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P R E F A C E

The third edition of Electricity for the Trades focuses on 
the understanding of topics required for careers in the 
electrical industry and associated disciplines. The main 
objective of this text is to explain, as simply as possible, 
the electrical theory and its applications to related electri-
cal circuits and products. 

The textbook is divided into four sections: 

Section 1 Fundamentals of Electricity
Section 2 Direct Current (DC) Circuits
Section 3 Alternating Current (AC) Circuits
Section 4 Electrical Installation and Maintenance

The organization of the text is designed to distinguish 
between the major areas of study in order to enhance the 
text’s usability. Each section or combination of sections is 
available in both eBook and customized McGraw-Hill 
Create formats to meet more specific curriculum needs.

In this edition, all chapters have been enhanced, as re-
quested by instructors, to provide up-to-date relevant sub-
ject matter. Most notable are the new topics, which include 
three-wire circuits, protection relays, DC motor control, 
and digital logic circuits. The text continues to use:

∙	 Boldface fonts to highlight important points.
∙	 Bulleted lists to summarize circuit operations.
∙	 Schematic representations of circuits accompanied  

by photos of the devices being studied to increase the 
student’s level of recognition of different electrical  
devices.

New to this edition is the Simulation Lab Manual that 
accompanies the text. Available through McGraw-Hill 
Connect, it features more than 250 Multisim simulated 
lab exercises integrated into each chapter of the text.  
Features of this new concept of experimental labs assign-
ments include:

∙	 Each Multisim circuit file comes complete with on-
screen detailed instructions for carrying out circuit 
simulation problems and exercises.

∙	 All lab components have been preselected and with 
their required values requiring a minimum of 
setup. Students spend more time experimenting 

rather than selecting, dragging, and assigning values 
to components. 

∙	 On-screen formulas and graphics from the text are 
designed to integrate the material covered in the text 
with the simulation assignment. 

The lab assignments may require students to:

∙	 Correctly connect and take measurements using a 
simulated voltmeter, ammeter, ohmmeter, digital 
multimeter, wattmeter, and oscilloscope.

∙	 Properly record measured data.
∙	 Calculate expected circuit values.
∙	 Troubleshoot components and circuits.
∙	 Modify circuit requirements.

For this edition, Multisim labs have been created to op-
erate using National Instruments’ NI Multisim Student 
Edition Version 12 or higher. 

Note: Multisim software must be purchased separately.

Chapter Changes to This Edition

Chapter 1
∙	 Extended coverage of the National Electrical Code. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos.

Chapter 2
∙	 New section on the basic concepts of voltage,  

current, and resistance. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 3 
∙	 Coverage of static electric shock. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 



Chapter 4
∙	 Extended coverage of relationship between the cou-

lomb and the ampere.
∙	 Additional test bank questions. 
∙	 Additional chapter review question.
∙	 New and modified line diagrams and photos. 

Chapter 5 
∙	 New section on short and open circuit faults. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 6 
∙	 Extended coverage of digital multimeter measurements.
∙	 Additional test bank questions. 
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos.

Chapter 7 
∙	 Extended coverage of Ohm’s law calculations. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 8 
∙	 Coverage of alphanumeric resistor code.
∙	 Extended coverage of resistor connections. 
∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 9 
∙	 New section on electromagnetic induction. 
∙	 Additional test bank questions.
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 10 
∙	 New coverage of pumped storage hydroelectric 

plant.
∙	 Additional test bank questions. 
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 11
∙	 Extended coverage of series circuit troubleshooting 

problems. 
∙	 Additional test bank questions.

∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 12 
∙	 Extended coverage of parallel circuit troubleshoot-

ing problems.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 13 
∙	 New section on three-wire circuits.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 14 
∙	 Additional test bank questions.
∙	 New and modified line diagrams and photos.

Chapter 15 
∙	 New coverage of eddy currents and the skin effect.
∙	 Additional coverage of alternator synchronization.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and  

photos.

Chapter 16 
∙	 Additional coverage of Inductors.
∙	 Additional coverage of AC resistive circuits.
∙	 Additional coverage of energy storage versus  

energy dissipation.
∙	 Additional test bank questions.
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 17 
∙	 Additional coverage of inductance. 
∙	 Additional coverage of capacitance.
∙	 Additional coverage of series RLC resonance.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 18 
∙	 Additional coverage of parallel RLC circuits.
∙	 Additional solved example problems.
∙	 Additional test bank questions.

xii	 Preface



∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 19 
∙	 New coverage of the open delta connection.
∙	 Additional coverage of transformer basics.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos.

Chapter 20
∙	 Additional coverage of conductor ampacity.
∙	 New coverage of teck cable.
∙	 Additional test bank questions.
∙	 Additional chapter review questions. 
∙	 New and modified line diagrams and photos. 

