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Introduction

Modern Residential Wiring provides you with a solid background of electrical principles and prac-
tices, as well as a thorough understanding of National Electrical Code® requirements. Once having
mastered the information given here, you will be well equipped to design and install modern and
safe residential wiring systems that meet the electrical power demands of the new millennium.

Modern Residential Wiring covers not only the “how” but the “why” of safe electrical wiring
practice. Although the content is concerned primarily with residential installations, many of the
same concepts and principles may be applied to commercial and industrial electrical construction.

The chapters are arranged in a logical sequence. The order of instruction follows the normal
order in which the installation would be made. However, each chapter is designed to stand alone
and may be studied independently to suit a specific need.

Modern Residential Wiring makes the study of electrical wiring easy. Even the most complicated
procedures are simply explained and easy to understand. Procedures are explained step-by-step
while the many illustrations are fully integrated into the easy-to-read text. The illustrations should
be carefully examined as they will often clarify and explain the more difficult principles of elec-
tricity and the requirements of the National Electrical Code®.

This new edition of Modern Residential Wiring is revised to be consistent with changes in the
trade practices, materials, and the requirements of the 2014 National Electrical Code. It has been
expanded to cover new areas and methods of residential wiring.

The principles of electricity remain fixed. The methods, materials, and tools of the trade are
continuously evolving. Modern Residential Wiring presents both the fundamentals of electrical
wiring and the latest practices used in the trade.

The author wishes to express his sincere appreciation to each of the individuals, organizations,
and associations that provided input, assistance, and illustrative materials for the new edition. A
special thanks to my wife, Linda, for her active assistance in the creation of this edition.

Harvey N. Holzman

Copyright Goodheart-Willcox Co., Inc. 3



Objectives. Provide an overview of the chapter content
and explain what should be understood on completion of
the chapter.

LHAITER 3

Tools for the Electrician
Technical Terms. List of important technical terms
introduced in the chapter. The terms in this list appear in
bold-italic type when they first appear in the chapter.

Safety Note. Identify procedures that can result in
personal injury or damage if the proper safety measures
are not followed.
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Procedures. Present installation or repair techniques
in an easy-to-follow, step-by-step format. Procedures
help promote a logical approach to common residential
wiring tasks.
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Learn More. Highlight organizations related to the topics
discussed in the text. Their websites help to provide
supplemental information
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Pro Tip. Supplemental information and hints related to
the components or procedures discussed in the text.
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History Brief. Provide background information and
help build an appreciation for the development of
residential wiring and the electrical trade. This feature
will help you gain greater perspective and understand
the importance of safe and reliable wiring.

Running Glossary. Provides definitions of the
important technical terms introduced on the page. It
reinforces the terminology electricians will encounter
on the job.

Review Questions. Designed to reinforce the
material covered in the chapter.

Know the Code. A few National Electrical Code
questions at the end of each chapter. These
questions require a copy of the NEC and help the
student become familiar with its overall layout.

Code Alert. Call attention to the National Electrical
Code and possible local codes. Where possible,
these notes relate directly to the content of the
chapter. Specific codes may be cited, when
applicable. It is essential that you refer to your local
code to determine the requirements in your area.
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Caution. Warn readers of situations that may have
an increased potential of injury.
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About the Author

Harvey Holzman is a master electrician licensed in the states of Texas, New York, and Kansas.
He has over thirty years of experience installing, repairing, and upgrading electrical systems for
residential and commercial customers. He is a long-time member of the International Association
of Electrical Inspectors.

The National Electrical Code®

The most informative and authoritative body of information concerning electrical wiring instal-
lation in the United States, and perhaps the world, is the National Electrical Code® (NEC). It estab-
lishes a set of rules, regulations, and criteria for the installation of electrical equipment. Compliance
with these methods will result in a safe installation.

The NEC is drafted by a team of experts assembled for this purpose by the National Fire
Protection Association (NFPA). This team is formally called the National Electrical Code committee.
They revise and update the NEC every three years. It is imperative that anyone installing electrical
wiring obtains and studies the NEC. Articles and sections of the NEC are referred to throughout
this text. Although certain portions, tables, and examples are directly quoted from its text, there
is enough useful information in the NEC that not having it available would be a tremendous
hindrance. The latest edition of the National Electrical Code can be purchased from the National Fire
Protection Association by visiting their website.

NFPA 70%®, National Electrical Code® and NEC® are registered trademarks of the National Fire
Protection Association, Quincy, MA.

Portions of this book are reprinted with permission from NFPA 70°-2014, National Electrical
Code, copyright © 2013, National Fire Protection Association, Quincy, MA. This reprinted material
is not the complete and official position of the NFPA on the referenced subject, which is represented
only by the standard in its entirety.

6 Copyright Goodheart-Willcox Co., Inc.



Brief Contents

Section 1—Fundamentals
1. Safety 15

2. Electrical Energy
Fundamentals 27

3. Tools for the Electrician 51
Section 2—Installation

4. Wiring Systems 71

5. Conductors 101

6. Boxes, Fittings,
and Covers 115

Device Wiring 131
Overcurrent Protection 147
Grounding 155

10. The Service Entrance 165
Section 3—Planning

11. Electrical Prints and
Specifications 191

12. Branch-Circuit, Feeder, and
Service Design 211

13. Appliance Wiring and
Special Outlets 225

0o 0 N

Copyright Goodheart-Willcox Co., Inc.

Section 4—Specialized Installations
14. Farm Wiring 235

15. Mobile Home Wiring 243

16. Swimming Pool Wiring 253

17. Telephone and Computer
Network Wiring 261

18. Motors 273

19. Emergency and Standby
Systems 293

Section 5—The Professional
Electrician

20. Electrical Remodeling 301

21. Maintenance and
Troubleshooting 315

22. Electrical Careers 321
Appendices
A. Math Review 330

B. Service and Feeder
Calculation Methods 336

C. National Electrical
Manufacturer Association
Receptacles 341

D. National Electrical Code®
Tables 343

Glossary 347
Index 356



Contents

Section 1
Fundamentals

Chapter 1 Safety 15

Workplace Injuries 15
Working Safely 17
Responding to an Accident 23
Hazardous Environments 23
Reference 25

Chapter 2 FElectrical Energy Fundamentals 27

Electron Theory 28
Measuring Electricity 31
Circuits 33

Circuit Fundamentals 34
Electromagnetic Induction 41
Electrical System Overview 47

Chapter 3 Tools for the Electrician 51

Measuring Tools 52

Wire Tools 56

Conduit 60

Striking 64

Drilling 65

Soldering 66
Miscellaneous 67

Care and Repair of Tools 68

Copyright Goodheart-Willcox Co., Inc.



Copyright Goodheart-Willcox Co., Inc.

