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Introduction —

How to Use This Book

If you have been installing electrical systemsfor
some time as an apprentice, helper, or unlicensed
electrician, this book is for you. The information
between the covers of this book will cover every
subject that is likely to appear on most electri-
cian’s exams — either state or local.

If you are just starting your career as an appren-
tice electrician, this book is also for you. It begins
at the beginning. You will have no trouble under-
standing what is explained here. Read each page
carefully and you will soon earn the recognition
that licensed professionals are entitled to in our
present society. The financial rewards are another
factor which will make your efforts worthwhile.

In most communities, any electrician working
without supervision must be licensed. For larger
electrical construction projects, many states now
require the certification of journeyman electricians
aswell as specialty electricians, such as splicers of
high-voltage cable. Thistrend is certain to contin-
ue as legislatures recognize the need to protect the
public from incompetents. The state of Virginia,
for example, is now requiring all persons doing
electrical work to be licensed.

Most licensing authorities prepare demanding
exams that are a good test of the examinee's
knowledge. These exams help to guarantee that
electrical systems installed in building construc-
tion will meet minimum standards for protecting
the lives and health of building occupants (and the
buildings themselves) for many years to come.
This aso helps to keep insurance rates to a mini-
mum.

Begin your study for any electrician’s exam
with two points in mind:
« Take the exam seriously

« Every minute spent studying this book
increases your chances of passing the exam

You can pass any electrician’s exam, but only if
you study carefully each of the questions in this
book. What you learn from studying is the foun-
dation on which your professional career will be
built.

Understand aso that the licensing authority
isn’t the enemy. They aren’t trying to keep you out
of the electrical business. They only want to set
some basic standards and be assured that your
installations will be done in a workmanlike man-
ner and in accordance with the latest edition of the
National Electrical Code® (NEC®). The public
should be assured that all licensed electricians are
knowledgeable professionals. That’'s good for
society in general, and it’s good for all profession-
al electricians and electrical contractors who live
and work in your area.

Unfortunately, there are too many applicants
who are not well prepared when they sit down to
take the electrician’s exam. Taking an electrician’s
exam without doing a good job of preparation isa
complete waste of time — both yours and that of
the licensing authority. The results are predictable.
Don’'t make that mistake.

The most common reason for failure is that the
applicant didn’'t study properly because he didn’'t
know how, or studied the wrong material. This
book should put an end to that excuse. You havein
your hands the most complete, easiest-to-use,
most practical reference available for preparing to
take the tests that are actually given today. Read
this book carefully, examine every question,
understand all the answers. Do this, and there’s no
way you will be unprepared on examination day.
You are almost certain to score high.

All the common questions and answers are here,
but just knowing the answer is not always enough.
Sometimes it is just as important to understand
why a particular answer is correct. That's why
many answers include a quotation or reference
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The National Electrical Code (NEC) has become the
Bible of the electrical industry

section from the National Electrical Code.
Sometimes you will find notes or clarifications
under the answer when there is an important point
you might miss.

The National Electrical Code is used in practi-
cally every area of the United States for inspecting
electrical systems in building construction. Most
of the questions appearing on electrician’s exams
will come directly from Articles and Sections of
the latest NEC. Therefore a brief review of the
individual NEC sections that apply to electrical
systems is in order. Sample questions concerning
all sections of the NEC may be found in the chap-
tersto follow.

This book, however, is not a substitute for the
NEC. You need a copy of the most recent edition
and it should be kept handy at al times. The more
you know about the code, the more you are likely
to refer toit.

NEC Terminology

There are two basic types of rules in the NEC:
mandatory rules and advisory rules. Hereis how to
recognize the two types of rules and how they
relate to all types of electrical systems.

Mandatory rules: All mandatory rules have the
terms shall or shall not in them. The terms mean
must. If aruleis mandatory, you must comply withiit.

Permissive rules. All advisory rules have the
terms shall be permitted or shall not be required in
them. Thetermsin this case mean recommended but
not necessarily required. If arule is advisory, com-
pliance is discretionary. If you want to comply with
it, do so. But you don't have to if you don't want to.

Be alert to local amendments to the NEC. Local
ordinances may amend the language of the NEC,
changing it from should to shall. This means that
you must do in that county or city what may only
be recommended in some other area. The office
that issues building permits will either sell you a
copy of the code that’'s enforced in that county or
tell you where the code is sold.

Learning the Layout of the NEC

Begin your study of the NEC with Articles 100
and 110. These two articles have the basic infor-
mation that will make the rest of the NEC easier to
understand. Article 100 defines terms you will
need to understand when you apply the code.
Article 110 gives the general requirements for
electrical installations. Read these two articles
over several times until you are thoroughly famil-
iar with al the information they contain. It's time
well spent.

Onceyou're familiar with Articles 100 and 110,
you can move on to the rest of the code. There are
several key sectionsyou will use often in servicing
electrical systems. Let’'s discuss each of these
important sections.

Wiring and Protection

Chapter 2 of the NEC discusses wiring design
and protection, the information electrical techni-
cians need most often. It covers the use and iden-
tification of grounded conductors, branch circuits,
feeders, calculations, services, overcurrent protec-
tion, grounding, bonding and surge protection. This



is essentia information for any type of electrical
system, regardless of the type.

Chapter 2 isalso a“how-to” chapter. It explains
how to provide proper spacing for conductor
supports and how to size the proper grounding
conductor or electrode. If you run into a problem
related to the design or installation of a conven-
tional electrical system, you can probably find a
solution for it in this chapter.

Wiring Methods and Materials

Chapter 3 has the rules on wiring methods and
materials. The materials and procedures to use on
a particular system depend on the type of building
construction, the type of occupancy, the location
of the wiring in the building, the type of atmos-
pherein the building or in the area surrounding the
building, mechanical factors and the relative costs
of different wiring methods.

The provisons of this chapter apply to al
wiring installations except remote control switch-
ing (Article 725), low-energy power circuits
(Article 725), signa systems (Article 725), com-
munication systems and conductors (Article 800)
when these items form an integral part of equip-
ment such as motors and motor controllers.

There are three basic wiring methods used in
most modern electrical systems. Nearly all wiring
methods are a variation of one of these three basic
methods:

» Sheathed cables of two or more conductors,
such as NM cable and AC armored cable
(Articles 320 through 340)

» Raceway wiring systems, such asrigid and
EMT conduit (Articles 342 through 366)

» Busways (Article 368)

Article 310 in Chapter 3 gives a complete
description of all types of electrical conductors.
Electrical conductors come in a wide range of
sizes and forms. Be sure to check the working
drawings and specifications to see what sizes and
types of conductors are required for a specific job.
If conductor type and size are not specified,
choose the most appropriate type and size meeting
standard NEC requirements.
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Articles 312 through 392 give rules for race-
ways, boxes, cabinets and raceway fittings. Outlet
boxes vary in size and shape, depending on their
use, the size of the raceway, the number of con-
ductors entering the box, the type of building con-
struction, and the atmospheric condition of the
areas. Chapter 3 should answer most questions on
the selection and use of these items.

The NEC does not describe in detail all types
and sizes of outlet boxes. But manufacturers of
outlet boxes have excellent catalogs showing all of
their products. Collect these catalogs. They're
essential to your work.

Equipment for General Use

Chapter 4 of the NEC begins with the use and
installation of flexible cords and cables, including
the trade name, type, letter, wire size, number of
conductors, conductor insulation, outer covering
and use of each. The chapter also includes fixture
wires, again giving the trade name, type, letter and
other important details.

Article 404 covers the switches you will use to
control electrical circuits.

Article 406 covers receptacles and convenience
outlets used to connect portable equipment to elec-
tric circuits. Get the manufacturers' catalogs on
these items. They will provide you with detailed
descriptions of each of the wiring devices.

Article 408 covers switchboards and panelboards,
including their location, installation methods,
clearances, grounding and overcurrent protection.

Article 410 on lighting fixtures is especialy
important. It gives installation procedures for fix-
tures in specific locations. For example, it covers
fixtures near combustible material and fixtures in
closets. The NEC does not describe the number of
fixtures needed in a given areato provide a certain
amount of illumination.

Article 430 covers electric motors, including
mounting the motor and making electrical connec-
tionsto it.

Articles 440 through 460 cover air conditioning
and heating equi pment, transformers and capacitors.

Article 480 gives most requirements related to
battery-operated electrical systems. Storage batter-
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ies are seldom thought of as part of a conventional
electrical system, but they often provide standby
emergency lighting service. They may also supply
power to security systems that are separate from
the main AC electrical system.

Special Occupancies

Chapter 5 of the NEC covers special occupancy
areas. These are areas where the sparks generated by
electrical equipment may cause an explosion or fire.
The hazard may be due to the atmosphere of the area
or just the presence of avolatile materia in the area.
Commercia garages, aircraft hangers and service
stations are typical specia occupancy locations.

Articles 500 through 503 cover the different
types of special occupancy atmospheres where an
explosion is possible. The atmospheric groups
were established to make it easy to test and
approve equipment for various types of uses.

Section 501 covers the installation of explosion-
proof wiring. An explosion-proof system is
designed to prevent the ignition of a surrounding
explosive atmosphere when arcing occurs within
the electrical system.

There are three classes of special occupancy
locations:

» Class| (Article 501): Areas containing
flammable gases or vapors in the air. Class
| areas include paint spray booths, dyeing
plants where hazardous liquids are used,
and gas generator rooms.

» Classll (Article 502): Areas where
combustible dust is present, such as grain-
handling and storage plants, dust and stock
collector areas and sugar-pulverizing plants.
These are areas where, under normal
operating conditions, there may be enough
combustible dust in the air to produce
explosive or ignitable mixtures.

» Classlll (Article 503): Areas that are
hazardous because of the presence of easily
ignitable fibers or flyingsin the air,
although not in large enough quantity to
product ignitable mixtures. Class 11
locations include cotton mills, rayon mills
and clothing manufacturing plants.

Articles 511 and 514 regulate garages and similar
locations where volatile or flammable liquids are
used. While these areas are not dways considered
critically hazardous locations, there may be enough
danger to require special precautionsin the electrica
ingadlation. In these areas, the NEC requires that
volatile gases be confined to an areanot more than 18
inches above the floor. So in most cases, convention-
a raceway systems are permitted above this level. If
the area is judged critically hazardous, explosion-
proof wiring (including sedl-offs) may be required.

Article 520 regulates theaters and similar occu-
pancies where fire and panic can cause hazards to
life and property. Drive-in theaters do not present
the same hazards as enclosed auditoriums. But the
projection rooms and adjacent areas must be prop-
erly ventilated and wired for the protection of
operating personnel and others using the area.

Chapter 5 also covers residential storage
garages, aircraft hangars, agricultural buildings,
service stations, bulk storage plants, health care
facilities, marinas and boatyards, mobile homes
and parks, and recreation vehicles and parks.

Special Equipment

Article 600 covers electric signs and outline
lighting. Article 610 applies to cranes and hoists.
Article 620 covers the mgority of the electrical
work involved in the installation and operation of
elevators, dumbwaiters, escalators and moving
walks. The manufacturer isresponsible for most of
this work. The electrician usually just furnishes a
feeder terminating in a means of disconnect in the
bottom of the elevator shaft. The electrician may
also be responsible for a lighting circuit to ajunc-
tion box midway in the elevator shaft for connect-
ing the elevator cage lighting cable and exhaust
fans. Articlesin Chapter 6 of the NEC give most of
the requirements for these installations.

Article 625 coversdectric battery charging system
requirements for plug-in hybrid eectric vehicles
(PHEV). Article 626 regulates installation of parking
gpaces for dectrified trucks. Connecting to Truck
Stop Electrification (TSE) equipment will alow
truck operators to use on-board air conditioning,
hesting and appliances without running their engines.

Article 630 regulates electric welding equipment.
It is normally treated as a piece of industrial power



equipment requiring aspecial power outlet. But there
are specia conditions that apply to the circuits sup-
plying welding equipment. These are outlined in
detail in Chapter 6 of the NEC.

Article 640 covers wiring for sound-recording and
similar equipment. This type of equipment normally
requires low-voltage wiring. Specia outlet boxes or
cabinets are usudly provided with the equipment.
But some items may be mounted in or on standard
outlet boxes. Some sound-recording electrica sys
tems require direct current, supplies from rectifying
equipment, batteries or motor generators. Low-volt-
age dternating current comes from relatively small
transformers connected on the primary sideto a120-
volt circuit within the building.

Other items covered in Chapter 6 of the NEC
include: information technology equipment (Article
645), sengitive eectronic equipment (Article 647),
pipe organs (Article 650), X-ray equipment (Article
660), induction and didlectric heat-generating equip-
ment (Article 665), eectrolytic cells (Article 668),
electroplating (Article 669), industriad machines
(Article 670), and irrigation machines (Article 675).
Articles 680 and 682 regulate installations of swim-
ming pools, fountains, spas, and naturd or artificia-
ly-made bodies of water. Articles 685 through 692
cover items like integrated electric systems, solar
photovoltaic (PV) systems, and fud cells. The 2011
NEC added Article 694 to cover the increasingly
popular small wind electric systems. This new arti-
cle governs the wiring regquirements as well as con-
nection to other sources. It’s advisable to pay partic-
ular attention to new code articles, asmost stateslike
to include numerous questions on new code
changes. Chapter 6 ends with Article 695, covering
Fire Pumps.

If you ever have work that involves Chapter 6,
study the chapter before work begins. That can save a
lot of ingtallation time. Here is another way to cut
down on labor hours and prevent installation errors.
Get a st of rough-in drawings of the equipment
being ingtdled. It is easy to ingtall the wrong outlet
box or to ingall the right box in the wrong place.
Having a set of rough-in drawings can prevent those
smple but costly errors.

Special Conditions

In most commercia buildings, the NEC and
local ordinances require ameans of lighting public
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rooms, halls, stairways and entrances. There must
be enough light to allow the occupantsto exit from
the building if the general building lighting is
interrupted. Exit doors must be clearly indicated
by illuminated exit signs.

Chapter 7 of the NEC covers the installation of
emergency lighting systems. These circuits should
be arranged so that they can automatically transfer
to an aternate source of current, usually storage
batteries or gasoline-drive generators. As an alter-
native, you can connect them to the supply side of
the main service so disconnecting the main service
switch would not disconnect the emergency cir-
cuits. See Article 700.

Chapter 8 covers communication systems and is
not subject to the requirements of Chapters 1
through 7, except where specifically referenced. In
addition to communications circuits, Chapter 8 cov-
ers. radio and televison equipment, antennas and
distribution systems, network-powered broadband
systems, and the newly-added Article 840 (premis-
es-powered broadband communication systems).

How to Prepare for the Exam

This book is a guide to preparing for the jour-
neyman or master electrician’sexam. It isn't asub-
stitute for studying the recommended references
and it won't teach you the electrical trade. But it
will give you a complete knowledge of the type of
questions asked in the electrician’s exam. It will
also giveyou a“feel” for the examination and pro-
vide some of the confidence you need to pass.

Emphasis is on multiple-choice questions
because that's the style that nearly all tests utilize.
Questions are grouped into chapters. Each chapter
covers a single subject. Thiswill help you discov-
er your strengths and weaknesses. Then when you
take the two “final” sample exams in the back of
this book, analyze the questions you miss. You'll
probably notice you are weaker in some subjects
than others. When these areas have been discov-
ered, you will know that further study is necessary
in these areas.

In answering questions on the NEC, remember
this point: All exam questions are based on mini-
mum NEC requirements. If the minimum wire size
permitted under the NEC to carry 20 amperes is
No. 12 AWG and you answer No. 10 AWG (mini-
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mum size for 30 amperes) just to play it safe, your
answer isincorrect.

The preparatory questions in the front part of this
book have the answer after each question. When
reading a question, cover the answer. Read the ques-
tion carefully. Mark your answer on a separate sheet
of paper before looking at the correct answer. Check
to see if your answer is correct. If it isn't, read the
code responses to find out why it is wrong.

How to Study

Set agde a definite time to study, following a
schedule that meets your needs. Studying a couple of
hours two or three nights each week is better than
studying dl day on, say, Saturdays. The average
mind can only concentrate for approximately four
hours without taking a bresk. There's no point in
studying if you don't retain much of the information.
Study alone most of the time, but spend afew hours
reviewing with another eectrician buddy before
exam day. You can help each other dig out the facts
and concepts you will need to pass the exam.

Try to study in aquiet, well-lighted room that is
respected as your study space by family members
and friends. If it's hard to find a spot like that in
your home, go to the local library where others are
reading and studying.

Before you begin to study, spend a few minutes
getting into the right frame of mind. That’s impor-
tant. You don’'t have to be ageniusto passthe elec-
trician’s exam. But good motivation will nearly
guarantee your success. No one can provide that
motivation but you. Getting your license is a godl
you set for yourself; it's your key to the future —
a satisfying career in the electrical industry.

As you study the NEC and other references,
highlight important points with a marker. This
makes it easier to find important passages when
you're doing the final review — and when you're
taking the exam.

Put paper tabs on the corners of each major sec-
tion in al the references you will take into the
exam room. On the portion of the tab that extends
beyond the edge of the book, write the name of the
section or the subject. That makes locating each
section easier and quicker — an important consid-
eration on an open book test. Speed in locating
answers is important. In the sample exams at the
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end of this book, which are based on actual state
and county examinations, you will have from two to
four minutes to answer each question, so you don’t
have time to daydream or mess around. If you
want to pass the exam, you must take it seriously.

Your study plan should alow enough time to
review each reference at least three times. Read care-
fully the first time. The next review should take only
about 10% of the time that the first reading took.
Makeafinal review of al references and notes on the
day before the exam. This is the key to success in
passing the exam: Review, review, review! The more
you review, the better your grasp of the information
and the faster you will be able to find the answers.

The Examination

Questions on state and local examinations are
usually compiled by members of the electrician’s
examination board. Board members usually include
several electrical contractors, a registered electri-
cal engineer, electrical inspectors, and perhaps a
trade school instructor. Most electrician’s exams
will include questions on the NEC, general knowl-
edge of electrical practice, theoretical guestions,
and local ordinance rules. All of these fields are
covered in this preparation guide. Questions about
the NEC, including rules and design calculations,
comprise from 70% to 80% of the examination.

State examinations are usualy given twice a year,
or perhaps every three months. County and loca
exams may be taken dmost any time with prior
noticeto thelocal inspectors. Most have several basic
examsthat are used in rotation. But the same exami-
nation will never be administered twice in arow.

The people compiling the exams maintain a
bank of several hundred questions covering each
test subject. Questions are selected at random, and
chances are that some of the questions on any
exam have already been used on an earlier exami-
nation. Many of the questions appearing on actual
electrician’s exams will closely resemble ques-
tions appearing in this book.

The format of the actual examination, the time
allowed, and the reference materia which the
applicant may be allowed to take into the exami-
nation room vary with each locality. Typically, an
applicant is allowed six to eight hours to complete
the examination. Applicants are usually required
to report to the examination room at 8 am. where



the proctors take about 15 minutes to explain the
rules of taking the exam. The applicants then work
on the “morning” exam until noon. After an hour
break for lunch, the “afternoon” exam begins at 1
p.m. and applicants are given until about 4 p.m. to
complete this portion.

The Answer Sheet

Most answer sheets used today are designed for
computer grading. Each question on the exam is
numbered. Usually there will be four or five possi-
ble responses for each question. You will be
required to mark the best answer on the answer
sheet. The following is a sample of a multiple-
choice question:

1) Richmond is the capitol city of what state?
(A) Florida (C) Virginia
(B) Pennsylvania (D) Cdifornia

You should mark answer C for question 1 on the
answer sheet.

Answer sheets will vary dightly for each exam-
ining agency so be sureto follow any instructions on
that sheet. Putting the right answers on the wrong
section will ailmost certainly cause you to fail.

The Night Before

Give your mind arest! If you have not prepared
correctly for the exam by thistime, then you can’t
cram it al into your brain in one night. So take it
easy. If the place of the examination is more than
an hour’s drive from your home, you might want
to stay at amotel in the city where the examination
isbeing held. Getting up at, say, 4 am. and driving
acouple of hoursin heavy traffic will not help you
to pass the exam. On the other hand, a drive to the
location the afternoon before the exam, a good
dinner and a relaxing evening watching TV will
increase your possibilities of passing. Just don’'t
stay up too late.

Be sure to have all of your reference material
with you and get a good night’s sleep before the
day of the exam. If you have prepared yourself
correctly, you should pass with flying colors.
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Examination Day

On the day of your examination, listen carefully to
any ora instructions given and read the printed
directions. Failing to follow instructions will prob-
ably disqualify you.

You will seldom find any trick questions, but
many will require careful reading. Certain words
(like shall, should, always and never) can make a
big difference in your answer.

Sometimes several of the answers may seem pos-
sible, but only one will be correct. If you are not
sure of the answer, use the process of elimination.

There are several ways to take an exam, but the
following is the method | used to pass the Virginia
State Electrical Contractor's Exam a few years
ago. This method is merely a suggestion: if anoth-
er way suits you best, by all means use it.

When the exam booklets were passed out and
the applicants were given permission to open
them, | spent the first few minutes going over the
exam booklet, noting the number of questions.
This alowed me to pace myself. | noted there
were 100 questions on the morning exam —
which gave me less than three minutes to spend
on each one.

| then started with question No. 1. When | found
one that | wasn't sure of, | merely skipped over
this until 1 came to one that | definitely knew the
answer. Thisway | had gone through the entire test
booklet once and had answered about 50% of the
guestionsin alittle over one hour. | was quite sure
that | had answered all of these questions correct-
ly. However, 70% is usually the minimum passing
grade and at thispoint, | had only 50% of the ques-
tions answered. But | still had about three hoursto
spend on the tougher questions.

| then started back at the beginning of the exam
and went down the list of questions until | found
one that was unanswered. This process continued
until | had answered all questions to the best of my
ability. 1 spent the remaining time reviewing my
previous answers, making changes as necessary.

After lunch, the “afternoon” portion of the exam
was handed out, and | used the same procedure as
before. | found out a few days later that | had
scored 94% on this examination.

11
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What’s New In This Edition?

All questions and answersin this book have been updated to comply with the
new 2011 NEC. Additional questions and answers, along with new illustrations,
have been provided to encompass new NEC installation requirements.
Wherever a change has occurred from the 2008 NEC, you will see an icon
denoting that a change has been made. This icon appears below.

NEC
CHANGE




Chapter 1

Electrical Systems —
General Requirements

Owing to the potential fire and explosion haz-
ards caused by the improper handling and installa-
tion of electrical wiring, certain rules in the selec-
tion of materials, quality of workmanship, and pre-
cautions for safety must be followed. To standard-
ize and simplify these rules and provide a reliable
guide for electrical construction, the National
Electrical Code® (NEC®) was developed. The
NEC, originaly prepared in 1897, is frequently
revised to meet changing conditions, improved
equipment and materials, and new fire hazards. It
is the result of the best efforts of electrical engi-
neers, manufacturers of electrical equipment,
insurance underwriters, fire fighters, and other
concerned experts throughout the country.

The NEC is now published by the National Fire
Protection Association (NFPA), Batterymarch
Park, Quincy, Massachusetts 02269. It contains
specific rules and regulations intended to help in
the practical safeguarding of persons and property
from hazards arising from the use of electricity.

Although the NEC itself states, This Codeis not
intended as a design specification nor an instruc-
tion manual for untrained persons, it does provide

asound basis for the study of electrical design and
installation procedures — under the proper guid-
ance. The probable reason for the NEC's self-
analysisisthat the code a so states, This Code con-
tains provisions considered necessary for safety.
Compliance therewith and proper maintenance
will result in an installation essentially free from
hazard, but not necessarily efficient, convenient, or
adeguate for good service or future expansion of
electrical use.

The NEC, however, has become the bible of the
electrical construction industry, and is usually the
basis for most electrician’s and electrical contrac-
tor's exams. Consequently, anyone involved in
electrical work, in any capacity, should obtain an
up-to-date copy, keep it handy at al times, and
refer to it frequently.

To use the NEC properly, the definitions listed
in Chapter 1, Article 100 of the NEC should be
fully understood. General requirements for el ectri-
cal installations are given in Article 110. Then, the
remaining Chapters, Articles, and Sections should
be studied.
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1-1 “Concealed” as applied to electrical wiring means:

A) Rendered inaccessible by the structure or C) Capable of being removed without damage
finish of the building

B) Capable of being reached quickly D) Admitting close approach

Answer: A

For example, cables or raceways installed within, say, a drywalled partition are not accessible without
damaging the finished wall and are considered to be concealed. Wires in concealed raceways are
considered concealed, even though they may become accessible by withdrawing them. NEC Article 100
— Definitions.

1-2 A feeder is:

A) A circuit conductor between the final C) Al circuit conductors between the service
overcurrent device protecting the circuit equipment, the source of a separately

and the outlet derived system, or other power supply source

and the final branch-circuit overcurrent device.
B) A branch circuit that supplies severa outlets D) A device for generating electricity

Answer: C
NEC Article 100 — Definitions. See Figure 1-1.

From generators High-voltage lines
A A . Transformer
—
— / 1201240V lines A { N
paay

Poles Service drop

Electric meter —__¢ Feeders

FCOQ/ )

Branch circuits:
Panelboards — } lights, receptacles, etc.

|

Figure 1-1: Basic electric systems showing service-entrance, feeders to subpanels, and branch circuits
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1-3 A bonding conductor or jumper is.

A) A branch circuit that supplies only one
utilization equipment

B) A reliable conductor to ensure the required
electrical conductivity between metal parts
required to be electrically connected

Answer: B

NEC Article 100 — Definitions. See Figure 1-2.

C) An adhesive used to insulate conductors

D) Capable of being operated without exposing
operator to contact with live parts

NEC
CHANGE

1-4 In locations where electric equipment would be exposed to physical damage, the following

must be provided:

A) Warning signs
B) Sufficient headroom

Answer: D
NEC Section 110.27(B). See Figure 1-3.

C) Working space
D) Enclosures or guards

Guard strips

Figure 1-2: Panelboard housing with bonding jumpers

Figure 1-3: Guard strips protecting Type AC cable
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1-5 To provide access to the working space
about electric equipment, the following
number of entrances of sufficient size must be
provided:

A) 3
B) 2
o 1
D) 4

Answer: C

For example, an electrical equipment roomin an
office building would require only one entrance
door to the room. This entrance shall be capable
of giving access to and egress from the working
space. NEC Section 110.26(C)(2).

Top Hanger hook

Door ~——] Catch

Nameplate -_| Switch handle

Handle lock slot

Figure 1-4: Externally-operated safety switch. The live
interior parts are fully isolated, but the external handle
enables the switch to be operated from the outside.

1-6 Externally operable means:

A) Capable of being operated from the
outside of a building

B) An apparatus enclosed in a case

Answer: C
NEC Article 100 — Definitions. See Figure 1-4.

C) Capable of being operated without exposing
the operator to contact with live parts

D) Surrounded by a case

1-7 What must be provided for in all working spaces above service equipment?

A) A water faucet to flush operator’s eyes
B) A drinking fountain

Answer: C

C) IHlumination

D) A wash basin

NIEC
CHANGE

A light fixture must be installed for the working spaces about any switchboards, panelboards, etc. so
adequate illumination (light) will be available for operation or repairs. Such lighting shall not be
controlled by automatic means only. NEC Section 110.26 (D).
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1-8 Partsof electric equipment which in ordinary operation produce arcs, sparks, flames, or
molten metal shall be enclosed or separated and isolated from:

A) All other electrical equipment C) Electric lighting
B) All combustible material D) All working spaces
Answer: B

NEC Section 110.18. Special rules apply for motors (430.14) and hazardous locations (Articles 500
through 517).

1-9 Working space in rooms containing electrical equipment shall not be used for:

A) Storage C) Testing purposes
B) Maintenance and repair of equipment D) Inspection or servicing
Answer: A

The area around electrical equipment must be kept clear of foreign matter so that maintenance and
repairs may be readily made. NEC Section 110.26 (B).

1-10 In all caseswherethere arelive parts normally exposed on the front of switchboards or
motor control centers, the working space in front of such equipment shall not be less than:

A) 1foot C) 4 feet unless adequate protection is provided
B) 3feet D) 18inches
Answer: B

Three feet isjudged by the NEC to be adequate space (600 volts or under) so that workers may keep a
safe distance from live electrical parts. NEC Table 110.26(A)(1).

1-11 Ampacity is defined as:

A) The electromotive force required to cause C) The current, in amperes, that a conductor can

electrons to flow in conductors carry continuously under the conditions of use
without exceeding its temperature rating

B) The amount of power in acircuit D) The voltage rating of any appliance

Answer: C

NEC Article 100 — Definitions.
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1-12 “Approved” asused in the NEC means:

A) Acceptable to the authority having jurisdiction  C) Okay for use in hazardous locations

B) Acceptable only when specified in local D) Usable only for inside work
ordinances

Answer: A

In most cases, the local city, county, or state electrical inspector is the “ authority” having jurisdiction.
NEC Article 100 — Definitions.

1-13 A bare conductor isone with:

A) Several layers of thermoplastic insulation Insulated
B) Only one layer of insulation

C) A covering that is not recognized by the NEC
as electrical insulation

D) No covering or insulation whatsoever

Figure 1-5: Bare conductor compared to one with
insulation
Answer: D

A bare conductor, such as a service grounding wire, has no cover or insulation. NEC Article 100 —
Definitions, Conductor, Bare. See Figure 1-5.

1-14 Which of the following anchors may not be used to secure electrical equipment to masonry
walls?

A) Lead anchors approved for the weight C) Threaded studs “shot” into the masonry
of the equipment
B) Toggle bolts D) Wooden plugs driven into holes in the

masonry for holding wood screws

Answer: D
NEC Section 110.13(A). See Figure 1-6.
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Figure 1-6: Several types of anchors suitable for installing electrical equipment
1-15 A device designed to open and close a off -~ Triped
circuit by nonautomatic means and to open the N\
circuit automatically on a predeter mined G

overcurrent without damage to itself when
properly applied within itsrating is called a:

A) Nonfusible disconnect switch

B) Time-delay fuse

C) Circuit breaker

D) Motor running overcurrent protector

| U

Figure 1-7: Operating characteristics of a circuit breaker

Answer: C
NEC Article 100 — Definitions. See Figure 1-7.

1-16 A conductor encased within material of composition or thicknessthat isrecognized by the
NEC as electrical insulation is known as:

A) A bare conductor C) A concealed conductor
B) A covered conductor D) Aninsulated conductor
Answer: D

NEC Article 100 — Definitions, Conductor, |nsulated.
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1-17 A separate portion of a conduit or tubing system that provides access through a removable
cover (s) to theinterior of the system at a junction of two or more sections of the system or at a
terminal point of the system is defined as a:

A) Conduit body C) Conduit intersection
B) Conduit junction D) Conduit T-connector
Answer: A

NEC Article 100 — Definitions. See Figure 1-8.

<4
\§.___/;
EYS seal for use in Class |, Standard ECD breather LR Form 7 Series
Groups A, B, C, D, and conduit body

Class Il, Groups E, F, and G

Figure 1-8: Several types of conduit bodies

1-18 What deviceis now required to detect and protect against arcing in 15- and 20-amp branch
circuits supplying outlets installed in dwelling units?

A) AFCI C) GH

B) GFCI D) AFFI

Answer: A

Outlets installed in dwelling unit family rooms, dining rooms, living rooms. . . . or similar rooms

or areas shall be protected by a listed arc-fault circuit interrupter, combination-type. NEC Section
210-12(A). The definition of arc-fault circuit interrupter has been added to Article 100 — Definitions.
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1-19 Which circuits must not be connected to any system containing trolley wires with a ground
return?

A) Ground wires C) Circuitsfor lighting and power
B) Grounding conductors D) Ungrounded trolley wires
Answer: C

No other “live” or ungrounded conductors may be connected except those specifically designed for
trolley operation. NEC Section 110.19.

1-20 The minimum headroom of working spaces about service equipment, switchboards,
panelboards, or motor control centersshall be at least:

A) 6Y: feet C) 5.75 feet
B) 8 feet D) 10 feet pIIE e
Answer: A

The NEC judges 6% feet working space, or the height of the equipment, to be adequate above service
equipment to provide room for an electrician to service the equipment. This measurement is taken from
the floor to ceiling of, say, an electrical equipment room; not from the top of the panelboard. NEC
Section 110.26(A)(3).

1-21 Indoor electrical installations over 600 volts that are open to unqualified persons shall be
made with:

A) Open switchgear with readily accessible C) Provisionsto enclose the equipment within a

live parts barrier less than 8 feet high

B) Metal-enclosed equipment D) The approva of both the |.B.E.W. and the
I.E.S.

Answer: B

Equipment shall be metal-enclosed, or in an area to which access is controlled by a lock. NEC Section
110.31(B)(2).
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1-22 The entrance provided to give access to the working space about electric equipment rated
over 600 volts must not be less than:

A) 6feet X 6 feet C) 2feet X 6 feet
B) 24 feet X 6 feet D) 2feet X 6% feet
Answer: D

Additionally, door(s) shall open in the direction of egress and be equipped with panic bars, pressure
plates, or other devices that are normally latched but open under simple pressure. NEC Section
110.33(A).

1-23 Where switches, or other equipment operating at 600 volts, nominal, or less, areinstalled in
aroom or enclosure where there are exposed energized parts or wiring operating at over 600
volts, the high-voltage equipment shall be effectively separated from the space occupied by the
low-voltage equipment by a suitable:

A) Warning sign C) Voltage-reducing transformer
B) Partition, fence or screen D) Firewall
Answer: B

A partition to prevent contact between the two systems must be installed. NEC Section 110.34(B).

1-24 An enclosed channel designed expressly for holding wires, cables, or busbarsis called:

A) A hose C) A receptacle
B) A raceway D) A panelboard
Answer: B

A raceway may be conduit or piping, auxiliary wire troughs (gutters), busducts, wire trays, etc. NEC
Article 100 — Definitions.

1-25 A contact device installed at an outlet for the connection of an attachment plug is called:

A) A terminator C) An overcurrent protection device
B) A junction box D) A receptacle
Answer: D

NEC Article 100 — Definitions.
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1-26 A compartment or chamber to which one
or more air ducts are connected and which
forms part of the air distribution system isa:

A) Plenum

B) Duct

C) Fan-coil unit
D) Airvalve

Answer: A
NEC Article 100 — Definitions. See Figure 1-9. %

———
[—

Figure 1-9: An air-distribution system showing a plenum
and related air ducts

=

1-27 The NEC definition of “ Qualified Person” is one who:

A) Has been elected by the Inspection office C) Has served two years apprenticeship
training with a labor organization

B) Has skills and knowledge related to the con- D) Has acollege degree in electrical
struction and operation of electrical equipment engineering or electrical technology
and installations and has received safety training

to recognize and avoid the hazards involved.

Answer: B

A licensed electrician and a professional electrical engineer are two such “ qualified” persons. NEC
Article 100 — Definitions.

1-28 An unintentional, electrically conducting connection between an ungrounded conductor and
the nor mally non-current-carrying conductor s, metallic enclosures, metallic raceways, metallic
equipment, or earth, is called:

A) Arcfault C) Ground fault
B) Stray current D) High impedance
Answer: C

The definition of “ Ground Fault” has been relocated from NEC Section 250.2 to Article 100 —
Definitions.
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1-29 When an enclosure has been constructed
so that exposureto a beating rain will not
result in the entrance of water under specified
test conditions, the enclosure is known as:

A) Rainproof
B) Drip-proof
C) Raintight
D) Multioutlet assembly

Answer: C

This type of enclosure is designed to keep rain Figure 1-10: A typical raintight enclosure
water out of the device. NEC Article 100 —
Definitions. See Figure 1-10.

1-30 A point on the wiring system at which current istaken to supply utilization equipment is
known as:

A) An outlet C) A load center
B) A wall switch D) A motor-control center
Answer: A

NEC Article 100 — Definitions.

1-31 The agency that publishesthe NEC is abbreviated:

A) HVAC C) NFPA
B) EEEC D) NRA
Answer: C

The National Fire Protection Association.
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1-32 A raceway is an enclosed channel designed for holding:

A) Wires, cables or busbars C) Spark-plug wires
B) Automotive equipment D) Equipment for high-speed autos
Answer: A

A conduit, such asrigid steel conduit, unlike plumbing pipe, is designed to contain electrical
conductors. NEC Article 100 — Definitions.

1-33 A large single panel, or assembly of panels, on which are mounted switches, overcurrent
and other protective devices will fall under the definition of:

A) Genera-use switch C) Switchboard
B) Thermal protector D) Cutout
Answer: C

Switchboards are generally accessible from the rear as well as from the front and are not intended to
be installed in cabinets. NEC Article 100 — Definitions. See Figure 1-11.

120/240, 2P, 2-wire
30 A. safety switch

for emergency circuit To motor-control center “A”

Safety switch M1
see switch schedule

120/240, 2P, 2-wire
30 A. safety switch
for fire-alarm system
0] ‘ ‘ Panel L1
— —1|— See panelboard schedule
' =l =l
O ||
1" empty conduit
for power company \
connection to meter ——»|
[T N A2
cT N auxiliary gutter
cabinet Panel L1
3-3v5" empty conduits | |||||||| see panelboard schedule
run 4' beyond building I
footings

Figure 1-11: An assembly of safety switches, auxiliary gutters, and conduit nipples used for service equipment exactly as
they appear on electrical working drawings
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1-34 Any €electric circuit that controls any ,_Fje_'az__ﬂ

other circuit through arelay iscalled a: On”]f‘ L
L On = -‘F"J

A) Remote-control circuit 1 Red [Bl-ue ot Il

B) Power circuit )S Whie — | circut

C) Overload rd ay off Blac 24V transformer

D) Motor control circuit Hine

Figure 1-12: Typical remote-control circuit

Answer: A
NEC Article 100 — Definitions. See Figure 1-12.

1-35 Any dlectric circuit that energizes signaling equipment isknown as &

A) Low-voltage branch circuit C) Signaling circuit
B) Multiwire circuit D) Feeder circuit
Answer: C

For example, a circuit consisting of a low-voltage transformer, pushbuttons, door chime, and
conductorsis a signaling circuit; so is a security alarm system. NEC Article 100 — Definitions.

1-36 A device which, by insertion in a receptacle, establishes connection between the conductor
of the attached flexible cord and the conductor s connected per manently to the receptacle is called
one of the following:

A) Female plug C) Controller
B) Circuit breaker D) Attachment plug
Answer: D

Also called a plug cap or plug. NEC Article 100 — Definitions. See Figure 1-13.
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Figure 1-13: Several types of attachment-plug configurations
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1-37 A devicethat establishes a connection between two or more conductors by means of
mechanical pressure and without the use of solder is called:

A) An explosionproof connector with seal-offs C) A wirenut
B) A pressure connector D) A shrink connector
Answer: B

NEC Article 100 — Definitions, Connector, Pressure. See Figure 1-14.

=

Ring groove Multistud Spade Butt connector Slide

One barrel, short offset tongue One barrel, offset tongue One barrel, fixed tongue

Figure 1-14: Several types of pressure connectors used in electrical work

1-38 A continuous load is aload where the maximum current is expected to continue for a
certain length of time. Thistimeis:

A) One hour or more C) Three hours or more
B) Two hours or more D) Four hours or more
Answer: C

For example, electric baseboard heaters in the coldest weather will more than likely operate for longer
than three hours. Therefore, circuits feeding these units must be rated as “ continuous.” NEC Article
100 — Definitions.
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1-39 What isa branch circuit called that supplies a number of outlets for lighting and
appliances?

A) An appliance branch circuit C) A general purpose branch circuit
B) Anindividual branch circuit D) A multiwire branch circuit
Answer: C

A general purpose branch circuit supplies two or more receptacles or outlets for lighting and
appliances. (Circuits feeding any duplex receptacles other than small appliance and laundry equipment
are also general purpose branch circuits) NEC Article 100 — Definitions, Branch Circuit, General
Purpose.

1-40 A device used to govern, in some predetermined manner, the electric power delivered to an
electric apparatusis called a:

A) Controller C) Governor
B) Heater D) Motor starter
Answer: A

A wall switch controlling a lighting fixture is one. A motor starter or controller is another example. A
rheostat or electronic dimmer used to vary the light intensity is also a controller. NEC Article 100 —
Definitions.

1-41 Which of the following qualifying termsindicate that a circuit breaker can be set to trip at
various values of current, time, or both, within a predeter mined range?

A) Accessible C) Setting
B) Adjustable D) Concealed
Answer: B

The term * adjustable” (as applied to circuit breakers) means that the circuit breaker can be set to trip
at various values of current, time, or both, within a predetermined range. NEC Article 100 —
Definitions, Circuit Breaker, Adjustable.
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1-42 Theratio of the maximum demand of a system, or part of a system, to the total connected
load of the system or the part of the system under consideration isknown as:

A) Percentage C) Rated-load current
B) Duty cycle D) Demand factor
Answer: D

The NEC recognizes that every electrical outlet or piece of electric equipment will not all be operating
simultaneously. Therefore, the NEC allows a demand factor for certain installations. NEC Article 100
— Définitions.

1-43 Electric partsthat are not suitably guarded, isolated, or insulated and are capable of being
inadvertently touched or approached nearer than a safe distance by a person are known as:

A) Exposed C) Accessible
B) Externally operable D) Dead front
Answer: A

A switchboard with knife switches, for example, has exposed live electrical parts. NEC Article 100 —
Definitions.

1-44 A deviceintended for the protection of Solid state circuitry
personnel that functionsto de-energize a
circuit or portion thereof within an established 2 RN
period of time when a current to ground circuit [ s
exceeds the values established for a class A . e
device. L ‘
—e
L
A) Grounding electrode device l A
— oa

B) Ground-fault circuit-interrupter (GFCI) ’
C) Guarded protector Figure 1-15: Ground-fault circuit-interrupter circuit
D) Thermal cutout NEG

CRANGE
Answer: B

Class A GFClstrip when the current to ground has a value in the range of 4-6 mA. Ground-fault
circuit-interrupters are required on all residential receptacles installed outdoors, in bathrooms and
kitchens, and in garages, etc. NEC Article 100 — Definitions. See Figure 1-15.
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1-45 The NEC usestheterm “isolated” to mean:

A) Not readily accessible to persons unless special  C) Identifiable by means of color coding or

means for access are used nameplate
B) Grouped together D) Nearby
Answer: A

For example, a safety switch with a means of locking the access door to live interior parts would be
considered to be not readily accessible. NEC Article 100 — Definitions.

1-46 Accessories such aslocknuts, bushings, etc. are known as:

A) Connectors C) Fittings
B) Conduit bodies D) Ground clips
Answer: C

A fitting can be a locknut, bushing, or other part of a wiring system that is intended to perform a
mechanical rather than an electrical function. NEC Article 100 — Definitions.

1-47 An arrangement of incandescent lamps or electric discharge lighting to call attention to
certain features such as the shape of a building is called:

A) Festoon lighting used for outdoor parties C) High-intensity discharge lighting such as
and to highlight other outdoor functions normally used at intersections of highways
B) Ouitline lighting D) Decordtive lighting inside a building
Answer: B

Lighting fixtures of many types, but especially neon, are used to highlight signs, buildings, and the like.
Las Vegas gambling casinos are a good example of how outline lighting is used to highlight and outline
buildings or windows. NEC Article 100 — Definitions.
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1-48 Operation of equipment in excess of normal, full-load rating is known as:

A) Hot load C) Overload
B) Under current D) Periodic duty
Answer: C

For example, a conductor operating in excess of its rated ampacity that, if it persists for a sufficient
length of time, would cause damage or dangerous over heating. A fault, such as a short circuit or
ground fault, is not an overload. NEC Article 100 — Definitions.

1-49 The value of current, time, or both at which an adjustable circuit breaker isset totrip is
known as.

A) Inversetime C) Automatic
B) Ampacity D) Setting
Answer: D

The setting of a circuit breaker is the value of current, time, or both at which an adjustable circuit
breaker is set to trip. NEC Article 100 — Definitions, Circuit Breaker, Setting.

1-50 Which of the following must not be allowed to come in contact with interior parts of
electrical equipment?

A) Busbars C) Abrasives
B) Wiring terminals D) Insulators
Answer: C

NEC Section 110.12(B) states that internal parts of electrical equipment must not be damaged or
contaminated by foreign materials such as paint, plaster, cleaners, abrasives or corrosive residues.
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1-51 How tall must a wall, screen, or fence be that encloses an outdoor electrical installation over
600 voltsto deter access by unqualified persons?

A) 5 feet C) 7feet
B) 6 feet D) 8feet
Answer: C

NEC Section 110.31 requires a wall, screen, or fence to be not less than 7 feet in height when it is used
to enclose an outdoor electrical installation with voltages over 600 volts.

1-52 Entrancesto all roomsor other enclosures containing exposed live parts operating at over
600 volts, nominal, shall be:

A) Elevated 30 feet above ground C) Kept unlocked for immediate servicing
B) Painted yellow with black and blue stripes D) Kept locked
Answer: D

NEC Section 110.34(C) requires that entrances to all buildings, rooms, or enclosures containing
exposed live parts or exposed conductors operating at over 600 volts, nominal, be kept locked unless
such entrances are under the observation of a qualified person at all times.

1-53 A “bathroom” isan areathat includes a basin with one or more of the following:

A) Exhaust fan C) Closet
B) AFCI D) Urinal
Answer: D

The definition of “ bathroom” has been revised to include “ a urinal” and “ a bidet, or similar plumbing
fixtures” NEC Article 100 — Definitions.
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1-54 Which of the following best describes festoon lighting?

A) A string of outdoor lights that is suspended C) Low voltage lighting used on billboards
between two points

B) A 600 volt lighting system used in power plants D) Underwater lighting in pools and ponds

Answer: A
Defined in NEC Article 100 — Definitions.

1-55 What isthe term used to describe an enclosing case that will not allow dust to enter under
specified test conditions?

A) Dustproof C) Dusttight
B) Dust prevention D) Explosionproof
Answer: C

NEC Article 100 — Definitions.

1-56 What is an assembly of one or more enclosed sections having a common power supply (bus)
and principally containing motor control units called?

A) Main distribution panel C) Motor load center
B) Motor control center D) Selector-switch control center
Answer: B

NEC Article 100 — Definitions states that the described apparatus is referred to as a “ motor control
center” See Figure 1-16.
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Legend

@ Size 00 magnetic starter
Size 0 magnetic starter
@ Size 1 magnetic starter
@ Size 2 magnetic starter
@ Size 3 magnetic starter

Figure 1-16: Typical motor control center

1-57 What isthe name of an electrical load where the wave shape of the steady-state current
does not follow the wave shape of the applied voltage?

A) Linear C) Nonlinear load
B) Paralel load D) Seriesload
Answer: C

NEC Article 100 — Definitions.

1-58 How many access entrances are required to working space about electrical equipment rated
1200 amperes or more and over 6 feet wide?

A) One C) Three, one on each of three sides
B) Two, one at each end of the area D) Four, one on each of four sides
Answer: B

NEC Section 110.26(C) requires one entrance not less than 24 inches wide and 6Y% feet high at each
end of the work space to allow entrance to and egress from the work space. Additional requirements
apply to the installation and hardware requirements of such doors.
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1-59 When the electrical equipment exceeds 6% feet in height, what isthe required minimum
headroom?

A) One foot higher than the top of the highest C) 6 inches more than the height of the
piece of equipment equipment
B) Not less than the height of the equipment D) 4 feet more than the height of the equipment
NEC
CHANGE
Answer: B

NEC Section 110.26(A)(3) requires a minimum headroom working space of 6% feet; the minimum
headroom shall not be less than the height of the equipment if the equipment exceeds 6% feet in height.

1-60 Where must branch circuits and feeders be identified?

A) At the disconnecting means C) At both the point where they originate and
the
point where they terminate

B) At the point where they terminate D) Midway between the outlet and overcurrent
protective device

Answer: A

NEC Section 110.22 requires circuit identification at the disconnecting means. Thisis usually at the
main distribution panel for feeders and at subpanels for branch circuits. If overcurrent protective
devices are located properly, this is the location where the circuits should be identified. The marking
shall be able to withstand the environment involved.

1-61 What isthe minimum depth of clear working space at electrical equipment rated above 75
kV and classified as Condition 1?

A) 3feet C) 6feet
B) 5feet D) 8feet
Answer: D

NEC Table 110.34(A) requires 8 feet minimum depth of clear working space under the conditions
described in this question.
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Chapter 2

Electrical Calculations

Calculations are required for any type of electri-
ca work — from design to installations.
Conseguently, anyone involved in any phase of
electrical work — in any capacity — will fre-
guently be called upon to make certain mathemat-
ical calculations. Therefore, most electrician’'s
examinations will have some electrical problems
involving the knowledge of equations and mathe-
matical calculations. The examples to follow were
taken from actual county and state examinations.
They are typical of those that will be encountered
on all Master Electrician’'s Exams and also for
State Electrical Contractor’s Exams.

The basic math operations are multiplication,
division, addition, and subtraction. My high school
algebra teacher would frequently remind her stu-
dents of this by using the phase, “My Dear Aunt
Sally.” Furthermore, she would frequently remind
us that regardless of how complicated the equa-
tion, you could not do more than use these four
operations. Electricians should be able to use these
operations in solving whole number problems,
decima number problems, and problems dealing
with fractions. With these four basic math opera-
tions, along with squares, sguare roots, percents,
and solving of equations, the electrician will have
all the basic tools necessary for most electrical cal-
culations.

It is beyond the scope of this book to review
mathematical functions, other than the examples

given. Therefore, if you feel that your knowledge
of mathematics is lacking, it is highly recom-
mended that you find some means to improve your
knowledge before taking the examination. In gen-
eral, however, the electrician can solve most elec-
trical equations if he or she isolates the unknown
guantity on one side of an eguation by using the
undoing method to move numbers from the side
with the unknown quantity. For example, see
Figure 2-1.

R; = 20Q2, R, = 3092, total resistance = 102

To find R, place the valuesin the parallel resis-
tor equation.

11,11
R R R R

75 T

Figure 2-1: Typical electric circuit with three resistors
connected in parallel

37



Electrician’s Exam Preparation Guide

Substituting the known values in the equation,
you get:
1 1 1

1
+_
10 20 30 R

Then subtracting from i+i0 both sides of

the equation, you get:

1 1 1 1

10 20 30 R,

Find common denominators;

6 3 2 1
60 60 60 R
1 1
60 R

38

Since this equation is a proportion, multiply
diagonally as follows:

1 x Rz = (60)(2)
R3; = 60 ohms

Aslong asthe values of al variables are known,
and you have the equation that relates the vari-
ables, you should be able to use equation-solving
techniques such as the undoing process to solve
such equations.

Once you have gone over the questions in this
chapter, you should have a good idea of the types
of questions that will appear on the typical electri-
cian's examination. You should also be aware of
the areas where you are the weakest so that steps
may be taken to improve your knowledge.



Electrical Calculations

2-1 Thecircuit in Figure 2-2 shows theresistors R, and R3 connected in parallel, but resistor R,
isin serieswith both the battery and the parallel combination of R, and R3. What isthe total
resistance of R, and R3?

A) 40 ohms C) 20 ohms
B) 10 ohms D) 30 ohms
Answer: B
R, :§:§2100hms
n
Ry
5Q
—>

Figure 2-2: Electrical circuit with resistors connected in both series and parallel

2-2 If thetotal combined resistance of R, and Rz is 10 ohms, what isthe total resistance of the
entirecircuit in Figure 2-2?

A) 15 ohms C) 45 ohms
B) 20 ohms D) 5ohms
Answer: A

Ri =Ry + R, = 15 ohms
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2-3 Assuming the battery in Figure 2-2 is 30 volts, what isthe total current in the circuit?

A) 1 ampere C) 3 amperes
B) 2 amperes D) 4 amperes
Answer: B

30
Il =E/R=—=2 eres
t R 5 2am

2-4 According to Kirchhoff’s voltage law, which of the following Ohm’s law equations may be
used to find the voltage drop across a resistor ?

A) Voltagedrop = IR C) Voltagedrop = E/R
B) Voltage drop =I/R D) Voltage drop = W/I
Answer: A

E (voltage) =1 (current) X R (resistance)

2-5 A 120-volt circuit has an electric heater connected with a current rating of 7.5 amperes.
What isthe resistance in ohms of the connected pure resistance load?

A) 8 ohms C) 16 ohms
B) 10 ohms D) 20 ohms
Answer: C

R = E/l; R =120/7.5 = 16 ohms

2-6 An ohmmeter shows the resistance of a 240-volt electric heater to be 19.5 ohms. What
current flows through this heater?

A) 10.5 amperes C) 3.2 amperes
B) 6.75 amperes D) 12.3 amperes
Answer: D

| = E/R; | = 240/19.5 = 12.3 amperes
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2-7 An incandescent lamp has a resistance of 104 ohms when 2 amperes of current flow. What is
the voltage?

A) 240 volts C) 120 volts
B) 208 volts D) 12 volts
Answer: B

E =1IR; 2 x 104 = 208 volts

2-8 What current isdrawn by a 277-volt fluorescent lamp with 8 ohms reactance?

A) 20.52 amperes C) 34.62 amperes
B) 60.75 amperes D) 10.30 amperes
Answer: C

| = E/Xy; | = 277/8 = 34.62 amperes

2-9 If theimpedance Z of the circuit impedance trianglein Figure
2-3is5ohmsand angle A is 30°, what isthe value of the inductive
reactance (X.)?

A) 2.5o0hms C) 3.2ohms

B) 6.75 ohms D) 12.3 ohms Figure 2-3: Impedance triangle
Answer: A

snangle A= Sd%pos'te — §in30(,500000) = %; X, — 500000x 5= 2.5 ohme

2-10 What isthe minimum general lighting load permitted by the NEC in a 4500 squar e foot
war ehouse?

A) 1005 volt-amperes C) 1750 volt-amperes
B) 1125 volt-amperes D) 1243 volt-amperes
Answer: B

Total volt-amperes = total square feet x 0.25 volt-amperes per square foot = 4500 x 0.25 = 1125
volt-amperes. NEC Table 220.12.
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2-11 What isthe minimum general lighting load permitted in a 1500 square foot single-family
dwelling as specified in Table 220.12 of the NEC?

A) 4500 volt-amperes C) 7350 volt-amperes
B) 3500 volt-amperes D) 2130 volt-amperes
Answer A

1500 x 3 = 4500 volt-amperes. Note: this answer does not take into consideration the circuits required
for small-appliance and laundry loads; these must be calculated separately.

2-12 Thevoltage per turn for a transformer is 1.25 volts. What is the voltage of the transformer
if it has 192 turns?

A) 12 volts C) 120 volts
B) 240 volts D) 24 volts
Answer: B

192 x 1.25 = 240 volts

2-13 A 50 kVA, three-phase, delta-to-wye connected, 480/120-208 volt transformer is used to
supply a lighting load. What isthe rated phase current on the primary side?

A) 45.54 amperes C) 60.21 amperes
B) 50.41 amperes D) 124.7 amperes
Answer: C

50000 50000 50000
480x+J3 480x1.73 830.4

= 60.21 amperes

2-14 A 50 kVA, three-phase, delta-to-wye connected 480/120-208 volt transfor mer used to supply
a balanced lighting load will have what line-current rating on the secondary?

A) 60.21 amperes C) 152.73 amperes
B) 138.95 amperes D) 176.54 amperes
Answer: B

50000 50000 _ 50000
208x+/3 208x1.73 359.84

=138.95 amperes
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2-15 A 480/277 volt, Y-connected transformer isused to supply a balanced 277-volt, single-phase
lighting load of 40,000 watts. What size transformer (kVA) should be used?

A) 10kVA C) 40 kVA
B) 20 kVA D) 50 kVA
Answer: C

A watt is a watt, is a watt....

2-16 What isthe maximum allowable wattage that can be connected to a 240-volt, 20-ampere,
single-phase circuit feeding residential electric heaters?

A) 3840 watts C) 4320 watts
B) 4000 watts D) 1920 watts
Answer: A

240 x 20 x 0.80 = 3840 watts. A circuit feeding electric heaters is considered continuous and must be
reduced to 80% of its normal rating.

2-17 An dlectric oven israted at 2000 watts when connected to a 460-volt circuit. What isthe
resistance of the heating element?

A) 50.3 ohms C) 105.8 ohms
B) 75.2 ohms D) 120.7 ohms
Answer: C

o, 4607
R=E"IW =000 105.8 ohms

2-18 What isthe approximate wattage of a 240-volt motor with a resistance of 28 ohms?

A) 1780 watts C) 3640 watts
B) 2057 watts D) 1045 waetts
Answer: B

240°

. = 2057.14 watts
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2-19 The minimum allowable number of 120-volt, 15-ampere, 2-wire lighting branch circuits
required for aresidence 70 feet by 30 feet are:

A) 2 C) 3
B) 4 D) 5
Answer: B

The area of the residence is first found (70 x 30 = 2100 square feet). Lighting branch circuits for a
residence are based on 3 volt-amperes per square foot. Thus, 2100 x 3 = 6300 volt-amperes or watts.
To find amperes, divide the voltage (120) into the volt-amperes; this equals 52.50 amperes. Since we
are discussing 15-ampere circuits, 15 is divided into 52.50 = 3.5; the next higher “full’ circuit being 4.
Therefore, four 15-ampere branch circuits are required.

2-20 A voltage drop of 3 volts has been determined on a 120-volt circuit. What percent isthe
voltage drop?

