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MCI-R24i-NRL

MFORMATION

FOR

MU STUDENTS
Welcome to the Marine Corps Institute training program. Your interest in

self-improvement and increased professional competence is commendable.

Information is provided belotOo assist you in completing the course.
Please read this guidance before proceeding with your studies.

1. MATERIALS

Check your course materials. You should have all the materials liited in
the "Course Introduction." In addition you should have an envelope to mail
your review lesson back to MCI for grading unless your review lesson answer
sheet is of the self-mailing type. If your answer sheet is the pre-printed
type, check to see that your name, rank, and social security number are
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go
unrecorded. You may correct the information directly on the answer sheet. If
you did not receive all your materials, notify your training NCO. If you are
not attached to a Marine Corps unit, request them through the Hotline (autovon
288-4175 or commercial 202-433-4175).

2. LESSON SUBMISSION

The self-graded exercises contained in your course are not to be returned
to MCI. Only the completed review lesson answer sheet should be mailed to
MCI. The answer sheet is to be completed and mailed only after you have
finished all of the study units in the course booklet. The review lesson has
been designed to prepare you for the final examination.

It is important that you provide the required information at the bottom of
your review lesson answer sheet if it does not have your name and address
printed on it. In courses in which the work is submitted on blank paper or
printed forms, identify each sheet in the following manner:

DOE, John J. Sgt 332-11-9999
08.4g, Forward Observation
Review Lesson
Military or office address
(RUC number, if available)

Submit your review lesson on the answer sheet and/or forms provided.
Complete all blocks and follow the directions on the answer sheet for
mailing. Otherwise, your answer sheet may be delayed or lost. If you have to
interrupt your studies for any reason and find that you cannot complete your
course in one year, you may request a single six month extension by contacting
your training NCO, at least one month prior to your course completion deadline
date. If you are not attached to a Marine Corps unit you may make this
request by letter. Your commanding officer is notified monthly of your status
through the monthly Unit Activity Report. In the event of difficulty, contact
your training NCO or MCI immediately.

.1:. q,.
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3. MAIL-TIME DELAY

Presented below are the mail-time delays that you may experience between
the mailing of your review lesson and its return to you.

EAST-COAST

TURNAROUND
MAIL TIME

MCI PROCESSING
TIME

TOTAL NUMBER
DAYS

----76 21----
WEST COAST 16 5 21
FPO NEW YORK 18 5 23
FPO SAN FRANCISCO 22 5 27

You may also experience a short delay in receiving your final examination
due to administrative screening required at MCI.

4. GRADING SYSTEM

EXAMS_LESSONS

GRADE PERCENT MEANING GRADE PERCENT

A 94-100 EXCELLENT A 94-100
B 86-93 ABOVE AVERAGE B 86-93
c 78-85 AVERAGE c 78-85
0 70-77 BELOW AVERAGE o 65-77
NL BELOW 70 FAILING F BELOW 65

Ycu will receive a percentage grade for your review lesson and for the
final examination. A review lesson which receives a score below 70 is given a
grade of NL (no lesson). It must be resubmitted and PASSED before you will
receive an examination The grade attained on the final exam is your course
grade, unless you fail your first exam. Those who fail their first exam will
be sent an alternate exam in which the highest grade possible is 65%. Failure
of the alternate will result in failure of the course.

5. FINAL EXAMINATION

ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. The administration
of MCI final examinations must be supervised by a commissioned or warrant
officer or a staff NCO.

OTHER PERSONNEL: Your examination may be administered and supervised by
your supervisor.

6. COMPLETION CERTIFICATE

The completion certificate will be mailed to your commanding officer and
your official records will be updated automatically. For non Marines, your
completion certificate is mailed to your supervisor.
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7. RESERVE RETIREMENT CREDITS

Reserve retirement credits are awarded to inactive duty personnel only.
Credits awarded for each course are listed.in the "Course Introduction."
Credits are only awarded upon successful completion of the course. Reserve
retirement credits are not awarded for MCI study performed during drill
periods if credits are also awarded for drill attendance.

8. AMERICAN COUNCIL ON EDUCATION (ACE) ACCREDITATION

Many of MCI's MOS courses have been evaluated by ACE and determined to
have equivalency credit fn either the Vocational Certificate (VC) category or
the Baccalaureate/Associate Degree (BA) level.

If you are enrolled in a college or vocational program or plan to enroll
and have completed one or more MCI courses, you may be able to receive college
or vocational credit for them. All that you need to do is to petition your
school to see if they will award you credit for the courses that apply to your
program area. You will need your completion certificate, and the Evaluation
of Educational Experiences in the Armed Services.

9. DISENROLLMENT

Only your commanding officer can request your disenrollment from an MCI
course. However, an automatic disenrollment occurs if the course is not
completed (including the final exam) by the tine you reach the CCD (course
completion deadline) or the ACCD (adjusted course completion deadline) date.
This action will adversely affect the unit's completion rate.

10. ASSISTANCE

Consult your training NCO if you have questions concerning course
content. Should he/she be unable to assist you, MCI is ready to help you
whenever you need it. Please use the Student Course Content Assistance
Request Form (ISD-1) attached to the end of your course booklet or call one of
the AUTOVON telephone numbers listed below for the appropriate course writer
section.

288.

Personnel/Administration/Corrections/Logistics 288-3259
Embarkation/Maintenance Management
Communications/Electronics/Aviation/NBC/Intelligence 288-3604
Infantry 288-3611

Engineer/Motor Transportatilities 288-2275
Supply/Food Services/Fiscal 288-2285
Tanks/Artillery/Infantry Weapons Repair 288-2290
Assault Amphibian Vehicles

For administrative problems use the UAR or call the MCI HOTLINE: 288-4175

For commercial phone lines, use area code 202 and prefix 433 instead of

3
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MARINE ELECTRICIAN: FUNDAMENTALS

Course Introduction

MARINE ELECTRICIAN: FUNDAMENTALS is designed to familiarize the student with the
principles of electricity, safety, and tools necessary to perform his mission.

Study Unit

Number

1

2
3

Study
Hours

5

4
3

2

2

16.

ADMINISTRATIVE INFORMATION

ORDER OF STUDIES

Subject Matter,

Fundamentals of Electricity
Safety and First Aid
Electrician's Tools
REVIEW LESSON
FINAL EXAMINATION

RESERV. RETIREMENT
CREDITS: 5

EXAMINATION:

MATERIALS: MCI 11.41, Marine Electrician: Fundamentals, review lesson and
answer sheel.

RETURN OF MATERIALS:

Supervised final examination without text or notes with a time
limit of 2 hours

Students who successfully complete this course are permitted to
the course materials.

Students disenrolled for inactivity or at the request of their
commanding officer will return all course materials.

NAVEDTRA 10545-E1
NAVEDTRA 10547-D1
ELECTRICITY AND ELECTRONICS
FUNDAMENTALS OF ELECTRICITY

SOURCE MATERIALS

Electrician's Mate 3 & 2, 1983

ElectriCianrsHaie 3 & 2, 1983
19d0, Sth edition
1974, 6th edition

HOW TO TAKE THIS COURSE

This course contains 3 study units. Each study unit begins with a general objective
that is a statement of what you should learn from the study unit. The study units are divided
into numbered work units, each presenting one or more specific objectives. Read the
objective(s) and then the work unit text. At the end of the work unit are study questions
that you should be able to answer without referring to the text of the work unit. After
answering the questions, check your answers against the correct ones listed at the end of the
study unit. If you miss any of the questions, you should restudy the text of the work unit
until you understand the correct responses. When you have mastered one study unit, move on to
the next. After you have completed all study units, complete the review lesson and take it to
your training officer or NCO for mailing to MCI. MC/ will mail the final examination to your
training officer or NCO when you pass the review lesson.
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MARINE CORPS INSTITUTE STUDY
GUIDE

Congratulations for enrolling in the
Marine Corps Institute's correspondence
training program! By enrolling in this
program, you have shown a desire to
improve the skills you need to enhance your
on-the-job performance.

Since 1920, MCI has been helping tens
of thousands of hard-charging young
Marines, like yourself, achieve educational
goals by teaching necessary new skills or
reinforcing existing skills. MCI will do every
thing possible to help you reach your
individual goals, whatever they may be.

Before you begin your course of
instruction, you may be asking yourself,
"How much will I benefit from a
correspondence training program?" The
answer to this depends upon you, 'YOUR
PROFESSIONAL TRAITS" (what you bring
to the learning situation).

Because you have enrolled in an MCI
course, your professional traits are evideni
and we know that:

YOU ARE PROPERLY MOTIVATED.
You made a positive decision to get training
on your own. Self-motivation is perhaps the
most important force in learning-or
achievinganything. Wanting to learn
something badly enough so that you will do
what's necessary to learn THA T IS
MOTIVATION.

YOU SEEK TO IMPROVE
YOURSELF. You enrolled to learn new skills
and develop special abilities.

YOU HAVE THE INITIATIVE TO
ACT. By acting on your own, you have shown
that you are a self-starter, willing to reach out
for opportunities.

YOU ACCEPT CHALLENGES You
have* self-confidence and believe in your
ability to gain training in your areas of
interest.

YOU ARE ABLE TO SET
PRACTICAL GOALS You are willing to
commit time, effort, and resources toward
accomplishing what you set out to do. These
professional traits will help you achieve
success in/your MCI program.

To begin your course of study:

* Look at the course introduction page.
Read the COURSE INTRODUCTION
to get the "nifty gritty" of what the course is
about. Then read the MATERIALS section
near the bottom of the page to find out which
text(s) and study aids you should have
received with the course. If any of the listed
materials are missing, see Information for
MCI Students to find out how to obtain them.
If you have everything that is listed, you are
ready to begin your MCI course.

* Read through the TABLE OF
CONTENTS of your text(s). Note the
various subjects covered in the course and
the order in which they are taught. Leaf
through the text(s) and look at the
illustrations. Read a few work unit exercise
questions to get an idea of the types of
questions that are asked. If MCI provides
other study aids, such as a slide rule or a
plotting board, familiarize yourself with
them. Now, you are ready to begin work on
your MCI course.

* Turn to the first page of study unit 1.
On this page you will find the study unit goal.
This is a statement of what you should be
able to do when you complete the final exam.
Each study unit is divided into work units.
Each work unit contains one terminal
learning objective and several enabling
objectives. The terminal learning objective is
what you should be able to accomplish when
you complete the work unit exercises. The
enabling objectives are the steps you need to
learn to help you accomplish the terminal
learning objective. Read each objective for
the work unit and then read the work unit
text carefully. Make notes on the ideas you
feel are important.

* Without referring to the text, answer
the questions in each exercise.

* Check your answers against the
correct ones listed at the end of the study
unit.
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* If you miss any of the questions,
restudy the work unit until you understand
the correct response.

* Go on to the next work unit, repeating
the above steps, until you have completed all
the work units in the study unit.

* Follow the same procedure for each
study unit of the course. If you have
problems with the text or work unit
questions that you cannot solve on your own,
ask your training NCO for the name of
someone who can help you. If they cannot
aid you, request assistance from MCI on the
Student Course Content Assistance Request
included with tois course, or refer to your
INFORMATION FOR MCI STUDENTS
(MCI-R24i-NRL) for the telephone number
of the appropriate Course Developing
Division at MCI.

* When you have finished all the study
units, complete the course review lesson. Try
to answer each question without the aid of
reference materials. However, if you do not
know an answer, look it up. When you have
finished the review lesson, take it to your
training officer or NCO for mailing to MCI.
MCI will grade it and send you a feedback
sheet (MCI-R69) with your final
examination listing course references for any
questions that you missed on the review
lesson.

"RECON" Reviews:

To prepare for your final examination
you must review what you learned in the
course. Therefore, why not make reviewing
as interesting as possible. The following
suggestions will make reviewing not only
interesting but also a challenge.

I. Challenge yourself. Reconstruct the
learning event in your mind. Try to recall and
recapture an entire learning sequence,
without notes or other references. Can you
do it? You just have to "look back" to see if
you've left anything out., and that will be an
interesting read-through (review) for you.

Undoubtedly, you'll find that you
were not able to recall everything. But with a
little effort you'll be able to recall a great deal
of the information.

vi

Also, knowing that you are going to
conduct a "reconstruct-review" will change
the way you approach your learning session.
You will try to learn so that you will be able
to "reconstruct the event."

2. Use unused minutes. While waiting at
sick bay, riding in a truck cr bus, living
through field duty, or just waiting to
musteruse these minutes to review. Read
your notes or a portion of a study unit,
recalculate problems, do self-checks a second
time; you can do many of these things during
"unused" minutes. Just thinking about a
sequence of instruction will refresh your
memory to help "secure" your learning.

.3. Apply what you've learned. Always, it is
best to do the thing you've learned. Even if
you cannot immediately put the lesson to
work, sometimes you can "simulate" the
learning situation. For example, make up
and solve your own problems. Make up
problems that take you through most of the
elements of a study unit.

4. Use the "shakedown cruise" technique.
Ask a fellow Marine to lend a hand and have
him ask you questions about the course.
Give him a particular study unit and let himfire away. It can be interesting and
challengiag.

The point is, reviews are necessary for
good learning, but they don't have to be long
and tedious. Several short reviews can be
very beneficial.

Semper Fi
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STUDY UNIT 1

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE
PRINCIPLES OF ELECTRICITY AND ELECTRICAL CHARACTERISTICS, SUCH AS VOLTAGE,
CURRENT, RESISTANCE, MAGNETISM, AND ELECTROMAGNETISM, PLUS THE RELATIONSHIP OF
THESE CHARACTERISTICS IN ELECTRICAL CIRCUITS. IN ADDITION, YOU WILL IDENTIFY THE
PRINCIPLES OF DIRECT AND ALTERNATING CURRENT CIRCdITS, BASIC POWER SOURCES, AND
TRANSFORMER TdEORY.

Work Unit 1-1. ELECTRICAL PRINCIPLES

DIFFERENTIATE BETWEEN COMPOUND AND MIXTURES.

SPECIFY ELECTRON FLOW.

DEFINE VOLTAGE.

INDICATE THE FORCE EFFECTS OF CURRENT.

SPECIFY THE UNIT OF MEASUREMENT FOR RESISTANCE.

DIFFERENTIATE BETWEEN TYPES OF MAGNETS.

STATE SPECIFIED CHARACTERISTICS OF MAGNETS.

DEFINE "LINES OF FORCE."

FROM A LIST OF STATEMENTS CONCERNING ELECTROMAGNETISM, IDENTIFY THE THREE TRUE
STATEMENTS AND EXPLAIN WHY THE OTHERS ARE NOT TRUE.

DEFINE DIRECT CURRENT.

DEFINE ALTERNATING CURRENT.

All activity which takes place in any type of electrical circuit depends on the
behavior of tiny electrical charges called ELECTRONS. To understand the behavior of
electrons, you must first understand the nal7a7Briatter. Hence, your first step in the
study of electricity involves learning how electrons fit into the world of physical things
that surrounds us.

Have you ever thought about the fact that everything around you, even the air you
breathe, occupies space and has weight? Anything that meetc this description is called MATTER.

It is impossible to name a physical substance or object that is not matter. Coal,
water, wood, gas--all are examples of matter.

Just what makes up matter? Well, it is made up of very small units called MOLECULES.
Molecules are made up of ATOMS. The atoms, in turn, are made up of minute particleraTTir
PROTONS, NEUTONS, and ELEVENS.

Not only does matter consist of the minute particles mentioned in the preceding
paragraph, but it can.also be stated that all matter is composed of ELEMENTS. Elements are
the so-called building blocks of nature. They cannot be divided or reoTh'Wedto a simpler form
by chemical means. Examples of elements are pure iron, gold, silver, copper, hydrogen, and
oxygen. There are some 100-plus natural elements known to man. All the things in our world
are made up of these elements or.combinations of them. There are about 12 other elements that
have been synthetically prepared (manmade) in laboratories.

Elements may be combined in two ways, either by compounds or mixtures. A COMPOUND
is a combination of elements that can be separated only by chemical miTiar.--15mmpliirlif70the
compounds are pure water (which is made up of the elements hydrogen and oxygen) and salt
(which is made up of the elements sodium and chlorine). A MIXTURE, on the other hand, is a
combination of elements or compounds that can be separated 1677ical means. Some examples
of mixtures are brass (a mixture of copper and zinc) and air (a mixture of nitrogen, oxygen,
carbon.dioxide, and several other gaseous substances).

You will find that a drop of water can be divided until the parts are no longer
visible, yet each part still keeps the characteristics of the original drop. Th . eMellest
part of a substance that has all the characteristics of the substance is called a MOLECULE.
A single drop of water is made up of millions of molecules, as are all other substances.

A.,
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Take a closer look at the helium atom in figure 1-1. Note that the nucleus contains
two protons. The positive charge of these two protons is balanced by the negative charges of
the two revolving electrons, and the electrical charge of the entire atom is neutral. Atoms
of other elements are more complex than the hydrogen and helium atoms. For example, look at
the lithium atom shown in figure 1-1. Notice that there are three electrons revolving around
the nucleus in two different paths or orbits. An even more complex atom, the carbon atom, is
also shown in the same figure. It has six electrons revolving around the nucleus in two
different paths.

The four common atoms shown in figure 1-1 illustrate that the only difference in atoms
of the various elements is in the number and arrangement of the protons, electrons, and
neutrons. In some elements, the electrons in the outer paths are called free electrons
because they can be dislodged from their regular paths and be made to movirlercria7Tam to
another. It is the movement or displacement of these free electrons that gives us electrical
energy.

The discussion of protons and electrons is important. Electrons moving or flowing
through a conductor (wire) are called an E1.ECTRIC CURRENT. Electric current always flows
from a point of gegativepotential (excess ov eiectronsj to a point of jpositive potential
(deficiency of eledtroner.

411,

ENLARG(D SECTION OF COPPER WIRE)

1
Fig 1-2. Electron movement in a conductor.

Current flowing through a conductor may be compared to water flowing through a pipe.
If you have a pipe full of water and pump in more water at one end, water is forced out of the
other end. If a copper wire containing billions of free electrons in the outer paths of the
copper atoms has electrons forced into one end of the wire, electrons are forced out of the
other end. The excess of electrons at one end forces an electron away from a nearby atom and
causes it to crowd an electron away from the next atom, and so on. This electron flow
principle is illustrated in figure 1-2. Imagine an almost instantaneous shift of billions
upon billions of free electrons throughout the entire length of the conductor, and it will not
be difficult to picture the electric current. Scientific research tells us that current
(electron flow) flows through a conductor at the speed of light (186,000 miles per second).

There are three fundamental things which must be present before you can have an
operating electrical circuit: VOLTAGE, CURRENT, and RESISTANCE. If you understand the
relationships among these thrinfiTiiis:ININ-You havi-i-Wriroundation toward understanding
and increasing your knowledge of electricity.

Just as you need a pump of some sort to keep water flowing through a pipe, an
electrical pressure is also needed to make current flow through a conductor. The "pump" that
produces this pressure mey be a battery or an electric generator which can produce a potential
difference in the conductor. Water pressure is measured in pounds per square inch; electrical
pressure is measured in volts. One volt is the electrical pressure required to force 1 ampere
of current through a reiTiMice:of 1 ohm. Electrical pressure, eTectromotive force (CT), and
potential difference are used interchangeably; they all mean the same tning--voitage. The
basic unit of measurement for voltage is the VOLT.

The VOLTAGE of an ordinary dry cell, such as a flashlight battery, is 1.5 volts.
The voltage TaFToost domestid-electrical service is about 120 volts. When vnItage is applied
to a circuit, a certain.amOunt of current will flow through the circuit. When the voltage is
increased, the current flow increases in.direct proportion to the increase in voltage.

You have,already learned that current flow is the movement of electrons through a
conductor. Electric current and some of its effects were discovered long before the
electrOn. The fact that cUrrent flows through a circuit in a given direction was also known.
It was this fact thatinitiated-the concept of polarity.

14



To provide a standard for indicating the direction of current flow, one terminal of
the early chemical cell used as a source of electrical energy was marked plus (+); the other
terminal was marked minus (-). It was then assured that when a circuit was connected to the
cell terminals, a current would flow through the circuit from the plus,(positive) terminal to
the minus (negative) terminal (plus [positive] to minus [negative)). But because of the
discovery of the lectron, this theory (conventional current flow) was found to be incorrect.
It is now known that when a circuit is connected to the post of a battery, current flows
through the circuit from the negative post to the positive post (electron flow theory).

You will find in your studies that CURRENT has four effects--heat, magnetism,
chemical action and physical shock. Curren=tays produces HEAT wherit flows through a
conductor. The Mint of heat depends on the material of theEaductor and on the amount of
current flowing. For xample, electric irons and toasters must have heating elements that
produce enough heat to be practical. The light from a light bulb is caused by current flowing
through a small wire inside the bulb, called a filament. The conductors that carry the
current to the filament must be large enough so that they do not get hot.

MAGNETISM is produced when current flows in a conductor. This has a very important
effect, 73F-TE-fi the basis for millions of electrical machines, such as generators, motors,
and electromagnets. Without this effect, there is no known way to generate electricity
cheaply and convert it into mechanical energy to do work.

Current produces CHEMICAL ACTION when it flows through various liquids. Examples of
this effect are the chargifilrirrifFlie battery and the electro-plating process. PHYSICAL
SHOCK is the unpleasant and sometimes dangerous sensation caused by coming into contiEMEF
a source of electric energy. We often speak of voltage as the cause of shock; however, the
fact is that current flowing through the human body produces the physical shock. The pain and
the muscular contraction are due to the effect of current on the nerve centers and on the
nerves themselves.

Current is measured in terms of the number of coulombs that pass by a pgjnt in one
second. When a conductor is connected across a source of voltage and 6.28 x 1010 electrons
(one coulomb) pass through the wire in a period of one second, then the result is one unit of
current flow. This unit,of current flow is called on AMPERE.

The definition of resistance is the opposition to the movement of free electrons
through a conductor. Thelamiinropposition in a conductor depends on what the wire is made
of, its length, its cross-sectional area, and its temperature.

Resistance to current flow is present in all matter, but one material may have much
more resistance than another. Air, rubber, glass, and porcelain have so much resistance that
they are called insulators and are used to keep electricity in the circuit. The rubber
covering on the railif-Orin electric lamp prevents the wires from touching each other and
causing a short circuit. The rubber also protects a person who is using the lamp from an
electric shock. Air acts as an insulator when a light switch is opened. Air fills the gap
between the open contacts of the switch and no current flows because of the high resistance.
However, even air may act as a conductor if the voltage is high enough; an example of this
would be the discharge which appears as a lightning stroke.

Metals are good conductors of electricity, but some are better than others. Copper
and silver are both good conductors of electricity because of their low resistance. Aluminum
is not as good but is used for long overhead spans because of its light weight. Steel is a
poor conductor, but it is used in combination with aluminum for added strength. Alloys of
nickel and chromium are used in heater elements to provide a specific resistance which passes
enough current tp heat the elements to a red glow. The alloy makes it possible to operate the
elements at high,temperatures without melting them. Since copper is a good conductor and also
relatively inexpensive, it is widely used in electrical circuits. However, copper is seldom
used in its pure form. It is usually mixed with other metals to form a copper alloy.

The resistance of a copper wire is determined by three things--the cross-sectional
area of the wire, its temperature, and its len th. Since a wire with a large diameter has a
grea er cross-sectional area than a smaller w re, it has less resistance. A long wire has
more resistance than a short wire. A cold wire has less resistance than a hot wire. The
OHM is the standard unit of measurement for resistance. The symbol for an ohm is the Greek
TAO omega (0).

A magnet is an object which has the ability to attract iron or steel, and, if
permitted to turn freely, will turn to a definite direction. Magnets attract other materials,
such as nickel and cobalt, but not with as much force as they do iron and steel. Materials
which can be attracted by magnets are called magnetic substances. There are two kinds of
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magnets--natural and artificial.

NATURAL MAGNETS are a black mineral ore called lodestone or magnetite, which is
found in large amounIs in Asia Minor, and contain magnetic properties. Lodestone is called a
natural magnet because it exists in nature in a magnetized state. Lodes:Ulla-RI-used in the
Middle Ages to magnetize compass needles. Today, however, lodestone has very little value as
a magnet, chiefly because of its unstable structure and low magnetic strength.

ARTIFICIAL MAGNETS are made of iron or steel and can be either permanent or
temporary. They are magnetized, by induction from an external source, by stroking with some
other artificial magnet; or by being placed in the field of an electromagnet: (More on
electromagnets will be covered later.) Temporary magnets are those which will hold their
magnetism only as long as the magnetizing force is maintained. Permanent magnets will hold
their magnetism after the force is removed. Hard steel will hold its magnetism for a long
time, and for this reason permanent magnets are made of hard steel and other substances which
have the same characteristics. They are made in various shapes. Soft iron can be magnetized
easily but will lose its magnetism quite fast. The property of a substance which causes it to
stay magnetized is called retentivity, and the magnetism which remains is called residual
magnetism. Steel has hignITNETTiity, whereas that of soft iron is low.

Magnetic lines of force surround the earth in much the same way that lines of force
surround a bar magnet. Also, the earth has two magnetic poles, one near the geographic North
Pole and the other near the geographic South Pole. These facts are responsible for man's most
important navigational instrument--the magnetic compass. The compass needle is an artificial
magnet mounted in such a way that it aligns itself with the earth's magnetic lines of force,
with one end always pointing toward magnetic north.

When a bar magnet is dipped into iron filings, a large number of filings will cling to
the magnet near its ends, but just a few will cling to the magnet near its center. This fact
shows that the magnetism is concentrated at the two ends. These ends are called the poles of
the magnet. The strengths of the two poles of the magnet are the same. A magnet, free to
turn, will always turn to a north-south direction, aligning itself with the earth's magnetic
field. The pole of the magnet which turns to the north is called the North-seeking pole, or
the North pole (N); and the pole at the opposite end is called the South-seeking pole, or
South pole (S).