Chapter 21
∙	 New section on load centers and circuit breakers.
∙	 Additional coverage of special application circuit 

breakers.
∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 22 
∙	 New section on protective relays.
∙	 Additional coverage of relay types and applications.

∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 23 
∙	 New coverage of the split receptacle and lighting 

control devices. 
∙	 Additional coverage of LED color light control.
∙	 Additional test bank questions. 
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 24 
∙	 New chapter title. 
∙	 Additional coverage of two-wire and three-wire  

control.
∙	 New Part 4 coverage of direct current motors.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos. 

Chapter 25 
∙	 New coverage of operational amplifiers. 
∙	 New Part 3 coverage of digital logic circuits.
∙	 Additional test bank questions.
∙	 Additional chapter review questions.
∙	 New and modified line diagrams and photos.
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W A L K T H R O U G H

Electricity for the Trades is a practical text for a  
basic course in electricity. Through clearly written 
chapters, it focuses on the information students 
need to be successful in the field. The content is 
easy to read and is supported by helpful examples, 
colorful diagrams and illustrations, and review 
problems that evaluate students’ understanding  
of the material.

LEARNING OUTCOMES give students an idea of 
what to expect in the following pages and what they should 
be able to accomplish by the end of the chapter.

DIAGRAMS AND PHOTOS increase the stu-
dents’ recognition of key devices and processes. Dozens of 
new photos have been added to make this edition more up 
to date.

2

Hard hat

Goggles

Cotton only,
no polyester

Tight sleeves
and trouser

legs

No rings on
fingers

Safety shoe

C H A P T E R  O N E

L E A R N I N G  O U T C O M E S
 ⊲  Identify the factors that determine the 

severity of an electric shock.
 ⊲  Be aware of general principles of  

electrical safety including wearing  
approved protective clothing and using 
protective equipment.

 ⊲  Familiarity with arc flash hazards  
recognition and prevention.

 ⊲  Explain the safety aspect of grounding 
an electrical installation.

 ⊲  Outline the typical steps involved in 
lockout and tagout procedures.

 ⊲  Be aware of the functions of the  
different organizations responsible for 
electrical codes and standards.

 ⊲  Understand how the National  
Electrical Code is organized by  
chapters and article.

Safety

Appropriate attire should be worn for each  
particular job site.

Safety is the number one priority in any job. Every year, 
electrical accidents cause serious injury or death. Many 
of these casualties are young people just entering the 
workplace. They are involved in accidents that result 
from carelessness, from the pressures and distractions 
of a new job, or from a lack of understanding about 
electricity. This chapter is designed to develop an 
awareness of the dangers associated with electric 
power and the potential dangers that can exist on the 
job or at a training facility.
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52 Section 1 Fundamentals of Electricity

3. Name the three basic metering functions that can 
be performed using a multimeter.

4. What is the purpose of the multimeter function 
switch?

5. What is the purpose of the multimeter range switch?
6. An analog voltmeter uses a single scale calibrated 

from 1 to 10 for several different ranges of voltage. 
What is the correct voltage reading if the needle  
of the scale points to 5 and the range switch is set  
to 100?

7. Unlike analog multimeters, digital multimeters  
require an on/off power switch. Why?

8. In what way does an auto-ranging digital multime-
ter differ from the more traditional type?

9. How are voltmeters connected relative to the circuit 
voltage that needs to be measured?

10. Digital voltmeters have little or no loading effect on 
the circuit under test. Why?

11. A digital multimeter is used to measure a DC sup-
ply voltage and displays a minus voltage reading. 
Explain what this means.

12. Define voltage drop.

13. How are ground-referenced voltage measurements 
carried out?

14. State one advantage and one limitation of a voltage 
tester.

15. A noncontact voltage detector is to be used to check 
for live voltage at an electric outlet. What safety- 
related function should be carried out first?

16. When measuring voltages and currents of unknown 
levels, what meter range-switch setting should be 
used? Why?

17. How must ammeters be connected relative to the 
circuit current that needs to be measured?

∙ Make measurements without holding the meter to 
improve visual focus on probes and augment safe 
electrical measurements.

∙ Take measurements in hard-to-reach places or in 
user-prohibited areas such as clean rooms and haz-
ardous areas.

∙ Use as a conventional multimeter when the display 
is connected.

Figure 6-15 Clamp-on ammeter.
©Fluke Corporation

Figure 6-16 Remote display digital multimeter.
©Fluke Corporation

Part 1 Review Questions

1. Explain how measurements are made using an ana-
log meter movement.

2. Explain how measurements are made using a digital 
meter.
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150 Section 2 Direct Current (DC) Circuits

Voltage Current Resistance
R1   5 Ω

R2 12 Ω

R3 10 Ω

R4 40 Ω

Total 60 V   4 Ω

 RT =   
R1 × R2,3,4 _________ 
R1 + R2,3,4

  

 =   5 Ω × 20 Ω __________ 5 Ω + 20 Ω  

 =   100 Ω ______ 25 Ω  

 = 4 Ω

Step 4. Calculate all unknown currents and voltages and 
enter their values into the table.