A) 2% C) 3%
B) 2.5% D) 5%
Answer: B

3/120 = .025 or 2.5%

2-21 A voltage drop of 8.31 volts has been determined on a 277-volt lighting circuit. What
percent isthe voltage drop?

A) 2% C) 3%
B) 2.5% D) 4%
Answer: C

8.31/277 = .03 or 3%

2-22 A voltage drop of 7.2 voltsis found on a 240-volt circuit. What percent isthe voltage drop?

A) 1% C) 3%
B) 2% D) 4%
Answer: C

7.2/240 = .03 or 3%
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2-23 A voltage drop of 19.2 volts has been determined on a 480-volt circuit. What percent isthe
voltage drop?

A) 2% C) 4%
B) 2.5% D) 5%
Answer: C

19.2/480 = .04 or 4%

2-24 1f a 120-volt circuit feeds six 80-watt fluorescent lamps, what current isdrawn if the power
factor is0.91?

A) 4.4 amperes C) 2.57 amperes
B) 3.2 amperes D) 4.7 amperes
Answer: A
6x80= A80 watts =4.395 or 4.4 amperes
120x 0.91

2-25 Calculate the minimum volt-amper e capacity of a 155,000 squar e foot schooal.

A) 225 kVA C) 375kVA
B) 155 kVA D) 465 kVA
Answer: D

NEC Table 220.12 gives the minimum volt-amperes for a school as 3 per square foot. 155,000 x 3 =
465,000 or 465 kVA.

2-26 A store building 50 feet x 60 feet uses fluorescent lighting fixturesto illuminate the interior.
If each fixtureisto illuminate 60 square feet, how many light fixtures will have to be installed?

A) 30 C) 50
B) 40 D) 60
Answer: C

50 x 60 = 3000 square feet/60 = 50 lighting fixtures
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2-27 An electric heating element has an energized resistance of 30 ohms and is connected to a
120-volt circuit. How much current will flow in the circuit?

A) 2 amperes C) 6 amperes
B) 4 amperes D) 8 amperes
Answer: B

| = E/R; 120/30 = 4 amperes

2-28 How many watts of heat are being produced by the heating element in Question 2-27?

A) 550 watts C) 225 watts
B) 480 watts D) 400 watts
Answer: B

W=E X I; 120 x 4 = 480 watts

2-29 A 240-volt circuit hasa current flow of 20 amperes. How much resistance (ohms) is
connected to the circuit?

A) 3 ohms C) 9 ohms
B) 6 ohms D) 12 ohms
Answer: D

R = E/I; 240/20 = 12 ohms

2-30 An electric motor has an apparent resistance of 17 ohms. If a current of 7 ampsis flowing
through the motor, what is the connected voltage?

A) 118 volts C) 120 volts
B) 119 volts D) 121 volts
Answer: B

E=1 XxR;7 x17 =119 volts
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2-31 A 240-volt air-conditioning compressor has an apparent resistance of 8 ohms. How much
current will flow in the circuit?

A) 10 amperes C) 30 amperes
B) 20 amperes D) 40 amperes
Answer: C

| = E/R; 240/8 = 30 amperes

2-32 How many watts of power are being used by the compressor in Question 2-31?

A) 5000 watts C) 7000 watts
B) 6500 watts D) 7200 watts
Answer: D

W =E X I; 240 x 30 = 7200 watts

2-33 A 3600-watt motor is connected to a 240-volt single-phase, 2-wire circuit. What isthe
current flow in the circuit?

A) 13 amperes C) 18 amperes
B) 15 amperes D) 21 amperes
Answer: B

| = P/E; 3600/240 = 15 amperes

2-34 A 3600-watt motor is connected to a 240-volt single-phase, 2-wire circuit. What isthe
minimum size THW conductor allowed to carry the load?

A) No. 16 AWG C) No. 12 AWG
B) No. 14 AWG D) No. 10 AWG
Answer: C

To calculate amperage, divide the wattage of the motor by the voltage: 3600 divided by 240 = 15
amperes. NEC Section 424.3(B) requires motors to be considered continuous loads, and Section
210-20(A) requires overcurrent devices on continuous loads be no less than the noncontinuous load
plus 125 percent of the continuous load. Thus, 15 x 1.25 = 18.75 amperes. Referring to NEC Table
310.15(B)(15), you’ll see that this circuit will require No. 12 AWG THW wire, protected at 20 amperes.
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2-35 A clamp-on ammeter hasthree turns of wire wrapped around the movable jaw. If the meter
isindicating a current of 15 amperes, how much current is actually flowing in the circuit?

A) 5 amperes C) 25 amperes
B) 10 amperes D) 45 amperes
Answer: A

If three turns of wire are wrapped around the jaw of the ammeter, the primary winding now contains
three turns instead of one, and the turns ratio of the transformer is changed. The ammeter will now
indicate triple the amount of current that is actually in the circuit. Therefore 15/3 = 5 amperes of
current actually in the circuit.

2-36 A dual-voltage three-phase motor draws a current of 45 amperes when connected to a 240-
volt, three-phase circuit. How much current will the same motor draw if connected to a 480-volt,
three-phase circuit?

A) 11.3 C) 304
B) 225 D) 45
Answer: B

Since the voltage doubles, the amperage will be half.

2-37 A synchronous motor has an excitation voltage of 125 volts with a maximum rotor current
of 10 amperes. What isthe resistance of the motor?

A) 10.1 ohms C) 12.5o0hms
B) 11.5 ohms D) 13.4 ohms
Answer: C

R = E/I; 125/10 = 12.5 ohms
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2-38 Theprimary of atransformer is connected to 120-volts. There are 30 volts on the secondary
with aresistance of 5 ohms. How much current will flow in the primary of the transformer?

A) .50 amperes C) 1.25 amperes
B) .75 amperes D) 1.5 amperes
Answer: D
E 30 .
IS:ES; IS:€:6anper&s|nsecondary
E.xI 30x6 . .
| =—"3;| = ; 1, =15 amperesinthe primar
P E 120 P amp P Y

p

2-39 What current flowsin a 60 Hz 120-volt circuit with a capacitance of 10uf (10 microfarads)?

A) .452 amperes C) 1.12 amperes
B) .555 amperes D) .786 amperes
Answer: A

! = ! ; X, = 265.25 or 265.3 ohms
2xmxFxC 2x3.1416x 60x.000010

Find capacitive reactance: X, =

Now use the equation | = E/X, to obtain 120/265.3 = .452 amperes

2-40 What isthetotal resistancein a 2-wire circuit, 30 feet in length, utilizing No. 10 AWG
THWN conductors?

A) .050 ohms C) .070 ohms

B) .075 ohms D) .080 ohms

Answer: B

Use equation R = KxL i R= 12.9%60 =.075 ohms. A length (L) of 60 feet is used because the 2-wire

CM 10,380
cable is 30 feet long. This means 30 feet of wire going to the load, and 30 feet returning to the source.
No. 10 wire has an area of 10,380 circular mils (Chapter 9 Tables, Table 8). The K value is currently 12.9.
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2-41 If thecircuit in Question 2-40 is connected to a 240-volt source and feeds a load drawing 24
amperes, what isthe amount of voltage drop?

A) 2.24 volts C) 1.80volts
B) 3.24 volts D) 0.44 volts
Answer: C

E=1 XxR; 24 x .075 = 1.80 volts

2-42 Referring to Question 2-41 above, how many voltsin the circuit actually reach the load?

A) 240 volts C) 242.44 volts
B) 241.44 volts D) 238.20 volts
Answer: D

240 (volts) — 1.80 (volts) = 238.20 volts

2-43 A circuit consisting of two No. 14 AWG conductorsisrun from the panelboard to a load
100 feet away. If the K factor is 12.9 and No. 14 wireis equal to 4107 circular mils, what isthe
total resistance of the circuit?

A) 62.8 ohms C) 628 ohms
B) .628 ohms D) 6.28 ohms
Answer: B
R_ KXL _12.9x200 _ 628 ohms

CM 4107

2-44 What isthe voltage drop in the circuit in Question 2-43 if the current is 24 amperes at 240
volts?

A) 15.072 volts C) .1507 volts
B) 1.507 volts D) .0151 volts
Answer: A

E=1XR;E=24 x.628 = 15.072 volts
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2-45 How much voltage actually reaches theload in the circuit in Question 2-44?

A) 240 volts C) 224.9 volts
B) 237.8 volts D) 217.8 volts
Answer: C

240 — 15.072 = 224.928 or 224.9 volts

2-46 What isthe percentage of voltage drop in the circuit described in Question 2-45?

A) .0884 or about 9% C) .0721 or about 7%
B) .0843 or about 8% D) .0628 or about 6%
Answer: D

15.072/240 = .0628, or 6%

2-47 \What isthe inductance reactance in a 120-volt, 60 Hz circuit connected to a coil with an
inductance of .7 henrys?

A) 2.639 ohms C) 263.9 ohms
B) 26.39 ohms D) .2639 ohms
Answer: C

Xo=27 XxF xL=2 x3.1416 x 60 x .7 = 263.9 ohms

2-48 What current flowsin the circuit in Question 2-47?

A) .0455 amperes C) 4.55 amperes
B) .455 amperes D) 45.5 amperes
Answer: B

| = E/X, = 120/263.9 = .455 amperes
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2-49 What istheimpedance (Z) in a circuit with 40 ohmsresistance (R) and 30 ohmsinductive
reactance (X.)?

A) 20 ohms C) 40 ohms
B) 30 ohms D) 50 ohms
Answer: D

Z = R? + X? =407 + 30> = 1600+ 900 = /2500 = 50 ohms

2-50 What isthe power factor of a circuit with 400 watts true power, 300 vars reactive power,
and 500 watts (volt-amperes) of apparent power?

A) 5 C) 7
B) .6 D) .8
Answer: D

PF = W/VA = 400/500 = .8 or 80%, when PF = power factor; W = true power in watts, and VA =
apparent power in volt-amperes.

2-51 What isthe power factor of a 120-volt circuit feeding an AC induction motor drawing 10
amperes of current with a true power of 720 watts and an apparent power of 1200 volt-amperes?

A) 2 C) 6
B) 4 D) .8
Answer: C

PF = W/VA = 720/1200 = .6 or 60%

2-52 What isthe reactive power in the circuit in Question 2-517?

A) 960 vars C) 1225 vars
B) 1150 vars D) 1300 vars
Answer: A

Vars= VA2 —W? = /1200 — 7207 = +/1,440,000 — 518,400 = /921,600 = 960 vars
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2-53 What isthe capacitive reactance of the circuit in Question 2-52?

A) 10 ohms C) 20 ohms
B) 15 ohms D) 25 ohms
Answer: B

Xc =E?/vars = 120%/960 = 15 ohms

2-54 What amount of capacitance is needed to correct the power factor of the circuit in Question
2-527?

A) .01768 farads C) .0001768 farads
B) .001768 farads D) .00001768 farads
Answer: C

1 1 1

C— — = =.0001768 farads
2xmxFExX, 2x31416x60x15 5654.88

2-55 What isthetotal resistance of a series circuit with resistors of 5 onms, 3 ohms, 12 ohms,
and 9 ohms?

A) 20 ohms C) 29 ohms
B) 21 ohms D) 23 ohms
Answer: C

Ri=R{+ R, +R3+R; =5+ 3+ 12 + 9 =29 ohms

2-56 What istheresistance of a parallé circuit with resistors of 30 onms and 50 ohms?

A) 22.50 ohms C) 6.850hms
B) 18.75 ohms D) 10.55 ohms
Answer: B
R=PRXR _30X%0_ 4575 ohme
R+R,  30+50
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2-57 If the two circuitsin Questions 2-55 and 2-56 were combined forming a series-parallel
circuit, what would be the total resistance?

A) 47.75 ohms C) 10.25 ohms
B) 52.25 ohms D) 18.75 ohms
Answer: A

The total resistance in the parallel circuit is found first which equals 18.75 ohms. The total resistance
in the series circuit is 29 ohms. These figures added together equal 47.75 ohms. Once the total
resistance in the parallel circuit is found, it may then be treated as a series circuit, and the total
resistance in a series circuit may be found by adding all resistances together. The sum of these is the
total resistance in the circuit.

2-58 What isthetotal resistance of a series circuit with four Christmas lights connected, each of
which has a resistance of 3 ohms?

A) 2 ohms C) 6 ohms
B) 4 ohms D) 12 ohms
Answer: D

3 ohms x 4 = 12 ohms

2-59 A 12-volt battery suppliesatotal load of 10 amperes. What would the amperage be if the
battery voltage dropped 10% and the load resistance remained the same?

A) 1.2 amperes C) 10.5 amperes
B) 9 amperes D) 12.5 amperes
Answer: B

To find the resistance of the load: R = E/I. 12/10 = 1.2 ohms. To find the voltage when reduced by
10%: 10% of 12 volts = 1.2 volts. 12 volts — 1.2 volts = 10.8 volts. To find the current: | = E/R.
10.8/1.2 = 9 amperes.
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2-60 A department storeisilluminated with 215 fluorescent lighting fixtures and connected to a
120-volt supply. Each lighting unit draws 2.2 amperes. How many 20-ampere branch circuits are
necessary to feed these fixturesif each branch circuit must not exceed 80% of the branch circuit
rating?

A) 16 C) 20
B) 18 D) 30
Answer: D

215 fixtures x 2.2 amperes = 473 amperes, total load. A 20-ampere branch circuit loaded to 80% of its
capacity = 20 x .80 = 16 amperes. 473 amperes (total load) / 16 = 29.56 or 30 circuits.

2-61 If thelighting unitsin Question 2-60 have a power factor of 0.8, what isthe total power of
the lighting load?

A) 41.4 kW C) 445kwW
B) 45.4 kw D) 48.5 kW
Answer: B

Power = volts x amperes x power factor. 120 volts x 473 amperes x .8 = 45,408 watts or 45.4 kW

2-62 What would the electric bill be for the lighting load in Question 2-61 for an 8-hour day if
the energy costs 10 cents per kWh?

A) $31.45 C) $36.32
B) $35.67 D) $38.40
Answer: C

Cost of power = Total power x cost of power x time/1000; 45,408 x .10 x 8/1000 = $36.32

2-63 A warehouse requires 60 kW of general illumination using 150 watt incandescent lamps
connected to a 120-volt source. What isthe current drawn by each lamp?

A) 1.50 amperes C) 1 ampere
B) 1.25 amperes D) .75 ampere
Answer: B

| = P/E; 150/120 = 1.25 amperes
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2-64 How many 20-ampere branch circuits arerequired to feed the lampsin Question 2-63 if the
circuits are to be kept at 80% of their maximum rating?

A) 30 C) 32
B) 31 D) 33
Answer: C

20 x .8 = 16 amperes per circuit. 60,000 VA/120 = 500 amperes
500 amperes/16 amperes per circuit = 31.25 or 32 circuits

2-65 What number of 150-watt lamps are required to total 60,000 watts?

A) 100 C) 300
B) 200 D) 400
Answer: D

60,000/150 = 400

2-66 An apartment complex consists of 20 apartments, each with an area of 900 square feet.
Each is also equipped with an 11 kW electric range. The power supply is 120/240-volt, single-
phase, three-wire. The NEC calls for a minimum lighting load of 3 volt-amperes per square foot.
What isthetotal lighting and appliance load for each apartment?

A) 10,945 volt-amperes C) 12,945 volt-amperes
B) 11,945 volt-amperes D) 13,945 volt-amperes
Answer: B

900 square feet x 3 volt-amperes = 2700 volt-amperes; two 1500-volt-ampere small appliance circuits
= 3000 volt-amperes. Total lighting and small appliance load = 5700 volt-amperes. The first 3000 volt-
amperes must be rated at 100%. A demand factor of 35% may be applied to the remaining 2700 volt-
amperes. 2700 x .35 = 945 volt-amperes for a total lighting and small appliance load of 3945 volt-
amperes. A demand factor may be applied to the 11 kW electric range and rated at 8 kW or 8000 volt-
amperes. Therefore, the total calculated load for each apartment is 3945 + 8000 = 11,945 volt-
amperes. NEC Tables 220.12, 220.42 and 220.55.
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2-67 What arethetotal current requirementsfor each apartment in Question 2-667?

A) 49.77 amperes C) 51.77 amperes
B) 50.77 amperes D) 52.77 amperes
Answer: A
P 11945
| = — =="— =149.77 amperes
E 240

2-68 What isthetotal calculated load for the building in Question 2-66?

A) 70,000 volt-amperes C) 75,000 volt-amperes
B) 72,000 volt-amperes D) 77,000 volt-amperes
Answer: D

20 apartments x 5700 volt-amperes = 114,000 volt-amperes. The first 3000 volt-amperes must be
rated at 100%. The remaining 111,000 volt-amperes may be derated at 35% for a total of 39,000 volt-
amperes. This results in a net computed load of 42,000 volt-amperes without electric ranges. The
demand load for 20 ranges according to NEC Table 220.55 = 35 kW. Therefore, 42,000 volt-amperes +
35,000 volt-amperes = 77,000 volt-amperes.

2-69 What size electric serviceisrequired for the apartment building in Question 2-68?

A) 320.83 amperes C) 520.83 amperes
B) 420.83 amperes D) 620.83 amperes
Answer: A

77,000 volt-amperes/240 volts = 320.83 amperes

2-70 A 60 kW incandescent lighting load is connected to a 120/208-volt, three-phase, 4-wire
electric service. Theload is balanced. What is the total current consumed by thisload?

A) 169.50 amperes C) 166.74 amperes
B) 160.25 amperes D) 169.24 amperes
Answer: C

60000 60,000
J3x208 173x208

=166.74 amperes
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2-71 Anindustrial building isilluminated with 200 277-volt fluorescent lighting fixtures
connected to a 277/480-volt, three-phase, 4-wire, Y-connected supply. If each fixture draws 1.2
amperes at a power factor of .8, what isthe total load in amperes per single phase?

A) 120 amperes C) 220 amperes
B) 480 amperes D) 240 amperes
Answer: D

200 x 1.2= 240 amperes

2-72 On a 277/480 volt three-phase supply with a balance load of 240 amperes, what isthe
current per phase?

A) 70 amperes C) 90 amperes
B) 80 amperes D) 100 amperes
Answer: B

240 amperes / 3 = 80 amperes. The use of a 277/480 volt supply permits 1/3 of the load to be
connected to each phase on a perfectly balanced load.

2-73 A group of electric furnaces used in a heat-treating plant require 60 kW of power at 240
volts, single-phase. What is the total amperage of these furnaces at unity power factor?

A) 100 amperes C) 200 amperes
B) 150 amperes D) 250 amperes
Answer: D

| = P/E; 60,000/240 = 250 amperes

2-74 How many 15-ampere lighting circuits are necessary in a mobile home 12 feet by 65 feet?

A) Two 15-ampere circuits C) Six 15-ampere circuits
B) One 15-ampere circuit D) Four 15-ampere circuits
Answer: A

3 x L xW/120 x 15 = No. of circuits required. NEC Section 550.12(A) requires that 3 volt-amperes
(watts) per square foot be used for lighting circuits in mobile homes. Therefore, 3 x 12 x 65/(120 x
15) = 1.3 or two 15-ampere circuits are required.
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Chapter 3

Branch Circuits and Feeders

The NEC defines “branch circuit” as the circuit
conductors between the final overcurrent device
protecting the circuit and the outlet(s).

The NEC defines “feeder” as all circuit conduc-
tors between the service equipment or the source
of a separately derived system and the final
branch-circuit overcurrent device.

Electric power is delivered to panelboard loca-
tions by feeder conductors extending from the
main service-entrance equipment to the branch-
circuit panelboards or load centers. The feeder
conductors must be of sufficient size to meet the
requirements of NEC Articles 220 and 310, and
are caculated roughly on a minimum basis of

allowing for the connecting lighting load or a cer-
tain number of watts per square foot for lighting,
plus the power equipment or appliance load
requirements. In some cases, a demand factor is
allowed for the connected power |oad.

On larger electrical installations, distribution
centers are established to which point large feeder
conductors are run from the main service equip-
ment. Subfeeders are then run from the distribu-
tion center to the various lighting and power pan-
elboards.

The diagram in Figure 3-1 on the next page
shows the service conductors, feeders to subpan-
els, and branch circuits.
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Feeder

Grounding conductor
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Incoming service
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_ﬁ—to grounding electrodes

Neutral bus
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L
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Branch circuit

Main panelboard

Last circuit breaker

before outlet

Subpanel

Figure 3-1: Basic parts of an electric system including service, feeders and branch circuits
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3-1 The cross-sectional area of three or more
THW conductorsin a conduit must not exceed
what percent of the cross-sectional area of the
conduit?

A) 30%
B) 40%
C) 50%
D) 60%

Answer: B
NEC Chapter 9, Table 1. See Figure 3-2.

Figure 3-2: Sectional view of raceway with
conductor fill

3-2 What isthe minimum size THW copper conductor that may be used on a 30-ampere branch
circuit?

A) No. 14 AWG C) No. 10 AWG

B) No. 12 AWG D) No.8 AWG NEC
CHANGE

Answer: C

Conductor current-carrying capacity is based on the cross-sectional area of the conductor, the type of
metal used to make up the conductor, the type of insulation, the number of conductors in a raceway,
and ambient temperatures in which the conductors will operate. NEC Article 240.4(D)(7) and Table
310.15(B)(16).

3-3 Heavy-duty type lampholders are required on branch-circuits having a rating in excess of:

A) 20 amperes C) 40 amperes
B) 30 amperes D) 15 amperes
Answer: A

Lampholders connected to a branch circuit having a rating in excess of 20 amperes must be of the
heavy-duty type. Heavy-duty lampholders must be rated no less than 660 watts if of the admedium type
and not less than 750 watts if of any other type. NEC Section 210.21(A).
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3-4 What isthe maximum continuous load (in amperes) that can be used on a 240-volt, 20-
ampere circuit using two No. 12 AWG conductorswith THW insulation?

A) 12 amperes C) 16 amperes
B) 15 amperes D) 20 amperes
Answer: C

Circuits handling a continuous load must have conductors rated 125% above the connected load. NEC
Section 210.20(A). Since a No. 12 conductor is rated at 20 amperes for normal loads, the maximum
current permitted for continuous loads is 16 amperes.

20

195% = 16 amps

3-5 A 30-ampere branch circuit may supply fixed lighting unitsin:

A) A dwelling C) Any type of occupancy

B) Any occupancy other than dwelling D) Any occupancy other than dwelling units
units when heavy-duty lampholders are used when standard-duty lampholders are used
Answer: B

A 30-ampere branch circuit shall be permitted to supply fixed lighting units with heavy-duty
lampholders in other than dwelling units. NEC Section 210.23(B).

3-6 Branch circuitsin two-family or multifamily dwellings required for the purpose of central
lighting, central alarm, signal, communications, or other needs for public or commercial areas
shall:

A) Berated over 30 amperes for any C) Berated over 50 amperes

application or purpose NIEGC
CHANGE

B) Terminate in one of the dwelling unit’s D) Not be supplied from a dwelling

panel boards unit’s panelboard

Answer: D

Thisrestriction is specified in NEC Section 210.25(B). It means that “ common-use” electrical circuits
as described above must be fed from the “ house” panelboard and not from one of the tenant’s
panelboards, or one used for light and power for an individual unit.
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3-7 EMT must be supported within what distance from an outlet box, junction box, device box,
cabinet, conduit body or other terminations?

A) 3feet C) 5feet
B) 4 feet D) 6 feet
Answer: A

Different support distances are required for different types of raceway and cable. NEC Section 358.30(A).

3-8 Receptaclesinstalled in guest rooms in hotels, motels and similar occupancies:

A) Are not subject to NEC regulations C) May be located conveniently for
permanent furniture layout

B) Must be spaced according to D) May beinstalled only if prior approval

NEC Section 210.52 is given by the local inspection authority

Answer: C

NEC Section 210.60(B) allows the receptacles to be located conveniently for permanent furniture
layout.

3-9 All 125-valt, single-phase, 15- or 20-ampere receptacle outletsinstalled in bathrooms of
dwelling units always require:

A) Twist-lock receptacles C) Non-grounded receptacles
B) Ground-fault circuit-interrupter (GFCI) D) Waterproof receptacle covers
protection

Answer: B

Many people have been electrocuted in bathrooms due to an electric appliance (radio, eectric razor,
etc.) falling into the sink or bathtub where a person is in contact with the water. A GFCI prevents many
such accidents. NEC Section 210.8(A)(1).
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3-10 The NEC allows wall-switch controlled receptaclesin dwelling unitsin lieu of lighting
outletsin all habitable rooms except:

A) Basement and attic C) Bedrooms
B) Living and family rooms D) Kitchen and bath
Answer: D

The NEC allows a switched receptacle in all rooms, in lieu of ceiling or wall-mounted lighting fixtures,
except the kitchen and bathroom. NEC Section 210.70(A)(1), Exception No. 1.

3-11 Insulated conductors of No. 6 or smaller intended for use as grounded conductorsin a
circuit must be either of the following colors:

A) Blue or black C) White, gray or have three continuous white
stripes on other than green insulation
B) Red or black D) Orange or yellow NEG
CHANGEIE
Answer: C

Insulated conductors, No. 6 AWG and smaller, intended for use as grounded (neutral) conductors or
circuits, shall be identified by a continuous outer finish of a white or gray, or by three continuous white
stripes along its entire length on other than green insulation. Conductors larger than No. 6 ANVG may
use white markers at points of termination. NEC Section 200.6(A) and 200.6(B).

3-12 Holesin wood studs for cables must bedrilled in the center of the stud and a distance from
the nearest edge of not less than:

A) Y2inch
B) 1inch
C) 1Yainches
D) 1¥2inches

Answer: C
NEC Section 300.4(A)(1). See Figure 3-3.

!

Figure 3-3: Type NM cable installed in wooden studs
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3-13 Direct buried conductors and cables emerging from grade shall be protected by an
enclosure or raceway a distance above ground of no less than:

A) 6 feet C) 10feet

B) 8feet D) 12 feet NEG
CHANGE

Answer: B

Conductors emerging from grade are subject to damage from lawn mowers, weed eaters, and the like.

Therefore, they must be protected by some means. Metal conduit or rigid PVC conduit are two
approved means of protection. NEC Section 300.5(D)(1).

3-14 Cabletray systems must not be used:

A) For power and control applications C) For signal cables
B) For service-entrance systems D) In hoistways
Answer: D

Wring installations installed in hoistways are subject to physical damage. NEC Section 392.12.

3-15 EMT shall be supported at least every:

A) 4feet C) 10feet
B) 8feet D) 15 feet
Answer: C

EMT must be supported at least every 10 feet to prevent sag or collapse. NEC Section 358.30(A).

3-16 Thetotal equivalent bend in rigid conduit between pull points (outlet to outlet, fitting to
fitting, or outlet to fitting) shall not exceed:

A) 3 quarter bends (270°) C) 5 quarter bends (450°)
B) 4 quarter bends (360°) D) 6 quarter bends (540°)
Answer: B

For example, two 45° bends plus three 90° bends equal s the maximum of 360° total. NEC Section
344.26. See Figure 3-4 on the next page.
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Bushing shall protect the wire

from abrasion
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C

There shall be no more than
360 degrees total in bends in

90 degree bends)
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Threadless coupling shall be
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Wet porous fill
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Conduit not allowed in or
under cinder fill where subject
to permanent moisture unless
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Rigid metal conduit
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Moisture laded cinder fill

Conduit not allowed in or
under cinder fill where subject
to permanent moisture unless
protected on all sides by 2"
layer of noncinder concrete

Rigid metal conduit

v

Y

1

2" noncinder
concrete

Moisture laded cinder fill

Conduit not allowed in or under cinder
fill where subject to permanent moisture
unless conduit is at least 18" under the
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1 8"
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Figure 3-4: NEC regulations governing bends in metallic conduit systems
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3-17 When a branch circuit feeds both noncontinuous and continuous loads, the circuit must be
sized to accommodate 100% of the noncontinuous load plus what percent of the continuous load?

A) 110% C) 120%
B) 115% D) 125%
Answer: D

The rating of branch circuits serving continuous loads shall be not less than the noncontinuous load
plus 125% of the continuous load. NEC Section 210.20(A).

3-18 The branch-circuit load for a single 12-kilowatt (12 kW) electric rangein a dwelling is:

A) 8 kW C) 10 kw
B) 9kw D) 11 kw
Answer: A

NEC Table 220.55 permits an electric range with a KW nameplate rating not exceeding 12 kW to be
rated at 8 KW when sizing branch circuits and feeders.

3-19 A 20-amperelaundry circuit is always required in each:

A) Industrial wash room C) Dwedlling unit
B) Commercial utility room D) Motel unit
Answer: C

In dwelling units, at least one 20-amp branch circuit shall be installed for the laundry. NEC Section
210.52(F).

3-20 How many receptacles arerequired in aresidential hallway 12 feet in length?

A) 1 C) 3

B) 2 D) 4 NEG
CHANGE

Answer: A

NEC Section 210.52(H) requires at least one receptacle outlet in hallways 10 feet or more in length.
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3-21 How many receptacle outletsarerequired in a residential garage?

A) 4 C 2

B) 3 D) 1 NEGC
CHANGE

Answer: D

NEC Section 210.52(G) requires at least one receptacle outlet to be installed in each basement and in
each attached garage, or in each detached garage or accessory building with electric power. Also see
NEC Sections 210.8(A)(2) and (A)(5).

3-22 In what location must a 125-volt single-phase, 15- or 20-amper e receptacle be installed for
the servicing of heating, air conditioning and refrigeration equipment?

A) All apartment buildings C) Commercia buildings
B) One- and two-family dwellings D) All locations
Answer: D

Receptacle outlets are required for equipment in any location the equipment is present. The outlet must
be located on the same level as the equipment. NEC Section 210.63.

3-23 Thereceptacle in Question 3-22, other than for one- and two-family dwelling units, must be
installed within what distance from the equipment?

A) 25 feet C) 75feet
B) 50 feet D) 100 feet
Answer: A

NEC Section 210.63 requires the receptacle to be on the same level and within 25 feet of the
equipment. That is, if the equipment is located in, say, a crawl space, the receptacle must also be
located in the crawl space. If the equipment isin the attic, the receptacle must be located there also.
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3-24 On what side of the equipment disconnecting means must the receptacle in Question 3-22
not be connected?

A) Onthelineside C) Ontheload side
B) At the equipment controls D) At the main panelboard
Answer: C

NEC Section 210.63 states that the service receptacle must not be connected to the load side of the
equipment disconnecting means.

3-25 How many lighting outlets must be installed at or near heating, air-conditioning, and
refrigeration equipment in attics or underfloor spaces?

A1l C) 3
B) 2 D) 4
Answer: A

NEC Section 210.70(A)(3) requires at least one switched lighting outlet in these spaces.

3-26 How must the lighting outlet in Question 3-25 be controlled?

A) From the load side of the HVAC equipment C) By aswitch
B) With amotor control D) With a 30-amp safety switch

Answer: C

NEC Section 210.70(A)(3) calls for a lighting outlet containing a switch or controlled by a wall switch.
(A porcelain-type lampholder with a pull-chain switch would meet the requirements.)

3-27 Where must the wall switch, as called for in Question 3-26, be located?

A) Mounted on the HVAC equipment C) At the main disconnect

B) At the point of entry to the area D) At least 5 feet from the
equipment

Answer: B

NEC Section 210.70(A)(3) requires the outlet or wall-mounted switch to be located at the usual point of
entry.
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3-28 Feeders containing a common neutral are permitted to supply how many sets of 3-wire
feeders?

A) lor?2 C) 3or4
B) 5or6 D) 2o0r3
Answer: D

NEC Section 215.4(A) permits up to three sets of 3-wire feeders.

3-29 Feeders containing a common neutral are permitted to supply how many sets of 4-wire
feeders?

A) 2 C) 4
B) 3 D) 5
Answer: A

NEC Section 215.4(A) permits up to two sets of 4-wire feeders.

3-30 Feeders containing a common neutral are permitted to supply how many sets of 5-wire
feeders?

A) 1 C) 3
B) 2 D) 4
Answer: B

NEC Section 215.4(A) permits a common neutral to supply up to two sets of 5-wire feeders.

3-31 Service conductorsrun above the top level of a window shall be permitted to be less than
the requirement.

A) 3-foot C) 8-foot
B) 6-foot D) 10-foot
Answer: A

NEC Section 225.19(D)(1), Exception permits these conductors to be less than the 3-foot requirement.
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3-32 Which one of the following voltagesis not standard?

A) 120/277 C) 120/240

B) 480Y/277 D) 600Y/347 NEC
CHANGE

Answer: A

NEC Section 220.5(A) lists the common voltages as 120, 120/240, 208Y/120, 240, 347, 480Y/277, 480,
600Y/347 and 600.

3-33 Where a feeder conductor supplies continuous loads, the rating of the overcurrent device
shall not be lessthan the noncontinuous load plus what percent of the continuous load?

A) 100% C) 125%
B) 110% D) 150%
Answer: C

NEC Section 215.2(A)(1) requires 125%.

3-34 What is one exception to the answer in Question 3-33?

A) Where the overcurrent devices are C) Where the overcurrent devices are listed at
listed for operation at 100% 80%

B) Where the overcurrent devices are D) Where no overcurrent devices are provided
listed at 75%

Answer: A

NEC Section 215.2(A)(1), Exception permits the use of a lesser percent when the assembly, including
the overcurrent devices, is listed for operation at 100 percent of its rating.

3-35 What isthe minimum load per each linear foot that must be allowed for show-window
lighting?

A) 100 volt-amperes C) 300 volt-amperes
B) 200 volt-amperes D) 400 volt-amperes
Answer: B

NEC Section 220.14(G)(2) requires a minimum of 200 volt-amperes be provided for each linear foot of
show window, measured horizontally along its base.
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3-36 What percent of fixed electric space heating loads must be used in calculating the total
connected load on a branch circuit or feeder?

A) 100% C) 150%
B) 125% D) 200%
Answer: A

NEC Section 220.51 requires that fixed electric space heating be computed at 100% of the total
connected load.

3-37 If four 12 kW electric ranges are used in a four-unit apartment complex, what is the total
kW rating that must be used for all of these rangesin calculating the electric service?

A) 17 kwW C) 20 kw
B) 18 kW D) 48 kW
Answer: A

NEC Table 220.55 allows a demand factor for four electric ranges of 17 kW provided their nameplate
ratings do not exceed 12 kW each.

3-38 If the apartment complex in Question 3-37 is expanded to include a total of 40 unitswith a
12 KW range in each, what isthe total KW rating for all the ranges that must be used in
calculating the electric service?

A) 45 kwW C) 55 kw
B) 50 kW D) 60 kW
Answer: C

When 31 to 40 electric ranges are used in an apartment complex, and the maximum kW rating of each
is 12 kW, NEC Table 220.55 allows a calculation figure of 15 kW plus 1 kW for each range. Therefore,
15 KW + 40 KW = 55 kW.
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3-39 What demand factor is allowed for a commercial kitchen with one electric appliance?

A) 65% C) 80%
B) 70% D) 100%
Answer: D

NEC Table 220.56 requires that a commercial kitchen with only one appliance be rated at 100%. There
must be three or more appliances before a reduction is allowed.

3-40 When outside overhead wiring is used, with no messenger cable, what isthe minimum size
copper wire allowed for spans up to 50 feet?

A) No. 6 AWG C) No. 10 AWG
B) No. 8 AWG D) No. 12 AWG
Answer: C

NEC Section 225.6(A)(1) restricts the wire size to No. 10 AWG copper for spans up to 50 feet on
installations of 600 volts or less.

3-41 When outside overhead wiring is used, with no messenger cable, what isthe minimum size
aluminum wire allowed for spans up to 50 feet?

A) No. 6 AWG C) No. 10 AWG
B) No. 8 AWG D) No. 12 AWG
Answer: B

NEC Section 225.6(A)(1) requires a minimum aluminum wire size of No. 8 AWG on installations of 600
volts or less.

3-42 When the voltage exceeds 600 volts, what is the minimum copper wire size allowed for
outside overhead wiring?

A) No. 6 AWG C) No. 10 AWG
B) No.8 AWG D) No. 12 AWG
Answer: A

NEC Section 225.6(A)(2) restricts the wire size to No. 6 AWG copper when the wires carry more than
600 volts.
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3-43 Where outdoor pendant-type lampholders have terminals that puncture conductor
insulation to make contact with the conductor, what type of wire must the conductor be?

A) Copper-plated solid steel C) Stranded
B) Copper-clad solid auminum D) Solid copper
Answer: C

NEC Section 225.24 requires that this type of lampholder be connected only to conductors of the
stranded type.

3-44 What isthe minimum size conductor allowed for festoon lighting?

A) No. 8 AWG C) No. 12 AWG
B) No. 10 AWG D) No. 14 AWG
Answer: C

NEC Section 225.6(B) permits overhead conductors for festoon lighting to be as small as No. 12 AWG.
However, spans exceeding 40 feet must be provided with a messenger wire.

3-45 Receptaclesinstalled on 15- and 20-ampere branch circuits must always be of what type?

A) Duplex receptacles C) Twist-lock receptacles

' NE
B) Grounding type D) Three-prong type @mm%@
Answer: B

NEC Section 406.4(A) requires that all receptacles installed on 15- and 20-ampere circuits be of the
grounding type.

3-46 What is the maximum voltage allowed to supply listed electric-discharge lighting in
residences, hotels, motels and similar occupancies?

A) 120 volts C) 277 volts
B) 240 volts D) 480 volts
Answer: A

NEC Section 210.6(A) restricts the voltage to 120 volts for lighting in occupancies.
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3-47 Receptacles and cord connector s that have equipment grounding conductor contacts must
have those contacts:

A) Energized C) Polished and free from corrosion
B) Connected to an equipment grounding D) Checked monthly

conductor

Answer: B

NEC Section 406.4(B) requires that such receptacles and connectors must be effectively grounded,
except when these receptacles and cord connectors are mounted on portable or vehicle-mounted
generators in accordance with NEC Section 250.34.

3-48 The equipment grounding conductor contacts of receptacles and cord connectors must be
grounded by:

A) Connection to the equipment grounding C) Aluminum conductors
conductor

B) Aluminum ground clips D) Aluminum ground clamps
Answer: A

NEC Section 406.4(C) requires that these contacts shall be grounded by connection to the equipment
grounding conductor of the circuit supplying the receptacle or cord connector.

3-49 When existing nongrounding types of receptacles need replacing, what type of receptacle
must be used?

A) Receptacles rated for at least 15 amperes C) Twist-lock receptacles
B) Receptacles rated for at least 20 amperes D) Grounding-type receptacles @%%C@@E
Answer: D

NEC Section 406.4(D)(2) requires that existing nongrounding types of receptacles be replaced with the
grounding type and connected to the equipment grounding conductor. Where a grounding means does
not exist in the receptacle enclosure, either a nongrounding or a ground-fault circuit-interrupter type of
receptacle must be used.
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3-50 When receptacles are connected to circuits having different voltages, frequencies, or types
of current (ac or dc) on the same premises, what precautions must be taken?

A) One type must have a means of C) None of the receptacles are allowed to be
disconnection from the circuit when used without proper supervision

another typeis used

B) Each receptacle must be tagged for D) The attachment plugs must be of a

the use intended design so they are not interchangeable
Answer: D

NEC Section 406.4(F) requires that attachment plugs used on such circuits not be interchangeable.

3-51 What location requires all 15- and 20-ampere receptacles to be protected with a ground-
fault circuit-interrupter?

A) Those installed within 6 feet of a C) Thoseinstalled in residential bathrooms
residential kitchen sink
B) Thoseinstalled in hotel and motel D) All of these areas

bathrooms, rooftops and kitchens

Answer: D
NEC Section 210.8 requires that all of these areas have receptacles protected with a GFCI.

3-52 Which one of the following is not allowed to supply branch circuits?

A) A 277-volt circuit C) Autotransformer if the circuit is without a
grounded conductor of the required type

B) A 120-volt circuit D) A buck-and-boost transformer

Answer: C

NEC Section 210.9 does not allow branch circuits to be derived from autotransformers unless the
circuit supplied has a grounded conductor that is electrically connected to a grounded conductor of the
system supplying the autotransfor mer.
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3-53 According to the NEC, as applied to electrical wiring systems, what constitutes a bathroom?

A) An areawith a shower, shower curtains,

and afloor drain

B) An areawith asink and laundry facilities

Answer: C

NEC Article 100 defines a bathroom as an area including a basin with one or more of the following:
atoilet, atub, a urinal, a shower, a bidet, or similar plumbing fixtures. See Figure 3-5.

C) Anareawith abasin and either atoilet,
urinal, tub, shower, bidet, or ssimilar plumbing

fixtures

D) An areathat contains a water faucet and
alocking door
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not qualify as

a bathroom; it
has only one
fixture.

This room does
not qualify as

a bathroom; it
has only one
fixture. This
room needs a
wash basin

to qualify.

This room
qualifies as a
bathroom —

it has a wash
basin (required),
and one of the
additional
required fixtures.

LAVATORY

(Wash Basin)~_|

This is a bathroom: yD “ﬁ

SHOWER

This is a bathroom: yg “ﬁ

o

es Nno

S No

7

TOILET

This is a bathroom: ﬁ []

yes ho

Figure 3-5: NEC definition of bathroom
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3-54 What isthe maximum load allowed by the NEC for cord- or plug-connected load to a 15-
amper e receptacle?

A) 10 amperes C) 14 amperes
B) 12 amperes D) 16 amperes
Answer: B

NEC Table 210.21(B)(2) limits the load to 12 amperes when connected to either a 15 or 20 ampere
circuit.

3-55 What isthe maximum load allowed by the NEC for cord- or plug-connected load to a 20-
amper e receptacle?

A) 10 amperes C) 14 amperes
B) 12 amperes D) 16 amperes
Answer: D

NEC Table 210.21(B)(2) stipulates 16 amperes as maximum for a 20-ampere receptacle.

3-56 What isthe minimum rating allowed for a single receptacle connected to a branch circuit?

A) Not less than that of the branch circuit C) Not less than 90% of the branch circuit rating
B) Not less than 85% of the branch circuit rating D) Not less than 70% of the branch circuit rating

Answer: A
NEC Section 210.21(B) requires that a single receptacle have a rating no less than the branch circuit.

3-57 The minimum branch-circuit rating for household electric ranges with arating of 8.75 kW
or moreis:

A) 30 amperes C) 50 amperes
B) 40 amperes D) 60 amperes
Answer: B

NEC Section 210.19(A)(3) requires that branch circuits supplying electric ranges with 8.75 kW or more
be rated no less than 40 amperes.

78



Branch Circuits and Feeders

3-58 What isthe minimum rating for heavy-duty lampholdersif not of the admedium type?

A) 550 watts C) 750 watts
B) 660 watts D) 770 watts
Answer: C

NEC Section 210.21(A) requires heavy-duty lampholders to have a rating of not less than 660 watts if
of the admedium type and not less than 750 watts if of any other type.

3-59 Temporary wiring used on a construction project must be removed:

A) Two weeks before the completion C) One week before completion of
of the project the construction

B) Within six months after the completion D) Immediately upon completion of
of the project the construction

Answer: D

NEC Section 590.3(D) requires that temporary service be removed immediately upon completion of
construction or purpose for which the wiring was installed. The actual time permitted will vary from
jurisdiction to jurisdiction, but usually the temporary service is disconnected at the same time the
permanent service is connected.

3-60 All temporary 125-volt, single-phase, 15-, 20-, and 30-amper e receptacle outlets must be
provided with:

A) Twist-lock plugs C) Ground-fault circuit-interrupters
B) Four-prong plugs D) Five-prong plugs
Answer: C

NEC Section 590.6(A)(1) requires all temporary receptacles to be protected with GFCls for the
protection of workers on the job.

NIEC
CHANGE
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3-61 Which of the following is not a requirement for an intersystem bonding termination device?

A) It must be accessible C) It shal belisted
B) It must have three or more terminals D) It must be protected by an AFCI
Answer: D

The NEC requires a bonding termination point be provided at the service equipment for connecting
required bonding conductors covered in Articles 770 and 830. NEC Article 250.94.

3-62 What isthe minimum size conductor that may be connected in parallel?

A) 1/0 kemil C) 3/0 kemil
B) 2/0 kemil D) 4/0 kcmil

NIEC
Answer: A NKE

NEC Section 310.10(H)(1) allows aluminum, copper-clad aluminum, or copper conductors, 1/0 or
larger, comprising each phase, polarity, neutral, or grounded circuit conductor, to be connected in
parallel.

3-63 When conductors are paralleled, they are:

A) Joined their full length C) Electricaly joined at both ends to
form a single conductor
B) Electrically separated at both ends to D) Electrically connected at one end only
form two separate conductors
Answer: C NEGC
CHANGE

The ends of two or more conductors are connected to the same lug or terminal at each end
of the conductor runs. NEC Section 310.10(H)(1).

3-64 AFCIsmust beinstalled on all branch circuits supplying what areas?

A) Bedrooms C) Family rooms
B) Living rooms D) All of the above
Answer: D

Section 210.12(B) has been expanded and requires that all branch circuits supplying outlets in these
areas be protected by an arc-fault circuit interrupter. In addition, family rooms, dining rooms, living
rooms, parlors, libraries, dens, bedrooms, sunrooms, recreation rooms, closets, hallways, or similar
rooms or areas must have arc-fault protection.
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3-65 What isthe temperature adjustment for conductorsinstalled in 2-inch conduit above a roof
and exposed to sunlight?

A) 33 degreesC (60 F) C) 17 degreesC (30 F)
B) 22 degrees C (40 F) D) 14 degreesC (25 F)
Answer: B

NEC Table 310.15(B)(3)(c) requires that a 22-degree C (40 F) temperature adjustment adder be
applied to the outdoor temperature to determine the applicable ambient temperature. This temperature
would then be used for selecting the proper correction factors found in Tables 310.15(B)(2)(a) or
310.15(B)(2)(b).

3-66 The maximum overcurrent protection allowed on No. 14 AWG copper wirewhen used in a
raceway for branch circuitsis:

A) 30 amperes C) 15 amperes
B) 20 amperes D) 10 amperes
Answer: C

NEC Section 240.4(D)(3) specifies 15 amperes.

3-67 The maximum overcurrent protection allowed on No. 12 AWG copper wirewhen used in a
raceway for branch circuitsis:

A) 30 amperes C) 15 amperes
B) 20 amperes D) 10 amperes
Answer: B

NEC Section 240.4(D)(5) specifies 20 amperes.

3-68 The maximum overcurrent protection allowed on No. 10 AWG copper wirewhen used in a
raceway for branch circuitsis:

A) 30 amperes C) 15 amperes
B) 20 amperes D) 10 amperes
Answer: A

NEC Section 240.4(D)(7) specifies 30 amperes.
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3-69 Which of the following locations prohibits the use Type M| cable?

A) For residential branch circuits C) Where exposed to destructive
corrosive conditions

B) Where exposed to excessive moisture D) Where exposed to low
temperature

Answer: C

Highly corrosive conditions can cause deterioration of the metal jacket. NEC Section 332.12(2).

3-70 What isthe allowable ampacity of a 600M CM copper conductor type TW?

A) 300 amperes C) 355 amperes
B) 350 amperes D) 400 amperes
Answer: B

Because the NEC is used internationally, lower and higher ambient temperatures were added to
provide factors for colder and warmer climates. NEC Table 310.15(B)(16) (formerly Table 310.16).

3-71 Splicesin an ENT system may be made only at:

A) Connectors C) The beginning of an ENT system
B) Junction boxes D) 12 inches from outlet boxes
Answer: B

NEC Section 362.56 specifies that splices and taps may be made only in junction boxes, outlet boxes or
conduit bodies. Also see NEC Article 300.15.

3-72 Where practicable, dissimilar metalsin contact anywherein the system shall be avoided to
eliminate the possibility of

A) Hysteresis C) Galvanic action
B) Specialty gravity D) Resistance
Answer: C

NEC Section 344.14 requires protection of metal conduits from corrosive influences.
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3-73 Type MC (metal-clad) cable shall not be used in:

A) Residential occupancies C) Commercia applications

B) Industrial applications D) Areaswhere the cable is exposed to
corrosive conditions

Answer: D

NEC Section 330.12(2) does not permit Type MC cable to be used in areas where corrosive conditions
exist unless the metallic sheath or armor is resistant to the conditions, or is protected by material
resistant to the conditions.

3-74 Type NMC cable may be used in:

A) Storage battery rooms C) Hazardous (classified) locations

B) Dry or moist locations D) Theaters, auditoriums or similar places
of assembly

Answer: B

NEC Section 334.10(B) permits Type NMC cable to be installed in the areas described in B; that is, dry
or moist locations.

3-75 Power and control tray cable (Type TC) may not be used in:

A) Areas where the cable will be exposed to C) Circuitsintended for signal circuits
physical damage

B) Outdoor areas when supported with D) Circuits used for power and lighting
messenger cable

Answer: A

NEC Section 336.12(1) prohibits the use of Type TC cable in areas where the cable will be exposed to
physical damage.
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3-76 What isthe minimum size IMC conduit allowed for electrical systems for building
construction?

A) 2inches C) 3ainch
B) 1inch D) Y2inch
Answer: D

NEC Section 342.20(A) prohibits the use of IMC conduit smaller than trade size %2 inch.

3-77 What isthe maximum continuous load (in amperes) that can be used on a 240-volt,
20-ampere circuit using two No. 12 AWG conductors with THW insulation when the circuit is
supplied by an assembly together with its overcurrent device that islisted for continuous
operation at 100 percent of itsrating?

A) 12 amperes C) 16 amperes
B) 15 amperes D) 20 amperes
Answer: D

A circuit supplied by an assembly together with its overcurrent device that is listed for continuous
operation at 100 percent of its rating may carry the full load. NEC Section 210.20(A), Exception. Snce
a No. 12 conductor is rated at 20 amperes, the maximum current permitted for continuous loads is 20
amperes.

3-78 What isan AFCI?

A) Ampere faulting capacitor insulator C) Appliance and fixture circuit identification
B) Alternate fire collector interrupter D) Arc-fault circuit-interrupter
Answer: D

NEC Article 100 — Definitions defines an arc-fault circuit-interrupter as a device intended to provide
protection from the effects of arc faults by recognizing characteristics unique to arcing and by
functioning to de-energize the circuit when an arc fault is detected. Section 210.12(A) provides the
requirements.

84



Branch Circuits and Feeders

3-79 Where a cable or raceway wiring method isinstalled through holes bored in wooden floor
joists, rafters, or studs and the holeislessthan 1%/4 inches from the nearest edge of the wood
member, what protection must be provided?

A) A stedl plate or bushing C) Theraceway must beinstaled in PVC rigid
conduit
B) Duct tape D) Theinstallation must be removed and

installed elsawhere

Answer: A
NEC Section 300.4(A)(1) requires steel plates or bushings for protection.

3-80 Where stedl plates are used to protect a cable or wiring method as described in the above
guestion, what is the required minimum thickness of the plate?

A) Y32inch C) Ysinch
B) Y1sinch D) 3/sinch
Answer: B

NEC Section 300.4(A)(1) requires a minimum thickness of /16 inch.

3-81 Which of the following do not require GFCI protection for all 125-volt, 15- and
20-amper e receptacles?

A) Outletsin crawl spaces at or below gradelevel C) A basement outlet supplying aburglar alarm
B) Garage receptacles D) Outlets in boathouses

Answer: C

NEC Section 210.8 Exception; Outlets in unfinished basements, storage areas, work areas and the like,
supplying a permanently-installed fire or burglar alarm, need not be GFCI protected.
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3-82 Which of the following must beinstalled at or near equipment requiring servicing such as
HVAC equipment in attics or crawl spaces?

A) Three duplex receptacles, all with GFCI C) Low-voltage transformer to service control

protection components

B) Lighting fixture with pull-chain switch D) At least one switch-controlled lighting
outlet

Answer: D

NEC Section 210.70(C) requires at least one switch-controlled lighting outlet so that service personnel
can turn on a light prior to entering the work area.

3-83 In the preceding question, where must the switch be located?

A) At the usual point of entry to the area C) In another room separated by one lockable
containing the equipment door

B) Within 6 feet of the equipment being serviced D) In ametal housing with provisions for
locking

Answer: A

NEC Section 210.70(C) continues with the requirement of having the switch at the usual point of entry
so that service personnel can turn on a light prior to entering the work area.

3-84 What isthe maximum sizerigid metal conduit allowed for electrical construction?

A) 2inches C) 6inches
B) 4inches D) 8inches
Answer: C

NEC Section 344.20(B) prohibits the use of conduit larger than 6 inches.
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3-85 The NEC defines “unfinished basement” as portionsor areas of the basement:

A) Intended as habitable rooms C) Limited to recreation only
B) Limited to storage or work areas D) Used for storing vehicles
Answer: B

NEC Section 210.8(A)(5) defines “ unfinished basement” as: portions or areas of the basement not
intended as habitable rooms and limited to storage areas, work areas, and the like.

3-86 Which of the following locations requires ground-fault circuit-interrupter protection for
personnel on all 125 volt, single-phase, 15- and 20-amper e receptacles?

A) Instaled less than 4 feet, 6 inches above the C) Instaled outdoors
floor inside of the building

B) Installed in an attic stairway D) Installed within 8 feet of kitchen sink

Answer: C

NEC Section 210.8(A)(3) requires all residential outdoor receptacles to be provided with GFCI
protection.

3-87 Appliance receptacle outletsinstalled for a specific appliance must be installed within how

many feet of the intended location of the appliance?

A) 6 feet C) 10feet
B) 8feet D) 12 feet
Answer: A

NEC Section 210.50(C) requires that the outlet be installed within 6 feet of the intended location of the

appliance.
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Chapter 4

Electric Services

Electric services can range in size from a small
120-volt, single-phase, 15-ampere service — the
minimum alowed by Section 230.79(A) of the
National Electrical Code® — to huge industria
installations involving substations dealing with
thousands of volts and amperes. Regardless of the
Size, al electric services are provided for the same
purpose: for delivering electrical energy from
the supply system to the wiring system on the
premises served. Consequently, all establishments
containing equipment that utilizes electricity
require an electric service.

Figure 4-1 on the next page shows the basic sec-
tions of a typical electric service. In this illustra-
tion, note that the high-voltage lines terminate on
apower pole near the building that is being served.
A transformer is mounted on the pole to reduce the
voltage to a usable level (120/240 volts in this
case). The remaining parts of the service consist of
a service drop, a service-entrance, service-
entrance conductors and service-entrance equip-
ment. A description of each follows:

» Service drop: The overhead conductors,
through which electrical service is supplied,
between the last power company pole and
the point of their connection to the service
facilities located at the building or other
support used for the purpose.

» Service entrance: All components
between the point of termination of the
overhead service drop or underground
service lateral and the building’s main
disconnecting device, except for metering
equipment.

» Service conductors: The conductors
between the point of termination of the
overhead service drop or underground
service lateral and the main disconnecting
device.

» Service equipment: Provides overcurrent
protection to the feeder and service
conductors, a means of disconnecting the
feeders from energized service conductors,
and a means of measuring the energy used
by the use of metering equipment.

When the service conductors to the building
are routed underground, these conductors are
known as the service lateral, defined as follows:

» Service lateral: The underground
conductors through which service is
supplied between the power company’s
distribution facilities and the first point of
their connection to the building or area
service facilities.
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Main
disconnect

Circuit
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Main panelboard

Figure 4-1: Basic components of an electric service
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4-1 The overhead conductors, through which electrical serviceis supplied, between the last
power company pole and the building or other support used for the purpose are called:

A) Service entrance C) Service drop
B) Service-entrance conductors D) Service-entrance equipment
Answer: C

NEC Article 100 — Definitions. See Figure 4-1.

4-2 The conductors and equipment for delivering electric energy from the power company to the
wiring system of the premises served is called a:

A) Service C) Service drop
B) Service-entrance conductors D) Service-entrance equipment
Answer: A

NEC Article 100 — Definitions. See Figure 4-1.

4-3 The conductors between the point of termination of the overhead service drop or
underground service lateral and the main disconnecting device in a building are known as:

A) Service C) Servicedrop
B) Service conductors D) Service-entrance equipment
Answer: B

NEC Article 100 — Definitions. See Figure 4-1.

4-4 The necessary equipment connected to the load end of the service conductorsto a building or
other structure and intended to constitute the main control and cutoff of the supply is known as:

A) Service entrance C) Service drop
B) Service-entrance conductors D) Service equipment
Answer: D

NEC Article 100 — Definitions. See Figure 4-1.
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with NEC Section 230.30 or protected by
a raceway wiring method identified in
NEC Section 230.43

Figure 4-2: Underground service lateral

4-5 The underground conductors through which service is supplied between the power
company’s distribution facilities and the first point of their connection to a building or area
service facilities located at the building or other support used for the purpose are known as:

A) Service clearance C) Pardlel connection
B) Service latera D) Weatherhead
Answer: B

Underground electric services frequently emanate from a pad-mounted transformer, but the service
conductors can be run down a power pole in conduit to a point underground. From this point, the
conductors run underground to the building. NEC Article 100 — Definitions. See Figure 4-2.
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4-6 In a balanced three-phase, 4-wire system, the current in the neutral conductor:

A) Isthe same asin the other conductors
B) Islower than in the other conductors

Answer: D

C) Ishigher than in the other conductors

D) Will not flow when all loads are exactly
balanced

The grounded or neutral conductor carries only the unbalanced load. If, say, a single-phase, 120/240-
volt service carries 100 amperes on phase A, and 80 amperes on phase B, the neutral would carry only
20 amperes — the difference between the current in phase A and that in phase B.