Contents

Section 2
Installation

Chapter 4 Wiring Systems 71

Electrical Codes and Safety Agencies 71
Wiring Systems 74

Cables 75

Raceways 83

Chapter 5 Conductors 101

Materials 102
Conductor Size 104
Conductor Identification 110

Chapter 6 Boxes, Fittings,
and Covers 115

Boxes 115
Fittings 122
Fill Allotment 125
Covers 127

Chapter 7 Device Wiring 131

Wiring Methods and Materials 131
Preparation of Conductors 132
Wiring Switches, Receptacles, and Fixtures 138

Chapter 8 Overcurrent Protection 147

Causes of Overcurrent 147
Protective Devices 148
Protective Device Rating 152

Chapter 9 Grounding 155

Grounding Basics 155

How the System Ground Works 161
Equipment Grounding 161

Ground-Fault Circuit Interrupters (GFCI) 162
Arc-Fault Circuit Interrupter (AFCI) 163



10 Contents

Chapter 10 The Service Entrance 165

Service Entrance Components 165
Service Disconnects 175

Service Grounding 175

Service Clearances 178

Service Completion 179
Transformers 179

Phases 182

Section 3
Planning

Chapter 11 Electrical Prints
and Specifications 191

Prints 191

Understanding Electrical Prints 193
Specifications 199

Wiring Circuits 199

Chapter 12 Branch-Circuit, Feeder, and
Service Design 211

Branch Circuit Design 211

Determining the Number of Branch Circuits 214
Feeder and Service Load Calculations 220
Balancing Circuit Loads 222

Chapter 13 Appliance Wiring and Special
Outlets 225

General Considerations 225

Kitchen Appliances 227

Room Air Conditioner Units 228
Miscellaneous Special Outlet Units 228
Water Heaters 228

Heaters 229

Copyright Goodheart-Willcox Co., Inc.



Copyright Goodheart-Willcox Co., Inc.

Contents

Section 4
Specialized Installations

Chapter 14 Farm Wiring 235

Power Distribution 235
Cable or Conduit 238

Chapter 15 Mobile Home Wiring 243

Distribution Panelboard 243

Feeder Assembly 244

Mobile Home Service Equipment 245
Mobile Home Parks 250

Chapter 16 Swimming Pool Wiring 253

Bonding 253

Grounding 254

Receptacles 254

Switches 255

Lighting 255

Miscellaneous Equipment 258
Overhead Conductor Clearance 258

Chapter 17 Telephone and Computer
Network Wiring 261

Systems Overview 261
Installation 263
Other Systems 270

Chapter 18 Motors 273

Types of Motors 273

Motor Nameplate 274

Proper Size of Motor Feeder Conductors 275
Protection of Motor Feeder Conductors 277
General Layout 278

Controller Requirements 280

Motor Duty 281

Selecting the Proper Size Disconnect 281
Motor Installation Tips 283

Mounting 284

Service and Repair of Motors 286

11



12 Contents

Chapter 19 Emergency and
Standby Systems 293

Safety 293

Emergency and Standby Systems 294
Generator Size 295

Portable Generators 296

Permanent Generators 298
Uninterruptible Power Supplies 298

Section 5
The Professional Electrician

Chapter 20 Electrical Remodeling 301

Basic Considerations 301

Safety 302

Special Tools 302

Materials 303

Building Construction 303

Wall Openings 303

Installing Cable 304

Box Installation 305

Modernizing a Service Entrance 307
Adding a Subpanel 308

Grounding Panelboards 309
Grounding Remodeled Systems 310
Surface Raceways and Multioutlet Assemblies 310

Chapter 21 Maintenance and
Troubleshooting 315

Safety Considerations 315
Troubleshooting Tools 315
Diagnosing Problems 316

Chapter 22 Electrical Careers 321

Career Categories 321
Owning a Business 324
Training, Other Qualifications, and Advancement 325

Copyright Goodheart-Willcox Co., Inc.



Copyright Goodheart-Willcox Co., Inc.

Contents

Appendix A
Math Review 330

Basic Math 330
Geometry 332
Trigonometry 334

Appendix B
Service and Feeder Calculation Methods 336

Appendix C
National Electrical Manufacturer Association
Receptacles 341

Appendix D
National Electrical Code® Tables 343

Glossary 347

Index 356

13



CHAPTER 2

Electrical Energy

Fundamentals

Objectives

Information in this chapter will enable you to:

Explain the electron theory for current.
Explain conductors and insulating materials.

Define and explain the difference between
direct current and alternating current.

Define basic electrical terms.
Describe the makeup of an electrical circuit.

Differentiate between series and parallel
circuits.

Apply Ohm’s law to resistance, voltage,
and current.

Explain Ohm’s law and give its formula.

Apply the basic power formula to power,
voltage, and current.

Explain the basic power formula and give
its formula.

Explain electromagnetic induction.
Discuss the operation of electric motors.
Discuss electric power transmission.

Explain the operation of transformers.

Copyright Goodheart-Willcox Co., Inc.

Technical Terms

Alternating current (ac)

Amperage (A)

Ampere

Anode

Atom

Battery

Basic power formula

Branch

Cathode

Circuit

Complex circuit

Conductor

Current

Cycles

Direct current (dc)

Dry cell

Electrical potential

Electrolyte

Electromagnetic
induction

Electromotive force

Electrons

Energy

Equilibrium

Free electrons

Generator

Hertz

Insulator

Joules (J)

Kilowatt-hours (kWh)

Left-hand rule

Load

Neutrons

Ohms

Ohm’s law

Parallel circuit

Power (P)

Primary winding

Protons

Resistance (R)

Secondary winding

Series circuit

Step-down
transformer

Step-up
transformer

Substation

Transformer

Voltage

Volt-amperes (VA)

Volts (V)

Wattage

Watts (W)

Watt’s law

Wet cell

Windings

Work

27



28 Section 1 Fundamentals

Electron Theory

According to the electron theory, all matter
is made up of atoms. An atom is the smallest
particle of an element. If you take an atom
apart, it will not be recognizable as its original
element. You can look at each atom and say
“This is the building block of copper” or “This
atom is hydrogen.”

Each atom has a nucleus or center made up
of protons (positively charged particles) and
neutrons (particles with no charge). Negatively
charged particles called electrons orbit the
nucleus. See Figure 2-1. Electrons are attracted
to the protons in the atom. This attraction keeps
the electrons in orbit. There can be one or more
electrons traveling around in any one atom
and they can be at different distances from the
nucleus in their orbital paths.

Electrons have the ability to travel from
one atom to another. In some types of matter,
electrons are tightly bound to the nucleus and
travel only with great difficulty. In other types
of matter, the bond is so relaxed that moving
is easy. These easy-moving electrons are called
free electrons.