Placing a sheet of glass or some other nonmagnetic substance over a magnet and
sprinkling iron filings on it will give you a means of observing the lines of force in the
magnetic field. If you tap the glass, the filings will align tnemselves up into chains of
lines that will look like the magnetic field itself.
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Fig 1-3. Lines of force.

Figure 1-3 shows the theoretical lines of force about a bar magnet and a U-shaped
magnet. Lines of force travel from the North Pole to the South Pole, have only one direction
at a given point, and form closed loops. The path of each loop is from the North Pole to the
South Pole in space, and thence through the magnet back to the North Pole. When two magnets
are brought together, the fields of force interact, causing repulsion or attraction, depending
upon the polarity of the'poles. Like poles repel each other, and unlike poles attract each
other.

Over a century ago, Dersted, a Danish physicist, discovered that a current-carrying
conductor is surrounded by a magnetic field. He also discovered that the magnetic field's
strength became less as the distance from the center of the conductor increased and that lines
of force form about the conductor as current is applied to it.

Fig 1-4. Direction of electron flow.

-
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The LINES OF FORCE about a.current-carrying conductor move in either a clockwise or
a counterclockwise direction, depending upon the direction of electron flow. For example, in
figure 1-4, A, the electrons are moving to the right through the conductor. In this case, the
direction of the field about the conductor is counterclockwise. In figure 1-4, B, the
electrons are moving to the left through the conductor and the direction of the field is
clockwise. To determine the direction of the lines of force about any conductor, use the
left-hand thumb rule: If you grasp a conductor with you left hand in such a manner that your
thumb points in the direction of electron flow, your fingers will show the direction of the
lines of force. If you were to bend a straight conductor into a one-turn loop, as shown in
figure 1-5, the lines of force will concentrate within the loop. This concentration is due to
the fact that all lines of force enter thc ?flop from one side and leave it at the other. If
you wind several turns of wire close together into the form of a coil, the magnetic fields
about each turn will all have the sama direction.

Fig 1-5. Magnetic field about a loop.

Fig.1-6. Magnetic field produced by a coil.

When current flows through this wire, the coil (solenoid) is surrounded by a magnetic
field like that wbich is shown in figure 1-6. One end of this coil is called the north
magnetic pole. To find out.the polarity of a coil, use the left-hand thumb rule (11I-T-7) as
follows: grasp the coil with your left hand so that your fingers point in the direction of
electron flow, and note-the direction your thumb is pointing. This direction is the North
Pole. Inserting a soft iron core.into a coil will greatly increase the magnetic force of the
coil. This inCrease in magnetic force is not caused by an increase in the number of magnetic
lines, but from a concentration of the lines of force in the iron core.
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Fig 1-7. Determining the polarity of a coil.

Because magnetic lines of force from closed loops, the path that the plus loops follow
is called a magnetic circuit. Electrical circuits and magnetic circuits nave some thing in
common. The force which produces a flow of electrons in an electrical circuit is the
electromotive force iEMF). In the magnetic circuit, the force which produces the flux is
called the mgmgomotive force Qygl. Just as resistance opposes the flow of current in an
electrical TiftiTt, reluctance opposes the magnetic flux in a magnetic circuit. Also, just as
conductance indicates the ease with which electrical current flows, permeability indicates the
ease with which magnetic lines of force flow in a magnetic circuit.

Electricity that flows or is in use is called dynamic electricity. You have learned
that current flow is the movement of electrons through a wire. So, any time electrons flow
through a wire, dynamic electricity is at work. If the electrons move in one direction
through the wire, we have direct current (DC). If they (electrons) move back and forth
through the wire in a given time frame, we have ALTERNATING CURRENT (AC).

Thus far in this discussion, it has been said that electric current is a flow of
electrons caused by a voltage applied to a circuit. Also it has been stated that current
flows fFom a negative to a positive potential, or that there is a steady flow in one
direction. This type of current is known as DIRECT CURRENT (DC). There are many uses for
which only direct current is good, such as battery charging, electro-plating, and certain
electronic circuits.

Some electrical circuits make use of a particular type of direct current called
PULSATING DIRECT CURRENT. A pulsating direct current is obtained by using specially
designed switches which alternately turn direct current off and on, causing the current to
flow in pules. The automobile ignition coil circuit is a good example of pulsating direct
current. Each time the ignition points close, a short pulse of direct current flows through
the ignition coil. The current pulses always flow in the same direction.

A current which flows first in one direction and then reverses and flows in the
opposite direction is an ALTERNATING CURRENT (AC). One direction is called positive (+) and
the other is called negative (-).

Alternating current cannot be obtained from batteries. It originates from mechanical
devices called generators and alternators.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What are the building blocks of nature?

2. Of what is matter composed?

3. What can current flow through a conductor be compared with?



4. Explain the difference between compounds and mixtures.

5. What is the smallest part of a substance that has all the characteristics of that
substance?

6. What are the elements called that form molecules?

7. .Electric current is composed of what?

8. What is voltage?

9. What effects does current have?

10. What is produced when current passes through a conductor?

11. On what does the resistance of a conductor depend?

12. What is the standard unit of measurement for resistance?

13. Explain the difference between the two types of magnets.

14. Define what is oeant by the lines of force around a magnet.

15. Why does lodestone have little value as a magnet today?

16. What happens when two magnets are brought together?

Identification: For questions 17 through 21, identify the correct statements from the
incorrect ones by placing C for CORRECT and I for INCORRECT in the spaces provided.

17. When a soft iron core is inserted into a solenoid, the lines of force will
increase.

18. In a magnetic circuit, the force which produces the flux is called the
electromotive force.
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19. When you place your left hand around a coil with your fingers pointing in the

direction of electron flow, your thumb will point to the North Pole.

20. When current is flowing through a single-drop conductor, the magnetic lines of
force are concentrated to the outside of the loop.

21. The magnetic field's strength decreases directly as the distance from the center
of the conductor increases.

22. Define "direct current."

23. Define "alternating current."

Work Unit 1-2. DIRECT CURRENT (DC) CIRCUITS

SPECIFY THE RELATIONSHIP OF RESISTANCE, CURRENT, AND VOLTAGE.

USE OHM'S LAW TO SOLVE GIVEN DC SERIES CIRCUIT PROBLEMS.

FROM GIVEN INFORMATION, SOLVE DC PARALLEL AND SERIES-PARALLEL CIRCUIT PROBLEMS.

GIVER A LIST OF POWER TERMS AND A LIST OF DEFINITIONS, MATCH EACH TERM WITH ITS
DEFINITION.

GIVEN SEVERAL VARIABLES, DETERMINE THE AMOUNT OF POWER CONSUMED.

In order for current to flow, there must be both a source of voltage and a complete
circuit. The source of voltage may be a battery, a generator, or some other device. The
complete circuit is a complete path from the negative terminal through the load and back to
the positive terminal of the source. The complete path should let the electrons flow freely
to the load, do their work in the load, and then move freely back to the source without
straying off to other loads or doing any unneccessary work.

In this work unit you will learn the relationship of VOLTAGE, CURRENT, and
RESISTANCE and the application of Ohm's law in solving DC cirair7oblems.

There is a definite relationship between the voltage, current, and resistance of any
circuit or part of a circuit. If the voltage is increased, the current increases in
proportion, and if the resistance is increased, the current decreases in proportion. You will
learn the basic law on which this relationship is based and use the law to compute quantities
of voltage, current, and resistance in a basic electrical circuit.

A German scientist, nkm, developed a law for the quantities of a circuit as follows:
one volt is the pressure reqL d to force one ampere of current through a resistance of 1
Ohm. Ohm's law, simply stated, is as follows: "For any circuit or part of a circuit, the
current in amperes is equal to the EMF in volts divided by the resistance in Ohm." This means
that, if the voltage and resistance are known, the current may be found by dividing the
voltage by the resistance. This equation is written as follows:

Current . Voltage

Resistance
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Also, the values of voltage and resistance can be found if the other two values are
known. These relationships are shown by the following equations:

Resistance m

Voltage current

Sy the use of the
Ohm's law can be shown in

Rs E

Voltage
Current

x resistance

symbols "I" for current, "E" for voltage, and
the following three ways:

IIRII
for resistance,

If you look at figure 1-8, A, you will see the Ohm's law circle, which may better help
you to remember the previous equations. To use this circle, just place your thumb over the
unknown value and it will show you what you must do to obtain the unknown value. As you
progress through this course of study you will need them.

Fig 1-8. Ohm's law circle.

An example of the application of the Ohm's law formula follows:

A circuit has an applied voltage (E) of 120 volts and a resistance (R) of 20 ohms. To
find the current flow (I), simply apply Ohm's law (refer to fig 1-8, C) in the following
manner:

E of 120 volts I of 6 amperes
R of 20 Ohms

If a circuit has an applied voltage (E) of 120 volts and a current flow (I) of 2
imperes, the resistance (R) is determined by the following application of Ohm's law (refer to
fig 1-8, B):

E of 120 volts
of z amperes

To find the applied voltage (E) of a circuit if the current (I) and resistance (R) are
known, find the product of the current (I) and resistance (R) as follows (refer to fig 1-8, D):

I of 2 amperes x R of 60 ohms E of 120 volt

R of 60 ohms
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In any practical circuit, certain components are necessary. For a basic series
circuit, the components required are a source of power, conductors, a fuse or other_protective
device, a switch, and a unit of resis ance.

A SERIES CIRCUIT is defined as "a circuit which has onlY one path for current
flow." In-BTEF-Wai7-in a series circuit the units are connected one after the other so
Mr the circuit current must flow through each unit. Figure 1-9 shows the arrangement of a
series circuit.

41L-1-1-11r°.contti

BATTERY
411.

Fig 1-9. Series circuit.

Each electrical circuit has certain operating characteristics. The three
characteristics of a series circuit are as follows:

O The total resistance is the sum of each of the resistors.

O The same current flows in each part of the circuit.

O The applied voltage will divide among the resistors according to their resistance.

To opplY the characteristics of a series circuit, consider the circuit in figure
1-10. It has a 120-volt source of power (in this case a generator), a fuse, a switch, and two
30-ohm resistors in series. Since the total resistance of a series circuit is equal to the
sum of the resistors, then the total for this circuit is 30 ohms plus 30 ohms, or a total of
60 ohms. Knowing the total voltage (120 volts) and the total resistance, you can now find the
total current flow by ilirai7711-0WM's law. Using the equation ER * I, the problem is solved
as TO IOWS:

5.50 V
1.2 AMP
1130

TB120 V WO V
1.2 NIP

I T B2 AMP IWO

II T410

Fig 1-10. Series circuit with equal resistors.

E / Add the known values

120volts /

120 volts * 2 amperes



You find that 2 amperes of current will flow in the circuit when the switch is
closed. Since the same current flows in each part of a series circuit, a current of 2 amperes
will flow through each of the two resistors. To see how the voltage divides among the
resistors, use Ohm's law again. At each resistor of 30 ohms, you now have a current flow of 2
amperes. To solve for the voltage used at each resistor (voltage drop), use the equation I x
R E as follows:

IxR E

2 amperes x 30 ohms E

2 amperes x 30 ohms 60 volts

Note that this is the same for each resistor. The reason for this is that the
resistance is the same in both. Figure 1-11 shows how voltage divides among unequal resistors
in a series circuit. Notice that the unit with the most resistance uses most of the voltage.

1.120 V
102 NAP
Roe0

1.100 V
1.2 AMP
R050

WO V
102 MP
ROO

Fig 1-11. Series circuit with unequai resistors.

Almost all power and interior lighting circuits
therefore, a good understanding of parallel circuits is
called shunt circuits, are circuits in which components
that the current divides between them. Thus, there are
in as there are dredraiirs. Unlike a series circuit, a
through which the current will flow.

3 OHMS

are hooked up in PARALLEL;
a must. ParalleT-ETRiffs, sometimes
(units) are arranged in such a way
as many paths for the current to flow
parallel circuit has tt,^ or more paths

IT A 12 FA 2 OHMS

I13 113 OHMS
6110---VV

II VOLTS

1

Fig 1-12. Parallel circuit.

If you examine figure 1-12, you can see that the same voltage that is applied to
resistor R1 is also applied to resistors R-2 and R-3. This is true because the
corresponding points of each resistor are connected to the same points, A and B, and the same
difference of potential must exist between these points for all three resistors. This
illustrates the first law of a parallel circuit: In a parallel circuit the same voltage is
apOlied across each element.

24
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If an additional path is provided through which current can flow in a circuit, the
total current (It) in the circuit must be the original plus that of the additional path. In
figure 1-12, if only R1 is connected to the be 5-volt source, it can be determined by Ohm's
law (I E/R) that the current is 2 amperes (6 amps divided by 3 amps). When R2 is added,
the same voltage is applied to it that was applied to RI. The current through R2 must
equal 3 amperes (6 amps divided by 2 amps). The total current flowing from the source is now
5 amperes (2 amps + 3 amps). When R3 is added, the total current is then 8 amperes (2 amps
+ 3 amps + 3 amps). From these results, this rule of a paralleled circuit may be stated:
The total current in a parallel circuit is equal to the sum of the current flow in each of
the branches.

When the total current in the circuit and the applied voltage are known, the total
(combined) resistance (Rt) may be calculated by the use of Ohm's law (R E divided by I).
The total resistance is 0.75 ohms (6 ohms divided by 8 ohms). From this result, another rule
for parallel circuits may be stated: The total (combined) resistances of a parallel circuit
is equal to the applied voltage divided by the total current. Compare the total resistance
wia the individual resistance of R1, R2, or R3. Total resistance in this case equals
0.75 ohms and is less than that of either RI, R2, or R3. REMEMBER, in a parallel
circuit the total (combined) resistance of the circuit is IEBTSTess than the resistance of
the smallest element.

It would be very helpful for you to establish the following laws of a parallel circuit
firmly in your mind:

O In a parallel circuit the same voltage is applied across each element.

O The total current (It) in a parallel circuit is equal to the sum of the currents
in the individual branches.

O The total (combined) resistance (Rt) of a parallel circuit is equal to the
applied voltage divided by the total current (It) and is always less than the
smallest individual resistance (R).

When the total current is unknown and several resistors of equal value are connected
in parallel, the combined or total resistance can be found by dividing the resistance of one
piece of equipment by the number of pieces connected in parallel. Example: If two 10-ohm
resistors are in parallel, the total resistance offered by the combination is 5 ohms (10 ohms
divided by 2 ohms). If three 12-ohm resistors are in parallel, the total resistance is 4 ohms
(12 ohms divided by 3 ohms). If five 10-ohm resistors are in parallel, the total resistance
is 2 ohms (10-ohms divided by 5 ohms). To state this as a rule: The total resistance of
equal resistances connected in parallel is equal to one resistance divided by the number of
connected resistances.

,u, 12 OHMS 4 MIMS

18

Fig 1-13. Two Unequal resistors connected in parallel.

All equipment used in electrical circuits does not have the same resistance.
Therefore, when different pieces of equipment are connected in a parallel circuit, they do not
draw the same current. Two unequal resistors connected in parallel are shown in figure 1-13.
In this case, the current through the parallel connected resistor A is

IA = E

WA

IA = 24

12

IA = 2 amperes

1-14
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The current through resistor B is

Ig EN
IB 24

IB 6 amperes

The total current (It) is equal to the sum of the current in the branches (IT 6A + 2A
8 Amperes). Ohm's law will give the total resistance offered by the current as RT E/IT

24/8 3 ohms.

The rule for equal resistors in parallel could not be used for this circuit since the
resistors A and B are not equal in resistive value. For such cases, another rule has been
developed for the calculation of total resistance: The total resistance of two resistors in
parallel is equal to their product divided by their sum. This rule as applied to the circuit
in figure 1-13 Is as follows:

RT Product , 12 x 4 . 38 3 ohms
t-uS-7-1 1777

As you can see, this is the same answer found previously when applied voltage was divided by
total current.

Fig 1-14. Three unequal resistors connected in parallel.

The PRODUCT-OVER-SUM METHOD may be appli.d to any two resistors in parallel whether
they are equal or not. It is the most commonly used method of determining the resistance of a
parallel circuit. This method may be extended to include three or more unequal resistors in
parallel. First, you determine the resistance of two resistors in parallel; then combine the
results of this calculation with one of the remaining resistances by additional application of
the same rule (product-over-sum). In each case, the result of the previous calculation is
combined with one of the remaining resistive values until the total or joint resistive value
has been deterwined. For example, consider the circuit shown in figure 1-14. In this
circuit, thrtas unequal resistors are connected in parallel. To apply the product-over-sum
rule to this circuit, you would proceed as follows:

Reg.BxC.3x6.18.2 ohmsITT T77 7
Combine the above results (2 ohms) with the remaining resistance A as follows

RT _eltmA 2 xl . 4 1 ohm
ltig*-4.K 2.77 Z

As you can see, this result of 1 ohm is the total, joint, and/or combined resistance
(Reg) of three unequal resistors (A, B, and C in fig 1-14).

There is another method of finding the total resistance of several resistors in
parallel. This method is known as the reciprocal method. As you have seen the
product-over-sum method can be used only with two resistors at one time. If as many a five or
six resiitors (or more) are in parallel, the arithmetic solution would be a lengthy
procedure. The reciprocal method may used to find the joint resistance of any number of
resistors in one operation. Thi* is stated as follows: the joint resistance (total resistance
of a parallel circuit) is equal to the reciprocal or the reciprocals of the individual
resistances. This method can be stated* a formula and applied to figure 1-14 as follows:
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Fig 1-11. Simple sories-parellel circuit.

Oen this is soplied to the circuit in figure 1-16, the first step is to change the
two parallel resisters II and C to au eqeWeleat giallo resistence. Since I end C are equal,

by I. This gins yes 6 ghee as the 3eint resistaace of tbe parallel branch. The
draft is ow a simple series circuit of We Fehe resistors. The totel resistance is foundby Wing the registries A to the eqeivaleet of and C. This gives 5 plus 5, or 10 ohms, as
the resisters* of the Mire circutt. Keaneg this, you can calcelate the total current bY11110,111 Ws kw as fellow

IT 4611. 1 apse

This 1 owe flais *NO resister A, givisa a voltage drop of 5 volts. Since the two
perellel mistimes have the sem value,_the 1 ampere of curtest divides equally between theWe. The U wrens equals 1/2 a le, or volts, ad across C it equals 1/2 It 10, or 5volts ale& Ms the rule that each element of a parallel circa is supplied
with the sere vellage follewleg one complete path around the circuit, you can see thatthe swe if 90 ver- Amps is equal to the aplied vretzi.. Startleg free the positive sideef the wars, is a 5-volt *rep is resiMr 5-volt drop in resistor 6, and
this beck to Ue tottery. Toe net tolls pre to follow only one path at a time in tracingtire* a cir.eult.

4

_MU

27



0111.11

ISV

1!II
11

COM "Se

!Rae

0
111111".L11011

aaeut sio

Fig 1-16. Solving series-parallel circuits by simplification.

SUB

The example just presented was of a very simple nature. In figure 1-16, you have a
seriesparallel circuit of a less simple nature, and the solution will involve more steps, as
you shall see lbe steps in the solution of circuit A in figure 1-16 are as follows:

o Combine resistor X and Y of circuit A; they can be represented by resistance N of
Circuit B which is the equivalent circuit of circuit A in figure 1-16. Resistors
X and Y are equal and in parallel; therefore, their joint resistance is as follows:

N s 10 I, 5 ohms

o Cosbine resistors W, N, and Z (circuit B of fig 1-16) into a single resistor N of
circuit C in figure 1-17. W, N, and Z are in series; therefore, the resistance of
M equals 15 ohms (5 + 5 + 5 n 15).

o Combine resistors 0, Ks.and M (of circuit C in fig 1-17) into a single resistance
P of circuit D of figure 1-17. Since resistors 0, K, and M are equal and in
parallel, they can be treated as follows: Total resistance of equal resistances
connected ih parallel is equal to one resiitance divided by the number of
connected resistances, therefore:

I) 15 x ohms.

more
Fig 1-17. Solving series-parallel circuits by

simplified equivalent circuits.

1-17
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o Combine resistors S, P, and L (circuit D, fig 1-17), which are in series. The
combined or total resistance (RT) of the whole circuit equals 20 ohms (10 + 5 +

o

5).

Find the total current (IT) of the circuit as follows:

IT E 60 3 amps
--KT 2r

o Find the voltage drop across equivalent resistance P (equivalent of 0, K, M,
circuit C) as follows:

Ep ET '(ES EL) 60-(30 15) 15 volts (circuit D, fig 1-17).

o Find the current in resistor 0 as follows:

I0 E 15 1 amp

o

-10

At point A of circuit A, figure 1-16, there are two paths for the current flow.
In a parallel circuit the total current equals the sum of the currents in the
branches. Therefore, the current flowing from point A to point B equals IT -
I0, or 3 amps - 1 amps 2 amps.

o The voltage drop across parallel resistors is equal, so the voltage drop across K
is 15 volts; the current E or 15 volts 1 amp.

15ohms

o Since Locurrent of 2 amperes flows from point A to point B and 1 amp of current
flows through, resistor K, the current through W must be 1 amp (2 amps - 1 amps).

o At C the current divides again. Since the resistive value of X and Y is the same,
the current divides equally, with 1/2 amp going through each resistor.

Voltage across X and Y will be the same (1/2 X 10 5 volts).

o At C to D of circuit A (fig 1-16) the two currents of 1/2 ampere join, and 1
ampere flows through Z. The voltage drop across Z is 5-volts (1 x 5).

At point ,E the current through,Z and K join, and 2 amps (1 + 1) flow through E to

o At point F the current flowing through resistor 0 joins the current flowing from
point E to F, and 3 amps (1 + 2) flow through L. You may recall that this 3 amps
is equal-to the total current.

As was stated previously, there is a very definite relationship between current,
volta e, and, resistance of any circuit. You should know how to compute for eachif-Wm with
e aid of,OharriiriTefer to fig 1-8 A, 8, C, 0).

You will finCit of value:to learn the meanings of the following terms commonly used
with electricity:. FORCE, WORK, ENERGY, and POWER.aMIONII

FORCE is that:wh* 'produces, or tends to produce, a change in the motion of a
electrOnicnoleCtrical force causes electrons to move from one point to

anotherilhe-unit/Offorce is called the dim.

j12.110e the production of motion against a resisting force. In electricity and
'ectronjcs, electromotive force causes electrons to move against the opposing
force'effiredkby the resistance in a circuit. When an ampere of current flows
thrOghe resistance of 1 ohm for 1 second, a joule of work is done.

ENERGY'irthe-CaPacity_or ability to do Work. Energy that is due to motion of
TOTKEls,cAllOCkinetic energy; energy that is slue to the position of matter is

,calledipotehtIal,energy. As an example, the electrons on a negatively charged
body,,havepotentiateeergYAlith respect to a less negatively charged body,
because.,the;etelectrons would-flow if the two bodies were connected by a
conduCtorVTIkelectiOns moving in the conductor connecting the two bodies have
Ainetic energyhechuse such electrons are in motion. Energy may be dissipated in
,iuch fOrli as hel4;'light; and motion. It may be transformed from one form to the
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other, as is done in producing electron flow by mechanical or chemical means.
Since energy is the capacity to do work, energy and work have the same unit
(joule).

o POWER is the rate of doing work and is abbreviated by the symbol P. Forcing
ITIErrons through a resistor requires work, and energy is expended in the resistor
in the form of heat. If this heat is not too great, it can be radiated and will
not damage the resistor. If it is too much, it cannot be radiated as quickly as
it is generated; consequently, the resistor becomes too hot and burns out. As a
precaution against too much heat, a resistor will have a power rating, meaning
that no more than a specified amount of current (given number of electrons per
second) can be allowed to flow through the resistor without damaging it.
Electrical power is the rate that electrons are forced through resistance by
electromotive force.

Let's take a closer look at power in a DC circuit.

The unit of electrical power is the WATT. One watt of power is present in a 1-ohm
resistor in which a current of one amp is fralWg; in other-words, a resistor consuming 1
joule of energy per second. A large unit of power is the kilowatt, which equals 1,000 watts.
The power used by some resistors can be as small as one tenth of a watt, and you may encounter
some as high as SOO watts. One.horsepower, the unit of meaturing mechanical power, is the
equivalent of 746 Watts.

Since power is the rate of doing work or consuming energy, the length of time it is
used is the true measure of energy used. It is common practice to purchase electrical energy
by watt-hour (watts x hours). The watt is so small that the unit kilowatt-hour, equal to 1000
watt-hours, is used. As an example, let's take an ordinary 100-watt light bulb, as found in
your home. A 100-watt bulb requires 100 watts of power for proper operation and consumes 100
watt-hours of energy in 1 hour. In.terms'of kilowatt-hours, the lamp 'uses 0.1 kilowatt-hour
in 1 hour. In 10 hours of operation, the bulb would use 1 kilowatt-hour of energy. In 24
hours, the bulb'would'consume 2.4 kilowatt-hours.'

In order to determine the power inaDC circuit, the formulaP=ExImay be used.
For example, a circuit with an applied voltage of 120 volts and a current flow of 10 amps will
use 120 x 10, or 1,200 watts. The circuit in figure 1-18 shows a circuit with two lamps in
series. Each lamp has a resistance of 60 ohms, and the circuit has an applied voltage of 120
volts. Note that each lamp is consuming 60 watts of power. In other words, they are 60-watt
lamps.

7.7 Ex 120 V
I1 NAP

11=120A

E60 V
1.1 AMP
R60.01.
P60 WATTS

5.60 V
1.1 AMP
6660 A
P60 WAITS

Fig 1-18. Two 60-watt lamps in series.

You can also find the power in a DC circuit if you know the resistance (R) by using
these two formulas:

P = E2 or P = I2R-r
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EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Specify the relationship of the current to the voltage and resistance in a DC
circuit as given in Ohm's law.

2. Show the Ohm's law equation for, and the solution to, the following problems:

a. Voltage 90v, current 30 amps, Resistance ?

