120/240 V electric-
ity the power company supplies. As an example, the voltage 
drop in a 200 ft length of conductor is the difference between 
the voltage at one end of the conductor and the voltage at the 
other end.

The voltage drop represents energy converted to heat. It’s 
converted by electron friction within the wire. In Figure 5, 
120 V is impressed on the wire at the panelbox end, but only 
115 V is available at the receptacle at the other end of the 
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wire. As a result, there’s a 5 V drop along the wire. Voltage 
drops in short lengths of wire are usually too small to  
consider since there’s minimal resistance in the wire. This 
includes most home wiring, where voltage drop isn’t a major 
concern. However, as wire starts to extend to distant attics, 
garages, barns, and pools, the resistance becomes an import-
ant consideration.

The maximum voltage drop allowed in branch circuits is 3% 
to the most distant load. In fan installations, where feeder 
circuits are used, the total voltage drop for both the branch 
circuits and the feeders shouldn’t exceed 5%. Actually, a 5% 
loss is significant, but sometimes it’s not practical to lower 
the percent and a compromise is made.

The amount of voltage drop is directly related to the load’s 
power requirement. If the load draws a lot of power and thus 
amperage, the voltage drop increases. Voltage drop is found 
mathematically by multiplying the current times the resis-
tance. Since the resistance of the wire is fixed, the voltage 
drop increases as you draw more current. This is illustrated 
in Figure 6.

FIGURE 5—Voltage drop 
in wiring can cause dim 
lights or improper elec-
tric motor operation.
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The amount of voltage drop can cause power problems. 
Appliances and lighting operate with their highest efficiencies 
when they’re supplied with the correct voltage. For example, 
if you have a 120 V motor that’s located on the edge of your 
property, and you can deliver only 114 V, the motor will lose 
power. Its power output will decrease by 10% even though 
the voltage drop is only 5%. If you have a bulb in a garage 
that’s supplied with only 114 V instead of 120 V, its light 
output will decrease by 16%. The problem of low voltage is 
even more critical in large loads such as air conditioners, 
which might not even operate at the lower voltage. Televisions 
also develop operating problems when supplied with lower 
voltage. These are only a few of the problems caused by too 
great a voltage drop.

FIGURE 6—The power saw 
requires almost twice as 
much current as the lathe 
and causes nearly twice 
as much voltage drop.
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Calculating Voltage Drops

The voltage drop is calculated by starting with Ohm’s Law:

E 5 I 3 R

in which

 E 5 voltage (volts)

 I 5 current (amperes)

 R 5 resistance (ohms)

Obviously, when using this formula you must know the 
 current and resistance to determine the voltage drop. In prac-
tical applications, the current draw is calculated from the 
power requirement of the load. Using the power requirement 
of the load (expressed in watts), the current is calculated by 
using the formula

I P
E

=

in which

 I 5 current (amperes) 

 P 5 power (watts)

 E 5 voltage (volts)

The wire resistance can be determined from the wire size by 
using a table such as Table 2.

As an example, let’s find the voltage drop in the wires when 
a 115 V 1265 W electric heater is supplied by 100 ft of two-
wire 14 gage copper cable. Voltages of 115 V and 230 V are 
used in calculations to comply with the National Electrical 
Code requirements.

Determine the current using the given values of wattage and 
voltage, 

I P
E

= = =1 265
115

11,

The resistance of the connecting wires is obtained from  
Table 2. One thousand feet of solid copper wire has a resis-
tance of 3.07 V. In this example the length of the wire is  
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200 ft because the electric current travels 100 ft going to the 
electric heater and another 100 ft returning from it. If the 
resistance of 1,000 ft is 3.07 V, the resistance of 200 ft is

R = × =
200

1 000
3 07 0 614 0 61

,
. . , .or  ohms

By using the calculated values of current I 5 11 A and resis-
tance R 5 0.61 V, we find the voltage drop:

E 5 I 3 R 5 11 3 0.61 5 6.71 V

How does this 6.71 V compare with the 3% voltage drop 
allowed for branch circuits discussed earlier? A 3% voltage 
drop in a 115 V circuit is

0.03 3 115 5 3.45 V

If 3.45 V is the maximum allowed voltage drop for this instal-
lation, the No. 14 wire is much too small even though the  
11 A current is less than the 15 A maximum rating for this 
wire.

There are two possible ways of reducing the voltage drop. 
Either use a heater rated for higher voltage or use larger 
wires. 

What would be the result if a 230 V, 1265 watt electric heater 
is substituted for the 115 V heater? Again using the formula

I P
E

=
 

the current is 
1 265
230
,

 5 5.5 A

We can now find the voltage drop.

E 5 I 3 R 5 5.5 3 0.61 5 3.36 V

Thus the voltage drop has decreased to one-half its former 
value. Because the voltage has been increased to 230 V, a 3% 
voltage drop equals

0.03 3 230 5 6.9 V

Because the actual voltage drop of 3.36 V is less than the 
allowed 6.9 V, using a 230 V electric heater is one possible 
solution.
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If larger wires were used to carry 115 V, what size wires 
would be needed? Because the maximum allowable voltage 
drop, the distance, and the current are known, the following 
approximate formula allows you to quickly determine the size 
of the copper wires:

cmils = 26 4. 3 3D I
E

in which

 D 5 total one-way distance (feet)

 I 5 current (amperes)

 E 5 voltage drop (volts)

 26.4 5 a constant factor for copper wire

By using the previously calculated values, the wire area is 
found to be

cmils     = = =26 4 26 4 100 11
3 45

8 417. .
.

,3 3 3 3D I
E

A wire area of 8,417 cmils doesn’t match any standard size 
wire found in Table 2. However, the closest larger wire is a 
No. 10 wire, which has an area of 10,380 cmils. That size wire 
wouldn’t allow the voltage drop to exceed 3.45 V. Because of 
reasons such as voltage drop and heat buildup, it’s generally 
recommended that wire smaller than No. 12 not be used for 
branch circuit wiring, even for 15 A circuits.

Approximate Voltage Drop Calculation

You’ve just learned how to calculate voltage drop using 
Ohm’s law. You can also learn how to approximate voltage 
drop using the same formula that allowed you to approximate 
copper wire size. In order to do this, the formula must first 
be rewritten as

E D I= 26 4. 3 3

cmils

in which 

 E 5 voltage drop (volts)

 D 5 total one-way distance (feet)



27Conductors

 I 5 current (amperes)

 26.4 5 constant factor for copper wire

 cmils 5 conductor’s cross sectional area

Recall the example used in the preceding section of this 
study unit. A 115 V, 1,265 watt electric heater is supplied by 
100 ft of two-wire No. 14 copper cable. The current drawn is 
11 A. The cross-sectional area of a No. 14 wire, as found in 
Table 2, is 4,110 cmils. Substituting those values in the for-
mula gives us the voltage drop,

E D I= =26 4 26 4 100 11
4 110

. .
,

3 3 3 3

cmils

E 5 7.07 or 7.1 V

The earlier calculation with Ohm’s law resulted in a voltage 
drop of 6.71 V, which can be rounded off to 7.0 V. In this 
example, the approximate formula gives a result that’s very 
close to the earlier calculation.