Nucleus

Neutrons

Protons

'

Electrons f

Orbital path /

Figure 2-1. The basis of electricity is the atom, which is
the foundation of all matter. In some elements, such as
metals, orbiting electrons can easily be made to leave
the atom and travel.

Electron Travel

A material in which electrons move easily is
called a conductor. A material in which move-
ment is difficult is called an insulator.

Pure metals, carbon, and most liquids are
excellent conductors. Among good insulators
are dry gases, glass, rubber, mica, silk, and
cork. According to the commonly held electron
theory, metals conduct electricity well because
they have a great number of free electrons. In
insulators, there are few, if any, free electrons;
thus, little or no electricity is conducted.

Equilibrium

If a conductor, such as a wire, connects a
negatively charged body to a positively charged
body, the electrons will be attracted to the posi-
tive particles. Nature prefers everything to be
neutral—equal numbers of positive and nega-
tive charges. As a result, electrons will flow from
the negatively charged body to the positively
charged body. See Figure 2-2. This flow is called
current. Even if two negatively charged bodies
are connected in this manner, free electrons will
flow from the body with more electrons to the
one with fewer electrons. Flow will continue
until both bodies have an equal number of elec-
trons. This balance is called equilibrium.

atom: The smallest particle of an element.
protons: The positively charged particles of an atom.

neutrons: The particles with no charge in the nucleus
of an atom.

electrons: Negatively charged particles that orbit the
nucleus of an atom.

free electrons: Electrons that are loosely bound to the
nucleus of an atom and can easily leave to join other
atoms.

conductor: A substance that allows electrons to flow
freely through it; an object having good conductivity.

insulators: Substances that prevent electrons from
flowing freely.

current: The flow of electrons.

equilibrium: When two connected bodies have the
same number of electrons; a balanced condition.

Copyright Goodheart-Willcox Co., Inc.



Negatively
charged body Positively
charged body + +
ety S D o, s T
L T = - + %
- S + 4

Negatively charged
body with high Negatively charged
electron count body with low

electron count

Figure 2-2. Electrons will move from a body with an
excess of electrons to a body with fewer or no elec-
trons, provided there is a path (conductor).

Electrical potential is the ability to provide
free electrons. Bodies with different concentra-
tions of free electrons are said to be at different
potentials. In electricity, differences in potential
are measured in units called volts (V).

A

1 Cycle
+

Voltage

Y

Chapter 2 Electrical Energy Fundamentals 29

Types of Electric Current

There are two types of electric current,
depending on the direction of the current flow.
The first type is called direct current (dc). In this
type, current flows in one direction only. Direct
current is used in battery-operated devices,
such as radios, flashlights, and automobiles.

The second type of current, alternating
current (ac), continually reverses the direction
of flow. This constant change in direction is
represented by a sine wave, Figure 2-3. In the
United States, the standard current is 60 cycles,
also known as 60 hertz (60 Hz). Hertz is a term
for frequency meaning “cycles per second.” The
cycles occur at a frequency of 60 hertz. Thus,
there are 60 complete cycles in every second.
Notice that the direction changes twice in each
cycle. This means that the current reverses its
direction 120 times each second. This happens
so rapidly that the changes generally cannot be

electrical potential: The ability to provide free
electrons.

direct current (dc): A current that always flows in one
direction.

alternating current (ac): A periodic current that contin-
uously reverses direction.

cycles: A cycle is one complete repetition of a wave-
form or signal. The rate at which the signal repeats
itself is expressed in cycles per second, or hertz.

Hertz (Hz): A unit of frequency that equals one cycle
per second. Named after Heinrich Hertz.

l«————— 1 Revolution

-
r

Figure 2-3. A cycle of alternating current is created by one complete revolution of the alternator.

Copyright Goodheart-Willcox Co., Inc.



30 Section 1 Fundamentals

History Brief

Evolution of Electrical Standards

North American electric systems did not
use 120 volts ac (VAC) and 60 Hz in their
early days. Thomas Edison was using and
promoting dc power in his early electric distri-
bution systems. There were problems with dc,
however. It was not very easy to change the
voltage, so transmitting more power meant
higher current in the wires. The current became
so high that wires were actually melting from
being overloaded. Due to the high current,
there were large losses due to voltage drop
over short distances. It was also very incon-
venient to use devices that required different
voltages.

Nikola Tesla championed the use of ac
systems. It was easy to change the voltage,
so large amounts of power could be delivered
by increasing the voltage and decreasing the
current in the wires. With lower currents, the
wires would not overheat and melt. Losses
due to voltage drop were greatly reduced,
meaning that electricity could be transmitted
over much longer distances. Tesla had the
backing of George Westinghouse, who also
had the financial backing of John Jacob Astor
and J. P. Morgan.

Edison tried to prove how unsafe the ac
system was by holding public electrocutions of
animals, including Topsy the Elephant. He went
so far as to have two of his employees invent
the electric chair to demonstrate how effec-
tive ac was at killing people. Ultimately, the
Westinghouse ac system won the battle based
on its technical superiority, and Edison’s General
Electric Company changed from dc to ac.

It is less clear how the frequency of 60 Hz
was adopted, but it seems that it was a high
enough frequency that the human eye could
not see lightbulbs flickering at 60 Hz. Tesla had
calculated that 60 Hz was the most effective
frequency, but his early systems were origi-
nally 240 V. Other countries adopted 50 Hz
because it was still too fast to see the flicker
and it matched the 1 2 5 10 standard popular
with the “metric countries.”

detected, not even as flicker in an electric light.
Various cycles and voltages have become the
standard in different areas of the world.

Sources of Electrical Energy

To maintain a flow of electrons or electricity,
it is necessary to have a source that is always at
a greater electrical potential. That is, it always
has an excess of free electrons that are ready to
move along a conductor to where the electrical
potential is less. The energy may be produced
chemically, as with a battery, or mechanically,
as with a generator.

Battery

A basic chemical device for providing elec-
trical power is the voltaic cell. Figure 2-4 shows
a simplified cell made up of two metal plates
suspended in a mild acid solution. The plates
react chemically with the acid. Electrons on the
surface of the copper plate are stripped away
and travel to the zinc plate. Then the copper plate
has fewer electrons and is positively charged.
The copper plate becomes the positive pole, or
anode. The zinc plate has excess electrons and
becomes the negative pole, or cathode.

It is common practice to group a number
of cells in a single container. See Figure 2-5.
A group of cells is called a battery. A wet cell
battery uses a liquid chemical. A dry cell battery
uses a somewhat dry chemical paste. The liquid
or paste is called an electrolyte. When the
battery is connected to a circuit, current will
flow through the circuit from the cathode to
the anode.