Equation

Solution

b. Voltage ?, current 2 amps, and resistance RI, 7 ohms, R2 5 ohms

Equation

Solution

c. Voltage 24V; current ?; resistance RI 10 ohms, R2 8 ohms

R3 6 ohms

Equation

Solution

3. What is the relationship of resistance, current, and voltage in a DC series
circuit?

4. What should be the first step to solve the following circuit?

5. What is the rule pertaining to the total current in a parallel circuit?



6. When solving a series-parallel circuit, what should you do first to the circuit?

Matchin : Match each power term in column 1 with its appropriate definition in column 2.
ace your answers in the spaces provided.

Column 1

Term

Column 2

Definition

7. Force a. The ability to do work. The unit of mea-
8. Work surement is the joule.
9. Energy b. The production of motion against a
10. Power resisting force. The unit of measurement

is the joule.
C. The rate of doing work. The unit of

measurement is the watt.
d. That which produces a change in the motion

of a body. The measurement is the dyne.

11. How is power computed in a DC circuit with only resistance and current known?

12. In a parallel circuit having four equal lamps, with an applied voltage of 120
volts, and a total current flow of 4 amps, what is the amount of power consumed at
each lamp?

Work Unit 1-3.. ALTERNATING CURRENT. (AC) CIRCUITS

MATCH TERNS RELATED TO ALTERNATING CURRENT WITH PHASES WHICH DEFINE THEM OR
INDICATE THEIR FUNCTIONS.

STATE HOW ELECTRONS TRAVEL.

SPECIFY THE USE OF HERTZ.

WHEN TRUE POWER IS LESS THAN OR EQUAL TO APPARENT POWER, STATE THE CONDITIONS
THAT EXISTS AND GIVE THE FORMULA FOR FINDING THE POWER FACTOR.

GIVE THE FORMULA FOR FINDING THE POWER FACTOR.

As was stated in previous work units,.in order to understand how electrical equipment
is connected and how it works,.you mustfirst 'understand how current flow, voltage, and
resistance are related in the circuit. You have learned this relationship in DC circuits, now
you will learn.this relationship as.it applies toAC,circaits.

Electrical 'current-flow, As yoaalready. know, consists of electrons moving in a
circuit. Since.the electron.lsAlegatively charged, it'is repelledat the negative end of the
circuitandattratteCto-thOositiVe point.. Therefore, it traVels from negative to
positive. In the direacUrrnot.cirCuitOtAiloves in. one-direction-only..' In the alternating
current (AC).circuit,Jts,polailtyAs:Changititatregular intervals. This causes the current
to flow'in.One.directiOkand,thenin the opposite7direct1on. Those alternations in current
flow are illustratecrin figure 1496':Thetolid arrows indicate the direction of current flow
during'thejositiftelterhation, and'the dated arrows show the current flow during the
negative alternation. Since the.current flow'is continuously changing direction, it is called
ALTERNATING CURRENT.
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aC POWER
SOURCE

POSITIVE ALTERNATION
CURRENT FLOW DURING

CURRENT FLOW DURING
NEGATIVE ALTERNATION

Fig 1-19. Electron flow in an AC circuit.

When an AC generator (power source) completes a positive and a negative alternation,
it has completed one electrical cycle. it is represented by the symbol (Hz) . The number of
times each cycle occurs in 1 second is called FREQUENCY. This is now expressed is HERTZ
per second or simply by Hertz. We now say that the frequency of a power system as 10 Rirtz.

Note: The term "hertz" has been adoilted in the last few years in recognition of
Heinrick Rudolph Hertz, a German physicist. He discovered in his experiments
that electricity can be transmitted in electromagnetic waves at the speed of
light.

The frequency of a system was formerly expressed in cycles per second. The wave forms
of alternating current are shown in figure 1-20. This is usually referred to as a SINE
WAVE. The term "sine wave" comes from the operation of a generator. It is so naminiCause
INTalternator output voltage at any one point on the wave is the product of the sine of the
rotor angle and the peak voltage.

FuQuiNcy.s &cm: put sic
, ,

1901/fIN
NIEQUINCYL 2 CYCLES PER SIC
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Fig 1-20.
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Alternating circuit (AC) frequency.
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The frequency of the AC generator voltage output depends upon the speed of rotation of
the rotor and the number of pairs of poles. With a given number of poles, the faster the
speed of rotation of the rotor, the higher the frequency will be, and congersely, the lower
the speed of rotation, the lower the frequency. When a rotor has turned through an angle so
that two adjacent rotor poles has turned through an angle so that two adjacent rotor poles
(paired north end south poles) have passed one winding, the voltage induced in that winding
will have varied through one complete cycle. Therefore, for a given frequency, the more pairs
of poles there are, the lower the required speed of rotation.

,A two-pole generator must rotate at twice the speed of a four-pole generator for the
same frequency of generated voltage. The frequency of the generator in hertz can be
determined by the following formula:

fie PxN PN
-111 Tir

P is the number of poles, and N is the speed in RPM. For example, a 2-pole, 3,600-RPM
generator has a frequency of 2/120 x 3,600 60 hertz; a 4-pole, 1,800 rpm generator has the
same frequency; a 6-pole, 500-rpm generator has a frequency of 6/120 x 500 25 hertz; and a
12-pole, 4000-rpm generator has a frequency of 12/120 x 4,000 400 hertz.

MN MP MO

MAXIMUM OR MAX (1A X INACTIVE)

IfffCTIVI (.707 X VIM

AVM= O)6 X PIAIQ
=I moo .... mmEID so

.N

INSTANTANISSS
VALOIS

Fig 1-21. 'AC values.

Four values must beconsidered'when you.discuss alternating current and voltage. You
will learn'them in thefollowing order: The maximum or peak value, the instantaneous values,
the averige_valuel. and the effective value. These valves are illustrated in the sine.wave
form in figure 1-2T. Also we'll,take a.brief look at the way they affect-the power in an AC
circuit. :

The MAXINUMHor PEAK.VALUE is indicated as the highest voltage dr the highest
current reacNinireithirTHWitive orthe.negative alternation. It occurs when a coil is
cutting the maximum number.df-flux lines. NoAreater amount of current or.voltage can be
induced by this,magnetic fieltin this coil.. Becauseof this characteristic, generator
voltage output is-.mostfoften;calledPEAK. :From this point 'on in our discussions, this term
will'be used -in-lieu 'ofthe4erm'Pmagliiii0."

.

The INSTANTANEOUSVALUES-are 'between zero and the peak value in either the positive
or negative alternation. ,..AnAnstantaneous Value Is the value of the alternating current or
voltage at one point. in-time _It:may,be the same,as the peak value if the sclected point-fi
at the time the:voltage or current stops increasing and starts decreasing, or it could be zero
if the selettedpoint-Wthe. time :110ring.Which. the polarity of the voltage is changing. For
this reason', in.alternatingcurrent- the pealOialue of voltage or current cannot be used in
solving for.pOWer'Consumption.as it can be iw-direct current.

-
-The'AVERAGE4ALUE iti" alternating current is the.average of-all the instantaneous

valves durinirWir1110Wition. Except for'being a.mathematicaT viewpoint, it is of no great
signifiCance-sinCeitit4 numerical average of aThthe sine values for all the angles.
Average:Value.has.beencOMputed:to,be equal to, 0.636 ,times.the peikvalue.-.It is always this
ratio. ,..

Ifth.g,,a0.4i1Oe given for,curient or for voltage is_assumed to be EFFECTIVE value
unlessothorwise spoOified.. In4our Work you will be dealing only with offecriii7Wies of
.voltage orOurv'ent.:00hoold.not.confuso-thisvalue,. as.people often do, with the .avera e
valuebectUse:theAleffectiVe valloalAs..the.actualTating of the power available to o
OFE:Since itWthe,-actual-raVing,to do work,-perhaps.a discussion of whatis meant by the



term is in order.

As you know, ih any DC circuit the voltage across the circuit and the current through
the circuit have certain magnitudes. You also learned earlier that these are determined by
the actual values of the voltage and the resistance in the circuit. It should be clear, then,
why the term "effective value" had no particular significance in the discussion of DC
circuits. After all, if 10 volts or 1000 volts is applied to a DC circuit it is obviously 10
or 1,000 volts. (If this statement is puzzling, it is suggested that you go back and read
those pages pertaining to DC circuits.) However, in AC circuits, since the instantaneous
values of current or voltage vary, there must be some basis on which to judge them. The basis
used is direct current; therefore, when the voltage or current in an AC circuit is in phase,
the effective value of alternating current is the same as direct current in the same circuit
that would cause the same amount of electrical energy to be dissipated or produce on equal
heating effect.

While on the subject of values, it might be well to discuss what is known as APPARENT
POWER. The apparent power in an AC circuit is equal to the product of the effective va ues
7761tage and current. .This product is not equal to the true power, except when the voltage
and current are in phase.

It might be well to know that apparent power is expressed in KILOVOLT-AMPERE (KVA).
Thus, an expression of a quantity of kilovolt-omperes is a measurement of the apparent power
of an AC electrical system. The quantity kilovolt-amperes is found by dividing the number of
volt amperes by 1,000. Apparent power, or volt-amperes, is of considerable importance because
it is the volt-amperes, and not volts, which determine the operating limits of an AC generator.

When an alternating current flows through a.coil of wire, it sets up an expanding and
collapsing magnetic field aboutthe coil. The expanding and,collapsing magnetic field induces
.a voltage within the conductor which is opOosite in direction to the applied voltage.

This induced voltage opposes the applied voltage, thus serving to lessen the effect of
the applied voltage. This results in the self-induced voltage tending to keep a current
moving when the applied voltage is decreating and to oppose a current when the applied voltage
is increasing. This property of a,coil which opposes any change in the value of the current
flowing through it is called INDUCTANCE.

The inductance'ef a coil is measured inhers, and the symbol for inductance is "L."
In any coil, theinductante depends on several ac ors. The main ones are the number of turns
of wire in the coil,-the cross-sectional area of the coil, and the material in the center of
the coil, or the core. A core a magnetic.materill greatly increases the inductance of the
coil.

Remember, however, that even a straight wire has inductance, small though it may be
when compared to that of a coil. All AC motors, relays, transformers, and the like contribute
inductance (or inductive reactance) to a circuit.

In an AC circuit containing inductance, there is opposition to the flow of current in
addition to the resistance normally present.' The extent of this opposition depends on two
things, thefrequency of the applied voltage and the amount of inductance that is present in
the circuit. 'This opposition is known as INDUCTIVE REACTANCE. Inductive reactance is
identified by the symbol X1 and is measured in ohms. The formula used for finding inductive
reactance is

= 2 pi (f x L)

2pi = 6.28

f = frequency in hertz

inductance in henrys

Because-ofthe nature of a counter EMF, there is no actual loss of electrical energy.
Therefore', even-though inductive reactance is in opposition to alternating current flow, its
result,is not loss,:butjt does require a greater applied voltage to overcome this additional

Becauseof the opposition by inductive reactance, current lags the voltage in an
AC circuit. .YO:WillAuickly 'see; if you multiply the instantaneous values of the voltage and
current-together when'this'OUt-of-phasetondition exists, that the power output is greatly
diminished. -Altoi:if'ithe;circUit'is purely inductive, the current will lag the Voltage by
900. Figure' 122, O,Show's this current lag in a purely inductive circuit.



E.M.F. E.M.F.

A. B. C.
CURRENT AND VOLTAGE EFFECT OF INDUCTANCE EFFECT OF CAPACITANCE

IN PHASE

Fig 1-22. Sine wave of alternating current and voltage.

While inductance is the property of a coil in an "X" circuit, capacitance is the
property of a capacitor. The unit of capacitance is called the FARAD. A capacitor is a
device having the ability to store, or hold, a charge of electriag: When this device is
placed in an AC circuit, it stores electricity on one alternation (1/4 cycle), and when the
current is at the point of reversing polarity, the capacitor discharges in the original
current direction on the second half alternation.

In a circuit where there is only capacitance, the current leads the impressed
voltage. This is in direct contrast to a circuit containing pure ITEEtance, where the
current Ian the voltage..

Capacitance, like inductance, offers opposition to the flow of alternating current.
This opposition is called CAPACITANCE REACTANCE and is measured in ohms, just as inductance
is measured, but is it designated by the symbol "Xc:"

Xc 1

2 pixFxC

2 pi 6.28

f frequency in hertz

C capacitance in farads

Go back for a moment, to the,formula for inductive reactance and further,compare it with this
formula for capacitance reactance.

By comparing the two formUlas, you can iee Ihat while XL is directly proportional
to the frequency, inductance Xc.is inversel (the exact reverseJ proportional to the
frequency anCcapacitande. Another way o 'saying the same thing is that'l1 increases as the
frequency and'inductanCe; increases, and Xc decreases as the frequency and capacitance
increases. ThivaimplyHmeantAhat.since inductive and capacitive reactances act in opposite
directions, one cawbe4iseCto caneel Out the effects of the Other. How is this
accomplished? You know:that if timer circuit cOntains a large value of inductance, it will
cause the current' to-140e voltage, ind'by the same token, you know that too much
capacitance will causelhe current tolead the voltage (see fig 1-22, C). Therefore, by
adding jutt enough capacitance to the-circuit to counteract the effects of the inductance, you
can bring the current and Voltage back into phase (see fig 142, A). This is usually done in
AC circuits anauses tha appatent power and true power to be equal.

- -
IMPEDANCE is, the term Used to identify-the total opposition to current flok in an

AC circuit. Although they canna be added together, it is the combined effect of the
reactance and-the'resistance of a circuit that gives us impedance. This is shown in the

6

,

1-25
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impedance triangle in figure 1-23. The length of the reactance line shows the total reactance
(the difference between XL and 4), the length of the resistance line shows total
resistance, and then the resulting length of the impedance line shows total opposition to
current flow. Because impedance opposes current flow, it has the same unit of measurement as
resistance--the ohm. The symbol for impedance is "Z," and the formula used is Z the square
root of resistance' + reactance'.

RESISTANCE

Fig 1-23. The impedance triangle.

You have learned that the unit of electrical power is the watt and that electrical
power is the rate at which electrical energy in a circuit is spend. Another way of expressing
the same thing is that power is the rate of, doing work. In DC electricity, power is equal to
the voltage multiplied by the current in the circuit. For obtaining the power in a circuit,
the formula reads P E x I, or watts equal volts times amps. Consequently, if 1 amp flows in
a DC circuit with a force behind it of 220 volts, the power is 220 watts. This product of the
volts and the amps is what is knoin as the true power in the circuit, but in the previous work
unit, DC circuit were discussed, and in this work un t AC is being discussed. Actually, they
are similar. However, in an AC circuit a voltmeter indicates the effective voltage and an
ammeter indicates the effective current. Apparent power is the product of these two
readin s. It is only when the AC circuit consists of pure resistance that the apparent power
s equal.to the true power. The ratio between the apparent power and true power is known as

the power factor. It is usually expressed in percent and t e formu a is wr tten:

Power factor true power
apparent power

A PHASE ANGLE IS THE ANGLE OF
LEAD OR LAG WITH RESPECT TO
ANOTHER SINEANAVE OR
REFERENCE AXIS.

11.

Fig 1-24. Phase angle.

The reason for the-equation being written in this way is that the difference between true
power and apparent power is caused by the phase separation of the voltage and current in an AC
logical circuittojiave a very definite relationship between the phase angle, the true power,



and the apparent power. To find the phase angle, which is illustrated by figure 1-24, you
must dividebe true power by the apparent power--the apparent power (volt-amperes) being the
power delivertd (watts) to the circuit, and the true power (or effective power) being the
power actually used by the circuit.

Let's take a look at the power relations in an AC circuit. Note, in figure 1-25, the
triangle that displays the relationship between reactive power, true power in watts, and
apparent power in volts times amperes. If the circuit was a pure resistance circuit and
contained no reactance, the reactive power leg of the triangle would diminish to zero.
Apparent power and true power would then lie along the same line and would be equal.

APPARENT POWER
VOLTS X AMPERES

worrs

Fig 1-25. Power relationship.

In an AC circuit, the true power is less than the apparent power when the current
and voltage are out of_phase. This out-of-OREFF condition is caused by the amount of
capacitance or inductance (reactive power) in the circuit. The true power in an AC circuit
must be found by a wattmeter reading and not by multiplication as it is in DC circuits. It is
the ratio of the true power (base line) to the apparent power (hypotenuse) that is called the
power factor, usually expressed in percent. Look, at thiP relationship in equation form:

Power factor = 100 x watts (the true power)
volts x amps (the apparent power)

WATTMI Tel 0-10,000

Fig 1726. PoWer factor measurement.
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Because you cannot compute the true power in an AC circuit, figure 1-26 should clarify the
measurement of the power factor in a typical circuit. As you can see, the 220-volt AC motor
is apparently taking 50 amps from the line. The wattmeter in the line, however, shows that
only 9,350 watts are taken by the motor. Obviously, there is a disparity here and you've got
to go a little further. You have to find the apparent power and the power factor to analyze
the situation. In a case like this, use the equation. You know that the apparent power is
equal to the volts times the amperes, so

Apparent power a 220 x 50 amps or 11,000 volt-amps

therefore,

Power factor a 9050 x 100
11,000

Pf 935000

Pf a 85, or 85 percent

As was pointed out earlier, volt-amperes in alternating current is important because it
determines the operating limits of an AC generator, and since it is important, perhaps more
should be said in regard to these limits.

The outOut limits of an AC generator are determined chiefly by the temperature rise,
which is produced in the windings. This increase in temperature is caused by core and copper
losses. Core losses depend on the frequency and the flux density and are fixed by the
operating voltage and frequen these you can do nothing about. Copper losses, on the other
hand, are determined by the a.- mt of current, and this you can control. Full load (maximum
output capability) is reached when the generating equipment is carrying the full rated current
at the rated voltage and frequency. Any increase in load that exceeds the rated output will
likely cause overheating and probable damage to the generator.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. How do electrons travel in an AC circuit?

2. Why is the term "hertz" used instead of frequency?



Matching: Match each term in column 1
placing the correct letter
column 2 that is not used.

Column 1

Terms

to
in the

its description or function in column 2 by
spaces provided. There is one item in

Column 2

Definition/function

3. Cycle a. Equal to the product of the effective
4. Apparent power values of voltage and current
5. Inductance b. Symbol for inductive reactance
6. XL C. Determined by the frequency and amount of
7. Farad reactance inductance
8. Capacitance in Circuit d. Total opposition to the flow of alternating
9. Impedance current
10. Inductive reactance e. Unit of capacitance
11. Frequency f. Found by adding the individual reactances
12. x N

CO'
g.

h.

Number of times each cycle occurs in a
second
Causes the current to lead to voltage

"2

1. A complete positive and negative
alternation

J.

k.
Formula for determining frequency
The property of a coil in an AC circuit
which opposes any change in the value of
the current flowing through it

1. Highest voltage or current reached during
an alternation

13. When, in an AC circuit, is the apparent power equal to the true power?

14. When is the true power less than apparent power?

15. What is the formula used to find the power factor?

Work Unit 1-4. Basic Electrical Power Sources

SPECIFY THE FUNCTIONS OF ELEMENTARY GENERATORS AND ALTERNATORS.

GIVEN SEVERAL STATEMENTS PERTAINING TO GENERATORS AND ALTERNATORS, IDENTIFY EACH
STATEMENT AS BEING EITHER CORRECT OR INCORRECT.

LIST THE TYPES OF ALTERNATORS.

SPECIFY THE OPERATIONAL CHARACTERISTICS OF SINGLE-AND THREE-PHASE OUTPUT.

DISTINGUISH BETWEEN PRIMARY AND SECONDARY CELLS.

SPECIFY HOW STORAGE BATTERIES ARE CONSTRUCTED.

You have learned the sources of Voltage. To produce volta e, some form of energy
must be used to bring about thriaTons of electrons. The six basic sources of energy which
can be used are friction, pressure, heat, light, ma netism, and chemical action.
Although all of ThelFTEurces of energy praVidi some prac ical siaTiii-OFFNiF, this
discussion win be limited to two of the six. The two that supply the majority of our power
are ma netism and chemical action. The first to be covered is a power supply that makes
use of magne ic energy.

A generator is a machine which converts mechanical energy into electrical energy. The
machinery which supplies mechanical energy to the generator is usually called the orme
mover. There are many types of prime movers--water power, diesel, and gasoline eng nes, for
example. The electrical power (electromotive force) output from a generator may be either
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I I etininatien dependieg open the constrection. However, in
lc field throegh which they tern are the same for

arirram7iiiiirirsitmerythe d f_eferone between AC and DC generators is the wildrem&
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fig 147. Simplified directucurreat generator.

An lessntery DC generator cam produce voltage with a rotating loop of wire in a
mmgmetie fields One set ef cells is in motion and the other set of coils acts as an
Om:trump* to set epkomgmetic field. A stifled diagram of a DC generator is
illustrated fm figure 1017. A loop Weirs is conductor which rotates in the magnetic

Ibeemde of the loop tornfeete in two copper balf-rings which are inselated from each
other. rimed breelos nabs contacteith the copper Moo to conduct electricity to the
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xternal circuit. The loop is rotated in a clockwise direction. In position "A", the
conductors of the loop are moving parallel with the field, and since the conductor is not
cutting the lines of force, there is no voltage produced.

At position "8," the loop is moving at a right angle to the field, and voltage is at a
maximum. At position "C," the loop is again moving parallel with the field, and voltage is
zero. At position "0," the loop is cutting across the field and voltage is again at a
maximum. Notice that the sides of the loop have now reversed themselves, but voltage to the
xternal circuit, in this cosi a galvanometer, is still in the same direction. As the brushes

are stationary, they deliver direct current, because either conductor in contact with a
particular brush will have the same direction of motion across the field. Check the black
brush in figure 147 at positions "B" and "D," and you will see that the sides of the loop
change but the brushes remain stationary. .With two brushes riding on the commutator to carry
the current on an external circuit, you will have an ELEMENTARY DC GENERATOR producing
direct current.

A

Fig 1-28. Simplified alternating-current generator.
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A simplified diagram of an ELEMENTARY AC GENERATOR is shown in figure 1-28. The
difference between the DC generator and tbe AC generator is in the method used to deliver the
current to the brushes. In the AC generator, sliprings are used instead of a commutator.
This means that the same side of the loop delivers current to the same brush regardless of
rotation; otherwise,,the operation is the same. Figure 1-28 shows the loop turning in a
clockwise direction.

At position "A," the conductors are.moving parallel to the field, so no voltage is
produced. At position "8," the conductors are cutting across the field, and the galvanometer
indicates the .direCtion of current by the needle's pointing to the right. At position NC,"
the metershows tiro, as the conductors are again moving parallel with the field. At position
"D," the conductors are again cutting the field, and the meter shows maximum voltage but in
the opposite .direction. What happened? At position 4," the black side of the loop is moving
up through-the field. Now the black alipring is negative. Current is directed from the white
slipring to the meter and back. The" direction of current in the loop reversed itself, and the
same is true in the external circuit to the meter.

. .

The two ends of the loop are connected to sliprings. Two brushes ride on the
sliprings. Rotating the loO0.causes a current to be generated. The current, in turn, is
transferred by the brushes to an external circuit. You now have an ELEMENTARY AC.GENERATOR.

.

An AC and DC generator, then', are identical in generating voltage by the use of the
rotating loop. If the current is taken from theloop by sliprings, it is an alternating
current, and the generator is called an AC Generator. If the current is collected from a
commutator, it is direct current. You will fina that AC generators are normally referred to
as ALTERNATORS.

Almost all of the alternators used in electrical power production by the Marine Corps
are of the synchronous type with rotatincfields and stationary armatures. With this type
construction, the 'fields are wound onTotdr poles, and the armature coils are assembled inside
the alternator frame to form a statoreASSOMbly.

Generally speaking, alternatert4re:Of two typesSINGLE-PHASE and THREE-PHASE.
They all look alikelmit'aredonstructed,differently. Theyopethe OITKETWIT either
moving conductors across a magnstitMe*or moiling a magnetic field across the conductors.
In either case, the results are the'saii; illowever, most of the AC alternators used in
electrical.power production are detigned-io-that the magnetic field is moved across the
conductors.. With this construction, the'AC output is taken directiy from the stationary
stator coils. Thus, no brushes or sliprings are used in the alternator high voltage output,
but they are used to feed relatively low DC to the rotor coils to produce the magnetic fields.

Fi 1-29. Single-phase alternator.
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A sinole-ohase alternator is the simplest type. Notice the schematic wiring diagram
rf the single phase alternator in figure 1-28. As shown by the sine wave in the diagram, the
motor revolves through one full revolution and produces one cycle of alternating current. The
rirst half0revolution of the rotor produces a voltage in one direction and completes the first
ialf of the cycle; the second half-revolution produces a voltage in the opposite direction and
:ompletes the last half of the cycle. This alternator will produce only one cycle of AC
foltage during one revolution of the rotor. Since there are no overlapping cycles produced by
:he alternator, the voltage output is only single-phase.

The output of the three-phase alternator is used to operate almost all electrical
quipment in the Marine Corps. For this reason, the three-phase alternator is most commonly
nod in electrical power production. While the output of this alternator is being used to
)perate three-phase equipment, it can be used at the same time to operate single-phase
equipment from each of the phases or from a combination of any two of the phases.

Fig 1-30. Three-phase alternator.

Figure 1-30, a wiring diagram of the three-phase alternator, shows the stator fields
:onnected in pairs to produce a three-phase output. As the rotor turns through one
revolution, each phase produces one cycle. By overlapping the cycles, as shown by the sine
Nave, the three-phase alternator produces a three-phase voltage output.

In actual construction, the rotor pole windings of an AC alternator are electromagnets
'those magnetic strength is controlled by the amount of DC voltage applied to the brushes and
sliprings. An increase in DC voltage applied to.the brushes and sliprings causes an increase
in current through the rotor pole windings. Ibis increase in current produces a stronger
nagnetic field and, thus, provides a greater AC outOut. On the other hind, when less DC
Nonage is applied to,the rotor pole windings, the alternator. will have a lower AC output.