This example shows that Ohm’s law and the approximate 
 formula don’t give exactly the same answer. However, both 
methods give values which are satisfactory for practical pur-
poses. Remember, Ohm’s law works with all types of wire, 
but the approximate formula works only with copper wire.

Conductor Current Ratings
The amount of current that a wire can carry, or the ampac-
ity of the wire, depends upon wire resistance, insulation, 
installation, and temperature. First, let’s consider the effects 
of wire resistance on ampacity. Table 2 lists the resistance 
of 1,000 ft of common electrical wires at 167°F. Note that an 
aluminum wire has a higher resistance than copper wire of 
the same size. For example, 1,000 ft of No. 14 aluminum wire 
has a resistance of 5.06 ohms, whereas the equivalent copper 
wire has a resistance of only 3.07 ohms. An aluminum wire 
must be two gage numbers larger than a copper wire to offer 
the same resistance. A No. 12 aluminum wire has a resis-
tance of 3.18 ohms for each 1,000 ft length. This difference 
in resistance can be seen by comparing Tables 4 and 5. For 
example, both a No. 14 type TW solid copper wire, Table 4B, 
and a No. 12 type TW solid aluminum wire, Table 5B, have 
an ampacity of 20 A.
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*Unless specifically permitted in NEC Section 240-3, the overcurrent protection shall not exceed 15 amperes for No. 
14, 20 amperes for No. 12, and 30 amperes for No. 10 copper conductor; or 15 amperes for No. 12 and 25 amperes 
for No. 10 aluminum and copper-clad aluminum conductor after any correction factors for ambient temperature and 
number of conductors have been applied.

(Reprinted with permission from NFPA 70-1999, the National Electrical Code®, Copyright© 1998, National Fire 
Protection Association, Quincy, MA 02269. This 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.)

Table 4

AMPACITY OF COPPER CONDUCTORS
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*Unless specifically permitted in NEC Section 240-3, the overcurrent protection shall not exceed 15 amperes for No. 
14, 20 amperes for No. 12, and 30 amperes for No. 10 copper conductor; or 15 amperes for No. 12 and 25 amperes 
for No. 10 aluminum and copper-clad aluminum conductor after any correction factors for ambient temperature and 
number of conductors have been applied.

(Reprinted with permission from NFPA 70-1999, the National Electrical Code®, Copyright© 1998, National Fire 
Protection Association, Quincy, MA 02269. This 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.)

Table 5

AMPACITY OF ALUMINUM OR COPPER-CLAD ALUMINUM CONDUCTORS

A B
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Wire insulation impacts ampacity as we’ll see here. Table 4B 
shows the effect of varying the wire insulation. For example, 
the ampacity of a No. 14 copper wire used in a cable of three 
wires varies between 20 and 25 A with various insulation 
material.

The effect on ampacity when changing the wire installation 
can also be shown by parts (A) and (B) of Table 4. The “Single 
Conductor” part of the table applies to a single copper con-
ductor in free air, and the “Not More Than Three Conductors” 
part applies to a maximum of three copper wires in a raceway, 
cable, or direct burial. A raceway is a channel specifically used 
to hold wires or cables. The allowable ampacity of a No. 14 
type TW copper wire is 25 A as a single wire but only 20 A in 
a cable or raceway. For general residential applications, you 
would use minimum sizes of No. 14 copper cable for a 15 A 
circuit and No. 12 copper cable for a 20 A circuit.

Temperature plays a key role in determining ampacity. When 
more than three wires are grouped in a cable or a raceway, 
the ampacity of the wires must be reduced below the level 
listed in Tables 4B and 5B. As more wires are added, addi-
tional heat is generated. Because of the close grouping of the 
wires, not all of the heat can escape, and therefore, the insu-
lation temperature increases. Each insulation material has a 
maximum operating temperature which mustn’t be exceeded. 
Also, as the temperature increases, the insulation deterio-
rates more rapidly, reducing its useful life. Table 6 lists the 
number of conductors contained in a raceway and their effect 
of reducing the rated ampacity to some percent of the full 
ampacity. 

The ampacity of a wire in a raceway is determined by multi-
plying the ampacity of a wire from Table 4B or 5B by the  
percent listed in Table 6. This is called derating conductors.
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Problem:  Determine the allowable ampacity of a No. 12 cop-
per wire with type THHN insulation installed in a raceway 
containing 20 wires.

Solution:  The ampacity of a No. 12 copper wire with type 
THHN insulation is listed in column 3 of Table 4B as 30 A. 
From Table 6, for raceways containing 10 to 20 wires, the 
ampacity is reduced to 50%, or,

0.50 3 30 A 5 15 A

Ampacity at High Ambient Temperatures

So far, we’ve considered how ampacity is affected by factors 
dealing with wire itself. Now, we’ll discuss how the tempera-
ture surrounding a wire, or the ambient temperature, affects 
ampacity. If ambient temperature increases, the allowable 
ampacity of the wire decreases, and derating keeps the wire 
temperature below the safe-temperature limit of that insu-
lation. Table 7 lists typical ambient temperatures found in 
a variety of locations. Table 8 lists the correction factors for 
approved insulations for selected ambient temperatures. The 
temperatures across the top of the table are the same as 
those at the top of Tables 4 and 5, which makes it possible 

Table 6

AMPACITY DERATING FOR FOUR OR MORE CONDUCTORS 
IN A CABLE OR RACEWAY

Number of Current-Carrying 

Conductors
Percent of Ampacity

4 through 6 80

7 through 9 70

10 through 20 50

21 through 30 45

31 through 40 40

41 and above 35

*Percent of Ampacity listed in Table 4B or 5B

(Reprinted with permission from NFPA 70-1999, the National Electrical Code®, 
Copyright© 1998, National Fire Protection Association, Quincy, MA 02269. This 
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.)
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to apply the correction factors given in Table 8 to the values 
given in the other tables. No values are given in the lower 
left-hand corner of the table because the temperatures meet 
or exceed the maximum permitted insulation temperatures. If 
a derating factor were included, it would be zero.

Study the following example problems in order to learn how 
to use the ampacity correction factors listed in Table 8.

Problem 1:  Determine the ampacity of one wire in a cable 
consisting of three type THW No. 8 copper wires at an ambi-
ent temperature of 60ºC (140ºF).