Generator

A battery is just one of the ways to generate
and drive an electrical current. A second method
is with a generator. Driven by some mechanical

anode: The positive terminal of a battery.
cathode: The negative terminal of a battery.

battery: A group of voltaic cells that are connected in
series or parallel, usually contained in one case.

wet cell: A battery that uses a liquid electrolyte.
dry cell: A battery that uses a chemical paste electrolyte.

electrolyte: The chemical that is a liquid or paste that
allows the flow of electrons in a battery.

Copyright Goodheart-Willcox Co., Inc.



Electrolyte

Figure 2-4. A simple wet cell can store electricity as a
chemical solution. One electrode is made from copper
and the other from zinc. Conductors and a lightbulb
complete this simple circuit.

force, a generator is a device that creates differ-
ences in electrical potential between two elec-
trical poles. It moves electrons from one terminal
and deposits them on the other terminal. This is
accomplished through electromagnetic induc-
tion. This process will be explained later as we
discuss generators and alternators.

Measuring Electricity

Measuring electricity is essentially finding
out how much, how fast, and with what force
the electricity flows through a conductor. The
terms or units used to measure electricity are
amperage, voltage, resistance, and wattage. The
tull definition of these terms is vital not only to
measuring electricity but to understanding its
very nature.

Copyright Goodheart-Willcox Co., Inc.
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Anode

Cathode

Zinc plate

Copper plate

N Insulation

Figure 2-5. A group of wet cells connected electri-
cally and suspended in electrolyte is called a battery.
Batteries can supply a steady current of electricity.
(East Penn Manufacturing Co., Inc., manufacturer of
Deka Batteries, Lyon Station, PA)

Current

The flow of electricity, as you have learned,
is called current. The rate of this flow is known
as amperage (represented in equations by the
letter I). The ampere (A), or amp, is the unit
used when measuring current. The equipment
where electricity enters a house is usually rated
at 100 A or 200 A.

Voltage

The pressure (electrical potential) that
moves electrons through a conductor is called
voltage or electromotive force (E or emf). Its

generator: A device that uses electromagnetic induc-
tion to convert mechanical energy to electrical energy.

amperage: The measurement of the rate of flow of
electrons.

ampere (A): The unit used in measuring amperage or
current. Abbreviated as amp (plural amps). Named
after André-Marie Ampeére.

electromotive force (E or emf): The force that causes
current to flow between two objects with different
electrical potential.
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unit of measure is the volt (V). Most residential
wiring is rated at 120 volts and 240 volts.

Resistance

The opposition to the flow of electrons
through a conductor is called resistance (R) and
is similar to friction. This electrical resistance is
measured in units called ohms (). Like other
forms of friction, resistance is responsible for
creating heat and consequent loss of power.
All devices that use electric power are forms
of resistance.

Power

Power (P) is the rate of doing work and, in
electricity, is measured in watts (W) or volt-
amperes (VA). Power determines how fast a
certain amount of work can be done, or deter-
mines how fast a certain amount of energy is
consumed by a load. Watts are relatively small
units, and we often speak in terms of kilowatts
(1,000 watts) and megawatts (1,000,000 watts).

Work

Work is a measure of how much power is
applied (or consumed) over a period of time.
Work is measured in joules (J). One joule is one

watt-second. Electrical energy in particular is
measured in power-time units called watt-hours
or kilowatt-hours (kWh). One kilowatt-hour is
equivalent to 1,000 watts (power) being used
for one hour (time). Figure 2-6 is a summary of
these electrical terms.

volt (V): The units of measurement of electromotive
force caused by the difference in potential between two
bodies. Named after Alessandro Volta.

resistance (R): The opposition to the flow of electrons
through a conductor.

ohms (€): The units of measurement used to express
resistance. Named after Georg Simon Ohm.

power (P): The rate of doing work. Electric power is
measured in watts or volt-amperes.

watts (W): The units of measurement used in
expressing power delivered to or consumed by an elec-
trical device. Named after James Watt.

volt-amperes (VA): Very simply, volts multiplied by
amps. The amount of power an electric system can
provide or the amount of power an electrical device
requires. Equivalent to watts in simple systems.
Abbreviated as volt-amps.

energy: The ability to do work.

work: The process of changing energy from one form to
another, or causing an object too gain or lose energy.
joules (]): A unit of electrical power. One joule equals
one watt-second. Named after James Prescott Joule.
kilowatt-hours (kWh): A unit of electrical power. One

kilowatt-hour is the equivalent of 1,000 watts being
used for a 1-hour period.

Electromotive Force or SRR
: (do not confuse Volts V Alessandro Volta
Potential or Voltage .
with energy)
Amperes André-Marie
Current or Amperage | (Amps) A Ampére
Resistance R Ohms Q Georg Simon Ohm
Power or Wattage Watts w James Watt
Joules or James Prescott
Energy or Work E orW ——— J or kWh —

Figure 2-6. Nearly all units used to measure electrical properties are named after persons who made significant
contributions in electrical research and discovery. There are many more electrical properties than those shown
here. These are just the basic building blocks that are discussed in this chapter.
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Figure 2-7. A simple electrical circuit includes a
pathway (conductors), power source, load (light), and
a switch.

Circuits

No electron flow will occur unless there is

a pathway in which the electrons can move.

In a water system, the pathway is the piping,

which moves the water from storage to where

it is used. In electrical devices, wires form the

pathway, which is called a circuit, Figure 2-7.

The circuit allows the electrons to flow through

its conductors as long as the power source

supplies electricity. A simple circuit consists of
the following elements:

e Power source. For a residence, the power
source could be considered the electrical
generating stations. However, primary sources
include small generators and batteries.

e Conductors. Wires provide a path for the
current to travel.

circuit: The pathway over which electrons can move.

series circuit: A circuit having a single path for current
flow.
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e Loads. These are devices through which the
electricity produces work.

e Devices for controlling current. These devices
include switches, fuses, and circuit breakers.

Types of Circuits

The two basic types of electrical circuits
are called series and parallel. A third, called a
complex circuit, is a combination of these two.

Series circuit

Inaseries circuit,only one pathis provided
for the current to flow. The electricity flows
through every device in the circuit. If one
device is burned out, the circuit will not
function. Figure 2-8 is a simple diagram of a
series circuit.

Apart from switches and fuses or circuit
breakers that are used to control the flow of elec-
tricity, series circuitry is not practical for resi-
dential wiring. A simple example will explain
why. Older Christmas tree lights were often
wired in series. Current had to pass through
every lightbulb for the string of lights to work.
If one bulb burned out, all the lights went out.
Finding the defective bulb was a trial-and-error

S

U

Figure 2-8. Simple diagram of a series circuit. The
three lights are wired into the circuit so that if one were
not working, the circuit would be open and all lights
would go out.

power
source

M
To the f

Switch
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operation. Each bulb had to be removed and
tested. Residential circuits are set up so that
a nonfunctioning load will not stop electrical
current in the remainder of the circuit.