 

Voltage Current Resistance
R1 60 V  12 A   5 Ω

R2 36 V    3 A 12 Ω

R3 24 V 2.4 A 10 Ω

R4 24 V 0.6 A 40 Ω

Total 60 V  15 A   4 Ω

 IT =   
ET ___ 
RT

  

 =   60 V _____ 4 Ω  

 = 15 A

 I1 =   
E1 ___ 
R1

   =   60 V _____ 5 Ω   

 = 12 A

 I2 = IT – I1
 = 15 A – 12 A
 = 3 A

 E2 = I2 × R2
 = 3 A × 12 Ω
 = 36 V

 E3 = ET − E2
 = 60 V − 36 V
 = 24 V

 I3 =   
E3 ___ 
R3

  

 =   24 V _____ 10 Ω
   = 2.4 A

 E4 = E3 = 24 V

 
 I4 =   

E4 ___ 
R4

   =   24 V _____ 40 Ω  

= 0.6 A

EXAMPLE 13-5

Conductors carry current from the power supply to the loads.  
A conductor should have as little resistance as possible for it  
to carry this current with minimal voltage drop and power 
loss. All conductors have resistance that in certain instances 
must be taken into consideration.

Problem: Determine the voltage across the loads, total 
power of the circuit, wasted power dissipated in the con-
ductors, and the total power delivered to the loads, for the 
electrical distribution system of Figure 13-25.

Feed line resistance
0.32 Ω

Power
supply
120 V

Return line resistance
0.32 Ω

R1
48 Ω

R2
48 Ω

Loads

Figure 13-25 Circuit for example 13-5.

Step 1. Simplify the circuit, as shown in Figure 13-26, by 
representing the line wires as resistive loads.

Return line resistance
R4 = 0.32 Ω

Feed line resistance
R3 = 0.32 Ω

R1
48 Ω

R2
48 Ω

Power
supply
120 V

Figure 13-26 Simplified circuit.
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EXAMPLES emphasize the importance of using a  
systematic, step-by-step approach to problem solving.

304 Section 4 Electrical Installation and Maintenance

The single-phase voltage drop formula is transposed or 
rearranged, as follows, to determine the maximum length 
(distance) from the source to the load for a specified 
amount of voltage drop value:

 L =   
cmil × EVD __________ 2 × K × I  

EXAMPLE 20-11

Problem: The total resistance of two 12 AWG copper 
conductors, 75 feet long, is 0.3 ohm (0.15 Ω for each con-
ductor). The current of the circuit is 16 amperes. Calculate 
the total amount of power lost in the circuit conductors.

Solution:
 P = I2 × Rwire

 = 162 × 0.15 × 2
 = 76.8 W

EXAMPLE 20-10

Problem: A 240-V single-phase circuit is to provide 
power to a load. Determine the maximum distance of the 
circuit from the power supply to the load if the conductor 
size is 6 AWG, the load current is 30 amperes, and the 
maximum voltage drop permitted is 1 percent. (Use a K 
factor of 12.9.)

Solution:
6 AWG area (from Table 20-1) = 26,250 cmils

 EVD = 240 V × 1%
 = 2.4 V

 L =   
cmil × EVD __________ 2 × K × I  

 =   26,250 × 2.4  _____________  2 × 12.9 × 30  

 = 81.4 ft

Current flow through a conductor also causes a power 
loss, in the form of heat, due to the conductor’s resistance. 
Power loss in a wire is equal to the square of the current 
multiplied by the resistance of the wire:
 P = I  2 × Rwire

where P = power in watts (W)
 I = current in amperes (A)
 R = resistance in ohms (Ω)

When the voltage drop of the circuit is known, the power 
loss can be more easily calculated using the equation
 P = EVD × Iline

Part 2 Review Questions

1. What does the ampacity rating of a conductor 
 specify?

2. List the factors taken into consideration when deter-
mining the ampacity rating of a conductor.

3. Why is a copper conductor rated at a higher ampac-
ity than an aluminum conductor of equivalent gauge 
size or diameter?

4. State the effect (increase or decrease) of each of 
the following on the resistance value of a circuit 
conductor:
a. Increasing the length of the conductor.
b. Decreasing the diameter of the conductor.
c. Increasing the operating temperature of the 

 conductor.
d. Using the same-size aluminum conductor in 

place of a copper one.
5.  a. What causes line voltage drop in a circuit?

b. Under what condition is the line voltage drop 
considered to be zero?

c. In what type of electrical installation must the 
resistance of the conductors be taken into  
account?

6. The NEC recommends that the voltage drop in a 
branch circuit should not exceed 3 percent of the 
supply voltage. Assuming the supply voltage feed-
ing a load is 120 V and the voltage measured at the 
load is 118 V, determine:
a. The amount of line voltage drop.
b. The maximum line voltage drop acceptable 

based on a 3 percent maximum.
c. The percentage voltage drop of this circuit.