Solution:  The ampacity of a THW No. 8 insulated copper 
wire is listed in column 2 of Table 4B as 50 A, and the tem-
perature rating is 167ºF. The derating factor from the 75ºC 
(167ºF) column of Table 8 for an ambient temperature of 
60ºC (140ºF) is 0.58. The ampacity of the wire is then

0.58 3 50A 5 29 A

Table 7

TYPICAL AMBIENT TEMPERATURES

Location
Temperature

Location
Temperature

°C °F °C °F

Well-ventilated 
normally heated 
buildings

 
 

30

 
 

86

Furnaces and 
boiler rooms

Minimum

Maximum

 

40

60

 

104

140

Buildings with 
such major heat 
sources as power 
stations and 
industrial pro-
cesses

 
 
 
 
 

50

 
 
 
 
 

113

Outdoors in 
shade in air

In thermal  
insulation

 
40

 
45

 
104

 
113

Poorly ventilated 
spaces such as 
attics

 
 

45

 
 

113

Direct solar  
exposure

 
45

 
113
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Problem 2:  Determine the ampacity of a No. 10 type TW 
copper wire in a raceway containing six wires and located in 
an area where the temperature is 45ºC (113ºF).

Solution:  From Table 4B, the ampacity of No. 10 type TW 
copper wire is 30 A, and the temperature rating is 140ºF. 
From the 60ºC (140ºF) column of Table 8, at a temperature 
of 45ºC (113ºF), the derating factor is 0.71. Looking at Table 
6, the derating factor for six conductors in a raceway is 80%, 
and thus the ampacity is

30 3 0.71 3 0.80 5 17.04, or 17 A

The National Electrical Code lists other insulations and other 
conditions that should be taken into consideration when wire 
sizes and insulations are selected. As you proceed through 
this study unit, we’ll look at some of the other types of wires 
and cables that are available for installations. Now, take a 
few minutes to review what you’ve learned by completing  
Self-Check 2.

(Reprinted with permission from NFPA 70-1999, the National Electrical Code®, Copyright© 1998, National Fire 
Protection Association, Quincy, MA 02269. This 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.) 
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Self-Check 2

 1. Using Table 2, determine the resistance of 600 ft of No. 14 bare solid copper wire.

  __________________________________________________________

 2. In a home, 112 V is being delivered to an appliance. If the voltage drop in the circuit is 8 V, 
what’s the line voltage at the distribution panel?

  __________________________________________________________

 3. An appliance requires 15 A of current and is at the end of a 100 ft No. 12 copper-wired  
circuit. Solid conductors are used. What’s the voltage drop in the circuit?

  __________________________________________________________

 4. What’s the ampacity of a No. 6 aluminum wire with type THW insulation located in a five-wire 
cable?

  __________________________________________________________

 5. What’s the ampacity of the wire in question 4 if the cable is located in an area with an 
 ambient temperature of 50ºC?

  __________________________________________________________

Check your answers with those on page 63.
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CHOOSING THE RIGHT WIRE
Electricians must select the correct type and size of wire for 
each particular job. As you can imagine, there are a large 
number of wires available, each with different characteris-
tics. These characteristics are described in NEC tables. Your 
 ability to locate, understand, and use these tables will play 
an important part in your development as an electrician.

Wiring must also be installed according to various codes. The 
National Electrical Code, local ordinances, and the require-
ments of the local electric company may govern the wiring of 
a particular installation. It sounds a bit complicated to the 
untrained person. However, as you learn about some of the 
most commonly used wires and cables and gain some job 
experience, you’ll soon acquire the required knowledge. Then 
you’ll easily choose the correct conductors for the job.

Types of Residential Cable
A wire larger than No. 4/0 is usually called a cable. Two or 
more insulated wires enclosed in a common sheath, or cov-
ering, are also known as a cable. Grouping wires in a cable 
makes a compact assembly, which is easy to handle and 
install. This is one reason why cables are widely used in 
 residential wiring. Although many different cables are man-
ufactured, the two most popular ones for residential use are 
nonmetallic sheathed cable and armored cable, or MC.

Types NMC and NM nonmetallic cables are widely used in 
 residential applications. Type NMC cable is shown in Figure 
7. It may be used in either damp or dry locations because 
the individually insulated wires are enclosed in solid plastic. 
Also, there are no fibrous materials used in the construction 
of this cable, so a potential fire hazard is eliminated.

Type NM nonmetallic cable has been used for many years. 
Originally each insulated wire was wrapped with paper for 
additional protection and then covered with a fabric braid 
that had been treated with moisture-resistant and fire- 
retarding chemicals. Now the physical construction of type 
NM cable is similar to that of type NMC nonmetallic cable 
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FIGURE 7—Cable Types
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except for the material used. The empty spaces between the 
wires are filled with cords of paper or jute, which is similar 
to burlap. Type NM cable can be used only in normally dry 
places.

Armored cable, or type AC cable in the National Electrical 
Code, is also shown in Figure 7. It’s sold under tradenames 
such as Flexsteel and MC, but is commonly referred to as 
MC. Type AC cable is made by wrapping insulated wires with 
paper and then enclosing the assembly in a spiral armor of 
galvanized steel or aluminum. The metal armor is flexible 
and provides protection for the wires. The paper protects the 
wires from damage caused by rubbing against the armor. 
This cable may be used in dry locations only.

Underground feeder and branch circuit cable, type UF, 
is approved in sizes from No. 14 to 4/0. It has a covering 
that’s flame-retardant, moisture- resistant, and suitable for 
direct burial in the earth. Type UF multiconductor cables for 
 interior wiring can be installed in either wet or dry locations. 
Multiconductor LTF cables are very similar in appearance to 
the NMC cables shown in Figure 7.

Service entrance cable, types SE and USE, is a single- 
conductor or multiconductor assembly with or without an 
overall covering. Type SE cable is flame-retardant and mois-
ture-resistant but doesn’t require inherent protection against 
mechanical abuse. Two configurations of type SE cable are 
illustrated in Figure 8.

Type USE cable, recognized for underground use, has a  
moisture-resistant covering but isn’t required to have a 
flame-retarding covering or inherent protection against 
mechanical abuse. Single-conductor cables that have rubber 
insulation specifically approved for underground use don’t 
require an outer covering.

Type USE single conductors joined in a cable and used 
underground may have a bare copper conductor cabled with 
the assembly. Type USE single, parallel, or cabled conductor 
assemblies used underground may utilize a bare copper con-
centric conductor. These cable constructions don’t require an 
outer overall covering. The bare copper conductor must be 
used in only noncorrosive soil.
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Types of Industrial Cable
There are some cables that are primarily used for industrial 
applications. You should be aware of their general construc-
tion, even if you don’t do industrial work, since you may have 
to use them at one time or another for special residential or 
commercial applications.