4-7 On a 240-valt, single-phase, 3-wire system, the neutral conductor will:

A) Never carry current even if the other
conductors carry current

B) Never carry current larger than the
difference between the current in the two
ungrounded (“hot”) conductors

Answer: B
See explanation to question No. 4-6 above.

4-8 The unit used to measure current isthe:

A) Ohm
B) Ampere
C) Watt
D) Coulomb

Answer: B

Current is the rate at which electricity flows
through a conductor. The unit of measurement is
the “ ampere” The relationship between ohms,
watts, amperes, and voltage is expressed in Ohm's
Law. See Figure 4-3.

C) Carry current equal to the current between
phases

D) Carry current equal to one-half the current
between phases

Il

PxR E
/.

Figure 4-3: Summary of Ohm’s law
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4-9 The minimum allowable current rating of 3-wire service-entrance conductors for a one-
family dwelling is:

A) 60 amperes C) 125 amperes
B) 100 amperes D) 150 amperes
Answer: B

NEC Section 230.42(B) states that the ungrounded conductors for specific installations not be smaller
than the disconnecting means. NEC 230.79(C) requires the service disconnecting means for a one-
family dwelling not be less than 100 amperes.

4-10 The minimum allowable current rating of 3-wire service-entrance conductors for a one-
family dwelling with an initial net computed load of 10 kVA or moreis:

A) 60 amperes C) 125 amperes
B) 100 amperes D) 150 amperes
Answer: B

Regardless of the computed load or the number of circuits, a one-family dwelling shall have a
minimum service size of 100 amperes. NEC 230.79(C).

4-11 What isthe smallest copper wire size allowed for service-entrance conductors?

A) No. 10 AWG C) No. 12 AWG
B) No. 8 AWG D) No. 4 AWG
Answer: B

Service-entrance conductors shall not be smaller than No. 8 copper or No. 6 aluminum. NEC Section
230.31(B).
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4-12 The smallest grounded or neutral conductor for an electric service using 1100 kcmil copper
conductorsis:

A) 2/0 copper C) 1/0 copper
B) 3/0 copper D) No. 4 AWG copper
Answer: A

For service-entrance conductors, the grounded conductor shall not be smaller than indicated in NEC
Table 250.66.

4-13 What isthe minimum size electric service required on a single-family dwelling?

A) 60 amperes C) 125 amperes
B) 100 amperes D) 150 amperes
Answer: B

NEC Article 230.79(C) states that 100 amperes is the minimum size service permitted in a single-family
dwelling.

4-14 The name given to a system or circuit conductor that isintentionally grounded is:

A) Grounding conductor C) High-leg conductor
B) Bonding conductor D) Grounded or neutral conductor
Answer: D

An intentionally grounded conductor is a grounded conductor as explained in NEC Article 100 —
Definitions.
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4-15 To measurethe area of a dwelling to deter mine the lighting load, the following dimensions
are used:

A) Thefloor area computed from the inside C) Thefloor area computed from the outside
dimensions dimensions

B) The cubic feet of each room D) The area six inches from the inside walls
Answer: C

The floor area for each floor shall be calculated from the outside dimensions of the building, dwelling
unit, or other area involved. NEC Section 220.12. See Figure 4-4.
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Figure 4-4: Measurements are taken from the outside dimensions of the building

4-16 What isthe smallest copper wire size allowed for service-entrance conductor s supplying
loads consisting of limited loads of a single branch circuit?

A) No. 10 AWG C) No. 4 AWG
B) No. 12 AWG D) No. 6 AWG
Answer: B

For limited loads of a single branch circuit, No. 12 copper may be used, but in no case smaller than the
branch-circuit conductors. NEC Section 230.31(B), Exception.
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4-17 The allowable number of service disconnects can consist of up to:

A) Three C) Five
B) Four D) Six
Answer: D

The service disconnection means shall consist of not more than six switches or six circuit breakers.
NEC Section 230.71(A).

4-18 Service conductorsthat pass over a flat roof must have what clearance from the highest
point of roof over which they pass?

A) 4feet C) 8feet
B) 6 feet D) 10 feet
Answer: C

NEC Section 230.24(A). See Figure 4-5 on the next page.

4-19 Where the voltage between conductors does not exceed 300 and the roof has a slope of not
lessthan 4 inchesin 12 inches, the minimum clearance of service conductorsis:

A) 3feet C) 5feet
B) 4 feet D) 6 feet
Answer: A

NEC Section 230.24(A), Exception No. 2. See Figure 4-5 on the next page.

4-20 Where the voltage between conductors does not exceed 300, and not more than 6 feet of
service conductor s pass over not more than 4 feet of the overhang portion of the roof, and the
conductor s terminate in a through-the-roof raceway or other approved support, the clearance of
service conductor s above the roof is reduced to not less than:

A) 6inches C) 18inches
B) 12 inches D) 24 inches
Answer: C

NEC Section 230.24(A), Exception No. 3. See Figure 4-5 on the next page.
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Figure 4-5: Summary of service clearances
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4-21 Overhead service conductors, when not in excess of 150 volts to ground, that pass over
residential sdewalks, finished grade (the ground), or over any platform or any projection from
which the conductors may be reached, must have a minimum clear ance of:

A) 8feet C) 12feet
B) 10 feet D) 16 feet
NIEG
CHANGE
Answer: B

NEC Section 230.24(B)(1). See Figure 4-5.

4-22 Overhead service conductor s, when not in excess of 300 volts, that pass over residential
driveways and commercial areas such as parking lots and drive-in establishments not subject to
truck traffic must have a clearance of at least:

A) 8feet C) 12feet
B) 10 feet D) 16 feet
NEC
CHANGE
Answer: C

NEC Section 230.24(B)(2). See Figure 4-5.

4-23 Overhead service conductors, when not in excess of 600 volts, that pass over public streets,
alleys, roads, parking lots, agricultural, or other areas subject to truck traffic must have a
minimum clear ance of:

A) 10 feet C) 15feet
B) 12 feet D) 18 feet
NIEC
CRANGE
Answer: D

NEC Section 230.24(B)(4). See Figure 4-5.
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4-24 Overhead service conductors, when not in excess of 600 volts, that pass over residential
property, driveways, and those commercial areas not subject to truck traffic must have a
minimum clear ance of:

A) 10 feet C) 18feet
B) 12 feet D) 15 feet
Answer: D

NEC Section 230.24(B). See Figure 4-5.

4-25 Multiconductor cables used for overhead service conductors must be attached to buildings
or other structures by:

A) Tiewires C) 16d nailsor larger
B) Fittings approved for the purpose D) Tapcons
Answer: B

An approved fitting, such as an insulator, is required for all such installations. NEC Section 230.27.

4-26 Power distribution blocks are permitted in a junction box when:

A) The conductors need to be spliced C) A box cover isinstalled
B) The box is smaller than 100 cubic inches D) The box is larger than 100 cubic inches
Answer: D

NEC Article 314.28(E) states that 100 cubic inches is the minimum size box in which power
distribution blocks may be installed. An Exception allows for grounding terminal barsin smaller boxes.

4-27 Service-entrance cable must be supported within what distance from the service head?

A) 12 inches C) 24inches
B) 18 inches D) 36 inches
Answer: A

An SE cable strap, or other approved fitting, must be installed within 12 inches of the service head.
NEC Section 230.51(A).
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4-28 Service-entrance cable must also be supported at intervals of:

A) 2feet C) 3feet
B) 212 feet D) 41> feet
Answer: B

Type SE cable must be supported at least every 2%/2 feet (30 inches) to prevent sag or collapse of the
cable. NEC Section 230.51(A).

4-29 What clearance must service conductors have from windows, doors, porches, fire escapes,
or similar locations?

A) 1foot C) 3feet
B) 2feet D) 4 feet
Answer: C

Service conductors installed as open conductors or multiconductor cable without an overall outer
jacket shall have a clearance of not less than 3 feet from windows, doors, porches, fire escapes, or
similar locations. Conductors run above the top level of a window, however, shall be permitted to be
less than 3 feet. NEC Section 230.9(A).

4-30 When installing a service head, the conductors of different potential must be:

A) Brought out through separately bushed C) Brought out through the same unbushed
openings openings

B) Brought out through the same bushed D) Brought out through separately unbushed
openings openings

Answer: A

Service heads shall have conductors of opposite potential brought out through separately bushed
openings. NEC Section 230.54(E). See detail of service head in Figure 4-1.
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4-31 Metal enclosures for service conductors and equipment must:

A) Never be grounded C) Be coated with non-conductive material
B) Be grounded D) Be constructed of at least 38 gauge steel
Answer: B

All metal enclosures or housings for service conductors, such as meter bases, auxiliary gutters,
panelboards, safety switches, etc. must be grounded with the system’s equipment ground. NEC
Section 250.80.

4-32 What size serviceisrequired for a 120/240-volt, single-phase load with a demand load of 36
kVA?

A) 60 amperes C) 150 amperes
B) 100 amperes D) 200 amperes
Answer: C

Divide the voltage between phases into the total volt-amperes or watts. Thus, 36,000/240 = 150
amperes.

4-33 What size copper THW conductors are required for the service load in Question 4-32?

A) 10 C) 3/0

B) 2/0 D) 4/0 NIEG
CHANGE

Answer: A

NEC Table 310.15(B)(16) shows that 1/0 THW wire has a current-carrying capacity of 150 amperes
when the ambient temperature is 75°C or below.

4-34 What sizerigid steel conduit isrequired to contain the three conductorsin Question 4-33?

A) 1%2inch C) 2%2inch
B) 2inch D) 3inch
Answer: A

Table C.8 in NEC Annex C shows that 1%/2 inch conduit can contain three No. /0 THW conductors
without exceeding the 40% fill requirements.
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4-35 What percentage of fill isallowed in a conduit with three conductors?

A) 30% C) 50%
B) 40% D) 60%
Answer: B

When three or more conductors with any type insulation, other than lead-covered, are installed in a
raceway, the conductors may not exceed 40% of the raceway’s cross-sectional area. NEC Chapter 9,
Table 1.

4-36 If THHN copper conductors are used for the service-entrance in Question 4-32, what sizeis
required?

A) No. 4 AWG C) No. 2 AWG
B) No. 3AWG D) No.1AWG
Answer: D

Due to the insulation on THHN conductors, they are able to stand a higher temperature and therefore
have a greater current-carrying capacity. NEC Table 310.15(B)(16) or Table 310.15(B)(7) when
applicable.

4-37 What size electrical metallic tubing (EMT) isrequired to contain the service conductorsin
Question 4-36?

A) linch C) 1Y2inch
B) 1Yainch D) 2inch
Answer: B

1Y inch EMT is sufficient to handle three No. 1 THHN conductors without exceeding the required 40%
fill. NEC Table C.8, Annex C.
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4-38 When using 21/2-inch rigid steel conduit for a through-the-roof 120/240 volt service mast,
what is the minimum distance the conduit can protrude above the roof?

A) 18 inches C) 36inches
B) 24 inches D) 48 inches
Answer: A

NEC Section 230.24(A) Exception No. 3 allows a reduction in clearance above only the overhanging
portion of the roof to not less than 18 inches.

4-39 What isthe minimum size copper grounding electrode conductor allowed on an electric
service utilizing No. 3/0 copper current-carrying conductor s?

A) No. 8 AWG C) No.4 AWG
B) No. 6 AWG D) No.2 AWG
Answer: C

NEC Table 250.66 specifies a No. 4 copper or No. 2 aluminum conductor as the minimum size
grounding electrode conductor.

4-40 The main service disconnecting means should be located:

A) At or near the point where the service-entrance C) At least 30 feet from the point where the

conductors enter the building service-entrance conductors enter the building
B) At least 20 feet from the point where the D) At least 50 feet from the point where the
service-entrance conductors enter the building service-entrance conductors enter the building
Answer: A

The service disconnecting means must be installed at a readily accessible location either outside of a
building or structure, or inside, nearest the point of entrance of the service conductors. NEC Section
230.70(A)(2).
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4-41 The NEC requiresthat all circuits over 150 volts to ground containing fuses have a
disconnecting means located:

A) Outside C) Onload side of all fuses
B) On supply side of all fuses D) Where convenient
Answer: B

Disconnecting means must be provided on the supply side of all fusesin circuits of over 150 volts to
ground. NEC Section 240.40.

4-42 The general lighting load for residential servicesis calculated at:

A) 1 watt per square foot C) 3 watts per square foot
B) 2 watts per square foot D) 4 watts per square foot
Answer: C

NEC Table 220.12 shows that the general lighting load for dwelling unitsis calculated at 3 volt-
amperes per sguare foot.

4-43 Residential small appliance circuits are calculated at:

A) 1500 watts each C) 2500 watts each
B) 2000 watts each D) 3000 wetts each
Answer: A

In addition to the number of branch circuits determined by the square-foot method (based on 3 volt-
amperes per square foot), two or more 20-ampere small appliance branch circuits must be provided for
all receptacle outlets in the kitchen, pantry, breakfast room, dining room, or similar area of a dwelling
unit. NEC Section 220.52(A).

4-44 All metal enclosures for service conductors and equipment must be:

A) Watertight C) Locked
B) Painted D) Grounded
Answer: D

NEC Section 250.80 states that metal enclosures for service conductors and equipment must be
grounded.
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4-45 Mobile home service equipment shall not be rated less than:

A) 50 amperes C) 100 amperes
B) 60 amperes D) 200 amperes
Answer: C

Mobile home service equipment shall be rated at not less than 100 amperes, and provision must be
made for connecting a mobile home feeder assembly by a permanent wiring method. NEC Section
550.32(C).

4-46 What isthe ampacity of the conductorsrequired for a 120/208-volt, three-phase, 4-wire
commercial servicewith aload of 72 kKVA?

A) 150 amperes C) 250 amperes
B) 200 amperes D) 300 amperes
Answer: B

Amperes = VA =_12000 _ 5o amperes

Volt x V3~ 208 x V3

4-47 What size aluminum THW conductors arerequired for the service in Question 4-46?

A) 1/0 kemil C) 4/0 kemil
B) 3/0 kcmil D) 250 kcmil
Answer: D

NEC Table 310.16 shows that 250 kcmil THW aluminum conductors are rated at 205 amperes.

4-48 What sizerigid steel conduit isrequired for the service conductorsin Question 4-477?

A) 2inch C) 3inch
B) 2%2inch D) 4inch
Answer: B

NEC Table C.8 in Annex C specifies a 21/2-inch conduit for four 250 kemil THW conductors.
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4-49 What is the maximum distance between Pipe Spacing between
supportsfor the conduit in Question 4-48 if the diameter | [C] supports
conduit isa straight run? 10

A) 2 feet e |
B) 4 feet 12
C) 8 feet i -

D) 16 feet 14"

Answer: D 1t 1z

NEC Table 344.30(B)(2) specifies a maximum 16
distance of 16 feet between 2%/2 inch rigid conduit
supports. See Figure 4-6. 2"-212" L o

20'

3"and larger | | =3

4-50 What isthe maximum distance for a
required support for rigid steel conduit from
the service head?

A) 3 feet Figure 4-6: Spacing of supports for rigid steel conduit
B) 2 feet
C) 4 feet
D) 5 feet

Answer: A

NEC Section 344.30(A) states that rigid metal conduit shall be firmly fastened within 3 feet of each
outlet box, junction box, cabinet, or fitting. Snce a service head is classified as a fitting, the maximum
distanceis 3 feet.

4-51 What istherequired ampacity of conductors serving a 120/240-volt single-phase residential
electric service with a total load of 30 kVA?

A) 100 amperes C) 150 amperes
B) 125 amperes D) 200 amperes
Answer: B

30,000/240 = 125 amperes
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4-52 What size aluminum SE cableisrequired for the service in Question 4-517?

A) No. 2 AWG C) No. /0 AWG
B) No.1AWG D) No. 2/0 AWG

NIEG
Answer: C VR
NEC Table 310.15(B)(7).

4-53 What isthe maximum distance that an SE cable strap can be from either the service head
or the meter base?

A) 10inches C) 18inches
B) 12 inches D) 24 inches
Answer: B

Cable shall be secured in place at intervals not exceeding 12 inches from every cabinet, box, or fitting.
NEC Section 230.51(A).

4-54 What isthe maximum distance allowed between cable straps when installing Type SE cable
when used as service-entrance conductor s?

A) 1foot C) 3feet
B) 21/2feet D) 4feet
Answer: B

Cable shall be secured in place at intervals not exceeding 30 inches (22/2 feet). NEC Section 230.51(A).

4-55 When a single-family dwelling has an initial load of 10 kVA or above, the minimum service
ratingis:

A) 60 amperes C) 125 amperes
B) 100 amperes D) 150 amperes
Answer: B

For a one-family dwelling, the service disconnecting means shall have a rating of not less than 100
amperes. NEC Section 230.79(C).
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4-56 If the phase-to-neutral voltage in a three-phase, 4-wire Y-connected service is 240 volts, the
phase-to-phase voltage will be approximately:

A) 460 volts C) 415 volts
B) 480 volts D) 425 volts
Answer: C

Phase-to-phase voltage = phase-to-neutral voltage x v3 = 240 x v3 = 240 x 1.73 = 415 volts

4-57 The service grounding conductor is sized by therating of:

A) The overcurrent protective device C) The supply transformer
B) The service-entrance conductors D) Theload to be served
Answer: B

NEC Section 250.66 states that the size of the grounding electrode conductor of a grounded or
ungrounded ac system shall not be less than the sizes given in NEC Table 250.66. The sizes of
grounding electrode conductors are based on the size of the largest service conductor. Both copper and
aluminum service conductors are listed in this table.

4-58 A 400-ampere electric service is normally metered with a combination of a watt-hour meter
and:

A) Current transformers C) Capacitors
B) VAR meters D) Ammeter
Answer: A

A watt-hour meter constructed to directly measure currents over 200 amperes is too expensive to be
practical. Therefore, current transformers are used to reduce the ratio of the current to a practical
level.
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4-59 In which of the following dwelling unit locations may overcurrent protection devices, other
than supplementary protection, be installed?

A) Kitchens C) Clothes closets

B) Dormitory bathrooms serving up to 6 persons D) Over stepsin a stairway provided that it is
located where it will not be exposed to physical
damage

Answer: A

NEC Articles 240.24(E) and (F) prohibit locating overcurrent protection in dwelling bathrooms,
dormitory bathrooms, or over stepsin a stairway.

4-60 When two to six fused switches or circuit breakers are used asthe “main” in an €ectric
service, they must be:

A) Grouped and marked to indicate the load served C) Marked
B) Grouped but left unmarked D) Grouped

Answer: A

NEC Section 230.72(A) requires that two to six disconnects as permitted in NEC Section 230.71 must
be grouped and each disconnect must be marked to indicate the load served.

4-61 In a multiple-occupancy building, each occupant shall:

A) Not have access to the occupant’s C) Have accessto all occupants' service
service disconnecting means disconnecting means

B) Have access to the occupant’s service D) Have complete accessto all electrical
disconnecting means equipment

Answer: B

NEC Section 230.72(C) specifies that in a multiple-occupancy building, each occupant shall have
access to the occupant’s service disconnecting means, with an Exception.
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4-62 Although enclosed, a service disconnecting means must still be:

A) Locked securely C) Locked only while operable
B) Always kept unlocked D) Manually or power operable
Answer: D

NEC Section 230.76 specifies that an enclosed service disconnecting means shall consist of either a
manually operated switch or circuit breaker equipped with a handle or a power-operated switch or
circuit breaker which can be opened by hand in the event of a power failure.

4-63 The service disconnecting means for a two-circuit installation shall not be less than:

A) 15 amperes C) 30 amperes
B) 20 amperes D) 60 amperes
Answer: C

NEC Section 230.79(B) states that for installations consisting of not more than two 2-wire branch
circuits, the service disconnecting means shall have a rating of not less than 30 amperes.

4-64 A means must be provided to disconnect the grounded conductor from the premises wiring.
One approved method is:

A) A terminal with pressure connectors C) A wiretrough
B) A ground clamp on a grounding el ectrode D) A cablebus
Answer: A

Where the service disconnecting means does not disconnect the grounded conductor from the premises
wiring, other means must be provided for this purpose in the service equipment. A terminal or busto
which all grounded conductors can be attached by means of pressure connectors is permitted for this
purpose. NEC Section 230.75.
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4-65 Service conductor s shall not be connected to the service disconnecting means with:

A) Pressure connectors C) Solder only
B) Clamps D) Approved conductor terminators
Answer: C

Service conductors shall be connected to the service disconnecting means by pressure connectors,
clamps, or other approved means. Connections that depend upon solder shall not be used. NEC Section
230.81.

4-66 What isthe minimum allowed rating for the service disconnect of a single circuit
installation?

A) 15 amps C) 30 amps
B) 20 amps D) 10 amps
Answer: A

NEC Section 230.79(A) stipulates that 15 amps is the minimum allowed rating for the service
disconnect in this situation.

4-67 Immediately before service conductors
enter the bushed holesin a service head, what
should be provided for the conductors?

A) Drip loops

B) Solderless connectors
C) Weatherproof connectors
D) Soldered connectors

) B
Answer: A . T;

Drip loops in service conductors help to prevent
moisture from entering the service head. NEC

Section 230.54(F). See Figure 4-7. Figure 4-7: Drip loops help keep moisture out of the
service head
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4-68 What isthe minimum allowable length of a concrete-encased electrode?

A) 8feet C) 20 feet

B) 10 feet D) Thereisno minimum. An electrode may be
any length

Answer: C

NEC Article 250.52(A)(3) states that a concrete-encased electrode, commonly referred to as a UFER
ground, must be at least 20 feet long and can be a continuous piece of reinforcing steel, or a bare
copper conductor not smaller than 4 AWG.

4-69 What isthe minimum allowable diameter of a rod-type grounding electrode?

A) Y2inch C) 3/ainch
B) S/sinch D) 1inch
Answer: B

A ground rod must be at least 5/s inch in diameter and not less than 8 feet in length. NEC Article
250.52(A)(5)(b).

4-70 Which of the following systems and materialsis not permitted to be used as a grounding
electrode?

A) Meta underground gas piping C) Stainless steel
B) Zinc coated steel D) Copper pipe larger than metric designator 21
Answer: A

NEC Article 250.52(B) prohibits the use of metal underground gas piping systems or aluminum as
grounding electrodes.
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Figure 4-8: Summary of NEC grounding requirements
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4-71 What isthe minimum size grounded system conductor per mitted by the NEC?

A) 6 AWG copper C) 10 AWG auminum
B) 8 AWG copper D) 250 MCM copper
Answer: B

NEC Article 250.32(E) requires that such conductors have the ampacity of not less than those given in
NEC Table 250.66, which requires that the grounding electrode conductor (GEC) be no smaller than
8 AWG copper or 6 AWG aluminum or copper-clad aluminum.

4-72 How must wire terminals be arranged and located in panelboar ds?

A) So theinstaller must reach across C) So they may not be tampered with or changed
ungrounded lines

B) So they are not readily accessible D) Soit will not be necessary for service
personnel to reach across or beyond an
uninsulated ungrounded line bus to make
connections

Answer: D

NEC Section 408.3(D) restricts the location of wire terminals to areas where service personnel do not
have to reach across or beyond an uninsulated ungrounded line bus to make connections.

4-73 Which of the following may not be used as a grounding electrode?

A) Metallic cold-water pipe C) Underground metallic gas pipe

B) Driven ground rod D) A grounding ring consisting of No. 2
AWG bare copper

Answer: C

NEC Section 250.52(B) prohibits the use of any metallic underground gas piping system as a
grounding electrode under any circumstances or conditions.
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If available on the premises, each item Panelboard
shown in this drawing must be bonded
together to form the grounding system
NEC Section 250.50 Neutral bus

* Metal water pipe

NEC Section 250.52(A)(1) “Metal frame of
— building
(]
| = - NEC Section
Lk || 250.52(A)(2)
[=
N *Concrete encased

rebars

*Ground ring made
of at least 20" of No. 2
or larger bare copper
buried no less than
2.5' below grade
NEC Section
250.50(A)(4)

Rods or pipes
of iron or steel

NEC Section
250.52(A)(5)

Plate electrode must Rebars must be at

expose not less than least 20" long
2 square feet of surface NEC Section
to exterior soil. It must 250.52(A)(3)

be made of iron or steel
and be at least 1/4" thick
NEC Section 250.52(A)(7)

Figure 4-9: Summary of NEC grounding requirements

4-74 1f the following grounding electrodes are available on the premises, how many of them must
be bonded together: metal underground water pipe, metal frame of the building, concrete-
encased electrode, ground ring, ground plate, and a ground rod?

A) Only one may be used C) At least three must be bonded
together

B) Two must be used D) All available electrodes must be bonded
together

Answer: D

NEC Section 250.50 requires that all of them be bonded together to form the grounding electrode
system. See Figure 4-9.
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Distribution Equipment

Service-entrance equipment is usually grouped
at one centralized location. Feeders run to various
locations to feed heavy-loaded electrical equip-
ment and subpanels, which are located in a build-
ing to keep the length of the branch-circuit runs at
a practical minimum for operating efficiency and
to cut down on cost.

The main service-disconnecting means will
sometimes be made up on the job by assembling
individually enclosed fused switches on a length
of metal auxiliary gutter. The various components
are connected by means of short conduit nipples,
in which the insulated conductors are installed. In
other cases, the main disconnect and feeder over-
current devices are enclosed in factory-assembled
panelboard; the entire assembly is commonly
called a main distribution panel.

Section 230.70 of the NEC requires a means to
disconnect al conductors in a building or other
structure from the service-entrance conductors.

This disconnecting means must be installed at a
readily accessible location either outside a build-
ing or structure, or inside nearest the point of
entrance of the service conductors and working
space must be provided around the disconnecting
means. The NEC also requires that all single feed-
ers and branch circuits be provided with a means
of individual disconnection from the source of
supply.

Overcurrent protection — either fuses or circuit
breakers — isrequired both at the main source and
for al individual feeders and branch circuits in
order to protect the electrical installation against
ground faults and overloads.

Chapter 4 of this book deals with electric serv-
ices, while Chapter 6 covers questions concerning
overcurrent protection. This chapter covers the
panelboards, load centers, and similar distribution
equipment used at the point the service enters the
building and at points throughout the building.
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5-1 All metal enclosures for service conductors and equipment must be:

A) Grounded
B) Ungrounded

Answer: A

C) Made from 10 gauge steel or above
D) PVC (plastic)

Metal enclosures such as metal conduit, pull boxes, panelboard housings, and the like, must be

grounded to comply with NEC Article 250.

5-2 On a switchboard with busbars, phase B
would have the highest voltage to ground in a:

A) DeltaWye system
B) High-leg delta-connected system
C) Wye-Wye system
D) Scott connection

Answer: B
See Figure 5-1.

High leg

B
208 v.

Ven = Ven V3

N

Figure 5-1: In a three-phase, 4-wire, delta-connected
transformer with a grounded center tap, the voltage from
phase B to neutral is higher than either phase A or phase C
to ground. Multiply the voltage of either phase A or C to
ground by the square root of 3. Therefore, 120 x 1.73 =
207.6 volts from phase B to ground. This rounds off to 208
volts.

5-3 A 200-ampere panelboard may supply a maximum load of:

A) 100 amperes
B) 180 amperes

Answer: D

C) 160 amperes
D) 200 amperes

A panelboard may supply a load not in excess of its rating. NEC Section 408.30.
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5-4 Which of the following is not a requirement for an inter system bonding ter mination?

A) Consists of at least three terminals C) It be accessible for connection and
Inspection

B) Contains at least 50 percent bronze or brass D) It belisted for grounding and bonding

Answer: B
NEC Article 250.94 requires that an intersystem bonding termination be provided for NEG
connecting required bonding conductors from limited energy systems covered in Articles CHANGIE

770 and Chapter 8.

5-5 Branch circuit conductors supplying infor mation technology equipment shall have an
ampacity of:

A) 20 amperes maximum C) 250 percent of the computed load

B) 25 amperes minimum D) 125 percent of the connected |oad

Answer: D

NEC Article 645.5(A) requires that the conductors supplying information technol ogy NEES
equipment have an ampacity of not less than 125 percent of the connected load. CHANGIE

5-6 What isthe maximum number of overcurrent devices permitted in a panelboard?

A) 40 C) Asmany aswill fit

B) No fewer than the maximum busbar rating D) More than 42 requires that a permanent
after all correction factors have been applied label be affixed to the deadfront

Answer: C

NEC Article 408.54 required panelboards to be provided with physical means to prevent the use of more
breakers than it was designed, rated, and listed for.
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5-7 Insulated grounded conductors, in sizes larger than No. 6 AWG, may be identified by:

A) A continuous white or natural gray C) Distinctive white markings encircling the
outer finish conductor at its terminations

B) Three continuous white stripes on other than D) All of the above
green insulation

Answer: D

NEC Section 200.6(B) permits grounded conductors to be identified by a white or gray outer finish, or
by three continuous white stripes along their entire length on other than green insulation. However,
only sizes larger than No. 6 AWG are permitted to be marked as white or gray at points of termination,
and such markings must encircle the entire conductor.

5-8 The minimum size copper equipment grounding conductor for a 200-ampere circuit is:

A) No. 3AWG C) No. 8AWG
B) No. 6 AWG D) No. 10 AWG
Answer: B

NEC Table 250.122 gives No. 6 AWG copper wire as the minimum size for a 200-ampere circuit.

5-9 Auxiliary gutters must not befilled to greater than:

A) 20% C) 40%
B) 30% D) 50%
Answer: A

NEC Section 366.22 requires that the sum of the cross-sectional areas of all contained conductors at
any cross section of an auxiliary gutter shall not exceed 20% of the interior cross-sectional area of the
auxiliary guitter.

5-10 Theworking clearance between live parts for a system operating at 480 volts with exposed
live parts on one side and grounded parts on the other sideis:

A) 1foot C) 3feet 6inches
B) 2feet D) 4 feet
Answer: C

NEC Table 110.26(A) lists this situation as condition 2 and specifies a minimum of 3 feet 6 inches
clearance.
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5-11 In other than a dwelling, switchboar ds and panelboards must be marked to indicate:

A) Where the power supply originates C) When the equipment was serviced
B) Emergency contact phone numbers D) Date of installation
Answer: A

NEC
NEC Article 408.4 requires that every circuit be clearly identified as to its specific purpose CHANGEE

or use. Circuits cannot be described in a manner that depends on conditions of occupancy.

5-12 Panelboards equipped with 30-ampere or less snap switches must be protected not in excess
of:

A) 30 amperes C) 200 amperes
B) 150 amperes D) 225 amperes
Answer: C

The maximum rating of panelboards containing snap switches with ratings of 30 amperes or less is 200
amperes according to NEC Section 408.36(A).

5-13 Panelboardsinstalled in health care facilities and serving the same individual patient
vicinity must be bonded together with copper conductors not smaller than:

A) No. 12 AWG C) No. 8AWG
B) No. 10 AWG D) No. 6 AWG
Answer: B

The equipment grounding terminal buses of branch-circuit panelboards, serving the same individual
patient vicinity, shall be bonded together with an insulated continuous copper conductor not smaller
than No. 10 AWG. NEC Section 517.14.

5-14 The panels of switchboards must be made of:

A) Moisture-resistant, noncombustible material C) Impact-resistant material
B) Raintight material D) Waterproof material
Answer: A

All panels of switchboards must be moisture resistant and composed of noncombustible material. If the
panel is used in other than conventional atmospheres, the housing must be modified to suit the
condition. NEC Section 408.50.
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5-15 How shall busbars be mounted in a panelboar d?

A) Snug, but not tight C) Rigidly
B) Loose D) Horizonta to the floor
Answer: C

Insulated or bare busbars shall be rigidly mounted. NEC Section 408.51.

5-16 The maximum rating of overcurrent devices protecting panelboard instrument circuitsis:

A) 10 amperes C) 15 amperes
B) 20 amperes D) 30 amperes
Answer: C

Instrument circuits such as pilot lights and potential transformers shall be supplied by a circuit that is
protected by standard overcurrent devices rated 15 amperes or less. NEC Section 408.52.

5-17 When blades of knife switches are open, they must be:

A) Energized C) Warning tags installed
B) De-energized D) Insulated
Answer: B

NEC Section 404.6(C). See Figure 5-2. The NEC has been revised to require bolted pressure contact
switches to have barriers to prevent inadvertent contact with the energized blades.

5-18 What isthe minimum wire bending space allowed in a panelboard being fed with paralleled
pairs of 2/0 conductors entering the enclosure through the wall opposite the ter minals?

A) 6inches C) 8inches
B) 7inches D) 9inches
Answer: A

NEC Section 312.6(B)(2) and Table 312.6(B).
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Figure 5-2: A knife switch must be arranged so it will not close by gravity. The blades, when
opened, must be “dead” or de-energized. Therefore, the line must be connected at the top of the
switch and the load connected at the bottom where the blade hinges.

5-19 What isthe minimum length required of a junction box in a straight pull?

A) Eight times the cross sectional area of the C) Not less than eight times the diameter
smallest conductor (trade size) of the largest raceway

B) Four times the cross sectional area of the D) Six times the trade diameter of NIEC
largest conductor the largest raceway e
Answer: C

In straight pulls, the length of the junction box must be at least eight times the diameter of the largest
raceway. NEC Section 314.28(A)(1).

5-20 Knife switchesrated at over 1200 amperes at 250 volts or less, and at over 600 amperes at
251 to 600 volts, shall be opened only under what condition?

A) When switches are fully loaded C) Incaseof fire

B) When switches are isolated D) Under no load NEC
CHANGE

Answer: D

Knife switches as specified in this question must not be opened under load. Therefore, if a knife switch
is providing a disconnecting means for a feeder serving, say, six motor controllers, each motor must be
shut off before opening the knife switch, or else enough motors must be shut off to obtain conditions
below 1200 amperes at 250 volts or below 600 amperes at from 251 to 600 volts. NEC Section
404.13(A).
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5-21 Panelboards must be mounted in:

A) Cabinets C) Cutout boxes
B) Enclosures designed for the purpose D) Any of these
Answer: D

NEC Section 408.38 allows panelboards to be enclosed in either cabinets, cutout boxes, or enclosures
designed for the purpose.

5-22 What type of front must be used for panelboard enclosures?

A) Live-front C) Gray-colored front
B) Dead-front D) Gray-colored front with yellow stripes
Answer: B

NEC Section 408.38 requires all panelboard enclosures to be of the dead-front-type.

5-23 Metal panelboard cabinets and their related frames must be:

A) lsolated from each other C) In physical contact with each
other

B) Separately bonded D) None of the above

Answer: C

NEC Section 408.40 requires panelboard cabinets and their related frames, if of metal, to bein
physical contact with each other and grounded in accordance with NEC Article 250.

5-24 The panelboard schedule in Figure 5-3 describes the characteristics of an electric
panelboard. To which panel number or letter doesthe schedule refer?

A) A C C
B) B D) D
Answer: A

In the top left-hand corner of the schedule is a column heading designated “ Panel No.” and under this
isthe designation “ A”
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Panel Mains

Branches

Type Items
Panel No | Cabinet Amps Volts Phase 1P 2P 3P Prot. Frame Fed

“A” Flush 200 A | 120/240V | 32, 4W Y — 1 — 20A 70A Time clock
— — 1 20A 70A AHU
— 1 — 30A 70A Water htr.
— — 1 30A 70A Cond. unit
5 — — 20A 70A Lights
10 — — 20A 70A Recepts.
5 — — 20A 70A Spares
12 — — — — Provisions only

Figure 5-3: Typical panelboard schedule used on an electrical drawing

5-25 Referring again to Figure 5-3, what type of cabinet is used?

A) Flush-mounted

B) PVC plastic

Answer: A

Under the heading “ Type Cabinet” in the schedule is the word “ Flush”

C) Surface-mounted
D) 10 gauge sheet metal

5-26 How many one-pole circuit breakers are allocated for lighting in the panelboard schedulein

Figure 5-3?
A) 12 C) 7
B) 10 D) 5
Answer: D

Look under the major heading “ Branches’ and then look under the subheading “ 1P” to see that “ 5"
20A circuit breakers are used for lights.
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5-27 What isthe protection rating of the circuit breaker used for the water heater in Figure 5-3?

A) 15 amperes C) 30 amperes
B) 20 amperes D) 40 amperes
Answer: C

Look in the right-hand column under “ Items Fed” to see that the water heater (htr.) is protected with a
2-pole circuit breaker with “ 30A” (ampere) protection (Prot.) rating.

5-28 How many “Provisionsonly” are allocated in the panelboard schedule in Figure 5-3?

A) 10 C) 14
B) 12 D) 16
Answer: B

Look under “ Items Fed” in the right-hand column heading, then down to “ Provisions only” in this
column. Looking to the left, you can see that “ 12" 1P spaces are allocated.

5-29 The working clearance between live parts for a system operating at 480 volts with exposed
live partson one side and no live or grounded parts on the other side of the working space must
be a minimum of:

A) 3feet C) 4feet
B) 3.5feet D) 5feet
Answer: A

NEC Table 110.26(A)(1) lists this situation as Condition 1 and calls for 3 feet working clearance.

5-30 Receptaclesin patient care areas of pediatric locations must be:

A) Protected by a GFCI C) Childproof

B) Protected by an AFCI D) Tamper resistant NEGC
CHANGE

Answer: D

NEC Article 517.18(C) requires that all receptacles located within the rooms, bathrooms, playrooms,
activity rooms and patient care areas of pediatric locations be of the tamper resistant type or utilize a
tamper resistant cover.
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5-31 What isthe allowable ampacity for a /0 THHN conductor in a conduit with 5 other
current carrying conductors?

A) 170 amps C) 136 amps

B) 150 amps D) 200 amps NEGC
CRANGE

Answer: C

NEC Table 310.15(B)(16) lists the ampacity for a 1/0 THHN conductor at 170 amps. However, Article
310.15(B)(3) requires conductors to be derated when more than 3 current carrying conductors are in
the same cable or raceway. A 1/0 THHN conductor at 80% would be rated at 136 amperes.

5-32 What must be provided in a lighting and appliance panelboard to prevent installing more
overcurrent devices than the number for which the panelboard israted?

A) A warning sign C) A padlock
B) A highly visible tag D) Physical means
Answer: D

NEC Section 408.54 requires such panelboards to be provided with a physical means to prevent the
installation of more overcurrent devices. (One method is to provide a certain length of busbar to limit
the amount of circuit breakers that can be attached.)

5-33 When keeping within the NEC requirements for the number of overcurrent devices allowed
in a lighting and appliance panelboard, how many overcurrent devices are counted in one 2-pole
circuit breaker?

A1l C) 3
B) 2 D) 4
Answer: B

Since a 2-pole circuit breaker takes up two spaces in the panelboard, it is counted as two overcurrent
devices. NEC Section 408.54.
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5-34 How many overcurrent device spaces are counted when using one 3-pole circuit breaker?

A) 1 C) 3
B) 2 D) 4
Answer: C

Since a 3-pole circuit breaker takes up three spacesin a panelboard, it is counted as three overcurrent
devices. NEC Section 408.54.

5-35 A 40-circuit, single-phase, 3-wire lighting and appliance panelboard contains 18 1-pole
circuit breakers. What isthe maximum number of 2-pole circuit breakersthat may be installed
in the panelboard?

A) 10 C) 12
B) 11 D) 13
Answer: B

Forty 1-pole spaces are available in this panelboard. If 18 of these spaces are taken up with the 18 1-
pole breakers, this leaves (40 — 18 =) 22 spaces available. Snce a 2-pole breaker takes up two spaces,
the panelboard will accommodate 11 additional 2-pole circuit breakers (22 divided by 2 equals 11
circuit breakers).

5-36 What isthe maximum number of main circuit breakersthat may be used to protect a
lighting and appliance panelboard on the supply side?

A) None C 2
B) 1 D) 3
Answer: C

NEC Section 408.36 (Exception 2) limits the number to two main circuit breakers or two sets of fuses
having a combined rating not greater than that of the panelboard.
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5-37 When isit permissibleto install two wires under the same set-screw in a neutral?

A) Only on branch circuits C) When the terminal is identified as allowing
more than one conductor

B) Only on relays mounted on switchboards D) Itisnever permitted

Answer: C

NEC Section 110.14(A) states that terminals for more than one conductor shall be so identified.

5-38 A metal pole supporting a light fixture shall have an accessible handhole not less
than inches.

A) 2 X 6inches C) 2 X 4inches
B) 3 x 4inches D) 4 x 8inches
Answer: C

NEC Section 410.30(B)(1) requires handholes to be 2 x 4 inch minimum. In addition, the cover must
be suitable for use in wet locations.

5-39 What isthe maximum overcurrent device rating allowed for the protection of panelboard
instrument circuits?

A) 30 amperes C) 15 amperes
B) 20 amperes D) 10 amperes
Answer: C

NEC Section 408.52 limits the overcurrent device to 15 amperes or less.

5-40 What isthe minimum wire bending space required at the top and bottom of a panelboard
that has one 3/0 conductor connected to each busbar in the panelboard?

A) 61/2inches C) 71/2inches
B) 7inches D) 8inches
Answer: A

NEC Table 312.6(B) requires the minimum space to be 62 inches.
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5-41 What isthe minimum wire bending space required at the top and bottom of a panelboard
that has two 3/0 conductor s connected to each busbar or terminal in the panelboard?

A) 612 inches C) 7Y2inches
B) 7inches D) 8inches
Answer: A

NEC Table 312.6(B) requires the minimum space to be 62 inches.

5-42 What isthe minimum wire bending space required at the top and bottom of a panelboard
that has three 3/0 conductor s connected to each busbar or terminal in the panelboard?

A) 61/2inches C) 7Y2inches
B) 7inches D) 8inches
Answer: D

NEC Table 312.6(B) requires the minimum space to be 8 inches when three 3/0 conductors are
connected to one terminal.

5-43 All switches and circuit breakers, used as switches under normal operation, must be so
located that they may be operated from:

A) A cat walk C) Aninaccessible location
B) A rubber mat D) A readily accessible place
Answer: D

NEC Section 404.8(A) requires all switches and circuit breakers used as switches to be installed so they
may be operated (turned on and off) from a readily accessible place.

5-44 What isthe highest position the operating handle of a safety switch or circuit breaker may
be located above the floor or working platform under normal working conditions?

A) 41/2 feet C) 6feet
B) 5 feet D) 6 feet 7 inches
Answer: D

For normal safety switch and circuit breaker operation, NEC Section 404.8(A) requires the maximum
height to be 6 feet 7 inches.
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5-45 On busway installations, fused switches and circuit breakers may be located at the same
level asthe busway provided:

A) A suitable means is provided to operate the C) A suitable meansis provided to operate the

device from a step ladder device from an extension ladder

B) A suitable meansis provided to operate the D) Another disconnect switch is provided at
device from floor level the working platform

Answer: B

NEC Section 404.8(A), Exception 1 requires that a suitable means must be provided to operate the
fused switch or circuit breaker from floor level.

5-46 When installing a grounded conductor in a panelboard each grounded conductor must be
terminated in an individual terminal that is not also used for another conductor unless;

A) Terminal isidentified for use with more C) Conductors are under No. 4 AWG
than one conductor

B) Conductors are under No. 2 AWG D) Not permitted under any situation
Answer: A

NEC Section 408.41 explains the requirements for terminating the grounded conductor in a panel. It
also permits more than one conductor to be placed in the same terminal if the terminal is identified for
such use.

5-47 What isthe maximum voltage allowed between adjacent snap switches, receptacles, and
similar devicesin an enclosure?

A) 120 volts C) 300 volts
B) 240 volts D) 480 volts
Answer: C

NEC Section 404.8(B) limits the voltage to 300 unless they are installed in enclosures equipped with
permanently installed barriers between adjacent switches. The code has been revised to include
receptacles and similar devices.
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5-48 If safety switches are hor sepower rated, the rating must be marked on the switch aswell as:

A) Current and voltage rating C) Current and resistance rating
B) Voltage and wattage rating D) Voltage and resistance rating
Answer: A

NEC Section 404.15(A) requires switches to be marked with their current and voltage rating.

5-49 A fused safety switch must not have the fuses connected in:

A) Series C) Linewith the load
B) Paradle D) None of the above
Answer: B

NEC Section 404.17 requires that fused switches have their fuses connected in series with the load.

5-50 A cutout box installed in a damp and wet location shall be:

A) Raintight C) Weatherproof
B) Waterproof D) Rainproof
Answer: C

NEC Section 312.2 requires this type of enclosure to be weatherproof. In addition, a minimum /s-inch
airspace between the box and the wall is required.

5-51 The minimum spacing allowed between bare metal surface-mounted, current-carrying
parts of opposite polarity in a panelboard with voltage not exceeding 125 voltsis.

A) Yainch C) 3/ainch
B) Y2inch D) linch
Answer: C

NEC Table 408.56 specifies 3/4 inch for this condition.
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5-52 If the bare metal parts specified in Question 5-51 are held freein air, what isthe minimum
distance?

A) Yainch C) %ainch
B) 1/2inch D) linch
Answer: B

NEC Table 408.56 specifies 1/2 inch for this condition.

5-53 The minimum spacing allowed between bare metal surface-mounted, current-carrying
partsto ground in a panelboard with voltage not exceeding 125 voltsis:

A) Yainch C) 3ainch
B) 1/2inch D) linch
Answer: B

NEC Table 408.56 specifies 1/2 inch for this condition.

5-54 The minimum spacing allowed between bare metal surface-mounted, current-carrying
parts of opposite polarity in a panelboard with voltage not exceeding 250 voltsis:

A) Y2inch C) linch
B) 3/ainch D) 1Yainches
Answer: D

NEC Table 408.56 specifies 11/4 inches for this condition.

5-55 The minimum spacing allowed between bare metal current-carrying parts (not exceeding
250 volts) of opposite polarity where held in free air is:

A) Y2inch C) linch
B) 3/ainch D) 1Yainches
Answer: B

NEC Table 408.56 requires 3/4 inch minimum for this condition.
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5-56 The minimum spacing allowed between bare metal current-carrying partstoground in a
panelboard with voltage not exceeding 250 voltsis:

A) Y2inch C) linch
B) 3/ainch D) 1Yainches
Answer: A

NEC Table 408.56 requires /2 inch minimum spacing for this condition.

5-57 The minimum spacing allowed between current-carrying conductorsin free air when the
voltage does not exceed 600 voltsis:

A) linch C) 3inches
B) 2inches D) 4 inches
Answer: A

NEC Table 408.56 specifies a minimum 1-inch space under this condition.

5-58 The minimum spacing between bare metal 600-volt current-carrying parts and ground is:

A) linch C) 3inches
B) 2inches D) 4 inches
Answer: A

NEC Table 408.56 specifies 1 inch for this condition.

5-59 May enclosures for switches or overcurrent devices be used asjunction boxes?

A) Yes, in al conditions C) Under certain conditions

B) No, in all conditions D) None of the above NEEC
CHANGE

Answer: C

Where adequate space is provided so that the conductors do not fill the wiring space or any cross
section to more than 40% of the cross-sectional area of the space, and the conductors, splices, and taps
do not fill the wiring space at any cross section to more than 75% of the cross-sectional area of the
space, the enclosure may be used for a junction box. NEC Section 312.8.
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5-60 Which of the following must be provided when a No. 4 AWG or larger conductor entersa
panelboard?

A) A bonding jumper C) Aninsulated bushing

B) A ground clip D) An identification tag NEG
CHANGE

Answer: C

NEC Section 300.4(G) requires an identified fitting such as an insulated bushing.

5-61 In Question 5-60 above, what condition would not require an insulating bushing?

A) When the conductors are secured with tie-straps C) When No. 6 AWG or larger wireis used

B) When the conductors are correctly tagged D) When the conductors are separated from the
fitting by insulating material

Answer: D NEE

CHANGE
NEC Section 300.4(G) does not require an insulating bushing if the conductors are
separated from the raceway fitting by identified insulating material securely fastened in place.

5-62 May conduit bushing constructed wholly of insulating material be used to secure a raceway
to a panelboard?

A) Yes C) Under certain conditions

B) No D) None of the above NEC
CHRANGIE

Answer: B

A bushing constructed wholly of insulating material will not adequately secure a raceway system. The
raceway must have metal fittings for support and an insulating bushing for conductor protection. NEC
Section 300.4(G).

5-63 Where must metal panelboar ds be protected against corrosion?

A) Outside only C) Bothinside and outside
B) Inside only D) None of the above
Answer: C

NEC Section 312.10(A) requires that metal cabinets and cutout boxes be protected both inside and
outside against corrosion.
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Chapter 6

Overcurrent Protection

Reliable overcurrent protective devices, such as
fuses and circuit breakers, prevent or minimize
costly damage to transformers, conductors,
motors, equipment, and the other many compo-
nents and loads that make up a complete electrical
system.

A fuse is the simplest device for opening an
electric circuit when excessive current flows
because of an overload or such fault conditions as
grounds and short circuits. A “fusible” link or
links encapsulated in a tube and connected to con-
tact terminals comprise the fundamental elements
of the basic fuse. Electrical resistance of thelink is
so low that it simply acts as a conductor and every
fuseisintended to be connected in serieswith each
phase conductor so that current flowing through
the conductor to any load must also pass through
the fuse. The continuous current rating of afusein
amperes establishes the maximum amount of cur-
rent the fuse will carry without opening. When cir-
cuit current flow exceeds this value, an internal
element (link) in the fuse melts due to the heat of
the current flow and opens the circuit. Fuses are
manufactured in a wide variety of types and sizes
with different current ratings, different abilities to
interrupt fault currents, various speeds of opera-

tion (either quick-opening or time-delay opening),
different internal and external constructions, and
voltage ratings for both low-voltage (600 volts and
below) and medium-voltage (over 600 volts) cir-
cuits.

A circuit breaker resembles an ordinary toggle
switch, and it is probably the most widely used
means of overcurrent protection today. On an over-
load, the circuit breaker opens itself or trips. In a
tripped position, the handle jumps to the middle
position as shown in Figure 1-7 in Chapter 1. To
reset, turn the handle to the OFF position and then
turn it as far as it will go beyond this position;
finally, turn it to the ON position.

On a conventional 120/240-volt, single-phase
electric service, one single-pole circuit breaker
protects one 120-volt circuit, and one double-pole
circuit breaker protects one 240-volt circuit.
Three-phase electric services will require 3-pole
circuit breakers for three-phase, 3- or 4-wire cir-
cuits.

Circuit breakers are rated in amperes, just like
fuses, athough the particular ratings are not exact-
ly the same as those for fuses.
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6-1 Thehighest current rating of an Edison-base plug fuseis:

A) 30 amperes C) 100 amperes
B) 60 amperes D) 200 amperes
Answer: A

Plug fuses of the Edison-base type shall be classified at not over 125 volts and 30 amperes. NEC
Section 240.51(A).

6-2 Edison-base plug fuses may be used only in:

A) New work C) Motor control panels
B) Existing installations under specified conditions D) Motor circuits

Answer: B

Plug fuses of the Edison-base type shall be used only for replacements in existing installations where
there is no evidence of overfusing or tampering. NEC Section 240.51(B).

6-3 Which of the following is a nonstandard ampererating for a plug fuse?

A) 15 amperes C) 30 amperes
B) 20 amperes D) 35 amperes
Answer: D

The maximum standard rating for plug fuses is 30 amperes. NEC Section 240.51(A).

6-4 The maximum size fuse allowed to protect a No. 14 AWG THW conductor is:

A) 10 amperes C) 20 amperes
B) 15 amperes D) 25 amperes
Answer: B

The maximum current-carrying capacity of No. 14 AWG THW conductors is 15 amperes. Therefore, the
fuse size must not exceed that rating. NEC Table 310.15(B)(16) and Section 240.4(D).
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6-5 When a circuit breaker trips, its operating handle will be in which of the following positions?

A) Closed (energized) position C) Half-way between the ON and OFF positions
B) Open position D) No change
Answer: C

The conventional circuit-breaker handle has four possible positions. on, off, trip, and reset. When
tripped, the handle jumps to the middle position.

6-6 Plug fuses of 15 ampere and lower rating must be identified by what type of window
configuration?

A) Round C) Square
B) Hexagona D) Octagonal
Answer: B

Plug fuses of 15 ampere and lower rating shall be identified by a hexagonal configuration of the
window, cap, or other prominent part to distinguish them from fuses of higher ampere ratings. NEC
Section 240.50(C).

6-7 Which of the following conductors need overcurrent protection on aresidential electric
service?

A) Grounded conductor C) Ungrounded conductors
B) Bonding conductor D) Equipment grounding conductor
Answer: C

A fuse or an overcurrent trip unit of a circuit breaker shall be connected in series with each
ungrounded conductor. NEC Section 240.15.
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6-8 A circuit feeding three single-phase motorswith full-load current ratings of 40, 20 and 20
amperes, respectively, requires the following dual-element time-delay fuse size:

A) 110 amperes C) 200 amperes
B) 150 amperes D) 250 amperes
Answer: A

Sze the fuse at 175% of the full-load current of the largest motor plus the full-load current of all other
motors. NEC Table 430.52.

6-9 A nontime-delay fuse protects a circuit with all motor loads with the largest motor drawing a
full-load current of 40 amperes, and two other motors drawing a full-load current of 15 amperes
each. What fuse size should be used?

A) 100 amperes C) 175 amperes
B) 150 amperes D) 250 amperes
Answer: B

Sze the fuse at 300% of the full-load current of the largest motor plus the full-load current of all other
motors. NEC Table 430.52.

6-10 An “AFCI receptacle” isknown as a(n):

A) Arc resistant outlet C) Branch circuit-type AFCI

B) Upstream parallel arc fault protector D) Combination device

Answer: C

NEC Article 210.12(A) has introduced language permitting a branch circuit-type AFCI NEC
(AFCI receptacle) to be installed when the proper wiring is between the breaker and the CHANGE
first device.
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6-11 Conductors may be tapped, without overcurrent protection at the tap, to a feeder or
transformer secondary if certain conditions are met. If the ampacity of the tap conductor is not
less than the combined computed loads on the circuits supplied by the tap conductor, the length
of the tap conductor cannot exceed:

A) 5 feet
B) 10 feet /)
C) 15 feet
D) 25 feet D E 100-ampere
fuses
Answer: B
The length of the tap conductor must | > Feeder - ?‘g-fge’t*"rxgxfrgﬂfn“g‘;;fo“)
not exceed 10 feet. NEC Section Ampacity of tap conductors
240.21(8)(1). not less than computed load
served, rating of device
supplied, or overcurrent protection

T at termination.
NEC Section 240.21(B)(1)
Enclosed in raceway

Terminate in switchboard,

s 1,
panelboard, or control -
device
50-ampere fuses at 10-foot tap rule
termination for No. 8
tap conductors
I ]

I
Load

Figure 6-1: Summary of the NEC “10-foot” tap rule

6-12 Where must an overcurrent device be located in a circuit?

A) At the point where the conductor receives C) On theline side of the electric meter

its supply

B) At thelast outlet on the circuit D) At thefirst fitting or connector in the circuit
Answer: A

An overcurrent device shall be connected at the point where the conductor to be protected receives its
supply. NEC Section 240.21.
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6-13 Thefusein Figure 6-2 isknown as:

A) Edison-base plug fuse

B) Type S plug fuse

C) Edison-base cartridge fuse
D) Nonrenewable cartridge fuse

Answer: A

The Edison-base plug fuse is the standard screw-in base for fuse
holders and is larger in diameter than Type Sfuses. Therefore, Type S
fuses require an adapter when they are used.

Figure 6-2: One type of plug fuse

6-14 Thefusein Figure 6-3isknown as:

A) Despard plug fuse

B) Type S plug fuse

C) Dual-element time-delay plug fuse
D) Renewable cartridge fuse

Answer: C

The dual-element time-delay plug fuse is recommended for small
household motor-operated appliances such as window air

Meltable fuse element

Spring

Solder
cap

conditioners, SuUMp pumps, €tc. Figure 6-3: One type of plug fuse

6-15 Thefusein Figure 6-4 isknown as:

A) Dual-element time-delay cartridge fuse C) Nontime-delay cartridge fuse
B) Type S plug fuse D) Nonrenewable cartridge fuse
Answer: C

The nontime-delay cartridge fuse has only one element.
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Figure 6-4: One type of cartridge fuse

6-16 Thefusein Figure 6-5isknown as:

A) Dual-element time-delay cartridge fuse C) Type S fuse adapter
B) Type Splug fuse D) Nonrenewable cartridge fuse
Answer: A

This type of cartridge fuse has distinct and separate overload and short-circuit el ements.

6-17 Thefuseclipsin Figure 6-6 are known as:

A) Class A fuse rgjection clips C) ClassR fusergection clips
B) Type D fuse rgjection clips D) Nonrenewable cartridge-fuse clips
Answer: C

Class R fuse clips are designed to prevent older type Class H fuses from being installed.

Figure 6-5: One type of cartridge fuse
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Q(’) -

Figure 6-6: Class R fuse rejection clips that accept only Class R fuses

6-18 If a multiwire branch circuit supplies line-to-line loads, the branch-circuit protective device
must open each:

A) All ungrounded conductors simultaneously C) Ungrounded conductor individually
B) Grounded conductor D) Bonding conductor
Answer: A

For example, if a 3-wire circuit is connected to a 3-pole circuit breaker, and one of the three wires
should develop a fault, the circuit breaker must open all three wires simultaneously and not just the one
that developed the fault. NEC Section 240.15(B).