Parallel circuit

The parallel circuit has more than one path
available for the current to flow, Figure 2-9.
Like the series circuit, the parallel circuit has a
complete path for the current to follow. Each path
goes to a load that can operate independently
of the other branches and loads in the circuit. If
one load, such as a lamp, burns out, the other
branches would continue to operate since a path
still exists from one supply terminal through the
circuit to the other supply terminal.

Under normal conditions, another advan-
tage of parallel circuits is that the current draw
of each branch affects only that branch. In a
series circuit, current draw in one load affects
the rest of the loads on the circuit. Loads such
as lamps, heaters, or motors might not operate
properly in a series circuit. Except for switches,
fuses, and circuit breakers, all residential wiring
is done in parallel.

.
0

7
- ] -
A
@
- ~—1 -
Y
Back to the From the

power supply power supply
Figure 2-9. Parallel circuit diagram. Note that each
lamp is on its own electrical path. Should one burn out
when the circuit is closed, the others would remain lit.

Loads

In electrical systems, a load is any device
that uses an electric current and converts the
energy to another form. Loads include:

e Lamps and lightbulbs (convert electrical
energy to light)

e Electric furnaces and space heaters (convert
electrical energy to heat)

e Power tools and motor-driven appliances
(convert electrical energy to mechanical

energy)

e Radios, televisions, and other electronic
devices (convert electrical energy to sound)

Each load is designed to operate at a
specific voltage. A voltage rating is given with
every device. It is important that the device
be operated at its rating. Otherwise, the device
can be damaged or destroyed. In some cases
the entire circuit can be damaged. This is an
important reason series circuits are not used in
residential wiring.

Circuit Fundamentals

Electrical circuits consist of a source of elec-
tromotive force and one or more complete path-
ways of electron flow. Both dc and ac circuits
require a definite pathway to be useful. A circuit
normally consists of a power source, protective
devices (fuses or circuit breakers), one or more
loads, a switching device, and conductors.

Electrical Resistance—
Ohm’s Law

To understand circuit theory you must
understand electrical resistance. Withoutit, elec-
trical current could create neither heat nor light.

parallel circuit: A circuit with multiple paths available
for current flow.

load: Device that converts electricity into another form
of energy.
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Georg Simon Ohm first explored resistance in
1827. He expressed the relationship between
current, voltage, and resistance: Current in a
circuit is directly proportional to the voltage applied
to the circuit and is inversely proportional to the
resistance of the circuit. This statement is called
Ohm’s law. This law can be applied to the entire
circuit or to any part of the circuit.

Mathematically, the law takes the following
form:

=L
R

I is the current measured in amperes.
E is the voltage or emf (electromotive force)
measured in volts. R is the resistance measured
in ohms.

Electrical Power—
Basic Power Formula

A load in an electrical circuit consumes
energy. The rate at which it consumes energy is
called power. The relationship between power,
voltage, and current was established by James
Watt and is called the basic power formula, also
known as Watt’s law. It states that:

P =IxE

where P is power measured in watts, [
is current measured in amps, and E is emf
measured in volts.

Series Circuits

A series circuit has only one loop or path.
When devices such as resistors are in series,
they are placed one after another so that the
current flows through all of them in succession.
The three resistors illustrated in Figure 2-10 are
in series arrangement.

Ohm’s law: The law that states the relationship between
voltage, resistance, and current.

Watt’s law: Thelaw that states the relationship between
power, voltage, and current.
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Series circuit rules
Series circuits follow certain rules that may

be summarized as follows:

e Total resistance (R,) is the sum of the indi-
vidual resistances. Therefore, the total resis-
tance of the series circuit in Figure 2-10 is:

R. =R, +R,+ R,
=1Q+2Q+3Q
=6Q

e The current (amperage) of a series circuit is
the same throughout. Thus, the total current
(I,) of the circuit is the same as the current
running through each load. By applying
Ohm’s law, we can find the current in
Figure 2-10:

I, =1,=I=1I
E
I ==
TR,
6V
T 6Q
=1A

Therefore, 1 Ais not only the total amperage,
but also the amperage flowing through each of
the resistors.

e The total voltage at the source (V) is equal
to the sum of the voltages at each of the resis-
tances. The voltage at each load is calculated

RA RB RC
1 ohm (Q) 2 ohms (Q2) 3 ohms (Q)
%Fuse
6 Volts

Figure 2-10. A simple series circuit. It has three resis-
tors connected to form a single loop.
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using Ohm’s law:

Voltage of Resistor A =
Amperage A X Resistance A
E, =1, xR,
=1AxX1Q
=1V
Voltage of Resistor B =
Amperage B x Resistance B
E, =1, xR,
=1AX2Q
=2V
Voltage of Resistor C =
Amperage C x Resistance C
E. =1.xR,
=1AxXx3Q
=3V

The total voltage (E,) can then be calculated
by adding the voltages for all loads:

E. =V, +V,+V,

T

=1V+2V+3V
=6V

e A break anywhere in the circuit stops the
electron flow in the entire circuit. This is the
main disadvantage of series circuits.

e Ohm’s law applies to any part of the entire
series circuit.

Example: Using the circuit shown in

Figure 2-11, find:

A. The total resistance, R..

B. The total current at the source, I..

C. The voltages of resistors 1 and 3, E, and E..
Solution:

A. Add the individual resistances to find the
total resistance, R :

E, =30 Volts
R, =10 ohms

R, =30 ohms

R, =20 ohms

Figure 2-11. In this series circuit, find total resistance,
total amperage, and voltage at two resistors.

R, =R, +R,+R,
=20Q+10Q+30Q
=60 Q

B. The current in a series circuit is constant.
Therefore, the total current () equals the
current at resister 2 (I,). The current at
resister 2 can be found using Ohm’s law:

EZ
IT :Izzﬁ

2

=30V/10 Q
=3A

C. The current through each resister is equal
to the total current (3A). Use Ohm’s law to
calculate the voltage at resisters 1 and 3:

E, =IxR,

=3Ax20Q

=60V
E, =L xR,

=3Ax30Q
=90V

You can also check to see if the total voltage
is equal to the sum of the individual voltages:
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ET :IT><RT
=3Ax60Q
=180V

E. =V +V,+V,

T

=60V+30V+90V
=180 V

Parallel Circuits

As you learned earlier, a parallel circuit is an
electrical circuit having two or more different
conducting pathways. The term parallel, in
electricity, does not necessarily mean physically
or geometrically parallel, but simply alternate
routes. Each of these alternate routes is called
a branch. Parallel circuits are more commonly
used in electrical circuitry for reasons that will
become clear as we go on. Figure 2-12 shows
a simple parallel circuit containing three resis-
tors. Arrows indicate the electron flow.