Mineral-insulated, metal-sheathed cable, type MI, is a  
factory-assembled cable that has one or more bare conduc-
tors insulated with a highly compressed refractory mineral 
insulation. MI cable is enclosed in a liquid-tight and gas-tight 

FIGURE 8—Service entrance cables generally range in size from No. 1 or No. 2 for a 100 A entrance to 
No. 3/0 or 4/0 for a 200 A entrance. Note that style A cable has a protective layer of galvanized steel 
that style U cable doesn’t have.
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continuous copper sheath. The construction of MI cable is 
shown in Figure 9. MI cable may be used for practically every 
type of wiring. It’s commonly found with one or two nichrome 
conductors and embedded in the concrete of steps and drive-
ways for snow-melting purposes.

Aluminum-sheathed cable, type ALS, is a factory assembly 
of one or more conductors each individually insulated and 
enclosed in a liquid-tight, gas-tight, close-fitting and contin-
uous aluminum sheath. You could use this cable in a service 
entrance.

Copper-sheathed cable, type CS, is similar to ALS with a  
continuous copper or bronze sheath. This cable is frequently 
used in residential applications.

Shielded nonmetallic-sheathed cable, type SNM, is a factory 
assembly of two or more insulated conductors. The conduc-
tors are placed in an extruded core of moisture-resistant, 
flame-resistant nonmetallic material covered with an  
overlapping metal tape and wire shield and jacketed with an 
extruded nonmetallic material that’s resistant to moisture, 
flame, oil, corrosion, fungus, and sunlight. This is a special-
ized type of cable, not typically found in residential work.

Flat cable assembly, type FC, is an assembly of parallel  
conductors joined with an insulating material web. It’s  
specifically designed for field installation in metal surface 
raceways.

Power and control tray cable, type TC, is a factory assembly  
of two or more insulated conductors, with or without an 
associated bare or covered grounding conductor. All of the 
conductors are contained in a nonmetallic sheath, for instal-
lation in cable trays or raceways.

FIGURE 9—Nichrome 
wires are more resistant 
than copper wires to 
current flow. Therefore, 
they’ll heat up to tem-
peratures high enough 
to melt snow as well as 
serve as heating elements 
for toasters and other 
appliances.
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Cablebus is an assembly of insulated conductors with fittings 
and conductor terminations in a completely assembled, ven-
tilated, and enclosed protective metal housing. The cablebus 
assembly is designed to carry fault currents and is permitted 
at any current or voltage for which the spaced conductors are 
rated. Cablebus is ordinarily assembled at the location of the 
installation.

Flexible Cords and Cables
Flexible cords are used on the output or load ends of branch 
circuits. They’re used to make the power cords you plug 
into a receptacle. Flexible cords are commonly designated as 
lamp, heater, power, and service cords (not to be confused 
with service entrance cables).

Lamp cords, type C, are used, as the name implies, to con-
nect lamps and fixtures to outlets. They’re composed of 
stranded copper wire and covered with rubber or ther-
mo-plastic insulation. Some lamp cords are also covered with 
cotton or rayon wrappings to add an additional layer of  
insulation. Two types of lamp cord are shown in Figure 10.

Heater cord, type HPD, is designed to carry greater amounts 
of current than lamp cord and still be flexible. It’s construct-
ed from stranded copper wires for flexibility and has a  
layer of fireproof insulation around the rubber conductor 
insulation (Figure 10). 

Service cords, types SO, SJO, and ST, take current to 
heavy-duty power tools and motors, so therefore must be 
heavy enough to carry the load current without overheating. 
It’s likely that at some time you’ll need to replace a service 
cord. If you do, it’s very important that you replace it with 
one of equal or greater capability. Service cords are available 
with two conductors, as shown in Figure 10, or with three  
conductors. The stranded copper wires of the service cord are 
covered with rubber insulation, which is covered with a fiber-
glass or paper covering, and then encased in neoprene.

The National Electrical Code contains tables that list the 
ampacities of approved flexible cords and cables. The ampac-
ities are listed for ambient temperatures not exceeding 30°C 
(86°F) and only for cords in which there aren’t more than 
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three current-carrying conductors. If four to six current- 
carrying conductors are in the flexible cord or cable, the 
ampacity of the conductors must be derated as described by 
the NEC.

In new installations, flexible cords and cables are used in 
continuous lengths only, without tapes or splices. However, 
repair splices are permitted in hard-service flexible cords of 
wire size No. 12 and larger. The repair splice should be made 
only if the insulation and outer sheath properties of the orig-
inal cord are free of cuts and can be kept intact. It’s best to 
just replace a damaged cord with a new one.

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

FIGURE 10—Flexible cords 
and their construction
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Self-Check 3

 1. Is a 250 kcmil conductor usually called a wire or a cable?

  __________________________________________________________

 2. What type of cable would you use for melting snow from your driveway?

  __________________________________________________________

 3. Where are flexible cords used?

  __________________________________________________________

 4. How does style A service entrance cable differ from style U service entrance cable?

  __________________________________________________________

Check your answers with those on page 64.
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WORKING WITH CONDUCTORS

Wire and Cable Preparation
All component parts of an electrical system are connected by 
conductors, or wires. Insulated wires provide electrical power 
to such devices as lighting fixtures, lampholders, circuit 
breakers and fuseholders, switches, motors, transformers, 
and all other electrical equipment. Poorly made connections 
are often a source of problems or even fires. At the point of 
connection conductors must be clean and free from all traces 
of cable insulation; otherwise they won’t make good electri-
cal contact. Remember, a good connection is just as easy to 
make as a poor connection, and you’ll avoid many possible 
problems by consistently making good, solid connections.

Before a connection is made, the insulation must be removed 
from the conductor by a wire stripper or a knife. The 
syn-thetic insulations used today usually come off cleanly 
from the conductor. The wire stripper shown in Figure 11 
has five notches and may be used to strip five specific sizes 
of conductor. Each notch is used for only one size of conduc-
tor. Each notch is designed to cut only the insulation. Using 
the right notch for the size wire you’re stripping prevents the 
stripper from nicking the wire.

Generally, an electrician’s knife is used only for stripping 
larger conductors since wire strippers rarely strip wire larger 
than No. 10. When using a knife for stripping, you must hold 
it so that there’s about a 30° angle between the knife blade 
and the conductor. This way, when the insulation is cut 
through, the blade tends to slide along the conductor instead 
of nicking it. A properly stripped conductor is illustrated  
in Figure 11. Never strip insulation by holding a knife per-
pendicular to the conductor, because the wire is too easily 
damaged by nicking it. Nicks weaken the conductor and 
make it more susceptible to breaking. Nicks also increase 
resistance.
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Just as a wire must be stripped, a cable requires preparation 
before it can be inserted into an outlet box. You must remove 
about 12 inches of the outer covering of the cable. The 
sheath, or covering, of nonmetallic cable should be removed 
with a cable stripper, but an electrician’s knife can be used. 
The cable stripper saves time and reduces the possibility of 
damaging the insulation. The loose sheath and filler material 
are pulled back and cut off with either a knife or cutters. 