6-19 Thelargest standard rating for fuses and inverse time circuit breakersis:

A) 1000 amperes C) 1200 amperes
B) 1600 amperes D) 6000 amperes
Answer: D

The standard ampere ratings for fuses and inverse circuit breakers are 15, 20, 25, 30, 35, 40, 45, 50,
60, 70, 80, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 600, 700, 800, 1000,
1200, 1600, 2000, 2500, 3000, 4000, 5000, and 6000 amperes. NEC Section 240-6.
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6-20 To meet NEC regulations, fuses or circuit breakers connected in parallel must be:

A) Assembled by the electrician or technician C) Factory assembled in parallel
on the job

B) Encased in aPVC housing D) Rated over 200 amperes
Answer: C

Fuses, circuit breakers, or combinations thereof shall not be connected in parallel unless they are
factory-assembled and listed as a unit. NEC Section 240.8.

6-21 Supplementary overcurrent devices shall:

A) Berequired to be readily accessible and C) Not be alowed under any conditions
within sight of the equipment
B) Not be required to be readily accessible D) Be connected only in parallel or

series-parallel configurations

Answer: B

Supplementary overcurrent protection shall not be used as a substitute for required branch-circuit
overcurrent devices. Consequently, they need not be readily accessible. NEC Section 240.10.

6-22 One combination that is considered by the NEC to be equivalent to an overcurrent
trip unit is:

A) Pole-mounted transformer and overcurrent relay C) Autotransformer and overcurrent relay
B) Submersible transformer and overcurrent relay D) Current transformer and overcurrent relay

Answer: D

NEC Section 240.15(A) states that a current transformer and overcurrent relay shall be considered
equivalent to an overcurrent trip unit.

NEC
CHANGE
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6-23 When afuse or circuit breaker isused for circuit protection, the fuse or overcurrent trip
unit shall be connected:

A) Inseries C) Inparadlel
B) In series and parallel D) Intandem
Answer: A

Fuses or overcurrent trip units (circuit breakers) must be connected in series with each ungrounded
conductor so they will open or trip when an overload or ground fault occurs. NEC Section 240.15(A).

6-24 At what point must a branch-circuit overcurrent protection device be placed in an electrical
system?

A) At the equipment ground location C) At atap on the conductor being protected

B) Where the conductor being protected D) At the outlet where power is consumed
receives its supply

Answer: B

For example, branch circuits must be protected at the panelboard where they receive their
supply. NEC Section 240.21.

6-25 Therating of the overcurrent protective device for a circuit supplying a her metic motor-
compressor must be at least what percent of the nameplate rated-load current?

A) 50% C) 115%
B) 75% D) 150%
Answer: C

The ampere rating of the overcurrent protective device must be at least 115 percent of the nameplate
rated-load current of the compressor or branch-circuit selection current, whichever is greater. NEC
Section 440.12(A)(1).
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6-26 A multiwire branch circuit protected by fuses may supply only:

A) Half lineto line loads and half line to C) Lineto line loads
neutral loads

B) Half line to neutral loads to full or trip line D) Lineto neutral loads
to other loads

Answer: D

NEC Section 210.4(C) requires that multiwire branch circuits supply only line to neutral loads.

6-27 What isthe minimum interrupting rating of an unmarked branch-circuit fuse?

A) 5,000 amperes C) 15,000 amperes
B) 10,000 amperes D) 20,000 amperes
Answer: B

NEMA and UL require fuses to be plainly marked with their characteristics including the interrupting
rating where it is other than 10,000 amperes. NEC Section 240.60(C).

6-28 A feeder tap lessthan 25 feet long does not require overcurrent protection at the tap if the
ampacity of the tap conductor isat least:

A) 50% of the feeder conductor C) 331/3% of the feeder conductor
B) 40% of the feeder conductor D) 20% of the feeder conductor
Answer: C

NEC Section 240.21(B)(2) requires that feeder tap conductors must not be over 25 feet in length and
the ampacity of the tap conductor must be not less than one-third that of the feeder conductor.
Therefore, answer C (331/3%) is the correct answer. See Figure 6-7 on the next page.
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— 60-ampere
fuses
<::>/ No. 6 TW (55A) feeder
'_
L
Enclosed in raceway —¢ \

Terminate in switchboard, | | | No. 12 AWG tap conductors
panelboard, or control e 25 feet maximum length.
device Ampacity of tap conductors

20-ampere fusesat | must not be less than 1/3

termination for No. 12 that of the feeder conductors

tap conductors

Maximum protection
allowed by Load
NEC Table 310.15(B)(16)

Figure 6-7: Summary of NEC 25-foot tap rule

6-29 When designing or installing circuits for diagnostic equipment in health care facilities, what
isthe minimum percentage allowed for the momentary ampacity of the equipment when sizing
branch-circuit conductor s and the overcurrent protection?

A) 25% C) 75%
B) 50% D) 100%
Answer: B

NEC Section 517.73(A)(1) requires that the ampacity of supply branch-circuit conductors and the
current rating of overcurrent protective devices must not be less than 50 percent of the momentary
rating or 100 percent of the long-time rating, whichever is greater.
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6-30 Therated ampacity of conductors and overcurrent devices of a feeder for two or more
branch circuits supplying X-ray equipment for non-medical or non-dental use must not be less
than 100% of the momentary demand rating of the two largest pieces of X-ray equipment plus
what percent of the momentary ratings of other X-ray apparatus?

A) 5% C) 15%
B) 10% D) 20%
Answer: D

NEC Section 660.6(B) specifies 20%. The minimum conductor size for branch and feeder circuitsis
also governed by voltage regulation requirements. For a specific installation, the manufacturer usually
specifies: minimum distribution transformer and conductor sizes, rating of disconnect means, and
overcurrent protection.

6-31 What isthe maximum overcurrent device rating for each resistance welder connected to an
electrical system?

A) Not over 100% of the rated primary current C) Not over 300% of the rated primary current

of the welder of the welder

B) Not over 200% of the rated primary current D) Not over 400% of the rated primary current
of the welder of the welder

Answer: C

NEC Section 630.32(A) specifies a maximum of 300%.

6-32 What isthe maximum overcurrent device rating that may be used for each AC transfor mer
or DC rectifier arc welder?

A) Not over 100% of the rated primary current C) Not over 300% of the rated primary current

of the welder of the welder

B) Not over 200% of the rated primary current D) Not over 400% of the rated primary current
of the welder of the welder

Answer: B

NEC Section 630.12(A) restricts the percentage to 200% for this application.
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6-33 Each autotransformer 600 volts, nominal, or less shall be protected by an individual
overcurrent device. How must this device be connected in relation to the autotransfor mer?

A) In parallel with each ungrounded C) In series with each ungrounded input
input conductor conductor

B) In paralel with each grounded conductor D) In series with each grounded conductor
Answer: C

NEC Section 450.4(A) requires overcurrent protection be installed in series with each ungrounded
input conductor.

6-34 Such overcurrent devices as described in Question 6-33 must have a rating not exceeding a
certain percentage of the rated full-load input current of the autotransformer. What isthis
percentage?

A) 110% C) 150%
B) 125% D) 200%
Answer: B

NEC Section 450.4(A) limits the overcurrent device rating to 125% of the rated full-load input current
of the autotransformer.

6-35 If an autotransformer has a full-load input current of 40 amperes, what isthe maximum
overcurrent protection device rating allowed?

A) 45 amperes C) 60 amperes
B) 50 amperes D) 70 amperes
Answer: B

40 amperes x 1.25 = 50 amperes. NEC Section 450.4(A).
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6-36 In an autotr ansformer, overcurrent devices shall not be installed:

A) In parallel with the output conductors C) In series with the output conductors
B) In paralel with the shunt winding D) In series with the shunt winding
Answer: D

NEC Section 450.4(A) requires an overcurrent device to be installed in series with each ungrounded
input conductor. However, an overcurrent device shall not be installed in series with the shunt winding.

6-37 A grounding autotransformer isused to create a three-phase, 4-wire distribution system
from a three-phase, 3-wire ungrounded system. At what percent must the overcurrent device be
set totrip in case of an overload?

A) 100% of the transformer’s continuous C) 125% of the transformer’s continuous
current per phase or neutral rating current per phase or neutral rating

B) 110% of the transformer’s continuous D) 150% of the transformer’s continuous
current per phase or neutral rating current per phase or neutral rating
Answer: C

NEC Section 450.5(A)(2) requires the overcurrent device to open or trip if the load on the
autotransformer reaches or exceeds 125% of its continuous current per phase or neutral rating.
Delayed tripping for temporary overcurrents sensed at the autotransformer overcurrent device is
permitted for the purpose of allowing proper operation of branch or feeder protective devices on
a 4-wire system.

6-38 What must the continuous neutral current rating be for an autotransformer used to create
athree-phase, 4-wire distribution system from a three-phase, 3-wire ungrounded system?

A) It must be sufficient to handle the minimum C) It must be sufficient to handle 75%
neutral unbalanced load of the neutral unbalanced load

B) It must be sufficient to handle the maximum D) It must be sufficient to handle 50%
possible neutral unbalanced load of the unbalanced load

Answer: B

NEC Section 450.5(A)(4) requires the autotransformer to have a continuous neutral current rating
sufficient to handle the maximum possible neutral unbalanced load current of the 4-wire system.
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6-39 What isthe maximum overcurrent rating that may be used for dimmer controls for stage
lighting in theaters?

A) 100% of the dimmer rating C) 125% of the dimmer rating
B) 110% of the dimmer rating D) 150% of the dimmer rating
Answer: C

NEC Section 520.25(A) limits the overcurrent protection to 125% or less of the dimmer rating.

6-40 If adimmer control israted at 2000 watts on a 120-volt single-phase circuit, what isthe
maximum over current protection allowed for this dimmer?

A) 15 amperes C) 30 amperes
B) 20 amperes D) 40 amperes
Answer: B

Using Ohm's law, 2000/120 = 16.666; 16.666 amperes x 1.25 = 20.8 amperes. Therefore, a 20-
ampere fuse or circuit breaker is the maximum allowed to comply with NEC Section 520.25(A). A fuse
rated for exactly 20.8 amperes is not standard.

6-41 What isthe maximum overcurrent protection allowed on circuits feeding stage equipment
such asfootlights, border lights, etc?

A) 15 amperes C) 30 amperes
B) 20 amperes D) 40 amperes
Answer: B

NEC Section 520.41(A) limits the branch circuits feeding such equipment to a maximum load of 20
amperes. Therefore, the overcurrent device (fuse or circuit breaker) must not exceed 20 amperes for
circuits feeding stage equipment.
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6-42 What isthe minimum branch circuit and maximum overcurrent protection rating for a
circuit supplying a household electric range rated at 834 kW or more?

A) 20 amperes C) 40 amperes
B) 30 amperes D) 50 amperes
Answer: C

NEC Section 210.19(A)(3) states that the minimum branch-circuit rating for this load should be 40
amperes. A 40-ampere circuit breaker or cartridge fuse is the maximum allowable rating for a
40-ampere circuit.

6-43 What isthe minimum number of circuits allowed to feed a household-type appliance with
surface heating elements having a maximum demand of more than 60 amperes?

A1l C) 3
B) 2 D) 4
Answer: B

NEC Section 422.11(B) requires that the power supply for such appliances be subdivided into two or
more circuits.

6-44 What isthe maximum overcurrent protection allowed for each of the circuits described in
Question 6-43?

A) 30 amperes C) 50 amperes
B) 40 amperes D) 60 amperes
Answer: C

NEC Section 422.11(B) limits the rating to 50 amperes for each subdivided circuit.
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6-45 What isthe maximum rating of overcurrent devices used to protect circuits feeding infrared
lamp heating appliancesin commercial and industrial applications?

A) 30 amperes C) 50 amperes
B) 40 amperes D) 60 amperes
Answer: C

NEC Section 422.11(C) limits the current rating to 50 amperes.

6-46 How must direct-current conductors used in electroplating systems be protected?

A) Fuses or circuit breakers C) Other approved means by the authority
having jurisdiction

B) A current-sensing device that operates D) Any of the above

a disconnecting means

Answer: D

NEC Section 669.9 recognizes answers A, B, or C as suitable means of protecting dc conductors used
in electroplating systems.

6-47 Where the allowable current rating of a busway does not correspond to a standard rating of
overcurrent device, what rating is per mitted?

A) The next lower rating C) The next higher rating
B) No overcurrent protection is required D) None of the above
Answer: C

NEC Section 240.4(B) permits the next higher rating of overcurrent device to be used when the busway
is not a standard rating and it is operating at 800 amps or less.
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6-48 If the allowable current rating of a busway is 46 amperes, what is the maximum allowable
rating of the overcurrent device?

A) 40 amperes C) 60 amperes
B) 50 amperes D) 70 amperes
Answer: B

A rating of 46 amperesis not a standard overcurrent device rating. However, 50 amperes is a standard
rating and may be used in accordance with NEC Section 240.4(B).

6-49 Omission of overcurrent protection is permitted at points where busways are reduced in
size, provided that the smaller busway length does not exceed what distance?

A) 10 feet C) 30 feet
B) 20 feet D) 50 feet
Answer: D

NEC Section 368.17(B), Exception, limits the length of the smaller busway to 50 feet. This exception
applies only to busways in industrial locations.

6-50 In order to comply with NEC regulations what must the current rating of the smaller
busway be in Question 6-497?

A) One-third the rating or setting of the C) Three-fourths the rating of the overcurrent
overcurrent device next back on the line device next back on the line

B) Half the rating of the overcurrent device D) Two-thirds the rating of the overcurrent
next back on the line device next back on the line

Answer: A

NEC Section 368.17(B), Exception, requires the smaller busway to have a rating of not less than one-
third the rating of the overcurrent device next back on the line. Furthermore, the smaller busway must
not be in contact with any combustible material. This applies only to busways in industrial locations.
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6-51 What type of overcurrent deviceisrequired on a busway system where a branch circuit or
subfeeder istapped from the main busway?

A) Internally operable circuit breaker C) Externally operable circuit breaker or
externally operable fusible switch

B) Internaly operable fusible switch D) Noneisrequired

Answer: C

Either an externally operable circuit breaker or fusible switch is permitted in NEC Section 368.17(C).

6-52 When the overcurrent devicesin Question 6-51 are mounted out of reach and contain
disconnecting means, what provisions must be provided for operating the disconnecting means
from the floor?

A) Ropes C) Sticks
B) Chains D) Any of the above
Answer: D

NEC Section 368.17(C) allows any of these to serve as a suitable means to reach the disconnecting
handle from the floor.

6-53 When the allowable ampacity of a cablebus system does not correspond to a standard
rating of overcurrent protection devices, what size overcurrent deviceis permitted?

A) The next lower standard size C) A device not exceeding 80% of the cablebus
rating
B) The next higher standard size D) A device not exceeding 75% of the cablebus
rating
Answer: B NEC
CHANGE

NEC Section 240.4(B) permits the next higher overcurrent device rating to be used if less than
800 amperes.
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6-54 If a cablebus system israted at 94 amperes, what isthe maximum allowable overcurrent
protection device rating?

A) 90 amperes C) 100 amperes
B) 95 amperes D) 105 amperes
Answer: C

94 amperesis not a standard rating. Neither is 95 amperes. Therefore, 100 amperes is the next highest
standard rating and may be used on the cablebus system. The remaining answer, 105 amperes, is not a
standard rating. NEC Section 240.4(B).

6-55 Mobile home disconnecting means shall be located not less than above finished grade
or working platform.

A) 8feet C) 4feet

B) 6 feet D) 2feet

Answer: D

NEC Section 550.32(F) requires that the bottom of the enclosure be at least 2 feet above grade.

6-56 The branch-circuit conductorsto one or more units of information technology equipment
shall have an ampacity of what percent of the total connected load?

A) 200 C) 100

B) 125 D) 80 NE©
CHANGE

Answer: B

NEC Section 645.5(A) requires that branch-circuit conductors supplying one or more units of
information technology equipment have an ampacity not less than 125 percent of the total
connected load.
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6-57 Circuit breakers used as switches for high intensity discharge lighting (HID) must be listed
and marked:

A) Listing and marking not required C) Intensity rated
B) HID D) SWD
Answer: B

NEC Section 240.83(D) now requires circuit breakers used as switches for HID circuits be listed and
marked "HID."

6-58 A circuit breaker with a slash rating of 120/240 voltsisrated for what voltage to ground?

A) 120 volts to ground C) Any voltage up to 240
B) 240 voltsto ground D) None of these
Answer: A

NEC Section 240.85 requires the voltage to ground to be the lower of the 2 values on a slash rated
circuit breaker.

6-59 Thecircuit breaker in question 6-58 is per mitted to be installed in which of the following
systems?

A) Solidly-grounded system C) Ungrounded system in RV parks
B) Ungrounded system D) All of these
Answer: A

NEC Section 240.85 states that slash rated circuit breakers are to be used only on solidly-grounded
systems.
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6-60 Where a power supply enters a recreational vehicle, what is the maximum distance the
supply may run inside the vehicle before it must be provided with overcurrent protection?

A) 6inches C) 10inches
B) 8inches D) 18 inches
Answer: D

NEC Section 551.30(E) requires an overcurrent device within 18 inches after the supply enters the
recreational vehicle.

6-61 Constant-voltage generators, except ac generator exciters, must be protected from overload
by all but which of the following?

A) Inherent design C) Protective relays

B) Circuit breakers and fuses D) Fusiblelink NEC
CHANGE

Answer: D

NEC Article 445.12(A) recognizes as overload protection for constant-voltage generators other than ac
generator exciters. inherent design, circuit breakers, fuses, protective relays or other identified
overcurrent protective means suitable for the conditions of use.

6-62 What overcurrent requirements are specified for grounded conductor s?

A) An overcurrent device must be provided in C) No overcurrent device is permitted in series
parallel for every conductor that is intentionally with any conductor that is intentionally grounded
grounded

B) An overcurrent device must be provided in D) An overcurrent device must be provided both
series for every conductor that is intentionally in series and in parallel for every conductor that
grounded isintentionally grounded

Answer: C

NEC Section 240.22 requires that no overcurrent device be connected in series with any conductor that
isintentionally grounded, unless one of two conditions listed is met.
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6-63 One exception to therule as stated in Question 6-62 is.

A) Where the overcurrent device opens all C) Where each pole may be operated
conductors of the circuit, including the grounded independently

conductor, and is so designed that no pole can

operate independently

B) When used on athree-phase, 4-wire circuit D) None of the above

Answer: A

NEC Section 240.22 permits the intentionally grounded conductor to have overcurrent protection if the
conditions of answer A are provided.

6-64 An insulated grounded conductor shall have insulation that is:

A) Service rated C) Suitable for use as an ungrounded conductor
B) Green D) Listed for underground use
Answer: C

NEC Article 200.2(A) requires that the grounded conductor be suitable, other than color, for any
ungrounded conductor of the same circuit.

6-65 Where must overcurrent devicesin non-power-limited fire alarm circuits be located?

A) At theload on the circuit C) At the point where the conductor to
be protected receives its supply

B) At the main service panel D) None of the above

Answer: C

NEC Section 760.45 requires the overcurrent protection to be located at the point where the conductor
to be protected receives its supply.
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6-66 What isthe smallest standard plug-fuse rating for use on residential 120-volt branch
circuits?

A) 10 amperes C) 15 amperes
B) 12 amperes D) 20 amperes
Answer: C

The standard sizes for plug fuses are 15, 20, 25, and 30 amperes. Therefore, 15-ampere fuses are the
smallest standard size. NEC Section 240.6(A).

6-67 In general, feeder and branch-circuit conductors must be protected by overcurrent-
protective devices connected:

A) Within 2 feet of the point where the C) At theimmediate point where the
conductors receive their supply conductors receive their supply

B) Within 4 feet of the point where the D) Within 12 feet of the point where the
conductors receive their supply conductors receive their supply

Answer: C

NEC Section 240.21 requires that overcurrent-protective devices be connected to the branch-circuit
conductors at the point the conductors receive their supply; that is, within a reasonable space (a few
inches) to allow for either circuit breakers or fuse blocks.

6-68 A conductor installed on the supply side of a service that insuresthe required electrical
conductivity between metal partsis known as a:

A) Bonding jumper, supply-side C) Low-impedance bonding jumper
B) Supply-side electric conductor D) Redundant ground, supply-side
Answer: A

NEC Article 250.2 defines a bonding jumper, supply-side, as a conductor installed on the
supply-side of a service or within a service equipment enclosure(s) that insures the required — 2&
electrical conductivity between metal parts required to be electrically connected. CHANGE
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Chapter 7

Utilization Equipment

According to Article 100 of the NEC, utilization
equipment is equipment that utilizes electric ener-
gy for electronic, electromechanical, chemical,
heating, lighting, or similar purposes. Therefore,
this category includes such items as electric
heaters, air conditioners, both large and small
appliances, electric motors, lighting fixtures, and
the like. Electric motors and motor controllers are
covered in Chapter 9, while equipment installed in
hazardous locations is covered in Chapter 10.

Utilization equipment differs from other electri-
cal devicesin that the former actually uses electric
power while the latter are used for control and dis-
tribution of electric power. For example, alighting
fixture containing electric lamps is classified as
utilization equipment because electric power is
required for it to function. A light switch, on the
other hand, does not actually use electric power; it
merely controls the power to the lamp. Therefore,
a manually-operated light switch is a device used
to control electricity; it does not utilize electricity
to operate. Even lighting contactors that utilize a
small amount of electricity to operate their holding
coil are not classified as utilization equipment.
These devices are classified as controllers.

Large appliances, such as electric ranges, dish-
washers, washers, dryers, water heaters, and the
like are all classified as utilization equipment. The
NEC defines the rules for such appliances in terms
of their characteristics as well as by the method in
which they are connected to their source of electric
supply. In many cases, each different type of uti-
lization equipment will have different NEC
reguirements, and the questions appearing on elec-
trician’s exams will reflect these differences. For
example, the grounding requirements for portable
appliances differ from those that are permanently
installed. Furthermore, a safety switch or circuit
breaker disconnecting a motor-driven appliance
rated more than /s horsepower must be in sight
of the motor controller to qualify as a disconnect-
ing means. and the switch or circuit breaker must
disconnect all ungrounded conductors simultane-
ously.

There are also separate and distinct NEC instal-
lation requirements for heating units and air con-
ditioners. The journeyman or master electrician
must be familiar with distinctions, and you will
find several questions on any electrician’s exam
that apply to this.
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7-1 What isthe maximum weight, in pounds, of a lighting fixture when supported only by the
screw shell of the lampholder ?

A) 2 pounds C) 6 pounds
B) 4 pounds D) 8 pounds
Answer: C

NEC Section 410.30(A) limits the weight to 6 pounds.

7-2 What are the maximum dimensions of a lighting fixture that may be supported only by the
screw shell of the lampholder ?

A) 12 inches C) 18inches
B) 16 inches D) 20 inches
Answer: B

NEC Section 410.30(A) limits these dimensions to 16 inches. That is, any dimension — diameter,
length, or width — must not exceed 16 inches if the fixture's only support is the screw shell of the
lamphol der.

7-3 Flexible cords shall be so connected to devices and to fittings that will not be
transmitted to joints or terminals.

A) Tension C) Heat

B) Shock D) Voltage

Answer: A

Knotting the cord, winding with tape and fittings designed for the purpose are a few methods
commonly used. NEC Section 400.10.

7-4 What isthe maximum weight of a lighting fixture that is supported only by an outlet box?

A) 6 pounds C) 25 pounds

B) 10 pounds D) 50 pounds NEC
CHANGE

Answer: D

NEC Section 314.27(B) requires a lighting fixture that weighs more than 50 pounds to be supported
independently of the outlet box.
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7-5 To what portion of a lampholder must the grounded conductor be connected?

A) The base C) The outlet box
B) The screw shell D) The pull chain
Answer: B

NEC Section 410.50 requires the grounded conductor, where connected to a screw shell lampholder, to
be connected to the screw shell.

7-6 What isthe smallest size fixture wire allowed?

A) No. 14 AWG C) No. 18 AWG
B) No. 16 AWG D) No. 20 AWG
Answer: C

NEC Section 410.54(B) states that fixture wires must not be smaller than No. 18 AWG.

7-7 What isthe minimum wire size allowed for pendant conductor s supplying mogul-base or
medium-base screw-shell lampholders?

A) No. 12 AWG C) No. 16 AWG
B) No. 14 AWG D) No. 18 AWG
Answer: B

NEC Section 410.54(B) requires a minimum wire size of No. 14 AWG for mogul- or medium-base
screw-shell lampholders.

7-8 What isthe minimum wire size allowed for pendant conductors supplying inter mediate or
candelabra-base lampholder s?

A) No. 12 AWG C) No. 16 AWG
B) No. 14 AWG D) No. 18 AWG
Answer: D

NEC Section 410.54(B) allows conductors not smaller than No. 18 AWG for this application.
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7-9 When pendant conductors are longer than a certain length, they must be twisted together.
What isthislength?

A) 1foot C) 3feet
B) 2feet D) 4 feet
Answer: C

NEC Section 410.54(C) requires pendant conductors longer than 3 feet in length to be twisted together
where not cabled in a listed assembly.

7-10 Which of the following is an acceptable marking method for the grounding conductor on a
grounding-type receptacle?

A) A white-colored round-headed terminal C) An orange dot
B) A tag with Y/s-inch high letters D) A green-colored hexagonal-headed or
-shaped terminal screw or nut
NEC
Answer: D CHANGE

NEC Section 406.10(B) permits Answer D as one of the several approved methods of identifying a
grounding-type receptacle.

7-11 What type fixture wires are required when the wires are mounted on chains supporting a
lighting fixture?

A) Solid conductors only C) Either solid or stranded
B) Stranded conductors only D) Compressed aluminum conductors only
Answer: B

NEC Section 410.56(E) requires stranded conductors to be used for wiring on fixture chains and on
other movable or flexible parts.
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7-12 Flexible cords used for cord-connected showcase lighting must be of what type?

A) Light-duty type C) Hard-service type
B) Extrahard-service type D) None of the above
Answer: C

NEC Section 410.59(A) requires flexible cords used to connect showcase lighting to be of the hard-
service type.

7-13 Normally, a lighting fixture must not be used as a raceway for circuit conductor s except
when:

A) Thefixtures are designed for end-to-end C) One additional two-wire branch circuit
assembly to form a continuous raceway or separately supplying one or more of the
fixtures connected together by recognized wiring connected fixtures described in Answer B shall
methods shall be permitted to carry through be permitted to be carried through the fixture

conductors of atwo-wire or multiwire branch
circuit supplying the fixture

B) The fixtures are listed as a raceway D) All of the above NEC
CHANGE

Answer: D
NEC Section 410.64 allows all three conditions in Answers A, B, and C.

7-14 Branch circuit conductorsinstalled within 3 inches of a ballast, LED driver, power supply
or transformer must have insulation with a temperature rating no lower than:

A) 90 degreesC (194 F) C) 150 degrees C (302 F)
B) 30 degreesC (86 F) D) 75 degrees C (167 F)
Answer: A

NEC Section 410.68 requires branch circuit conductors installed within 3 inches (75 mm) NEE
of a ballast to have insulation temperature rating no lower than 90 degrees C (194 F), and  expnes
commonly includes such types as THHN, THWN, THHW, THW-2, THWN-2, USE-2, XHH,

or XHHW, as shown in NEC Table 310.15(B)(16).
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7-15 Electric-discharge lighting fixtures must be plainly marked with their electrical rating. This
mar king must include the voltage, frequency, and:

A) Wattage C) Resistance

B) Current rating D) All of the above NEG
CHANGE

Answer: B

NEC Sections 410.74(A) and (B) require the voltage and frequency to be listed along with the current
rating of the unit, including the ballast, transformer, LED driver, power supply, or autotransformer.

7-16 When can luminaires be used as a raceway?

A) If they are listed and marked so C) If they are grounded and secured

B) If provided with conduit hubs D) If they are thermally protected at 90 degrees C
Answer: A

NEC Article 410.64(A) permits the use of luminaires for a raceway if they are listed and NEC
marked as such. Luminaires identified for through wiring may be used as a raceway as CHANGE
well.

7-17 Which type of lampholder is approved for installation in either a damp or a wet location?

A) Ones listed for use in wet locations C) Neoprene gasketed type

B) Oneslisted for use in damp locations D) All of these

Answer: A

NEC Section 410.96 requires fixtures in wet locations be listed as such, and fixtures in NEG
damp locations be listed for use in damp or wet locations. CHANGE
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7-18 Isolated ground receptacles shall be identified by:

A) An orange triangle C) A permanent seal
B) A green dot D) Standard lugs @[ﬁ]&%gg
Answer: A

NEC Section 406.3(D) requires such receptacles to have an orange triangle located on the face of the
receptacle.

7-19 What isthe maximum incandescent-lamp wattage that may be used on medium base
lampholders?

A) 100 watts C) 300 watts
B) 200 watts D) 400 watts
Answer: C

Incandescent lamps for general use on lighting branch circuits that are equipped with medium base
lampholders must not exceed 300 watts. NEC Section 410.103.

7-20 What isthe minimum spacing required between recessed portions of a non-Type I C rated
lighting fixture and combustible materials, other than at the points of support?

A) Yainch C) linch
B) Y2inch D) 2inches

NEC
Answer: B CHANGE

NEC Section 410.116(A)(1) requires at least a ¥/2-inch spacing.

7-21 Incandescent lighting fixtures must be marked to indicate the maximum size lamp
permitted. Thismarking isindicated in:

A) Amperes C) Wattage
B) Total resistance D) Waitt-hours
Answer: C

Incandescent lighting fixtures are marked to indicate the maximum allowable wattage of lamps. NEC
Section 410.120.
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7-22 Which of the following is an approved insulating material for lampholders of the screw-
shell type?

A) Porcelain C) Zinc
B) Copper D) PVC (plastic)
Answer: A

NEC Section 410.122 requires lighting fixtures of the screw-shell type to be constructed of porcelain or
other suitable insulating material.

7-23 Auxiliary lighting equipment, not installed as part of the lighting fixture, must be installed
in what type of enclosure?

A) Porcelain C) Metd
B) Glass D) PVC (plastic)
Answer: C

Auxiliary equipment, including reactors, capacitors, resistors, and similar equipment must be enclosed
in an accessible, permanently installed metal cabinet. NEC Section 410.137(A).

7-24 How must a branch circuit supplying a domestic water heater with a capacity of 120 gallons
or less be sized?

A) 100% of its nameplate rating C) 125% of its nameplate rating
B) 110% of its nameplate rating D) 150% of its nameplate rating
Answer: C

NEC Section 422.13 requires all branch circuits feeding a fixed storage-type water heater having a
capacity of 120 gallons or less to have a rating not less than 125% of the nameplate rating of the
water heater.
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7-25 If a 60 gallon water heater has a nameplate rating of 4500 watts and is fed by a 2-wire, 240-
volt circuit, what isthe minimum size NM cable conductor s that can be used?

A) No. 14 AWG C) No. 10 AWG
B) No. 12 AWG D) No. 8 AWG
Answer: C

4500/240 = 18.75 amperes; 18.75 amperes x 1.25 = 23.43 amperes. Snce No. 12 ANG NM cableis
rated for a maximum load of 20 amperes, the next higher wire size (No. 10 AWG) must be used.

7-26 What isthe maximum overcurrent protection that can be provided for the circuit in
Question 7-25?

A) 20 amperes C) 40 amperes
B) 30 amperes D) 50 amperes
Answer: B

Snce No. 10 AWG NM cable is rated for a maximum of 30 amperes, the overcurrent protection device
cannot exceed this amperage.

7-27 What isthe maximum size infrared heating lamp allowed to be used with medium-base,
unswitched porcelain type lampholder s?

A) 100 watts C) 300 watts
B) 200 watts D) 400 watts
Answer: C

NEC Section 422.48(A) limits the wattage for this situation to 300 watts.

7-28 Wall-mounted ovens and counter-mounted cooking units are per mitted to be:

A) Cord- and plug-connected C) Both A and B
B) Permanently connected D) Neither A or B
Answer: C

NEC Section 422.16(B)(3) permits these appliances to be either cord- and plug-connected or
permanently connected.
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7-29 What isthe maximum permitted weight of a ceiling fan mounted directly to an outlet box?

A) 75 pounds C) 40 pounds
B) 70 pounds D) 35 pounds
Answer: B

NEC Section 314.27(D) states that a ceiling fan weighing up to 70 pounds may be used provided the
box is rated and marked as suitable for this purpose. Outlet boxes designed to support over 35 pounds
require markings to include the maximum weight to be supported.

7-30 When the branch-circuit overcurrent device serves as a disconnecting means for a
permanently connected appliance, what is the maximum volt-ampere rating allowed for the
appliance?

A) 120 volt-amperes C) 240 volt-amperes
B) 220 volt-amperes D) 300 volt-amperes
Answer: D

NEC Section 422.31(A) restricts the voltage for such appliances to 300 volt-amperes. If the appliance
is rated at more than 300 volt-amperes, the branch-circuit overcurrent protective device may still be
used as the disconnect, but it must be within sight of the appliance protected.

7-31 What isthe maximum hor sepower allowed on per manently connected appliances that use
the branch-circuit overcurrent protection means as a disconnect?

A) /s horsepower C) 3/4 horsepower
B) /4 horsepower D) 1 horsepower
Answer: A

NEC Section 422.31(A) restricts such appliances to 300 volt-amperes or /s horsepower.
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7-32 Wher e the appliance exceeds the maximum ratings specified in Question 7-31, what is one
requirement that will still allow the appliance to be disconnected by the branch-circuit
overcurrent protection means?

A) The switch or circuit breaker is out of sight C) Only single-pole circuit breakers are used
of the appliance

B) Double-pole circuit breakers are used D) The switch or circuit breaker is within sight
of the appliance
Answer: D @[D#N]]AENC@@E

NEC Section 422.31(B) permits a branch-circuit overcurrent protection device to be used as
a disconnecting means if the device is within sight of the appliance.

7-33 Name another condition that permits permanently connected appliances to utilize the
branch-circuit overcurrent protection device as a means of disconnecting the appliance.

A) The device must be capable of being locked C) The device must be enclosed in a metd

in the open (off) position housing
B) The device must be a fuse block D) The device must be of the circuit breaker type
Answer: A

NEC Section 422.31(B) permits the branch-circuit overcurrent protection device to serve as a
disconnecting means for a permanently connected appliance rated over 300 volt-amperes if the device
is capable of being locked in the open position.

7-34 |f an external switch or circuit breaker isused for the disconnecting means for a
permanently installed appliance containing a motor over /s hor sepower, where must the switch
or circuit breaker (disconnecting means) be located?

A) On asheet of plywood firmly secured to a C) Out of sight of the appliance
masonry wall

B) On amasonry wall D) Within sight of the appliance
Answer: D

NEC Section 422.31(B) requires that the disconnecting means for such appliances be located within
sight of the appliance.
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7-35 What isthe maximum overcurrent protection rating allowed on infrared heating lamps
used on commercial or industrial applications?

A) 40 amperes plus 125% of the amperage C) 60 amperes
above 100 amperes
B) 50 amperes D) 100 amperes plus 125% of

the amperage above 100 amperes

Answer: B
NEC Section 422.11(C) restricts the overcurrent protection rating to 50 amperes or less.

7-36 Each electric appliance must be provided with a nameplate giving the identifying name and
rating of the appliancein:

A) Volts and watts C) Either AorB
B) Volts and amperes D) Neither A or B
Answer: C

NEC Section 422.60 permits either A or B to be used in identifying the electrical characteristics of an
electric appliance.

7-37 Under what condition must the frequency be given on the nameplate of an electric
appliance?

A) When the appliance is designed for use in C) When the appliance is designed for a

foreign countries specific frequency

B) When the appliance contains resistance D) When the appliance contains heating

heating elements only elements, indicating lights, built-in frequency
meter, as well as instrumental controls for
operation

Answer: C

The majority of electrical systemsin the United Sates and Canada are designed for 60 Hz. However,
the NEC requires the frequency to be indicated on a nameplate if the appliance is designed to be used
on a specific frequency. NEC Section 422.60.
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7-38 Where electric space heating equipment is supplied by more than one power source, how
must the disconnecting means be installed?

A) Instaled in separate locations C) Grouped and marked
B) On aplywood panel D) On amasonry wall
Answer: C

NEC Section 424.19 requires that the switches be grouped and marked.

7-39 When the branch-circuit overcurrent protection device is used as the disconnecting means
for fixed electric space heating with an integral electric motor, what is the maximum hor sepower
rating the motor can have?

A) 18 horsepower C) Y2 horsepower
B) /4 horsepower D) 1 horsepower
Answer: A

NEC Section 424.19(B)(1) limits the motor size to 1/s horsepower.

7-40 When branch-circuit overcurrent protection is used for motor-driven electric space heating
equipment with a motor rated over /g hor sepower, name one requirement for the installation to
comply with the NEC.

A) The overcurrent device is not capable of C) The heater does not exceed 300 volt-amperes
being locked open
B) The overcurrent device is within sight D) The heater does not exceed 4000 watts
of the heater

NI[E
Answer: B @MANC@@E

NEC Section 424.19(A)(2)(1).
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7-41 What isthe maximum overcurrent protection allowed for the protection of resistance-type
electric space heating equipment?

A) 40 amperes C) 60 amperes

B) 50 amperes D) 70 amperes plus an additional 150% if
motor driven

Answer: C

NEC Section 424.22(B) limits the maximum overcurrent device to 60 amperes. When higher output is
desired, heaters are split and fed with more than one circuit.

7-42 Each unit of fixed electric space heating equipment must be provided with a nameplate
giving the identifying name and the normal rating in:

A) Volts and watts C) Either A and B
B) Volts and amperes D) Neither A nor B
Answer: C

NEC Section 424.28(A) permits either A or B in marking manufacturers nameplates for fixed electric
space heating.

7-43 What isthe maximum distance (interval) that electric heating cableisto be secured during
installation?

A) 12 inches C) 15inches
B) 14 inches D) 16 inches
Answer: D

NEC Section 424.41(F) requires ceiling heat cables to be secured at intervals not exceeding 16 inches.
This distance may be increased to 6 feet for cables identified for such use.
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7-44 By definition, what are duct heaters?

A) Any heater mounted in the air stream of a C) Any electric heater that is designed for usein
forced-air system where the air moving unit is wet or damp locations

not provided as an integral part of the equipment

B) An electric heater that is an integral part of D) Any heater that is mounted along the
awall-mounted forced-air heater baseboard of aroom

Answer: A

NEC Section 424.57 defines duct heaters as any heater mounted in the air stream of a forced-air
system where the air moving unit is not provided as an integral part of the equipment.

7-45 What isthe maximum wattage allowed per linear foot of heating cable embedded in
concrete?

A) 10 watts C) 16%2 watts

B) 12%2 watts D) 20 watts NEC
CHANGE

Answer: C

NEC Section 424.44(A) limits the wattage per linear foot for this type of heating cable to 16%2 watts.

7-46 What isthe minimum spacing between runs of concrete embedded heating cable?

A) linch C) 3inches
B) 2inches D) 4inches
Answer: A

NEC Section 424.44(B) requires that the spacing between adjacent runs of cable shall not be less than
1 inch on center.
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7-47 On what basis must the branch-circuit conductors and overcurrent protective devices be
calculated for an electrode-type boiler?

A) 100% of the total load, not including motors C) 125% of thetotal load, not including motors

B) 125% of the total load, including motors D) 150% of the total load, including all electrical
connections

Answer: C

NEC Section 424.82 requires that circuits for electrode-type boilers be calculated on the basis of 125%
of the total load, excluding any motors.

7-48 How must the ampacity of branch-circuit conductors and overcurrent protective devices be
sized for outdoor electric deicing or snow-melting equipment?

A) 100% of the total load C) 120% of the total load
B) 110% of the total load D) 125% of the total load
Answer: D

NEC Sections 210.20(A) and 426.4 requires that conductors and overcurrent protection be sized at
125% of the total load for outdoor deicing and snow-melting equipment.

7-49 On cord- and plug-connecting deicing equipment, the plug itself may be used asthe
disconnecting means provided:

A) The equipment does not exceed 480 volts C) The equipment does not exceed 150 volts to
ground

B) The equipment does not exceed 240 volts D) The equipment does not exceed 277 volts to
ground

Answer: C

NEC Section 426.50(B) limits the voltage to 150 volts to ground.
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7-50 What isthe maximum wattage per mitted for embedded deicing and snow-melting
resistance-type heating units?

A) 100 watts per square foot C) 150 watts per square foot
B) 120 watts per square foot D) 200 watts per square foot
Answer: B

NEC Section 426.20(A) limits the wattage to 120 watts per square foot.

7-51 What are the requirementsfor nonheating leads if they are to be embedded in masonry or
asphalt in the same manner as heating cables?

A) They must be under 50 volts C) They must be provided with a grounding
sheath or braid

B) The leads must encased in a nonmetalic sheath D) None of the above

Answer: C

NEC Section 426.22(A) permits nonheating leads with a grounding sheath or braid to be embedded in
masonry or asphalt in the same manner as heating cable without additional physical protection.

7-52 Insulating bushings must be used in asphalt or masonry in a deicing or snow-melting
system, where:

A) Leads enter conduit or tubing C) Leads change wire size
B) The voltage exceeds 460 volts D) The amperage exceeds 45 amperes
Answer: A

NEC Section 426.22(C) requires the use of bushings at all locations where leads enter a conduit or
tubing.
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7-53 What isthe minimum length of free nonheating lead where it enters ajunction box for an
embedded heating system?

A) 4inches C) 8inches
B) 6inches D) 12 inches
Answer: B

NEC Section 426.22(E) requires that the lead be no less than 6 inches in length where it enters a
junction box.

7-54 Each factory-assembled deicing or snow-melting heating unit must be legibly marked with
its permanent identification symbol, catalog number, and ratingsin volts and watts. What isthe
maximum distance from the end of the cable that these markings can appear?

A) linch C) 3inches
B) 2inches D) 4 inches
Answer: C

NEC Section 426.25 requires these markings to be within 3 inches of each end of the nonheating leads.

7-55 Unless provisions are made for expansion and contraction, heating elements and assemblies
for fixed outdoor deicing systems shall not be installed where:

A) They can be seen C) The amperage exceeds 10 amperes
B) They bridge expansion joints D) They are fed with more than 120 volts
Answer: B

NEC Section 426.20(E) restricts the installation to areas other than over expansion joints, unless
provisions are made for expansion and contraction.

7-56 What are two means of securing heating cables for outdoor deicing applications?

A) Rigid conduit straps C) EMT straps
B) Frames and spreaders D) NM staples
Answer: B

NEC Section 426.20(D) requires frames or spreaders or other approved means to secure heating cables
while the masonry or asphalt finish is applied.
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7-57 Which isan approved method for protecting the leads for heating cables asthey leave a
concrete or asphalt surface?

A) Rigid metal conduit C) Rigid nonmetallic conduit
B) Intermediate metal conduit D) All of the above
Answer: D

NEC Section 424.98(E) permits the use of all methods named in Answers A, B, and C.
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Chapter 8

Measuring and Testing

Many studies about the nature of electricity
begin with the study of the electron and electron
theory which states that all matter has electrical
charges in various combinations. Actualy, the
exact nature of electricity cannot be defined, but it
may be classified as static electricity when the
electrons are at rest and dynamic electricity when
they are in motion. The movement of these elec-
tronsis called current.

It is more important to know how electricity can
be controlled, how to select, install, and maintain
electrical systems and equipment, and what to do
when problems develop, than it is to know what
electricity realy is.

In order for current to exist in an electrical cir-
cuit, electrons must be in motion. Electrons stand-
ing till are no more useful, asfar asdoing work is
concerned, than is water standing still in a garden
hose. On the other hand, electricity in motion pro-

vides the most effective means yet discovered for
carrying energy from one place to another, and for
changing one form of energy to another form of
energy. To be useful, however, this energy must be
controlled or regulated, and knowing the exact
quantities of current, voltage, and resistance is one
requirement of proper control.

To take accurate readings on electrical measur-
ing instruments for preventive maintenance
records and troubleshooting diagnoses, the user
should know and apply modern testing techniques
and have a good understanding of the characteris-
tics of the basic test instruments. The electrician
must also know how to select the correct instru-
ment for the test desired.

This chapter is designed to test your knowledge
of testing instruments and how they are used on
practical applications. You will aso be quizzed on
electrical quantities.
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8-1 The quantity of electricity used by the consumer is measured by a device called:

A) Ohmmeter C) Watt-hour meter
B) Power factor meter D) Ammeter
Answer: C

Electricity is normally sold by the kilowatt hour and the watt-hour meter is used to register the amount
of electricity consumed.

8-2 Which direction do the dials on a kilowatt-hour meter move?

A) Clockwise C) Neither answer A or B
B) Counterclockwise D) Both A and B are correct
Answer: D

Look at the illustration in Figure 8-1. Note that the zero mark is at the top of each of the four dials.
However, the numbers on the dial to the very right start with the numeral 1 to theright of zero or in a
clockwise fashion. The second dial from the right, however, has its numeral 1 to the left of the zero;
thus, this dial moves in a counterclockwise direction. Therefore, in most cases, dials on kilowatt-hour
meters alter nate between clockwise and counterclockwise.

8-3 By what quantity doesthe dial farthest to theright in Figure 8-1 count kilowatt hour s?

A) Singly C) By hundreds
B) By tens D) By thousands
Answer: A

For example, if 9 kilowatts are consumed constantly in the circuit to which the meter is connected, the
right-hand dial will move three digits in twenty minutes or nine digits in one hour, showing that in one
hour 9 kilowatt hours of electric power have been consumed. The second dial from the right counts by
tens, the third dial by hundreds, and the left-hand dial by thousands.
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Figure 8-1: Typical four-dial kilowatt-hour meter dials

8-4 What isthereading of the meter in Figure 8-1?

A) 1, 2, 3,9 or 1239 kilowatt hours C) 2,2, 3,9o0r 2239 kilowatt hours
B) 2,1, 3, 9or 2139 kilowatt hours D) 1,1, 2, 8 or 1128 kilowatt hours
Answer: D

When reading kilowatt-hour meters, you read the number that the dial has just passed. In the left-hand
dial, the hand has passed the numeral 1, but has not yet reached the numeral 2. Therefore, the reading
is 1. The same s true for the second dial from the left, and so on.

8-5 Some kilowatt-hour meters have five or more dials like the one shown in Figure 8-2. In a
five-dial meter, what amount does the very left-hand dial count?

A) Hundreds

B) Tens

C) Thousands
D) Ten thousands

} GENERALMELEC]’RIC \
Lb)/

: uo»
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Answer: D

Reading from right to left, a five-dial kilowatt-
hour meter reads singly, tens, hundreds,
thousands, and ten thousands. Therefore, the dial

farthest to the left reads ten thousands in a five-
dial meter. Figure 8-2: Typical five-dial kilowatt-hour meter
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Figure 8-3: An example of a five-dial meter reading

8-6 What isthereading of the kilowatt-hour meter in Figure 8-3?

A) 22,179 C) 34,179
B) 33,179 D) 35,179
Answer: A

Reading from left to right, the first dial has passed the numeral 2, but has not yet reached 3. Therefore,
this dial reads 2; the same is true for the next dial. The third dial from the left has passed the numeral
1, but has not yet reached 2; the reading is 1. The next dial has passed the numeral 7, but has not yet
reached 8; thus, the reading is 7. The next dial (the one farthest to the right) has passed the numeral
9. Therefore, the meter reading is 22,179 kilowatt-hours.

8-7 Electricity isnormally sold by the:

A) Ampere hour C) Volt hour
B) Kilowatt hour D) None of the above
Answer: B

See explanation for Question 8-1.
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8-8 If athree-phasecircuit isnot balanced, how many single-phase wattmeters are necessary to
measure the power in the circuit?

A) 1 C) 3
B) 2 D) 4
Answer: C

In an unbalanced three-phase circuit, it becomes necessary to use three single-phase wattmeters — one
in each ungrounded conductor —to obtain the total power in the circuit.

8-9 How many wattmeters are necessary to measure the power in a balanced three-phase,
Y-connected circuit?

A1l C) 3
B) 2 D) 4
Answer: A

A balanced Y-connected, three-phase load is equivalent to three equal single-phase circuits that have a
common neutral conductor. The power in such a circuit can be measured by using one single-phase
wattmeter connected between one ungrounded phase and the grounded neutral. The total power of the
circuit may be determined by multiplying the reading on the wattmeter by three.

8-10 If a completely balanced Y-connected, three-phase load shows a power reading of 7 kilowatt
hours using a single wattmeter, what isthe total power of the circuit?

A) 20 kilowatt hours C) 22 kilowatt hours
B) 21 kilowatt hours D) 23 kilowatt hours
Answer: B

3 x 7 = 21 kilowatt hours. Also see explanation for Question 8-9.
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8-11 What isthe name of a direct-indicating instrument for measuring resistance?

A) Voltmeter C) Ohmmeter
B) Wattmeter D) Ammeter
Answer: C

The essential parts of an ohmmeter are a source of voltage, a resistor, and a voltmeter. The voltage is
normally supplied by a conventional battery and is usually connected to a variable rheostat so that the
battery voltage can be adjusted to a constant predetermined value. The resistor is connected in series
with the voltmeter and the lead terminals that are connected to the unknown resistance to be measured.
When the reading is taken, no computation is necessary; the instrument indicates resistance directly on
a scale calibrated in ohms.

8-12 A measuring instrument consisting of an enclosure containing resistance coils with
convenient plugs or switches for placing coils of variousresistance in and out of a balancing
circuit iscalled a:

A) Volt-ohm-ammeter C) Current transformer
B) Voltmeter D) Wheatstone bridge
Answer: D

The Wheatstone bridge is a convenient device for measuring the resistance of electrical circuits or
components by comparison with a standard resistance of known values.

8-13 The power factor of a system or circuit is:

A) Theratio of true power to apparent power C) Therelationship of volts and ohms
B) Theratio of impedance to reactance D) None of the above
Answer: A

The power factor of a circuit can be obtained by taking simultaneous readings with an ammeter, a
voltmeter, and a wattmeter and then dividing the watts by the product of the voltage and current; that
is:

watts
volts X current

PF (single-phase circuit) =
Apparent power is the theoretical power without taking any circuit losses into consideration. True

power isthe actual power consumed by the system. The ratio of the two gives the power factor of the
system.
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8-14 Aninstrument used to show the difference in phase and frequency between the voltages of
two alternatorsis called:

A) Tachometer C) Light meter
B) Synchroscope D) None of the above
Answer: B

When two alternators are about to be connected in parallel, the voltages of the two must be
approximately the same; their voltages must be exactly in phase; and their frequencies must be
approximately the same. If these differences are too great, the alternators are likely to pull entirely out
of phase, thus causing a complete shutdown. The synchroscope indicates what adjustments are
necessary to meet the above conditions.

8-15 An instrument used to indicate or record the speed of a machine in revolutions per minute
(rpm) iscalled:

A) Frequency meter C) Tachometer
B) Footcandle meter D) Synchroscope
Answer: C

Several designs of tachometers are available: centrifugal, eddy current, surface speed, vibrating reed,
and high-intensity stroboscope or photo types. Some tachometers are connected to a machine by means
of belts or gears while others are hand held. All have various scales from 0 to 50,000 rpm.

8-16 Modern ac power systems must be closely regulated to a constant frequency — within 1%.
What isthe name of the very sensitive instrument used to measure these small variations?

A) Frequency meter C) Tachometer
B) Footcandle meter D) Synchroscope
Answer: A

Most frequency meters are either of the ratio-meter design or the vibrating-reed design similar to the
vibrating-reed tachometers. Either type may be used to measure the frequency of any ac electrical
circuit.
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8-17 Which of the following instruments are used to measure temper atures?

A) Resistance thermometer C) Thermocouple thermometer
B) Radiation-pyrometer D) All of the above
Answer: D

Answers: A, B, and C are all used to measure temperatures. Resistance thermometers are used to
measure temperatures up to about 1500°F. The thermocouple method is used for temperatures up to
about 3000°F. The radiation-pyrometer and optical-pyrometer are used for measuring temperatures
above 3000°F.

8-18 When taking low-current readings with a clamp-on ammeter, what device is normally used
to help get a more accurate reading on the ammeter scale?

A) Fregquency meter C) Phase-sequence indicator
B) Current multiplier D) Current transformer
Answer: B

A current multiplier allows current measurement on low-current equipment since the load current is
multiplied by either 2, 5, or 10 times; that is, if the meter scale shows a reading of 62 amps and the 10
x multiplier is used, the actual load current would be 62/10 or 6.2 amperes.

8-19 What isanother way to multiply the current reading on an ammeter’s scale when a current
multiplier is not available?

A) Wrap several loops of asingle circuit C) Use amagnifying glass to read the meter’s
conductor around the hook of the clamp-on scale

ammeter

B) Try to calculate the current by some D) None of the above

other means

Answer: A

Wrapping a single conductor around the hook of the ammeter will multiply the current as shown in
Figure 8-4.
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Circuit
Cable wrapped conductors .
around ammeter T
jaws three times
to multiply the
meter reading
by three

_._Clamp-on
ammeter

Figure 8-4: Method for multiplying clamp-on ammeter reading

8-20 The ammeter in Figure 8-4 shows three turns of wire wrapped around the ammeter’s hook.
If the actual current drawn by the motor is 5 amperes, what will the meter reading be?

A) 5 amperes C) 15 amperes
B) 10 amperes D) 20 amperes
Answer: C

The current is multiplied by the number of coils wrapped around the hook. Since this illustration shows
three loops, the current (5 amperes) is multiplied by 3 giving a meter reading of 15 amperes.

8-21 How should a voltmeter be connected in a circuit to take a voltage reading under normal
conditions?

A) In series C) In series/parallel
B) In parallel D) None of the above
Answer: B

A voltmeter is always connected across the load or in parallel to obtain a voltage reading. Ammeters
are connected in series with the load.
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8-22 If avoltagetest is made at the main disconnect on a 120/240-volt, three-phase, 4-wire delta
system, what should the voltage be between any two ungrounded conductor s?

A) 120 volts C) 240 volts
B) 208 volts D) 250 volts
Answer: C

Correct voltage readings between either phases A and B, A and C, or B and C will be approximately
240 volts on a delta-connected, 4-wire system. Each ungrounded conductor in an electrical systemis
identified by letters. A and B phases in a single-phase system; A, B, and C phases in a three-phase
System.

8-23 What will the voltages be between the grounded conductor and any ungrounded conductor
in the electric service in Question 8-22?

A) 120 volts C) 240 volts
B) 208 volts D) 120 volts on two phases
Answer: D

\oltage readings will be 120 volts except on the “ high leg” phase which is usually between 180 and
190 volts.

8-24 1f the servicein Question 8-22 is supplied by a utility company, and the voltage reading at
the main service equipment is below 230 volts, who is usually responsible for correcting the low-
voltage problem?

A) The building’'s owners C) The building's tenants
B) The utility company D) The NFPA
Answer: B

Snce the reading is taken at the main service equipment before the electric service encounters any
load or long feeder runs, the correction of the problem lies with the utility company. To correct, the
transformer taps are normally changed to increase the voltage to a normal operating level of between
230 and 240 volts.
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8-25 If avoltage reading istaken between any two ungrounded conductors on a 120/208-volt,
three-phase, 4-wire Y-Y-connected electric service, what should the normal voltage reading be?

A) 120 volts C) 240 volts
B) 208 volts D) 250 volts
Answer: B

The voltage between any two phase conductors is calculated by the sum of all three phase conductors
divided by the square root of 3. Thus, 120 + 120 + 120 = 360 divided by 1.73 = 208.092 volts. The
voltage may also be calculated by multiplying the square root of three by any one phase conductor;
that is, 120 x 1.73 = 207.6 volts. In either case, the resulting voltage is approximately 208 volts.

8-26 In theelectric servicein Question 8-25, what is the voltage between the grounding
conductor and any phase conductor ?

A) 120 volts C) 240 volts

B) 208 volts D) 120 volts on two of the phases and
approximately 190 volts on the remaining phase

Answer: A

On a three-phase, 120/208-volt, Y-connected electric service, the voltage between the grounding
conductor and any phase or ungrounded conductor is the same on all three phases.

8-27 If avoltage reading istaken at the main service disconnect for the electric servicein
Question 8-25 and found to be approximately 208 volts between any two ungrounded conductors,
but the same voltage test shows only 190 volts at the last outlet on the circuit, where does the
fault lie?

A) With the utility company C) With the power company’s transformer
B) With the building’s interior wiring D) None of the above
Answer: B

Snce correct voltage was measured at the main service disconnect, the voltage loss occurred within the
building’s wiring system — probably due to long feeder or circuit runs. The problem can be corrected
by increasing the wire size of the feeders and/or branch circuits. Buck-and-boost transformers may also
be connected in the circuit to maintain the correct voltage.
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8-28 If voltage readings are taken on a three-phase, 4-wire, 240-volt, delta-connected electric
service and two of the phases show a reading of 230 volts between phase and ground and the
third shows a reading of only 50 volts between phase and ground, what is the probable cause of
this problem?

A) Load too great C) Incorrect transformer settings
B) Incorrect wire size D) A partial ground or ground fault
Answer: D

The phase with the lowest voltage reading has a partial ground or ground fault.