7. Calculate the resistance of a 10 AWG (10,380 cmils) 
copper wire 300 ft long. Assume a temperature  
of 75°C and a resistivity of 12.9 ohms per circular 
mil-foot.

8. What is the approximate voltage drop on a 120-volt, 
single-phase circuit consisting of 14 AWG copper 
conductors (4,110 cmils) where the load is 5 am-
peres and the distance of the circuit from the panel 
to actual load is 60 ft? Use a K of 12.9 ohms per 
circular mil-foot.

9. A copper wire (with a K factor 12.9) is required 
to carry a load of 16 amps at 120 volts a distance  
of 130 feet with a voltage drop no greater than 
3 percent.
a. Calculate the value of the maximum allowable 

voltage drop.
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REVIEW QUESTIONS appear at the end of each 
part within each chapter. They test students’ knowledge of 
the material as they read, helping them identify areas that 
may need further study.



	

The Simulation Lab Manual for Electricity for the 
Trades, third edition, contains 250 Multisim computer-
simulated assignments. Each computer assignment comes 

complete with detailed instructions contained within the 
Multisim circuit file. Instructors can meaningfully integrate 
these assignments into each chapter of the text.

(a) Calculate the value of the current flow with 120 volts applied to the 10 Ω resistor.
(b) Turn the simulation on and record the value of the current.
(c) Calculate the value of the current flow if the source voltage is decreased to 60 volts.
(d) Double-click on the source voltage icon and change its value to 60 volts. Turn the simulation on and record the value of the current.
(e) Calculate the value of the current flow if the source voltage is increased to 240 volts.
(f) Double-click on the source voltage icon and change its value to 240 volts. Turn the simulation on and record the value of the current.

10 Ω 10 Ω 10 Ω

10 Ω
Load
Resistance

120 V
Source
Voltage

Key = SpaceFormulas and graphics
from the text

All lab components and values are
preselected and connected

On-screen detailed instructions

Current Flow

0.000 A

120 V 60 V 240

Current = Voltage/Resistance
            I = E/R

Ohm’s Law (1)

+++

+ −

−−−
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Hard hat

Goggles

Cotton only,
no polyester

Tight sleeves
and trouser

legs

No rings on
fingers

Safety shoe

C H A P T E R  O N E

L E A R N I N G  O U T C O M E S
	 ⊲	� Identify the factors that determine the 

severity of an electric shock.
	 ⊲	� Be aware of general principles of  

electrical safety including wearing  
approved protective clothing and using 
protective equipment.

	 ⊲	� Familiarity with arc flash hazards  
recognition and prevention.

	 ⊲	� Explain the safety aspect of grounding 
an electrical installation.

	 ⊲	� Outline the typical steps involved in 
lockout and tagout procedures.

	 ⊲	� Be aware of the functions of the  
different organizations responsible for 
electrical codes and standards.

	 ⊲	� Understand how the National  
Electrical Code is organized by  
chapters and article.

Safety

Appropriate attire should be worn for each  
particular job site.

Safety is the number one priority in any job. Every year, 
electrical accidents cause serious injury or death. Many 
of these casualties are young people just entering the 
workplace. They are involved in accidents that result 
from carelessness, from the pressures and distractions 
of a new job, or from a lack of understanding about 
electricity. This chapter is designed to develop an 
awareness of the dangers associated with electric 
power and the potential dangers that can exist on the 
job or at a training facility.



	

Although it is not known the exact injuries that result 
from any given amperage, it doesn’t take much current to 
cause a painful or even fatal shock. A current of 1 mA 
(1/1000 of an ampere) can be felt. A current of 10 mA will 
produce a shock of sufficient intensity to prevent voluntary 
control of muscles, which explains why, in some cases, the 
victim of electric shock is unable to release grip on the 
conductor while the current is flowing. A current of 100 
mA passing through the body for a second or longer can be 
fatal. Generally, any current flow above 0.005 A, or 5 mA, 
is considered dangerous.

A 1.5-V flashlight cell can deliver more than enough 
current to kill a human being, yet it is safe to handle. This 
is because the resistance of human skin is high enough to 
limit greatly the flow of electric current. In lower-voltage 
circuits, resistance restricts current flow to very low val-
ues. Therefore, there is little danger of an electric shock. 
Higher voltages, on the other hand, can force enough cur-
rent though the skin to produce a shock. The danger of 
harmful shock increases as the voltage increases.

Figure 1-1 illustrates electric current pathways that can 
stop normal pumping of the heart. For example, a current 
from hand to foot, which passes through the heart and part 
of the central nervous system, is far more dangerous than 
a shock between two points on the same arm.