FIGURE 11—A combina-
tion wire stripper removes 
insulation from a wire and 
can grip and bend wire 
and crimp terminal ends. 
Either a hacksaw or a BX 
cutter is the appropriate 
stripping tool for armored 
cable.
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When armored cable is used, the armor is cut with either a 
BX cutter or a hacksaw, as shown in Figure 11. The hacksaw 
should be equipped with a fine-tooth blade (32 teeth per inch), 
and it should be held at right angles to the strip of armor 
to be cut, not at right angles to the cable. Be careful not to 
damage the insulation on the wires inside the armor. After 
the armor is cut, twist the armor on either side of the cut to 
separate the parts. Once separated, pull off the center piece 
of armor to uncover the paper wrapping. A two-conductor 
armored cable is shown Figure 7. Some of the paper wrap-
ping within the armor also must be removed to make space 
for an insulating bushing. An insulating bushing is slipped 
inside the armor to protect the wire insulation from sharp 
edges on the armor.

The armored cable just described can be used only in dry 
locations. When armored cable is to be used in damp loca-
tions, it must be type MI with a metallic sheath, and won’t 
require the use of an insulating bushing. Except for this 
 difference, the cable is handled in the same manner as the 
dry-location type.

Basic Electrical Connections
In residential wiring applications, you’ll most often deal with 
connecting small-size conductor to screw-type terminals.  
It’s worth mentioning that, although Nos. 14, 12, and 10  
conductors are usually solid-wire, they’re also available in 
stranded-wire configurations. An electrician might sometimes 
work with stranded conductor because it’s easier to pull 
through conduit, especially for longer runs, or conduit with 
multiple bends. Before attempting to connect a stranded con-
ductor to a screw terminal, securely twist the strands togeth-
er. The best way to keep the strands from fraying is to then 
apply solder to them to form one conductor. However, this 
isn’t usually practical. A quicker way is to pull 4 or 5 strands 
from the bunch and wrap these around the rest of the 
strands that are twisted together. Alternatively, use crimp-on 
lugs like the O-ring or spade type shown in Figure 12. The 
crimp-on splice sleeve shown in Figure 12 may be used on 
solid or stranded conductors. It’s good practice, when using a 
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crimp-on terminal lug or splice sleeve, never to do the crimp-
ing with a makeshift tool. You should always use the tool 
specified by the manufacturer of the crimp-on device.

In general, conductors of dissimilar metals shouldn’t make 
physical contact in a terminal or splicing connector. However, 
some connecting devices are designed for connecting dissim-
ilar metals. Also, when soldering two dissimilar metals, use 
solder and flux that’s compatible with both metals to insure a 
good connection. 

Conductors are sometimes joined by brazing, welding, or  
soldering with a fusible metal or alloy. Soldered splices are 
first joined to form a connection that’s mechanically and  
electrically secure even without solder and only then are  
soldered. All splices and joints in conductors must have insu-
lation equivalent to that of the conductor. Insulating devices 
(such as sleeves) made for this purpose may also be used.

Connecting Conductors to Terminals

Most electrical equipment, such as switches, receptacles, and 
starters, is equipped with terminals or lugs for connecting the 
conductors. If the equipment is intended for No. 10 or smaller- 
diameter conductors, it usually has screw terminals such as 
those illustrated in Figure 13. The end of the screw is usually 
staked or deformed during manufacture to prevent the screw 
from being removed or lost.

FIGURE 12—Crimp-on 
devices are easily and 
quickly installed. The 
spade-type terminal is 
fast and easy to use, 
since you don’t need to 
remove the screw termi-
nal first.
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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 13. Then 
place the loop under the screw head. Note that the loop  
doesn’t travel all the way around the screw. Any excess con-
ductor must be cut off. The loop end must be placed in the 
same direction as the screw tightens. This will tend to close 
the loop as the screw is tightened. The loop will loosen if the 
screw is tightened in a direction opposing the loop formation, 
especially when using stranded wire.

Many receptacles and switches are made so that the stripped 
end of the conductor is pushed into a hole in the back of the 
device, where pressure terminals within the device automati-
cally make good contact. These pressure terminals are  
sometimes called stab locks. This is called back wiring. A 
duplex receptacle with both screw terminals and pressure 
terminals is shown in Figure 14. A stripping gage is included 
on the duplex receptacle as an aid in the removal of the cor-
rect amount of insulation. The pressure terminal is usually 
designed to accept only two sizes of solid conductor, Nos. 14 
and 12. Use them only with solid copper conductors. While 
either the screw terminals or the pressure terminals can be 
used, most electricians use the screw terminals because it 
forms a much more secure connection. Pressure terminals 
aren’t to be used with aluminum conductors. 

FIGURE 13—Always be 
sure to install a looped 
wire end in a screw ter-
minal, so that when the 
screw is tightened, the 
loop is closed. Terminal 
screws on electrical 
devices always tighten in 
a clockwise direction.
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Solderless Terminals

Connecting solid conductors and 
stranded wires larger than No. 10 
requires use of solderless termi-
nals like the one shown in  
Figure 15. The cleaned, stripped 
end of the wire is inserted into the 
connector, and the screw is tight-
ened to complete the connection. 
The plastic insulation should be 
close to but not inside the con-
nector. Because connectors are 
made for specific sizes of wire, the 
connector should be matched to 
the wire being used. Most lugs are 
usable for a range of sizes. Also, 
when using aluminum conductors, 
such as for service equipment, be 

sure the lug is good for copper and aluminum. You should 
see “Cu/Al” stamped somewhere on the surface of the lug. In 
addition, always use anti-oxidation compound when termi-
nating aluminum conductors to prevent connection problems. 
Lugs with aluminum conductors must be extremely tight or 
problems will arise.

Crimp-on or crimp-type terminals are used in the electrical 
industry because they’re easy and quick to use. They also 
provide excellent electrical and mechanical connections. 
When many connections are to be made, a hydraulic or 
ratchet-type crimper is a useful tool. These tools are designed 
to compress the crimp-on hardware around the conductor. 
The part of the tool that contacts the crimp-on hardware is 
called the die. You should always use the crimping tool rec-
ommended by the connector manufacturer, and check the 
crimping dies for wear. When a terminal crimp has been 
properly made, if the lug end were sawed off in the middle 
of the crimped area, it would be practically impossible to see 
any strands. The strands are compressed together to such a 
degree that they look like a solid conductor.