8-29 When cartridge fuses are tested with a voltmeter, they should be tested:

A) Phase-to-phase on the line side C) Phase-to-phase on the load side

B) Diagonally with one lead on the line side of D) None of the above

one fuse and the load side of an adjacent fuse

Answer: B

The fuses may be checked by testing across diagonally from the line to the load side as shown in Figure 8-5.

Figure 8-5: Correct voltmeter tests for line fuses
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8-30 In adccircuit, theratio of wattsto volt-amperesis always:

A) Greater than one C) Difficult to determine
B) Lessthan one D) At unity
Answer: D

On a dc circuit, voltage and current happen simultaneously; thus, the power factor is said to be at
unity.

8-31 Thefirst step in solving a low-voltage problem on a circuit isto leave the voltmeter leads
connected across the line, and then begin:

A) Connecting additional loads to the circuit C) Both A and B
B) Disconnecting loads to the circuit D) Neither A nor B
Answer: B

The voltmeter leads are connected to the circuit and are observed after disconnecting each load from
the circuit. When the voltmeter shows a normal reading, the load just disconnected probably has a
partial ground or ground fault.

8-32 A dc voltmeter may be used to measure a low resistance in a de-energized ac circuit when
the voltmeter isused in conjunction with:

A) A megger C) A known resistance
B) Anammeter D) A current transformer
Answer: C

To measure an unknown resistance in a circuit with a dc voltmeter, connect another resistor of known
resistance in series with the unknown resistor. Then connect a 6-volt battery to the circuit; the same
current will pass through both resistors. The voltage drop across each can then be determined and the
unknown resistance may be found as explained in Question 8-30.
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8-33 A tachometer’s output is calibrated in:

A) fps C) cfm
B) foot pounds D) rpm
Answer: D

A tachometer measures the revolutions per minute of a revolving object or machine. Therefore, a
tachometer’s output is calibrated in rpm.

8-34 Which of the following is a good indication that an open circuit exists?

A) A high voltage reading C) A low voltage reading
B) No voltage reading D) None of the above
Answer: B

If a circuit is open (not completed) there will be no voltage reading when tests are made.

8-35 Onevisual test that may be made on a clear, incandescent lamp to seeif it isgood or not is
to:

A) Look for a broken element C) Look for discolored glass
B) Look for acorroded base D) None of the above
Answer: A

A broken element or filament in an incandescent lamp is normally visible. A broken element means that
the circuit is not completed and the lamp will not light.

8-36 Oneway totest afrosted incandescent lamp iswith atesting instrument, and when no
means of electric current is available:

A) With an ohmmeter C) With a power factor meter
B) With awattmeter D) All of the above
Answer: A

The test leads of an ohmmeter may be connected to an incandescent lamp — one lead touching the
positive terminal at the base of the lamp and the other touching the shell or threaded portion of the
lamp. If the ohmmeter shows resistance, the element is intact and the lamp should be good.
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8-37 When testing a load center with the main disconnect open (panel de-energized) using an
ohmmeter, a blown or faulty fuse would give a reading of:

A) 0ohms C) Infinity
B) 17 ohms D) 70 ohms
Answer: C

A blown fuse would interrupt the circuit, making it open. Therefore, the ohmmeter would read an
infinite resistance.

8-38 Given the same situation as described in Question 8-37, if the ohmmeter showed any
resistance at all on the scale, the conclusion would be:

A) Thefuseisgood C) Thefuseisbad
B) Thefuseis partially good D) Thefuseis partially bad
Answer: A

Any resistance reading at all would indicate a complete circuit, meaning that the fuse is good.

8-39 The basic definition of a short circuit is;

A) An undesired current path that does not C) A desired current path that does not bypass
bypass the load the load
B) Anundesired current path that allows D) A desired current path that bypasses the load

current to bypass the load
Answer: B

A short circuit or ground fault completes the circuit before reaching the load. In most cases, the
overcurrent protective device will open or blow when a short circuit exists on the circuit.
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8-40 When testing conductor insulation with a megger, it is desirable to have the instrument’s
voltage:

A) Slightly lower than the peak value of the C) Slightly higher than the peak value of the
rated ac voltage rated ac voltage

B) The same as the rated ac voltage D) No more than 80% of the ac voltage
Answer: C

The megger’s dc voltage should be dightly higher than the peak value of the rated ac voltage. In doing
so, any weaknesses will be revealed to a higher percentage than if the same voltage was used.

8-41 Namethethreetypesof instruments suitable for making insulation tests at two or more
voltages.

A) Ammeter, ohmmeter, voltmeter C) Hand-driven, motor-driven, and rectifying
meggers

B) Power-factor meter, tachometer, and onmmeter D) Watt-hour meter, power-factor meter, and
tachometer

Answer: C

The typesin Answer C all are capable of producing more than one voltage level.

8-42 Most meggers provide a range in voltage from:

A) 0to 50 volts C) 0to 500 volts
B) 500 to 1000 volts D) 500 to 5000 volts
Answer: D

The specifications of most meggers or insulation testers have a voltage range of from
500 to 5000 dc volts.
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8-43 In general, what are the three basic electrical faults?

A) Ground fault, partial ground fault, and open C) Open circuit, incomplete circuit, and ground
circuit fault

B) Short circuit, open circuit, and change in D) Short circuit, ground fault, and partial ground
electrical value fault

Answer: B

An open circuit is the most common; a short circuit or ground fault is the next most common problem,
and a change in electrical value such as low voltage or higher resistance also frequently causes
problems.

8-44 The nature of a problem on a circuit protected by a plug fuse can often be deter mined by
the appearance of the fuse:

A) Base C) Window
B) Enclosure D) Terminal conductor
Answer: C

The appearance of the fuse window will frequently give the electrician a clue as to the nature of the
problem. See Questions 8-45 and 8-46.

8-45 If a plug fuse window appears clear and the element is merely broken, the probable cause
of the fuse blowing is:

A) A short circuit C) Anoverload
B) A changein electrical value D) None of the above
Answer: C

The clear fuse window shows no sign of a violent “ explosion” or breakage of the fuse link. Therefore,
the most probable cause is an overload on the circuit.
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8-46 If a plug-fuse window is blackened or discolored, the most probable cause of the fuse
blowingis:

A) A short circuit C) An overload
B) A changein electrical value D) None of the above
Answer: A

The blackened or discolored fuse window indicates a sudden and violent eruption of the fuse element.
Therefore, a short circuit or ground fault is the most probable cause of the fuse blowing. The circuit
should be tested and the fault corrected before replacing the blown fuse.

8-47 Oneway to test electrical measuring instruments for accuracy isto:

A) Compare the instrument under test with C) Compare the instrument under test with

another similar instrument of known accuracy another similar instrument; if they both show
about the same reading, both are correct

B) Test the instrument on an electric circuit D) None of the above

Answer: A

Comparing the readings with another similar instrument of known accuracy is the simplest way to test
a measuring instrument for accuracy.

8-48 Totest an ammeter for accuracy, another ammeter of known accuracy can be connected in
the circuit with the ammeter under test. How should these ammeter s be connected?

A) In paralléel C) In series with each other
B) Onein series, the other in parallel D) None of the above
Answer: C

They must be connected in series.

200



Measuring and Testing
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Ten 100-watt lamps in parallel —
Independent switches —~_
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Figure 8-6: Test circuit for calibrating ac and dc ammeters by comparison method

8-49 Onetype of test circuit isshown in Figure 8-6. If the ten 100-watt lamps are connected to a
118-volt source, what should the reading of both ammeters be?

A) 6.47 amperes C) 10.47 amperes
B) 8.47 amperes D) 12.47 amperes
Answer: B

Amperes = number of lampsin circuit x wattage of each lamp/actual voltage = (10 x 100)/118 =
8.47.

8-50 What isthe purpose of the independent switchesin Figure 8-6?

A) To alow each lamp to be cut off to C) To vary the load on the circuit so the
change the bulb ammeters will show different readings
B) To prevent electrical shock D) None of the above

Answer: C

To obtain a different ammeter reading, all lamps are first turned off. Then one lamp can be turned on.
The ammeter reading should be approximately .84 amperes. Then another lamp is turned on and the
reading should be approximately 1.68 amperes and so on. By being able to vary the load in this
manner, the ammeter can be tested at different ranges on the scale.
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Chapter 9

Electric Motors

and Motor Controls

Induction motors get their name from the fact
that they utilize the principle of electromagnetic
induction. An induction motor has a stationary
part, or stator, with windings connected to the ac
supply, and arotation part, or rotor, which contains
coils or bars. There is no electrica connection
between the stator and rotor. The magnetic field
produced in the stator windings induces a voltage
in the rotor coils or bars.

Since the stator windings act in the same way
as the primary winding of atransformer, the stator
of an induction motor is sometimes called the pri-
mary. Similarly, the rotor is caled the secondary
because it carries the induced voltage in the same
way as the secondary of atransformer.

Induction motors are made in sizes from frac-
tional horsepower to several hundred horsepower
and there are few electrical systemsthat do not use
electric motors in some capacity — from residen-
tial air conditioners and appliances to commercial
HVAC equipment, elevators, and huge motors for

industrial applications. Yes, a motor even starts
your car in the mornings, or mixes your drinks in
an electric blender.

For amotor to be of any practical use, it must be
controlled — if only to start and stop it. Therefore,
all motors utilize some type of controller. These
controllers cover a wide range of types and sizes,
from a simple toggle switch to a complex system
consisting of such components as relays, timers,
switches, pushbuttons, and the like. The common
function, however, is the same in every case; that
is, to control some operation of an electric motor.

The National Electrical Code has certain rules
and requirements for motor installations, and
guestions on electrician’s exams normally use
these NEC rules as a basis for the test questions.
This chapter covers many of the questions that
have appeared on electrical examinations in the
past; many of them will more than likely appear in
the future.
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9-1 A motor controller that also serves asa Power supply
disconnecting means: Eiléigﬁnect

switch

A) Shall open all ungrounded conductors to the
motor simultaneously

B) Shall not be required to open al conductors L1§ 12§ 13¢—s _ ——
to the motor T1§ T2-+— T3¥ T4L— Disconnect switch

C) Shall open only grounded conductors \ J-
D) Shall open only one current-carrying Contactor ‘
conductor

Remote comp.
fan inherently

protected
Comp.
Answer: A Lo @
. i " Comp.
All ungrounded conductors must be disconnected Switch HPCO LPCO overioads
from the motor simultaneously. NEC Section V" Thermostat T2 COnOta'c:or
430.111(A). See Figure 9-1. Control circuit (line voltage) holding

coil

Figure 9-1: All ungrounded conductors must be opened
when a motor controller also serves as a disconnect

9-2 The branch-circuit overcurrent device may serve asthe controller for stationary motors
rated less than:

A) 20 horsepower C) 15 horsepower
B) /s horsepower D) 5 horsepower
Answer: B

Small motors (Y/s horsepower or less) may use the branch-circuit fuse or circuit breaker as a means of
disconnecting and de-energizing the motor. This motor must be the type normally left running (such as
a clock motor) and constructed so as not to be damaged by overload. NEC Section 430.81(A).

9-3 A disconnecting means for a 2300-volt motor must be capable of being locked in the:

A) Closed position C) Open position
B) Open and closed positions D) ON position
Answer: C

All motors must be connected to a disconnecting means. However, motors over 600 volts must also be
provided with a means of locking the disconnect open so that it cannot be inadvertently closed when
someone is working on the motor. NEC 430.227.
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9-4 Each continuous-duty motor rated at more than what hor sepower must be protected against
overload by an approved method?

A) g horsepower C) Ya horsepower
B) Y2 horsepower D) 1 horsepower
Answer: D

Smaller motors (under 1 horsepower) such as those used to power fans, drill presses, etc. do not
require overload protection. However, the larger motors (1 horsepower or over) that are used to drive
heavy machinery do require “ heaters’ or other types of approved overload protection. NEC Section
430.32(A).

9-5 A “disconnecting means’ that must be visible from a motor location must not be farther
than:

A) 25 feet Disconnectﬁ

B) 75 feet
C) 50 feet
D) 80 feet

Answer: C
Where the NEC specifies that one item or piece of

equipment shall be “in sight from,” “within sight from,’
or “within sight,” etc. of another item or piece of
equipment, they must not be more than 50 feet apart.
NEC Article 100 — Definition: disconnecting means.
See Figure 9-2. Fauipment

Figure 9-2: NEC definition: within sight from

9-6 A 20-ampere ac snap switch may disconnect a 2-hor sepower motor with a maximum full-
load current of:

A) 16 amperes C) 20 amperes
B) 10 amperes D) 18 amperes
Answer: A

A snap switch used to disconnect a motor must be derated 80%. Therefore, 20 amperes x .80 = 16
amperes. NEC 430.109(C)(2).
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9-7 Live partsof motors must be guarded if they operate at or over:

A) 150 volts C) 100 volts
B) 50 volts D) 75 volts
Answer: B

NEC Section 430.232 requires exposed live parts of motors and controllers operating at 50 volts or
more between terminals to be guarded against accidental contact.

9-8 The smallest size conduit allowed to enclose motor terminals from a junction box is:

A) Y2inch C) 1%2inch
B) 1linch D) 3/einch
Answer: D

A junction box to house motor terminals shall be run, in general, in flexible or rigid metal raceway and
must not be smaller than 3/s-inch electrical trade size. NEC Section 430.245(B).

9-9 Motor controller enclosures must be grounded:

A) At al voltages C) If above 50 volts
B) If above 600 volts D) If 240 volts or more
Answer: A

NEC Section 430.244 states that controller enclosures shall be grounded regardless of voltage and
must have a means for attaching an equipment grounding conductor as per NEC Section 250.8.

9-10 A branch circuit is supplying a single her metic refrigerant motor-compressor for an air
conditioning unit in a single-family dwelling. The her metic refrigerant motor-compressor rated-
load current is 18 amperes. If a 30-ampere fuse will not carry the motor compressor’s starting
current, the maximum rating of the branch-circuit overcurrent protective device may be
increased to:

A) 35 amperes C) 45 amperes
B) 40 amperes D) 50 amperes
Answer: B

The protective device can be increased also, but shall not exceed 225% of the motor rated-load current
or branch-circuit selection current, whichever is greater. NEC 440.22(A).
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9-11 The minimum size liquidtight flexible metal conduit (LFMC) for general useis:

A) 3/ginch C) Y2inch
B) 3/ainch D) 11/2inch
Answer: C

Liquidtight flexible metal conduit smaller than 1/2-inch electrical trade size (metric designator 16) must
not be used. NEC Section 358.20(A). An exception is permitted as covered in NEC Section 430.245(B).

9-12 Which of the following statements about liquidtight flexible metal conduit is/are correct?
I. Liquidtight flexible metal conduit shall not be used where subject to physical damage.
Il. Liquidtight flexible metal conduit shall be used only with listed fittings.

A) | only C) Bothl and Il
B) Il only D) Neither | nor Il
Answer: C

NEC Articles 350.12 and 350.6 verify that both statements are true.

9-13 The conductors of a feeder supplying two (2) continuous duty motors, one rated 71/2
hor sepower, 240 volts dc, and one rated 10 hor sepower, 240 volts dc shall have a current rating
not less than:

A) 56 amperes C) 77 amperes
B) 74 amperes D) 84 amperes
Answer: C

NEC Section 430.24 and Table 430.247 list the 71/2 horsepower motor at 29 amps; the 10 hor sepower
motor at 38 amps. Therefore, 29 + 38 = 67 amps plus 25% of the highest rated motor in the group (9.5
amps) for a total of 76.5 amps which rounds off to 77 amps.
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9-14 A motor disconnecting means must:

A) Disconnect only the motor C) Disconnect both the motor and controller
B) Disconnect only the controller D) Disconnect the motor
Answer: C

A motor disconnecting means should be installed on the line side of the controller so that both the
controller and motor are disconnected simultaneously. NEC Article 430.75(A).

9-15 If a conductor iscovered, it is:

A) Encased with an insulation recognized C) Effectively isolated from ground faults
by the Code

B) Encased with an outer covering not D) Covered with a material of a composition
recognized as electrical insulation by the Code and thickness recognized by UL

Answer: B

A covered conductor is a conductor encased within a material of composition or thickness that is not
recognized by Code as electrical insulation. NEC Article 100 — Definitions.

9-16 Open motorswith commutators shall be located so sparks cannot reach adjacent
combustible material, but this:

A) Isonly required for over 600 volts C) Shall not prohibit these motors on
wooden floors

B) Does not prohibit these motors from a D) None of these
Class | location

Answer: C

Installation of such motors must be located away from combustible material. However, the code makes
exception for installations on wooden floors or supports. NEC 430.14(B) Exception.
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9-17 The branch-circuit conductors supplying a motor that draws 40 amperes and oper ates for
three hours or more must have an ampacity not less than:

A) 40 amperes C) 60 amperes
B) 50 amperes D) 70 amperes
Answer: B

Branch-circuit conductors supplying a single motor at continuous duty (three hours or more) must have
an ampacity not less than 125% of the motor full-load current rating. Therefore, 40 x 1.25 = 50
amperes. NEC 210.20(A).

9-18 If no other information is given, a continuous-duty motor that draws 100 amperes must be
protected by an overload device rated at not more than:

A) 125 amperes C) 140 amperes
B) 150 amperes D) 115 amperes
Answer: D

NEC Section 430.32(A)(1) states that each continuous-duty motor circuit must be protected against
overload by a separate overload device. This device must be selected to trip at no more than 115% (if
no other information about the motor is known).

9-19 The branch-circuit overcurrent device may serve as the disconnecting means for motor-
driven appliancesrated not over:

A) Y2 horsepower C) 3/4 horsepower
B) 1 horsepower D) /s horsepower
Answer: D

For permanently connected appliances rated at not over 300 volt-amperes (watts) or Y& horsepower,
the branch-circuit overcurrent device may be used to serve as a disconnecting means. NEC Section
422.31(A).
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9-20 A power factor correction capacitor connected on the load side of the overload device of a
motor reducestheline current by 20%. If the full-load current of the motor is 100 amperes, the
setting of an overload device in the circuit is based on a current of:

A) 100 amperes C) 80 amperes
B) 125 amperes D) 150 amperes
Answer: C

Overload device setting = full-load current x percent factor; 100 x .80 = 80 amperes.

9-21 Conductors supplying two or more motors must have an ampacity equal to the sum of the
full-load current rating of all the motors pluswhat percent of the highest rated motor in the
group?

A) 25% C) 5%
B) 50% D) 100%
Answer: A

NEC Section 430.24 requires a total of 125% (an addition of 25%) of the highest rated motor in the
group.

9-22 What may the locked-rotor current be assumed to be for small motor-compressor s not
having the locked-rotor current marked on the nameplate?

A) 2timesthe rated load current C) 6timesthe rated load current
B) 4 timesthe rated load current D) 8timesthe rated load current
Answer: C

For small motors with no nameplate rating, and which are not covered in NEC Tables 430.247,
430.248, 430.249, or 430.250, the locked-rotor current shall be assumed to be six times the rated
load-current. NEC Section 440.12(C).
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9-23 What isthe maximum overcurrent protective device allowed on a 480-volt branch circuit
with several small motors connected — all of which are under 1 horsepower and the maximum
load of each motor is5 amperes?

A) 10 amperes C) 20 amperes
B) 15 amperes D) 30 amperes
Answer: B

NEC Section 430.53(A) requires that a branch circuit of 600 volts, nominal, or less, containing several
motors, each not exceeding 1 horsepower, must be provided with overcurrent protection not to exceed
15 amperes.

9-24 A 240-volt single-phase room air conditioner shall be considered as a single motor unit if its
rating is not more than:

A) 20 amperes C) 40 amperes
B) 30 amperes D) 50 amperes
Answer: C

NEC Section 440.62(A)(2) specifies that an air conditioner shall be considered a single motor unit if its
rating is not more than 40 amperes and 250 volts, single phase.

9-25 Unlessidentified for a different value, motor control circuit devices with screw-type
pressure terminals used with No. 14 AWG or smaller copper conductors must betorqued to a
minimum pound-inch value. What is this value?

A) 2 pound-inches C) 7 pound-inches
B) 5 pound-inches D) 9 pound-inches
Answer: C

NEC Section 430.9(C) specifies a minimum of 7 pound-inches.
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9-26 What must be used at all openingsin an enclosure, conduit box, or barrier where wires
pass through the opening in motor circuits?

A) A locknut C) A bushing
B) An approved metallic fitting D) A “red-head”
Answer: C

NEC Section 430.13 requires the use of a bushing.

9-27 A protective device for limiting surge voltages by discharging or bypassing surge current,
and also preventing continued flow of follow current, is called:

A) A surge arrestor C) A ground-fault circuit-interrupter
B) An auto fuse D) A surge bypass
Answer: A

NEC Section 280.2 covers surge arrestors and their use.

9-28 A phase converter isan electrical device that:

A) Converts single-phase power to 3-phase C) Converts three-phase electrical power for
electric power the operation of equipment that normally operates
from a single-phase electrical supply

B) Reversesthe rotation of single-phase motors D) Reversesthe rotation of three-phase motors

Answer: A
The definition for a phase converter is given in NEC Section 455.2 and coincides with Answer A above.

9-29 When using a phase converter for a fixed load, the single-phase conductors must have an
ampacity not less than what percentage of the full-load current rating of the motor or other load
being served where the input and output voltages are the same?

A) 300% C) 150%
B) 250% D) 175%
Answer: B

NEC Section 455.6(A)(2) requires the conductors to be sized not less than 250% for fixed loads.
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9-30 For continuous duty, the conductor s connecting the secondary of a wound-rotor ac motor to
its controller must have an ampacity not less that what percent of the full-load secondary current
of the motor ?

A) 100% C) 125%
B) 110% D) 130%
Answer: C

NEC Section 430.23(A) requires the conductors to have a current-carrying rating not less than 125%
of the full-load secondary current of the motor.

9-31 If amotor usesa cord and plug as a disconnect, the attachment plug must be rated for:

A) Horsepower C) Voltage only
B) Resistance D) None of the above ©E§]A%<@@E
Answer: A

NEC 430.109(F) requires the attachment plug to have a horsepower rating no less than the motor
ratings.

9-32 If three three-phase motors are connected to a 120/240-volt single- to three-phase converter,
and each motor has a full-load current rating of 8 amperes, what isthe minimum amperage
rating of the conductors feeding the phase converter?

A) 30.7 amperes C) 70.8 amperes
B) 60 amperes D) 81.5 amperes
Answer: B

Three motors at 8 amperes each give a total of 24 amperes. Therefore, 8 + 8 + 8 = 24 x 250% = 60
amperes. NEC Section 455.6(A)(2).
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9-33 In a 3-wire, three-phase ac system feeding a motor, with one conductor grounded, where
must fuses for motor overload protection be inserted in the circuit?

A) A fuse must be inserted in each ungrounded C) A fuse must be inserted only in each
conductor and also in the grounded conductor ungrounded conductor

B) No fuses are required for motor overload D) None of the above answers is correct
protection

Answer: A

NEC Section 430.36 requires fuses to be inserted in series with all conductors in this situation.

9-34 What other protection isrequired on motor overload relays and other devicesthat are not
capable of opening short circuits or ground faults?

A) They must be protected by an autotransformer  C) They must be protected with cartridge
fuses only

B) They must be protected with plug fuses only D) They must be protected with overcurrent
devices

Answer: D

NEC Section 430.40 requires such overload relays to be protected by fuses or circuit breakers with
ratings or settings in accordance with NEC Section 430.52 or by a motor short-circuit protector.

9-35 When two disconnecting means ar e utilized, one for disconnecting the motor and motor
controller from the circuit and the other for disconnecting the motor control circuit from its
power supply, where must these two disconnects be located?

A) Within sight of each other C) Immediately adjacent to each other
B) Within 50 feet of each other D) None of the above
Answer: C

NEC Section 430.75(A) requires that such disconnects be located immediately adjacent to each other.
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9-36 By definition, what isa motor controller?

A) A device used to troubleshoot motors C) A device containing overcurrent protection
for the motor

B) A device or group of devices that servesto D) An assembly of enclosed sections having a

govern the electric power delivered to the common power bus, to purposely introduce

apparatus to which it is connected adelay in tripping action

Answer: B

The definition of “ controller” is given in NEC Article 100, Definitions. Motor controllers often offer
additional motor control such as reversing, jogging, etc.

9-37 Every motor controller must be capable of starting and stopping a motor. It must also be
capable of:

A) Interrupting the locked-rotor current of the C) Detecting variances in the circuit voltage
motor

B) Providing overcurrent protection D) Providing ground-fault protection
Answer: A

NEC Section 430.82(A) requires that each motor controller must be capable of starting and stopping
the motor it controls as well as interrupting the locked-rotor current of the motor to help prevent
damage to the motor windings.

9-38 An autotransformer motor starter must be so designed that it has at least:

A) An*“ON” position; nothing else is required C) An“OFF" position
B) Two starting positions D) Three starting positions
Answer: C

NEC Section 430.82(B) stipulates that an autotransformer motor starter has an “ OFF” position.
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9-39 Other than the requirements stated in Answer C in Question 9-38, what other design
considerations arerequired of an autotransformer?

A) It must be designed so that it cannot be C) It must be designed so that it restsin the
de-energized without the proper key starting position at all times
B) It must be designed so that it cannot rest D) All of the above

in the starting position

Answer: B

NEC Section 430.82(B) requires autotransformers to be designed so that they cannot rest in the
starting position or in any position that will render the overload device in the circuit inoperative.

9-40 Motor-starter rheostats for dc motors operated from a constant voltage supply must be
equipped with automatic devices that will interrupt the power supply before the speed of the
motor fallsto a certain level. What isthis speed?

A) One-half its normal value C) Three-fourthsits normal value
B) One-third its normal value D) Two-thirdsits normal value
Answer: B

NEC Section 430.82(C)(2) requires automatic devices to interrupt the supply before the speed of the
motor has fallen to less than one-third its normal value.

9-41 What isthe minimum number of conductorsa motor controller must open?

A) Only the grounded conductor C) All ungrounded conductors

B) Enough ungrounded conductors to stop the D) No conductors need to be opened
motor

Answer: B

A motor controller need open only enough conductors to stop the motor. For example, in a single-
phase, two-wire circuit, only one conductor needs to be opened to stop the motor. If the motor
controller also serves as a disconnecting means, it must open all ungrounded conductors as stated in
NEC Section 430.84, Exception.
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9-42 How many motor s connected to a circuit in excess of 600 volts are allowed to be connected
to each motor controller?

A) 1 C) 3
B) 2 D) 4
Answer: A

NEC Section 430.87 requires each motor to be provided with an individual controller, with some
exceptions.

9-43 Where one side of the motor control circuit is grounded, the motor control circuit should be
arranged so that what type of ground in the remote control device will not start the motor?

A) Anintentional ground C) Anisolated ground

- NI
B) A low-voltage ground D) A ground fault @MNC@@E
Answer: D

NEC Section 430.74 requires that such control circuits be arranged so as to prevent accidental starting
of the motor.

9-44 A disconnecting means for a motor or phase converter must plainly indicate:

A) The machines being fed C) The phase rotation of the machine being fed

B) Whether it isin the open (OFF) or D) The date of installation
closed (ON) position

Answer: B

NEC Section 430.104 requires that all disconnects be plainly marked to show if the switch is on or off.
In most cases, when the external handle is in the up position, the switch is closed and the circuit is
energized. The switch must be marked “ ON.” When the operating handle is in the down position, the
circuit is open and should be marked “ OFF”
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9-45 What must the ampererating be for a disconnecting means for a motor circuit rated 600
volts, nominal, or less?

A) 100% of the motor nameplate current C) At least 115% of the full-load current rating
of the motor

B) At least 125% of the full-load current D) At least 150% of the full-load current rating
rating of the motor of the motor

Answer: C

NEC Section 430.110 requires the disconnecting means to be at least 115% of the full-load current
rating of the motor. It can also be any amount above that rating; that is, it could be 125%, for example,
and still comply with NEC regulations.

9-46 How many disconnecting means are required for electric motor s receiving electrical energy
from more than one source?

A) A disconnecting meansis required for each C) One disconnect must be provided for all
source of electrical energy sources

B) One disconnect and a motor controller for D) Two disconnects must be provided for each
each source of electrical energy voltage source

Answer: A

NEC Section 430.113 requires a disconnect for each source of electrical energy. These disconnects
must be mounted immediately adjacent to the equipment served. The code requires a permanent
warning sign on or adjacent to each disconnecting means.

9-47 What arethejobsrequired of motor-circuit overcurrent protection?

A) Interrupt overloads C) Both A and B
B) Interrupt fault currents D) Neither A nor B
Answer: C

NEC Section 430.225(A) requires coordinated protection to automatically interrupt overload and fault
currents in the motor, the motor circuit conductors, and the motor control apparatus.
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9-48 Exposed live parts of motors and motor controllers operating at 50 volts or more between
terminals must be guarded against accidental contact by a suitable enclosure, or asfollows:

A) By installation on a suitable balcony or C) By elevation of at least 8 feet above the floor
gallery that is inaccessible to unqualified
personnel

B) By installation in aroom or enclosure that is D) All of the above
accessible only to qualified persons

Answer: D

NEC Section 430.232 recognizes all of the methods, A through C, as acceptable for protection from live
motor parts.

9-49 When the frame of a stationary motor isnot grounded and complies with NEC regulations,
what provisions must be made?

A) It must be permanently and effectively C) The electrical energy must be less than
insulated from the ground 100 volts

B) It must beinstalled so that it can receive D) The electrical energy must be less than
no energy from any source 120 volts

Answer: A

NEC Section 430.242 permits ungrounded motor frames if the motor does not fall under items 1
through 4 of this NEC Section. Where the frame of the motor is not grounded, it must be permanently
and effectively insulated from the ground.

9-50 Theframes of all portable motorsover a certain voltage must be guarded or grounded.
What isthis voltage?

A) 100 volts C) 150 volts
B) 120 volts D) 220 volts
Answer: C

NEC Section 430.243 requires that the frames of portable motors operating over 150 volts to ground be
guarded or grounded. See Section 430.243 for exceptions.

219



Electrician’s Exam Preparation Guide

9-51 What isthe minimum size disconnecting means allowed for a her metic refrigerant motor-
compressor ?

A) 100% of its nameplate rated-load current C) 125% of its nameplate rated-load current
B) 115% of its nameplate rated-load current D) 130% of its nameplate rated-load current
Answer: B

NEC Section 440.12(A)(1) requires the ampere rating of the disconnect to be at least 115% of the
compressor’s nameplate rated-load current or branch-circuit selection current, whichever is greater.

9-52 Where must the disconnecting means for an air-conditioning or refrigerating apparatus be
located?

A) Within sight of the apparatus C) At least 6 feet away from the equipment
B) Out of sight D) At least 12 feet away from the equipment
Answer: A

NEC Section 440.14 requires that the disconnecting means for such equipment be located within sight
of the equipment. NEC Article 100 also limits the maximum distance to 50 feet. The disconnecting
means shall not be located on panels that are designed to allow access to the equipment.

9-53 Branch-circuit conductors supplying a single motor-compressor must have an ampacity not
less than what percent of the motor-compressor rated-load current?

A) 100% C) 125%
B) 115% D) 150%
Answer: C

NEC Section 440.32 requires that branch-circuit conductors supplying a single motor-compressor must
have an ampacity not less than 125% of either the motor-compressor rated-load current or the branch-
circuit selection current, whichever is greater.
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9-54 Each motor-compressor must be protected against overload and failureto start by which of
the following means:

A) A separate overload relay that is responsive C) A fuseor inversetime circuit breaker
to motor-compressor current

B) A thermal protector integral with the motor- D) Any of the above
compressor

Answer: D

NEC Section 440.52 permits any of the methods listed in Answers A through C as an acceptable means
of protecting motor-compressors against overloads and failures to start.

9-55 A room air conditioner isconsidered to be a single motor unit in determining its branch-
circuit requirements when the following conditions are met:

A) ltiscord- and plug-connected and its rating C) Tota rated-load current is shown on the
is not more than 40 amperes and 250 volts, room air-conditioner nameplate rather than
single phase individual motor currents

B) Therating of the branch-circuit short-circuit D) All of the above
and ground-fault protective device does not

exceed the ampacity of the branch-circuit

conductors or the rating of the receptacle,

whichever is less

Answer: D

NEC Section 440.62(A) requires all of the conditions listed in Answers A through C to be met for the
room air conditioner to be considered a single motor unit.

9-56 If a single motor-compressor has a nameplate rated-load current of 34.5 amperes and thisis
greater than the branch-circuit selection current, what should the current-carrying rating be for
the branch-circuit conductors, rounded off to the closest whole number?

A) 36 amperes C) 43 amperes
B) 38 amperes D) 48 amperes
Answer: C

34.5 x 1.25 = 43.125 amperes, rounded off to 43 amperes.
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9-57 What isthe minimum rating for a disconnecting means for the circuit in Question 9-56,
rounded off to the closest whole number?

A) 30 amperes C) 40 amperes
B) 35 amperes D) 50 amperes
Answer: C

34.5 x 1.15 = 39.675 = 40 amperes, complying with NEC Section 440.12(A)(1).

9-58 If areplacement motor-compressor draws 38.7 amperes, what isthe minimum rating for a
disconnect means?

A) 44.5 amperes C) 60.7 amperes
B) 50.1 amperes D) 70 amperes
Answer: A

38.7 x 1.15 = 44.505. or 44.5 amperes. NEC Section 440.12(A)(1).

9-59 Which of the following are recognized types of phase converters?

A) Shaded-pole C) Compound-wound
B) Rotary and static D) Split-phase
Answer: B

NEC Section 455.2 describes two types of phase converters: rotary and static.
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Chapter 10

Special Occupancies

Certain buildings or areas, because of their con-
struction, use, or possible risk to persons or prop-
erty, are termed special occupancies by the NEC.
Compliance with special rulesisrequired for these
locations to assure the safe installation of electrical
sysems and their relaed equipment. Conse-
quently, al eectrician’s exams will have some ques-
tions involving these special occupancies.

Wiring in Hazardous Locations

Articles 500 through 504 of the NEC cover the
requirements of electrical equipment and wiring
for al voltagesin locations where fire or explosion
hazards may exist. Locations are classified
depending on the properties of the flammable
vapors, liquids, gases, or combustible dusts or
fibersthat may be present, aswell asthe likelihood
that a flammable or combustible concentration or
quality is present.

Any area in which the atmosphere or a material
in the areais such that the arcing of operating elec-
trical contacts, components, and equipment may
cause an explosion or fire is considered a haz-
ardous location. In all such cases, explosion-proof
equipment, raceways, and fittings are used to pro-
vide an explosionproof wiring system.

Hazardous locations have been classified in the
NEC into certain class locations. Various atmos-
pheric groups have been established on the basis

of the explosive character of the atmosphere for
the testing and approva of equipment for use in
the various groups.

Garages and Similar Locations

Garages and similar locations where volatile or
flammable liquids are handled or used as fuel in
self-propelled vehicles (including automobiles,
buses, trucks, and tractors) are not usually consid-
ered critically hazardous locations. However, the
entire area up to alevel 18 inches above the floor
is considered a Class I, Division 2 location, and
certain precautionary measures are required by the
NEC. Likewise, any pit or depression below floor
level shall be considered aClass|, Division 2 loca-
tion, and the pit or depression may be judged as
Class |, Division 1 location if it is unvented.

Normal raceway (conduit) and wiring may be
used for the wiring method above this hazardous
level, except where conditions indicate that the
area concerned is more hazardous than usual. In
this case, the applicable type of explosionproof
wiring may be required.

Approved seal-off fittings should be used on all
conduit passing from hazardous areas to nonhaz-
ardous areas. The requirements set forth in NEC
Sections 501.15 and 501.15(B)(2) shall apply to
horizontal as well as vertical boundaries of the de-
fined hazardous areas. Raceways embedded in a
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masonry floor or buried beneath a floor are con-
sidered to be within the hazardous area above the
floor if any connections or extensions lead into or
through such an area. However, conduit systems
terminating to an open raceway, in an outdoor
unclassified area, shall not be required to be sealed
between the point a which the conduit leaves the
classified location and enters the open raceway.

Airport Hangars

Buildings used for storing or servicing aircraft
in which gasoline, jet fuels, or other volatile flam-
mable liquids or gases are used fall under Article
513 of the NEC. In general, any pit or depression
below the level of the hangar floor is considered to
beaClassl, Division 1 location. The entire area of
the hangar including any adjacent and communi-
cating area not suitably cut off from the hangar is
considered to be a Class I, Division 2 location up
to alevel 18 inches above the floor. The areawith-
in 5 feet horizontally from aircraft power plants,
fuel tanks, or structures containing fuel is consid-
ered to beaClass|, Division 2 hazardous | ocation;
this area extends upward from the floor to a level
5 feet above the upper surface of wings and engine
enclosures.

Adjacent areas in which hazardous vapors are
not likely to be released, such as stock rooms and
electrical control rooms, should not be classed as
hazardous when they are adequately ventilated and
effectively cut off from the hangar itself by walls
or partitions. All fixed wiring in a hangar not with-
in a hazardous area as defined in Section 513.3
must be installed in metallic raceways or shall be
Type MI or Type ALS cable. The only exceptionis
wiring in nonhazardous locations as defined in
Section 513.3(D), which may be of any type rec-
ognized in Chapter 3 (Wiring Methods and
Materials) in the NEC.

Theaters

The NEC recognizes that hazards to life and
property dueto fire and panic exist in theaters, cin-
emas, and the like. The NEC therefore requires
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certain precautions in these areas in addition to
those for commercial installations.

These requirements include the following:
 Proper wiring of motion picture projection
rooms (Article 540)

» Heat-resistant, insulated conductors
for certain lighting equipment (Section
520.42)

» Adequate guarding and protection of the
stage switchboard and proper control and
overcurrent protection of circuits (Section
520.22)

* Proper type and wiring of lighting dimmers
(Sections 520.53(E) and 520.25)

» Use of proper types of receptacles and
flexible cables for stage lighting equipment
(Section 520.45)

* Proper stage flue damper control
(Section 520.49)

* Proper dressing-room wiring and control
(Sections 520.71, .72, and .73)

* Fireproof projection rooms with automatic
projector port closures, ventilating
equipment, emergency lighting, guarded
work lights, and proper location of related
equipment (Article 540).

Outdoor or drive-in motion picture theaters do
not present the inherent hazards of enclosed audi-
toriums. However, the projection rooms must be
properly ventilated and wired for the protection of
the operating personnel. You can rest assured that
questions about these areas will be asked on all
electrician’s exams.

Hospitals

Hospitals and other hedlth-care facilities fall
under Article 517 of the NEC. Part Il of Article 517
covers the general wiring of health-care facilities,



including the performance criteria and wiring
methods to minimize shock hazards to patients in
electricaly susceptible patient areas. Part 111 covers
essential electrical systems for hospitals. Part IV
covers the requirements for electrical wiring and
equipment used in inhalation anesthetizing locations.

With the widespread use of X-ray equipment of
varying types in health-care facilities, electricians
are often required to wire and connect equipment
such as discussed in Article 660 of the NEC.
Conventional wiring methods are used, but provi-
sions should be made for 50- and 60-ampere
receptacles for medical X-ray equipment.

Special Occupancies

Anesthetizing locations of hospitals are deemed
tobeClassl, Division 1, to aheight of 5 feet above
floor level. Gas storage rooms are designated as
Class |, Division 1, throughout.

The NEC recommends that wherever possible
electrical equipment for hazardous locations
should be located in less hazardous areas. It aso
suggests that by adequate, positive-pressure venti-
lation from a clean source of outside air, the haz-
ards may be reduced or hazardous locations limit-
ed or eliminated. In many cases the installation of
dust-collecting systems can greatly reduce the haz-
ardsinaClass|l| area.
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10-1 Conduit in hazardous locations must be made:

A) Sealed C) Wrenchtight
B) Bonded D) Snug Hee
Answer: C

All conduit used in hazardous locations must be threaded with a NPT standard conduit cutting die that
provides 3/4-inch taper per foot. Such conduit must be made wrenchtight to prevent sparking when fault
current flows through the conduit system. NEC Section 500.8(E).

10-2 Locationswhere easily ignitable fibers are stored are:

A) Class |1, Divison 1 C) Classlll, Divison 1
B) Classll, Division 1 D) Classlll, Division 2
Answer: D

A Class |11, Division 2 location is a location in which easily ignitible fibers/flyings are stored or
handled other than in the process of manufacture. NEC Section 500.5(D)(2).

10-3 All fixed boxes, fittings and joints shall be made explosionproof in:

A) Class|, Division 1 locations C) Class|l, Division 1 locations
B) Classll, Division 2 locations D) Classlll, Division 1 locations
Answer: A

In Class 1, Division 1 or 2 locations, all such conduit connections shall be explosionproof.
NEC Section 500.7(A).
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10-4 The disconnecting means for a 120/240-volt circuit for a gasoline dispenser must disconnect:

A) The neutrd C) The grounded conductor
B) All conductors D) The ungrounded conductors
Answer: B

Each circuit leading to or through a dispensing pump must be provided with a switch or other
acceptable means to disconnect simultaneously from the source of supply all conductors of the circuit,
including the grounded conductor, if any. NEC Section 514.11(A).

10-5 In Class |, Division 1 locations, a conduit to a splice box must be sealed if thetrade sizeis:

A) linch or larger C) 2inchesor larger
B) 2%z inches or larger D) ¥2inch or larger
Answer: C

In each conduit of 2-inch size or larger entering an enclosure or fitting housing terminals, splices or
taps must contain a seal within 18 inches of such enclosure or fitting. NEC Section 501.15(A)(1).

10-6 The external surface of totally enclosed motors of Types (2) or (3) shall never have an
operating temperature (in degrees Celsius) in excess of what percentage of the ignition
temper ature of the gas or vapor involved in its operation?

A) 75% C) 100%
B) 80% D) None of these
Answer: B

Furthermore, approved devices shall detect and automatically de-energize the motor if the temperature
of the motor exceeds the designed limits. NEC Section 501.125(B).
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10-7 InaClass| location, a pendant fixture with arigid stem longer than 12 inches must be
braced:

A) 12 inches from the top C) 16 inches from the top

B) Not more than 12 inches from the lower end D) On the stem
of the fixture

Answer: B

For stems longer than 12 inches, permanent and effective bracing against lateral displacement shall be
provided at a level not more than 12 inches above the lower end of the stem. NEC Section
501.130(A)(3).

10-8 A dust-ignitionproof enclosure supplied by a horizontal raceway does not require a raceway
seal if the conduit length is at least:

A) 10 feet C) 8feet
B) 5 feet D) 12 feet
Answer: A

Where a raceway provides communication between an enclosure that is required to be dust-
ignitionproof and one that is not, suitable means shall be provided to prevent the entrance of dust into
the dust-ignitionproof enclosure through the raceway. One of the following means shall be permitted:
(1) a permanent and effective seal; (2) a horizontal raceway not less than 10 feet long; or (3) a vertical
raceway not less than 5 feet long and extending downward from the dust-ignitionproof enclosure. NEC
Section 502.15.

10-9 Motorsin Class |, Divison 1 locations must be identified for Class |1, Division 1 locations,
or be

A) Totally enclosed C) Explosionproof
B) Totally enclosed pipe-ventilated D) Air ventilated
Answer: B

In Class I1, Division 1 locations, motors, generators, and other rotating electrical machinery shall be
totally enclosed pipe-ventilated, meeting temperature limitations in NEC 502.5. NEC Section 502.125(A).
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10-10 When a flexible cord supplies a pendant fixturein a Class |1 location, it must be listed for:

A) Classll C) Hard usage
B) Extra-hard usage D) Normal usage
Answer: B

Where necessary to employ flexible connections . . . a flexible cord listed for extra-hard usage and
suitable seals shall be used. NEC Section 502.140(1).

10-11 In Class|, Division 1 locations, pendant fixtures must be braced or have a flexible
connector if the stem islonger than:

A) 6inches C) 24 inches

B) 10 inches D) 12inches NEC
CHANGE

Answer: D

For stems longer than 12 inches, permanent and effective bracing against lateral displacement must be
provided at a level not more than 12 inches above the lower end of the stem, or provided not more than
12 inches from the point of attachment to the supporting box or fitting. NEC Section 501.130(A)(3).

10-12 In agarage, unenclosed equipment that may produce arcs or sparks must be placed at
least what height above the floor ?

A) 10 feet C) 16 feet
B) 18 inches D) 12 feet
Answer: D

Equipment that is less than 12 feet above the floor level and that may produce arcs, sparks, or
particles of hot metal, such as cutouts, switches, charging panels, generators, motors, or other
equipment . . . shall be of the totally enclosed type or so constructed as to prevent escape of sparks or
hot metal particles. NEC Section 511.7(B)(1).
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10-13 Which circuit isonein which a spark or thermal effect isincapable of causing ignition of a
mixture of flammable or combustible material in air under prescribed test conditions?

A) Intrinsically safe C) Hazard-proof
B) Low voltage D) Explosion-proof
Answer: A

The NEC defines an intrinsically safe circuit in Section 504.2.

10-14 The hazardous area near a gasoline fill-pipe from an underground tank with loose fill
extends horizontally:

A) 10 feet C) 5feet
B) 20 feet D) 6 feet
Answer: A

At the fill opening for an underground tank, Class I, Division 2 extends up to 18 inches above grade
level within a horizontal radius of 10 feet from a loose fill connection and within a horizontal radius of
5 feet from a tight fill connection. NEC Table 514.3(B)(1).

10-15 TheClass|, Division 2 location in a remote outdoor gasoline dispensing device extends
from the base upward for:

A) 18inches C) 4feet
B) 3feet D) 6 feet
Answer: A

NEC Table 514.3(B)(1) states that Class |, Division 2 is within 3 feet of any edge of a pump, extending
in all directions, and up to 18 inches above floor or grade level within 10 feet horizontally from any
edge of the pump.
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10-16 Equipment used in hazardous (classified) locations must be marked to show the Class,
Division, Group, and operating temperature or temper ature class referenced to a temperature of:

A) 30° C ambient C) 50° C ambient
B) 40° C ambient D) 60° C ambient
Answer: B

NEC Section 500.8(C)(4) requires the markings to be based on 40° C ambient.

10-17 A location in which flammable gases, flammable liquid-produced vapors, or combustible
liquid-produced vapors are or may be present in the air in quantities sufficient to produce
explosive or ignitible mixturesis classified as a:

A) Class |V location C) Class|I location
B) Classlll location D) Class| location
Answer: D

NEC Section 500.5(B) gives this definition as a Class | location.

10-18 A hazardous location in which ignitible concentrations of flammable liquid-produced
vapors or combustible liquid-produced vapors can exist under normal operating conditionsis
classified as a:

A) Class|, Division 1 location C) Classll, Division 1 location
B) Classl, Division 2 location D) Classll, Division 2 location
Answer: A

NEC Section 500.5(B)(1) specifies the above condition to be Class I, Division 1.

10-19 A hazardous location in which ignitible concentrations of flammable gases, flammable
liquid-produced vapors, or combustible liquids above their flash points may exist frequently
because of repair or maintenance operations or because of leakage is classified as a:

A) Class|, Division 1 location C) Classll, Division 1 location
B) Class|, Division 2 location D) Classll, Division 2 location
Answer: A

NEC Section 500.5(B)(1)(2) also specifies the conditions in this question as Class |, Division 1.
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10-20 A hazardous location in which breakdown or faulty operation of equipment or processes
might release ignitible concentrations of flammable gases, flammable liquid-produced vapors or
combustible liquid-produced vapors, and might also cause simultaneous failure of electric
equipment is classified as a:

A) Class|, Division 1 location C) Classll, Division 1 location
B) Classl, Division 2 location D) Classll, Division 2 location
Answer: A

NEC Section 500.5(B)(1)(3) also specifies the conditions in this question as Class |, Division 1.

10-21 Which method of bonding is acceptable for equipment installed in a Class | location?

A) Compression-type bonding C) A bonding jumper
B) Redundant bonding D) Double-bonded locknut
Answer: C

NEC Article 501.30 requires that a separate bonding jumper be used and that any type of locknut shall
not be depended on for bonding purposes.

10-22 When surge arresters are installed in hazardous locations, what type of enclosure must be
provided?

A) A PVC (plastic) junction box C) 4 x 4 junction box
B) An enclosure identified for the location D) A handy box
Answer: B

NEC Section 502.35 calls for surge arresters to be installed in an enclosure identified for the location.
Furthermore, surge-protective capacitors must be of a type designed for specific duty.
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10-23 When installing 480-volt dry-type transformersin Class 11, Division 2 locations, the
transformers must beinstalled in vaults unless:

A) Their windings and terminal connections C) They arerated below 10 kVA
are enclosed in atight metal housing and
operating at 600V or less.

B) They are rated above 10 kVA D) They are enclosed in a properly ventilated
housing

Answer: A
NEC Section 502.100(B)(3) does not require a vault if the conditions in answer A are met.

10-24 Whereflexible cordsare used in Class 11, Division 1 locations, they are not required to:

A) Belisted for extra-hard usage C) Be supported by suitable means
B) Contain an equipment ground D) Utilize braided shielding
Answer: D

NEC Article 502.140 requires that cords be installed to meet all but the last of the above conditions.

10-25 Flexible cord connectorsused in Class |1, Division 2 locations are required to have:

A) Dusttight cord connectors C) Listing for wet locations
B) Non-dlip grips D) Suitable seals
NIEC
CHANGIE
Answer: A

NEC Article 502.140 requires that such cords be terminated with a listed dusttight cord connector.

233



Electrician’s Exam Preparation Guide

10-26 When resistors and resistance devices are installed in Class 11 locations, what type of
enclosures must be provided for them?

A) Dustproof only C) Waterproof

B) Ventilated D) Dust-ignitionproof NIEGC
CHANGIE

Answer: D

NEC Section 502.120(B)(3) requires the enclosures to be dust-ignitionproof identified for Class 11
locations.

10-27 If listed cablesareinstalled in a cabletray in a Class |1, Division 2 location, what isthe
minimum separ ation distance between them?

A) The diameter of the larger adjacent cable C) Properly-insulated cables may be installed
without separation distance

B) The diameter of the smallest cable but in no D) Two times the diameter of the larger adjacent
case less than /4 inch cable

Answer: A NEG

CHANGIE
NEC Article 502.10(B)(1)(6) requires that such cablesin Division 2 locations be separated
by at least the diameter of the larger adjacent cable. Note the Exception for Division 1.

10-28 Lighting fixturesinstalled in Class |11, Divisions 1 and 2 that may be exposed to physical
damage must be protected by:

A) Using lower wattage lamps C) Smaller lamps

B) A suitable guard D) By elevating the lamps 8 feet or more above
floor level

Answer: B

NEC Section 503.130(B) requires that such lighting fixtures be protected with a suitable guard.
SQuitable guards usually consist of cast-iron shields over a hardened glass enclosure.
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10-29 When installing conduit in Class |11 locations, the locknut-bushing and double-locknut
types of contacts shall:

A) Beused for all such installations C) Not be depended upon for bonding purposes
B) Be approved for bonding purposes if fitted D) Used exclusively on rigid metal conduit for
with a fiber bushing bonding purposes

Answer: C

NEC Section 503.30(A) states that locknut-bushing and double-locknut contacts shall not be depended
upon for bonding purposes. Rather, a bonding jumper or other approved means of bonding must be
used.

10-30 Conduits, cable trays, and open wiring used on intrinsically safe systems shall be identified
by permanently affixed labels. Such labels shall be visible after installation. What isthe
maximum distance allowable between labels?

A) 5feet C) 20 feet
B) 10 feet D) 25 feet
Answer: D

Such conduits must have visible labels at a maximum spacing of 25 feet. There are exceptions for
underground systems. NEC Section 504.80(B).

10-31 What'sthe closest distance allowed for conductors and cables of intrinsically safe circuits
(not in raceways or cable trays)?

A) 2inches C) 12inches
B) 4inches D) 18 inches
Answer: A

NEC Section 504.30(A)(3) requires a 2-inch clearance between those two types of circuits, and that
they be secured from conductors and cables of any non-intrinsically safe circuits.
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10-32 What color isused to identify intrinsically safe conductors?

A) Green C) Yelow
B) Blue D) Black
Answer: B

Light blue is the color used to identify intrinsically safe conductors, and no other conductors are
permitted to be this color. NEC Section 504.80(C).

10-33 Which of the following wiring methods are allowed for fixed wiring above Class |
locations?

A) Type Ml cable C) Type MC cable
B) Type TC cable D) All of the above
Answer: D

NEC Section 511.7(A)(1) allows metal raceways, rigid nonmetallic conduit, electrical nonmetallic
tubing, Type MI, Type TC, Type MC or PLTC cable. ITC cable is permitted to be used in accordance
with Article 727.

10-34 Electrical equipment installed above Class | locations, but less than 12 feet above floor
level and that may produce sparksor hot metal particles, must be of what type?

A) Ventilated C) Totaly enclosed
B) Open squirrel-cage motors with cast-iron D) None of the above
guards

Answer: C

NEC Section 511.7(B)(1) calls for totally enclosed electrical equipment or else so constructed as to
prevent escape of sparks or hot metal particles.
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10-35 What must be provided on all 125-volt (110-120 volt) circuitsthat areinstalled in
commercial garages where electrical automotive diagnostic equipment, electrical hand tools, or
portable lighting devices are to be used?

A) Sed-offs C) A continuous bonding jumper
B) Ground-fault circuit-interrupter protection D) None of the above

for personnel

Answer: B

NEC Section 511.12 requires ground-fault circuit-interrupter protection for personnel.

10-36 Any pit or depression below floor level of an aircraft hangar is classified as:

A) Class|, Division 1 or Zone 1 C) Classll, Division 1
B) Classl, Division 2 or Zone 2 D) Classll, Division 2
Answer: A

NEC Section 513.3(A) classifies any pit or depression in an aircraft hangar, up to the floor level, as
Class|, Division 1, Zone 1.

10-37 Theentire area of an aircraft hangar, including any adjacent and communicating areas
not suitably cut off from the hangar, shall be classified asa Class |, Division 2 or Zone 2 location
up to alevel of how many inches above the floor ?

A) 6inches C) 12inches
B) 8inches D) 18 inches
Answer: D

NEC Section 513.3(B) classifies an area from the floor up to 18 inches (457 mm) above the floor level
asaClass|, Division 2 or Zone 2 location.
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10-38 Areaswithin 5 feet horizontally from aircraft power plantsor aircraft fuel tanksare
classified as Class |, Division 2 or Zone 2 locations. How far vertically does this area extend?

A) 5 feet above finished floor C) 5 feet above the upper surface of wings and
of engine enclosures

B) 5 feet above cockpit D) 5 feet above propeller blades

Answer: C

NEC Section 513.3(C)(1) classifies areas in the vicinity of aircraft 5 feet horizontally and 5 feet
vertically above the upper surface of aircraft wings and of engine enclosures.

10-39 Which of the following fixed wiring systemsis not allowed in aircraft hangars outside
Class| locations?

A) Metalic raceways C) Type AC cable
B) Type MI cable D) Type TC cable
Answer: C

NEC Section 513.7(A) allows metallic raceways, Type MI, TC, or Type MC cable for fixed wiring in
areas outside of Class | locations in aircraft hangars. The Section does not allow Type AC cable.

10-40 When an aircraft is stored in a hangar, what provisions must be provided for the aircraft’s
electrical system?

A) It must remain energized C) It must be arranged to charge all
batteries

B) Circuit breakers must be closed D) It must be de-energized

Answer: D

NEC Section 513.10(A)(1) requires any aircraft that is stored in a hangar to have its electrical system
de-energized. Furthermore, the electrical system should also be de-energized, whenever possible,
when the aircraft is undergoing maintenance.
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10-41 How far above floor level must all electric equipment on aircraft energizers be located?

A) 8inches C) 12inches
B) 10 inches D) 18 inches
Answer: D

NEC Section 513.10(C)(1) requires that external power sources for energizing aircraft must be
designed and mounted so that all electric equipment and fixed wiring will be at least 18 inches above
floor level.

10-42 Flexible cordsfor aircraft energizers must be approved for the type of service and be rated
for:

A) Hard usage C) Medium duty
B) Extra-hard usage D) Light duty
Answer: B

NEC Section 513.10(C)(3) requires that all cords and connectors for energizers used in aircraft
hangars be identified for extra-hard usage.

10-43 The cords mentioned in Question 10-42 must also contain:

A) An equipment grounding conductor C) At least two equipment grounding
conductors

B) A separate bonding jumper D) All of the above

Answer: A

NEC Section 513.10(C)(3) states“ . . . and shall include an equipment grounding conductor.” This will
ensure that all equipment connected to the cord will be properly grounded, provided the correct plug or
connector is used.
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10-44 Which of the following may not be used for fixed wiring in bulk storage plants above
Class | locations?

A) Metal raceways C) Type SE cable

B) PVC Schedule 80 rigid nonmetallic conduit D) Type Ml cable
with proper joints

Answer: C

NEC Section 515.7(A) allows metal raceways, Schedule 80 PVC conduit, type RTRC marked with the
suffix -XW, Type MI, Type TC, or Type MC cable. It does not allow Type SE cable to be used.

10-45 Theinterior of paint spray booths and rooms are classified as which hazardous area,
according to the NEC?

A) Class| or Class 11, Division 1 C) Class| or Class 11, Division 3
B) Class| or Class I, Division 2 D) Class| or Class I, Division 4
Answer: A

NEC Section 516.3(B) lists the interior of spray booths and rooms, except as specifically provided in
NEC Section 516.3(D), as Class | or Class I, Division 1 locations.