To furnish electric current for exCiting.therotor pole lindrings of an alternator, a
source of direct current must be provided. This,current is produced by an.exciter. The
exciter is a single, direct current.generator with a rotating armature and stationary field
:oils. The basic components of the exciter are the same as those for a.generator.

As the rotor of a three-phase alternator revolves, each phase delivers voltage in a
given sequence, according to the,method in which the:alternator if connected. These phase
woltages occur 120Aelectrical degrees-apart. lbat is, when-a cycle is started in a given
direction by phase one, either phase two or phase three must start a cycle in the same
direction, 120 electrical degrees later. Also,At third cycle must be started in the same
direction 120 electrical degrees after theatart of the second cycle. The order in which
these cycles are generated is called PHASE ROTATION.

You will find that there are two methods of connecting three-phase alternators. These
ere the "DELTA" and "WYE" methods.
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With the DELTA CONNECTION, the three alternator phases are connected together as you
see in figure 1-31. In this illustration, each coil of the delta represents one phase of the
alternator. The voltage between any two lines is the same as the voltage of the coil between
the lines (phase voltage). For example, if volts were generated ih each phase of the -

alternator, the voltage between any pair of the three lines would also be volts.

Fig 1-31. Delta connection.

416 V

416 V

414 V 240

240 V 240 V

Fig 1-32. Wye connection.

NEUTRAL

With the NYE connected alternator, the phases are connected as shown in figure
1-32. In this type of connection, the voltage between any phase line and neutral is equal to
alternator phase voltage--2,400 volts in this illustration. The voltage between any two of
these phase lines, however, is approximately volts.

A BATTERY is a device used to produce a voltage by chemical means. When such a
source of voltage is connected to a closed circuit, chemical energy is changed to electrical
energy. Other than generators, chemical action is the most common source of electrical
energy. In this day and age most of us use batteries in some way. You start your cars and
play your portable radios with the energy from a battery. You use batteries for emergency
light and power, for alarm circuits, and for the operation of relays and other devices.

A true battery is made up of units called CELLS. Often times, the terms "cell" and
"batterym are used interchangeably. All cells ate-diVided into two general types--PRINARY
and SECONDARY. Once the primary cell is used up, it is useless. On the other hand7-51F--
secoliaUTiiii may be recharged. In the following paragraphs you will learn more about the
primary cell and the storage battery. The storage battery consists of two or more secondary
cells.
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Fig 1-33. Primary (dry) cell.

First, let's look at the primary cell. There are many different sizes and shapes of
primary cells in use today, and to try to cover them all would take a book in itself. The
most common primary cellis the DRY CELL,.the type used in an ordinary flashlight. A
cross-sectional view of a dry. cern-Nown in.figure 1-33. The two terminals are connected
to plates:in the cell and are-cilled,ELECTRODES. The zinc can serve as the negative
electrodes as well as the container MITT-all, and the carbon rod serves as the positive
electrode. The electrolyte consists of a chemical dissolved in water and mixed with a thick
paste. the .paste prevents the electrolyte from spilling. The top of the cell is sealed to
prevent evaporation of moisture and to keep the contents of the can from spilling.
Connections to the cell are made by means of the terminal posts, which are connected to the
zinc and carbon electrodes.

When the cell is connected to a. circuit, a chemical reaction takes place between the
electrolyte and the negative electrodes. This reaction results in a current flow from the
negative terminal through to external CirCuit back to the positive terminal.

Single primarY.cell of the type shown in figure 1-33 develops a voltage of 1.5
volts. Keep in mind that'the size of the cell has nothing to do with the voltage that it can
develop, the.voltage depends on two factors only--the type of electrolyte and the electrode
material. The ambunt.of current that a. cell can furnish,_forever, is dependent upon the area
of the plates exposed.tOthc electrolyte, or, the amount of current is directly.dependent on
the cell size. This i'whyllashlightbatteries are quite small; whereas, batteries designed
for heavier current flow are much larger.

As stated earlier, the voltage developed by Orimary cell is 1.5 volts. This is the

open circuit or no-load.voltage. When a.cell is supplying current to a circuit, the voltage
is somewhat lower. The-voltageAunder. i load is called TERMINAL VOLTAGE.

.

The most common STORAGE BATTERY is the LEAD-ACID type, so called because the
plates are made of lead.and the electrolyte is IZTE--Fobably the type of storage battery
with which you are most familiar is the type used in cars and trucks (see fig 1-34).
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Fig 1-34. Lead-acid battery.

In a previous paragraph, a storage battery was defined as being made up of two or more
cells. The exact number of cells, of course, depends on the desired voltage. Most cars, for
example, use a 12-volt lead-acid battery. The battery consists of six cells (2 volts each)
connected in series.

The battery is contained in a case which is divided into compartments, one compartment
for each cell. Groups of positive and negative plates are assembled to form an element, and
each element makes up one cell. The elements are immersed in a sulfuric acid and water
solution called ELECTROLYTE. Thin sheets nf wood, porous rubber, or glass fiber (called
separators) are PaRriiinieen the plates to prevent them from touching and causing a short
circuit.

The battery plates are made in thP form of a grid, which is filled with a soft lead
paste, the active material.in the plates. Several plates are put together to form a positive
group and a negative group. The plates of each group are connected together and then
connected to the external terminal or connecting post.

When a lead-acid type WW1, is chaged and in operating condition, the active
material on the positive plates is LEAD PEROXIDE, and'on the negative plates, it is SPONGY
LEAD. When the battery is dischargliinnWes undergo a chemical change. The 103-VFOm
Binlectriolyte units with the active plates -aterial, and lead sulfate is formed on both the
positive and negative plates. During dis6, .0, the acid.content of the'electrolyte is
decreased. If the battery A Allowed to ,.mtinue discharging, the sulfate deposit on the
plates increases untirno further chemicA actiOn can take place. In this condition, the
battery is said to be cOmpletelY diit'AegaiA. 'Under normal operating conditionsi.the battery
is NOT allowed to become completely.disCharged. '4% batteryin which the plates have been
allowed to accumulate a heavy deposit of lead sulfate is practically useless because it is
almost impossible to recharge a battery In this:condition.

The voltage of a storage battery is determined by.the number.of cells that it has
connected in series. Although the open-circuit voltage of a lead-acid cell is approximately
2.2 volts, the cell is.normally rated at only 2'volts. The cell is normally rated at only 2
yolts because it dropsto that value under load. A battery rated at 12 volts consists of 6
lead-acid cells connected in series, while a battery rated at 24 volts has 12 cells.

Another type of storage battery used in the Marine Corps is the NICKEL-CADMIUM. Its
name comes form the composition of the plates--nickel in the positive plate and cadmium in the
negative plate. Each cell of the battery is housed in a rubber case'protected by a steel
can. A special hydrometer is used to check the level of distilled water which is added to the

1-36

KO



cells to replace water lost by evaporation. Unlike the lead-acid battery, the nickel-cadmium
battery contains an electrolyte solution of potassium hydroxide and distilled water. The
electrolyte has no charge because it acts as a carrier of irons. For this reason, standard
hydrometer readings are of no value in determining the state of charge in a nickel-calmium
battery.

Nickel-cadmium storage batteries have several major advantages over other types of
storage batteries. These batteries will recharge by the constant potential method with high
initial current load.and will maintain a relatively steady voltage when being discharged at a
high current flow. It is possible for these batteries to stand idle in any state for a long
period of time without damage. They can withstand extremely cold temperatures and are not
subject to failure by vibration or severe jolting.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What is the function of a generator?

2. How does a generator perform its function?

3. Identification: Identify the following statements concerning generators and
a ornamps as being either correct or incorrect. Place a "C" in the space
provide for the correct statements and "INC" by those that are incorrect.

a. Any DC generator must have a commutator.

b. There is a difference between the rotating coils and the magnetic
field of an AC and DC generators.

c. If current is taken from a rotating loop by sliprings, then it is
alternating current.

d. The difference between AC and DC generators is the method of
collecting the current.

e. When the generator rotating loop is parallel with the field it will
be producing maximum voltage.

f. A generator takes the energy of the prime mover and charges the energy
to electrical power.

4. What are the two types of alternators?

a.

b.

5. What are the two ways that an alternator might operate?

a.

b.

6. By what methods might a three-phase alternator be connected?

a.

b.
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7. Explain briefly the operations of a single-phase alternator.

What is used to supply the DC voltage in a three-phase alternator for the
magnetic field?

9. How manic degrees are the plases set apart for three-phase operations of an
alternator?

10. What is the difference between a primary and a secondary cell?

11. When fully charged, what materials make up the negative and positive plates of a
lead-acid battery?

12. What solution is used for the electrolyte in a lead-acid battery?

13. What solution is used for the electrolyte in a nickel cadmium battery?

Work Unit 1-5...TRANSFORMER THEORY AND APPLICATION

....GIVEN.PERTINEHT INFORMATION, DETERMINE THE OUTPUT FROM THE SECONDARY WINDING OF A

....TRANSFORMER.

SPECIFY THE TRANSFORMER ACTION WHICH INDUCES VOLTAGE.
. .

pamg THE MAIN PARTS OF A TRANSFORMER.

. In the discusiion of electromagnetism and production of electromotive force, you found
out that'..the induction of a.voltage'requires a relative motion between a magnetic field and a
cOnductor andAhatthe motion is produced mechanically in generators and alternators. You can
ilso prodUce *his relative.motion electrically by building up and collapsing a magnetic field.

lk.TRANSFORMER Is a device' with no moving parts. It transfers energy from one
:ircuit trEWERFIFelectromagnetic induction. The energy is always transferred without a
change in frequen0. .Thechange is usuallyin yoltage and current.

Transformers are builtin.various shapes and sizes and serve various purposes. A
stlp-mp transformer receives eleCtrical energy at one voltage and delivers it at a higher
M3 tage,.. A ste -down transformer receives'energy at one voltage and delivers it at a lower
foltige.J.Trans ormersrequirelittle care and maintenance because of their simple, rugged,
ind duratile'COnstruction. The high efficiency of transformers is responsible for the
txtensiVOie'041ternating-current.

. .

. ArariOuypes'of small transformers are used in a switch-gear. In many installations,
:ransformers tre used on ywitchboards to step down the voltage for indicating lights,
InstruNnts, and electrical protective devices. Other common uses include low-voltage
mipplieY.:for lighting circuits., etc;



Instrument transformers include both voltage and current transformers. They are
commonly used with AC instruments to measure high voltage or large currents and to isolate the
high-power circuits.

Electronic circuits and devices use many types of transformers to provide necessary
voltages for proper operation of components. The physical construction of these transformers
differs widely and is not pertinent here.

Let's take a look at transformer action.

COIL. A

COILS

LAMP

AC GINIRATON

II
I. I SIX , II

/ ri% ,. I,
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-" "" I

/
1 so.

MAGNETIC

FIELD

Fig 1-35. Transformer action.

Now, if you apply an alternating current to an electromagnet, a magnetic field will
build up and collapse during each half cycle. In other words, the magnetic field which the
current builds up during one-half of ge cycle will collapse and build up in the opposite
direction during the next half of the cycle. For example, a 60-cycle current will build up
and collapse a magnetic field 120 times per second. If a second winding is placed around the
iron.core, :the'same magnetic field will build up and collapse across the turn of the second
winding and induce a voltage in this second circuit (see fig 1-35). This action is called
transformer.action and is the:principle upon which transformers operate. In actual
ToTiFFUE'inT-7tEroliron core,of a transformer has two windings: the INPUT, or primary winding
and the OUTPUT or secondary.winding. If both windings have the saerniber of turns, the
voltage ararrent induced-in the secondary winding are the same as that applied to the
primary wihdihg. 'If the secondary has more turns than the primary; a greater voltage and a
smaller amount of current is induced in the secondary than that applied to the primary. If
the secohdary has fewer turns than the primary, a lesser voltage and a greater amount of
current is induced.

50



II TURNS 22 TURNS

Fig 1-36. Transformer ratio.

The RATIO between the number of turns in the primary to the number of turns in the
secondary deliFirrnes the voltage ratio of the transformer. Figure.1-36 is a schematic diagram
which illustrates, the relationship between the turns ratio and the voltage. If the left-hand
coil is connected to a 110-volt AC sources, it would be the primary winding. The turns ratio
would.be stated as' tol, the primary number-being given first, since there are twice as many
voltage turns (22) in the secondary as the primary. The voltage'induced in the'secondary
(220) is twice the voltage applied. to the primary.

. A transformer with a greater secondary
voltage is called. STEP-UPIRANSFORMER. If, in figure 1-36, you *lied 220 volts to the
22-turn Windingrae output of,the secondary (11 turns) would be 110 volts. This would be
called a STEP-DOWN TRANSFORMER beCause the secondary voltage would be less than the
primary. The ratio:of the transformer when connected in this way is stated at 2 to 1.

Transformers areoften Wound with the secondary split into two coils so that two
voltages are availablei..A.240,voWsecondary that has a lead brought out from a center tap
will give 120 vont betweenthe center-tap and either end of the coil; whereas, the full
winding produces 240, volts-. Taps are also:used for voltage regulation in power distribution
transformers. A series of taps are brought out, and by changing the tap connection, the
voltage is changed. Distribution transformers are Usually tapped for a 10-percent change in
steps.of 2.5 rercent. Transformer windings are insulated for the voltage rating stamped on
the name plate. They may beosed on lower voltages, but should not be used on higher voltages
because the insulation would break down.

A transformer will alWays hive a small current in the primary winding when it is
connected to a power source. This is the current necessary to set up the magnetic field in
the core, the charging or magnetizing current.' The power rating of a transformer is given on
the name plate. This is the Safe loading rating of the transformer and should not be
exceeded. You should remember that the transformer is changing electrical power from one
voltage value to another. The greatest advantage in transformer use is to transmit power over
considerable distance at a high voltage and then to step it down to the desired usable value
at the point of use.,

The following points will help to explain to you the theory of the transformer
operation:

A transformer is an AC device which as a primary winding, a secondary winding, and
an iron core.

o
The primary and secondary are insulated from each other but are linked by the
action of the magnetic field, which produces mutual induction.

o
The number of turns.in the windings determines the turns ratio of the transformer
and the ratio between the primary and secondary voltages.

A step-up transformer produces a secondary voltage which is higher than the
primary voltage. Secondary current is less than the primary current.

o
A step.down transformer *produces a secondary voltage lower than the primary. Here
the secondary current is greater than the primary current.

The secondary winding may be center-tapped to produce more than one voltage.
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0 The transformer is one of the most efficient electrical devices in use; it loses
very little power.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. If the ratio of a transformer is 6 to 1 and the applied voltage to the primary is
120 VAC, what is the voltage output from the secondary/

2. What type of transformer has a 1 to 6 ratio?

3. What isolates instruments from high voltages or large currents?

4. What will the transformer with a 2 to 1 turn ratio do to the voltage?

5. What cauSes voltage to be induced in the magnetic field?

6. Name the main parts of a transformer.

7. What,can you do to the secondary winding of a transformer to produce more than one
voltage?

SUMMARY REVIEW

In this study unit, you have learned the principles of AC and DC electricity,
electrical characteristics, and the relationship of voltage, currenti resistance, magnetism,
and electromagnetism. In addition, you have learned to principles of basic power sources and
transformer theory.

Answers to Study Unit #1 Exercises

Work Unit 1-1

1. Elements
2. Matter is composed of elements. It may also be said that matter is made up of

very small units called molecules, which are made up of atoms, which in turn are
made up of partiCles called protons, neutrons, and electrons.

3. To water flowing through a pipe
4. Compounds can be separated only by chemical means, and a mixture can be separated

by physical means.-
5. A'molecUle
6. Atoms

.

7. Electrons moving.or,flewing through 6 conductor
8. Voltage it electrical OressUre.
9. Heati Magnetism, digital action, and physical shock
10. Magnetism and heat

.

11. Oaahatialt made of, its Crosi7Sectional area, its length, and its temperature
12. The ohni '

13. A laturel1megaet is, a black mineral celled lodestone or magnetite which exhibits
magneticlropeeties. :An:artificial magnet is made of iron or steel magnetized by
induCtion from'some'exterior sOurce.

14. The lines.Cohnecting the direction of the field around a magnet from pole to pole
,are called lines offOrce.

15. It has4n unstable structure and a low magnetic strength.
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16. The fields of force interact, causing repulsion or attraction, depending upon the
polarity of the poles.

17. C

18. INC
19. C

20. Electromotive force
21. increase
22. Electrons moving in one direction through a conductor
23. Electrons moving back and forth through a conductor at specific intervals

Work Unit 1-2.

1. The relationship applies to any circuit or part of a circuit; the current in
amperes is equal to the EMF in volts divided by resistance in ohms.

2. a. R E ; R 90 ; R 3 ohms

b. E I x R; E 2 x (7 + 5);
E 2 x 12; E 24 volts

c. I E ; I 24 ; I 24
115717-07-6-

I 1 AMP
3. In a series circuit, the relationship is a follows: The total resistance is the

sum of the individual resistors; the same current flows in each part of the
circuit; the applied voltage will divide among the resistors according to their
resistance.

4. The first step should be to the reduce the two parallel resistors 8 and C to an
equivalent single resistance.

5. In a parallel circuit, the total current equals the sum of the current in the
branches.

6. A series-parallel circuit should be reduced to an equivalent, simplified circuit.
Each group of parallel resistors is first replaced by its equivalent single
resistance; the entire circuit is then treated as a series circuit.

7. d
8. b

9. a

10. c

11. The power is computed with the formula P = I2R.
12. 120 watts

Work Unit 1-3.

1. From negative to positive
2. The term "hertz' has been adopted in recognition of Heinrich Rudolph Hertz, a

German physicist.
3. i

4. a
5. k

6. b

7. e

8. h

9. d

10. c

11. g

12. j

13. 1

14. When the circuit consists of pure resistance
15. When the current and voltage are out of phase due to reactance in the circuit
16. Power factor (PF) 100 x watts (three power)

volfs x amperes (apparent power)

Work Unit 1-4.

1. The function of a generator is to convert mechanical energy into electrical energy
2. The generator converts mechanical energy into electrical energy by rotating field

. through the use of electromagnetic induction.
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3. a. c
b. inc
C. c
d. c

e. inc
f. c

4. a. Single-phase
b. Three-phase

5. a. By moving conductors across a magnetic field
b. by moving a magnetic field across the conductors.

6. a. Delta
b. Wye

7. The first half-revolution of the rotor produces a voltage in one direction and
completes the first half of the cycle; the second half-revolution produces a
voltage in the opposite direction and completes the least half of the cycle.

8. An exciter supplies the DC voltage.
9. 1200
10. A secondary cell can be recharged; a primary cell cannot be.
11. Negative plate - spongy lead

Positive plate - lead peroxide
12. Sulfuric acid and water
13. Potassium hydroxide and distilled water

Work Unit 1-5.

1. 20 VAC
2. A step-up transformer
3. Instrument transformers
4. Step it down
5. Build up and collapse of the current
6. Primary winding, secondary winding, and iron core
7. Center-tap it
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STUDY UNIT 2

SAFETY AND FIRST AID

STUDY NIT 01JECTIVIs WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE SAFETY
AND FIRST AID PROCEDURES THAT ARE OR MAY BC NECESSARY IN OR AROUND THE WORK AREA,
PLIS TNt JOS SITE, $O THAT YOU WILL MIER UNDERSTAND THE DANGERS THAT YOU WILL
FACE IN YON WORK ENVIRONMENT.

As aft electrician, you are a skilled worker. The mark of a skilled worker can be seen
by the excellence of the product he produces and also by the safe manner and methods he uses
la producing it. A master of his trade seldom gets hurt. He knows his tools and equipment
and keeps them in geed werkleg condition. Ne understands the dangers of his working
envirenmeat and never takes seances that will put hlm/her in danger of being hurt. He studies
the rules of safetrand has the wisdom to apply them, ILW for one minute think that your
NCOIC er OIC will Oink Imre of yew if, to save a littie tIN, you ignore the rules of
safety. Theywill know for what yo are- -fIIsb onmansture. That statement in plain,
simple language is

Develop in your mind a respect for
/Mediae and for the protection of the eqm
socording to the $ tep-by-step procedures even in
so operational lastrections peilished by the unit,
meletemence Instructions.

They were developed for your
operate. Always operate your equipment
operational instructions. If there are

follow the manufacturer's operating and

Nese mod Wit safety personnel know beyond the shadow of a doubt that unsafe working
habits will eventually create ea trallffLu If an accident occurs and someone is hurt, you
should he prepared to perform firil-IM7-First aid refers to the treatment given the sick or
injured Were regular medical or surgical treatment can be administered by trained medical
personnel. In this study unit you will be provided with information that, if followed, will
prevent accidents and help these that are injured in accidents.

Work Veit 2-1. SAFETY

STATE INN CANES MOST OF TNE ACCIDENTS IN A WORK AREA.

LIST WE URN NASIC CANES OF =MTS.

FINN A LIST OF STATEMENTS MAME TO 11KOT AREA SAFETY PRACTICES, IDENTIFY THOSE
MAT ARE TRINI.

FRONI A LIST OF INACTICES RELATIVE TO ME GENERAL USE OF HAND-TOOLS, IDENTIFY
TINGE TNAT ARE NOT SAFETY PRACTICU.

RON STRATTON INDICATIMO SAFE AND UNSAFE OPERATION Of ELECTRICAL POW TOOLS,
DISTINIVISN IETVIEN TN SAFE AND UNSAFE PRACTICES.

GIVEN VONK SIMMONS, DISTINOVISN NEIVEEN INOSE THAT CONTRIBUTE TO UNSAFE USE OF
1411111 IQUIPNENT AND INOSE TNAT CONTRIOUTE TO SAFE SSE.

DIFFERENTIATE MEIN SAFE AND UNSAFE LIFTING SITUATIONS AND SEQUENCE LIFTING
STEPS IN 1NE CONNECT OMER.

GIVEN !MINS TYPES OF LAINERS AND ME USES OF EACN, MATCH THE TYPE OF LADDER
11111 Ut NPROPRIATE TYPE OF NE.

FINN SELECTED STUNTING 000SE NETNEEN MOSE THAT DEMONSTRATE PROPER LADDER
EUSTIS MINIMS= PLACEMENT AND THOSE THAT ARE IMPROPER.

RIVEN SITUATIONS CONCERNINO INK 11SE OF LADDERS, MATCH EACH SITLNTION WITH THE
APPIARIATE LANIER SAFETY PRECAUTION.

FAIN A LIST OF PRACTICES RELATIVE TO ELECTRICAL WORK, IDENTIFY THOSE THAT ARE
SAFI.

FAIN A LIST OF POISONED SAFETY PRECAUTIONS RELATED TO HANDLING CHENICALS OR
CONICAL samons, DISTINIUMN BETWEEN THOSE IMAT ARE ACTUALLY SAFE AND THOSE
TNAT ARE ACTUALLY NSW.



GIVEN A LIST CONTAINING THE TYPES OF FLAMMABLE MATERIAL AND A LIST WITH THE
CLASSES OF FIRE, MATCH THE FLAMMABLE MATERIAL WITH THE CLASS OF FIRE.

STATE THE EXTINGUISHER AGENT TO USE ON VARIOUS TYPES OF FIRES.

ACCIDENTS are usually the result of a failure to think. You must think safety and
use safe procedures. You must be aware of the hazards involved in your work. When you fail
to think safety and practice safety, you are not only a danger to yourself but to everyone
working with you. One moment of carelessness may result in a serious injury or death.
Therefore, it is part of your job as an electrician to practice safety at all times. The goal
of this study unit is to present information that will cause you to think of the hazards and
their causes in your work area and to think of the action to take for protection against these
hazards and their causes.

ACCIDENTS DO NOT JUST HAPPEN( THEY ARE CAUSED. Most of the accidents are caused by
the worker. He causes the accidents by being careiess or getting in too much of a hurry to
take the necessary precautions. In fact, 88 percent of all accidents are caused by unsafe
acts of people. Likewise, a worker failing to recognize unsafe conditions in his/her work
arta is a likely candidate for an accident. Usually, this type .of accident is the result of
phYsical hazards and includes unsafe equipment. Accidents of this type amount to 10 percent
of all accidents. Accidents caused by unsafe acts and by physical hazards can be prevented.
Even natural elements can be controlled to some extent, and it is only in the realm of nature
involving such phenomena as lightning, stovs, earthquakes, or floods that accidents are
extremely difficult to prevent. However, only 2 percent of all accidents are caused by
natural phenomena (see fig 2-1).

1001 ACCIDENT CAUSES
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88% 10% 2 96

Fig 2-1. Accident causes.

Your work area may contain many potential hazards if you fail to follow the safety
rules set up for your protection. The safety rules will make you conscious of some of the
things you should do and some you should not do.

Failure to keep your work area clean and in order can result in both major and minor
accidents. Broken bones, cuts, gouges, bruises, burns, and many other injuries can result
from poor housekeeping. To prevent these injuries you simply practice good housekeeping.
Here are some important items to consider as safety practices for your work area (and also
your living area):

O Keep all floors and walkways clean, dry, and free from spilled oil, fuel, and or
other contaminants. If fuel, oil, or grease is spilled, clean it up immediately.

O Make sure your shop or other areas are adequately ventilated at all times. Vapors
from fuels, oils, gases, and some types of acids are injurious to your health.
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O Keep all working areas well lighted, if at all possible. You cannot work
efficiently and safely without sufficient light. Check the lighting system frequently and
report or replace burned out lamps and fuses.

0 DO NOT leave tools scattered about on floors, workstands, or other places. Always
use the cabigtrind boxes provided for tool storage.

O DO NOT clutter your work area with unnecessary equipment. If you do not intend to
use an item:WWI it in a safe place.

O Keep all ropes, chains, cables, hoses, and electrical cords properly stored when
not in use.

O Provide suitable waste containers and make sure that waste is promptly put into
the proper container. Mark each container for the material for which it is to be used. Use
extra care in disposing of scrap metal, tubing, wire, glass, etc. Make sure that all parts of
the materials are well inside the waste container. The sharp edges of these materials can cut
and tear your skin as well as your clothes.