Parallel circuit rules
Like series circuits, parallel circuits follow
certain rules:

e S
A - B B C
l 120V
20Q 4 A 60 Q
30 Q
— — - —

Figure 2-12. Parallel circuits provide numerous alter-
nate routes for the electrons to follow. These routes are
called branches.

branch: One of the pathways in a parallel circuit.
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Abreak or opening in any branch of a parallel
circuit does not stop the flow of electrons to
the remaining branches.

The voltages across all branches of a
parallel circuit are the same, and are equal
to the voltage at the source. In Figure 2-12,
the voltage in branch B is 120 V. Therefore,
the total voltage and the voltage in branches
A and C are also 120 V. Mathematically:

Source voltage = branch A voltage =
branch B voltage = branch C voltage

E, =V,=V,=V,

T

=120V

Ohm’s law applies equally well to the total
circuit or any of the loops or branches:

ny

A
I, =+—
A

120V
20 Q

=6A

!

I =2-
C RC

120 V
60 Q

=2A

The total current (I,) is equal to the sum of
the currents flowing through each of the
branches. For Figure 2-12:

IT :IA+IB+IC
=6A+4A+2A
=12 A

The total resistance in a parallel circuit is
the reciprocal of the sum of the reciprocals
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of the separate resistances in parallel. Now,
before throwing up our hands, let us look at
this mathematically:

1 total = 1 branch A + 1 branch B + 1
R R R R

branch C

| [

+

1 1 1
= = = + = which can be written as:
R, R, R, R

=

1
SRS R B
RA RB RC
Now use the resistance information from
the circuit in Figure 2-12:

11,1 1
R, ~20Q

30 60Q
Find a common denominator:

1.3 .2 1
R, “60Q 60Q " 60Q

1 6
R, 60Q
R 60Q
1 6
R. =10Q

Series-Parallel
Combination Circuits

Practical circuits, for the most part, are far
more difficult than those just outlined. Quite
often, loads in a particular circuit are designed
in both series and parallel configurations.
When loads are arranged both ways in a single
circuit, the circuit is called a complex circuit. An
example of this type is shown in Figure 2-13.
We will use this circuit to show the steps taken
to simplify a complex circuit.

Figure 2-13. A complex circuit uses the advantages of
both series and parallel circuits.

In the circuit shown, the source voltage is
12 V. The resistance of each component resistor
isalso given. First, we need to find the total resis-
tance. To do this we must reduce the parallel
resistances into an equivalent single resistance
(Req) and add this resistance to the resistances
arranged in series.

Equivalent resistance from parallel portion:

1

==
+
==

[

eq 4

|~

1
20

—_

[

(o)

)
+

=

1

= T 120

—_
N
@)

—
rﬂw
@)

o
®

L E—

—_
w ’

R =4Q
eq

We may draw a simpler equivalent circuit
showing the equivalent resistance in series
with R, and R,. See Figure 2-14. Now add this
resistance to resistors 1 and 2 to find the total
resistance:

RT :qu+R1+R2
=4Q+1Q+7Q
=12Q

complex circuit: A combination of series and parallel
circuits.
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Figure 2-14. An equivalent circuit of Figure 2-13.
R, and R, have been reduced to one resistance, Req.

Having found the total resistance, and given
the total voltage, we can find the total current
through the circuit using Ohm’s law:

E
L =g
1
1

N
<

)
@)

=1A

Next, find the voltages across each of the
resistors. Since resistor 1, resistor 2, and the
“equivalent resistor” are in series, the current
at each resister is the same as the total current
(1 A). Using Ohm’s law to calculate the voltage
at resistors 1 and 2 and the voltage across the
“equivalent resistance.”

E, =1 xR,

=1AX1Q
=1V

E, =L, xR,
=1AX7Q
=7V

E, =L xR,
=1AX40Q
=4V
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This is verified by the fact that the total
voltage is equal to the sum of the various volt-
ages in a series circuit.

All that remains is to find the portion of the
total current (1 ampere) that goes through each
of the parallel resistors. (Remember, E,_ = E, =

e
E,=4V)

4V
120
=033 A

Again, verification comes from the fact
that the total current (1 ampere) is equal to the
sum of the current through each branch of the
parallel resistors. Thus:

1A =0.67A+033A

Considered as a whole, electrical circuits are
mostly of the complex type. The source voltage
is carried by means of wires across every
device, appliance, and branch circuit. These are
connected in parallel.

Circuits Summary

Figure 2-15 is a summary of the various
circuits discussed in this chapter. Figure 2-16
is a simple aid to remembering Ohm’s law.
Simply cover the part you wish to find and you
discover what to multiply or divide by. Thus, to
find E, multiply R by I. To find R, divide E by I.
To find I divide E by R.
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Resistance (R) R =R, +R,+R, P — Total resistance equals resistance of
Unit: Ohm Sum of S S = parallel portion and sum of series
Symbol: Q individual RO resistors.

resistances
Current (1) L=0L=1=1 =10+, +1, Series rules apply to the series portion
Unit: Ampere The same throughout Sum of individual of the circuit. Parallel rules apply to the
Symbol: A entire circuit currents parallel portion of the circuit.
Voltage (E) ERI e AN EEE 252 The total voltage is the sum of the
Unit: Volt Sum of Total voltage and voltage drops across each series
Symbol: V, E individual branch voltage are the resistor and each of the branches of
voltages same parallel portion of the circuit.

Figure 2-15. Characteristics of electrical circuits can be summarized as shown.

Figure 2-16. This drawing is an easy way to remember
the mathematical relationships of Ohm’s law. It will tell
you when to multiply or divide.

Power and Work

Electrical power is a combination of
current and voltage. It is actually current times
voltage:

P =ExI

Power expresses the rate at which electricity
is being consumed regardless of the voltage or
the current. For example, a 120 V air conditioner

drawing 10 A of current is using the same
amount of power as a 240 V air conditioner that
is only drawing 5 A of current. The power in
both cases is 1200 W. Power indicates how fast
a certain amount of work can be done.

Energy and work are almost the same thing.
The work done equals the change in energy.
Work (W) is a certain amount of power (P)
applied (or consumed) for a certain period of
time (¢):

W =Pxt
Substituting E x I for P:
W =ExIxt

You have a 100 W lightbulb and you leave
it turned on for 5 hours. The total power
consumed is:

W =Pxt
=100 W x 5 hrs
=500 watt-hours

Now you change it to a 250 W lightbulb and
you leave it turned on for 2 hours. The total
power consumed is:

W =Pxt
=250 W x 2 hrs
=500 watt-hours
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Both lightbulbs use the same amount of total
energy. Because the second lightbulb is more
powerful, it is brighter and it uses energy faster.

Electromagnetic
Induction

In a battery, chemical action displaces the
electrons and produces the current through a
conductor. Current can also be produced by
using magnetic fields.