10-46 Adjacent areasto paint spray boothsthat are cut off from Class| or Class || locations by
tight partitions without communicating openings are classified as:

A) Class| C) Division 3 areas
B) Hazardous areas D) Unclassified areas
Answer: D

Areas as described in this question, which contain no hazardous vapors or fumes, are classified as
unclassified areas according to NEC Section 516.3(E).
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10-47 Which one of the following wiring methods is approved for fixed wiring above Class| or
Class || locationsin spray booth areas?

A) Type AC cable C) Type SE cable
B) Type NM cable D) Type Ml cable
Answer: D

NEC Section 516.7(A) requires that all wiring above Class | or Class Il locations in spray booth areas
be in metal conduit, EMT, rigid nonmetallic conduit, or shall be Type MI, TC, or MC cable. Type AC,
NM, and SE cables are not allowed.

10-48 What means of grounding the terminals of receptacles (over 100 volts) isrequired in areas
used for patient carein health carefacilities?

A) Aninsulated aluminum wire C) Aninsulated equipment grounding
copper conductor
B) A bare copper conductor D) A bare auminum conductor NEC
CHANGE
Answer: C

Grounding terminals of receptacles and all noncurrent-carrying conductive surfaces of fixed electric
equipment likely to become energized and subject to personal contact, must be grounded by an
insulated copper equipment grounding conductor. This conductor must be sized in accordance with
NEC Table 250.122 and installed in metal raceways or metal-clad cables with the branch-circuit
conductors supplying the receptacles. NEC Section 517.13(B)(1).

10-49 The panelboard serving patient care areas must have the equipment grounding ter minal
busses bonded together with an insulated continuous copper conductor not smaller than:

A) No. 12 AWG C) No. 8 AWG
B) No. 10 AWG D) No. 6 AWG
Answer: B

NEC Section 517.14 calls for an insulated copper conductor not smaller than No. 10 AWG for this
purpose.
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10-50 What isthe minimum number of branch circuits allowed at each patient bed location?

A1l C) 3
B) 2 D) 4 @%@x%(@@g
Answer: B

NEC Section 517.18(A) requires at least two branch circuits at each patient bed location, one from the
emergency system and one from the normal system. A multi-wire branch circuit may not be used in a
patient bed location.

10-51 What isthe minimum number of receptaclesrequired at each patient bed location in
critical care areas of health care facilities?

A) 2 C) 6
B) 4 D) 8
Answer: C

NEC Section 517.19(B) requires at least six hospital grade receptacles fed by a minimum of two branch
circuits. Three duplex receptacles would meet this requirement.

10-52 Circuits classified as life safety branch and critical branch of the emergency electrical
system in health care facilities must be:

A) Installed in the same raceways with normal C) Kept entirely independent of all other wiring

branch circuits and equipment

B) Installed parallel with normal circuits D) None of the above NEC
CHANGE

Answer: C

NEC Section 517.30(C) requires that the emergency wiring system be kept entirely independent of all
other wiring and equipment and must not enter the same raceway, boxes or cabinets with each other or
other wiring except in transfer switches.
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10-53 What isthe minimum number of power sources for essential electrical systemsin health
care facilities?

A) 1 C) 3
B) 2 D) 4
Answer: B

NEC Section 517.35(A) requires at least two independent sources of power for these circuitsin case
one power source should fail.

10-54 Which of the following is not approved as an alternate power source for essential electrical
systemsin health care facilities?

A) Generator C) Battery system

B) Self-contained battery integral with the D) Solar powered equipment
equipment

Answer: D

NEC Section 517.45 permits the use of A, B, and C above, but not D. Obviously, D would offer no
energy at night or on cloudy days.

10-55 Where must the alternate power for a health care facility be located?

A) 2feet from main C) Invaulted ceiling
B) On the premises D) Remote location
Answer: B

NEC Section 517.44(B) requires alternate power to be located on premises. Section 517.44(C) requires
that careful consideration be given to the location that houses these components to minimize
interruptions due to storms, floods, earthquakes, etc.
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10-56 In a health care facility, receptacles supplied from the emergency system shall:

A) Not be utilized C) Have 30 amp ratings

B) Have adistinctive color or marking D) Beinstalled in hallways and
bathrooms

Answer: B

NEC Section 517.41(E) requires that either the receptacles or plates be color coded to make them
readily identifiable.
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Chapter 11

Miscellaneous Applications

The NEC specifiesrulesfor certain special elec-
trical equipment which supplement or modify the
general NEC rules. Some of theitemsfalling under
this category include: electric signs and outline
lighting, manufactured wiring systems, office fur-
nishings, cranes and hoists, elevators, dumbwait-
ers, escalators, moving walks, electric welders,
induction and dielectric heating equipment, indus-
trial machines, and similar applications.

The wiring methods, types of lampholders, and
type of transformers used in the construction of a
sign are defined in detail by the NEC according to
the range of operating voltage of the lamps used.
In general, signs operating at 600 volts or less use
either incandescent lamps or electric-discharge
lamps. In most cases, signs operating at over 600
volts employ electric-discharge lamps only and the
NEC rules are more extensive because of the
increased fire and shock hazard associated with
high voltages (up to 15,000 volts).

Control wiring and feeder connection terminals
on nonportable, electrically driven machines are
usually installed at the factory. In most cases, due
to the areas in which the equipment is used, the
wiring method is restricted to rigid conduit except
for short lengths of flexible conduit where neces-
sary for final connection to the equipment.
Continuously moving parts of the machine are
interconnected with approved type, extra flexible,

nonmetallic covered cable. The size of the con-
ductors, type of mounting of control equipment,
overcurrent protection, and grounding are covered
in Article 670 of the NEC.

The electric supply for metalworking machines
may be from conventional branch circuits or feed-
ersor in the form of bus ducts or wireways. These
two latter methods provide a very flexible type of
installation allowing the moving of machines from
one part of the plant or shop to another. Their
reconnection to another part of the bus duct system
Isamost instantaneous, eliminating changesin the
raceway wiring. Bus duct systems are covered in
Article 368 of the NEC.

Thewiring for, and connection of, induction and
dielectric heat generating equipment used in
industrial and scientific applications (but not for
medical or dental applications) are covered in
Article 665 of the NEC.

The heating effect of such equipment is accom-
plished by placing the materials to be heated in the
magnetic field of an electric voltage of very high
frequency or between two el ectrodes connected to
asource of high frequency voltage. Induction heat-
ing is used in heating metals and other conductive
materials. Dielectric heating is used in the heating
of materials that are poor conductors of electric
current.
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The equipment used consists either of motor-
operated, high-frequency generators, or electric
tube or solid-state oscillators. Such equipment is
supplied by manufacturers or their representatives.
Designers, electrical contractors, and electrical
workers can benefit by contacting these manufac-
turers to obtain installation procedures, specifica-
tions, and the like.

The use of computers more than doubles each
year. Consequently, information technology rooms
or areas are becoming more common. Article 645
of the NEC covers the installation of power supply
wiring, grounding of equipment, and other such
provisions that will insure a safe installation.

In many computer installations, the equipment
operates continuously. For this reason, Section
645.5(A) of the NEC requires that branch circuits
supplying one or more computers have an ampac-
ity not less than 125% of the total connected load.

Separate data processing units shall be permit-
ted to be interconnected by means of cables and
cable assemblies listed for the purpose. Where run
on the surface of the floor, cables shall be protect-
ed against physical damage.

Since there are so many interconnections for
power, control, and communications, computer
equipment is sometimes installed on raised floors
with the cables running underneath the floor.
When the wiring is installed beneath raised floors
in computer rooms, branch-circuit conductors
must be installed in either rigid conduit, interme-
diate metal conduit, electrica metallic tubing,
metal wireway, surface metal raceway with metal
cover, flexible metal conduit, liquidtight flexible
metal or nonmetallic conduit, Type M1 cable, Type
MC cable, or Type AC cable. The NEC has added
electrical nonmetallic tubing and nonmetallic sur-
face raceways as approved wiring methods.
Whichever wiring method is used, it must be
installed in accordance with Section 300.11.

A disconnecting means must be provided that
will alow the operator to disconnect all computer
equipment in the area. A disconnecting means
must also be provided to disconnect the ventilation
system serving the computer area.

Electric welding equipment is normally treated
asapiece of industrial power equipment for which
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branch circuits adequate for the current and volt-
age of the equipment are provided. Certain specif-
ic conditions, however, apply to circuits feeding
ac/dc transformers and DC rectifier arc welders,
motor-generator arc welders, resistance welders,
and the like. These requirements are found in
Article 630 of the NEC.

Crane and hoist equipment is usually furnished
and mechanically installed by crane manufactur-
ing companies or their representatives. When
working on such equipment, refer to Article 610.

The NEC recognizes the potential danger of
electric shock to personsin swimming pools, wad-
ing pools, and therapeutic pools, or near decorative
pools or fountains. Accordingly, the NEC provides
rules for the safe installation of electrical equip-
ment and wiring in or adjacent to swimming pools
and similar locations. Article 680 of the NEC cov-
ers the specific rules governing their installation
and maintenance.

Other installations falling under the category of
specia equipment are listed below along with the
appropriate NEC Article for further reference.

« Electrically driven or controlled irrigation
machines, Article 675

« Electrolytic cells, Article 668
« Electroplating, Article 669

 Elevators, dumbwaiters, escalators, moving
walks, wheelchair lifts and stairway chair
lifts, Article 620

« Electrified truck parking spaces, Article

626
» Small wind electric systems, pN=C
Article 694

* Integrated electric systems, Article 685

« Manufactured wiring systems, Article 604
 Office furnishings, Article 605

 Pipe organs, Article 650

» Solar photovoltaic systems, Article 690

» Sound-recording and similar equipment,
Article 640

« X-ray equipment, Article 660
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11-1 Switchesor similar devices controlling a transformer in a sign must have a rating based on
what percentage of the transformer’s ampere rating?

A) 100% C) 125%
B) 200% D) 300%
Answer: B

NEC Section 600.6(B) requires that such devices have an ampere rating of not less than twice the
ampere rating of the transformer.

11-2 Thecircuit supplying a sign in a commercial application must be:

A) Rated at least 20 amperes C) Located in an accessible location
B) Located at each tenant space D) All of the above NES
Answer: D CRANGE

NEC Article 600.5(A) requires that all of the above conditions be met when installing a circuit for a
commercial sign. NEC Section 600.5 requires that this load be considered continuous for the purposes
of calculations.

11-3 Wood used for decoration on a sign must not be closer to a lampholder than:

A) 6inches C) 3inches
B) 1 foot D) 2inches
Answer: D

Wbod is permitted on signs for decoration if placed not less than 2 inches from the nearest |lampholder
or current-carrying part. NEC Section 600.9(C).

11-4 What isthe maximum length allowed for cords supplying portable signsin a dry location?

A) 16 feet C) 15feet
B) 12 feet D) 8feet
Answer: C

No cord used for portable signsin a dry location shall be more than 15 feet in length. NEC Section
600.10(D)(2).

247



Electrician’s Exam Preparation Guide

11-5 What isthe smallest size conductor permitted for wiring neon secondary circuitsrated at
1000 volts or less?

A) No. 14 AWG C) No. 16 AWG
B) No. 12 AWG D) No. 18 AWG
Answer: D

NEC Section 600.31(B) restricts the wire size to No. 18 AWG or larger when the circuit voltage does
not exceed 1000 volts.

11-6 In wet locations, which of the following must be used to close the opening between neon
tubing and a receptacle?

A) A listed cap C) Electrical tape
B) Silicon sealant D) None of the above
Answer: A

NEC Section 600.42(G) requires a listed cap for closing the opening between neon tubing and a
receptacle.

11-7 Theinstallation of equipment having an open current voltage exceeding 1000 voltsis not
allowed in which of the following occupancies?

A) A commercia supermarket or grocery store C) Anindustrial iron works
B) A multifamily dwelling D) A shopping mall parking lot
Answer: B

NEC Section 600.32(1) does not permit open current voltage exceeding 1000 volts in any dwelling
occupancies.
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11-8 Which of the following wiring methods is suitable for underfloor wiring in a computer
room?

A) Rigid conduit C) Electrical nonmetallic tubing
B) Electrical metallic tubing D) All of the above
Answer: D

NEC Section 645.5(E)(2) permits the use of rigid conduit, electrical metallic and nonmetallic tubing as
well as other methods for this application.

11-9 Lighting fixtures above a spa or hot tub without GFCI protection must be installed at a
minimum height of:

A) 5feet C) 10 feet
B) 2feet D) 12 feet
Answer: D

Lighting fixtures without GFCI protection must not be installed over a spa or hot tub or over the area
extending 5 feet horizontally from the inside walls of a spa or hot tub unless they are 12 feet above the
maximum water level. NEC Section 680.43(B)(1)(a).

11-10 In general, overhead conductors must not pass directly over a pool or horizontally within
how many feet of the inside walls of the pool ?

A) 5feet C) 10 feet
B) 18 feet D) 3feet
Answer: C

Overhead conductors must not be installed above a pool or the area extending 10 feet horizontally
from the inside of the walls of the pool. NEC Section 680.8. See Figure 11-1 on the next page.
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Figure 11-1: Clearances for overhead conductors above swimming pools, 750 volts or less
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11-11 Utility-owned low-voltage communication, radio and television coaxial cables may pass
directly over a pool if at a minimum height of:

A) 18 feet C) 16 feet
B) 14 feet D) 10 feet
Answer: D

Communication, radio and television coaxial cables within the scope of Articles 800-820, shall be
permitted at a height of not less than 10 feet above swimming and wading pools, diving structures and
observation stands, towers or platforms. NEC Section 680.8(B).

11-12 A typical wet-niche fixture must be installed below the water line at least:

A) 12inches C) 18inches
B) 15inches D) 24 inches
Answer: C

Lighting fixtures mounted in walls of swimming pools must be installed with the top of the fixture lens
at least 18 inches below the normal water level of the pool. NEC Section 680.23(A)(5).

11-13 The smallest bonding conductor permitted for pool equipment is:

A) No. 14 AWG C) No. 8 AWG
B) No. 6 AWG D) No. 12 AWG
Answer: C

All metallic parts of the pool structure, including conductive pool shells, perimeter surfaces, metallic
components, underwater lighting, metal fittings, and electrical equipment and metal wiring that
requires bonding, must be connected to a common bonding grid with a solid copper conductor,
insulated, covered, or bare, not smaller than No. 8 AWG. NEC Section 680.26(B).
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11-14 Thesmallest permitted equipment grounding conductor from ajunction box to a
panelboard supplying poolside equipment is:

A) No. 12 AWG C) No. 8AWG

B) No. 14 AWG D) No. 6 AWG NEC
CHANGE

Answer: A

A panelboard, not part of the service equipment, shall have an equipment grounding conductor
installed between its grounding terminal and the grounding terminal of the service equipment. This
conductor shall be sized in accordance with NEC Table 250.122 but not smaller than No. 12 AWG in
any situation. NEC Section 680.25(B)(1).

11-15 The maximum voltage between conductors for lighting fixturesin pools and fountainsis:

A) 120 volts C) 300 valts
B) 150 volts D) 480 volts
Answer: B

No underwater lighting fixtures shall be installed for operation at over 150 volts between conductors.
NEC Section 680.23(A)(4).

11-16 Branch circuits feeding neon tubing installations must not be rated in excess of:

A) 10 amperes C) 15 amperes
B) 20 amperes D) 30 amperes
Answer: D

NEC Section 600.5(B)(1) requires branch circuits that supply neon tubing installations not exceed 30
amperes.
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11-17 Power-supply cords for information technology equipment cannot exceed feet in
length.
A) 6 C) 12

NEC
B) 10 D) 15 P 4
Answer: D

NEC Article 645.5(B) mandates that such cord be no longer than 15 feet in length. This limitation
applies only to the power cord and does not apply to interconnecting cables or any other networking-
type cables.

11-18 Power cablesinstalled under raised floors for information technology equipment are:

A) Not subject to requirements of the NEC C) Not required to be secured in place
B) Not alowed D) Allowed only if secured in place
Answer: C

NEC Section 645.5(E) does not require power cables, communications cables, connecting cables,
interconnecting cables, and the like to be secured in place.

11-19 Information technology equipment shall be bonded to the system in accordance with NEC
Article 250 or:

A) Be double insulated C) Have the grounding prong cut off of al plugs
B) Betripleinsulated D) Not be used at all
Answer: A

Double insulated housings are considered to be adequate protection to guard against electrical shocks.
NEC Section 645.15.
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11-20 Each unit of an electronic computer supplied by a branch circuit must be supplied with a
manufacturer’s nameplate with the following infor mation:

A) Name and address C) Phone number for service

B) Voltage, frequency, and maximum rated D) Required conductor size and cord assembly
load in amperes information

Answer: B

A description of the required nameplate data is listed in NEC Section 645.16 under Marking.

11-21 The source of power for electrically-operated pipe organs must be:

A) A capacitor-start motor C) A 4500-watt generator
B) From storage batteries only D) A transformer-type rectifier
Answer: D

NEC Section 650.4 specifies the source of energy to be a transformer-type rectifier.

11-22 What isthe maximum dc voltage allowed for the transfor mer-type rectifier in Question
11-217

A) 25volts C) 125volts
B) 30 volts D) 240 volts
Answer: B

NEC Section 650.4 also limits the dc potential to 30 volts.

11-23 What NEC rating is given a piece of X-ray equipment with a rating based on an operating
interval of 5 minutes or longer?

A) Long-time rating C) Short-time rating

B) Medium-time rating D) Miniature-time rating sometimes called
ultra-time rating

Answer: A
Thisrating is defined under NEC Section 660.2, Definitions.
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11-24 Branch-circuit conductors and overcurrent protective devices shall have at least the
following percentage of x-ray equipment’s momentary rating:

A) 50% C) 120%
B) 100% D) 150%
Answer: A

See explanation to Question 11-25.

11-25 Branch-circuit conductors and overcurrent protective devices for x-ray equipment shall
have at least the following percentage of the equipment’slong-timerating in all cases, except
wher e otherwise specified in the NEC:

A) 50% C) 125%
B) 100% D) 150%
Answer: B

The ampacity of supply branch-circuit conductors and the overcurrent protective devices shall not be
less than 50 percent of the momentary rating or 100 percent of the long-time rating, whichever is
greater. NEC Section 660.6(A).

11-26 What isthe minimum size fixture wire permitted for the control and operating circuits of
X-ray and auxiliary equipment?

A) No. 12 C) No. 18
B) No. 14 D) No. 22
Answer: C

Sze No. 18 or 16 fixture wires as specified in NEC Section 725.49 and flexible cords shall be permitted
for the control and operating circuits of X-ray and auxiliary equipment where protected by not larger
than 20-ampere overcurrent devices. NEC Section 660.9.
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11-27 Which one of the following locations generally prohibits the use of heating equipment?

A) Dwellings C) Commercial buildings
B) Industrial structures D) Hazardous locations
Answer: D

Heating equipment is not permitted in hazardous (classified) locations as defined in NEC Article 500
unless the equipment and wiring are designed for such use. NEC Section 665.4.

11-28 An assembly of electrically interconnected electrolytic cells supplied by a source of direct-
current power isknown as:

A) Cédl line C) Cédlular circuit
B) Intercell D) Electrolytic cellular communication
Answer: A

NEC Section 668.2 defines this assembly as a cdll line,
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Chapter 12

Transformers and Capacitors

Transformers play an important role in the dis-
tribution of electricity. Power transformers are
located at generating stations to step up the voltage
for more economical transmission. Substations
with additional power transformers and distribu-
tion transformers are installed along the transmis-
sion line. Finally, distribution transformers are
used to step down the voltage to alevel suitablefor
utilization.

Transformers are also used quite extensively in
all types of security/fire-alarm systems and heat-
ing/air-conditioning controls, or to raise and lower
ac/dc voltages. It is important for anyone working
with electricity to become familiar with trans-
former operations; that is, how they work, how
they are connected into circuits, their practica
applications and precautions to take while using
them.

The chief use of capacitors is to improve the
power factor of an electrical installation or an indi-
vidual piece of electrically-operated equipment.

Since capacitors may store an electrical charge
and hold a voltage that is present even when a
capacitor is disconnected from acircuit, capacitors
must be enclosed, guarded, or located so that per-
sons cannot accidentally contact the terminals. In
most installations, capacitors are installed out of
reach or are placed in an enclosure accessible only
to qualified persons. The stored charge of a capac-
itor must be drained by a discharge circuit either

permanently connected to the capacitor or auto-
matically connected when the line voltage of the
capacitor circuit is removed. The windings of a
motor or a circuit consisting of resistors and reac-
tors will serve to drain the capacitor charge.

Capacitor circuit conductors must have an
ampacity of not lessthan 135% of the rated current
of the capacitor. This current is determined from
the kVA rating of the capacitor as for any load. A
100 kVA (100,000 watts) three-phase capacitor
operating at 480 volts has a rated current of:

100,000 volt-amperes/(1.73 x 480 volts) =
120.4 amperes

The minimum conductor ampacity is then:
1.35 X 120.4 amperes = 162.5 amperes

When a capacitor is switched into a circuit, a
large inrush of current results to charge the capac-
itor to the circuit voltage. Therefore, an overcur-
rent protective device for the capacitor must be
rated or set high enough to allow the capacitor to
charge. Although the exact setting is not specified
in the NEC, typical settings vary between 150%
and 250% of the rated capacitor current.

In addition to overcurrent protection, acapacitor
must have a disconnecting means rated at not less
than 135% of the rated current of the capacitor
unless the capacitor is connected to the load side
of a motor-running overcurrent device. In this
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case, the motor disconnecting means would serve
to disconnect the capacitor and the motor.

A capacitor connected to a motor circuit serves
to increase the power factor and reduce the total
kVA required by the motor-capacitor circuit. The
power factor is defined as the true power in kilo-
watts divided by the total kVA, or:

pf = KW/KVA

where the power factor is a number between 0.0
and 1.0. A power factor less than 1.0 represents a
lagging current for motors and inductive devices.
The capacitor introduces a leading current that
reduces the total kVA and raises the power factor
to avalue closer to unity. If the inductive load of a
motor is completely balanced by the capacitor, a
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maximum power factor of unity results and all of
the input energy serves to perform useful work;
none is wasted.

The capacitor circuit conductors for a power
factor correction capacitor must have an ampacity
of not less than 135% of the rated current of the
capacitor. In addition, the ampacity must not be
less than one-third the ampacity of the motor cir-
cuit conductors.

The connection of acapacitor reduces current in
the feeder up to the point of connection. If the
capacitor is connected on the load side of the
motor-running overcurrent device, the current
through this device is reduced and its rating must
be based on the actual current, not on the full-load
current.
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12-1 In cases where an oil-insulated transformer installation presents a fire hazard, which of the
following safeguar ds must be used according to the degree of hazard?

A) Space separations C) Automatic fire suppression systems
B) Fire-resistant barriers D) Any of the above
Answer: D

NEC Section 450.27 allows any of these methods.

12-2 Dry-type transformersrated over 35,000 volts must beinstalled:

A) Underground C) Inavault

B) At least 50 feet above floor level D) Pole-mounted only, with an adequate
working platform

Answer: C

NEC Section 450.21(C) requires that all dry-type transformers rated over 35,000 volts be installed in a
vault complying with Part 111 of NEC Article 450.

12-3 Potential transformersinstalled indoorsrequire:

A) No overcurrent protection C) Secondary fuses only
B) Primary fuses D) A vault
Answer: B

NEC Section 450.3(C) requires that potential transformers installed indoors or enclosed must be
protected with primary fuses.
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12-4 Capacitor circuit conductors must have an ampacity at least what percent of the rated
current of the capacitor?

A) 135% C) 115%
B) 125% D) 80%
Answer: A

NEC Section 460.8(A) gives the percentage as 135%. When connected to a motor terminal, the
ampacity must not be less than one-third the ampacity of the motor circuit conductors and in no case
less than 135% of the rated current of the capacitor.

12-5 A capacitor operating at 300 volts must be discharged to what voltage within 1 minute after
it is disconnected from its supply?

A) 230 volts C) 50 voltsor less
B) 120 voltsor less D) 24 voltsor less
Answer: C

The residual voltage of a capacitor must be reduced to 50 volts, nominal, or less, within 1 minute after
the capacitor is disconnected from the source of supply. NEC Section 460.6(A).

12-6 Dry-typetransformersinstalled indoorsand rated 112%/> kVA or less must have a minimum
separ ation from combustible material of:

A) 6inches C) 10inches
B) 8inches D) 12 inches
Answer: D

NEC Section 450.21(A) gives the minimum distance of 12 inches except when the transformer is
separated from the combustible material by a fire-resistant heat-insulating barrier.
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12-7 Unless specified otherwise in the NEC, the term “fire resistant” means a construction
having a minimum fire rating of:

A) Y2 hour C) 2 hours
B) 1 hour D) 3hours
Answer: B

Thisis the time period given in NEC Section 450.21(B).

12-8 Dry-type transformersinstalled outdoors must have a:

A) Raintight enclosure C) Waterproof enclosure
B) Weatherproof enclosure D) Liquidtight enclosure
Answer: B

NEC Section 450.22 states “ weatherproof” as opposed to the other terms. See NEC Article 100 for
definitions of each.

12-9 What must be provided in each ungrounded conductor for each capacitor bank?

A) A disconnect and overcurrent protection C) Overcurrent protection only
B) A disconnect only D) None of these answers
Answer: A

NEC Sections 460.8(B) and 460.8(C) call for both; that is, a disconnecting means and overcurrent
protection.

12-10 Each transformer over 600 volts must be protected by an individual overcurrent device on
the primary side. Where fuses are used, the continuous current rating must not exceed what
percent of therated primary current of the transformer in an unsupervised location?

A) 115% C) 150%
B) 125% D) 300%
Answer: D

NEC Table 450.3(A) limits the fuse to 300% in an unsupervised location. Where the required fuse
setting does not correspond to a standard rating, the next higher standard rating shall be permitted.
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12-11 Namethethreepartsof a very basic
transformer.

A) Fuses, conductors, and housing

B) Core, primary, and secondary windings
C) Three shunt windings

D) Core, taps, and one winding

Answer: B
See Figure 12-1.

Figure 12-1: Components of a basic transformer

12-12 An autotransformer must have a continuous neutral current rating, in a 4-wire system,
sufficient to handle:

A) The minimum neutral unbalanced |oad C) The maximum possible neutral unbalanced
load

B) The minimum neutral balanced |oad D) The maximum neutral balanced load in the
system

Answer: C

NEC Section 450.5(A)(4) requires the continuous neutral rating to handle the maximum possible
neutral unbalanced load current of the 4-wire system.

12-13 The NEC requiresthat a fault sensing system be installed that will cause the opening of a
main switch or common-trip overcurrent device for a three-phase, 4-wire autotr ansfor mer
system. The sensing system isto guard against:

A) Internal faults only C) Single-phasing only
B) Single-phasing and internal faults D) Neither of these
Answer: B

NEC Section 450.5(A)(3) states that the systemis to guard against both single-phasing and internal
faults.
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12-14 Namethethree basic types of iron core transformers.

A) Open, closed, and shell C) Encased, housed, and magnetic
B) Auto, open, and closed D) Single-, two-, and three-phase
Answer: A

See Figure 12-2.

Open core Closed core \ Shell core

Figure 12-2: Iron cores of transformers are constructed in three basic types

12-15 What isthe main purpose of transformer taps?

A) Adjust the wattage C) Change from step-up to step-down mode
B) Adjust the voltage D) Adjust the power-factor
Answer: B

Snce voltage fluctuates as the distance from the generator increases, taps are installed on transformers
to compensate for the variation in voltage.
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12-16 In reference to transfor mers, voltage warning, mechanical protection, and enclosures are
all examples of which of the following?

A) Grounding C) Guarding
B) Tie circuit control D) Parallel operation
Answer: C

NEC Section 450.8 covers the requirements for transformer guarding.

12-17 Each autotransformer, 600 volts nominal or less, shall be protected by an individual
overcurrent deviceinstalled in series with each ungrounded input conductor. Such devices shall
berated or set at not more than what percent of the rated full-load input current of the
autotransfor mer?

A) 125% C) 200%
B) 150% D) 250%
Answer: A

NEC Section 450.4(A) states that such overcurrent devices must be rated or set at not more than 125%
of the rated full-load input current of the transformer.

12-18 A fault-sensing system that will cause the opening of a main switch or common-trip
overcurrent device for a three-phase, 4-wire transformer system must be provided to guard
against single-phasing or internal faults. Name one method that will accomplish thisrequirement.

A) Using two subtractive-connected donut-type C) Using four voltmeters connected in parallel
current transformers installed to sense and signal and one ammeter connected in series

when an unbalance of 50% or more of rated

current occurs in the line

B) Using three ammeters connected in series D) Using a power-factor meter in conjunction
and one voltmeter connected in parallel with a watt-hour meter
Answer: A

NEC Section 450.5(A)(3) Informational Note, gives the setup in Answer A as the correct method for
establishing a fault-sensing system.
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12-19 When a capacitor contains a certain amount of flammable liquid, it must be enclosed in a
vault or an outdoor fenced enclosure. What amount of flammable liquid qualifies a capacitor for
this condition?

A) Over 2 galons C) Over 4 gdlons
B) Over 3 gallons D) Over 5 gallons
Answer: B

Capacitors containing more than 3 gallons of flammable liquid shall be enclosed in vaults or outdoor
fenced enclosures complying with NEC Article 110. NEC Section 460.2(A).

12-20 Therating or setting of an overcurrent device used on each ungrounded conductor for
each capacitor bank 600 volts or less shall be rated:

A) Ashigh as practicable C) The same as motor overload protection
B) Aslow as practicable D) Over 300%
Answer: B

NEC Section 460.8(B) states that the setting should be as low as practicable.

12-21 A thermal barrier must be provided if the space between resistors and reactors and any
combustible material islessthan:

A) 12 inches C) 18inches
B) 16 inches D) 24 inches
Answer: A

NEC Section 470.3 calls for a thermal barrier if the space separation is less than 12 inches.

12-22 How must resistors and reactorsrated over 600 volts, nominal, be installed to protect
personnel from accidental contact with energized parts?

A) Use overcurrent protection C) Usewarning signs

B) Turn off current when personnel arein D) Isolate or elevate them
the area

Answer: D

NEC Section 470.18(B) calls for resistors and reactors to be isolated by enclosure or elevation.
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12-23 If thereisno overcurrent protection on the secondary side, the rating of the primary
overcurrent protective device for a 480-volt transformer with arated primary current of 100
amperes should not exceed:

A) 100 amperes C) 125 amperes
B) 250 amperes D) 200 amperes
Answer: C

Each transformer 600 volts, nominal, or less, shall be protected by an individual overcurrent device on
the primary side, rated or set at not more than 125% of the rated primary current of the transformer.
Thus, 100 x 1.25 = 125 amperes. NEC Table 450.3(B).

12-24 Indoor installations of dry-type transformersgreater than 112.5 kVA must bein an
approved transformer room unless:

A) Thetransformer is rated with Class 155 C) Thetransformer is rated at more than 35,000

insulation or higher and separated from volts

combustibles with appropriate barriers

B) The transformer israted at 75°C or lower D) The transformer’s primary is 2100 volts or
less

Answer: A

The transformer must be rated at Class 155 insulation or higher and be separated from combustibles
with appropriate barriers or by distances of 6 feet horizontally and 12 feet vertically. NEC Section
450.21(B). See Figure 12-3.

12-25 Dry-type transformers must be readily accessible except for:

A) Those rated at 601 volts or more and C) Those with afull-load current rating of
located in the open on walls, columns, or 125 amperes or less

structures

B) Those with afull-load current rating of D) Those rated at 600 volts or less and located
250 amperes or less in the open on walls, columns, or structures
Answer: D

NEC Section 450.13(A) does not require dry-type transformers to be readily accessible if the conditions
in Answer D are met. See Figure 12-3.
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12-26 Which of the following dry-type transformers must beinstalled in a vault when the
transformer islocated inside a building?

A) Transformers rated over 15,000 volts C) Transformers rated over 35,000 volts
B) Transformers rated over 25,000 volts D) Any transformer installed indoors
Answer: C

NEC Section 450.21(C) requires all indoor transformers rated at 35,000 volts or more to be installed
in a transformer vault. See Figure 12-4 on the next page.

Indoor installation: transformers greater than
1121/2 kVA must be in an approved transformer
room unless

1. rated Class 155 or higher and

separated from combustibles with appropriate
barriers or by distances of 6 feet horizontally

Indoor installation: 1121/2 kVA or less
must have 12-inch separation from
combustible material except when there
is an appropriate barrier or if the voltage and 12 feet vertically

is 600 volts or less and the transformer 2. rated Class 155 or higher and enclosed

is completely enclosed ]
NEC Section 450.21(A) NEC Section 158 S

%Q% Indoor installation:
% % - Over 35,000-volt rating,
S % : / then transformer must be
< % -~ in vault

8 NEC Section 450.21(C)
—

Transformer must be readily
accessible except for
1. 600 volts or less, located in open
on walls, columns, or structures
2. 600 volts or less, and 50kVA can be in open fire-resistant
hollow space of building and have approved ventilation
NEC Section 450.13(A) and (B)

Figure 12-3: NEC installation requirements for dry-type transformers
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Figure 12-4: Summary of NEC installation requirements for transformer vaults
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Chapter 13

Electrical Drawings

An electrical working drawing consists of lines,
symbols, dimensions, and notations to accurately
convey an engineer’s design to the workers who
install the electrical system on the job. Electrical
drawings, therefore, use an abbreviated language
for conveying a large amount of exact, detailed
information, which would otherwise take many
pages of manuscript or hours of verbal instruction
to convey.

Every electrician, in every branch of electrical
work, will need to consult and understand the
information on electrical drawings to locate the
various outlets, the routing of circuits, the location
and size of panelboards, and other similar electri-
cal details. The estimator of an electrical contract-
ing firm must refer to electrical drawings to deter-
mine the quantity of material needed in preparing
his bid for the work. Electricians in industrial
plants consult schematic diagrams when wiring
electrical controls for machinery. Plant mainte-
nance personnel use electrical drawings in trou-
bleshooting problems and to help locate faulty
points in the installation.

Therefore, anyone contemplating getting their
electrician’s or contractor’s license must have a
good knowledge of electrical drawings. You must
be able to read floor plans, schematic diagrams,
and know the symbols used.

A complete set of working drawings for the
average electrical system in industrial, commer-
cial, and large residential projects will usually con-
sist of the following:

* A plot plan showing the location of the
building on the property and all outside
electrical wiring, including the service
entrance. This plan is drawn to scale with
the exception of the various electrical
symbols, which must be enlarged to be
readable.

* Floor plans showing the walls and
partitions for each floor level. The physical
locations of all wiring and outlets are
shown for lighting, power, signal and
communication, special electrical systems,
and related electrical equipment. Again, the
building partitions are drawn to scale, as
are such electrical items as fluorescent
lighting fixtures, panelboards, and
switchgear. The locations of other electrical
outlets and similar components are only
approximated on the drawings because they
have to be exaggerated to be readable.

* Power-riser diagrams to show the service-
entrance and panelboard components.
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 Control wiring schematic and single-line
diagrams.

* Schedules, notes, and large-scale details on
construction drawings.

To be able to “read” electrical as well as other
types of drawings, one must become familiar with
the meaning of symbols, lines, and abbreviations
used on the drawings and learn how to interpret the
message conveyed by the drawings.

Electrical Specifications

Electrical specifications go hand in hand with
electrical drawings in giving a written description
of the work and the duties required of the owner,
architect, and engineer. Together with the working

drawings, the written specifications form the basis
of the contract requirements for the construction of
a building’s electrical system.

The questions in this chapter are designed to
review electrical drawings and written specifica-
tions to give you some idea of the type of ques-
tions that might appear on electrician’s exams.

In reviewing these questions, please be aware
that electrical symbols may vary on different
drawings, but in actual practice there is usually a
symbol list or legend giving the exact meaning of
each. It is recommended that you review several
books on the subject, as well as actual working
drawings, if you find that blueprint reading is one
of your weak areas.

Division 16 — ELECTRICAL

Section 16 A — General Provisions

1. The “Instructions to Bidders,” “General Conditions,” and “General Requirements” of
the architectural specifications govern work under this section.

2. It is understood and agreed that the Electrical Contractor has, by careful examination
of the Plans and Specifications, and the site where appropriate, satisfied himself as to
the nature and location of the work, and all conditions which must be met in order to
carry out the work under this Section of the Contract.

3. The Scope of Work

a. The scope of work consists of the furnishing and installing of complete electrical sys-
tems — exterior and interior — including miscellaneous systems. The Electrical
Contractor shall provide all supervision, labor, materials, equipment, machinery, and
any and all other items necessary to complete the systems. The Electrical Contractor
shall note that all items of equipment are specified in the singular; however, the
Contractor shall provide and install the number of items of equipment as indicated on
the drawings and as required for a complete system.

Sample: Excerpt from a typical electrical specification for an actual building project
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13-1 A “‘section” or ‘“‘cross-section’ of an object or a building is what could be seen if the object
were:

A) Sliced into two parts with one part removed C) Sawed into four parts

B) Sliced into six parts with three parts removed D) Left solid

Answer: A

A section of an object is what could be seen if the object were cut or sliced into two parts at the point
where the section is taken; then the portion between the viewer and the cutting plane is removed to
reveal the interior details of the object.

13-2 A supplemental drawing used with conventional electrical drawings that gives a complete
and more exact description of an item’s use is called a:

A) Title block C) Schedule
B) Detail drawing D) Riser diagram
Answer: B

An electrical detail drawing is a drawing of a single item or a portion of an electrical system. It gives
all the necessary details and a complete description of its use to show workers exactly what is required
for its installation.

13-3 A site plan of a building is a plan view (as if viewed from an airplane) that shows:

A) Each floor level of the building C) Cross-sections of the building
B) Power-riser diagrams D) Property boundaries and buildings
Answer: D

A site plan shows the property boundaries and the building(s) drawn to scale and in its (their) proper
location on the lot. Such plans will also include sidewalks, drives, streets, and similar details. Utilities
such as water lines, sanitary sewer lines, telephone lines, and electrical power lines also appear on
site plans.
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Figure 13-1: The /s inch architect’s scale used to measure building dimensions

13-4 Using the /s inch architect’s scale in Figure 13-1, what is dimension “A”?

A) 12 feet 10 inches C) 12 feet 6 inches
B) 7 feet 4 inches D) 11 feet
Answer: B

Reading the /s inch scale from left to right, the inch scale shows a dimension of 4 inches. Continue
from the zero mark on the foot scale to the right to 7; thus, the reading is 7 feet 4 inches.

13-5 Using the 1/s inch architect’s scale in Figure 13-1, what is dimension “B”’?

A) 12 feet 10 inches C) 12 feet 6 inches
B) 7 feet 4 inches D) 11 feet
Answer: A

Reading the /s inch scale from left to right, the inch scale shows a dimension of 10 inches. Continue
from the zero mark on the foot scale to the right to 12; thus, the reading is 12 feet 10 inches.
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13-6 Look at the architect’s scale in Figure 13-1. What is dimension “C”’ on the 1/2 inch scale?

A) 6 inches C) 10 inches
B) 8 inches D) 14 inches
Answer: A

Each mark on the inch scale represents /2 inch. Since 12 marks are covered, this is 6 inches.

13-7 Look at the architect’s scale in Figure 13-1. What is dimension “D”’ on the 1/2 inch scale?

A) 6 inches C) 10 inches
B) 8 inches D) 11 inches
Answer: D

Each mark on the inch scale represents /2 inch. Since 22 marks are covered, this is 11 inches.

13-8 Look at the architect’s scale in Figure 13-1. What is dimension “E” on the /2 inch scale?

A) 1 foot C) 3 feet
B) 2 feet D) 4 feet
Answer: B

Each mark on the foot scale represents 1 foot. Since 2 marks are covered, this represents 2 feet.

13-9 What is dimension “A” on the /4 inch scale in Figure 13-2 on the next page?

A) 4 feet 9 inches C) 1 foot 6 inches
B) 1 foot 9 inches D) 37 feet O inches
Answer: A

Each mark on the inch scale represents 1 inch; each mark on the foot scale represents 2 feet.
Consequently, the measurement of “A” is 4 feet 9 inches.
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Figure 13-2: Typical architect’s scale

13-10 What is dimension “B” on the !/4 inch scale in Figure 13-2?

A) 1 foot 6 inches C) 43 feet 6 inches
B) 4 feet 6 inches D) 6 feet 4 inches
Answer: A

This scale is read from right to left; each mark in the inch section of the scale represents 1 inch.
Therefore, 6 inches are shown in the inch section and 1 foot is shown in the foot section. Thus, 1 foot 6
inches.

13-11 What is dimension “C”’ on the 1 inch scale in Figure 13-2?

A) 6 inches C) 2 inches
B) 3 inches D) 1 inch
Answer: B

Each of the longer marks on the inch scale represents 1 inch. Since there are three long marks, the
measurement is 3 inches.
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13-12 What is dimension “D” on the 1 inch scale in Figure 13-2?

A) 1 foot 6 inches C) 1 foot 9 inches
B) 12 inches D) 12 feet
Answer: C

This inch section of the 1 inch scale is read from left to right; each long mark represents 1 inch; the
reading is 9 inches. The foot scale is read from right to left, indicating 1 foot. Therefore, the
measurement is 1 foot 9 inches.

13-13 At which of the following drawing locations are the receptacle layouts most likely to be?

A) Floor plan C) Panelboard schedule
B) Plot plan D) Site plan
Answer: A

The floor plan typically contains information such as receptacle layouts, GFClIs, etc.

13-14 At which of the following drawing locations is the drawing scale most likely to be?

A) In the symbol list C) Panelboard schedule
B) In the power-riser diagram D) Title block
Answer: D

The drawing scale is usually indicated in the drawing title block, but scale markings may also be found
under other supplemental views found on the drawing sheet.
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13-15 A legend or electrical symbol list is shown on electrical working drawings to:

A) Describe materials and installation methods C) Identify all symbols used to indicate electrical
outlets or equipment

B) Show the outline of the architect’s floor plan D) Enable the electric service size to be
calculated

Answer: C

Electrical symbols vary, so a legend or electrical symbol list usually appears on drawings to show the
meaning of each symbol. See Figure 13-3. Where a symbol is used to identify a special electrical
component, sometimes a note is used adjacent to the symbol to describe it.

13-16 Which of the following best describes the symbol normally used for duplex receptacles?

A) A square box with the letter “R” next to it C) A square box with an “X” drawn inside

B) A circle with one line drawn through it D) A circle with two parallel lines drawn
through it

Answer: D

The symbol described in Answer D is the one normally used. See Figure 13-3.

13-17 Of the sixteen usual divisions found in written specifications for a building project, which
division deals mainly with electrical work?

A) Division 2 C) Division 8
B) Division 4 D) Division 16
Answer: D

Division 16 is the one dedicated to electrical work. Specifications for electrical and electronic controls
for HVAC systems may also be found in Division 15.
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SWITCH OUTLETS
Single-Pole Switch
Double-Pole Switch
Three-Way Switch
Four-Way Switch
Key-Operated Switch
Switch w/ Pilot
Low-Voltage Switch

Switch & Single Receptacle
Switch & Duplex Receptacle
Door Switch

Momentary Contact Switch

RECEPTACLE OUTLETS
Single Receptacle

Duplex Receptacle
Triplex Receptacle
Split-Wired Duplex Recep.

Single Special Purpose Recep.

Duplex Special Purpose Recep.

Range Receptacle

Special Purpose Connection or
Provision for Connection. Sub-
script letters indicate Function
(DW - Dishwasher; CD - Clothes
Dryer, etc.)

Clock Receptacle w/Hanger

Fan Receptacle w/Hanger
Single Floor Receptacle

*Numeral or Letter within symbol
or as a subscript keyed to List of
Symbols indicates type of recep-
tacle or usage.

& b oodo

D @ ©

(
N\

LIGHTING OUTLETS
Surface Fixture

Surface Fixt. w/ Pull Switch

Recessed Fixture

Surface or Pendant
Fluorescent Fixture

Recessed Fluor. Fixture

Surface or Pendant
Continuous Row Fluor.
Fixtures

Recessed Continuous Row
Fluorescent Fixtures

Surface Exit Light
Recessed Exit Light

Blanked Outlet
Junction Box

CIRCUITING

Wiring Concealed in
Ceiling or Wall

Wiring Concealed in Floor

Wiring Exposed

Branch Circuit Homerun to
Panelboard. Number of
arrows indicates number of
circuits in run. Note: Any
circuit without further
identification is 2-wire. A
greater number of wires

is indicated by cross lines
as shown below. Wire size
is sometimes shown with
numerals placed above or
below cross lines.

— ALl 3
%% 4-Wire

Ceiling Wall

o O
Ops —Ops
® -®

[P

CIONONS)

Figure 13-3: Typical symbol list used on electrical drawings
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13-18 Look at the drawing in Figure 13-4. How many duplex receptacles are shown in the living
room?

A) Two C) Six
B) Four D) Eight
Answer: C

There are six duplex receptacle symbols shown in the living room in this drawing.

13-19 How many branch circuits are shown in Figure 13-4?

A) Five C) Seven
B) Six D) Eight
Answer: C

Two circuits serve the kitchen, 1 serves the master bedroom, 1 serves both bedroom #2 and bedroom
#3, 1 serves the living room/vestibule, and 1 supplies the GFCI circuit which supplies protection to the
carport receptacle, both front and rear receptacles, NEC Section 210.8(A). One circuit supplies the
GFClI receptacle in the bathroom, NEC Section 210.11(C)(3).

13-20 How many duplex receptacles are installed outside the building in the drawing in Figure
13-4?

A) One C) Three
B) Two D) Four
Answer: C

Three outside duplex receptacles are shown by symbol on the floor-plan drawing and also described in
the Note.
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Figure 13-4: Floor plan of a residence showing the duplex receptacle layout
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13-21 To comply with the NEC, what device must be used on all three outside duplex receptacles
shown on the drawing in Figure 13-4?

A) Double-pole circuit breaker C) A single-pole mercury switch
B) A ground-fault protector (ground-fault D) A 40-amp circuit breaker
circuit interrupter)

Answer: B

A ground-fault protector is indicated by notes on the drawing in Figure 13-4. See Section 210.8(A)(3)
of the NEC.

13-22 To what scale is the floor plan of the residence in Figure 13-4 drawn?

A) 16" =1'-0" C) 4" =1'-0"
B) 1/8" - 1'_0" D) 1” - IY_OH
Answer: C

Scale: /4" = 1'-0" is indicated by note on the drawing.

13-23 In the power-riser diagram in Figure 13-5, what does “C/T cab.” stand for?

A) Central telephone cabinet C) Control terminal cabinet
B) Current transformer cabinet D) Central termination cabinet
Answer: B

The service conduit and conductors enter the C/T cabinet where current transformers are used in
conjunction with the electric meter for metering the amount of power used.

13-24 What size and how many service conductors are installed in each of the 31/ inch conduits
from the service head to the C/T cabinet in Figure 13-5?

A) Four 3/0 conductors C) Eight 350 kcmil conductors
B) Four No. 1 AWG conductors D) Three No. 10 AWG conductors
Answer: C

Eight 350 kemil conductors are noted on the drawing.
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ROOFTOP UNIT NO. 2

ROOFTOPUNITNO. 1 ——

60A-3P NFSS (WP) 7»QJ [ 1L | 30A-3P NFSS (WP)

ROOF

3NO. 6 AWG
IN 1" CONDUIT

3NO. 10 AWG

30A - 3P/SN FSS 4NO.2 AWG
IN 3/4" CONDUIT

20A PLUG. FUSE IN 2" NDUIT

FOR EMERGENCY co U
LIGHTS AND
FIRE ALARM

FIRE-ALARM

CONTROL
CABINET \

%—Df PNL \j\ 3-NO. 6 AWG PNL

crr
CAB. mpp | 4-No.2 | B “i IN 1* CONDUIT A
IN2'C. A
- SEE SITE PLAN TIME CLOCK "A" DPST 35A-
SHEET E-1 7-DAY WITH SKIP-A-DAY
FEATURE FLOOR LINE

8 -350 KOMIL IN | GROUND IN ACCORDANCE 4NO. 40 AWG
2- 32" CONDUIT WITH NEG ARTIGLE 250 IN 3' CONDUIT

Figure 13-5: Typical power-riser diagram

13-25 What size conduit is shown in the drawing in Figure 13-5 for containing three No. 6 AWG
conductors?

A) 1 inch C) 3inch
B) 2 inch D) 4 inch
Answer: A

The notes on the drawing indicate that three No. 6 AWG conductors are to be installed in I-inch
conduit.

13-26 Which of the following best describes where the type and size of overcurrent protection
may be found?

A) Floor plans C) Panelboard schedule
B) Lighting-fixture schedule D) Cross-sectional views
Answer: C

The panelboard schedule on drawings usually indicates the type and size of overcurrent protection.
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13-27 What wire size and how many conductors are specified for the feeder circuit supplying the
rooftop unit No. 2 in the drawing in Figure 13-5?

A) Three No. 1 AWG C) Four No. 2 AWG
B) Three No. 10 AWG D) Two No. 4 AWG
Answer: B

The note adjacent to the feeder indicates three No. 10 AWG conductors.

13-28 What size conduit is specified to contain the conductors in Question 13-27?

A) 2 inch C) 1 inch
B) 1'2inch D) 3/4 inch
Answer: D

The same note as described in Question 13-27 also states that these conductors are to be installed in
3/a-inch conduit.

13-29 How many sections of busway are specified in the drawing in Figure 13-5?

A) 7 C) 17
B) 10 D) 27
Answer: A

There are seven sections shown in the power-riser diagram in Figure 13-5.

13-30 What size wire is used to feed the two sections of bus duct on the left side of Figure 13-5?

A) No. 1 AWG C) No. 3 AWG
B) No.2 AWG D) No. 4 AWG
Answer: B

A note adjacent to these two sections of bus duct states that a wire size of No. 2 AWG is to be used.
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Figure 13-6: Lighting floor plan for a small office building

13-31 Who is to provide the electric service for the project in Figure 13-6?

A) Electrical contractor C) Electrical engineer
B) Utility company D) Architect
Answer: B

A note adjacent to the electric meter states that the utility company is to provide the electric service.
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13-32 If each of the Type C lighting fixtures in Figure 13-6 have a total lamp and ballast load of
200 volt-amperes, what is the total connected load of circuit A-1 (in volt-amperes)?

A) 1600 volt-amperes C) 1800 volt-amperes
B) 1700 volt-amperes D) 1900 volt-amperes
Answer: A

Since there are eight fixtures fed by this circuit, 8 X 200 = 1600 volt-amperes.

13-33 How many of each type lighting fixture are connected to circuit A-3 in Figure 13-6?

A) 22 Type A fixtures C) 16 Type C fixtures
B) 8 Type D fixtures and 9 Type C fixtures D) 11 Type A fixtures and 2 Type B fixtures
Answer: D

The two Type B fixtures in the lab area are run to the junction box at the row of Type A fixtures; the
circuit symbol A-3 then has a total of 11 Type A fixtures and 2 Type B fixtures connected to it.

13-34 Type C fixtures in Figure 13-6 have the letter “R” next to the outlet boxes. According to
the ANSI electrical symbols in Figure 13-3, what does this “R” mean?

A) The lighting fixtures are raised to the surface C) The lenses are colored red
of the finished ceiling

B) The lighting fixtures are recessed D) The lighting fixtures are resistant to insects

Answer: B

The letter “R” next to a lighting fixture indicates that the fixture is recessed.

13-35 Where does the drawing in Figure 13-6 indicate that information can be found concerning
panel “A”?

A) In the lighting-fixture schedule C) In the panelboard schedule
B) In the written specifications D) In the kitchen equipment schedule
Answer: C

A note adjacent to panel “A” instructs those reading the drawings to see panelboard schedule.
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13-36 How are fixture types identified in the lighting floor plan in Figure 13-6?

A) A letter inside a triangle C) A letter inside a square box
B) A numeral inside a triangle D) A numeral inside a square box
Answer: A

This drawing uses a letter inside a triangle to indicate the fixture type. Although not shown, a lighting-
fixture schedule is normally used to describe each fixture type in more detail.

13-37 What is one good reason that circuit lines are drawn curved rather than straight?

A) This is how conduit is installed in buildings C) So as not to confuse the circuit lines with
building lines

B) To enable the drafters to route the lines D) Curved lines are easier to draw on CAD

around partitions systems than straight lines

Answer: C

When circuit lines are drawn straight, they are sometimes confused with the building lines. Thus,
Answer C is one good reason for drawing curved circuit lines.

13-38 What do arrowheads placed on circuit lines mean?

A) Designates the room in which the circuit is C) The direction of current flow
installed
B) Homeruns to the designated panel D) Designates that the circuit is to be controlled

by a wall switch

Answer: B

Arrowheads are used to indicate a homerun to a panelboard.
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FLECTRICAL
DISTRICT HOME

LAUNDRY BUILDING
Professional AUGUSTA COUNTY, VIRGINIA
G. LEWIS CRAIG, ARCHITECT | sHeeT No.

WAYNESBORO, VIRGINIA
COMM. NO.|  DATE DRAWN |CHECKED | REVISED E_ 1
7215 9/6/11 GK GLC

Stamp

Figure 13-7: A typical title block for architectural drawings

13-39 The drawing title block in Figure 13-7 shows that the project is located in what county or
city?

A) Interior County C) Waynesboro, Virginia
B) Ruty, Maryland D) Augusta County
Answer: D

Augusta County, Virginia is named in the space beneath the building name.

13-40 The drawing title block in Figure 13-7 shows that the drawing sheet in this set of drawings
is:

A) E-1 C) E-3
B) GK D) 7215
Answer: A

The Sheet No. block indicates this drawing sheet to be E-1. Sometimes this block will also indicate the
total number of pages in the drawing set; that is, “E-1 of 2,” etc.
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Layout of the electric heating for a small home

Figure 13-8
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13-41 From the title block in Figure 13-7, what does this sheet of the drawing entail; that is,
which of the trades?

A) HVAC C) Plumbing
B) Electrical D) Interior design
Answer: B

The main sheet title is “Electrical.”

13-42 The drawing in Figure 13-8 shows the floor plan of a residence with a combination of electric
baseboard and forced-air (down-flow) heaters in the various rooms. If the long rectangular symbols
with an “X” in them represent the baseboard heaters, how many are to be installed in the residence?

A) 4 O 8
B) 6 D) 10
Answer: C

There is one in the kitchen, one in each bedroom, one in the bath, one in the foyer, and two in the living
room. The one in the utility room is a rectangle with hatch marks, signifying a wall-mounted heater.

13-43 The wall-mounted thermostats in Figure 13-8 are designated by a circle with the letter “T”
inside. How many of these thermostats are shown?

A) 5 C) 7
B) 6 D) 8
Answer: C

There is one in the kitchen, one in each bedroom, one in the bath, one in the foyer, and one in the living room.

13-44 Where are all the wall-mounted thermostats in Figure 13-8 located?

A) On outside walls C) On inside walls
B) On the floor D) On the ceiling
Answer: C

The drawing shows all wall-mounted thermostats mounted on an inside wall (partition); that is, a wall
that is not exposed to the outside air temperature.
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Final Examination

Now that you have gone through al the ques-
tions in this book (and reviewed supplemental
material in areas where you were weak), you
should be ready for that big day — the exam to test
your ability as an electrician or an electrical con-
tractor. But you just don’t walk into the examiner’s
office and say you want to take the exam; it’s not
quite that simple. First of all you have to get per-
mission to take the examination which normally
requiresfilling out an application and paying afee.
The examining board then reviews your applica-
tion and either approves or disapproves it. If
approved, you will then be notified of the time and
place to take the actual examination.

Where to Apply

If you want to apply for your journeyman elec-
trician’s license, thisis handled in several different
ways in various parts of the country. For example,
many industrial establishments and labor organi-
zations prefer to train their own electricians
through various types of training programs. Thisis
usualy a four- or five-year program consisting of
on-the-job training along with some classroom
instruction. At the end of this period, and after
passing an examination, the apprentice or trainee
is awarded a certificate.

In some localities, anyone who “runs’ ajob for
a contractor, holding the position of supervisor,
foreman, general foreman, or job superintendent,

must also have a master electrician’s license.
These exams are normally given by the local elec-
trical inspector’s office. An electrical contractor’s
license is amost aways required in any areaif the
person is contracting electrical work.

Other local electrician’s exams are given by var-
ious agencies, but most will fall under the city or
county electrical inspector’s office. Look in your
local phone directory under your town or city. For
example, in Luray, Virginiayou would ook under
“Luray — Town of.” Then look for “Electrical
Inspector.” Should your town not have an electri-
cal inspection department, contact the building
inspector’s office. This office should be able to
direct you to the proper place to apply for your
electrician’s exam. If not, contact your local power
or utility company.

More and more states now require that al elec-
trical contractors must be licensed by the state. A
state license usually permits the contractor to work
in any city, town or county within the state.
Appendix | of this book gives the names and
addresses of state licensing agencies throughout
the United States.

To apply for your state electrical contractor’'s
license, contact the appropriate agency listed inthe
Appendix. In due time you will receive the various
application forms. When applying for your con-
tractor’slicense, keep in mind that you are not only
tested on your knowledge of electrical installations
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Figure 14-1: The electrician’s examination is designed to
test your knowledge of eletrical theory and NEC installation
requirements

and theory, but also on your past experience and
business ability.