O Inspect all electrical cables and equipment for frayed wiring insulation, exposed
contacts, and inspect the condition of switch handles and other controls.

O Inspect your shop frequently for protruding nails, bolt ends, and other sharp
points that can cause injury. Also make sure that broken windows And door glasses are
replaced promptly and that the broken glass is properly disposed of.

o Insure that water fountains, lunch areas, and clothing lockers are clean and
sanitary. Illness caused by contaminated water and food can become more serious than most
accidents.

Poor maintenance and the improper use of common handtools result in many accidents
which could be avoided ff proper safety procedures were always followed. As you cover
specific tools later in study unit 3, you will learn safety precautions about individual
tools. The following are safety procedures pertaining to handtools in general:

O Keep tools sharp.

O Keep tools in their proper places.

O Replace handles that become splintered or loose.

O Dress mushroom heads on cold chisels, punches, drift pins, etc.

0 Protect the edges of cutting tools with a sheath or by storing them separately
from other tools.

O Select a box-end wrench or a socket in preference to a open-end or an adjustable
wrench as the former ail less likely to slip. To help prevent slippage, always pull the
wrench toward you.

O Wear goggles or face shields when there is a possibility of flying chips, sparks,
etc.

O Hold small items that you are working on in a vise.

O NEVER use a tool for anything other than what .0.. is intended to be used for: i.e.,
don't use a Mar handle for a pry bar, a wrench for a har..ar, a knife for a screwdriver.

O Use arewdrivers for what they are designed--to drive and remove screws. Keep the
blades ground and shaped properly at all times. Select the proper type and size of
screwdriver for the job. Never hold an object in one hand while working on it with a
screwdriver. Place it in a vise.

O Use files and rasps with handles that are designed for them. Without the proper
handle, a file or rasp is dangerous because it is easy for the tang to injure the palm of your
hand.

O Keep chisels and punches clean and sharp because it is easy for a dull or dirty
tool to slip and injure you.
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Each year, ,scores of workers have been injured on the Job because of neglect or
because of,nOtAnoWing that a dangerous situation existed. An electrician using a grounded
drill Was severely injured when he fell off a ladder after grabbing a moist water pipe as he
was drilliatra hole in a wall. As he touched the pipe, he received a severe electrical shock
that passed from his right hand, through his body near his heart, and to his left hand which
contacted thtpipe. Although the voltage was only 110, the jolt frightened him. He fell
sideways on a sawhorse, and the body of the drill hit him on the shoulder. This electrician
was off dutrfor 3 weeks. A 110-volt charge of electricity is dangerous, especially when you
are working on damp or wet pavements and grounds. It can kill you, so be aware of electrical
hazards and precautions as you use electrically powered tools.

As an electrician, you will use a variety of tools powered by electricity because they
make your work easier and because they are faster and more efficient. However, because of
their source of power, they can be hazardous unless you know how to guard against the
hazards. The main hazards are from fire and shock caused from improper or no grounding and
from cord abuse.

Electric powered handtools are a source of ignition for a fire if used near flammable
materials or in explosive atmospheres unless they are of the explosion-proof type. You must
be aware of this hazard as you work in areas which have dust and fumes.

When you use power tools, check them to make sure they have three-wire cords. The
extension cord must also have three wires and be plugged into a grounded receptacle. Figure
2-2 shows how a drill motor equipped with a three-wire cord can protect the operator by
providing a low resistance path to ground for the current from a defective tool. It also
shows what can happen to you when using equipment that is improperly grounded.
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Fig 2-2. How equipment grounding works.
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It is Important to protect the cord on your power tools. This is also true of the
extension cor . Ina conductors in the cord, the insulation on the cord, and the plugs must be
protected if you are to have safe operation. Scrapes, kinks, or stretching, as well as grease
and oil, will damage.power tool cords or extension cords. Ust heavy-duty plugs which clamp to
the cord. DO NOT jerk the cord when unplugging it from a receptacle. Jerking the cord can
break the 6M-ewes or cause the connections in the plug to become loose which may cause a
short circuit.

break.

The following is a list of precautions to take when you use electric power tools:

O Inspect the equipment, especially the external wiring, before you use it.

O Use safety glasses or face shields where chips or dust could fly or tools could

O DO NOT wear loose gloves or loose clothing while using rotating equipment.

O Exchange accessories with the power off and the cord unplugged. Remove guard if
necessary.

O The guard must be in place before starting the tool.

O DO NOT wear rings, metal-rimmed glasses, watches, or other metallic objects when
working witriTiarical tools.

O If you use equipment in damp locations, stand on a rubber mat and wear rubber
gloves.

O Be certain the tool is properly grounded.

O Check the operating instructions prior to operating electrical tools. On large
equipment these instructions are usually located on a data plate which is attached to the
equipment. On smaller, portable equipment go to the manufacturer's manual to find
instructions.

O Operate all tools in accordance with manufacturer's instructions.

You can be ,severely injured by coming in contact with moving Machine parts. Although
the Marine Corps has prescribed standards for safety in the use of machines, you must use
common sense as you work with and around power equipment. Since machines are developed or
EriFfffeclialuently, you must be able to apply general safety rules to specific machines or
specific uses of power machines. Some of the general rules that apply to equipment safety
follow:

O D0 NOT wear jewelry, loose clothing, long sleeves, or gloves while operating
machinery.

O Use brushei to remove chips and metal particles. DO NOT use your hands.

O Where the possibility of flying particles exists, wear goggles or a face shield.

O DO NOT remove or block a machine guard while the machine is in operation.

O DO NOT leave machinery operating unattended.

O DO NOT clean, lubricate, adjust or maintain machinery while it is in motion.

When you must lift a heavy or large object from the floor, remember this advice: USE
YOUR LEGS--NOT YOUR BACK. If you are not mindful of this advice, gnrCIFFurt your back very
seriously. A hurt Wick often takes a long time to-heal and can keep you from taking part in
many athletic activities. Figure 2-3 shows the way you should lift. Study the figure and pay
close attention to the feet, legs, and back. 'Lifting and setting down are the first and last
movements performed in handling materials. It-117Wing t ese movements that most strains
occur. It is important that an electrician consider the following basic lifting techniques so
as to reduce the possibility of injury:

O Consider the size, weight, and shape of the object to be carried. DO NOT try to
lift more than you can handle comfortably. If necessary, get help.
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O Set your feet solidly with one foot slightly ahead of the other for increased
stability. Place your feet far enough apart to give you good balance.

O Get as close to the load as possible. Bend your legs about 900 at the knees.
Crouch or squat.

o Keep your back as straight as possible. It need not be vertical, but it should not
be arched. Bend at the hips and knees, not at the waist.

o Grip the object firmly. Maintain your grip while lifting and carrying.

O Straighten your legs to lift the object and, at the same time, bring your back to
a vertical position.

O NEVER carry a load that you cannot see over or around. Make sure that the path of
travel is clear.

O Set down the object using procedures opposite to those you used to pick it up.

LIFT THLB WAY

1. Check weight and size.
A balky, awkward load can
cause more strain than a
compact heavier one.

2. Plant your het firmly, well
apart, and squat down.

3. Watch mat tor sharp edges.
Get a good grip.

4. Keep your back as straight as
you can. Lift slowly (don't
jerk) by pushing up with your
legs.

5. Don't twist your bcdy with the
load. Sbift your feet.

Fig 2-3. Lifting procedures.

Much of the work you do will have to be done from a ladder. Serious accidents have
been caused by electricians who use ladders improperly. It is important for you to know the
right type of ladder for the job. The most common types of ladders that you will be using are
the single ladder, extension ladder, and stepladder.
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Flg 2-4. The single ladder.
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The SINGLE LADDER used by the electrician consists of two side rails from 8 to 26
feet in length, with rungs spaced 1 foot apart. A good single ladder will support up to 500
pounds. The size of a ladder is determined by its overall length. Figure 2-4 shows a typical
single wooden ladder.

The EXTENSION LADDER (see fig 2-5) consists of two or more sections. These sections
overlap and are extended by pulling on an attached rope. They are available in lengths up to
60 feet. Extension ladders are required by the electrician to do work of short duration, such
as changing lamps, checking circuits, or getting onto a roof.

WALL OF ST UCTURE

0

0

0

GROUND ""--

IA LENGTH
cfF

LADDERInal 01

Fig 2-5. Extension ladder.
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A STEPLADDER is self-supporting (see fig 2-6). This ladder can be used effectively
as a portarntRIiilatform because it has wide rungs to make it easier to stand on for long
periods of time. The most common size you will use is the 6-foot stepladder, but they are
available in sizes up to 16 feet.

STULL
RODS

LOCKING
SPRBACHIN

RACES

Fig 2-6. Stepladder.

When you work with a ladder, be aware of the proper procedures to follow in the
erection of it.

Raise a straight ladder by placing the base of the ladder (wide end) against the
foundation of the structure. Lift the top and walk under the ladder toward the bottom end,
grasping and raising the ladder rung by rung as you proceed. When the ladder is
perpendicular, pull the bottom out from the building to a distance of one-fourth its lenqth,
as shown in figure 2-5. If you must get on top of the building, the ladder should extena at
least 36 inches above the eave (see fig 2-7).

NOTE: LADDER SHOULD EXTEND AT LEAST 36"
ABOVE BUILDING OR PLATFORM

Fig 2-7. Correct ladder height.

When the extension ladder is in the collapsed position, it looks the same as the
straight ladder. After the extension ladder is placed against the structure, extend the
sections by the means provided until the ladder reaches the necessary height.

To put up a stepladder, spread the back legs awny from the front legs until the
locking device locks. This locking device keeps the legs from collapsing when weight is
placed on the ladder. .

When using any type of ladder follow these safety precautions:
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O ALWAYS inspect a ladder before using it.

O Before climbing a ladder, be sure that both rails rest on solid footing.

O Equip the ladder's side rails with safety shoes (see fig 2-8). This is especially
necessary when you use the ladder on surfaces that would permit the ladder to slip.

Fig 2-8. Ladder safety shoes.

o Under NO circumstances use stepladders as substitutes for workbenches.

o When you go up or come down a ladder, face the ladder and hold on to each side
rail.

O When the security of a ladder is endangered by other activities, rope off the area
around it, fasten it securely, and assign someone to steady the bottom.

O When you use a ladder in front of a door, lock the door or block off the door and
route personnel to another exit.

O NEVER leave a ladder unattended for any length of time while it is erected - -take
it down and Tiy-rt on the ground.

O When working from an extension ladder, stand no higher than the third rung from
the top and DO NOT attempt to reach beyond a normal arm's length.

O If you need help to do the work, have your helper get another ladder - DO NOT
allow anyone on the ladder with you.

O NEVER climb a ladder while using both hands to hold material; at least one hand
must be used-A-TTe climbing or descending a ladder.

O NEVER place either the top or bottom of a ladder against unstable material.

O Before climbing a stepladder, be sure it is fully open and locked and that all
four legs are on solid footing.

O DO NOT leave tools on the rungs of a stepladder unless it is equipped with a
special holdiF7---

O DO NOT stand on either of the top two steps of a stepladder.

O NEVER use metal ladders where there is a possibility of coming in contact with
electric current.

.o Get help when erectingiOnT, heavy.ladders.

.-..As.an electrician;sone of. themajOr
.

.hazards.which.you will 'encounter in your job is
that posed by electricity.;,:You.shun an area when you see.a.sign reading: DANGER HIGH
VOLTAGE: . Why?. lecauseTyoUhave:heard,that.ittakes. high.voltage to kill and that low
.Wiiii.does.not.kilh.:ThisAsnot.true....11m...people.have:.been killed When they came into
I contaCtwith7C120-volthOuse'circuit..i0thervhaVe.beenicilled by.lower voltage. Still other
people,have experiencedih04.from muchiligherrveltiges:And suffered.no itijur,Y. Since you
'never knOW what yourbody:resistancels,. avOid.contact.With any-liVe circuit. When your body



is wet you offer less resistance to shock than when you are dry. NEVER work with
electricity when your body is wet.

Current flow through the human body is actually the cause of electric shock. Voltage
causes the current to flow through the body; therefore, you are more likely to get a fatal
shock from a high voltage circuit. Some authorities state that a current flow of 100
milliamperes (1/10 amere) through the human body is usually fatal. Electric shock interferes
with your breathing process and paralyzes your muscles. When the shock is great enough, you
lose consciousness in just a few seconds.

With your work in the electrical field, you must be FULLY aware of the hazards
involved when working with electrical equipment. In fact, th'irrnore you know about
electricity, the safer you can do your work. The rules given here are for your own safety and
for the protection of the people who work with you. You should study them carefully until you
are familiar with them. You must practice them until they become second nature to you. Among
pilots the term called "forgiven error" refers to a mistake which did not result in disaster.
This term can well be applied to your work in the electrical field. When you find that you
made one of these forgiven errors, you should review the events which led you to make this
mistake. Yoe will thus find the source of your mistake and be able to avoid a similar
situation in the future.

TREAT ALL ELECTRICAL CIRCUITS AS BEING LIVE. This rule must be observed in all
cases, except when you open the siitch, make a voltage test, and know that the line is dead.
In the case of long lines which are opened and grounded at some distant point, an inspection
or test must always be,made tO find out what,conditione exist. REMEMBER that someone may
accidentally close the wrong breaker, connecting yoir circuit to7TIMtage. Furthermore,
to keep anyone from accidentally closing the breaker to a circuit which is undergoing repair,
the breaker should be locked on the OFF position and tagged to indicate that the system is
being repaired. General rules whichEst be observed in electrical work are as follows:

O DO NOT wear identification tags when working around electrical machinery.

O DO NOT wear jewelry or clothing with exposed metallic fasteners when around
batteries oiiTiatrical equipment.

O Always use safety tools aild devices wherever they are provided. This includes the
following:

Fuse pullers for removing and replacing fuses.

Rubber floor mats around electrical panels.

Rubber aprons when working on acid type batteries.

Work gloves when working arounChigh temperature equipment.

Rubber gloves when working on livielectrical circuits.

O ALWAYS follow safe operating procedures. A person must NEVER work alone on
energized eTETIFTEil circuits.

O DO NOT struggle with a tool box or an item which is too heavy to be handled
conveniently.

. .

O DO NOT clutter your work area with unnecessary equipment. If you do not intend to
use an item;117Filit in a safe place.

O ALWAYS use the right tool for the job.

O When possible, use handtools so that the working force is always directed away
from your body. This will minimize the chances.of injury in case the tool should slip.

O NEVER put your hand on an electrical conductor unless you are working on a circuit
and know tharai circuit is dead. Always be sure that the switches to the circuits on which
you are working are locked out and tagged.

O NEVER trr to ftmove a person or a tool from a live circuit with your hands or a
piece of matiFTET which may be a conductor. Insulating material, such as a shirt or piece of
dry rope, can be ...Ised 'es a loop to pull a person from a live circuit.



0 If battery acid should splash on you, immediately flood the affected part by
washing with water. In cases involving the eyes or face, flush thoroughly and immediately
seek medical aid.

As a general rule, NO work should be performed on energized electrical circuits or
equipment. As an exceptio4-Work MAY be performed on energized circuits to prevent possible
injury to others, or where criticaririssions will be jeopardized by interruption of service.
If it becomes necessary for you to work on energized circuits, work ONLY with other fully
qualified electricians. Make sure you have the necessary protectivelPpment--rubber gloves,
rubber blankets, rubber mats, etc. The type of work and the conditions under which you work
determine the exact type of protective equipment to use. One thing you must remember: safety
equipment can be defective, so inspect it before you use it. A small crack or hole may make
it unsafe for use. Do your job thoroughly; your life depends upon your thoroughness.

De-energized circuits do not present as great a hazard as do energized circuits.
Nevertheless, you must be careful and observe safety rules. Make sure the circuit is
de-energized by opening the switch. In some cases, you may be able to lock the switch in the
OPEN position. Where the switch cannot be locked, remove the fuses and attach a warning

to the switch. Keep in mind that a circuit may become accidentally shorted to another
circuit. For this reason, test the circuit with a voltmeter to mame sure it is not shorted
and still "hot." You cannot afford to-become careless, even when working on a "dead'
circuit. NEM lean against water pipes or other grounded devices when you work on any
electric clValt.

The'types.of chemicals that you will most likely be concerned with are those used for
storage batteries. These chemicals are used as eleCtrolyte for the batteries. The two you
may come in contact withare'sulfuric acid, used in lead-acid batteries, and potassium,
hydroxide, used in the nickel-cadmium batteries.

The first.precaution to:obserim in working with acids is the process of mixing them.
The proper mixiny.procedure.is'always,to ADD THE ACID TO THE WATER. Pouring Small amounts
of acid into a larger.volume'of water allows adequate.cooling of ihe mixture.. If this mixing
procedure is reversed by pouring water Into the acid, a violent reaction may occur mnd.acid
may be.splashed over a wide area.

SULPHURIC. ACIDAs dangerous to any part of your body, especially to your eyes. In
the event of any contamination,.the affected area must be'flushed immediately with a solution
of bicarbonate of soda and Water. If the eyes become contaminated, immediately flushing with
large volumeSof water.isimportant, and expert medical.aid should be obtained at once.
Sulphuric acidwill also damage clothing,shoes, or.just about anything with which it comes in
con:Act, One.more,hazard Of this'unpleasantlaterial is its possible explosion hazard. When
a battery containing sulphurieacid is.being charged, 'a quantity of hydrogen gas is given
off. This hydrogen gas is highly explosive. For thit reason, battery rooms or other battery
charging areas must always be considered as NO SMOKING AREAS.

POTASSIUM.HYDROXIDE is hotan acid, but itt use requires the observance of certain
safety precautions. Potassium.hydroxide (KOH) is very dangerous to the skin and eyes. It
destroystissues and-causes severe burns. Breathing the vapors may result in injury to the
respiratory'system.. .Some'safety precautions to observe.in handling any battery electrolyte
are listed as follows:

O ALWAYS wear. full Protective clothing, including gas tight goggles.

O Use safety showers and eyewash fountains immediately upon contamination.

O -Neutralize and flushall contaminated areas and equipment.

O Keep all battery areas well ventilated and DO NOT breathe vapors from batteries.

O Treat lead-acid type batteries area as NO SMOKING AREAS.

Although firefighting is the prime responsibility of the fire department, it is your
job to preventlires:and to help:put them out if they do start.

. .

Good housekeeping-is essential in the prevention of fires. If you let trash, waste,
dust, and:other residue build up, they become a source of fire. Oily rags, for example, can
ignite by spontaneous combuttion. You can prevent fires of this type by storing oily rags in
a metal containerwith a Ild (see fig 2-9).
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AVOID FIRES

KEEP OILY RAGS AND

W.'.3TE IN COVERED

METAL CONTAINERS

Fig 2-9. Fire prevention at work.

Another serious fire hazard is the accumulation of fuel vapors, gases, paint vapors,
and other items of this nature. To eliminate this type of hazard, keep your shop clean and
well ventilated. Prevent fires whenever you can, but also know something about the four
classes of fires and something about how to fight them.

You can put out fires in each of the four classes by the use of a particular action or
extinguishing agent. Some fire extinguishers do not work well on all classes of fires.
Water, for example, may cause an oil fire to spread rather than put out the fire.

CLASS A FIRES are fires occurring in wood, clothing, paper, rags, and other items of
this type. This type of fire can usually be put out with water. Water provides the cooling
and quenching effect necessary to extinguish class A fires. You may also use the soda-acid
type extinguisher on this class of fire. Another type of extinguisher you can use on class A
fires is the foam type. You may also use foam on class B fires.

CLASS B FIRES are those occurring in flammable liquids such as gasoline, fuel oil,
lube oil, grease, pdint, etc. The agents required to put out this type of fire are those
which will blanket the surface of the fire. This action creates a smothering effect. The
types of fire extinguishers for use on class B fires are foam, carbon dioxide (CO2), and dry
chemical. The dry chemical units contain a dry powder, usually sodium bicarbonate, and an
activiting agent of CO2 or nitrogen gas. The dry chemical extinguisher is also used on
class C and class D fires.

CLASS C FIRES are fires that occur in electrical equipment and facilities. The
extinguishing agent fbr this type of fire must be a nonconductor of electricity and must
provide a smothet4ing effed. The ch4y chemical extinguisher is used for this purpose.

CLASS D FIRES occur in combustible metals such as magnesium, potassium, powdered
aluminum711WTRIBIUM, titanium, ziconium, and lithium. The extinguishing agent for this
type of fire must be a dry-powdered compound which creates a smothering effect.

In the case of any fire, there are some actions required of the individual who
discovers the fire. His/her first action should be to sound the alarm and alert all
personnel. Second, the base fire department must be notified and given exarTiffalons to
the location of the fire. These two actions must be taken quickly, and after they have been
taken, the personnel in the area should apply the most effective means available to put out or
contain the fire. When assigned to a new shop, you should locate the nearest fire
extinguisher in the area. Also find out what types of extinguishers are available and how to
operate tem. This information is usually printed on the extinguisher itself.
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EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Who causes most of the accidents in a work area?

2. List the thiee basic causes of accidents.

a.

b.

C.

3. Identification: Place "S" beside each of the following statements which reflects
----ricTrgoovarea safety practices and a NUN beside the unsafe ones.

a. Prodding a fellow worker in the ribs is OK if not done too often.

b. Frayed 110-volt wires can be used if bare wires are not exposed.

c. Since you will use a portable drill in 4 hours, leave it on the workbench.

d. Close all shop windows in the winter to save on the heating bill.

e. When a fuse keeps burning out in a certain circuit, place a penny behind it.

f. Leave your tools in the places where you will use them.

g. A clean shop is an inefficient shop.

h. Assume that broken windows are replaced promptly.

4. Indentification: Indicate by placing an NUN beside the following statements which
are NOT good safety practices. Place an NS" beside '(..he statements which indicates
good safety practices.

a. Use a screwdriver as-a wedge.

b. Use a box-end wrench in preference to an open-end wrench.

c. Store all cutting tools with the other tools, without
sheaths.

d. Wear goggles when drilling A hole above your head.

e. Hammer a rusted pipe union with a pipe wrench.

f. Keep tools sharp.

g. -Sharpen screwdrivers to &knife edge to cut wood.

67



5. Identification: Identify each of the following situations as "S" for safe or "U"
for unsafe procedures to follow when using electric-powered tocls.

a. Using a 2-wire extension cord

b. Jerking the plug from a receptacle

c. Ventilating areas subject to petroleum vapors

d. Operating electric motors in dust-filled rooms

e. Tools operated on 110-volts need not be grounded

f. Read operating instructions before operating an
electric tool

g. Inspect equipment before you use it

h. Never operate an electric tool in damp locations
without protection

6. Identification: Place an "S" after each of the following statements which
indicates good safety procedures and place a "U" after each statement which
indicates unsafe practices.

a. Inspect shop machines prior to using them

b. Machines operated with motors of less than 2 horsepower
require no ground

c. Brush off metal ^uttIngs from machines with gloves

d. Do not leave machines operating unattended even for 5
minutes

7. Identification: In using a ladder mark the following situations with an "S" for
safe and a "U" for unsafe practices.

a. Lifting a ladder 12 feet long with a helper

b. Lifting an object 4 feet in diameter that weights 65
pounds by yourself

c. Lifting your toolbox by bending at the waist

Matching: Match each usage in cloumn 1 (items 8-11) with the most appropriate type
of ladder in column 2. Place your answer in the spaces provided.

Column 1 Column 2

Usage Ladder

8. Used to get onto a flat a. Single ladder
roof that is 30 feet high. b. Stepladder

c. Extension ladder
9. Used in the middle of a room.

To remove a panel from a 9-foot
ceiling to get to a circuit.

10. Used to get onto a roof 10 feet
high.

11. Used for a job requiring you to
work for several hours. Your reach
must extend 2 feet more than it can
when you are standing at ground level.
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12. Ideetificatient Indicate by placing "Yes" before each of the following statements
which indicste the proper ladder raising techniques and "No" before each which
indicates leproper techniques.

a. The top of a 30-foot ladder extends 4 feet above the roof.
The base of the ;adder is 4 feet from the foundation.

b. The top of a 10-foot ladder extends 36 inches above the save.

c. Extend an xtension ladder on the ground before raising it.

0. Spread a stepladder until the legs lock In position.

e. Place the bottom of a straight ladder against a foundation
to raise it.

13. What part of a straight ladder do you rasp with your hands when you erect it?

Matching: Match the flammable material in column 1 (items 14-17) with its class of
fire in column 2. Place your answer in the spaces provided.

Colima 1 Column 2

Flammable Nsteria1 Class of fire

14. NilinasInn a.

b.

Class A
Class S

1$. Electrical equipment c.
d.

Class C
Class D

16. Paper and rags

17. Gasoline and grease

Mork Unit 24. FIRST AID

STATE TEE RESPONSIBILITIES OF INDIVIDUALS ADMINISTERING FIRST AID.

LIST INC FOUR LIFESAVING STEPS OF FIRST AID.

IPECIFT 11E POOCEDVIES NECESSARY TO PERFORM TNE FON LIFESAVING STEPS.

STATE TN! FIRST ASA TREATMENT REQUIRED IN CASE OF ELECTRIC SHOCK.

STATE TNE KURDS USED TO TRANSPORT INJURED PERSONNEL.

As se mey already know, first aid refers to the treatment given to the sick and
iejured before treined ledividuals can administer regular medical or surgical treatment.
Pommel in the Nevy liedicel Service have the finest medical equipment available, and they
are treieed im the most modern methods of saving lives and easing pain. Out they can not be
everywhere at once, so im am emergency you wharf to depend upon your own knowledge of first
aid,

may save somneeo's life--possibly your own--if you know how to give first
aid. Astlialrlyee here two reams for learning first aid. Proper first aid may not
emty save the lives ef deny fellow Marines, it mey mean a vital ninon Can be accomplished
whicb might sale memy lives of fellow Mmrine's. Learn how to give first aid; you can not
attend net to.