1.2 Arc Flash Hazards
An arc flash is the ball of fire that explodes from an electri-
cal short circuit resulting from one exposed live conductor 
to another conductor or to ground. The arc flash creates an 
enormous amount of energy, as shown in Figure 1-2, that 
can damage equipment and cause severe injury or loss of 
life. An arc flash can be caused by dropped tools, uninten-
tional contact with electrical systems, or the buildup of con-
ductive dust, dirt, corrosion, and particles.

Electrical short circuits are either bolted faults or arcing 
faults. A bolted fault is current flowing through bolted bus 
bars or other electric conductors. An arcing fault is current 
flowing through the air. Because air offers opposition to 

1.1 Electric Shock
Electric shock occurs when the body becomes a part of the 
electric circuit. The current must enter the body at one 
point and leave at another. The main factor for determining 
the severity of an electric shock is the amount of electric 
current that passes through the body. This current is de-
pendent upon the voltage and the resistance of the path it 
follows through the body.

Resistance (R) is the opposition to the flow of current 
in a circuit and is measured in ohms (Ω). The lower the 
body resistance, the greater the current flow and potential 
electric shock hazard. Body resistance can be divided into 
external (skin resistance) and internal (body tissues and 
bloodstream resistance). Dry skin is a good insulator; 
moisture lowers the resistance of skin, which explains why 
shock intensity is greater when hands are wet. Internal 
resistance is low owing to the salt and moisture content of 
the blood. There is a wide degree of variation in body 
resistance. Typical body resistance values are:

∙	 Dry skin—100,000 to 600,000 Ω
∙	 Wet skin—1,000 Ω
∙	 Internal body (hand to foot)—400 to 600 Ω
∙	 Ear to ear—100 Ω
Voltage (E) is the pressure that causes the flow of elec-

tric current in a circuit and is measured in units called 
volts (V). The amount of voltage that is dangerous to life 
varies with each individual because of differences in body 
resistance and heart conditions. Generally, any voltage 
above 30 volts is considered dangerous.

Current (I) is the rate of flow of electricity and is meas-
ured in amperes (A) or milliamperes (mA). A milliampere 
is equal to one-thousandth (1/1000) of an ampere, or 0.001 A. 
In other words it takes 1,000 milliamperes to equal 1 
ampere. The amount of current flowing through a person’s 
body depends on the voltage and resistance. Current flow 
can be calculated using the following Ohm’s law formula:

Current (I) =  ​  Voltage (E)  ____________  Resistance (R) ​

Voltage is not as reliable an indication of shock intensity 
because the body’s resistance varies so widely that it is 
impossible to predict how much current will result from a 
given voltage. The three most reliable criteria of shock 
intensity are:

∙	 Amount of current flowing through the body.
∙	 Path of the current through the body.
∙	 Length of time the body is in the circuit.

PA R T  1   S A F E T Y  O V E R V I E W

Figure 1-1  Pathways that can stop normal pumping  
of the heart.
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Eighty percent of electrical workplace accidents are 
associated with arc flash and involve burns or injuries 
caused by intense heat or showers of molten metal or de-
bris. In addition to toxic smoke, shrapnel, and shock waves, 
the creation of an arc flash produces an intense flash of 
blinding light. This flash is capable of causing immediate 
vision damage and can increase a worker’s risk of future 
vision impairment. 

An arc flash hazard exists when a person interacts with 
equipment in a way that could cause an electric arc. Such 
tasks may include testing or troubleshooting, application of 
temporary protective grounds, or the racking in or out of 
power circuit breakers as illustrated in Figure 1-3. Arcs can 
produce temperature four times hotter than the surface of 
the sun. To address this hazard, safety standards such as 
National Fire Protection Association (NFPA) 70E have 
been developed to minimize arc flash hazards. The NFPA 
standards require that any panel likely to be serviced by a 
worker be surveyed and labeled. Injuries can be avoided 
with training, proper work practices, and using protective 
face shields, hoods, and clothing that are NFPA-compliant.

electric current flow, the arc fault current is always lower 
than the bolted fault current. An arc blast is a flash that 
causes an explosion of air and metal that produces danger-
ous pressure waves, sound waves, and molten steel. 

In order to understand the hazards associated with an 
arc flash incident, it’s important to understand the differ-
ence between an arcing short circuit and a bolted short 
circuit. A bolted short circuit occurs when the normal cir-
cuit current bypasses the load through a very low conduc-
tive path, resulting in current flow that can be hundreds or 
thousands of times the normal load current. In this case, 
assuming all equipment remains intact, the fault energy is 
contained within the conductors and equipment, and the 
power of the fault is dissipated throughout the circuit from 
the source to the short. All equipment needs to have ade-
quate interrupting ratings to safely contain and clear the 
high fault currents associated with bolted faults.

In contrast, an arcing fault is the flow of current through 
a higher-resistance medium, typically the air, between phase 
conductors or between phase conductors and neutral or 
ground. Arcing fault currents can be extremely high in cur-
rent magnitude approaching the bolted short-circuit current 
but are typically between 38 and 89 percent of the bolted 
fault. The inverse characteristics of typical overcurrent 
protective devices generally results in substantially longer 
clearing times for an arcing fault due to the lower fault values.