The next several pages show actual forms that
are required to be filled out for the State of
Tennessee. Other states should be similar.

Instructions: Thefirst page of the packet should
be filled out with your name, complete address,
telephone number and date of financial statement.
Page 2 (Figure 14-2) contains general instructions
on how to fill out the remaining portion of the
form.

Application: Figure 14-3 showsthe next 5 pages
of the application which include other areas where
you hold a license, list of references, your state-
ment of experience, bank references, equipment
suppliers, and the like. You will also have to pro-
vide afinancia statement, affidavit, and other infor-
mation about your past experience and business.

On Examination Day

The exact schedule for electrician’s exams will
vary from locale to locale. However, the following
istypical of states giving an electrical contractor’s
exam:

» 7:30 am.: Examinee reportsto the
examination center; seats assigned.

» 8:00 am.: Examination orientation begins.
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8:30 am.: Morning examination session
begins.

12:30 p.m.: Morning examination session
ends.

1:15 p.m.: Examinee reportsto
examination center.

1:30 p.m.: Afternoon examination session
begins.

5:30 p.m.: Afternoon examination session
ends.

To ensure that al examinees are examined
under equally favorable conditions, the following
regulations and procedures are observed at most
places of examinations:

« Each examinee must present proper
identification, preferably a driver’s license,
before being permitted to take the
examination.

» Each examinee will be assigned to a
specifically designated seat and this seat
will remain your seat assignment for the
entire examination. Once you enter the
examination room, locate your assigned
seat and be seated.

« Each examinee should bring awatch. No
one will be permitted to work beyond the
established time limits.

» Examinees should not, in most cases, bring
books or other reference materials to the
examination center unless instructed to do
SO in your state’s application. Many states
will not allow the examinee to take the
exam if any notes or other reference
material are brought to the exam center.

* In most states, examinees will be furnished
with two #2 black lead pencils and a
current copy of the National Electrical
Code for use during the examination. Other
states have no open book exams at all.
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10.

INSTRUCTIONS

Complete questionnaire form in its entirety and return to:
Board for Licensing Contractors

500 James Robertson Parkway

Suite 110

Nashville, TN 37243

Attach a check for $150.00 made payable to: Regulatory Boards/Contractors. This fee is
nonrefundable.

Any questions you think do not apply to you, write in N/A. Do not leave any questions blank.

The financial statement must be reviewed or audited and prepared by a Certified Public Accountant
or Licensed Public Accountant. A financial report prepared on their letterhead or in their booklet
form is acceptable as an alternative to completing the pages provided in this questionnaire.

All corporations engaged in contracting in the state are required to register with the Tennessee
Secretary of State and receive either a charter (DOMESTIC CORP) or certificate of authority
(FOREIGN CORP.). A copy of the charter or certificate must be attached. Contact the Secretary of
State at (615) 741-2286.

All letters of reference must have the name and address of the person completing the form in the
upper left hand corner.

Reference forms can be removed from the questionnaire and distributed but they must be returned
with the completed questionnaire.

Submittal of a line of credit is optional. The line of credit will be used to increase your working
capital only. It must be in the format as used in the sample on page 23.
(100% allowed)

Submittal of a guaranty agreement is optional. The agreement must be accompanied by either your
personal financial statement (partnerships and corporations) or the financial statement of another
corporation. It must be signed and notarized. This will go toward increasing your net worth only.
Refer to page 21.

(by Board rule only 50% allowed)

The financial statement work sheet is to be completed by your CPA or Licensed PA. It is to be
removed from the questionnaire and brought with you to your Board interview. The Board or staff
will be unable to provide assistance in the preparation of the worksheet.

Figure 14-2: General instructions for electrical contractor’s license
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APPLICATION
STATE OF TENNESSEE
BOARD FOR LICENSING CONTRACTORS

Date

1. Check your manner of operation:
( ) Corporation ( ) Partnership ( ) Individual

2. List names and title(s) of individual, partners, or corporate officers:

3. State specifically each branch of contracting for which you are requesting to be licensed:

State monetary limit desired

4. Have you ever held a Tennessee contractor’s license before?
License Number Expiration Date

5. If currently licensed in another state(s), indicate license number, limit and classifications:

6. List references with their complete mailing addresses:
Licensed Architect or Engineer

Bank and Trust Company

Material Supply Dealer

Licensed Contractor

Past Client or Employer

Figure 14-3: Typical application for electrical contractor’s license
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CONTRACTOR’S STATEMENT OF EXPERIENCE

O Corporation
Company Name po
O Partnership
Mailing Address 0 Individual
1. How many years has your company been in business as a contractor under your present business name?
2. How many years experience has your company had:
(a) As a Prime Contractor.
(b) As a Sub-Contractor.
3. List a few representative projects your organization has completed during the past three years:
YEAR TYPE OF WORK CONTRACT LOCATION OF WORK AND FOR WHOM PERFORMED

AMOUNT

4. What types of work do you plan to perform as a Licensed Contractor?

5. Have you ever failed to complete any work awarded to you? If so, where and why?.

6. Has any officer or partner of your organization ever been an officer or partner of some other oganization that failed to complete a
construction contract?._________ If so, state name of individual, other organization, and reason therefor:

7. Has any officer or partner of your organization ever failed to complete a construction contract handled in his own name?
If so, state name of individual, name of owner, and reason therefor:

8. In what other lines of business are you financially interested?.

9. if any of your assets or liabilities are related to any Parent, Subsidiary or Affiliated Company, list such Company, explain your con-
nection with it, state where ownership lies and percentage of ownership:

NAME AND ADDRESS EXPLANATION

Figure 14-3: Typical application for electrical contractor’s license, continued
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10.

For what corporation or individuals have you performed work, and to whom do you refer?.

11.

For what cities or counties have you performed work, and to whom do you refer?,

12.

For what State Bureaus or Departments have you performed work, and to whom do you refer?

13.

Have you ever performed work for the U. S. Government?

If s0, when and to whom do you refer?.

14.

If an Individual or a Partnership, name the persons with whom you have been associated in business as partners or business

associates in each of the last five years:

. If you are requesting the classification of (s) asbestos materiat handling/removing, you must turnish evidence satistactory to the Board that you

have on staff at least one (1) designated employee who has completed an Asbestos Abatement Contractor's Training Course approved or spon-
sored by the United States Environmental Protection Agency (EPA). Provide the name of that employee and his/her position in your organization.

16. What is the construction experience of the principal individuals of your present organization? years total
- Present Position or Years of In What
Individual's Name Office in Your Construction Magnitude and Type of Work Capa _ta
) Organization Experience pacity
5

Figure 14-3: Typical application for electrical contractor’s license, continued
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EQUIPMENT QUESTIONNAIRE

1. Give names and addresses of all banks with whom you are currently doing business:

Name of Bank Business Address

Bank Officer

2. Give names and addresses of material and equipment houses with whom you have

established a line of credit:

Business Name

Business Address

3. Give names and addresses of firms or companies from whom you have purchased

equipment during the last three years:

Business Name

Business Address

4. List the equipment you own and which is available to you by renting:

OWN

RENT

Figure 14-3: Typical application for electrical contractor’s license, continued
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Provide any additional information or remarks relating to questions 2, 3 and 4:

5. (To be completed by highway contractors only.) Are you familiar with the Standard
Specifications for Road and Bridge construction adopted by the State of Tennessee,
Department of Highways and Public Works, and approved by the U.S. Bureau of Public
Roads which form the basis of proposals which are submitted?

Remarks:

List a few representative projects you have completed as a highway contractor and indicate the
dollar amount of the project.

Figure 14-3: Typical application for electrical contractor’s license, continued
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» Most states will allow the examinees to use
noiseless, nonrecording, battery-operated
calculators and/or dlide rules during the
examination.

 All scratch work is usually permitted only
on the blank spaces included in the
examination booklet, NOT in the margins
of the answer sheet(s). Answer sheets
should contain only the required identifying
information and responses to the
examination questions.

» Permission of an examination proctor must
be obtained before leaving the room while
examination is in progress.

* Any examinee engaging in any kind of
irregular conduct (such as giving or
receiving help, conveying to others inform-
ation about any questions appearing on the
examination, using any materials not per-
mitted, taking part in an act of impersonation,
or removing examination materials or notes
from the examination room) will be subject
to disgualification and will be reported to
the State Board of Examiners.

Description of the Examination

Master and Journeyman electrician exams,
along with electrical contractor's exams can be
open-book, multiple-choice, or a combination of
open-book and closed-book multiple-choice.
Some testing areas have no open-book exams. You
are tested solely on what you know without refer-
ring to any reference material. Some questions
may refer to a drawing, table or chart located
either in the test booklet or in the NEC book.

Testing agencies also try to divide their ques-
tions into certain categories to ensure that most of
the electrical field will be covered. The following
lists the categories that appear on one state's
Master Electrician’s Exam. Most other areas will
have similar coverage.

» Grounding and Bonding — This category
makes up about 11% of the total test
guestions and covers determination of
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system and circuit grounding requirements,
methods, and location of grounding con-
nections. Choosing proper size grounding
conductors, bonding of enclosures, equipment
and metal piping systems.

Services, Feeders, Branch Circuits, and
Overcurrent Protection — These
categories make up 13% of the total
guestions. Knowledge of the NEC rules
covering services, electrical loads and
determination of proper size and type of
service and feeder conductors and ratings.
Installation of panelboards, switchboards
and overcurrent devices. Knowledge of
circuit classifications, ratings, design and
use requirements. Application of NEC rules
covering electrical outlets, and devices,
including wire connectors and methods.

Raceways and Enclosures — These two
categories make up 11% of the total exam
guestions and cover all types of raceways
and their uses. Determining proper size
conductor fill, support, and methods of
installation. Application of proper type, use
and support of boxes and cabinets.

Conductors — About 9% of the exam
guestions cover electrical conductors. You
will be asked to determine ampacity, type
of insulation, usage, requirements, methods
of installation, protection, support, and
termination.

Motors and Controls — 11% of the exam
questions test your knowledge of NEC rules
governing the installation of motors and
motor controls. Includes calculations for
motor feeders and branch circuits, short
circuit, ground fault, and overload
protection, and disconnecting means.
Knowledge of all control circuits and motor
type, application and usage.

Utilization and General Use Equipment —
You can expect about 11% of the total
exam questions to cover this category. You
should know the NEC rules covering
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lighting, appliances, heating and air
conditioning equipment, generators,
transformers and the like.

 Special Occupancies/Equipment — About
6% of the exam questions will cover NEC
rules that apply to hazardous locations,
health care facilities, places of assembly,
etc. You will also find questions on signs,
welders, industrial machinery, and
swimming pools.

» General Knowledge of the Electrical Trade
and Calculations — As many as 25% of the
exam questions may cover these topics.
Terminology, practical calculations such as
load computations, voltage drop, conductor
derating, power factor, voltage and current
ratings of equipment, and branch-circuit
calculations.

» Low-Voltage Circuits Including Alarms
and Communications — At least 3% of
the total exam questions will test your
knowledge of circuits and equipment
operating at less than 50 volts, including all
signal, alarm, and sound systems.

Please be aware that the above categories and
percentages represent some testing agencies, but
can vary from state to state.

Taking the Examination

In most states, the examination consists entirely
of multiple-choice type questions. Read and
understand all of the instructions carefully before
attempting to answer any question. Reading the
instructions too fast or skipping over any part may
cause you to miss something important and possi-
bly arrive at an incorrect answer.

Keep track of time: Do not spend too much
time on any one question. If a question is difficult
for you, mark on the answer sheet the answer you
think is correct and place a check by that question
in the examination booklet. Then go on to the next
guestion; if you have time after finishing the rest
of the examination you can go back to the ques-
tions you have checked.
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Your answers to the questions on the examina-
tion are usually recorded on respective separate
answer sheets provided. See Figure 14-4. Answer
spaces on the answer sheets are lettered to corre-
spond with the letters of the possible answers
printed in the examination booklet. For each ques-
tion, you are to decide which one of the four pos-
sible answersis best and blacken the appropriate let-
tered space on your answer sheet. The following
example illustrates how al answers usudly are
marked on your quaifying examination answer sheet.

Which of thefollowing isthe basic unit used to
measure current flow?

(A) Amperes
(B) Volts
(C) Ohms
(D) Watts

(Since choice A isthe best answer, the A space
isto be blackened.)

When marking answers, follow these instruc-
tions:

* Do not use ink or ballpoint pen
» Use black lead #2 pencil only

» Make heavy marks that fill the circle com-
pletely

* Erase cleanly any answer you wish to
change

* Make no stray marks on the answer
sheet

If you mark more than one answer to any ques-
tion by darkening more than one lettered space, it
will be graded as incorrect. Therefore, if you
change an answer, be sure that any previous marks
for that question are erased completely.

Your grade on the examination will be deter-
mined by the total number of questions you
answer correctly. Do the best you can. Since very
few examinees answer all questions correctly, do
not be concerned if there are a few you cannot
answer.
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Figure 14-4: Typical answer sheet used in conjunction with text booklets
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If you have some knowledge of a question, even
though you are uncertain about the answer, you
may be able to eliminate one or more of the
answer choices that are wrong. In such cases, it is
better to guess at the correct answer rather than
leave the answer space blank.

Sample Questions

All of the questions appearing in this book are
designed to illustrate the type of questions that
appear on electrician’'s exams throughout the
country. But let's review the exact process of
answering questions that appear on these exams.
Keep in mind that most questions will not have
supplemental illustrations; other questions will
have illustrations to refer to when answering the
guestion. In this case, make sure you look at the
correct illustrations as they appear in different
locations in the exam booklet; that is, an illustra-
tion might appear above the question, or it might
appear below it.

Example 1. Conductor Pin Figure 14-5 must be
identified by which of the following colors?

(C) Black

(D) Green

Here you are asked to select from the listed col-
ors the one that is to be used to identify the equip-
ment grounding conductor of a branch circuit.
Since NEC Section 250.119 requires that green or
green with yellow stripes be the color of insulation
used on a grounding conductor (when it is not
bare), the correct answer is (D).

Example 2: A circuit leading to a gasoline dis-
pensing pump must have a disconnecting means:

(A) only in the ungrounded conductors

(B) only in the grounded (neutral) conductor
(C) operating independently in all conductors
(D) operating ssimultaneoudly in all conductors

Here the “question” is in the form of an incom-
plete statement. Your task is to select the choice
that best completes the statement. In this case, you
should have selected (D) since Section 514.11(A)
of the NEC specifies that such a circuit shall be
provided with a means to disconnect simultane-

(A) White ously from the source of supply al conductors of
(B) Gray the circuit, including the grounded neutral, if any.
‘[ L) rgn rg-
120v L e L ‘rl
240V - >
120V i
: ] [ L3

s

Figure 14-5: A 120/240-volt branch circuit with grounding conductor
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Example 3: If the grounded (neutral) conductor
of adryer circuit is used to ground the frame of an
electric clothes dryer, all of the following condi-
tions must be met except when the:

(A) the supply circuit is a 120/240V, single-
phase, 3-wire circuit derived from a three-phase,
4-wire delta system

(B) the grounded (neutral) conductor is not
smaller than #10 copper or #8 aluminum

(C) the grounded (neutral) conductor isinsulat-
ed, or if uninsulated, part of a Type SE service
entrance cable and the branch circuit originates at
the service equipment

(D) the grounding contacts of the receptacle
installed with the dryer are bonded to the dryer

Again the “question” isin the form of an incom-
plete statement and your task isto select the choice
that best completes the statement. In this case, you
areto find an exception. You have to select the con-
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dition that does not have to be met when using the
grounded (neutral) conductor of the circuit to
ground the frame of the dryer. You should have
selected (A) because NEC Section 250-140 requires
the conditions listed in (B), (C), and (D) but does
not require or permit the conditions listed in (A).

Example 4: Type TW copper conductors in a
raceway are used for feeder conductors in the dia-
gram shown in Figure 14-6. Which of the follow-
ing is the minimum allowable size of these feeder
conductors?

(A) No. 8
(B) No. 6
(C) No. 4
(D) No. 2

Here you are asked to determine the smallest
size of conductor that the NEC allows for the
motor feeder. NEC Section 430.24 tells you to add

| l ] |
| Rated | | Rated | L Rated | ( Rated |
[ | |l Il |l Il ]
FLA[57]codetet] ]| |FLA[108]Codetet] || |FLA[16.Z]codetet || |FLA[R4.2]code et ]
[ 208Vjrempriss[ ]| |[_208Vlremprise ]| |[_208Vjrempriss ]| [[_208V}remprise ]
HP[AE] [ 34 HP[3 1 [3¢]| |[wp[s] [3¢l| |wr[zs] [34

Figure 14-6: Typical motor feeder
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together the full-load current rating of the four
motors plus 25% of the rating for the largest motor.
In this case, the total is 63 amperes. This figure is
then used to enter NEC Table 310.15(B)(16); and
according to the Table, No. 4 TW copper conductor
has a rated ampacity of 70 amperes; therefore, you
should have selected (C).

Example 5: Which of the following conditions
shall be met to omit overcurrent protection at the
tap point for a 20-ft. feeder tap? 1. The ampacity of
the tap conductors shall be at least one-half the
ampacity of the feeder conductors. I1. Thetap con-
ductor shall terminate in a panelboard.

(A) Ionly

(B) Il only

(C) Bothl and Il
(D) Neither | nor Il

Here you are asked to determine which of two
conditions are required by the NEC if a contractor
omits an overcurrent device at a tap point.
Exception No. 3 to NEC Section 240.21(B)(2)
does list four conditions that must be met when
considering such an omission. However, the ques-
tion asks only about the two conditions specifical-
ly stated and, since neither of them isincluded in
the exception as a condition, you should have
answered D.
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The examination to follow is meant to test your
understanding of electrical theory and application.
The questions are representative of typical Master
Electrician’s and Electrical Contractor’s examina-
tions given around the United States for both city
and state licenses. Complete solutions to all exam-
ination problems are contained in Appendix I1.

Before taking this exam, however, make sure
you have thoroughly studied the questions and
answers in the previous 13 chapters. Then answer
the questions in this exam as if you were actually
taking an exam to obtain your Master Electrician’s
or State Contractor’s license. This might be the
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only chance you have to take a sample exam prior
to taking the real thing.

Instructions. Obtain several pieces of blank
lined paper such as a legal pad. Write “Morning
Exam” at the top of one page, and then number
the lines 1 through 100. This sheet of paper will
be for your answers to the questions. Or you can
photocopy the computer answer form in this book
(Figure 14-7) and follow the instructions on the
form. Do not write your answers in this book.
The morning exam should not take you longer
than four hours to complete. To simulate an actual
situation, you might want to wake up on your day
off from work (like on Saturday morning), eat a
good breakfast, have your numbered papers and
several pencils handy, and start the exam as if you
are at your state licensing location. Find a quiet
location in your home and ask your family to
cooperate. Then complete the exam without any
references.

If you cannot spend a full four hours on the
exam at one sitting, keep account of the time actu-
ally spent, and then return to the exam later. But do
not spend more than a total of four hours on the
morning exam. Once completed, put the answers
to the morning exam in a safe place. Do not grade
your exam yet.

Now take another sheet of paper and write
“Afternoon Exam” at the top of the page and again
number the lines 1 to 100 for the answers to the
“Afternoon Exam.” When time permits, answer
the questions on the “Afternoon Exam” as you did
for the “Morning Exam.”

While taking either of these two examinations,
if you don’t know the answer to a question, don’'t
stop taking the exam; remember you are working
under a time limit. Go on to the next question. If
you have time when you have gone through all the
guestions, then go back to ones you did not answer
and try to think of the solution. However, don’t
look up the answer. Sure, you can cheat now and
score high on this exam, but you won't have that
opportunity when the actual examination day
COMeS.



When both exams are compl eted, have someone
else grade your answer sheets, if possible.
Remember, 70% is the lowest passing grade in
most states. This means you must correctly answer
140 out of atotal of 200 questions to pass.

The person grading your exam should also write
the reference notes to those questions missed. This
will give you a quick-reference for further study in
the fields you find that you are the weakest in.

Now, let’s assume that you made, say, 72% on
this sample exam, which is a passing grade. Are
you ready for the real thing? You might be, but |
wouldn’'t chance it. You will not have these same
guestions on the real exam, and there might be
more questions on the real exam in your weakest
area. Therefore, it is recommended that you do
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further study in thefield or fieldsin which you are
the weakest. Wait a few days and then take the
exam again — following the same procedure as
before. Make sure you keep the answers from your
previous attempt out of sight.

If you score 90% or more on this sample test,
you stand a good chance of passing the real elec-
trician’s or electrical contractor's exam. But do
you want to stop here? Remember, virtuoso musi-
cians always practice techniques more difficult or
beyond their performance range. By doing so, the
ranges in which they actually perform in public
come easier. By the same token, the closer you can
score to 100% on this sample exam, the better your
chances of passing the real examination, and pass-
ing the real examination isthe reason you havethis
book. So be serious and good luck!
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Electrician’s Exam Answer Sheet

Name

(middle)

(first)

(last)

Please print

Address

Signature
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Figure 14-7: Answer sheet for use with morning exam
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MORNING EXAM
TIME: 4 HOURS

1. A lighting fixture intended for installation in a metal forming shell mounted in a pool or
fountain structure where the fixture will be completely surrounded by water is called:

A) Dry-niche fixture C) Wet-niche fixture
B) Plug-connected lighting assembly D) Cord-connected lighting assembly

2. What isthe minimum distance that receptacles can beinstalled from the inside walls of a
swimming pool?

A) 8 feet C) 6 feet
B) 3 feet D) 10 feet

3. In which of the following locations is induction heating equipment prohibited?

A) Hazardous (classified) locations C) Commercial buildings
B) Industrial structures D) Multifamily dwellings

4. An assembly of electrically interconnected electrolytic cells supplied by a source of direct-
current power isknown as:

A) Cdlular circuit C) Cdlline
B) Intercell D) Electrolytic cellular communication

5. The power used by aload supplied by a 20-ampere, 120-volt branch circuit cannot exceed:

A) 2400 volt-amperes C) 5000 volt-amperes
B) 2000 volt-amperes D) 4600 volt-amperes

6. The maximum continuous load connected to a 20-ampere branch must not exceed:

A) 20 amperes C) 14 amperes
B) 16 amperes D) 12 amperes

7. Theunit lighting load for a store building is:

A) 3 volt-amperes/square foot C) 2 volt-amperes/square foot
B) 5 volt-amperes/square foot D) 6 volt-amperes/square foot
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8. The ampacity of conductors connecting a power-factor correcting capacitor to a motor circuit
shall not belessthan:

A)

B)

135% of the rated current of the capacitor C) 135% of the ampacity of the motor circuit
conductors
110% of the feeder capacity D) One-third the ampacity of the motor circuit

conductors and not less than 135% of the rated
current of the capacitor

9. If the phase-to-neutral voltage in a three-phase system is 2400 volts, the phase-to-phase
voltage is approximately:

A) 4800 C) 2400

B) 4150 D) 12,470

10. Therating of the electric service for a one-family residence shall not be less than:

A) 100 amps C) 150 amps when the initial load is 15 kW
or less

B) 100 amps when theinitial load is 10 kW D) 60 amps

or less

11. When it is allowed, the demand factor applied to the service neutral for aload in excess of

200 amperesis.

A) 50% C) 70%

B) 60% D) 90%

12. The power used by aload supplied by a 15-ampere, 120-volt branch circuit cannot exceed:

A) 2400 volt-amperes C) 1800 volt-amperes

B) 2000 volt-amperes D) 4600 volt-amperes or 4300 watts on

residential circuits

13.

The minimum size conductor s required for a 15-ampere branch circuit usng Type NM cable are:

A)
B)

No. 10 AWG aluminum C) No. 14 AWG copper

No. 12 AWG copper D) No. 8 AWG auminum or copper-clad
aluminum conductors
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14. The maximum continuous load connected to a 15-ampere branch must not exceed:

A) 15 amperes C) 20 amperes
B) 12 amperes D) 16 amperes

15. If a single-phase motor draws 50 amperes and its branch circuit is protected by a 150-
ampere nontime-delay fuse, the feeder overcurrent protective device may not be larger than:

A) 87.5 amperes C) 300 amperes
B) 100 amperes D) 150 amperes

16. If the standard calculation method is used, the feeder demand for a dwelling with a 150-
kilovolt-ampere general lighting load is:

A) 52,500 volt-amperes C) 54,450 volt-amperes
B) 56,450 volt-amperes D) 51,450 volt-amperes

17. If the optional service calculation method for a dwelling unit is used, theload of less than
four separately controlled electric space-heating unitsis subject to a demand factor of:

A) 100% C) 80%
B) 65% D) 40%

18. If the optional calculation method for a one-family dwelling is used, all “other loads’ above
theinitial 10 kilowatts are subject to a demand factor of:

A) 50% C) 40%
B) 80% D) 65%

19. A branch circuit supplies a household electric range with a demand of 8000 watts. The
ungrounded conductor s have an ampacity of 40 amperes. The neutral ampacity must be at least:

A) 40 amperes C) 35 amperes
B) 28 amperes D) 24 amperes
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20. What isthe minimum size fixture wire permitted for the control and operating circuits of
X-ray and auxiliary equipment?

A) 22 C) 18
B) 14 D) 12

21. Thereisno overcurrent protection on the secondary side of a 480-volt transformer with a
primary current of 100 amperes. Therating of the primary overcurrent protective device should
not exceed:

A) 100 amperes C) 125 amperes
B) 250 amperes D) 60 amperes

22. Receptacle outletsin a dwelling must be installed in habitable rooms so that no point along
the floor lineisfarther from an outlet than:

A) 12 feet C) 4Y> feet
B) 6 feet D) 5 feet

23. Thewall space between two doorsin a living room requires a receptacle outlet if the spaceis
wider than:

A) 3feet C) 4%> feet
B) 4 feet D) 2 feet

24. Ground-fault circuit-interrupter protection isrequired for all 120-volt, 15- or 20-ampere
receptaclesinstalled in the following dwelling unit area:

A) Bedroom C) Bath
B) Living room D) Halway

25. A receptacle outlet isrequired above a show window every:

A) 3 feet C) 1Y feet
B) 12 feet D) 6 feet
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26. A 120-volt circuit has an electric heater connected with a current rating of 7.5 amperes.
What isthe resistance in ohms of the connected pure resistance load?

A) 8 ohms C) 16 ohms
B) 10 ohms D) 20 ohms

27. An incandescent lamp has a resistance of 104 ohms when 2 amperes of current flows. What is
the voltage?

A) 240 volts C) 120 volts
B) 208 volts D) 12 volts

28. What isthe minimum general lighting load permitted by the NEC in a 4500 squar e foot
war ehouse?

A) 1005 volt-amperes C) 1750 volt-amperes
B) 1125 volt-amperes D) 1243 volt-amperes

29. Thevoltage per turn for a transformer is 1.25 volts. What is the voltage of the transformer if
it has 192 turns?

A) 12 volts C) 120 volts
B) 240 volts D) 24 volts

30. A 480/277-volt, Y-connected transformer is used to supply a balanced 277-volt, single-phase
lighting load of 40,000 watts. What size transformer (kVA) should be used?

A) 10 kKVA C) 40 kVA
B) 20 kKVA D) 50 kVA

31. What isthe maximum allowable wattage that can be connected to a 240-volt, 20-ampere,
single-phase circuit feeding residential electric heaters?

A) 3840 watts C) 4500 watts
B) 4000 watts D) 1920 watts
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32. What isthe approximate wattage of a 240-volt motor with a resistance of 28 ohms?

A) 1780 watts C) 3640 watts
B) 2057 watts D) 1045 wetts

33. Heavy-duty type lampholders are required on branch circuits having a rating in excess of:

A) 20 amperes C) 40 amperes
B) 30 amperes D) 15 amperes

34. Receptacle outlets installed in bathrooms of dwelling units always require:

A) Twist-lock receptacles C) Nongrounded receptacles
B) Ground-fault circuit-interrupter protection D) Waterproof receptacle covers

35. Insulated conductors size No. 6 or smaller intended for use as a grounded conductor in a
circuit must be which of the following color (s)?

A) Continuous white C) Three white stripes along the entire length of
other than green insulation
B) Gray D) All of the above

36. Cabletray systems must not be used:

A) For power and control applications C) For signal cables
B) For service-entrance systems D) In hoistways

37. EMT shall be supported at least every:

A) 4feet C) 10 feet
B) 8 feet D) 15 feet

38. All components between the point of termination of the overhead service drop or
underground service lateral and the building main disconnecting device, with the exception of the
power company’s metering equipment, are called:

A) Service entrance C) Service drop
B) Service-entrance conductors D) Service-entrance equipment
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39. On a 240-volt, single-phase, 3-wire system, the neutral conductor will:

A) Never carry current even when the other C) Carry current equal to the current between
conductors carry a different amount phases

B) Never carry current larger than the difference D) Carry current equal to ¥/2 the current
between the current in the two “hot” legs between phases

40. The minimum allowable current rating of 3-wire service-entrance conductors for a residence
with six or more 2-wire branch circuitsis:

A) 60 amperes C) 125 amperes
B) 100 amperes D) 150 amperes

41. What isthe smallest aluminum or copper-clad wire size allowed for service-entrance
conductor s supplying loads consisting of not more than two 2-wire branch circuits?

A) No. 10 AWG C) No.6AWG
B) No.8 AWG D) No. 4 AWG

42. To measurethe area of a dwelling to determine the lighting load, the following dimensonsare
used:

A) The floor area computed from the inside C) Thefloor area computed from the outside
dimensions dimensions
B) The cubic feet of each room D) The area 6 inches from the inside walls

43. A 400-ampere electric serviceis normally metered with a combination of a watt-hour meter and:

A) Current transformers C) Capacitors
B) VAR meters D) Ammeter

44. Locationswherefibersare stored are:

A) Class|, Division 1 C) Classlll, Division 1
B) Classll, Division 1 D) Classlll, Division 2
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45,

The disconnecting means for a 120/240-volt circuit for a gasoline dispenser must disconnect:

A)
B)

The neutra C) The grounded conductor
All conductors D) The ungrounded conductors

46.

The branch-circuit overcurrent device may serve as the disconnecting means for motors

rated less than:

A) 20 horsepower C) 15 horsepower

B) s horsepower D) 5 horsepower

47. A disconnecting means for a 240-volt motor must be capable of being locked in the:
A) Closed position C) Open position

B) Open and closed positions D) “ON” position

48. A siteplanisaplan view (asif viewed from an airplane) that shows:

A) Each floor level of the building C) Cross-sections of the building

B) Power-riser diagrams D) Property boundaries and buildings
49. A legend or electrical symboal list is shown on electrical working drawings to:

A)

Describe materials and installation methods C) ldentify all symbols used to indicate electrical
outlets or equipment

B) Show the outline of the architect’s floor plan D) Enable the electric service size to be
calculated

50. All bedroom receptaclesinstalled in aresidence or dwelling must have the following:
A) Double-pole circuit breaker C) A single-pole mercury switch

B) An arc-fault circuit-interrupter D) A 40-amp circuit breaker

51. All outside receptaclesinstalled in a residental garage must have the following:

A) Double-pole circuit breaker C) A single-pole mercury switch

B) A ground-fault circuit-interrupter D) A 40-amp circuit breaker
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52. The service grounding conductor is sized by the rating of:

A) The overcurrent protective device C) The supply transformer
B) The service-entrance conductors D) Theload to be served

53. A 120/240-volt, 200-ampere service requires a neutral with a minimum ampacity of:

A) 140 amperes C) 175 amperes
B) 160 amperes D) 200 amperes

54. In a multiple-occupancy building, each occupant shall:

A) Not have access to the occupant’s service C) Have access to all occupant’s service
disconnecting means disconnecting means

B) Have access to the occupant’s service D) Have complete accessto all electrical
disconnecting means equipment

55. Although enclosed, a service disconnecting means must still be:

A) Locked securely C) Locked only while operable
B) Always kept unlocked D) Externally operable

56. Name one approved method to disconnect the grounded conductor from the premises wiring.

A) A terminal with pressure connectors C) A wiretrough
B) A ground clamp on a grounding electrode D) A cablebus

57. The minimum allowable current rating of 3-wire service-entrance conductors for a residence
with an initial net computed load of 6 kVA or moreis:

A) 100 amperes C) 125 amperes
B) 60 amperes D) 150 amperes

58. What isthe purpose of drip loopsin service conductor s?

A) To insure atight connection C) To help keep water out of the service head
B) To impede the progress of termites D) For easier connection to the service-entrance
conductors
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59. What isthe dimension of “A” on the architect’s scale (1 inch = 1 foot) in Figure 14-8?

A) 6inches C) 5inches
B) 1 foot D) 5 feet

60. What isthe dimension of “B” on the architect’s scale in Figure 14-8?

A) 1foot C) 2feet
B) 17 feet D) 3feet

61. What isdimension “C” on the architect’s scale in Figure 14-8?

A) 6 feet C) 9feet
B) 6 feet 6 inches D) 4 feet

IW'I"'H'"“'F”I T | ' | ' [ . | ' | ' I
9 6 3 0 20 1 18 2 16 3 14 4 12 5 10
DIETZGEN 1527PW
8/1 0 9 144 o A4 oy 8t 9¢ 14 ce (01 8C 9c 1 44 r44 (074
v z1 9l 0z, 8z ze 9 ov by 8, 25
TN R NN T N T N N A N A AR A TR N N A e |

Figure 14-8: Architect’s scale
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62. Switches or similar devices controlling a transformer in a sign must have a rating based on
what percent of the ampererating of the transformer?

A) 100% C) 125%
B) 200% D) 300%

63. A branch circuit supplying lampsin a sign must not be rated more than:

A) 20 amperes C) 30 amperes
B) 15 amperes D) 40 amperes

64. Wood used for decoration on a sign must not be closer to a lampholder than:

A) 6inches C) 3inches
B) 1 foot D) 2inches

65. What isthe smallest size conductor permitted for wiring neon secondary circuitsrated at
1000 volts or less?

A) No. 14 AWG C) No. 16 AWG
B) No. 12 AWG D) No. 18 AWG

66. The smallest size branch circuit required for wiring a neon tubing installation is:

A) 20 amp C) 30amp
B) 15amp D) 50 amp

67. Branch circuitsthat supply signs shall not exceed:

A) 15 amps C) 30 amps
B) 20 amps D) 50 amps

68. Cords supplying portable gas tube signs must have a maximum length of:

A) 6 feet C) 12 feet
B) 15 feet D) 3 feet
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69. Which of the following wiring methods is not suitable for underfloor wiring in a computer
room?

A) Type Ml cable C) EMT
B) Rigid conduit D) Type NM cable

70. What isthe minimum depth of clear working space at electrical equipment rated from 601 to
2500 volts with exposed live parts on one side and no live or grounded parts on the other?

A) 5 feet C) 3feet
B) 8 feet D) 6 feet

71. Theterm “accessible’ as applied to wiring methods means:

A) Admitting close approach C) Capable of being reached quickly for
operation, renewal, or inspection

B) Capable of being removed or exposed D) Within sight of the operator
without damaging the building structure or finish

72. Theterm “concealed” as applied to wiring methods means:

A) Admitting close approach C) Capable of being reached quickly for
operation, renewal, or inspection
B) Capable of being removed or exposed D) Rendered inaccessible by the structure of

without damaging the building structure or finish the building

73. A bathroom is defined by the NEC asaroom or area with a wash basin and:

A) A bidet C) A locking door
B) A ground-fault circuit-interrupter D) An exhaust fan

74. Branch-circuit conductors supplying one or more pieces of electroplating equipment must
have a minimum ampacity of:

A) 125% of the total connected load C) 80% of the total connected load
B) 150% of the total connected |oad D) 200% of the total connected load
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75. A feeder isdefined as:

A) A circuit conductor between the final
overcurrent device protecting the circuit and
the outlet

B) A branch circuit that supplies severa outlets

C) An apparatus for generating electricity

D) Circuit conductors between the service
equipment, or the source of a separately derived
system, and the final branch-circuit overcurrent
device

76. A branch circuit isdefined as:

A) Circuit conductors between the service, or
the source of a separately derived system, and the
final branch-circuit overcurrent device

B) A branch circuit that supplies several outlets

C) An apparatus for generating electricity

D) A circuit conductor between the final
overcurrent device protecting the circuit
and the outlet(s)

77. Which of the following statements about supplementary overcurrent protection is correct?

A) It must not be used in lighting fixtures

B) It may be used as a substitute for a
branch-circuit overcurrent device

C) It may be used to protect internal circuits
of equipment

D) It must be readily accessible

78. Which of the following statements about Type M| cableis correct?

A) It may be used in any hazardous (classified)
location

B) It must be supported and secured at intervals
not exceeding 10 feet

C) A singlerun of cable must not contain
more than the equivalent of 3 quarter bends

D) It must not be used where exposed to oil
and gasoline

79. The maximum allowable ampacity of each of three (3) single insulated 75°C rated No. 6

AWG copper conductorsin araceway is:

A) 55 amperes
B) 70 amperes

C) 65 amperes

D) 80 amperesif runin PVC conduit under
ground at a depth of 12 inches or more
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80. Which of the following statements about the protection of nonmetallic-sheathed cable from
physical damage ig/are correct? I. When passing through a floor, the cable shall be enclosed in
metal pipe or conduit extending at least 6 inches above the floor. 1. When run across the top of
the floor joistsin an accessible attic, the cable shall be protected by guard strips.

A) Neither | nor Il C) 1 only
B) Bothl and Il D) Il only

81. Which of the following statements about a single-throw knife switch is/are correct? |. The
switch shall be placed so that gravity will not tend to close the blades. I1. A switch approved for
inverted mounting shall be provided with a locking device that will ensure that the blades remain
in the open position when so set.

A) 1 only C) Bothl and Il
B) Il only D) Neither | nor Il

82. Which of the following statements about a No. 2 THHN copper conductor is correct?

A) Its maximum operating temperature is 90°C C) Iltsareais0.067 inches
B) It has nylon insulation D) It has adc resistance of .26 ohms per foot

83. A lighting and appliance branch circuit panelboard contains six (6) 3-pole circuit breakers
and eight (8) 2-pole circuit breakers. The maximum allowable number of single-pole circuit
breakers permitted to be added to this panelboard is:

A) 8 C) 6
B) 16 D) 42

84. A metal device box contains cable clamps, six (6) No. 14 AWG conductors, and one (1) single-
pole dimmer switch. Which of the following is the minimum allowable box size?

A) 12 cubic inches C) 14.25 cubic inches
B) 13.5 cubic inches D) 18 cubic inches

85. A 120/240-volt, 3-wire service drop passing over aresidential driveway shall have a minimum
height above grade of:

A) 10 feet C) 15 feet
B) 12 feet D) 18 feet
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86. The minimum size liquidtight flexible metal conduit is:

A) 3/ainch C) linch
B) 3/sinch D) 1%2inch

87. A metal switch box with cable clamps contains two (2) No. 14/2 nonmetallic-sheathed cables
with ground. Which of the following is the minimum allowable capacity of the box if no other
devices are present?

A) 14 cubic inches C) 12 cubic inches
B) 16 cubic inches D) 18 cubic inches

88. Therating of the overcurrent device supplying a branch circuit specifically installed for the
purpose of supplying a low-voltage wiring system israted at fifteen (15) amperes. The minimum
size equipment grounding conductor required for this dedicated circuit is:

A) No. 14 aluminum C) No. 14 copper
B) No. 12 copper D) No. 10 auminum

89. The grounded (neutral) conductor used in a branch circuit must be identified by an outer
covering of any of the following except:

A) Gray C) White

B) White with a green stripe D) Three continuous white stripes on other
than green insulation

90. An individual branch circuit israted at 20 amperes and serves a single receptacle in a single-
family dwelling. What is the required minimum rating of the receptacle if thisisthe only load on
the circuit?

A) 15 amperes C) 25 amperes
B) 20 amperes D) 30 amperes

91. A 240-valt, single-phase branch circuit supplying a 21.85 kW commercial cooking appliance
has copper conductorswith Type TW insulation. Which of the following is the minimum
allowable conductor size?

A) No.3AWG C) No. 1 AWG
B) No.2 AWG D) No. 1/0
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92. A store building measures 60 feet by 80 feet and is supplied by a 120/240-volt, three-phase,
4-wire delta system; the building has 60 linear feet of show-window lighting. Which of the
following is the minimum allowable number of 2-wire, 20-ampere branch circuitsrequired to
supply the continuous general lighting and show-window lighting in this building?

A) 7 C) 11
B) 8 D) 14

93. A 75 kVA transformer has a 480-volt, three-phase delta primary and a 120/208-volt, three-
phase, 4-wire wye secondary; it is fed from a 225-ampere plug-in bus protected by a 225-ampere
circuit breaker. Which of the following statements about overcurrent protection for this
transformer ig/are correct? |. It shall have a primary overcurrent device rated or set not more
than 125 amperes, regardless of the rating of its secondary overcurrent device. I1. If no additional
overcurrent deviceis provided on the primary side, it shall have an overcurrent device on the
secondary siderated or set at not more than 300 amperes.

A) 1 only C) Bothl and Il
B) Il only D) Neither | nor Il

94. A branch circuit supplies a single hermetic refrigerant motor-compressor for an air
conditioning unit in a single-family dwelling. The her metic refrigerant motor-compressor
rated-load current is 18 amperes. If a 30-ampere fuse will not carry the motor-compressor, the
maximum rating of the branch-circuit overcurrent-protective device may beincreased to a
maximum of:

A) 35 amperes C) 45 amperes
B) 40 amperes D) 50 amperes

95. The minimum allowable number of 120-volt, 15-ampere, 2-wire lighting branch circuits
required for aresidence 70 feet by 30 feet are:

A) 2 C) 4
B) 3 D) 5

96. Which of the following may be used as a feeder from the service equipment to a mobile
home? I. A permanently installed circuit calculated to comply with applicable NEC
requirements. I1. Not more than one 50-ampere power-supply cord.

A) 1 only C) Neither | nor Il
B) Il only D) Either | or Il
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97. Which of the following statements about 120/240-volt 3-wire service-entrance conductors for
a one-family dwelling is/are correct? |. When the dwelling has six or more 2-wire branch circuits,
the minimum allowable ampacity of the ungrounded conductorsis 50 amperes. I1. When the
dwelling has a computed load of 10 kVA or more, the minimum allowable ampacity of the
ungrounded conductorsis 100 amperes.

A) 1 only C) Il only
B) Bothl and Il D) Neither | nor Il

98. Which of the following statements about the inspection of electrical work is/are correct?

|. Inspectors shall make as many inspections as are necessary to insure compliance with
applicablelaws. I1. An inspector shall issue a certificate of compliance if a completed electrical
installation complies with all applicable laws and with the terms of the permit.

A) Bothl and Il C) 1 only
B) Neither | nor II D) Il only

99. A 208-volt, 50 hor sepower, three-phase squirrel-cage motor has a full-load current rating of:

A) 143 amperes C) 162 amperes
B) 130 amperes D) 195 amperes

100. Which of the following is the maximum allowable rating of a per manently connected
appliance where the branch-circuit overcurrent device is used as the appliance disconnecting
means?

A) s horsepower C) Y4 horsepower
B) Y2 horsepower D) 1 horsepower
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Electrician’s Exam Answer Sheet
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Figure 14-9: Answer sheet for use with afternoon exam
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Afternoon Exam

Most examining agencies allow approximately
one hour for lunch. This is the time to relax and
get your body and mind in shape for the afternoon
exam.

In the majority of cases, the examining agency
will have a place for lunch picked out for those
taking the exam to ensure that everyone will be
served in time to return for the afternoon exam at
the specified time. In some cases, abusis provid-
ed for transporting applicants back and forth if
the eating place is not within easy walking dis-
tance.

This is not the time for further study. If you
aren’t prepared for the exam by this time, the few
minutes you'll have for further study won’t help.

Final Examination

The areas of examination on the afternoon exam
will be similar to those on the morning exam:

» The National Electrical Code

» General knowledge of electrical practices
* Supporting theoretical knowledge
 Loca ordinance installation requirements

However, in many cases, you'll find that ques-
tions about the NEC, including installation
requirements and design calculations, usually
comprise from 70% to 80% of the examination.
Some examining agencies include test questions
on local ordinances and installation requirements
in a separate examination.

The questions to follow cover al of these areas
and should adequately prepare you for the after-
noon electrician’s examination.
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AFTERNOON EXAM
TIME: 4 HOURS

1. A load isconsidered to be continuous if the maximum current is expected to continue for:

A) 1 hour C) 3 hours
B) 2 hours D) 4 hours

2. Themaximum length of Type S cord connecting a built-in dishwasher shall be:

A) 18 inches C) 36inches
B) 24 inches D) 48 inches

3. Type TW copper has an insulation temperature rating of:

A) 60° C C) 90° C
B) 75° C D) 110° C

4. Which one of the following isthe maximum load current of three (3) No. 12 AWG THWN
copper conductorsinstalled in a raceway?

A) 15 amperes C) 25 amperes
B) 20 amperes D) 30 amperes

5. Which of the following statements about liquidtight flexible metal conduit is/are correct?
I. Liquidtight flexible metal conduit shall not be used where subject to physical damage.
[. Liquidtight flexible metal conduit shall be used only with listed terminal fittings.

A) | only C) Both 1 and Il
B) Il only D) Neither | nor Il

6. All of the following are standard ampere ratings for inver se time breakers except:

A) 275 amperes C) 350 amperes
B) 300 amperes D) 400 amperes
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7. A metal outlet device box contains eight (8) No. 12 conductors, no clamps, hickeys, devices or
grounding conductors. Which of the following is the minimum allowable box dimension; that is,
width and depth?

A) 4 x 114 inches square C) 4 x 1%/2inches square
B) 4 X 2Y/sinches square D) 4 x 21/s inches octagonal or round

8. The conductors of a feeder supplying two (2) continuous duty motors, one rated 7/2
hor sepower, 240 volts dc, and the other rated 10 hor sepower, 240 volts dc shall have a current
rating not less than one of the following:

A) 56 amperes C) 77 amperes
B) 74 amperes D) 84 amperes

9. An equipment bonding jumper is permitted outside a raceway:

A) When not over 5 feet long C) When not over 8 feet long
B) When not over 6 feet long D) When not over 10 feet long

10. Theidentification of the grounded (neutral) terminal on a polarized receptacle shall be by a
metal or metal coating substantially:

A) Yelow in color C) Gold in color
B) Greenin color D) Whitein color

11. The maximum allowable ampacity of each of three singleinsulated 75° C rated No. 6 AWG
copper conductorsin araceway is:

A) 55 amperes C) 70 amperes
B) 65 amperes D) 80 amperes

12. Which one of the following is the minimum size conductor permitted to be used for the
bonding (equipment grounding) conductor in a swimming pool, wading pool, or similar
installation?

A) No. 10 stranded copper C) No. 8 solid copper conductor

B) No. 10 solid copper conductor or No. 12 solid D) No. 8 stranded copper conductor
copper-clad aluminum conductor
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13. Which of the following statementsis/are correct? |. A swimming pool bonding (SP-SP)
electrical contractor must obtain a statewide certificate of competency issued by the
Commissioner of Insurance before engaging in business. I1. A qualified individual is not required
to beregularly on active duty to supervise and direct all work performed under the license on
which heislisted.

A) | only C) Il only
B) Both | and Il D) Neither | nor Il

14. Thetotal computed load for the electric service shown in Figure 14-10 is 200 amperes for
each ungrounded conductor and 60 amperes maximum unbalanced load for the grounded
(neutral) conductor. If a THW copper conductor is used, the minimum allowable size of the
grounded (neutral) conductor is:

A) No. 6 ['#
B) No. 4 Office building service i
C) No. 2/0 -—f Y
Meter
D) No. 3/0
E NN
W\ 4
[ ¢ — s
Cold water pipe =N
grounding electrode ;—ﬁ Aﬁ:
1] 12
o
—
WI_M s ||
Made grounding electrode

Figure 14-10: Electric service for an office building, with details of
the grounding electrodes

15. The minimum allowable ampacity that shall be used to size conductor A in Figure 14-11is:

A) 260 amperes C) 551 amperes
B) 361 amperes D) 451 amperes
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LU A
208V 120V B
W\
+ C
1 I
15 KW 15 KW 15 KW 30 Kw
continuous continuous continuous continuous
lighting load lighting load lighting load heater load
1 1 )| : N

Figure 14-11: Wiring diagram of a three-phase wye-connected electric service

16. A “section” or “cross-section” of an object or a building is what could be seen if the object
were:

A) Sliced into two parts with one part removed C) Sawed into four parts
B) Sliced into six parts with three parts removed D) Left solid

17. A supplemental drawing used with conventional electrical drawingsthat gives a complete
and more exact description of an item’s useis called:

A) Title block C) Schedule
B) Detail drawing D) Riser diagram

18. A devicethat provides protection from the effects of arc faultsis known as a(n):

A) GFCI C) ACFI
B) AFGI D) AFCI

19. The maximum voltage drop for branch circuits and feeders combined should not exceed:

A) 1% of the circuit voltage C) 3% of the circuit voltage
B) 2% of the circuit voltage D) 4% of the circuit voltage
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20. Therating of the receptacle providing shore power for a 26-foot boat at a marina shall not be
less than:

A) 15 amperes C) 25 amperes
B) 20 amperes D) 30 amperes

21. If amultiwire branch circuit supplies line-to-line loads, the branch-circuit protective device
must open each:

A) Ungrounded conductor simultaneously C) Only the grounded conductor
B) All conductors, including the grounded D) None of the conductors
conductor

22. Unlessit isbare, an equipment grounding conductor must always be identified by a
continuous green color or a continuous green color with:

A) Blue stripes C) Yelow stripes
B) Red stripes D) Black stripes

23. Service fuses may be placed on which side of the service disconnecting means?

A) At each outlet C) Load side
B) Lineside D) Before the last transformer on the system

24. The service disconnecting means can consist of up to what number of switches or circuit
breakerswithout a main disconnect?

A) 2 C) 6
B) 4 D) 8

25. Asthe area of awireincreases, the dc resistance decreases, but the ac resistance increases as
a percentage of the:

A) dc resistance C) Impedance
B) Voltage D) Wattage

26. The medium-size lampholder is not permitted on any branch circuit rated over:

A) 15 amperes C) 30 amperes
B) 20 amperes D) 40 amperes
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27. The NEC permits only what type of permanently connected lampholders on 30-ampere
circuits other than those used in dwellings?

A) Edison-base C) Mogul or heavy-duty
B) Light-duty D) Type Sbase

28. Where portable appliances are used on a 30-ampere branch circuit, they cannot be rated
over:

A) 15 amperes C) 30 amperes
B) 20 amperes D) 24 amperes

29. To prevent the use of a portable appliance on a smaller or higher current rated branch
circuit, receptacles for portable appliances must be rated for:

A) 15 amperes C) 30 amperes
B) 20 amperes D) 40 amperes

30. When both feeders and branch circuits are included, the maximum voltage drop allowed on a
system is.

A) 2% C) 4%
B) 3% D) 5%

31. Each subpanel or branch-circuit panelboard must be supplied with:

A) A separate feeder C) Two or more feeders
B) At least three feeders D) Not less than four feeders

32. A feeder must have an ampacity to provide for:

A) 50% of the building’s total electrical load C) The maximum anticipated load
B) Thetotal building electrical load D) The minimum calculated load

33. A storeor similar occupancy will more than likely operate all its lighting simultaneously;
therefore a demand factor of what percent must be used?

A) 90% C) 125%
B) 100% D) 150%
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34. What size TW copper conductor isrequired to carry an 18-ampere continuous load?

A) No. 14 AWG C) No. 12 AWG
B) No. 10 AWG D) No. 4 AWG

35. What size THHN copper conductor isrequired to carry a three-phase motor load with a full-
load rating of 83 amperes?

A) No. 4 AWG C) No.2 AWG
B) No.1AWG D) No. /0

36. What size THW copper conductors must be used to feed a noncontinuous, three-phase,
3-wireload of 80 amperes?

A) No. 6 AWG C) No. 2 AWG
B) No. 4 AWG D) No. 1 AWG

37. Conductorswithin electrical nonmetallic tubing may not exceed what voltage?

A) 300 volts C) 500 volts
B) 450 volts D) 600 volts

38. Six 230-volt, No. 8 AWG copper conductorswith Type TW insulation areto beinstalled in a
single raceway. What is the maximum allowable load current of each conductor?

A) 28 amperes C) 40 amperes
B) 32 amperes D) 50 amperes

39. If the service-entrance conductors are size 3/0, the minimum size of a copper grounded
neutral conductor is:

A) 3/0 C) 2
B) 2/0 D) 4
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40. A 20 horsepower wound-rotor, no code letter, motor isto beinstalled on a 460-volt, three-
phase ac circuit. Disregarding exceptions, the largest nontime-delay fuse to provide short circuit
and ground-fault protection for the motor is:

A) 30 amperes C) 50 amperes
B) 40 amperes D) 60 amperes

41. On typical wiring diagrams for magnetic motor control starters, overload heaters are shown
in series with the:

A) Control circuit supplying the coil of the motor ~ C) Pilot light that indicates when the motor is
starter stopped

B) Line contacts supplying power to the motor D) Pilot light that indicates when the motor is on

42. A 120-volt lighting fixture has ten 100-watt lamps that are fed through a common fixture
wire. The minimum size fixture wire for the one common wire that feeds the entire fixtureis:

A) No. 16 AWG C) No. 12 AWG
B) No. 14 AWG D) No. 10 AWG

43. Wiring that provides external power to aircraft hangars shall beinstalled at least how many
inches above floor level?

A) 6 C) 18
B) 12 D) 24

44. When service-entrance phase conductors are larger than 1,750 MCM aluminum, the bonding
jumper should have an area of not less than what percent of the area of the largest phase
conductor ?

A) 8.5% C) 12.5%
B) 10% D) 20%

45. A five-family apartment building is supplied by a 120/240-volt, 3-wire service. Each
apartment has a calculated load of 40 kVA. According to the NEC optional multifamily-dwelling
calculation, the load of a 3-wire service for this building should not be less than approximately
how many kVA?

A) 80 kVA C) 88 kVA
B) 85kVA D) 90 kVA
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46. A 200-ampere lighting and appliance branch-circuit panelboard may be protected by two
main breakerswith a combined rating of:

A) 150 amperes C) 200 amperes
B) 175 amperes D) 225 amperes

47. A lighting and appliance panelboard is a panelboard in which more than 10% of its
overcurrent devices arerated 30 amperes or less and have:

A) Ungrounded connections only C) Neutral connections
B) GFClsinstalled D) Switched neutral

48. All metal enclosures for service conductors and equipment must be:

A) Grounded C) Made from 10 gauge steel or above
B) Ungrounded D) PVC (plastic)

49. On a switchboard with busbars, phase B would have the highest voltage to ground in a:

A) Delta-wye system C) Wye-wye system
B) High-leg delta-connected system D) Scott connection

50. Theterminal bar in a panelboard is connected to the neutral bar only when the panelboard
isused as:

A) Motor control feeders C) Service equipment
B) Low-voltage feeders D) Machinery feeders

51. A 1 horsepower electric motor always requires a:

A) Disconnecting means C) Solid concrete mount
B) Protection barrier D) Three-wire feeder

52. Electricity isnormally generated at power plants between what two voltages?

A) 120 - 460 volts C) 2,400 - 13,200 volts
B) 460 - 600 volts D) 600 - 1000 volts
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53. What section of the electrical distribution system steps the voltage down to distribution
voltages at cities or industrial plants?

A) Transmission lines C) Substations
B) Pothead D) Fused cutouts

54. Transformers mounted on the ground are normally referred to as what type of transfor mers?

A) Submersible C) Ground-mounted
B) Pole-mounted D) Padmount

55. Conductorson the high-voltage side of transformers are known as what kind of conductor s?

A) Secondary C) Primary
B) Output D) Feeders

56. Conversely, conductor s on the low-voltage side of transformers are known as what kind of
conductor s?

A) Secondary C) Primary
B) Input D) Feeders

57. What type of device protects connections of underground cable and overhead conductor s?

A) Lightning arresters C) Potheads
B) Insulators D) Fused cutout

58. What isthe name of the device used on electrical distribution systemsthat protectsthe
circuit against lightning?

A) Insulating bushing C) Pothead
B) Lightning arrester D) Fused cutout

59. What name is given to the conductors on the low-voltage side at a substation?

A) Service drop C) Branch circuit
B) Feeders D) Service cables
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60. Name two types (phases) of current carried by distribution lines.

A) Single- and three-phase C) Five- and six-phase
B) Two- and four-phase D) One- and four-phase

61. AFCl'sarerequired on all 15 and 20 ampere circuitsthat supply:

A) Garages C) Bedrooms
B) Outdoor receptacles D) Bathrooms

62. Name the voltage and phase, along with the number of wires, of the most-used electric
service for residential occupancies.

A) 240/460 V, three-phase, 3-wire C) 277/480 V, three-phase, 4-wire
B) 120/220 V, single-phase, 4-wire D) 120/240 V, single-phase, 3-wire

63. What isthe name given to transformersthat are installed in underground vaults?

A) Pole-mounted C) Padmount
B) Submersibles D) Ground-mounted

64. Transformers mounted on poles are known by what name?

A) Padmount C) Pole-mounted
B) Submersibles D) Ground-mounted

65. What type of occupancies normally employ three-phase, 4-wire electric services?

A) Fruit and vegetable stands C) Commercial
B) Residentia D) Dwellings

66. What nameis given to the electrical lines that move high voltage electricity over great
distances?

A) Service conductors C) Branch circuits
B) Transmission lines D) Feeders
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67. What two €electrical units are multiplied together to obtain watts?