FIGURE 14—To remove a wire from a pressure terminal, 
insert a small screwdriver into the slot. This will permit 
the conductors to be withdrawn. 
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Solder Terminals

Another method of connecting wires is with a solder lug, 
which is pictured in Figure 15. Correctly soldering solder 
lugs and heavy wire is a difficult task. Poor soldering can 
result in high-resistance joints, which may lead to arcing and 
overheating. For this reason, and because of the increased 
labor required to solder connections, solder lugs aren’t used 
as often as the convenient and easy-to-use crimp-on or sol-
derless terminals. The solder lug is fastened to the terminal 
by a screw provided for this purpose. Each solder lug is made 
for use with a particular size or range of sizes of wire. You 
should always select a solder lug that’s made for the wire 
being used.

In order to fasten a solder lug to a wire, the wire should be 
stripped a distance equal to the depth of the cup on the sol-
der lug. After the strands are cleaned and straightened, form 
them into a tight group so that they’ll fit into the solder cup. 
Then a noncorrosive flux must be applied to the wire. When 
the flux is heated, it melts and cleans the wires. Then the 
solder will stick tightly to the wires and make a good connec-
tion. Never use an acid flux, like the flux used for soldering 
sheet metal. The acid may react with the copper to form an 
insulating coating, or it may corrode and weaken the wire. 
Use only flux that’s designed for electrical connections. Flux 
may also be applied by using rosin-core solder, which looks 
like an uninsulated wire. It’s actually a hollow tube which 
has been filled with a flux called rosin. Rosin-core solder is 
convenient to use, whereas the paste flux is messy. Acid- 
core solders are also available, but should never be used  
in electrical work.

FIGURE 15—The National 
Electrical Code prohib-
its the use of soldered 
connections in service 
entrance equipment and 
its grounding conductors. 
It’s necessary to use 
heavy-duty solderless 
lugs or pressure connec-
tors in those parts of the 
installation. 
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While you won’t need to solder if you focus on residential 
work, there probably will be a time during your career when 
you’ll need to make a good solder connection. In order to 
achieve a good soldered connection, you need to familiarize 
yourself with the following instructions:

• When you apply solder to wires, heat the bare end of 
the wire with a soldering iron, or a torch until it’s hot 
enough to melt solder readily. 

• The solder should flow between the wire’s strands and fill 
in all the spaces between them. 

• Don’t build up solder on the outside of the wire because 
then the wire won’t enter the cup. In addition, excessive 
heat will damage the insulation. Use only enough heat 
to make the solder flow easily. This is called tinning and 
can also be performed by dipping the end of the wire in a 
pot of melted solder.

• Clean the interior of the cup of the solder lug if it’s dirty. 

• Hold the lug in a vertical position with a vise. Soldering 
the wire is easier if the solder lug is insulated from the 
vise jaws by wooden strips or other suitable material.

• If rosin-core solder isn’t being used, place some noncor-
rosive solder flux in the solder cup and then heat the 
cup with a soldering iron or torch. 

• Melt solder in the cup until the cup is almost full of 
melted solder. Then insert the tinned end of the wire 
into the cup while still applying heat to the cup. After 
the whole mass is thoroughly heated, remove the source 
of heat. The wire must be held steady until the solder 
 hardens. Again, avoid excessive heating because it will 
damage the wire insulation.

• Any small strings or balls of solder should be removed 
because they can easily cause short circuits. 

• If the wire insulation isn’t close to the solder lug, narrow 
strips of electrical tape should be wrapped around the 
wire to replace the missing insulation. 



51Conductors

• If a torch has been used for soldering, the soldering lug 
will have become darkened. Sandpaper should be used 
to restore the original bright copper color.

Solderless Splicing Methods

Sometimes splices, or joints, in wires are necessary. The 
splices must be mechanically and electrically as good as a 
continuous length of wire. Also, the splice must be protected 
by new insulation that can perform as well as the original 
insulation. To make a splice, the insulation is removed where 
the splice is to be made. Then an electrical and mechanical 
connection is made by using either a solder or a solderless 
connector. The splice is completed by covering it with an 
insulating material, such as a wire nut, or electrical tape. A 
common place to see splices is at outlet boxes when switch-
es, receptacles, or lampholders are wired. Of course, wire-
nut connectors are the type of splice made most often by the 
 electrician doing residential and commercial work. Figure 16 
shows a few of the available splicing methods. 

The pigtail splice, as shown in Figure 16, is a method of  
joining wires for sizes up to No. 10. After the insulation is 
stripped from the wire, the wires should be tightly wound 
together by using pliers to make a good mechanical connec-
tion. In most cases, this splice is then insulated with a wire 
nut. In some cases, electrical tape is used. The pigtail splice 
is useful in outlet boxes to splice two or more circuit or fixture 
wires. This splice puts no mechanical strain on the wires.

When wires larger than No. 10 are to be spliced, pressure 
connectors are used. The split-bolt connector shown in  
Figure 16 is used for tape splices. The stripped and cleaned 
wires are clamped between the U-shaped connector body and 
a nut which screws onto the threaded legs. If aluminum  
conductors are used in the splice, anti-oxidation compound 
should be used on the joint. If there is no strain on the wires, 
the butt connector, which you can see in Figure 16, can be 
used. Because these connectors are made of metal, they 
must be insulated with multiple layers of tape. It’s a good 
idea to use rubber tape or friction tape, in addition to plastic 
electrical tape, to insure adequate insulation of the splice.
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Solderless Connectors

Solderless connectors are widely used to complete pigtail 
splices because a good connection can be made quickly and 
the disadvantages of soldering are avoided. If insulated  
solderless connectors are used, like wire nuts, taping also 
can be eliminated. A wire nut is screwed onto the sleeve to 
complete the splice. If the wires have been stripped to the 
correct length, no taping is needed because no bare wire is 
showing. Several types of wire nut are shown in Figure 17.

FIGURE 16—Wire nuts are 
available in color-coded 
sizes, which are made  
to accept particular  
combinations of  
wire sizes.

FIGURE 17—Wire nuts 
should be used for pigtail 
splices. Always twist the 
wires together before 
twisting the wire nut 
onto the splice. As with 
terminals, always twist 
the wires in a clockwise 
direction, so that tighten-
ing the nut tightens the 
twist.
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Pressure connectors, solderless connectors, and crimp-on 
connectors must be selected for the wire sizes and the voltage 
used. For example, a solderless 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 can’t be 
used on a 480 V circuit; a 600 V solderless connector should 
be used. The manufacturer’s literature or the shipping con-
tainer may have to be consulted to determine which device is 
approved by the Underwriters’ Laboratories for a particular 
application.