Figure 1-2  Arc flash.
©2012 Coastal Training Technologies Corp. All Rights  
Reserved. Reprinted with permission.

Figure 1-3  An arc flash hazard exists when a person inter-
acts with equipment.
©Chemco Electrical Contractors Ltd.

DANGER
Arc Flash and Shock Hazard
Appropriate PPE Required



	

A safe operation depends largely upon all personnel 
being informed and aware of potential hazards. Safety 
signs, such as those shown in Figure 1-5, indicate areas or 
tasks that can pose a hazard to personnel and/or equip-
ment. Signs and tags may provide warnings specific to the 
hazard, or they may provide safety instructions.

Personal protective equipment (PPE) is equipment 
worn by a worker to minimize exposure to specific occu-
pational hazards. Appropriate attire should be worn for 
each particular job site and work activity as illustrated in 
Figure 1-6 and summarized as follows:

∙	 Hard hats, safety shoes, and goggles are normally 
required on almost any work site. In addition, non-
conductive plastic hard hats must be of the approved 
type for the purpose of the electrical work being 
performed. Metal hats are not acceptable!

∙	 Safety earmuffs or earplugs must be worn in noisy 
areas.

1.3 Confined Spaces
Confined spaces can be found in almost any workplace. 
Figure 1-4 illustrates examples of typical confined spaces. 
In general, a confined space is an enclosed or partially 
enclosed space that:

∙	 Is not primarily designed or intended for human 
occupancy.

∙	 Has a restricted entrance or exit by way of location, 
size, or means.

∙	 Can represent a risk for the health and safety of any-
one who enters, because of its design, construction, 
location, or atmosphere; the materials or substances 
in it; work activities being carried out in it; or the 
mechanical, process, and safety hazards present.

All hazards found in a regular workspace can also be 
found in a confined space. However, they can be even 
more hazardous in a confined space than in a regular work 
site. Hazards in confined spaces can include poor air qual-
ity, fire hazard, noise, moving parts of equipment, temper-
ature extremes, poor visibility, and barrier failure resulting 
in a flood or release of free-flowing solid.

A permit-required confined space is a confined space 
that has specific health and safety hazards associated with 
it. Permit-required confined spaces require assessment of 
procedures in compliance with Occupational Safety and 
Health Administration (OSHA) standards prior to entry.

1.4 Personal Protective Equipment
Construction and manufacturing work sites, by nature, are 
potentially hazardous places. For this reason, safety has 
become an increasingly large factor in the working envi-
ronment. The electrical industry, in particular, regards 
safety to be unquestionably the most single important 
priority because of the hazardous nature of the business. 

Tunnels Wells Manholes

Tanks Culverts Silos

Figure 1-4  Confined spaces.

Figure 1-5  Typical safety signs.

POISON
HIGH

VOLTAGE

WARNING
HEARING

PROTECTION
MUST BE WORN

IN THIS AREA

CAUTIONDANGER

Figure 1-6  Appropriate attire should be worn for each par-
ticular job site.
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injury to the eyes or face from electric arcs or flashes, or 
from flying or falling objects that may result from an elec-
trical explosion.

1.5 Fall Protection
Fall arrest systems are designed, not to necessarily pre-
vent a fall, but to stop a fall once initiated. At a minimum, 
they must be rigged so that the workers will not free-fall 
more than 6 feet, nor contact any lower level. They include 
personal fall arrest systems, such as the safety harness 
shown in Figure 1-9, and safety nets.

The misuse of ladders and scaffolds accounts for a high 
percentage of injuries in the workplace. Important rules 
for all ladder usage and safety include:

∙	 Select the right ladder for the job; when performing 
electrical work, always use ladders made of noncon-
ductive material.

∙	 Inspect the ladder before you use it; inspect it for 
damaged rungs, steps, rails, or braces and traces of 
oil, grease, or other slippery substances.

∙	 Never place the legs of a ladder on anything but a 
firm level surface. 

∙	 Never place a ladder in front of a door that swings 
open toward the ladder, unless the door is fastened 
open, locked, or guarded.

∙	 Face the ladder when going up or down.
∙	 Do not allow more than one person at a time on the 

ladder.
∙	 Hold the ladder with both hands while climbing or 

descending. Use a tool belt or bucket attached to a 

∙	 Clothing should fit snugly to avoid the danger of 
becoming entangled in moving machinery. 

∙	 Avoid wearing synthetic-fiber clothing such as poly-
ester material as these types of materials may melt 
or ignite when exposed to high temperatures and 
may increase the severity of a burn. Instead always 
wear cotton clothing.

∙	 Remove all metal jewelry when working on energized 
circuits; gold and silver are excellent conductors of 
electricity. 