Yee cen easily learn the fundamentals of first aid. Highly technical, involved study
is net necessary te became a proficient first -aider. Yoe can improve your first aid skills
just by horning the astants ef this work mit. Nut you can--and should--do more.

The proficient first eider deals with the whole situation, that is, the person es well
as She injury. When Oft first aid, proper
techniemes could cause mere inJury to an suci

.10
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could be held liable in a court of law. Anyone attempting to assist another must use extreme
care and skill in performing first aid.

In practicing first aid, itisustasinortanttoktwwhatNOTtodoasitisto
know what to do. Keep calm, use rs aid measures, and SOOK medical help as soon as
possible. vorR attempt treatment that is beyond your skill, and never move an injured
person unleli-TE is absolutely necessary.

Your job as a first-aider is to take the right emergency measures and to have the
patient in better condition for trsatment when trained medical personnel get to him or her.

To treat an injured person, you should carry out what is known as the FOUR LIFESAVER
STEPS. These steps are: assure breathing, stop the bleedino,_protect and treirfhi

and prevent or trei shock. You shon1d memorize these four lifesaver steps and
MR the sfmple methods o carrying them out. Now is the time to learn how to do this.
Prompt and correct first aid not only may save a life but will also speed healing.

The first action to take is to clear the airway and stop any severe bleeding
immediately. Clearing the airway will allow the victim to breathe and will permit
mouth-to-mouth respiration if it is necessary. Arterial bleeding must be stopped or the
victim will bleed to death in a very short time.

To protect the wound is the next important step. This action may also be a good way
to stop the bleeding as pointed out in a later objective on treating wounds. The final step,
which actually begins when you control bleeding, is to prevent or treat for shock. This
should always be done regardless of symptoms. These steps will be covered in more detail.

ALWAYS make sure a victim is breathing properly. ASSURE BREATHING. To do this,
place yOuriar close to the victim's mouth and nose, look toward the victim's chest for rise
and fall, listen for air from exhalation, and feel for flow of air on your check. You should
take at least 5 seconds for this check to make sure the person is not just slightly breathing.

If a victim has stopped breathing completely, give artificial respiration at once.
Death occurs quickly once breathing has stopped, so quick rescue and treatment of a person
whose chest movement is stopped by debris, beams, etc., are essential. Irreparable brain
damage results from the lack of oxygen for more than four minutes.

The most important thing to keep in mind in giving artificial respiration is to start
immediatei 00 NW waste time moving the victim to an meal spot; 0 NOT wait for
mechanical equipiiK7START AT ONCE.

You may have learned the old prone pressure method or the more recent back
pressure-arm lift or back pressure-hip lift methods. It has now been proved that the
mouth-to-mouth (or mask-to-mouth) method is far better than any other. In this method, the
victim is placed on his back and receives your exhaled air. It saves more lives, and it is
simpler to perform. It works because you normally take only one quarter of the oxygen out of
the air that you breath in.

GO NOT waste time on old methods or by worrying about getting infected. The chance of
infecticirTrimall. You have a life to save.

One of the first steps of artificial respiration is to be sure that the airway is
'pen. If there is an obstruction, air cannot get in the lungs no matter what method you may
use. The airwey of an unconscious victim is usually blocked to some degree.

There are three main causes for obstruction of the airway. The first is foreign
matter, such as false teeth or liquids, in the mouth or throat. The second is relaxation of
(Myatt. ilhe tongue is attached to the jaw so that it can fa11 backward and block the throat
ca led swallowing the tongue). The third is the_oosition of the neck. When the neck is bent
forward so that the chin is citrIn Close to the chest, there is a tendency for the throat to
*come °kinked° and block the passage of air.

Keep the airway open by placing the victim's head in the position of an individual
looking upward utile holding his/lw lower jaw forward in a sword-swallowing position. When
swoons stops breathing, establish an open airway at once.
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Refer to figure 2-10 as you study the following steps for mouth-to-mouth artificial
respiration.

A

Fig 2-10. Mouth-to-mouth artificial respiration.

O Turn the victim on his/her back.

O Clean the mouth, nose, and throat. If the mouth, nose, and throat appear clean,
start artificial respiration immediately. If foreign matter such as vomitus or mucous is
visible in the mouth, nose, and throat, wipe it away quickly with a cloth or by passing the
index and middle fingers through the throat in a sweeping motion (see fig 2-10, A).

O Place the victim's head in the "sword-swallowing position." Place his/her head as
far back as possible so that the front of his/her neck is stretched.

O Hold his/her lower jaw up. Approach the victim's head preferably from his/her
left side. Insert your left thumb between the victim's teeth at the midline. Pull his/her
lower jaw forcefully outward so that the lower teeth are further forward than .he upper
teeth. Hold his/her jaw in this position as long as the victim is unconscious. You can wrap
a piece of cloth around your thumb to prevent injury to yourself by the victim's teeth (see
fig 2-10, B).

O Close the nose. Close the victim's nose by compressing it between the thumb and
the forefinger of your right hand.

O Blow air into the victim's lungs. Take a deep breath and cover the victim's open
mouth with your open mouth to make an airtight contact. Blow until the chest rises. Blow
forcefully into adults and gently into children (see fig 2-10, C).

O When his/her chest rises, stop blowing and quickly remove your mouth from the
victim's. Take another deep breath while listening for his/her exhalation. If the victim's
exhalation is noisy, elevate the jaw further.

O When exhalation is finished, blow in the next deep breath. The first three or
four breaths must be deep (except for infants and smell children) and given at a rapid rate in
order to provide rapid reoxygenation. After the first 3 or 4 breaths, adjust your breathing
to a rate of 12 to 20 times per minute with only moderate increase in normal volume. In this
way, rescue breathing can be continued for long periods without fatigue.

Caution: Excessive deep and rapid breathing may cause you to become faint, to
tingle, and even to lose consciousness.
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Continue rhythmically without interruption until the victim starts breathing or is
pronounced dead by qualified medical personnel. A smooth rhythm is desirable, but
split-second timing is not essential.

After performing rescue breathing for a period of time, you may see that the victim's
stomach is bulging. This is due to air being blown into the victim's stomach instead of the
lungs. Although inflation of the stomach is not dangerous, it makes inflation of the lungs
more difficult.

If you see that the stomach is bulging, turn the victim's head to one side and be
prepared to clear the mouth before you apply brief but firm pressure to the stomach. This
action gets the air out of the stomach but may cause regurgitation. If this happens, clear
the mouth and throat before you resume inflation of the lungs.

The following are steps necessary to perform mouth-to-mouth respiration for small
children and victim's with tight jaws. Usually, you cannot use the mouth-to-mouth procedure
described above on children under the age of 3 because the large size of your thumb interferes
with adequate mouth-to-mouth contact. In addition, you may find this method difficult in a
victim whose mouth cannot be opened. In these cases, use the following steps:

O (Same) Turn the victim on his back.

O (Same) Clean the mouth, nose, and throat.

O (Same) Place the head in the "sword-swallowing position."

O Hold the lower jaw up--alternate technique.

- Approach the victim's head from his/her left side. With both of your hands, one
on each side of the victim's head, grasp the angle of his/her lower jaw below the ear lobes.
Lift his/her lower jaw forcefully upward so that the lower teeth are further forward than the
upper teeth. To open the victim's lips, pull his/her lip down with your thumb while
forcefully holding the lower jaw up and forward. Hold the jaw in this position as long as the
victim is unconscious.

O Close the victim's nose and blow air into the lungs--alternate technique.

- Take a deep breath and cover the victim's mouth with your mouth, causing an
airtight contact. Block the victim's nose to prevent air leakage by pressing your right cheek
against the nasal openings. (Your hands are occupied elsewhere.) With a baby, the rescuer's
mouth can cover both the mouth and nose with an airtight contact. Blow rapidly until the
chest rises. Blow forcefully into adults and gently into children.

O Let air out of the victim's lungs. After the chcst rises, quickly separate lip
contact with the victim and allow the victim to exhale by himself/herself. If the chest does
not rise, improve the support of the victim's air passageway and blow more forcefully. Repeat
the inflations 12 to 20 times per minute.

If a victim wounded in the face, neck, or chest is having difficulty in getting enough
air, your best move is to get him/her to where he/she can receive medical attention quickly.
It may be best to transport the victim lying on his/her abdomen ratner than on his/her back.
Consider all injuries in determining which position to carry him/her in. USE GOOD JUDGMENT.

Adequate respiration is not enough if the heart is not circulating the blood. The
indications of.loss of heart action are absence of pulses in the large vessels of the neck,
thighs, and other places used as pressure points; gradually enlarging pupils; loss of
consciousness; bluish discoloration; and occasionally, convulsions. The best place to check
for a pulse is in the neck. This is called the carotid pulse and can be felt with the tips of
the index and middle fingers slightly behind the larynx between the wind pipe and the muscles
at the side of the neck. If you are confident that the heart has stopped (cardiac arrest),
you should begin closed chest massage at the same time with mouth-to-mouth respiration. This
is commonly referred to as cardiopulmonary resuscitation (CPR).

To perform CPR, the following procedures are used:

Note: If at all possible it is highly recommended that you enroll in a CPR class to
become proficient in the procedures used in CPR. These classes are provided
by the Red Cross and the Naval Medical Service.



O Place the victim on a firm surface.

O Place the heel of one hand over the lower half of the victim's breastbone (but not
)ver the tip end); then place the other hand on top of the first.

o Rock forward, keeping your arms straight and using the weight of the upper part of
four body to exert enough pressure to depress the breastbone 1-1/2 to 2 inchas (see fig
!-11). Keep your hands in place while you release the pressure (see fig 2-12).

O Repeat this cycle uniformly and smoothly about once per second.

PRESSURE

THE
STERNUM

THE
HEART

THE
VERTEBRAL.
COLUMN

Fig 2-11. Pressure forces blood out of the chest.
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Fig 2-12. Release pressure to refill the heart.
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Use only the heel of one hand on larger children, and only two fingertips on a baby or
very small child.

If you are alone, give 2 inflations, mouth-to-mouth, after each 15 compressions of the
chest. If you have help, compress the chest five times to each inflation.

In the second lifesaving step, *STOP THE BLEEDING," when blood leaves the heart, it
is pumped into large blood vessels called arteries. As pressure from the heart drives the
blood, it moves through smaller and smaller arteries, finally reaching the smallest blood
vessels, the capillaries. By the time the blood begins its trip back to the heart, it has
lost the push given by the heart. After leaving the capillary the blood enters larger and
larger vessels, called veins, which lead back to the heart.

Types of bleeding are classified by the type of blood vessel which has been cut.
These types are called arterial, venous, and capIllary bleeding. In arterial bleeding,
the most dangerous type, were iri-TaTge amoun o oright red blood, and it is usually
PIM to detect a spurting or pumping action. When a vein is cut, a large amount of darker
red blood flows, but without the pulsating flow which characterizes arterial bleeding. In
capillary bleeding, the blood oozes or flows very slowly from the wound.

Uncontrolled bleeding may cause or increase shock, and it may finally result in
death. To stop bleeding, first apply pressure to the wound with a dressing, or, if necessary,
with some substitute such as a parachute or undershirt. Be sure to use clean articles if
possible. Place the open dressing against the wound and apply firm pressure. Continue
pressure as long as needed. Wrap the tails of the dressing around the wounded part and tie
the ends to hold the dressing firmly against the wound. If the pressure of the bandage is
insufficient to control bleeding, continue hand pressure.

If the wound is on an arm or leg and if bleeding continues, place the victim on
his/her back with wounded arm or leg raised. In this position the blood does not flow into
the wounded limb as fast, thus bleeding from the wound is slowed. The bleeding is slowed, not
stopped, by raising the arm or leg, so you still have to use the dressing and pressure.

DO NOT raise the limb if you suspect that the limb is broken. Moving a broken arm or
leg is oangerous since it can result in further injury to the victim and may increase shock.

You can often reduce or stop bleeding by applying hand or finger prt.z.ure aL ious
points on a victim's body. These points are shown in figure 2-14.

The PRESSURE POINTS in the groin and neck are particularly import.-- If thc wound
is too high WiliFTTEWniquet on the leg, use the pressure points in groin. Ise a
neck pressure point when the casualty has a profusely bleeding scalp wouno; however. Ise the
neck pressure point only as a last resort--when other methods of stopping bleeding hc
failed. DO NOT APPLY PRESSURE TO BOTH NECK POINTS AT THE SAME TIME. To e, so would
severely reduce ihe Mood suppfy to the brain, causing unconsciousness anu then cleat'.

When pressure and elevation fail to stop bleeding from a limb with.1 a fe minutes, or
when blood is gushing from a wound, apply a tourniquet quickly. A tournicvt a wide band
of cloth or other material applied around the wounded limb to stop the flow blood. DO NOT
use a wire or rope. If someone else is available, have that person use an appropriate
pressure point while you apply a tourniquet. REMEMBER, NEVER APPLY A TOURNIWET UNLESS BLOOD
IS GUSHING FROM THE WOUND OR UNLESS THE PREVIOUS METHODS OF STOPPING MEWING KAYE FAILED.
IRE REASON FOR THIS IS THAT UNINJURED TISSarBELOW THE TOURNIQUET HAY DIE FROMUCK OF BLOOD
XRDOINTER.

Tighten a tourniquet ONLY enough to stop arterial bleeding (gushing of blood from
the wound). Veins continue tirbTeed until the lid, is drained of blood already present in it;
thus, in sucn an instance, bleeding is not reduced by further tightening of the tourniquet.

Always place the tourniquet between the wound and the heart, in most cases just above
the wound. However, if th,f.a 4 bleeding right below the knee or elbow, you should place the
tourniquet just above the ,aints. When possible, protect the skin by putting a tourniquet
over the smooth sleeve or rant leg.

lue victim should be seen by a medical officer as soon as possible once the tourniquet
is applied. The tourniquet should not be loosened by anyone other than medical personnel
prepared both to stop the bleeding by other means and to replace the blood. Repeated
loosening of the tourniquet by inexperienced personnel is extremely dangerous because the life
of the victim is endangered through further loss of blood.
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IN FRONT
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IN GROIN

Fig 2-14. Pressure points for bleeding control.

If conditions permit you to stay with the wounded person, inspect the tourniquet
frequently to sea if it has slipped or if there is any sign of more bleeding. Replace the
tourniquet if necessary, to its proper position. If further bleeding occurs, further
tightening of the tourniquet may be required.

In extremely cold weather, arms and legs to which tcurniquets have been applied are
subject to cold injury; therefore, be careful to protect such extremities from cold.

PROTECT AND TREAT THE WOUND, the third lifesaving step, are important measures that
must be kept in mind while giving first aid to any casualty.

The best way to protect a wound is to cover it with a sterile gauze or dressing. A
dressi held in place by a bandage helps to stop the bleeding, as you learned earlier. It
also helps protect the wound from germs and other foreign matter and helps prevent more injury.

You should keep your hands off the wound when applying the dressing; do not touch the
side of the dressing that goes next to the wound. Do not pull clothing over the wounded area;
tear or cut clothing away from the wound instead.
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A wound that is not bleeding severely and is not deeper than skin tissues should be
cleaned before it is dressed and bandaged. To clean the wound, wash your own hands with soapand water. Wash in and around the wound to remove bacteria and foreign matter. Rinse the
wound with clean water and blot the wound with a dry sterile gauze pad or clean cloth. Thenapply a dry sterile dressing, or at least a clean dressing, and bandage it in place. DO NOT
attempt to cleanse a deep wound because doing so maY cause bleeding to resume.

Chest wounds are particularly dangerous if air is being sucked in and blown out of the
chest cavity through the wound. When such a condition exists, the wound itself is not as bad
as the air which goes through it, because air squeezes the lung, thus collapsing it. Proper
breathing becomes impossible.

Make the chest wound airtight as soon as possible. The victim's life depends on it.
To make the wound airtight, have the victim exhale (breathe out) as much as possible. As soon
as all of the air is exhaled, apply a dressing which is large enough to stop the flow of air
through the wound; the dressing should do more than cover it. Pack the dressing firmly over
the wound. Cover the dressing with a large piece of material, such from a waterproof garment,
to help make the wound airtight. Bind this covering securely with a belt or strips of torn
clothing.

Encourage the victim to lie on his/her injured side to that the lung of his/her
uninjured side can receive more air. If the victim wishes, let him/her sit up. This may easebreathing. As in all cases of severe injury, treat for shock.

To treat a belly wound, cover it with a sterile dressing from a first aid pack orkit. Then fasten the dressing securely, and treat for shock.
DO NOT try to replace organs, such as intestines, protruding for the belly. To do so

might caririFfections and severe shock. However, if you must move an exposed intestine in
order to cover the wound, do so. Be sure to keep the intestines wet with water.

DO NOT give the victim food or water through the mouth because the food would pass out
through IR-Tilestines and might spread germs in the belly. If evacuation is delayed, you meYmoisten the victim's lips with a wet handkerchief or a cloth. REMEMBER, always treat for
shock.

Bleeding for a neck wound is usually severe because of the many blood vessels in that
area. Stop the bleeding by exerting pressure with a sterile dressing. Then bind the dressing
to protect the wound.

If a large artery, a vein, or both are cut, apply hand pressure above and below the
clt. Continue the pressure until a medical officer directs that the pressure be released. In
such lifesaving situations, you need not worry about getting your hand in the wound. A folded
cloth or a pad of clean material under your fingers may be a great help since the blood makes
the neck slippery to hold.

A fictim with a penetrating neck wound needs special treatment to prevent him/her from
choking on blood. Have the victim lean forward with his/her head held forward and down, or
liw foe^ down. lhese positions allow the blood to drain out of the mouth instead of the down
into dindpipe. REMEMBER to treat for shock, but do not use a face-up shock position.

Part of the treatment for jaw wounds is similar to that for neck wounds because many
times tnere is were bleeding and, consequently, danger of choking on blood. Have the victim
sit up with his/her head held forward and down, or have them lie face down. If the jaw is
woken, do not bandage the mouth tightly shut. Place the absorbent part of the dressing overthe wound and tie the tails over the top of the head to lend support to the jaw. An
additional dressing may be tied under the chin for added support, but remember to allow enough
Freedom for free drainage from the mouth.

When treating a jaw wound, as in the case of a neck wound, do not use a face-up shock
yasition.

A head wound may consist of any one of the following conditions or a combination of
:hese cnnditions: a cut or bruise of the scalp, fracture of the skull, and injury to the
train, ur injury to the blood vessels of the scalp, skull, or brain. Many times, serious
;kull fractures and brain injuries occur together.

A scalp wound is easily detected because of the profuse bleeding. To treat such a
round, perform the four lifesaving steps. Once the dressing is applied, do not remove it.
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It is more difficult to discover whether there is internal injury to the head.
Suspect a brain injury if an individual:

O Is or has recently been unconscious.

O Has blood or other fluid escaping from the nose or ears.

O Has a slow pulse.

O Has a headache.

O Is vomiting.

O Has had a convulsion.

O Has different sized eye pupils.

O Has difficulty in rousing.

If you must watch over a victim with a head injury for a long period of time, restrict
the fluid intake for the first 24 hours. Keep down high temperature with sponge baths or
water or alcohol. Use aspirin if the victim is conscious. If he/she becomes irrational, you
may need to tie him/her down. Such victims need close attention 24 hours a day.

DO NOT place the victim's head in a position lower than the rest of his/her body.
Keep thriTEETth flat on his back unless he is unconscious or unless the wound is on the back
of his head.

If the victim is unconscious, examine the mouth for false teeth or other objects which
might cause choking. Remove such objects when found. Place him face down with the head
turned to one side.

Take victims with head wounds to the medical facility at once for treatment, if at all

possible. If the patient is unconscious, move him/her on a litter face down and lying on

his/her abdomen, or on one side to aid in breathing.

The fourth and final lifesaving step is PREVENT AND TREAT SHOCK. Shock is a

condition of great weakness of the body. It can, and quite often does, result in death.

Shock can be caused by any kind of injury. Loss of blood, crushed bones, bone fractures,

burns, bullet wounds, and other injuries may cause shock. The more severe the injury, the

more likely the occurrence of shock.

Although treatment of shock is listed as the fourth of the lifesaving steps, you

actually start treating for shock at the same time you stop the bleeding. Always treat an

injury victim for shock, regardless of what symptoms occur. You start by keeping calm; a calm

behavior reassures the victim. If it is possible, keep the victim from seeing the wound. By

reassuring the victim and by keeping him/her from seeing the wound, you lessen the chances of
his/her falling into a state of severe shock.

A person in shock may tremble and look nervous and have a fast and weak pulse. The

person may also be excessively thirsty and may become quite pale and wet with sweat. He/she

may gasp for air and become unconscious.

Shock may not show up for some time after an injury. Treat a victim for shock whether
or not the symptoms for shock are present. Your efforts will have a greater chance of being
effective if you treat the victim for shock before he/she has a chance to suffer from it.

To prevent or treat shock, make the victim comfortable. Remove any bulky items the
victim has been carrying. Loosen the victim's belt and clothes. Handle the victim very
gently. DO NOT move him/her more than is absolutely necessary. If he/she is lying in an
abnormal PiTfTon, make sure no bones are broken before you straighten him/her out. Treat the
victim with head wounds as described previously.

Use a blanket, coat, poncho, etc., to keep the victim from becoming chilled or cold.
Be sure to put something under him to protect him from the cold ground.

If the victim is unconscious, place him/her face down with his/her head turned to one

side. This helps to prevent choking should he/she vomit.
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Once you have the vlctim in shock position, do not move him/her, because to do so
might make the blood pressure Orop.

If oxygen is available, give it to the victim.

To repeat: TREAT FOR SHOCK WHETHER OR NOT THE WOUNDED PERSON SHOWS ANY SIGNS OF
SHOCK.

Again, briefly, the treatment for shock is as follows:

O Reassure the victim an. make him/her comfortable by removing bulky items and by
loosening clothing.

O Move him/her as little as possible, and handle gently.

O Make certain there are no broken bones before straightening the person out.

O Keep the victim warm.

O If the victim is unconscious, place him/her face down with the head turned to onl
side.

O Give oxygen if it is available.

As an electrican you may one day have to give first aid for electric shock to a fellow
Marine. Contact with a live or.hot wire is normally the cause of electric shock. Before
first aid can be given, the power must be turned off or the victim removed from the wire. In
such a case, turn off the switch if it is nearby but do not waste time. If the switch can not
be found, remove the victim from the wire by usinj a dry wooden pole, dry clothing, dry rope,
or some other material which will not conduct electricity. Your best bet is to use a wooden
pole if it is available. If using dry clothing, make it into a rope and use it to drag the
victim off the wire. DO NOT touch the wire or the victim with your bare hands, or you may
end up in the sans condiTTE.

Whatever the cause of electric shock, you must start first aid treatment as soon as
possible. Most shock victims will need artificial respiration because electric shock
paralyzes the breathing center in the brain and breathing stops. Mouth-to-mouth artificial
respiration and treatment.for shock will need to be performed as described previously.
Frequently electric shock will cause the.heart to stop. In this case, it will be necessary to
perform closed-chest massage in addition to artificial respiration. This procedure was also
covered earlier. Continue first Aid until the victim recovers or medical help arrives.
REMEMBER, FAST ACTION MUST BE TAKEN IN CASE OF AN ELECTRIC SHOCK. SECONDS COUNT AS THEY CAN
MEAN THE DIFFERENCE BETVEENLIE AND DEW.

Many times, seriously injured persons have to be moved at once. Knowing how to move
them is one of the most important aspects of first aid. Careless or rough handling not only
can increase the seriousness of an injury, but also can cause the victim's death. Unless
there is a good reason for .immediately moving an injured person, DO NOT transport him until a
litter or ambulance is tvailable.

Since there may be times when you will have to move the victim yourself, you should
Icnow the different ways of carrying casualties. Always give necessary first aid before
attempting to move the wounded person. If the casualty has a broken bone, splint it before
you move him.

A litter is any device, such as a stretcher, used for carrying a sick or injured
)erson in a flat position. Using a litter not only makes it easier for you to carry the
:asualty, but also makes the trip safer and more comfortable for the victim. If the distance
Is long or if the victim has a fracture of the leg, hip, back, neck or skull, do not move him
mcept on a litter. You can improvise a litter from many different things.

O Pole and blanket litter (fig 2-15) - Use a blanket, shelter half, tarpaulin, or
)ther material for the bed of a pole and blanket litte-. You can make the poles from such
tjects as strong branches, tent poles, rifles, or skis.
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Fig 2-15. Pole and blanket litter.

O Pole and jacket litter (fig 2-16) - Find two or three blnuses, shirts, or field
jackets to make a poTe and jaCket litter. Button them up and turn them inside out so that th(
lining is outside and the sleeves are inside. Pass a pole through each sleeve, and you have
litter.

Fig 2-16. Pole and jacket litter.

O Door or board litter - To make a door litter, use any plain-surfaced object of
suitable size, such as cots, wIndow shutters, doors, benches, ladders, boards, or poles tied
together. Pad the litter if possible.

O Pole and sack litter (fig 2-17) - Rip open the bottom or cut the corners of
sacks, bags, bedtfcks, or mattress covers to make a pole and sack litter. Pass two poles
through them.

Fig 2-17. Pole and sack-litter.
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O Blanket or parachute roll litter (fig 2-18) - If you can not get any poles to
make a litter, roll a parachute, blanket, shelter half, or tarpaulin on both sides toward the
center. Use the rolls as grips when carrying the victim.

Fig 2-18. Blanket and parachute roll litter.

Several ways to move a casualty without a litter are described in the following
paragraphs. These carries require only one person. Use the carry which is easiest for you
and which is best for the situation. DO NOT try to carry a person who has a broken back or
neck.

O Fireman's carry (fig 2-19) - A fireman's carry is the easiest method for one
person to carry another. Follow these steps:

Turn the victiM face down on the ground and support the head on his arm.

Straddle the victim's body, placing your hands under the armpits.

Walk backward'a few steps, dragging the victim so that his legs trail in front
with his knees locked straight. Then lift by walking forward, pushing against
the straight legs.