Two men working independently discov-
ered they could produce a flow of electrons in
a wire by passing the wire through a magnetic
tield, Figure 2-17. Michael Faraday and Joseph
Henry discovered electromagnetic induction,
the process of producing an electromotive force
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by varying the magnetic field surrounding a
conductor. If you were to fashion the conductor
into many loops (a coil), and rotate it between
two magnetic poles, you would have a crude
generator. See Figure 2-18.
The strength of the electron flow in a gener-
ator is increased by four factors:
e A greater number of turns (loops) of wire in
the coil

e A faster speed of the conducting loop
rotation

e Anincreased strength of the magnets

e DPositioning the moving coil at right
angles to the magnetic field lines of force
(Figure 2-19)

electromagnetic induction: The process of producing
an electromotive force by varying the magnetic field
surrounding a conductor.

Magnets

Qo / /
& Z
¥ /)// _
N
// //

)

Wire moving up and down
between the magnets

Figure 2-17. Moving a conductor up and down between the poles of a magnet displaces electrons in the conducting
wire and causes the electrons to move through the conductor. This event is called electromagnetic induction.
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Lines of
magnetic field

Rotating armature
or wire loop

Figure 2-18. A simple generator. The rotating coil of wire has current induced in it as the loop cuts through a
magnetic field created between the poles of the magnet. A—Straight-on view of a generator. Voltage would be
low with the loop in this position. Wire would be cutting through the field at a sloping angle. B—Perspective view
showing loop cutting the magnetic field at a right angle. Voltage is at its highest level at this point.

Generators and Alternators

Alternators, like generators, are rotating
machines driven by some mechanical force.
They use the electromagnetic induction prin-
ciple to convert the mechanical force to elec-
trical energy. There are ac generators and dc
generators. The ac generator is usually called
an alternator.

Lines of force /

TR
=(0°
L

Direction of induced current

Current from a spinning generator will
always move in a specified direction. You can
determine this direction by knowing the left-
hand rule for generators, Figure 2-20. Point your
thumb, forefinger, and middle finger of the left
hand at right angles to each other. According to
the rule, the thumb is pointing in the direction
the wire is moving, the forefinger is pointing

left-hand rule: A rule for determining the direction of
flow in a conductor caused by electromagnetic induc-
tion. Also known as Fleming’s rule.

Angle of rotation

— > 90° 180°

270° 360°

Figure 2-19. Voltage produced by the generator varies. Compare the position of the coil above with the sine wave
below. Peaks in wave represent points of highest voltage during one complete rotation cycle.
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Direction
of wire
movement

Direction of
magnetic field

Electron
/ flow

Figure 2-20. Left-hand rule for generators. If a wire is
moving in the direction of the thumb and the magnetic
field is moving in the direction of the forefinger (north
pole to south pole), electric current is flowing in the
direction of the middle finger.

in the direction of the magnetic field (north
to south), and the middle finger is pointing in
the direction of the induced electron flow. This
statement is also known as Fleming’s rule.

Alternating current generator
The ac generator, or alternator, consists of
several distinct parts, Figure 2-21. Each has a
specific function:
e Coil or armature. This part rotates. It has the
conducting wire that cuts across a magnetic
tield. The electron flow begins in the coil.

e Nonmoving magnetic poles. These poles
create the magnetic field. In some genera-
tors, the poles are magnetized by a portion
of the generated electrical current.

e Slip rings. These metal rings are connected
to the ends of the coil wires. The slip rings
rotate with the coil and transfer the current
to the brushes.
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Motion Brushes

source
AC output

Figure 2-21. A commercial ac generator (alternator)
looks much different from the simple sketches you have
seen. This unit uses some of the current it produces to
magnetize the field.

e Brushes. Two brushes are in contact with
the slip rings and transfer current from the
slip rings to the external circuit. One brush
is in contact with each slip ring.

As the armature is turned, it cuts through
the magnetic field created by the field magnets.
Electrons flow through the wires of the arma-
ture. The electrons move into one of the slip
rings, then to one of the brushes and, finally,
into the external circuit. See Figure 2-22.

With every half-turn of the armature, the
electron flow reverses, following the left-hand
rule. Then the electrons flow out to the external
circuit through the opposite slip ring and brush.

Rotation

Armature
or wire loop

Slip
rings

Figure 2-22. Basic elements of an alternator. The wire
loop carries induced current. Electrons flow out through
one brush, through the circuit, and back in through the
other brush.
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This creates the reversal of electron flow, which
accounts for alternating current. The speed at
which the generator is turned determines the
frequency of the current. One complete turn is
a cycle, and 60 turns each second creates 60 Hz
electric current.

Direct current generator

The dc generator is similar in construction
to the alternator except that the two slip rings
are replaced by a single slip ring with two
halves, commonly called a commutator. The
two segments of the commutator are connected
to the two ends of the armature, Figure 2-23,
and rotate with it.

As the armature rotates, an alternating
current is set up in the coil exactly as in the alter-
nator. However, because the segments of the
commutator change brushes every half-turn,
the ac of the coil is changed into a pulsating dc
in the external circuit, Figure 2-24.

Single-Phase and Three-
Phase Electricity

An ac generator may produce either single-
phase or three-phase electric power. A gener-
ator with a single armature coil produces

S
/‘@(

W
Brushes C
connect

to circuit
o cireut Armature

Commutator (split ring)

A

/ Rotation

—~

single-phase power. To produce three-phase
powet, the generator must have three armature coils.

The coils of a three-phase generator are
located exactly 120° apart. During each turn of
the rotor, voltage is created at three different
intervals. The separate voltages or phases are
said to be 120° electrically apart in time, or 120°
out of phase.

Power plants generate three-phase power
because it is more efficient. The electric power
is converted to single-phase for residential use.
Three-phase power is supplied to commer-
cial and industrial customers for either of
the following reasons. Three-phase power is
necessary for high-demand applications and
cost-effective where there are many motors.
Three-phase motors are simpler, less expensive,
and more powerful than single-phase motors.

Electric Motors

Electric motors, Figure 2-25, are like gener-
ators. They transform one kind of energy to
another. While generators convert mechanical
energy to electrical energy, electric motors change
electrical energy to rotating mechanical energy.

A dc motor is constructed exactly like a
dc generator. Rotation takes place when the

Incoming

_ ‘ Split ring
Rotation (g/ commutator
— Outgoing

ﬁ Incoming
Rotation (

% — QOutgoing

B

Figure 2-23. If you look at a simple dc generator, you can see why current always flows in the same direction.
A—Each end of an armature coil connects to a different half of the commutator. B—As current reverses in the
armature, opposite sides of the commutator contact the brushes so current always flows through the brushes in

the same direction.
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Figure 2-24. Typical dc current pulsates as shown in the wave pattern. The dotted line shows where the sine wave

would go if it were alternating current.