Rubber gloves are used to prevent the skin from com-
ing into contact with energized circuits. A separate outer 
leather cover is used to protect the rubber glove from 
punctures and other damage, as shown in Figure 1-7.

Rubber blankets are used to prevent contact with ener-
gized conductors or circuit parts when working near ex-
posed energized circuits. All rubber protective equipment 
must be marked with the appropriate voltage rating and 
the last inspection date. It is important that the insulating 
value of both rubber gloves and blankets have a voltage 
rating that matches that of the circuit or equipment they 
are to be used with. Insulating gloves must be given an 
air test, along with inspection. Twirl the glove around 
quickly, or roll it down to trap air inside. Squeeze the 
palm, fingers, and thumb to detect any escaping air. If the 
glove does not pass this inspection, you must dispose it.

The type of safety eye protection you should wear de-
pends on the hazards in your workplace. If you are work-
ing in an area that has particles, flying objects, or dust, 
you must at least wear safety glasses with side protection 
(side shields). If you are working with chemicals, you 
should wear goggles. Approved listed face shields, such 
as shown in Figure 1-8, should be worn during all electri-
cal switching operations where there is a possibility of 

Figure 1-7  Rubber glove protection.
©Fluke Corporation

Figure 1-8  Typical face shield. 
©Elvex Corporation



	

∙	 When possible, secure the top of the ladder to the 
structure.

∙	 When working on a ladder, hold a rung or rail 
with one hand at all times. Use a safety belt when 
it is absolutely necessary to work with both hands.

∙	 Never add more extensions or fasten two ladders 
together to make a longer one.

At times it may be necessary to work in an elevated lo-
cation. When this is the case, scaffolds provide the safest 
elevated working platforms. Important rules for scaffold 
usage and safety include:

∙	 Scaffolds must be erected on rigid footing that can 
carry the maximum intended load using only mate-
rials designed and marked for this purpose.

∙	 Guardrails and toe boards must be installed on the 
open sides and ends of platforms that are higher 
than 6 feet above the ground or floor. 

∙	 Work platforms must be completely decked with 
scaffold planks extended over their end supports not 
less than 6 inches nor more than 12 inches and must 
be properly blocked.

∙	 Keep scaffold platforms clear of unnecessary  
material.

hand line for raising and lowering the tools and 
materials you need.

∙	 Make sure the ladder is clear of any power lines.
∙	 Never climb higher than the second step from the top 

on a stepladder or the third from the top on a straight 
ladder.

Important rules for stepladder usage and safety include:

∙	 Always open a stepladder to its fullest extent.
∙	 Always lock both braces before climbing the ladder.
∙	 Never use a stepladder as a straight ladder.
∙	 Do not leave tools or materials on a stepladder.
Important rules for extension ladder usage and safety 

include:
∙	 Always place a straight ladder at the proper angle; 

straight ladders should be placed at a 4-to-1 ratio. 
This means the base of the ladder should be 1 foot 
away from the wall or other vertical surface for ev-
ery 4 feet of height to the point of support, as illus-
trated in Figure 1-10. When a person has to step off 
the ladder, it should extend about 3 feet above the 
roof, scaffold, or other kind of raised platform.

∙	 Do not extend an extension ladder beyond the point 
where there is less than 3 feet of overlapping sections.

Figure 1-9  Typical safety harness.
Courtesy of Miller Fall Protection/Honeywell

4 ft

1 ft

Figure 1-10  Ladder 4-to-1 placement rule.
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Using the correct type of fire extinguisher is vital to 
safely combating fires. Fires are divided into four classes: 
A, B, C, and D. Each class designates the fuel involved in 
the fire, as follows, and thus the most appropriate extin-
guishing agent:

Class A fires involve common combustible materials 
such as wood or paper. They are often extinguished by 
lowering the temperature of the fuel below the com-
bustion temperature. Class A fire extinguishers often 
use water to extinguish a fire and as such should 
never be used on an electrical fire.

Class B fires involve flammable liquids such as gaso-
line, solvents, oil, paint, and varnish. A class B fire ex-
tinguisher generally employs carbon dioxide, which 
greatly lowers the temperature of the fuel and deprives 
the fire of oxygen. 
Class C fires involve energized electrical equipment. 
A class C fire extinguisher uses a dry powder to 
smother the fire. Under no circumstances use water, 
as the stream of water may conduct electricity 
through your body and give you a severe shock.

Certain multipurpose dry-chemical extinguish-
ers may be used on multiple types of fires. For ex-
ample, an extinguisher labeled A/B/C, as shown in 
Figure 1-13, could be used on any of the three 
classes of fire listed.
Class D fires consist of burning metal. Class D 
extinguishers contain a sodium chloride or graphite 
metal–based powder. When discharged on a fire, the 
powder reacts to the heat, causing the powder to cake 
and form a crust which excludes air and dissipates 
the heat. 