Support the victim by putting your arm around his waist, and then step to the
victim's front.

Grasp the victim's right hand with yout left hand. Bend at the waist, pulling
the victim's right arm around the back :;f your neck so that the victim's body
comes across your back.

Now grasp the v4ctim's legs at the knees with your right hand. Holding the
knees with y .4 'ight hand and the right erm of the victim with your left
hand, straigh !0 up, lifting the victim off the ground as you do so.

Grasp the victim's right hand with your right hand, leaving your left hand
free.

-

This is the position of the firemen's carry. You can carry a victim some distance in
this'manner without too much difficulty.

After getting a victim off the ground by using the first three steps of the fireman's
carry, you can use any of the following alternate one-men carries:

0
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Fig 2-19. Fireman's carry.
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O 5upportln cArmE (fig 2-20) - Grasp the wrist of the victim's uninjured arm anddraw the arm aroun yout. The victim now can walk, using you as a crutch. This carry i
useful when the victim is only slightly hurt, as when the Pict% has a foot or ankle injuries

Fig 2-20. Supporting carry. Fig 2-21. Arms carry.

o Arms carr (fig 2-21) - The arms carry is good for short distances. The victim
is li-fted ana carried using one arm under the legs at the knees and one arm behind the back atthe armpits. You should carry the victim high to lessen fatigue. DO NOT use this type of
carry when the victim has a broken leg.

Fig 2-22. Saddleback carry.

O Saddleback carry (fig 2-22) - After getting the victlm up, keep a hold on the
arm and step in front of himAer. Have the victim encircle your 1eck with his arms. Now
stoop, clasp your hands beneath the thighs, and raise the victim vpon your back.

O Pack-strap carry - After raising the victim, step in front of the victim. Grasp
the victim's wrists with your hands and hoist him so that the armpits are over your
shoulders. The pack-strap carry is good for carrying an unconscious victim. DO NOT use it if
the victim has amv broken bones.

o BAck lift and carry - To use the back lift and carry method, the victim must be
conscious anraaTe to stand on one leg. After raising him to a standing position, place
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ourself bookte-back with him. Nevi him stretch out his arms sideways. Send backward, put
our hoods oder the vietio's arms, and grasp his upper arms. Send forward, pulling him onto
moor beck.

Fig 2-23. Pistol-belt carry.

th
11o_40,v_iins

(fig 2-23) Link together two pistol belts into a continuous
elt, them 611721151-211011

With the victims, his boa, spread the belt and place it under the thighs and
hips se that a leep steeds *smooch side.

Lie diem om your back between his outstretched legs. Thrust your arms through
the belt leaps. leech across jeer body and grasp his left hand with your
right heed, aed his lett leg with year left head.



MOH ruillnip 'SU u. ri sins, sum race aownwerof pulling the wounded person onto
your back. Adjust slings before preceding. (If the victim has an injury on
the right side, reverse these procedures. Grasp his right hand with your left
hand and his right leg with your right hand.)

- Then rise to a kneeling position. The continuous belt will hold the victim in
place.

- Place one hand on your knee for support, then stand up. The victim is now
supported on your shoulders.

- Your hands are free to help you climb steep banks and to get over other
obstacles. Both you and the victim can also fire your rifles if the need
arises.

If you are not able to use a litter or one of tho carries listed, you may be able to
use one of the following drags to move the victim:

Fig 2-24. Neck drag.

0 Neck dra (fig 2-24) - Tie the victim's hands together and loop them around your
neck. This enau es you to crawl along, dragging the victim, who may be unconscious. The
advantage of this method is that you and the victim you are dragging can remain low on the
ground protected from enemy fire. NEVER attempt to drag an individual who has sustained a
broken back.

Fig 2-25. Pistol-belt drag.

0 Pistol-Bolt draq (fig 2-25) - Take two pistol belts and join them in one
continuous sting. After placing the victim on his back, pass a loop of the sling over his
head and work it into position across his chest and under the armpits. Then cross the sling
straps at the victim's shoulders, forming another loop. Lie slightly forward on your stomach
next to the victim. Slip the second loop of the sling over your arm and shoulder. Place your
arm which is nearest the victim's head underneath his head to protect it during movement.
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rhen advance by crawling, dragging the wounded person with you. This carry permits both you
mnd the victim to stay on the ground, protected from enemy fire. It can be used only for
ihort distances.

:XERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Under what condition should a person giving first aid move an injured person?

2. What could be the result if a person giving first aid causes additional injury?

3. What is as important as knowing what to do when giving first aid?

4. List the four lifesaving steps.

a.

b.

C.

d.

5. What is the best method of artificial respiration?

6. Why is it important to clear the airway of a victim before performing artificial
respiration?

7. After the first 3 or 4 breaths, what breathing rate should be established when
performing mouth-to-mouth respiration?

8. How is the airway maintained open when the victim is a small child or has tight
jaws?

9. How far should the breastbone be depressed when performing CPR?

10. If you see a fellow Marine receive an electrical shock while working on an
electric circuit and his heart has stopped, what action should be taken?

11. Where should a victim's pulse be checked if you suspect that the heart has stopped?

85
2731



12. What is the first method that should be used to control bleeding?

13. What are the two most important pressure points?

a.

b.

14. What is the purpose of raising the arm or leg that is wounded when trying to stop
the bleeding?

15. As a last resort, what is applied to stop bleeding?

16. Why is a tourniquet dangerous?

17. How should a wound be protected?

10. When treating a chest wound, how do you make the wound airtight?

19. What specific procidure Is used for treating a penetrating neck wound to prevent
the victim for choking on blood?

20. What causes shock?

21. When should treatment of shock begin?

22. What is the first step in prevention and treatment of shock?

23. What must be accomplished before first aid treatment for electric shock can be
started?
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24. What first-aid treatment will be required for most victims of electric shock?

25. List three methods used to move an injured person.

a.

b.

C.

26. What is the easiest method for one person to carry another?

SUMMARY REVIEN

Accidents are usually the result of a failure to THINK. You must think safety and use
safe procedures. You must be aware of the hazards involiia-iff your work areas. When you fail
to think safety and practice safety, you or your co-workers are not only a danger to yourself
but to everyone working with you. In this study unit you have learned some of the hazards and
causes in your work area and the action to take for protection against these hazards and their
causes.

In addition you have learned the steps necessary to perform first aid for the
personnel who fail to practice safety in the work area. Proper first aid may not only save
your life but the life of a fellow Marine. Insure that you practice the four lifesaving steps
that you learned in this study unit. YOU CAN NOT AFFORD NOT TO.

AnsWers to Study Unit #2 Exercises

Work Unit 2-1.

1. The worker
2. a. Unsafe acts by people

b. Physical hazards
c. Natural phenomena

3. a. U
b. U
C. U
d. U
e. U
f. U
g. U
h. S

4. a. U
b. S

c. U
d. S

e. U
f. S

g. U
5. a. U

b. U

C. S

d. U
e. U
f. S

g. S
h. S
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6. a. S
b. U

C. U
d. S

7. a. S

b. U

C. U

8. c

9. b

10. a

11. b

12. a. Yes
b. Yes

c. No
d. Yes
e. Yes

13. Grasp the ladder by the rungs as you walk toward the bottom.
14. d

15. c

16. a

17. b

Work Unit 2-2.

1. Only when it is absolutely necessary
2. That person could be held liable in a court of law
3. Knowing what HOT to do
4. a. Assure breathing

b. Stop the bleeding
c. Protect and treat the wound
d. Prevent or treat shock

5. Mouth-to-mouth
6. If the airway is not clear, air will not enter the lungs.
7. 12 to 20 times per minute
8. Hold the lower jaw upwards with both hands
9. 1 to 1-1/2 inches

10. Begin closed-chest massage concurrently with mouth-to-mouth respiration (CPR).
11. At the neck (carotid pulse)
12. Apply pressure to the wound
13. a. Groin

b. Neck
14. To slow blood flow to the wound
15. Tourniquet
16. Uninjured tissue below the tourniguet may die from lack of blood and oxygen.
17. It shoild be covered with sterile gauze or dressing
18. Have the victim exhale, apply a dressing large enough to cover the wound, and

cover the dressing with a material that will make it airtight.
19. Have the victim lean forward with his head held forward and down, or have him lie

face down.
20. Any kind of injury may cause shock
21. Immediately or simultaneously with one of the other lifesaving steps
22. Keep calm and make the victim comfortable.
23. Rescue the victim. Remove the victim from the electrical contact or remove the

electrical contact from the victim, whichever is the best method of rescuing the
victim.

24. Artificial respiration (CPR)
25. a. Litter

b. Carry
c. Drag

26. Fireman's carry

8
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STUDY UNIT 3

ELECTRICIAN'S TOOLS

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL LEARN HOW TO
IDENTIFY AND USE TOOLS. YOU WILL ALSO IDENTIFY THE SAFETY PRECAUTIONS TO OBSERvE
WHEN USING THEM.

To perform your tasks as a Marine Corps Electrician, you must know what handtools,
special tools, or power tools are needed and how to effectively employ them.

Regardless of the type of work to be accomplished, you must select and use the correct
handtools. Without the right tools and the knowledge of how to use them, the electrician
wastes time and cuts down his efficiency. This efficiency in using handtools is also
determined, to a great extent, by the condition in which you maintain your tools. A good
electrician will take care of his tools and will select the proper tool for the job.
Therefore, we will begin by discussing the most common handtools such as screwdrivers, pliers,
wrenches, hammers, and vices.

Work Unit 3-1. COMMON ELECTRICIAN HANDTOOLS

IDENTIFY THE FUNCTIONS AND USES OF SELECTED COMMON HANDTOOLS.

IDENTIFY THE FUNCTIONS AND USES OF SELECTED CUTTING AND BORING TOOLS.

The SCREWDRIVER is one of the most common handtools; but because it is so common,
everyone thini-ErEFEWi how to use it properly. For this very reason, it usually winds up
being the most abused tool. Some of the abuse is a result of not knowing the type or proper
use of the tool.

There are several different types of screwdrivers. However, there are two main types
of screwdriver blades:

o
Phillips (crosspoint or cross slot)

o The standard (common) blade

STANDARD CROSS-SLOT

Fig 3-7. Screwdriver blades.
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Each type is dtsigned to fit a particular type of screw, as shown in figure 3-1.
Within each type there 4re several sizes and shapes. The size is measured from the BASE of
the handle to the TIP cf the blade, which is called the SHANK. The common sizes ari7774,
5, 6, 8, 10, and lnaches. The shape can be an OFFSET,-STUIGHT, or FLARED TIP (refer to fig
3-2). The offset s!tapc can be a standard or crosigria.

STANDARD

CLOSE
DUARTER

CROSS POINT

TI P

OFFSET

FLARED TIP

STRAIGHT TIP

Fig 3-2. Screwdrivers.

The standard screwdriver is used where the screw or bolt is slotted in the standard
manner. The crosspoint is used only on screw or bolt-heads which are cross slotted. The
offset is used when it is impossible to get at a screw head with a standard or crosspoint
screwdriver because of a small clearance.

Use screwdrivers ONLY for the job they are designed to do--drive and remove screws.
NEVER use the screwdriver-ira prybar or chisel. If you do, you are likely to break the
MIN. When you turn a screw, hold the screwdriver firmly against tha screwhead; and do not
hold the blade at an angle in the screwhead. NEVER use pliers or a wrench on a screwdriver
blade. Apply force on the handle with your hard:Figure 3-3 illustrates the right and wrong
uses of screwdrivers. These illustrations apply to all types of screwdrivers.

When selecting a screwdriver for a job, select the type and size that will fit the
screw. The blade tip must have sharp corners and fit the screw closely, If you use a
standard screwdriver that is too small, you will probably ruin the slot in the head of the
screw. You may also bend or break the blade of the screwdriver. See figure 3-4 for right and
wrong fitted standard screwdrivers. The same wilT hold true for crosspoints--use a
screwdriver that fits the screw.
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A

WRONG MONT

0

WRONG RIGHT

Fig 3-3. Use of screwdrivers.

CORRECT
SIZE SLADE

SLADE TOO SMALL.
RESULT- SENT SLADE
AND DAMAGED SCREW
SLOT.

Fig 3-4. Blade fit (thickness).

When a screwdriver blade tip becomes rounded, nicked, or broken, you can usuallyrestore it to the original shape with a grinder or file. The tip should be ground or filed sothat the sides are parallel to keep them from slipping out of the screw slot. It also goodpractice to slightly hollow-grind the sides of the blade, as shown in figure 3-5. This putsthe tip of the blade at the bottom of the screw slot, making it easier to drive and remove
screws without damaging the screw head.

3-3
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RIGHT

SIDES OF TIP
ARE PARALLEL

TOOL WILL NOT
LIFT WHEN TWIST

IS APPLIED

RIGHT

SIDES OF TIP
ARE SLIGHTLY
HOLLOWED OR

SHAPE OF GRINDING

WHEEL

WRONG

SIDES ARE GROUND
yin INCORRECT

ANGLE. TOOL WILL LIFT
WHEN TWIST IS APPLIED

Fig 3-5. Blade tip shape.

To remove the nicks or sharpen a screwdriver, file or grind the tip until the nicks
are removed and the tip is squared. Then shape the faces and sides by grinding lightly on the
side of the emery wheel or by filing. To keep it from overheating and destroying the temper
of the blade, dip the tip in water between short period: of grinding. DO NOT remove any more
material than is necessary.

The crosspoint screwdriver must be treated in a different manner. In restoring the

crosspoint screwdriver to its original condition, app7y a three-cornered file to remove any
burns that exist on the damaged tips. Due to the delicacy of its fine blades, the Phillips
screwdriver has to be discarded whenever the blades are damaged beyond the filing point.

Each pair of PLIERS is designed for a specific function. There are cuttin , gripping
or holding types, conintng mainly of a pair of jaws, a pivot point, and a pa r of handles.
The types most often used by the electrician are the dia onal, sidecutters, longnose,
combination, and water pump pliers, all of which are Illustrated TFTWe 3-0.

COMBINATION SLIP-JOINT

WATER PUMPS

DIAGONALS

SIDECUTTERS

Fig 3-6. Pliers.

The sidecutting pliers and diagonals are of the cutting type. The diagonals are for
close cutting, while the sidecutters are used for much heavier cutting of layer wire an0 small
cab7es. In addition to cutting wire, the sidecutters are used for holding wire while bending
or twisting and are often used to strip the insulation from wires. The combination slip joint
and water pump pliers are a7so used in electrical work. They are used to grip flat or round
stock and to bend small pieces of metal to desired shaped. The water pump pliers are made
with extra long handles for increased gripping power. Both types of pliers are adjustable 0
several positions for handling various size objects. Longnose pliers also serve many useful
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purposes. They may be used to bend an eye or loop in solid wire so that it can be placed
under a bolthead or screwhead. In places where you cannot fit your fingers to place or
tighten wires, the proper application of the lonynose pliers will be very helpful. These
pliers are actually extensions of your fingers in many instances.

DO NOT use pliers as an all-purpose tool. Iney are not to be used as a wrench for
tighteniVias or holtheads, for example. Pliers round the corners on nuts or boltheads so
that a wrench cannot get a firm grip. DO NOT use pliers as a prybar or as a hammer, as you
may bend or bread the handles. DO NOT inigiFt to cut eAtremely hard objects, since such
action will nick or dull the cutIN-Nes of the jaws.

Good judgment must be used in selecting pliers for a job. You must make sure the
pliers are large enough for the job. Pliers are made in a wide range of sizes to avoid
overstraining and breaking the tool. Not only must you select the proper size tool, you must
also select the right tool for the task. For example, you would not use diagonal pliers to
hold a piece of round stock. Select the right size and type of pliers for the job and cut out
the lost time used for extra care of the tool.

The care of pliers usually involves cleaning, pivot point maintenance, and sharpening
the cutting edges. Pliers require an occasional oiling at the pivot points or joints. After
pliers are used for a period of time, the pivot point often becomes loose and must be
tightened. Some pliers have a nut that can be tightened; others have a solid pin that must be
tightened by laying the pliers on an anvil and striking the pivot lightly with a hammer.
Cutting pliers at times mrs:1 become pitted at the cutting edge. The proper use of a fine file
over a pitted spot on the cutting edge is sufficient to restore its original condition. You
can also use the fine file to sharpen the cutting edge of the diagonals or sidecutters if
necessary. The knurled jaws or gripping teeth of the holding pliers require cleaning for
better gripping. Use a wire brush to clean out steel wastes, paint, or grease that has piled
up on the teeth or knurled jaws.

WRENCHES - Some wrenches are used for tightening and loosening bolts and nuts;
others air-Si-Tied for turning round materials such as conduit and pipes. The more common
wrenches used in your work are shown in figure 3-7.

CHAIN

Fig 3-7. Wrenches.

ADJUSTABLE OPEN END

BOX END

OPEN END

The pipe wrench has a knurled drive wheel to adjust the space between the jaws. The
movable jaw is spring loaded so that it will bind or lock when it pulls on a pipe. If you
reverse the direction of pull, the jaw releases its hold. You use a pipe wrench to assemble
threaded conduit and coupling. The adjustable open-end wrench has a spiral drive wheel to
adjust the jaws. You must adjust the wrench so the jaws fit snugly on a nut before you apply
pressure to turn it. If the jaws fit loosely, the wrench may slip and damage the nut, and
damage your hand as well. As a tule, adjustable wrenches are suitable for heavy duty work.
Open-end wrenches fit standard size nuts. They are lightweight, strong, and convenient for
doing work in limited space. Because the jaws are usually set at 150 or 900 angles, it is
easy to work in close places by turning the wrench over after each movement. The length of
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the wrench will vary according to the size of the opening. Some open-end wrenches are angular
in construction. Box-end wrenches may be used only on hexagon nuts and boltheads. This
wrench cannot be useTto turn a square nut or bolthead. The strap wrench is used on brass,
copper, and chromium-plated pipes and fittings, because it will not scratch or mar the
finished surfaces. It has a thick canvas strap instead of a chain or jaws togrip the pipe or
fittings. The chain wrench is also used on pipes and fittings. It is placed on the pipe by
wrapping the chinFIRTETThe pipe and attaching it to the wrench by a slot arrangement. The
advantage of a chain wrench is that it will grip and apply an even pressure all the way around
the pipe or fittings, whereas a large conventional pipe wrench grips the pipe only at two
points. The chain wrench is much safer to use than the conventional pipe wrench, because it
will not slip off the pipe.

Fig 3-8. Use of open end wrench.

When using a wrench of any kind, always try to pull on it; it is usually dangerous to
push on it. Figure 3-8 shows the right and wrong way to use an open-end wrench. When using
and adjustable wrench, if the pulling force is applied to the adjustable jaw, the wrench is
likely to slip or break. Figure 3-9 shows the right and wrong procedures for using adjustable
jaw wrenches. NEVER use a pipe to increase leverage, for the handle is not designed for this
and will bend ofbWak.

All of the wrenches have special advantages. For example, the open-end wrench is used
where space is limited or where a straight wrench cannot be used. The box-end wrench is safer
to use and is less likely to slip off the nut. However, the box-end cannot be used on the
standard square nuts. Adjustable wrenches are used only when other wrenches do not fit. The
pipe wrench is used to assemble conduit and couplings. In this case, though, the strap and
chain wrenches are much safer to use than the conventional pipe wrench, because they will not
slip off the pipe. A good electrician chooses the one best suited for the job and also
selects the correct size of wrench, as illustrated in figure 3-10.

RIGHT WRONG RIGHT WRONG

Fig 3-9. Use of adjustable jaw wrenches.
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Fig 3-10. Select correct wrench size.

All wrenches must be kept clean and free of rust. Wash any grease and dirt from
wrenches with drycleaning solvent. Any rust spots should be removed with crccus cloth orsteel wool. Periodically wipe down ynur wrenches with a clean cloth dipped in a light grade
of lubricating oil. Lubricate the worm adjustment on pipe wrenches and adjustable jaw
wrenches with a few drops of oil. NEVER use a wrench that has battered, chipped, or spring
jaws. The wrenches that have bad arias should be taken out of service.

HAMMERS are made in varying sizes, shapes, and types. Each type is designed for a
specificyMnrEf work. Some types are used for driving nails; other types are used for metal
forming or to drive a chisel or punch. Yet another type is designed for use where a steel
hammer might mar or damage the work. You will find that you use the CLAW and BALL-PEEN
hammers more than any other types. Figure 3-11 shows some hammers annillets with which youshould be acquainted.

Fig 3-11. Mallets and hammers.

The CLAW HAMMER is used to drive or pull nails in wood construction. When driving
nails, hold Iiiiiiirrvammer near the end of the handle with the face of the striking surface
parallel to the work, as illustrated in figure 3-12. DO NOT hold the hammer near the neck or
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head. A grip just tight enough to control the tool is best. Deliver blows upon the object by
raising the arm and hammer in a smooth arc away from the object and then bring the hammer down
with a quick, sharp motion. The ballipeen hammer is used mainly in mechanical and shopwork.
Use it with driving and cutting tools, such as punches and chisels. The manner in which you
use a ball-peen hammer is the same as for the claw hammer. The mallet is a hammer used mainly
at a work bench for tapping on more delicate equipment. Mallets-in-Windy for disassembling
motors and other electrical equipment. Mallets come with plastic, hard rubber, or pressed
leather heads, and are generally lightweight. Another hammer you sometimes have need for is
the sledge hammer. It has a double-faced head and is used for very heavy work, such as
driviny stakes and ground rods. It can also be use for breaking concrete.

HANDLE FLUSH WITH
EDGE OF PALM

FACE STRIKES
SQUARELY

Fig 3-12. Nail driving (claw hammer).

Since each type of hammer is designed for a specific type of work, you should select
the right hammer for the task at hand. For example, you would.not use a ball-peen hammer or
mallet to drive a nail; nor would you use a s7edge hammer. You would use a claw hammer.
Likewise, you would not use a claw hammer to drive a large grounding rod; you would use a
sledge hammer. You would use a mallet to assist in the disassembly of a motor. Whichever
hammer you select, make sure it is in good condition.

Always inspect it prior to using it. NEVER use any hammer if the head is loose on the
handle. Hammer handles that are cracked or spITEMUst be replaced. Do not attempt to repair
a handle by wrapping tape around it.

There are several types of vises at the electrician's disposal. Figure 3-73 shows
four of the more common types:

Machinist's Vise

Utility Vise

Chain Vise

Pip'? vise

The MAZr-NIST'S and UTILITY vises are sure bench mounted and very similar in
design. Th( ;TErsTrs visniillat jaws and a swivel base and is suitable for most
ordinary she or -he utility vise, on the other hand, has removable soft jaws inserts and
is equiprdd Wth pire jaws. For this reason, the utility vise is more versatile, since it
will grip pipe or';.ound rods. When working with a polished metal, use TETTanaw inserts.
The conventional pipe vise is a quick release type that can be mounted either on a shop bench
or on portable legs and carried to the job site. As you can see in figure 3-73, the chain
type vise grips the pipe by (Vehain arrangement. The pipe and chain vises are used when
cutting and threading conduit.

Vises require very little maintenance other than keeping them clear and the movable
parts well oiled. Do not use the jaws of a vise as an anvil. There is a danger of breaking
the jaws or battering the inserts. Never use a pipe to increase the handle leverage, because
excessive pressure on the handle may break the handle or jaws.

D6
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SOFT-JAW INSERT

411
MACHINIST'S VISE

CONVENTIONAL PIPE VISE

441*
$6-*

UTILITY

CHAIN VISE

Fig 3-13. Vises.

In many cases, you must cut or drill openings in walls, floors, and ceilings for
installation of electrical devices. You will have at you disposal cutting and boring tools to
do this job.

There are several types of cutting tools used by the electrician. Among these tools
are the carpenter's saw (cross-cut or rip), hacksaws, conduit cutters, knockout punch,
pocketknife, and chisels.

HANDLE

BLADE

NUMBER OF TEETH
PER INCH HEEL

LENGTH

CARPENTERS HANDSAW

ADJUSTABLE HACKSAW

Fig 3-14. Saws.
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CARPENTER'S SAW - The carpenter's handsaw, illustrated in figure 3-14, is available
in two types: the ripsaw and the crosscut saw. The length of the cutting edge determines the
size of the saw. These saws range in size from 18 to 26 inches. The ripsaw has coarse teeth
and is used for sawing wood with the grain. On the other hand, the crosscut saw has fine
teeth and is useia for sawing wood across the grain. Although the carpenter's saw is designed
for sawing wood, it may also be used for sawing plastic. The teeth are fixed so that they cut
on the downward (away from your body) stroke only. Be sure there are no nails or other
edge-destroying objects in the way. If you are sawing out a strip of waste, do not break out
the strip by twisting the saw blade. This action dulls the saw and can spring the blade.
Once a blade is sprung, it is impossible to cut a straight line. Hang up the saw when it is
not in use to avoid contact with other tools, and keep the saw coated with light oil to
prevent rust.

HACKSAWS - The hacksaw, one type of which is shown in figure 3-14, is used for
cutting iiii77--Nost hacksaws have adjustable frames which use blades from 8 to 16 inches in
length. Several varieties of hacksaw blades are available. They differ in the hardness of
the blade and the number of teeth per inch. A hard blade is best for sawing brass, tool
steel, or case iron, but a flexible blade is better for cutting hollow shapes and metals of
light cross section, such as tubing, tin, or copper conduit. The teeth range from 14 to 32
teeth per inch. In general, use a coarse-toothed blade for sawing soft metal and a
fine-toothed blade for sawing hard metals. Two or more teeth should be in contact with the
work to prevent stripping of the teeth.

After you have selected the correct blade, insert it in the frame with the point of
the teeth pointed away from the saw handle. Sawing is done by moving the saw forward with a
light steady stroke. At the end of the stroke, relieve the pressure and draw the blade
straight back. After the first few strokes, make each stroke as long as possible without
striking the saw frame against the work. Always keep the saw in line with the cut being made
and do not bear down on the backstroke (doing so may crimp and break the blade). If the blade
breaks, it can cut your hand. Do not push down on a hacksaw to try to make it cut faster.
The weight of the saw should be sufficient to cause the blade to bite into the metal. Keep
the hacksaw clean and stored where the blade is protected from becoming dull or broken. Dull
blades cannot be sharpened; they must be replaced.