Insulating Splices of Larger Conductors

Whenever insulation is removed to make a splice, it must be 
replaced with new insulation equal to the original. Plastic tape, 
rubber tape, or friction tape may be used. Plastic tape has a 
very high insulating value, so a comparatively thin layer of it 
is sufficient. Its use results in smaller splices because it can 
be used without protection. However, plastic tape tends to 
crack in colder temperatures and soften in hotter tempera-
tures. It’s in these extreme conditions that a very good quality 
plastic tape is a necessity.

When using insulating tape on a split-bolt, butt connector, 
or crimp-on splice, begin by placing the end of the tape on 
the tapered end of the original insulation. Wind the tape 
diagonally toward the opposite end, while letting the succes-
sive turns overlap slightly. Keep the tape stretched so that it 
adheres together where the turns overlap (Figure 18). After 
the tape has reached the opposite end, work back toward the 
starting point in exactly the same manner. Work back and 
forth while being sure to overlap the original insulation on 
each end until a few layers of tape have been wrapped. Then 
wrap the splice with a few layers of rubber electrical tape. 
Rubber tape helps to round off any sharp edges or points 
resulting from the splice. When rubber tape is used for insu-
lating splices, it’s applied in the same manner as the plastic 
tape. Be sure to stretch it as it’s being wrapped around the 
splice. However, several layers of friction tape or plastic tape 
must be applied on top of the rubber tape to protect it and 
keep it from unraveling. Friction tape isn’t used without rub-
ber tape on interior wiring. 
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Aluminum Conductors
Excessive overheating and even fires can begin in the connec-
tions of wire to conventional wall receptacle outlets and snap 
switches. Such incidents can occur with either aluminum or 
copper wire, but the possibility of such incidents is greater 
when aluminum wire is used. For this reason, aluminum 
wire is used only as necessary, typically for service equip-
ment installations.

As an electrician, you should be aware of the following facts 
about aluminum conductors:

• Aluminum conductors are no longer used in residential 
wiring.

• If a residence (house, apartment, or mobile home), busi-
ness, or other property was built prior to 1965 and has 
had no additional or replacement wiring for receptacle 
outlets and snap switches since that time, there’s little 
chance that aluminum wire was used.

• If the property was built after 1965, or has had addition-
al wiring since then, you should determine if aluminum 
wire was used. 

• If aluminum wire was used, you should check connec-
tions on the most heavily loaded or most constantly  
loaded circuits to determine if they’ve been properly 
made or show evidence of potential problems. If it’s  
practical, replace the aluminum with copper wiring.

FIGURE 18—It’s import-
ant to keep the tape tight 
while wrapping a splice.
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• Readily detectable signs of trouble are warm face plates 
on switches and receptacles or a distinctive or strange 
odor in the vicinity of the receptacle or switch. Persistent 
but intermittent flickering of lights, not traceable to 
appliances or other external causes, is also an indication 
of possible wiring problems. If such signs are present,  
or if they subsequently develop, you should replace  
the wiring and devices with materials approved for  
the installation.

Installation of Aluminum Conductors

As we’ve just discussed some of the potential problems asso-
ciated with using aluminum wire, let’s look at ways to avoid 
the problems. A critical part of this is to always follow correct 
installation procedures. The correct and incorrect methods of 
terminating aluminum wire at wire-binding screw terminals 
or receptacles and snap switches labeled CU/ALR are illus-
trated in Figure 19. The steps of the correct method are as 
follows:

 1. Strip insulation off the wire and coat the conductor end 
with anti-oxidation compound. Wrap the end of the wire 
two-thirds or three-quarters of the distance around the 
wire-binding screw post as shown in step 1 of Figure 19. 
The loop is made so that tightening the screw will tend to 
wrap the wire around the post rather than unwrap it.

 2. Tighten the screw until the wire is snugly in contact  
with both the underside of the screw head and the con-
tact plate on the wiring device, as shown in step 2 of  
Figure 19.

 3. Tighten the screw an additional one-half turn to  
provide a firm connection. When a torque screwdriver is 
used, tighten to 12 lb-in. (pound-inches). See step 3 of 
Figure 19.

 4. Position the wires behind the wiring device to decrease 
the likelihood of the terminal screws loosening when the 
device is positioned in the outlet box.

You should also carefully study the incorrect methods of con-
nection that are illustrated in Figure 19. This will help you to 
avoid making commonly made mistakes.
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FIGURE 19—There are 
right ways and wrong 
ways of terminating  
aluminum wire at 
wire-binding screw ter-
minals of receptacles and 
switches.
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Cable Supports and Installation
As a residential electrician, you’ll install cables, so you need 
to know the methods and procedures to follow when doing 
this work. Cables must be fastened within building walls by 
approved staples, straps, or similar fittings. The staple shown 
in Figure 20 works well with armored cable. Similar staples 
can be used with nonmetallic-sheathed cable, but they’re 
likely to damage the cable when driven in solidly. The plastic 
staple and the nail strap are made specially for supporting 
types NM, NMC, and similar cables. Their design reduces the 
chance of damaging the cable.

The internal construction of type NMC cable also is shown in 
Figure 20. Note the white insulation surrounding the neutral 
wire and the black insulation surrounding the ungrounded 
wire.

FIGURE 20—Cable supports are designed for specific uses. Note in the NMC cable 
that the grounding wire is surrounded by the insulation which fills all the space 
between the neutral and ungrounded wires. No paper or jute fiber is used in mak-
ing this cable.
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Required Methods for Cable Installation

If a building’s wiring is installed while it’s being constructed, 
the cable is placed inside the walls. The cable must be fas-
tened at least every 41/2 feet and within 1 foot of each outlet. 
If an outlet is being installed within a completed building, the 
requirements for fastening the cable don’t apply. 

When the cable must be bent for an installation, the bends 
must be gradual to avoid damaging the cable. The rule is 
that the radius of the bend should be at least eight times the 
diameter of the cable for nonshielded conductors and twelve 
times the diameter for shielded or lead-covered conductors. 
(For more information regarding the bending radius of a con-
ductor, see 300.34 of the 2002 National Electrical Code.) For 
example, a properly bent nonshielded cable with a 1/2 inch 
diameter would form a radius of at least 8 3 1/2 5 4 inches. 