1.8 Hazardous Waste
Many products contain hazardous substances, which if 
not used and disposed of properly can result in the pro-
duction of hazardous waste. A hazardous material is de-
fined as any substance or material that could adversely 
affect the safety of the public, handlers, or carriers dur-
ing transportation. Recognizing hazardous substances 
and the type of hazardous waste they produce is the first 
step in learning how to properly handle and dispose of 
them. One or more of the following dangerous properties 

1.6 Lifting and Moving Loads
When lifting, it is better to take small loads if possible. 
Lift only what you can handle, and get help if you need it. 
The basics steps for safe lifting and moving loads are illus-
trated in Figure 1-11 and summarized as follows:

∙	 First stand close to the load. 
∙	 Then, squat down and keep your back straight. 
∙	 Get a firm grip on the load, and keep the load close 

to your body. 
∙	 Lift by straightening your legs. Make sure that you 

lift with your legs and not your back. 
∙	 Avoid lifting and twisting at the same time.
∙	 Bend your knees rather than your back when putting 

a load down. 
∙	 If you bend from the waist to pick up a 50-pound 

object, you are applying 10 times the amount of 
pressure (500 pounds) to your lower back. 

1.7 Fire Prevention
Fire prevention is a very important part of any safety program. 
The fire triangle of Figure 1-12 illustrates the ingredients nec-
essary for most fires, namely, fuel, heat, and oxygen. The fire 
is prevented or extinguished by removing any one of them.

Figure 1-11  Lifting and moving loads. 
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Figure 1-12  Fire triangle.
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Figure 1-13  Multipurpose fire extinguisher.



	

5.	 Define each of the following terms associated with 
an arc flash:
a.	 Bolted fault
b.	Arcing fault
c.	 Arc blast

6.	 Explain why an arc flash is so potentially dangerous.
7.	 What is a permit-required confined space?
8.	 What does the term personal protective equipment 

(PPE) refer to?
9.	 What personal protective attire is required when 

taking measurements on energized circuits?
10.	 When should face shields be worn?
11.	 A fall arrest system must be rigged so that workers 

cannot free-fall more than how many feet? 
12.	 A ladder is used to reach the top of a building 16 

feet tall. According to the 4-to-1 ratio rule, what 
distance should the bottom of the ladder be placed 
from the side of the building?

13.	 What are the deck requirements for a scaffold work 
platform?

14.	 When lifting a load, why is it important to lift with 
your legs and not your back?

15.	 List the three ingredients required to sustain a fire.
16.	 Which classes of fire are multipurpose dry-chemical 

fire extinguishers approved for? 
17.	 List four hazardous properties or characteristics. 

or characteristics, illustrated in Figure 1-14, identify 
most common hazardous waste:

∙	 Corrosives are materials that can attack and destroy 
human tissue, clothes, and other materials including 
metals on contact. For example, acids found in bat-
teries are corrosive.

∙	 A flammable material is one that is capable of 
bursting into flames. For example, gasoline and 
paint are flammable substances. 

∙	 Toxic materials can poison people and other life. 
Pesticides, weed killers, and many household clean-
ers are all examples of toxic materials. 

∙	 A reactive material can explode or create poisonous 
gas when mixed with another substance or chemical. 
For example, chlorine bleach and ammonia are reac-
tive. When they come into contact with each other, 
they produce a poisonous gas.

Hazardous materials are required to be listed as such. A 
material safety data sheet (MSDS) is a form with data 
regarding the properties of a particular substance. MSDSs 
are a widely used system for cataloging information on 
chemicals, chemical compounds, and chemical mixtures. 
MSDS information may include instructions for the safe 
use and potential hazards associated with a particular ma-
terial or product. These data sheets can be found anywhere 
where chemicals are being used. 

Part 1  Review Questions

1.	 Does the severity of an electric shock increase or 
decrease with each of the following changes?
a.	 A decrease in the source voltage.
b.	An increase in body current flow.
c.	 An increase in body resistance.
d.	A decrease in the length of time of exposure.

2.	 In general, voltage levels above what value are con-
sidered dangerous?

3.	 In general, current levels above what value are 
considered dangerous? 

4.	 What circuit fault can result in an arc flash?

Corrosive Flammable Toxic Reactive

Figure 1-14  Hazardous properties or characteristics. 
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1.9 Grounding and Bonding
Proper grounding practices protect people from the 
hazards of electric shock and ensure the correct opera-
tion of overcurrent protection devices. Intentional 
grounding is required for the safe operation of electri-
cal systems and equipment. Unintentional or accidental 
grounding is considered a fault in electrical wiring sys-
tems or circuits.

Grounding is the intentional connection of a current- 
carrying conductor to the earth. The prime reasons for 
grounding are:

∙	 To limit the voltage surges caused by lightning, util-
ity system operations, or accidental contact with 
higher-voltage lines.

∙	 To provide a ground reference that stabilizes the 
voltage under normal operating conditions.