A) Volts and amps C) Watts and volts
B) Ohms and watts D) Ohms and volts

68. How many watts arein one (1) kilowatt?

A) 10 watts C) 1 waitt
B) 100 watts D) 1,000 watts

69. If one 100-watt lamp is energized for 10 hours, how many kilowatt hours of electricity are
used?

A) 10,000 o 1
B) 100 D) 10

70. Once dlectricity isgenerated at a plant, what is doneto the voltage before it is transmitted
across country?

A) Remains the same C) Stepped down
B) Stepped up D) Converted to direct current

71. What flowsin conductorsto produce electricity?

A) Electrons C) Molecules
B) lons D) Protons

72. In brief, what are electrons thought to consist of?

A) Silver C) Copper
B) Atomic particles D) Aluminum

73. What type of cables are usually installed for underground wiring?

A) Uninsulated aluminum C) Insulated
B) MC cable D) Aluminum only

335



Electrician’s Exam Preparation Guide

74. Below what voltage level is electricity stepped down to at substations?

A) 69,000 volts C) 100,000 volts
B) 150,000 volts D) 200,000 volts

75. One section of a substation contains a capacitor bank. Name three other sections.

A) Panelboards, branch circuits, and service C) Panelboards, branch circuits, and feeders
conductors
B) Busbars, circuit breakers, and transformers D) Conduits, locknuts, and bushings

76. What devices are used in a substation to maintain the system’s voltage?

A) Potheads C) Transformers
B) Capacitors D) Fused cutouts

77. With what section of the electrical distribution system will most electricians become
involved?

A) Secondary C) Primary
B) Transmission lines D) Generation system

78. What isone use of a transformer inside a residential occupancy?

A) Reduce transmission voltage to residential use  C) Reduce 120 volts for use on a low-voltage
signaling system

B) Reduce transmission voltage to substation use D) Increase transmission voltage for residential
use

79. When alternating current flows through a transformer coil, what type of field is generated
around the cail?

A) Alternating magnetic field C) Direct current
B) Magnetic leakage D) Non-magnetic leakage

80. When thefield in one cail cutsthrough the turns of a second cail, voltage will be generated in
this second coil. What is thisinduced voltage called?

A) Voltage of reactive induction C) Voltage of automatic induction
B) Voltage of mutual induction D) Self induction
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81. Namethethree partsof a very basic transfor mer.

A) Core, regulator, and primary winding C) Core, primary winding, and secondary
winding
B) Deltawinding, core, and primary winding D) Inner core, outer core, and secondary winding

82. What would be the voltage on the secondary (output) side of a transformer with a5:1
winding ratio (primary side has 5 times the number of windings as the secondary side) if the
input (primary) voltage is 120 volts?

A) 120 volts C) 240 volts
B) 48 volts D) 24 volts

83. What typeisthetransformer in Question No. 82?

A) Step-up C) Step-down
B) Autotransformer D) Pole-mounted transformer

84. All transformers have some minor power losses, but for general wiring for building
construction, what percent efficiency may be used in circuit calculations?

A) 50% C) 60%
B) 75% D) 100%

85. Name thethree basic types of iron-core transformers.

A) Open, closed, and shell C) Dry, liquid-filled, and submersible
B) Signal, control, and open D) Open, liquid-filled, and dry

86. What is one effect that magnetic leakage in a transfor mer causes?

A) Increase in secondary voltage C) Increase in primary voltage
B) Decrease in secondary voltage D) Decreasein primary voltage

87. Name two areas where the magnetic path travelsin an open-core transformer.

A) North and south poles C) Coreand air
B) East and west poles D) North pole and air
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88. Which one of the three types of iron-core transformersisthe most efficient?

A) Shel C) Open core
B) Dry core D) Closed core

89. What isthe main purpose of transformer taps?

A) To increase efficiency C) To change the output (secondary) voltage
B) To mount transformer D) To make connections

90. One of the symptoms of a transformer with an open circuit is:

A) High voltage reading C) A reading of zero voltage on the secondary
B) Heating D) Low voltage reading

91. One of the symptoms of a transformer with a partial ground fault is:

A) Cooling off of transformer C) No voltage reading
B) Overheating of transformer D) High voltage reading

92. One of the symptoms of a grounded transformer winding is:

A) Overheating and high voltage C) Cooling off and high voltage
B) No voltage D) Overheating and low voltage

93. According to Kirchhoff’s voltage law, which of the following Ohm’s law equations may be
used to find the voltage drop across a resistor ?

A) Voltagedrop = IR C) Voltage drop = E/R
B) Voltagedrop = ER D) Voltage drop = I/R

94. A 120-volt circuit has an electric heater connected with a current rating of 7.5 amperes.
What istheresistance in ohms of the connected pure resistance load?

A) 5ohms C) 16 ohms
B) 10 ohms D) 15 ohms
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95. An ohmmeter showsthe resistance of a 240-volt electric heater to be 19.5 ohms. What
current flows through this heater?

A) 5.9 amperes C) 10.7 amperes
B) 20.3 amperes D) 12.3 amperes

96. What current isdrawn by a 277-volt fluorescent lamp with 8 ohms reactance?

A) 45 C) 34.62
B) 8 D) 7.4

97. What isthe minimum general lighting load per mitted by the NEC in a 4500 squar e foot office
building?

A) 1125 volt-amperes C) 13,500 volt-amperes
B) 15,750 volt-amperes D) 18,000 volt-amperes

98. What isthe minimum general lighting load permitted in a 1500 square foot single-family
dwelling as specified in Table 220.12 of the NEC?

A) 1500 volt-amperes C) 4500 volt-amperes
B) 2500 volt-amperes D) 3500 volt-amperes

99. A 50 kVA, three-phase, delta-to-wye connected, 480/120-208-volt transfor mer is used to
supply a lighting load. What istherated line current on the primary side?

A) 75 amperes C) 60.21 amperes
B) 17.3 amperes D) 20.70 amperes

100. A 480/277-volt, Y-connected transformer is used to supply a balanced 277-volt, single-phase
lighting load of 40,000 watts. What size transformer (kVA) should be used?

A) 10 kVA C) 40 kVA
B) 20 kVA D) 50 kKVA
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Using

the Interactive

Electrician’s Exam
Study Center CD

Inside the back cover isa CD with al the ques-
tions in the book, including the figures. You can
use the CD as either a study tool or a smulated
exam. In study mode, you get instant answer feed-
back with a brief explanation and the correspon-
ding NEC reference. In exam mode, you can mark
guestions to answer later, receive a numerical
score, review incorrect answers, retake the test,
and print your test results.

To start, insert the Electrician’s Exam
Interactive Study Center CD into your comput-
er's CD-ROM drive. The CD should start the
Introduction automatically.

If, after a minute, the CD does not start auto-
matically:

1. Click Start, and then click Run.

2. Click Browse to open the browse
window.

3. Navigate to locate your CD-ROM drive,
and then double-click to open it.

4. Double-click “craftsman” to select the
program and return to the Run window.

5. Click OK to start the program.

The Introduction lasts a few minutes. To skip
the Introduction and go directly to the “Welcome
to the Craftsman Interactive Study Center”
screen, click Skip.

340

On the “Welcome . . " screen, two options
appear:
I Take Test — Click to begin the study and
testing process.

I Connect to Web — Click to connect to
Craftsman’s Web site.

After clicking Take Test, the first option is to
determine what to study. You can select a specific
chapter of the book, or you can select arandom set
of 25 guestions taken from the entire book.

To take the test by Chapter:

1. Click Chapter to display page 1 of 2,
Chapters 1 — 8.

2. Click theright > arrow to display page 2
of 2, Chapters 9 — Final Exam.

3. Click the desired chapter to continue.

I Back — Click to return to the prior screen.

To take the test as arandom set of 25 questions,
click Random.

To return to the “Welcome . . .” screen, click
Main Menu.

Once you have selected the topic for study, you
are then able to choose to take the test in Study
Mode or in Exam Mode.



Using the Interactive Study Center CD

To take the test in Study Mode: I Review — Click anytime during the exam
1. Click Study Mode to display the first to see your answers, questions you didn’t
question. answer and questions you marked for review.
2. Review the question, and then click your In Review, click a number to return to that
answer. guestion. Unanswered questions are ndicated

1 Correct answer will yield agreen v/ by an orange square.

check mark and a bell will sound. I Finish — Click to end exam and get your
" Incorrect answer will yield ared X and a results. If your exam isincomplete, a

beep will sound. message will appear with the following
1 Explanation tab — Click to display a options:

pop-up window with the correct answer,

a brief explanation and figure(s). Click _ _ _

Explanation again to close the pop-up. < Review Questions — Click to return
to the Review screen.

< Cancel — Click to return to the exam.

To take the test in Exam Mode:
1. Click Exam Mode.

< Results — Click to see your answers,
review incorrect answers, take the exam

2. Click Timed Exam or Untimed Exam to again, print your results or see the
display the first question. percent of your correct answers. You have
3. Review the question, and then click your three options:

answer. Move to the next or previous
guestion by using the arrows at the bottom
of the screen, or:

I Review Incorrect Answers — Click to
review the question, your answer and the

correct answer.
I Mark — Click to identify the current

question for review later. In Review,
marked questions have ared dot; click a
guestion to return to the exam. Click I Print Results — Click to print your
Mark again to unmark a question. answer results.

I Take Test Again — Click to return to
question #1 of that chapter’s exam.

341



Appendix |

State Contractor’s
Examination Offices

State licensing boards are frequently changing their addresses and Web sites and the examining agen-
ciesthey use. Area codes also change from time to time. While the information provided here was accu-
rate at the time of this printing (January 2011), changes will occur.

If you can’t reach an agency at the address given, log on to Craftsman’s Web site (www.craftsman-
book.com). Scroll to the bottom of the first page and click on the drop down menu at the left to link to
Craftsman’s Contractors-License.org. The information given there is updated routinely every time we

learn of an address change. Plus, there are links to many of the state licensing agencies.

Alabama

Electrical Contractors Board
610 S. McDonough Street
Montgomery, AL 36104
(364) 269-9990
http://www.aech.state.al .us

Alaska

Division of Occupational Licensing
Construction Contractor Section

P. O. Box 110806

Juneau, AK 99811-0806

(907) 465-2550
http://www.dced.state.ak.us/occ/

Arizona

Registrar of Contractors

3838 North Central Ave., Suite 400
Phoenix, AZ 85012-1946

(602) 542-1525
http://www.rc.state.az.us

Arkansas

Board of Electrical Examiners
10421 W. Markham Street
Little Rock, AR 72205

(501) 682-4549

Fax (501) 682-1765
http://www.org/labor/divisions/
electricalexam_pl.html

California

Department of Consumer Affairs
Contractors State License Board
9821 Business Park Drive
Sacramento, CA 95827

(916) 255-3900 (800) 321-2752
http://lwww.cslb.ca.gov/
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Colorado

State Electrical Board

1560 Broadway, Suite 1550

Denver, CO 80202

(303) 894-7855 Fax (303) 894-7885
http://www.dora.state.co.us

Connecticut

Department of Consumer
Protection License Services
165 Capitol Avenue, Room 147

Hartford, CT 06106
(860) 713-7240
http://www.state.ct.us/dcp

Delaware

Division of Professional Regulation
Board of Electrical Examiners

861 Silver Lake Blvd., Suite 203
Dover, DE 19904

(302) 744-4500 Fax (302) 739-2711
http://dpr.del aware.gov/boards/
electrician/index.shtml

Florida

Dept. of Business and Professional
Regulation

Electrical Contractors Licensing
Board

1940 North Monroe Street

Tallahassee, FL 32399-0071

(850) 487-1395 Fax (850) 488-8748

www.myfloridalicense.com/dbpr/

Georgia

State Construction Industry
Licensing Board

Division of Electrical Contractors

237 Coliseum Drive

Macon, GA 31217-3858

(478) 207-2440 Fax (478) 207-1425

http://www.sos.state.ga.us/plb/

Hawaii

Department of Commerce and
Consumer Affairs

Board of Electricians and Plumbers

Division of Professional and

Vocational Licensing

P. O. Box 3469

Honolulu, HI 96801

(808) 586-3000

http://www.state.hi.us/dcca

Idaho
Division of Building Safety

Electrical Bureau, Licensing Section
1090 E. Watertower
Meridian, ID 83642
(208) 334-3950 Fax (877) 810-2840
http://dbs.idaho.gov/

Ilinois

The State of Illinois does not issue
State Contractor’s Licenses. Licensing
isdone on alocal level. Look in the
telephone directory under “Town of
“City of,” or “County of.”
http://www.idfpr.com



Indiana

The State of Indiana does not issue
State Contractor’s Licenses. Licensing
isdoneon alocal level. Look in the
telephone directory under “Town of,”
“City of,” or “County of.”
http://www.ipla.in.gov

lowa

Must be registered with the state.
Licensing is done on alocal level.
Look in the telephone directory under
“Town of,” “City of,” or “County of.”
http://mwww.iowaworkforce.org/labor/
contractor.htm

Kansas

The State of Kansas does not issue
State Contractor’s Licenses. Licensing
isdone on alocal level. Look in the
telephone directory under “Town of,”
“City of,” or “County of”
http://www.accesskansas.org

Kentucky

Office of Housing, Buildings
and Construction

Electrical Licensing

101 Sea Hero Road, Suite 100

Frankfort, KY 40601

(502) 573-0364

http://dhbc.ky.gov/

Louisiana

Licensing Board for Contractors
P. O. Box 14419

Baton Rouge, LA 70898-4419
(225) 765-2301 (800) 256-1392
http://www.lslbc.state.la.us/

Maine

Electricians' Examining Board

35 State House Station

Augusta, ME 04333-0035

(207) 624-8603 Fax (207) 624-8637
http://www.state.me.us/pfr/olr/

Maryland

Board of Master Electricians

500 N. Calvert Street, Room 302
Baltimore, MD 21202

(410) 333-6314
http://www.dlIr.state.md.us/license/
master_elec/master_elecintro.html

Massachusetts

Division of Professional Licensure
Board of State Examiners

of Electricians
239 Causeway Street, Suite 500
Boston, MA 02114
(617) 727-9931
www.mass.gov/

Michigan

Department of Labor

Electrica Administrative Board
7150 Harris Dr.

P. O. Box 30254

Lansing, M1 48909

(517) 241-9320 Fax (517) 241-9308
http://www.michigan.gov/dleg

Minnesota

Electrical Licensing and Inspection
443 Lafayette Rd N.

St. Paul, MN 55155

(651) 284-5005 Fax (651) 284-5743
http://ww.dli.mn.gov/main.asp

Mississippi

Contractor Licensing Board
2679 Crane Ridge Dr., Suite C
Jackson, MS 39216

(601) 354-6161
http://www.msboc.us

Missouri

The State of Missouri does not issue
State Contractor’s Licenses. Licensing
isdone on alocal level. Look in the
telephone directory under “Town of,”
“City of,” or “County of.”
http://www.state.mo.us

Montana

State Electrical Board
301 South Park, 4th Floor
P. O. Box 200513
Helena, MT 59620-0513
(406) 841-2309
http://dli.mt.gov/

Nebraska

State Electrical Division

800 S. 13th Street, Suite 109

P. O. Box 95066

Lincoln, NE 68509-5066

(402) 471-3550 Fax (402) 471-4297
http://www.el ectrical .state.ne.us
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Nevada

State Contractors Board

2310 Corporate Circle, Suite 200
Henderson, NV 89074

(702) 486-1100 Fax (702) 486-1190
http://www.nsch.state.nv.us

New Hampshire

Electricians' Licensing Board
Office of the State Fire Marshall
110 Smokey Bear Blvd.
Concord, NH 03301-0646

(603) 223-4289
http://www.state.nh.ug/electrician

New Jersey

Board of Examiners of Electrical
Contractors

124 Halsey Street, 6th Floor

P. O. Box 45006

Newark, NJ 07102

(973) 504-6201

http://www.state.nj.us/|ps/cal

nonmedical/electrical .html

New Mexico

Construction Industries Division
255 Cerillos Rd., 3rd Floor

Santa Fe, NM 87505

(505) 476-4700 Fax (505) 476-4685
http://www.rld.state.nm.us/
CID/index.htm

New York

The State of New York does not issue
State Contractor’s Licenses. Licensing
isdone on alocal level. Look in the
telephone directory under “Town of,”
“City of,” or “County of.”
http://www.dos.state.ny.us

North Carolina

State Board of Examiners of
Electrical Contractors

3101 Industrial Dr., Suite 206

P. O. Box 18727

Raleigh, NC 27619

(919) 733-9042 (800) 392-6102

Fax (919) 733-6105

http://www.ncbeec.org
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North Dakota

State Electrical Board

P. O. Box 7335

Bismarck, ND 58502

(701) 328-9522 Fax (701) 328-9524
http://www.state.nd.us/electric/

Ohio

Construction Industry Licensing
Board

6606 Tussing Road

P. O. Box 4009

Reynoldsburg, OH 43068-9009

(614) 644-2223 Fax (614) 644-2618

http://www.com.state.oh.us/dic/

dicocilb.htm

Oklahoma

Occupational Licensing Service
Electrical Division

2401 NW 23rd St., #5
Oklahoma City, OK 73107-1299
(405) 271-5217
http://www.cib.state.ok.us

Oregon

Department of Consumer and
Business Services

Building Codes Division — Licensing

1535 Edgewater Street, N.W.

Salem, OR 97304

(503) 378-4133

Fax (503) 378-2322

http://www.oregonbcd.org

Pennsylvania

The State of Pennsylvania does not
issue State Contractor’s Licenses.
Licensing is done on alocal level.
Look in the telephone directory under
“Town of,” “City of,” or “County of.”
http://www.dli.state.pa.us

Rhode Island

Department of Labor & Training
Division of Professional Regulation
1511 Pontiac Avenue

P. O. Box 20247

Cranston, Rl 02920-0943

(401) 462-8000 Fax (401) 462-8872
www.dlt.ri.gov/
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South Carolina

Contractors Licensing Board
P. O. Box 11329

Columbia, SC 29210

(803) 896-4501
http://www.lIr.state.sc.us/POL/
Contractors/

South Dakota

State Electrical Commission
308 S. Pierre Street

Pierre, SD 57501

(605) 773-3573 (800) 233-7765
Fax (605) 773-6213
http://dol.sd.gov/bdcomm/
electric/

Tennessee

Board for Licensing Contractors
500 James Robertson Parkway
Suite 110

Nashville, TN 37243

(615) 741-2241 Fax (615) 532-2868
http://www.state.tn.us/’commerce/
boards/contractors/index.html

Texas

Department of Licensing and
Regulation

P. O. Box 12157

Austin, TX 78711

(800) 803-9202 (TX)

Fax (512) 475-2871 (no applications)

http://www.license.state.tx.us/

electricians/elec.htm

Utah

Division of Occupational and
Professional Licensing

160 East 300 South

P. O. Box 146741

Salt Lake City, UT 84114-0805

(801) 530-6628

Fax (801) 530-6511

http://www.commerce.state.ut.us

Vermont

State Electricians Licensing Board
1311 US Route 302 B Berlin
Suite 600

Barre, VT 05641

(802) 479-7561
http://www.dps.state.vt.us/fire/
licensing/Electrical.htm

Virginia

Board for Contractors

9960 Maryland Dr., Suite 400
Richmond, VA 23233-1066

(804) 367-8511 Fax (804) 430-1033
http://www.state.va.us/dpor/

Washington

Department of Labor and Industries
Electrical Section

P. O. Box 44000

Olympia, WA 98504-4000

(360) 902-5800
http://www.Ini.wa.gov/
TradesLicensing/Electrical/default.asp

West Virginia

State Fire Marshal

Electrician’s Licensing Section
1207 Quarrier Street, 2nd Floor
Charleston, WV 25301

(304) 558-2191 Fax (304) 558-2537
http://www.wvfiremarshal .org

Wisconsin

Safety and Building Division

201 West Washington Avenue

P. O. Box 7970

Madison, WI 53707-7970

(608) 266-1018
http://www.commerce.state.wi.us/

Wyoming
Department of Fire Prevention
and Electrical Safety
Herschler Bldg., 122 W. 25th St.,
1-West
Cheyenne, WY 82002
(307) 777-7288 Fax (307) 777-7119
http://wyofire.state.wy.us/
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18.

19.

20.
21.

1

87.

70.

71.

53.

36.

88.

54.

37.

3.

89.

90.
91.

72
73.
74

55.

38.

56.
57.

39
40.

22
23.
24,
25.

75.
76.
77.

58.

41.

7.

92.

59.

42.

93. B
94.
95.
96.
97.

60.
61.

26.
27.

78.
79.

10.
11.

62.

45,

28.
29.
30.
31

80
81.
82

63.

46.

12.

64.
65

47.
48.

13
14.
15.
16.
17.

98.
99.
100. A

49. 66. 83.

32.

67.

50.

51.

33.

B

85.

68.

34.

Afternoon Exam

35 A 52. 69. 86.

36.

18.
19.
20.

1

87. C

70.
71.

53.

54.

88. A

37.

3. A

38 55 72
89. C
39. 56. A 73.
57.

21. A
22.

90. C

74. A
75.
76.

23.

6. A
7.

91. B

B
B

58.

4]1.

24.
25.

92. D

59.
60.
61.

42.

8.

93. A

77.

26.

0.
10.
11.

9. C

78.
79.

27.

95. D

62.

45,

28.

9%. C

80.

63. B

46.
64.

29
30.

12
13.

47.

97. B

81
82.

65.
66.

31 A 48. A

32.

14. A

98. C

83.

B

49.

15. A

9. C
100. C

33. 50. 67. 84.
51.

16. A
17.

85. A

68.

34,

345



Index

A
Advisoryrules ................. 6
Air-conditioning
branch circuit .............. 221
disconnect ................. 220
Aircraft energizers ............ 239
Aircraft hangars ...... 224, 237-238
Alternate power sources . . ..243-244
Aluminum conductors ......... 106
Aluminum SEcable ........... 108
Ammeter ........ 190-191, 200-201
Ampacity ............. 17, 106-107
Ampere ... 93
Anchors, electrical equipment . .18-19
ANSI electrical symbols........ 284
Answer sheet ........ 301, 306, 324
Appliance
horsepower ................ 172
load, calculating ............. 56
nameplate ................. 174
outlets ....... ... . 87
overcurrent protection . ...172-173
panelboard ............. 118-120
rating ........cooiiiiin, 172
utilization equipment . ....... 163
Arc-fault circuit interrupter . . ..80,84
Arcwelder .................. 149
Architect’'sscale .......... 272-274
Attachmentplug ............... 26
configurations ............... 27
Automatic control, lighting ...... 84
Autotransformer
branch circuits .. ............. 76
fault sensing system ......... 262
motor starter .. ............. 216
neutral currentrating......... 151
overcurrent protection .150-151,264
rating .............o ... 262
Auxiliary gutters .. ............ 120
Auxiliary lighting enclosure . . . .. 170
AWG conductors . ............. 62
B
Bareconductor ................ 18
Baseboard heaters . . ........... 287
Basement, unfinished ........... 87
Bathroom
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Bend, total equivalent
Boiler, overcurrent protection . . . .178
Bonding jumpers
Branch circuit

electric-discharge lighting
general purpose
health care facilities
identification

overcurrent protection

protective device

Bulk storage plants, fixed wiring .240

Bushing, insulated

overcurrent protection . . . .

Cable strap, SE
Cable tray systems
Cablebus, overcurrent

Calculations, electrical
Capacitance, calculating
Capacitive reactance, calculation . .53

code requirements
flammable liquid
grounding devices
ungrounded conductor .
Capacitor circuit conductors
Cartridge fuses

instructions. . ........... 340-341
Study Center ........... 340-341
Ceiling fans, weight ........... 172
Cdlline .................... 256
Circuit,load ................. 284
Circuit breakers
adjustable ............... 29, 32
connected in series .......... 146
definition ............... 19, 137
grouped . ... ... 110
handle position ............. 139
height..................... 131
number allowed . ............ 128
operation .................. 130
panelboard . ................ 126
stting ... 32
standard rating . ............. 144
Class|
fixed wiring systems .. ....... 238
flammablegas .............. 231
MOtOrs . .......covvivenn.. 236
pendant fixture ............. 228
wiring methods ............. 236
Class |, Division 1
aircrafthangar .............. 237
conduitseal ................ 227
explosion-proof ............. 226
flammablegas .......... 231-232
paint spray booths ....... 240-241
Class|, Division 2
aircrafthangar .............. 237
aircraft power plant .......... 238
flexiblecords............... 233
floorlevel ................. 235
gasolinedispenser ........... 230
Class |l
pendant fixture ............. 229
FESISIONS ..o v 234
Class |1, Division 1
dry-type transformer ......... 233
MOtors . .........coovuenn.. 228
paint spray booths ... .... 240-241
Class I
conduit locknut ............. 235
pendant fixture ............. 229
Class I, Division 1
lighting fixtures . ............ 234
Class 11, Division 2
fiberstorage ............... 226
lighting fixtures ... .......... 234



Clear working space, equipment . .36
Clearance, conductors

480-voltsystem . ............ 121
condition1 ................ 126
condition2 ................ 121
conductors above pooals.. . ... .. 250
service conductors . . . .. 97-99, 101
Cold water pipe, grounding .. ... 115
Color code, conductor .. .64, 70, 120
Combustible material ........... 17
Computer room wiring .245, 249, 253
Computer, nameplate .......... 254
Concedled wiring . ............. 14
Conductors
auminum ................. 106
ampacity . .............. 106-107
AWG ... 62
bare ................. ... 18
clearance ....97-99, 101, 121, 250
color ................... 64, 70
copper grounding electrode . . . 104
direct-buried ................ 61
insulated ............ 19, 64, 208
motor ......... 209-210, 212-214
parallel ........ ... ..., 80
pendant ................... 166
SErVIiCe . ..o 89, 91, 112
SIgN . 248
SIZE .. 47
(S 07z o 0 To [N 134
stranded .................... 80
THHN ....... ... e 103
THW ... oL 61, 102, 106
ungrounded ................ 139
waterheater ................ 171
Conduit
liquidtight ................. 207
motor conductors ........... 206
SIZE 281
SZING ..o 84
total equivalentbend .......... 65
Conduitbodies ................ 20
Conduit locknut, Class Il ...... 235
Conduits, electrical system ....... 86
Continuousloads ........... 28, 84
Controllers, motor ......... 29, 203
Cookingunits ................. 55
Copper wire, sizing . .. .73, 76-78, 96
Cord connectors, grounding . . . . .. 75
Cord-connectedload . ........... 78
Cross-sectiondrawing ......... 271
Current multiplier ............. 190
Current transformers. .......... 109

Current, calculating
........ 40-42, 45-49, 51, 55, 57-58

Index

Data processing equipment . .253-254
Data processing rooms,

wiring ... 119, 245 junctionboxes .............. 135
De-icing equipment .. ...... 177-180 lighting fixture ............. 170
Demand factor ............. 30, 73 motor controller ............ 206
Detail drawing ............... 271 Entrance to equipment .. ..... 16, 22
Dielectric heating equipment . .. .245 Entrances
Dimmer controls . .. ........... 152 equipmentroom ............. 35
Direct buried conductors ........ 65 room with liveparts .......... 33
Disconnect Equations.................. 37-38
air-conditioning .. ........... 220 Equipment
data-processingroom ........ 119 accessto ... 35
gasolinedispenser ........... 227 clear working space .......... 36
motor ......... 209-210, 218-219 enclosures .................. 15
motor compressor . .......... 222 generaluse .................. 7
Disconnecting means, minimum guards .......... .. 15
rating .............oia... 222 hazardous locations .. . ....... 231
Distribution equipment .. ....... 127 headroom................... 36
Drawings ................ 269-270 lightingnear ................ 86
Driploops ................... 112 over600voIts ............... 22
Dry-type transformer .......... 267 SEIVICE ... 89, 91
Dual-element time-delay special ... 8
fuses ............. ... 142-143 Exan—CD ............. 340-341
Duct heaters, definition ........ 177 InteractiveCD .......... 340-341
Duplex receptacles Timed—CD .............. 341
drawings............... 278-279 Untimed—CD ............. 341
symbol ................ 276-277 Explosion-proof .............. 226
Dusttight enclosure . . ........... 34 Exposed electricparts. .. ........ 30
Dynamic electricity ........... 183 Externally operable . ............ 16
E F
Edison-basefuse.......... 138, 142 Feeder circuit ................ 282
Electric calculations ......... 37-58 Feedertap ................... 147
eectrichill ............. 162-164 Feeders ................... 14, 60
Electric discharge lighting . . .74, 252 commonneutral ............. 70
Electricmotors . .............. 203 identification ................ 36
Electricranges ............ 78, 153 overcurrent protection ......... 71
Electricservice .. ........... 57,90 Festoon lighting ............ 34,74
Electric system, illustrated . . ... .. 60 Fill inconduit ................ 103
Electrical drawings ........ 269-270 Fire protection signa circuits . . . .160
Electrical equipment Firerating ................... 261
accessto ... 35 Fire resistant, definition ........ 261
fittings ..................... 28 Fittings, electrical equipment . .28, 31
Electrical faults .. ............. 199 Fixedwiring ............. 238, 240
Electrical specifications ........ 270 Fixture ballast, clearance . ...... 167
Electrical symbols ......... 276-277 Fixturewires................. 166
Electrical system, conduit size . .. .86 Flammable liquid in capacitor . . .265
Electrical value, changein .. .... 199 Flammable materials, ignition . . .230
Electrician'sexams . ............. 5 Flexible cords
Electricity, definition .......... 183 aircraft energizer ............ 239
Electrolyticcells . ............. 246 Classl, Divison2........... 233
Electrons .................... 183 showcase lighting ........... 167
Electroplating ............ 154, 246 Flexible metal conduit ......... 232
Elevators .................... 246 Floorplan ................... 269
| 65, 82, 103 lighting ................... 283
SUPPOIt . ..o 63 receptacle layout . . ..275, 278-279
Enclosed service disconnect . . . . . 111 scale......... i 280
Enclosures Frame, motor ................ 219
auxiliary lighting equipment . . .170 Frequency meter .............. 189
dust-ignition proof .......... 228 Fuse

electrical equipment ... .15, 20-21

branch circuit protected by .. .145
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catridge .................. 143
connected in parallel ......... 145
connected inseries .......... 146
definition .................. 137
dual-element time-delay ...... 142
Edisonbase ............ 138, 142
interrupting rating . .......... 147
nonstandard ampere rating . .. .138
plughase .................. 142
SzZiNg ... 138
standard rating . ............. 144
timedday ............. 142-143
window ........... 139, 199-200
Fused switch ............. 110, 132
Fusible link, definition ......... 137
G
Garage
adjacentareas .............. 236
definition .................. 223
floorlevel ................. 235
Garagecircuits ................ 68

ground-fault circuit interrupter .237
spark-producing equipment . . .229
Gasoline dispenser, disconnect . . .227

Gasolinefill-pipe ............. 230
General purpose branch circuit .. .29
General regulations. .. .......... 13
Ground-fault circuit interrupters
definition ................... 30
garage ... 237
receptacles ....... 76, 85, 87, 280
Grounded conductor
color ... 120
COPPES ot 120
definition . .................. 95
disconnect ................. 111
overcurrent protection . . ..159-160
Grounded neutral system ... .... 115
Grounding
metal enclosures ........ 102, 105
receptacles ........... 75-76, 241
Grounding electrodes .. .. .. 113-116
Groundingring ............... 115
Guards for equipment . .......... 15
Gutters, auxiliary ............. 120
H
Handholes, accessible, in
lightpoles .................. 129
Hazardous locations
conduit .................... 226
induction heating . ........... 256
wiringin .................. 223
Headroom
electrical equipment .......... 36
minimum . .................. 21
Health care facilities

alternate power sources . . .
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branch circuits.......... 148, 242
code requirements .. ..... 224-225
grounding receptacles . ....... 241
life safety branch circuits . . . . . 242
panelboard . ........ 121, 127, 241
power sources .......... 243-244
receptacles................. 242
Heating cable
interval ......... ... ... 176
protection ................. 181
waltage ......... ... ..., 177
Heating elements ............. 153
How tousethebook ............. 5
HVAC equipment
lightingnear ................ 86
receptacles.................. 68
|
Identification, wiring ........... 36
[llumination for service equipment 16
Impedance, calculating . ......... 52
Incandescent lamps ... .... 169, 196
Independent switches .......... 201
Induction heating, hazardous
locations.................... 256
Inductionmotors.............. 203
Inductive reactance ... ....... 41, 51
Infrared heating lampholder .171, 174
Instructions— CD ........ 340-341
Insulated bushing ............. 135
Insulated conductor ........ 19, 208
Insulated grounded conductor,
Color ..o 120
Integrated electric systems . .. ... 246
Interactive Study Center CD .340-341
Exammode ............ 340, 341
Study mode ............ 340, 341
Intrinsically safe circuits ....... 230
Iron core transformers ......... 263
Isolated, definition ............. 31

Isolating switches, hookstick . ...131

heavy-duty .................. 61
infrared heating lamp ........ 171
insulation .................. 170
rating ..........coo .. 79
SIgN 247
wattage ................... 169
weatherproof ............... 168
WINNG ..o 74
Laundry circuits ............... 67
Legend ............ ... 276
Licensing requirements .......... 5
Life safety branch circuits . . .. .. 242
Light for service equipment . .. ... 16

Light poles, accessible handholes .129
Lighting

J
Joists, wiring through . .......... 85
Junctionboxes ............... 135
minimum length ............ 123
K
Kilowatt-hour meter ....... 184-186
Kirchhoff’svoltagelaw ......... 40
Knife switches............ 122-124
L
Lampholders
conductors . ................ 165

electric-discharge ............ 74
festoon..................... 74
show window ............... 71
Lighting circuits ............... 21
Lighting fixtures
asraceway ................. 167
Classlll, Divisonland 2 ....234
dimensions ................ 164
enclosures ................. 170
marking ................... 168
metalpole ................. 164
nonmetallic ................ 168
number required ............. 45
weight .................... 164
Lighting floor plan ........ 283, 285
Lighting load . .41-42, 55-56, 97, 105
Lighting panelboard . ...... 118-120
Liquidtight conduit . ........... 207
Live parts, protection from . . .17, 219
Load center, testing ........... 197
Locked-rotor current . .. ........ 210
Low voltage
overcurrent protection . . ..157-158
problems .............. 192-194
]
Machines
irrigation .................. 246
metalworking .............. 245
nonportable ................ 245
Madeelectrode . .............. 113
Main service disconnect . . ... ... 127
Mandatory rules ................ 6
Manufactured wiring systems .. .246
Math operationsneeded . ........ 37
Meggers ............. ... 198

Metal enclosures, grounding
................... 102, 105, 118
Metal housing for equipment . .20-21
Miscellaneous applications . .245-246
Mobile home service .......... 106
Motor ........ ... ... ... 203
disconnect means
...204-205, 208-209, 214, 217-220



enclosed................... 227
liveparts .................. 206
operating temperatures . ...... 227

overcurrent protection
........ 204-205, 211-212, 214,218

overload protection .......... 205
phase converters ............ 212
Motor circuits
bushing ................... 212
overcurrent protection . ....... 218
Motor compressor
ampacity .................. 221
disconnect ................. 222
hermetic refrigerant . ......... 220
overload protection .......... 222
raing ................. 221-222
SzZing ... 220
Motor conductors
conduit.................... 206
rating ......... 209-210, 212-214
Mator control
center ........ ... 34-35
circuit devices .......... 211, 212
Motor controller
code requirements . ...... 203-204
conductors . ................ 216
definition . .......... ... ... 215
enclosures ............. 206, 219
grounding ................. 217
motorsconnected ........... 217
Motor frame, ungrounded ... ... 219
Motor-starter
autotransformer ......... 215-216
rheostats .................. 216

Multiple-occupancy building .. ..110

N
Nameplate
appliance .................. 174
computer ......... ... 254
spaceheating............... 176
National Electrical Code ....... 6-9
National Fire Protection
Association (NFPA) ........ 13,24

NEC grounding requirements . . . .116
Neutral conductors . . . .. 93, 109, 115

Nonheatingleads . ... ...... 179-180
Nonlinearload ................ 35
0
Office furnishings . ............ 246
Ohm'slaw .................... 40
Ohmmeter ............... 188, 196
Opencircuit ............. 196, 199
Open current voltage .......... 248
Outdoor electrical fencing ....... 33
Outdoor receptacles ............ 87
Outlets

definition ................... 24

lighting .................... 69
temporary .................. 79
Outlinelighting ........... 31, 245
Ovens, connections . .. ......... 171
Overcurrent protection
appliance .............. 172-173
autotransformer ......... 150-151
boiler ..................... 178
branch circuit .............. 206
cablebussystem ......... 157-158
de-icingequipment .......... 178
definition .................. 137
electricrange . .............. 153
electroplating systems .. ... ... 154
grounded conductors . . . .. 159-160
infrared heatinglamp ........ 174
location ................... 141
low-voltage system ...... 157-158
motor . .204-205, 211-212, 214,218
panelboard .. ....... 120, 122, 127
raing ................. 146, 255
Szing ... 71, 81
space heating ........... 175-176
stagelighting .. ............. 152
supplementary . ............. 145
transformer ........ 261, 264, 266
ungrounded conductors. ... ... 139
welders ... 149
X-ray equipment . ........... 149
Overcurrent tripunit .. ......... 145
Overhead wiring ............... 73
Overloads .................... 32
P
Paint spray booths . ........ 240-241
Panelboard
bare metal parts ......... 133-135
branch circuit .............. 119
breskers ................... 121
busbars ................... 122
cabinets ................... 124
circuit breakers . . ... 126, 127-129
enclosures ................. 124

health care facilities .121, 127, 241
lighting and appliance . ...118-120

metal ... 136
overcurrent devices . .122, 127-129
raing ...l 121
schedule ........... 125-126, 281
SZiNg ... 118
PACING .+ 133
teeminal bar ................ 119
wireterminas . ............. 115
Panels, switchboard ........... 122
Pardleled conductors ........... 80
Partitions for equipment ......... 22
Pendant conductors............ 166
Pendant fixtures........... 228-229
Phase converters ... ... 212-214, 222
Phase-to-phase voltage . ... ..... 109

Index

Pipeorgans .............. 246, 254
Planview ................... 271
Plenums ..................... 23
Plot plan, definition ........... 269
Plugbasefuse................ 142
Plug configurations. . ........... 27
Plugfuses ....... 142, 161, 199-200
Plug-connected load ............ 78
Power circuits .. ............... 21
Power factor .............. 52,188
Power source, health care . . .243-244
Power supply, RV ............. 159
Power-riser diagram . . .269-270, 281
Preparingforexam .............. 9
Pressure connectors ........ 28,112
Primary fuses, transformer .. . ... 259
Program — Study Center CD
...................... 340-341
Protection, outdoor electrical . .. .. 33
Q
Qualified person, definition ...... 23
R
Raceways ................. 22,25
Radiation-pyrometer ........... 190
Rainproof components .......... 23
Raintight connectors . ........... 24
Ranges, electric ............... 72
Reactive power, calculating ... ... 52
Receptacles
bathrooms .................. 63
definition . .................. 22
different voltages ............ 78
distance from equipment . . . . . .. 68
GFCI protection ............. 85
grounding . ............... 75-76
health care facilities ......... 242
hotels...................... 63
isolatedground ............. 169
layout..................... 275
markings .................. 166
outdoor .................... 87
rating ... 78
requirements ............. 67-68
wall-switch controlled . . ....... 64
Recreational vehicle, power
Supply . 159
Remote control, lighting . ........ 84
Remote-controlled circuits . . ... .. 26
Resistance
circuit ................ 50, 53-54
motor ..........ovvvnivnnn.. 48
OVEN . ot 43
thermometer ............... 190
THWN conductors ........... 49
welder .......... ... ... 149
Resistor, installation ........... 265
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Rheostat, motor-starter ......... 216 Solar photovoltaic systems . . . . .. 246 code requirements . . ......... 257
Rigid steel conduit Sound-recording equipment . . . .. 246 dry-type ........... 233, 259-261
Clearance .................. 104 Space for bending wire ....123, 130 fuserating ................. 264
SZ' ng ................. 102, 106 Spa:e heatlng ......... 72, 175'176 |r0n (000 (= N 263
SUPPOIS . ..o 107 Specia conditions. .............. 9 PAS . .o 262
Rotary phase converters ........ 212 Special equipment .............. 8 primary fuses 259
Rotor ....................... 203 Special occupancies .. ... 7, 223-225 L T 13
Specifications ................ 270 SIZE
S Stagelights .................. 152 DS o 263
Standard voltages . ............. 71 Trolleywires.................. 21
Safety switches ........... 131-132 Static electricity .............. 183 TypeACcable ................ 82
Schedules ........... 125-126, 270 Static phase converters ......... 212 Type MCcable ................ 83
Schematic .................. 270 Stator..........c..eiiiiiiii.. 203 TypeMlcable............. 82, 234
SEcable .................L 108  Steelplates ................... 8  TypeNMCcable .............. 83
Sectiondrawing .............. 271 Stranded conductors . ........... 80 TypeTCcable ................ 83
Service conductors, Study Center CD .......... 340-341
clearance ............. 97-99, 101 Exanmode . ........... 340, 341
Service disconnect Study mode . . .......... 340,341 U
enclosures ............. 105,111 Studying for exam .............. 9 Unfinished basement, definition . . .87
location ............... 104-105  supplementary overcurrent Utilization equipment . .. ... 163-181
main......ccoviiiiinennn. 117 devices ......... .. ... .. .. ... 145
number ... 97  Surgearesters ........... 212,232
two-circuit ... 111 surgecurrent ................ 212 V
Ssgrf vice dr?p -------- 89, 91, 9:?4128 Swimming pool wiring . .246,249-251  \/qit. transformer installed in . . .259
viceentrance ............ , Switch-controlled lighting . ... ... 86 i : .
cable, support . ... ... 100-101, 108  switchboard ging Volt-ampere capacity, calculating . .45
CONUOLS ey, SERON. 25 xg:ggp“e towatratio ... 195
""" ’ ’ =IO, 3 ) live parts, exposed . ...........17 .
condlit ... ... 102,104, 106107 pandls oo 122 calculating ......41-42,46, 5051
EMT ... 103 voltage . ... .o 118 reading, normal ......... 191-192
equipment ........... 89, 91, 117 Switches sandard .................... 71
grounding .............. 113-115 fused ........... ... .. 110 test ... 192
grounding conductor . ........ 109 knife.................. 122-124  \oltagedrop, calculating .44-45, 50-51
MEEring ............... .. 109 operation .................. 130 Voltmeter ............ 191, 194-196
Szing ... 102, 108 SNAD . 132, 205
Service equipment Symbol list .................. 277
enclosures ................. 102 sSynchroscope ................ 189 W
mobilehome ............... 106 Wall switch, location ........... 69
Serviceheads ........ 100-101, 112 Water heater conductors . . . . .. .. 171
Servicelateral .............. 89, 92 Water pi d 113-116
Set-screw, wiresunder ......... 129 Tachometer .............. 189, 196 PIPE, asground ... . . - -
- : ' Watt-hour meter .. .... 109, 184-186
Short circuit Tap conductor, ampacity .. ... ... 141 '
definition .................. 197  Taps, transformer ............. 263  Wattage ............. 43, 46-47, 56
electrical fault .............. 199  Temporary Wiring .............. 79  Wattmeter ......... [EERRERRE 187
Signaling circuit ............... 26  Terminal bar, panelboard . ... ... 119  Welding equipment, wiring . ... . 246
Signs Test — Study Center CD ...340-341  Wet-nichefixture ............. 251
branch circuit .............. 247 Printresults ................ 341 Wheatstone bridge ............ 188
clearancefromwood . . .. ... .. 247  Theaters, code requirements.. . . . . 224 Wirebending space ....... 123, 130
code requi rements ........... 245 Thermal barrier ............... 265 Wire terminals, pane| boards ... .. 115
conductors . ................ 248  Thermocouple thermometer ... .. 190 wiring
NEON ..ottt ieeeans 248 Thermostat .. ............. 287-289 - :
portable ............... 247248 THHN conductors ............ 103 g\z%g;?d protection ... 7‘2
transformers ............... 247 Thickness, steel plates .......... 85 temoorary 79
Siliconsealant ................ 248 THW conductors . ..... 61, 102, 106 (EMPOTAY . .o vo e
Single-linedrawings . .......... 270 Timedelayfuse........... 142-143 ~ Wiring gutters, panelboard . ... 123
Steplan .....oevreeain... 271 Titleblock ........... 275,286-289  Wiring methods and materials .. . .. 6
Small appliance circuits . . . ... .. 105  Transformervault ......... 266-268 ~ Wood studs, drilling ............ 64
Snap switches ............ 132,205  Transformer-type rectifier ...... 254  Working space at equipment
Snow-melting equipment . ..178-180 Transformers ............. 266-268 < ......... 17, 36, 149, 246, 254-255
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Practical References for Builders

Building Code Compliance for Contractors & Inspectors

An answer book for both contractors and building
inspectors, this manual explains what it takes to pass
inspections under the 2009 International Residential
Code. It includes a code checklist for every trade, cov-
ering some of the most common reasons why inspec-
tors reject residential work — footings, foundations,
slabs, framing, sheathing, plumbing, electrical, HVAC,
energy conservation and final inspection.The require-
ment for each item on the checklist is explained, and
the code section cited so you can look it up or show it
to the inspector.Knowing in advance what the inspec-
tor wants to see gives you an (almost unfair) advantage. To pass inspec-
tion, do your own pre-inspection before the inspector arrives. If your work
requires getting permits and passing inspections, put this manual to work
on your next job. If you're considering a career in code enforcement, this
can be your guidebook. 8%z x 11,232 pages, $32.50

Electrician’s Exam Study Guide

Here you'll find 1,500 exam-style multiple-choice and true/false questions
and answers to help you pass the electrician’s exam on the first try.
Includes references to the NEC with plenty of illustrations to help you gain
insight on the many mysteries of the Code.Filled with extensive tables and
examples, this career-boosting guide presents a wealth of information on
general definitions and requirements for installations, wiring methods,
equipment, product safety standards, administration, enforcement, and
much more. 370 pages, 8%2x 11, $39.95

DeWalt Wiring Quick Check

Understanding complex electrical formulas is one of the most important
tasks facing today’s electricians. Accurate calculations make for proper
code compliance and safe installations.This easy-to-use flipchart compiles
the most commonly-used electrical formulas and simplifies them, using a
step-by-step approach and practical, real-world examples. Topics range
from Ohm’s Law and power formulas to areas of conduit and condauit fill,
minimum burial depth, clear working space and optional service load cal-
culations. With easy-reference tabs and a sturdy design, this is a beneficial
tool that will stand the test of time, weather, and a variety of jobsite and
toolbox conditions. 40 pages, 4 x 82, $14.95

National Electrical Estimator

This year’s prices for installation of all common elec-
trical work: conduit, wire, boxes, fixtures, switches, out-
lets, loadcenters, panelboards, raceway, duct, signal
systems, and more. Provides material costs, manhours
per unit, and total installed cost. Explains what you
should know to estimate each part of an electrical
system. Includes a CD-ROM with an electronic version
of the book with National Estimator, a stand-alone
Windows™ estimating program, plus an interactive
multimedia video that shows how to use the disk to
compile construction cost estimates.

552 pages, 82 x 11, $62.75. Revised annually

DeWalt Electrical Code Reference

Based on the 2005 and 2008 National Electrical Codes, this spiral-bound ref-
erence illustrates hundreds of the most common electrical code require-
ments and installations. Color illustrations and photos show exactly what
the Code requires, so there’s no guesswork. Find what you need, illustrated
on thick glossy industrial-strength pages made to survive — even in your
tool kit. Covers branch circuits, receptacle placement, 3- and 4-way switch
wiring, panelboard wiring, GFCl and AFCl requirements, conductor ampac-
ity tables, and workspace requirements. You'll find information on termi-
nals, common wiring methods, overcurrent protection, wiring services cal-
culations, smoke detector wiring; and wiring layout for bedrooms, bath-
rooms, kitchens, dining and living rooms, laundry rooms and garages.
Gives requirements for HVAC, conductor sizing, subpanels, underground
raceways, service grounding, and ground rods.

88 pages, 5 x 8,$19.95. By: American Contractors Exam Service

Electrical Blueprint Reading Revised

Shows how to read and interpret electrical drawings, wiring diagrams, and
specifications for constructing electrical systems. Shows how a typical
lighting and power layout would appear on a plan, and explains what to
do to execute the plan. Describes how to use a panelboard or heating
schedule, and includes typical electrical specifications.

208 pages, 8%2x 11, $29.75

Contractor’s Guide to QuickBooks Pro 2010

This user-friendly manual walks you through QuickBooks Pro’s detailed
setup procedure and explains step-by-step how to create a first-rate
accounting system. You'll learn in days, rather than weeks, how to use
QuickBooks Pro to get your contracting business organized, with simple,
fast accounting procedures. On the CD included with the book you'll find
a QuickBooks Pro file for a construction company. Open it, enter your own
company’s data, and add info on your suppliers and subs. You also get a
complete estimating program, including a database,and a job costing pro-
gram that lets you export your estimates to QuickBooks Pro. It even
includes many useful construction forms to use in your business.

344 pages, 872x 11, $57.00

(See checklist for earlier editions.)

CD Estimator

If your computer has Windows™ and a CD-ROM drive, CD Estimator puts
at your fingertips over 150,000 construction costs for new construction,
remodeling, renovation & insurance repair, home improvement, framing
& finish carpentry, electrical, concrete & masonry, painting, earthwork &
heavy equipment and plumbing & HVAC. Monthly cost updates are avail-
able at no charge on the Internet. You'll also have the National Estimator
program — a stand-alone estimating program for Windows™ that
Remodeling magazine called a “computer wiz,” and Job Cost Wizard, a
program that lets you export your estimates to QuickBooks Pro for
actual job costing. A 60-minute interactive video teaches you how to use
this CD-ROM to estimate construction costs. And to top it off, to help you
create professional-looking estimates, the disk includes over 40 construc-
tion estimating and bidding forms in a format that’s perfect for nearly any
Windows™ word processing or spreadsheet program.

CD Estimator is $108.50

Code Check Electrical, 6th Edition

In this handy flip chart, you'll find the answers to 600 common electrical
code questions. You can see at a glance the differences between the 2002
and 2005 National Electrical Code.Quickly find answers to your questions on
Ohm's Law, grounding, ground faults and arcing faults, service equipment,
temporary power, service and panel boards, calculations, multiwire circuits,
conductor ampacity, conduit, tubing, cables, boxes, appliances, lighting,
swimming pools, photovoltaics and generators. 30 pages, 82 x11,$19.95

Commercial Electrical Wiring

Make the transition from residential to commercial electrical work. Here
are wiring methods, spec reading tips, load calculations and everything
you need for making the transition to commercial work: commercial con-
struction documents, load calculations, electric services, transformers,
overcurrent protection, wiring methods, raceway, boxes and fittings, wiring
devices, conductors, electric motors, relays and motor controllers, special
occupancies, and safety requirements. This book is written to help any
electrician break into the lucrative field of commercial electrical work.
320 pages, 82x 11, $36.50

Construction Forms for Contractors

This guide contains 78 practical forms, letters and
checklists, guaranteed to help you streamline your
office, manage your jobsites, gather and organize
records and documents, keep a handle on your subs,
reduce estimating errors, administer change orders
and lien issues, monitor crew productivity, track your
equipment use, and more. Includes accounting
forms, change order forms, forms for customers, esti-
mating forms, field work forms, HR forms, lien forms,
office forms, bids and proposals, subcontracts, and
more. All are also on the CD-ROM included, in Excel spreadsheets, as for-
matted Rich Text that you can fill out on your computer,and as PDFs.

360 pages, 8%2x 11, $48.50
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Contractor’s Guide to the Building Code

Explains in plain, simple English just what the 2006 International Building
Code and International Residential Code require.Building codes are elaborate
laws, designed for enforcement; theyre not written to be helpful
how-to instructions for builders. Here you'll find down-to-earth, easy-to-
understand descriptions, helpful illustrations, and code tables that you can
use to design and build residential and light commercial buildings that pass
inspection the first time. Written by a former building inspector, it tells what
works with the inspector to allow cost-saving methods, and warns what
common building shortcuts are likely to get cited. Filled with the tables and
illustrations from the /BC and IRC you're most likely to need, fully explained,
with examples to guide you.Includes a CD-ROM with the entire book in PDF
format, with an easy search feature. 408 pages, 82 x 11, $66.75



Estimating Electrical Construction, Revised

Estimating the cost of electrical work can be a very detailed and exacting
discipline. It takes specialized skills and knowledge to create reliable esti-
mates for electrical work. See how an expert estimates materials and labor
for residential and commercial electrical construction. Learn how to use
labor units, the plan take-off, and the bid summary to make an accurate
estimate, how to deal with suppliers, use pricing sheets, and modify labor
units. This book provides extensive labor unit tables and blank forms on a
CD for estimating your next electrical job. 280 pages, 8%2x 11, $59.00

Residential Wiring to the 2008 NEC

This completely revised manual explains in simple terms how to install
rough and finish wiring in new construction, alterations, and additions. It
takes you from basic electrical theory to current wiring methods that com-
ply with the 2008 National Electrical Code.You'll find complete instructions
on troubleshooting and repairs of existing wiring, and how to extend ser-
vice into additions and remodels. Hundreds of drawings and photos show
you the tools and gauges you need, and how to plan and install the wiring.
Includes demand factors, circuit loads, the formulas you need, and over 20
pages of the most-needed 2008 NEC tables to help your wiring pass
inspection the first time. Includes a CD-ROM with an Interactive Study
Center that helps you retain what you've learned, and study for the elec-
trician’s exam. Also on the CD is the entire book in PDF format, with easy
search features so you can quickly find answers to your residential wiring
questions. 304 pages, 872 x 11, $42.00

2011 Ugly’s Electrical Reference

The most popular pocket-sized electrical book in America used by electri-
cians, engineers, designers and maintenance workers. This unique book
explains everything from bending conduit to complex electrical formulas.
This 2008 edition contains all the electrical material that has made this ref-
erence famous, but also reflects 2008 NEC changes and new color-coded
wiring diagrams. Also includes a Basic Math Review and a General First Aid
Section. 162 pages, 5 x 7, $18.95

Construction Contract Writer CD-ROM

If you have a computer running Windows™, this unique software lets you
draft, in minutes, a contract that precisely fits your needs and the particular
job requirements, and meets both your state and federal requirements. You
just answer a series of questions — like an interview — to construct a legal
contract for each project you take on. Anticipate where disputes could arise
and settle them in the contract before they happen. Include the warranty
protection you intend, and the attachments your state requires. You'll write
iron-clad contracts that fit your jobs like a glove and hold up in court should
something go wrong. An internet connection is required to activate the pro-
gram and download FREE updates for the first 12 months.$115.00

ElectriCalc Pro Calculator

This unique calculator, based on the 2002 National Electrical Code and
updateable to future NEC codes, solves electrical problems in seconds:
Calculates wire sizes, gives you integrated voltage drop solutions, conduit
sizing for 12 types of conduit, and finds motor full-load amps per the cur-
rent NEC. Also offers one-button parallel and de-rated wire sizing, com-
putes fuse and breaker sizes, sizes overload protection, calculates service
and equipment grounding conductor sizes, finds NEMA starter sizes, works
in volts, volt-amps, watts, kVA, kW, PF%, and DC resistance, and even
operates as a math calculator.3%2 x 7, $99.95

National Construction Estimator

Current building costs for residential, commercial, and industrial construc-
tion. Estimated prices for every common building material. Provides man-
hours, recommended crew, and gives the labor cost for installation.
Includes a CD-ROM with an electronic version of the book with National
Estimator, a stand-alone Windows™ estimating program, plus an interac-
tive multimedia video that shows how to use the disk to compile con-
struction cost estimates.

672 pages, 82 x 11, $62.50. Revised annually

California Journeyman Electrician’s Preparation & Study Guide

This book has just been published to meet the demands of graduating
apprentices and journeymen electricians in the State of California who
must now meet requirements of the new California Electrical Licensing
Law that requires journeymen electricians pass a test. It's designed with
sample questions and answers, definitions, illustrations, and study tips to
help you pass the exam on the first try. Although written for the California
exam, it can be used as a study guide for any state electrician’s exam that'’s
based on the 2002 NEC. 96 pages, 872x 11, $26.00

Also available: California Journeyman Electrician’s Preparation &
Study Guide, based on the 1999 NEC, $19.95

2011 National Electrical Code

This new electrical code incorporates sweeping improvements to make
the code more functional and user-friendly. Here you'll find the essential
foundation for electrical code requirements for the 21st century.With hun-
dreds of significant and widespread changes, this 2011+ NEC contains all
the latest electrical technologies, recently developed techniques, and
enhanced safety standards for electrical work. This is the standard all elec-
tricians are required to know, even if it hasn't yet been adopted by their
local or state jurisdictions. 880 pages, 8%2 x 11, $85.00

Also available: 2008 National Electrical Code, $75.00
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