When small cables are exposed, as in cellars, attics, and 
garages, they must be protected from physical injury. A com-
mon wiring method is shown in Figure 21. Here the cable 
passes through holes near the center of the studs. Holes 
should always be bored through the centers of wooden tim-
bers such as joists, studs, and rafters. Holes bored near 
the edges of timbers weaken the timbers more than holes 
bored near the centers. Also, holes near the edges increase 
the chance of a screw or nail puncturing the installed cable. 
Whenever it’s practical, the hole should be at least 11/4 inch 
from the edge of the timber. If it’s not possible to maintain 
the minimum 11/4 inch dimension, you’re required to install 
a steel plate (minimum 1/16 inch thick) over each hole. The 
exception to this rule would be when installing IMC, EMT, 
rigid steel conduit, or rigid nonmetallic conduit.

Here are a few important guidelines to follow when installing 
cable:

• Always follow the approximate contour of the building. 
Don’t take shortcuts across open spaces. 

• Install cables without any kinks or twists. 

• Eliminate all slack between supports. 
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• When installing cable inside junction boxes, panels, etc., 
keep wires neat and organized, not twisted, tangled, or 
jammed.

• When nonmetallic sheathed cable is run at an angle to 
the joists in an unfinished basement, cable no larger 
than No. 6-2 or No. 8-3 may be fastened directly to the 
lower edges of the joists.

• When armored cable also is run at an angle to the joists 
in an unfinished basement, it must be located where 
it won’t be damaged and it must be supported at each 
joist.

The usual procedure is to install cable for one circuit at a 
time. The cable is looped from outlet box to outlet box and 
then to the panelboard to form the circuit shown by the wir-
ing diagram. A good procedure is to identify each circuit at 
the panelboard with a tag because that will reduce the work 
when final connections are made. All splices and connections 

FIGURE 21—Depending on the size and type of cable being installed, different methods of protecting 
the cables are necessary.
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are also made at a later date in either outlet boxes or elec-
trical fixtures. Remember to install the electrical system in a 
neat and professional manner. It’s typical for two electricians 
to work together when installing cable to keep from getting 
twists in the cable. The electrical wiring will be inspected 
before the walls are covered. Poor workmanship can result in 
an installation that doesn’t pass inspection. You’ll learn much 
more about wiring practices as you continue your studies.

Installing Cables without Conduit

Most of the jobs you’ll encounter as a residential electrician 
will require routing wire through walls without the benefit 
of conduit. As you know, when wiring an existing structure, 
you’ll need to route wires through the wall using a fish tape.

Cables are versatile in residential wiring applications. They 
have enough stiffness to resist being easily bent, and can 
quite often be fished through an easy run without a fish tape. 
Cable, even though it’s stiff, is flexible enough to be bent. 
There are no restrictions on the number of bends. The elec-
trons move through any number of bends as if they weren’t 
even there. These qualities allow cable to be buried under-
ground between a home and a garage or run through the 
holes of masonry block walls. Dampness and condensation 
have no effect on properly chosen cables. They can be run 
through partitions and studs in damp laundry rooms, under 
basement floors, around door frames, through attics, and 
almost anyplace you require electric power. It’s the insula-
tion and covering on a cable that determines where it can be 
used. Several examples of the use of cables are illustrated in 
Figure 22.
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Now, take a few minutes to review what you’ve learned by 
completing Self-Check 4.

FIGURE 22—If the upstairs room in Figure 22 is an attic, the cable could be run in notched joists as 
illustrated here. When rewiring an older home, you’ll have to use your ingenuity and experience in 
getting the wiring from one point to another.
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Self-Check 4

 1. Give two residential uses for stranded conductors.

  __________________________________________________________

  __________________________________________________________

 2. What’s the minimum bending diameter for a cable that’s 1⁄4 inch in diameter?

  __________________________________________________________

 3. At what distances must supports for NM cable be when installed inside the wall?

  __________________________________________________________

Check your answers with those on page 65.
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Self-Check 1

 1. Copper is the metal most often used as an electrical  
conductor.

 2. A THHN-type insulation is a thermoplastic insulation 
that can be used up to 90 degrees C and in dry or damp 
locations.

 3. (a) Black or red insulation would be used for the hot 
wires. (b) White insulation would be used for the neu-
tral wires. (c) Green insulation or no insulation would be 
used for the ground wires.

 4. The wire’s diameter equals 0.500 inch. The area of the 
wire, in circular mils, is 500 3 500 5 250,000 cmils or 
250 kcmils. 

  The area of the wire, in square inches, is 

  
πD2

4 5 0.785 3 D2 

  5 0.785 3 0.52

  5 0.785 3 0.25 5 0.196 in2

Self-Check 2

 1. In Table 2 the resistance of 1,000 ft of bare No. 14 solid 
copper wire is given as 3.07 Ω. The resistance of 600 ft of 
wire will be 

  
600 3 07

1 000
3 .

,
 5 0.6 3 3.07 5 1.842 Ω.

 2. The line voltage at the distribution panel is the sum of 
the load voltage and the voltage drop, or

  112 V 1 8 V 5 120 V 
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 3. You may solve this problem either of two ways.

  (a) Use Ohm’s law for voltage drop. The resistance from 
Table 2 is 2.01 Ω for 1,000 ft. Therefore, the resistance of 
200 ft is 

  
200 2 01

1 000
3 .

,
 5 0.402 Ω

  By Ohm’s law,

  E 5 IR 5 15 3 0.402 5 6.0 V 

  (b) Use the approximate calculation method:

  Where the area, in circular mils, is found from Table 2 to 
be 6530 cmils, now,  

  
E D I= = =2 64 2 64 100 15

6 530
6 06. .

,
.3 3 3 3

cmils
V 

  Note that the approximate method automatically 
accounts for the double length of wire whereas, in the 
first method, your calculations must account for 200 ft 
of wire.

 4. The basic ampacity is found in Table 5B to be 50 A. 
Since the conductor is in a five-wire cable, it must be 
derated by 0.8 as listed in Table 6. Therefore, the  
ampacity is

  50 3 0.8 5 40 

 5. The THW cable has a 75°C insulation as shown in  
Table 5B. The temperature derating for a 75°C insulation 
used in a 50°C location is 0.75, as listed in Table 8.

  The ampacity of the cable is now

  0.75 3 40 5 30 A 

Self-Check 3

 1. A 250-kcmil wire would usually be called a cable.

 2. You would probably use a type MI cable with nichrome 
conductors.
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 3. Flexible cords are used to deliver power to electrical 
loads from the receptacles of branch circuits.

 4. Style A has a galvanized-steel sheath for protection that 
style U doesn’t have.

Self-Check 4

 1. Stranded conductors are used in light fixtures and flexi-
ble leads.

 2. The minimum bending diameter is four times the cable 
diameter for nonshielded conductors, or six times the 
diameter for shielded conductors. The minimum bending 
diameter is therefore:

  4 3 1/4 51 inch for nonshielded conductors 
or 
6 3	1/4 5 11/2 inches for shielded conductors 

 3. Within 1 foot of an outlet or box, and every 41/2 feet