Armature

/

Shaft

Magnetic
field

To source

Figure 2-25. A dc motor is constructed in the same
way as a dc generator.

polarity of the armature is in opposition to the
poles of the field magnet. In other words, like
magnetic poles in the motor repel each other
to start the rotation. Constant shifting of the
magnetic polarity keeps the motor spinning.
AC motors are somewhat different in
construction, but their operationis similar. These
motors will be discussed in a later chapter.
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Transformers

A transformer is a device that uses electro-
magnetic induction to change the voltage as it
transfers electrical energy from one circuit to
another. Basically, a transformer is made up of
two coils of wire wrapped around an iron core,
Figure 2-26. There is no connection between the
two coils of wire. Each is linked to a different
circuit. These coils are commonly known as
windings.

The coil that is connected to the power
source side of a transformer is called the primary
winding. The coil connected to the load side is

transformer: A device that transfers electrical energy
from one circuit to another, usually at a different
voltage, through electromagnetic induction.

windings: The coils of wire in an electrical device.
Windings are used in generators, motors, and
transformers.

primary winding: The winding of a transformer that

creates a magnetic field and is connected to the power
source side.
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Figure 2-26. Simple diagram of a transformer. The coil of wire on the primary side creates a magnetic field. A
current is induced in the secondary coil at a different voltage.

called the secondary winding. The current in
the primary winding creates a magnetic field
that induces current in the secondary winding.

Voltage out of a transformer is directly related
to the number of turns of wire in the windings.
If there are more turns in the secondary winding
than in the primary, the voltage out will be
greater than the voltage in. Such a transformer is
called a step-up transformer because the voltage
steps up, or increases, from the primary to the
secondary. In fact, the change in voltage from
primary to secondary is directly proportional to
the change in number of wire turns.

V. xN

m sec

‘/out =
N

pri

Suppose that the incoming electrical power
is at 110 volts on a transformer that has 100

secondary winding: The transformer winding connected
to the load.

step-up transformer: A transformer that steps up, or
increases, the voltage exiting the transformer.

Copyright Goodheart-Willcox Co., Inc.



turns on the primary coil and 600 turns on the
secondary coil. The secondary has six times
as many turns as the primary. Therefore, the
output voltage will be six times greater.

v =110vx &0
o 100
V. =660V

out

In a step-down transformer, the secondary
coil has fewer turns than the primary coil.
Therefore, the output voltage is less than the
input voltage.

Electrical System
Overview

Electricity is generated at large power
stations. These stations have huge generators
that are spun by a turbine. High-pressure steam
causes the turbine to spin by blowing past the

Electric
generator

Steam
turbine

Transformer

12,500-
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turbine blades. A turbine looks like dozens of
fans all connected to the same shaft. If you think
of the wind causing a windmill to turn, then
you have the right idea. The steam is produced
by boiling water in a boiler. The heat for the
boiler can come from many sources. Natural
gas, coal, oil, and uranium (nuclear fuel) are the
most common sources.

Most electrical power is generated at 24,000 V
and is stepped up to 132,000 V, 238,000 V, or
345,000 V at the power station. The electricity is
sent out to substations over high-voltage cable.
See Figure 2-27. A substation is a collection of
transformers, located away from the power
station, that lowers the voltage of the electrical
power and redistributes it along another set of
conductors (distribution lines). Before being
brought into homes, the voltage is further
reduced to 120 V and 240 V, Figure 2-28.

step-down transformer: A transformer that steps down,
or decreases, the voltage exiting the transformer.

substation: A collection of transformers that changes
the voltage of the electrical power and redistributes it
along another set of conductors.

Transmission lines

Substation

138,000- &>, (—

765,000 V .

W
M,

25,000V |

Industrial user

— '_|
[TTTTTT Home user
[TT T TTT
[TT T TTT
oo [TTTTTT ?
oo [T T T T TT1TP
34,000V 120V 12,500V
600 V T 83
ENEIES
Transportation Streetlights Distribution
transformer

Figure 2-27. Electric power used in residences is generated in power stations and transmitted over long distances
through high-voltage lines. Before it is brought into a house, voltage is reduced to 240 or 120 volts.
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Transformer
rating

Secondary

Figure 2-28. A 240/120 V step-down transformer. This type of transformer is used to reduce voltage to levels that
can be used in houses. This transformer is rated at 37.5 kVA or 37.5 kW.

From the point of generation up to the
service transformer, the power is all three-phase
power. Your service transformer is connected to
one of the three phases, while your neighbors’
transformers are connected to other phases. The
houses are split up among the different phases in
order to keep the load on each phase balanced.

The power enters your house through the
service entrance, which is where the electric
meter is located. The electric meter records the
amount of power you use each month. The elec-
tric company reads the meter every month, and
charges you for the amount of energy used.

After passing through the electric meter,
the power passes through the main discon-
nect switch or panel. This is where the power is
divided up into branch circuits for the different
parts of your house. The panel contains circuit
breakers, which will shut off the power if a

circuit becomes overloaded. Individual conduc-
tors are connected to each circuit breaker and
are further connected to the light switches,
devices, equipment, and receptacles in your
house. The electricity thus reaches your lights,
stereo, computer, toaster, and other devices that
convert it into forms of useful energy.

Review Questions

Answer the following questions using the informa-
tion provided in this chapter.
1. Electricity is a form of

2. Substances that allow electricity to pass

throughthemeasilyarecalled ,
whereas those that block the electron flow
are called
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. The two types of electric current we use

are called current and

current.
. A) is a pathway for electric current.
.In a(n) circuit, current must go

through every device in the circuit or it will
not work.

. The loads in the circuit shown are connected

in (series, parallel).

Source

—

11.

12.

13.

14.

. What did Faraday and Henry discover?
. Inwhat important way do ac and dc genera-

tors differ?

. Explain the left-hand rule.
10.

A transformer uses principles
to increase or decrease voltage between an
electrical power source and its load.

Ohm'’s law relates resistance, ,
and in an electrical circuit.

The relates power, voltage,
and current in an electrical circuit.

A series circuit has a current of 2 amperes.
What is the source voltage, if the total resis-
tance is 6 ohms?

Which of the following graphs would best
express the correct relationship of resistance
to other conductor characteristics:
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15.

16.
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Resistance

Conductor diameter
(A)

Resistance

Conductor diameter

(B)

What is the total amperage of a parallel
circuit having a total resistance of 12 ohms
and a source voltage of 24 volts?

True or False? Ohm’s law applies to series,
parallel, and complex circuits.

. True or False? Power is the rate of doing work.
. Electrical energy is measured in units called

joules

watts
horsepower
kilowatt-hours
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Know the Code

A copy of the NEC 2014 is required to answer these
questions.
1. The first issue of the National Electrical Code
was published in what year?
2. The National Electrical Code is published by
what organization?

3. What is the primary purpose of the National
Electrical Code?
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