Fig 3-15. Rigid conduit cutter.

RIGID CONDUIT CUTTERS - Rigid conduit cutters, like the one shown in figure 3-15,
are available in several sizes. The size is usually indicated on the frame of the cutter. A
cutter with a range from 1/2 inch to 2 inches will cut a pipe up to 2 inches in diameter. Do
not attempt to cut thin-wall conduit with this type because to do so will result in flattening
the ends of the conduit and reducing the inside diameter. As for care, keep the wheel pins
and the threads on the shaft of the handle well oiled. When the cutter wheel becomes dull,
you should replace it with a new wheel. Keep the tool clean at all times.

KNOCKOUT PUNCH - The purpose of the knockout punch, shown in figure 3-16, is for
enlarging holes in metal. The tool will handle metal thickness up to 1/8 inch. You will use
the tool to punch holes in steel cabinets, panels, and boxes, for the installation of
conduit. The diameter of the holes cut by the various punches will allow various sized
conduit to fit the opening. For example, a punch that will cut a hole 1-11/32 inches in
diameter is used for a 1-inch conduit. The following is a list of punches and the size of
conduit to be used:



Punch

7/8

Conduit

1/2
1 11/32 3/4
1 11/16 1 1/4
1 15/16 1 1/2
2 3/8 2
2 7/8 2 1/2
3 1/2 3

As you can sea from the previous list, the size of the conduit to be connected will
determine the size of punch required.
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Fig 3-16. Knockout punch.

SLUG

To use the tool properly, you must first have a hole in the material to be punched.
The hole must be large enough to accommodate the drive bolt of the knockout. The hole should
be drilled with an electric drill and twist bit. The drive bolt for a 7/8-inch punch, for
example, will normally require a 3/8-inch hole. Larger knockouts will require a 3/4-inch
hole. Once the hole for the drivebolt is drilled, you must insert the drivebolt through the
top part (die) of the knockout and then through the hole in the box. The bottom part (punch)
of the knockout is then threaded onto the drivebolt until both parts, the die and punch, are
tight against the box, as shown in figure 3-16, A. Now, use a wrench and turn the drivebolt
to punch the hole as shown in figure 3-16, B. Turn the bolt until you feel or hear two
distinct snaps of metal. This lets you know that the hole has been punched and the slug is
free from the box. DO NOT tighten the drivebolt oncc the slug is free, as you may damage the
cutting edge of the WEE: Now, remove the tool from your work and remove the slug from the
die part of the tool. You may need a punch and hammer to tap the slug from the die.

The punch can be sharpened when it becomes dull. However, this action is an emergency
measure. Your concern with the care of the knockout punch, then, is limited to keeping the
tool clean and well filed.

Fig 3-17. Electrician's pocketknife.
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POCKETKNIFE - The electrician's pocketknife (fig 3-17) serves many purposes. It

consists-77177.War cutting blade and a screwdriver-type blade. The cutting blade may be
used to skin insulation from wires and to scrape the thin coat of varnish insulation from a
copper conductor when making splices or connections. The screwdriver-type blade may be used
to turn screws. When the knife is not in use, fold and place it in your toolbox. Knives
should not be used as prybars, and the blades should be kept sharp and free of nicks.

COLD CHISELS - Cold chisels are used to cut or chip metal. The flat chisel, like
the one -1Tiir-snovniigure 3-18, is used by the electrician to shear nuts or boltheads that are
frozen to such extent that a wrench cannot remove them. This flat chisel is also used to cut
sheet metal. Keep the cutting edge sharp and ground to the original angle. The hardness or
softness of the metal to be cut determines the cutting angle required. A cutting edge angle
of 600 to 700 is fine for most light metals. An angle of 900 is recommended for hard
and tough metal. The chisel must be kept sharp and the edge slightly rounded as shown in
figure 3-18.

Fig 3-18. Cold chisels.

To use the chisel, place the cutting edge on the mark where the cut is desired and at
whatever angle will cause it to follow the desired finished surface. Strike the chisel head
squarely with a hammer. Start with a few light blows to get the cutting started, then let the
hammer fall with more force. After each blow, lift the chisel, check the cut, and set the
chisel back in the cut for the next cut. Take care that the hammer does not slip off the end
of the chisel and injure your hand. When the cutting edge of a chisel becomes dull, sharpen
it with a bench grinder.

Fig 3-19. Properly dressed and mushroomed chisel heads.

To grind a chisel, set the rest on the grinder to secure the desired level angle.
Move the chisel head from side to side a little during the grinding operation to slightly
curve the cutting edge. Turn the chisel over and grind the hammered end to its original
shape. It is very dangerous to use a chisel with a mushroomed head, because steel pieces may
fly off the chisel and cause injury to you or your co-worker. An example of a mushroomed
chisel head and also a properly dressed head are shown in figure 3-19. When the chisel is not
in use, it should be stored in a wooden box. Scour off any rust with light lubricatihg oil.



Fig 3-20. Wood chisel.

WOOD CHISELS - The wood chisel is used to cut holes and grooves in lumber and other
soft building male-1741s. The chi5el is a flat piece of steel with one end ground to an acute
level to form a cutting edge, as shown in figure 3-20. Some of the chisels are driven by hand
pressure, others are driven with a Mallet. NEVER use a hammer or metal tool to drive the
chisel. Drive wood chisels outward, away friiii-nie body, with a rubber or rawhide mallet. Do
not use a wood chisel as a pry or wedge. The steel is hard and brittle, and may snap. NEVER
place chisels 011 a workbench or on a shelf so that they can roll off and drop to the floor,
because they can be kicked or droPPed on a worker's foot, causing severe injury. Keep chisels
on a rack so that the sharp edges will be protected.

Wood chisels must be kept sharp to prevent injury to the user. Use an emery wheel to
sharpen a wood chisel and then hone it on an oilstone. Secure the oilstone to a bench. Do
not hold it in Your hand, because the sharp edge slipping off the face of the stone can cause
a severe hand or wrist injury, Handles for wood chisels are made of wood or plastic.

Fig 3-21. Drills.

During the installation of electrical units, the electrician will need to bore holes
in various materials. This is a siMple task that involves the use of common hand drills,
twist bits, !tiger bits, and star bits.

The most common hand drills you will use are the RATCHET BRACE and the HAND and
BREAST DRILLS. Check the types of drills in figure 3-21. The ratchet brace coRiTits of a
knob, crank, and chuck for holding the bit. The chuck usually has a ratchet that allows the
handle to turn in either direction to turn the chuck. This permits the boring of holes in
places where a full revolution of the crank cannot be made. The chuck is built to hold only
auger bits that have a sgnare tangrand is used for drilling holes in wood. Both the ha3d
drill and the breast drill use a wfieel with a handle to drive the bit. The chuck on these two
drills holds a straight shank bite called a twist bit.
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Fig 3-22. Drilling with a hand drill.

To drill with the brace, place the bit on the work and turn the handle clockwise,
using a light, but firm, pressure on the head of the brace. Heavy pressure can cause the bit
to break from overheating, or cause the hole to be drilled oversize. The bit should be
perpendicular to the work at all times. When using the hand or breast drill, the procedures
are generally the same as when using a brace. Hold the hand drill with one hand on the handle
and operate it by turning the crank with the other as illustrated in figure 3-22. The
pressure is applied with the hand. To apply pressure to the breast drill, the operator pushes
against the end of the tool with his/her body. Keep the drills clean and the moving parts
well oiled.

TANO

Fig 3-23. Auger bit parts.

AUGER BITS are screw-shaped tools with six parts and are used only for drilling
holes in wooa. rsgure 3-23 illustrates the six parts of the bit. When you turn the brace,
the spurs score a circle and the two cutting edges shave the wood flom within the scored
circle. The screw centers the bit and draws it into the woods. The twist carries the
cuttings away from the cutters and deposits them in a mnund around the hole.

Both the electric and the manally operated hand drill, and the breast drill require
twist bits. MostliliTFits have a roUMshank that fits the jaws of the drills. Some twist
bits are made with a tang to be usea in a brace. Both types are shown in figure 3-24. The
size is marked on the shank or tang and is usually given in fractions of an inch. These bits
are used to drill holes in wood or metal. You must appty pressure to get the hole started.
Always slack off on the pressure as the drill is about to break through. This action often
prevents skinned knuckles and helps to prevent the drill from breaking.

ii-CSCSCSC=
ROUND SHANK
USED IN DRILL

CZ:=1.1Imla
SQUARE SHANK
USED IN BRACE

Fig 3-24. Twist bits.
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Fij 3-25. Start drill.

A STAR BIT (fig 3-2',) is used to drill holes in concrete or brick walls, or floors
for mountfiViTeitrical controls, or for passage of conduit or cable. Driven by the impact of
a ball-peen hammer, the star bit is twisted left and right in the hole as each blow is
struck. In hard stone, it is advisable to keep clearing out the drilled material. The size

of the bit used determines the size of hole being drilled. The smaller sized tools are
usually driven by one person. The larger tools require two people. The most common sizes

used by the electrician are the 1/4- and 1/2-inch star bits. The star bits, as with other
types of bits, require cleaning after each task and being kept rust free and well oiled.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

Matching: Match each of the descriptive statements in column 1 (items 1-14, to the

correct tool in column 2 by placing the appropriate letter in the spaces
provided . Some letters may be used more than once.

1.

2.

3.

Column 1 Column 2

Description Tool

Has removable soft jaws

inserts and pipe jaws

Used for forming wire
loops

Used for driving and
removing screws

4. Uses a chain to grip its
work

5. When turned backwards,

releases its grip.

6. Used for driving or pulling

nails

a. Screwdrivers

b. Longnose pliers
c. Pipe wrench
d. Adjustable jaw wrench
e. Claw hammer
f. Box- or open-end wrench
g. Sledge Hammer

h. Utility Vise
i. Chain vise
j. Sidecutting pliers
k. Conventional pipe vise
1. Water pump pliers

7. Used for turning nuts and bolts
if the right size box or open end
wrench is not available

8. Comes in standard sizes to fit
nuts and bolts

9. Used to assemble conduit and
couplings

10. Used to cut large wire and small

cables
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11. Can be mounted on legs and carried to
the job sites

12. Equipped with adjustable jaws and
extra long handles for gripping
round stock

13. Used for driving stakes and ground
rods

14. Should not be used for a chisel or punch

Matching: Match each of the descriptive statements in column 1 (items 15-38) to the
proper cutting tools in column 2 by placing the correct letter in spaces theprovided. Some letters may be used more than once.

Column 1 Column 2

Description Tool

15. Used to cut conduit, a. Carpenter's Saw
tubing, or flat metal. b. Hacksaws

c. Rigid conduit cutter
16. Used to cut rigid d. Knockout punch

conduit only. e. Pocket knife
f. Cold chisel

17. Used to cut wood across g. Wood chisel
the grain.

18. Used to cut grooves in
wood.

19. Used to enlarge holes in
metal.

20. Used to cut and chip
metal.

21. May be used to skin insulation
from wires.

22. Driven by hand pressure or
with a mallet.

23.

24.

Do not break out waste by
twisting the tool.

Using the tool on thin-wall
conduit flattens the end.

25. A wrench is used to turn the bolt
until a hole is made.

26. A dull blade for this tool cannot
be sharpened.

27. Requires a hole be drilled or punched
before it can be used.

28. On this tool, a cutting blade angle of
600 to 700 is fine for most light
metals.

29. These tools range in size from 8 to 16
inches.

30. When using this tool, two or more teeth
should always be in contact with
the work.
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31. The cutting wheels must be replaced
when dull.

32. A hammer and punch may be used to remove
the slug from the die of this tool.

33. A cutting blade angle of 900 is recommended
for cutting hard and tough metal.

34. Never use a metal hammer to dr!ye this tool.

35. Should shrapened.on an emery wheel and then bored on
in oil stone.

36. Has a blade that can be used as a screwdriver.

37. Cuts a 1 11/32-inch hole for 1-inch conduit.

38. A coarse-tooth blade is used to cut soft metal.

Matching: Match each of the descriptive statements in column 1 (items 39-44) to the
proper boring tool in column 2 by placing the correct letter in the space
provided.

Column 1

Description

Column 2

Tool

39. Used to drill holes in a. Ratchet brace
concrete or brick walls. b.

c.

Hand drill
Breast drill

40. Used for drilling holes in d. Auger bit
wood only. e.

f.

Twist bit
Star bit

41. Usually has a round shank.

42. Uses bits with a square tang.

43. Uses a twist bit and requires
only hard pressure.

44. Uses a twist bit and allows
pressure to be applied with
the body.

Work Unit 3-2. SPECIAL TOOLS

NAME THE TOOLS NEEDED TO PERFORM GIVEN TASKS AND STATE HOW THEY ARE USED.

In addition to the common handtools just covered. There are several special tools
used by electricians to do special tasks. You must know how to select and use these tools to
make your job easier. They include fish tapes, rules and tapes, wire gages, fae pullers,
wire strippers, and reaming tools.

FISH TAPES are made of tempered steel. Most of them are flat and are rolled up in a
metal or-TOW:R.frame for ease of handling and storage. See figure 3-26 for an illustration
of a flat-type fish tape. Tapes come in various widths and in coils of 25, 50, 75, 100, and
200 feet. A fish tape is used to pull wire through conduit or other raceways. The fish tape
is stiff enough not to bend in normal use but can be pushed or pulled easily through conduit
bends. For large conductors, the tape is used to pull a winch line or rope through the
conduit first. You then use the winch line or rope to pull the conductors through the length
of conduit.



Fig 3-26. Fish tape.

RULES AND TAPES are measuring tools used by an electrician. The 6-foot folding rule
and the cloth tape (fig 3-27) are the most common types. The folding rule is used for
measurements of 6 feet or less when doing layout work or roughing in boxes. It is very handy
because its hinged sections can be folded and placed in your pocket or tool punch. To use the
rule, hold it in one hand and with the other hand unfold only the sections needed to take thedesired measurement. The rule shown in figure 3-27 also has a slide in the end of one section
that can be used for taking inside measurements. The cloth tape is used to make long
measurements, for instance 10 feet or more, and is made of cloth or linen. The tape is used
by placing the metal ring at the end of the tape over a nail at the start of the measurement
and walking in the direction to be measured, pulling the tape out of its case. After the
measurement is taken, the tape is rewound with the pop-out handle ont he side of the case.

FOLDING RULE

CLOTH TAPE

Fig 3-27. Measuring tools.



Usually the graduations on the rule or tape are in fractions of an inch. A small
number printed on the rule near the end tells you the fractions of an inch used on the rule.
Thus, the number 8 would indicate that th( markings are 1/8-inch apart; the number 16 means
1/16 inch, and 32 and 64 indicate that 1/32- or 1/64-inch graduations are used.

The folding rule must be unfolded very carefully to prevent breaking off sections near
their joints. Keep the rule clean to prevent the joints from becoming stiff. If the joints
do become hard to operate, lubricate them with a small drop of light oil or graphite to make
the sections easier to fold or unfold. Remove any excess oil with a cloth. Keep the rule
folded when not in use. Cloth tapes must be kept clean and dry. Dirt may damage the winding
mechanism. If the tape gets wet, unroll it and allow it to dry.

Fig 3-28. Wire gage.

A WIRE GAGE is a tool used to measure the diameter of wires. When you read in the
code that iiiTaiiint wires must be of a certain size, you can check them with a wire gage.
The gage, shown in figure 328, is simply a round, flat metal disc with holes and slots around
its circumference. To use it, slide the slots over the wire until you find the slot that fits
the wire. The size is etched on the disc next to the slot. The gage shown in figure 3-28 is
called the American standard wire gage (AWG) and is the standard gage for electrical wire used
in the United States.

Fig 3-29. Fuse puller.

The FUSE PULLER, shown in figure 3-29, is constructed for pulling and replacing both
large and small cartridge fuses. It is made of laminated fiber with good insulating
qualities. Fuse pullers come in sizes from 5 to 20 inches long. Large pullers contain more
laminations and have a larger slot in the jaws to use on bigger fuses. You must always use a
fuse puller to pull and replace cartridge fuses to eliminate the danger of electric shock.
The puller may be used also to adjust loose fuse clips.



Fig 3-30. Wire stripper.

The WIRE STRIPPER, shown in figure 3-30, is used to strip the insulation from smallsize wires before making splices or attaching the conductor to a terminal screw. The strippercan e used for stripping insulation from
various sizes of wire up to No. 11 AWG. When usingthe stripper, take care to insure that the wire size is not bigger than the stripper slots,

since this would cause damage to the wire. If the wire is stranded, several of the strandsgill be cut. If the wire is single strand, it will be picked and weakened to the point whereit will break when twisted even slightly. The wire stripper should be kept clean, and light)il may used on the moving parts.

Fig 3-31. Reamer.

After conduit has been cut to length, the cut end must have the sharp edges on thenside removed to prevent damage to the wire insulation. This procedure is called "reaming."he tool that is used is the REAMER. Rigid conduit is normally reamed with a tool similaro the drawing in figure 3-317-316fice the
square long tang on the shank. It is normally usedith the ratchet brace described previously, or you may use a tool that is especially designedor reaming. The reaming is complete when the sharp edges and metal burns have been removed.o not store the reamer in a position that may cause the cutting edges to become dull. If theeamer is equipped with a ratchet, it should be kept clean and well oiled.

XERCISE: Answer the following questions and check your responses against those listed atthe end of this study unit.

1. What special tool is used for pulling conductors (wires) through conduit and howis it used if the conductors are very large?

2. Which measurement tool is used by the electrician for layout or roughing in boxes?

3. How can the folding rule be used for taking inside measurements?

4. What is the purpose of the wire gage?
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S. My should a tele /eller be weed I. place of something else when replacing fuses?

11
S. Whet teel is seed to remove the sharp edges from the inside of conduit after it

has been cot to leogtht

1. When ming the wire stripper, what precastions skald be observed and why?

lark Snit 1-3. SWUM MINCE AND SOLMING

NANI DIFFERENT TYPES OF AMINO MINOT.

STATE MIAMNISTICS WI MOM MKS WI SOLDERINI EQUIPMENT.

CITE TIR FINICTION WI TIC NUT $INK.

STATE INTERIM OM IN SWUM.

SPECIFY 1111 PROM PISMIRES FOR WINS SOLIDUS& EQUIPMENT.

to the %Meal Electrical Code, a splice most be joined with devices
seitable for see sr by soldering. Most ef the time you will be able to use the devices made
available, sech es wire sets, twist locks, etc. Nowever, there will be times *ten you will
seed to solder splices or coenections to complete yoor work.

1
Fig 3-32. Torch aed soldering copper.

"UN are divided into two types: nomelectric and electric. The
melee* whom there is so power souraTMcose woRilli:- Two nonelectric
types are the and the solder* copper (commemly called a soldering iron), shown in
figure 3-32. The torch is normally fooled by a propene bottle that can be changed %ten it is
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empty. It can be used for direct soldering of large splices, or it can be used to heat theiron to the desired temperature when soldering smeller splices. The electric gun and electric
irons Shown in figure 3-33 can be used for soldering when there is a power source close to theworksite. All electric soldering irons and guns are rated in watts. Those with high wattage
ratings produce more heat. Since large splicers require more Rif-for soldering, a high
wattage gun or iron will be needed. Nigher wattage devices may be used for smcller splices,
but care must be taken to avoid melting of the insulation. In some cases a heat sink may be
needed to prevent damage to circuit components. The heat sink absorbs heat IIITTIFigt
otherwise be absorbed by the component and cause it to burn up. An example of a heat sink
that may be used while soldering is a pair of locking pliers or a spring clamp attached to thework being soldered. The electrical irons and guns have cords of varying lengths and nearly
all operate on 120 volts AC.

Soldering is the process of joining metals by adding another metal to bond them
together. Electrical work requires solder made with lead and tin in near-equal amounts.
Common types of solder used are 60/40 and 60/60. The first number represents the amount of
lead and the second number the amount of tin in the solder. To make a wood bond, the metal to
be joined must be clean, and you must have enough heat to melt the solder. Heat is supplied
by one of the devices discussed previously to the joint to be soldered. To clean the joint, a
cleaning agent or flux (made of rosin) that removes oxides from the surfaces to be joined is
used. Flux may be applied in the form of a paste, or it may be included as the core of the
solder. If the flux is in the solder, it is called rosin-core solder. Flux used for
soldering shut metal is made with an acid base. Acid-base flux should NEVER be used for
electrical work because it will cause corrosion.

Soldering jobs in electrical work are of three main types: (1) soldering two or more
wires together, (2) soldering wires to lugs or terminals, and (3) soldering wires to metal
surfaces. no matter which type job you are doing, there are certain steps you must take to
nave a good soldered splice or connection.

First, the soldering iron or gun must be tinned. To tin the end of the iron or gun,
you must first heat it and clean it with flux; thirilaT a thin coat of solder on it. If you
have an iron that is burned and pitted, it may need to be filed and brushed before it istinned. Next, the splice or connection should be twisted or held firmly together. Then
prepare the joint for soldering by applying flux. When the metal is heated the flux will
boil, cleaning the joint in the process. If rosin-care solder is used, cleaning will take
place as you apply the solder.

SCMCnew

REPLACEASLE LIGHT
SOLDERING TIP

TRIGGER SWITCH

REPLACEABLE HEATING
ELEMENT AND TIP

CORK GRIP PLASTIC HANDLE
HEATING ELEMENT

Fig 3-33. Electric soldering gun and iron.

Now, hold the gun or iron under the joint, if possible, and heat it until the joint,
not the iron on gun, melts the sollEFApply heat until the solder runs freely around the
wires or metal being joined. A good soldering job is one in which a thin coat of solder has
flowed on all surfaces to be joined. When the solder cools, after you have removed the heat,
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it should be a dull silver color. If it is a dull white, you have what is known as a "cold
solder" and you must reheat it. Cold solder joints are caused by not using enough heat:--rnce
inFint has been made as just described, it is a waste of time and material to add solder
just to make it look better.

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. Name the two types of soldering devices.

2. What type fuel is used for the torch?

3. What is pother name for the soldering iron?

4. How are electric soldering devices rated?

5. What is the purpose of a heat sink?

6. What materials are contained in the solder used for electrical work?

7. What do the numbers 60/40 mean as applied to solder?

8. What type of flux is used for cleaning joints in electric soldering?

9. What is the first step in preparing a soldering gun or iron for soldering?

10. After the splice or joint is twisted or held firmly together, what is the next
step required to assume a good soldering job?

11. If possible, heat should be applied from which direction?

12. How do you prevent "cold solder" joints?



Work Unit 3-4. PORTABLE POWER TOOLS

STATE THE CHARACTERISTICS OF PORTABLE POWER TOOLS.

CITE PROCEDURES FOR POWER TOOL USES.

Portable power tools are used to make jobs easier. You can drill holes in wood with a
brace and bit, but you can drill the holes much faster and easier with an electric hand
drill. For these reasons, you should use the power tools that are available to you whenever
possible. In this work unit, we will cover two of the most common portable power tools used
in the electric shop, the electric hand drill and saber saw.

Fig 3-34. Portable electric drill.

The most used portable tool that you will find in the electrical shop is the electric
hand drill. With it you can drill holes in almost anything to be found in and around-IT5T----
facilities. The drills are available in various sizes, the size being determined by the
largest size drill shank that the chuck will take. For example, a 1/4-inch drill will take
all twist bit shanks up to and including 1/4-inch sizes; 3/8-inch sizes, 3/8-inch bit;
1/2-inch size, 1/2-inch bit, and etc. The drills are equipped either with a pistol grip or
closed handle (spade grip). The bits are secured in a key-type gear chuck that automatically
centers the drill shank. An example of a typical electric hand drill is shown in figure 3-34.

When drilling holes with the electric drill, you must be sure that the bit you are
using is suitable for the material to be drilled. In another part of this study unit, you
learned that the twist bit could be used to drill work on metal. Other bits that can be used
with the electric hand drill are the spade bit and the masonry bit, shown in figure 3-35.

Spade BR

Masonry BI

Fig 3-35. Spade and masonry bits.
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The SPADE BIT, sometimes called a s eed bit, is used exclusively for drilling wood
and is availiE1171Trilzes up to an inch anu a na T with a 1/4-inch shank. Note that the spade
bit does not have a screw tip like the auger bit, so pressure must be applied for starting and
drilling. The point is primarily for centering the bit when you start to drill. As the hole
is bored, yeti must reduce the pressure on the drill just prior to going through the wood. If
you don't, the bit will splinter the wood and leave a ragged hole.

The MASONRY BIT is used with the electric hand drill for drilling holes in concrete,
cinder block,o1 brick. Often you need to anchor a box or conduit to this type of material.
To do this, it is necessary to drill a hole to accommodate a lead anchor or toggle bolt.
These bits come in various sizes with different size shanks.

An important thing to remember when using a masonry bit or a twist bit with the
electric hand drill is DO NOT overload the drill motor. The best way to do this is to avoid
using oversize bits. As an example, if you are drilling metal with a 1/2-inch electric hand
drill, do not use a bit that is larger than 1/2 inch.

When drilling metal with a twist bit, center punch the spot to be drilled and drill
the hole. Experience will teach you just how hard to push the bit to cut a proper sized chip
and not overload the motor. Watch closely when it seems that the bit is on the point of
breaking through; then slack off on the pressure so that the bit comes through easily. This
will keep it from wedging in the uncut material and sticking, which is apt to break your grip
and injure your hand or cause injury to someone else. Occasionally, when drilling wood, a
nail is hit while drilling a hole. Here again, the drill will try to twist out of your hand.
For these reasons, be sure that you are standing well braced when using the drill. The
ventilation holes on the drills should be kept free of dust or lint to prevent overheating of
the motor. Continued stalling and overheating will damage the motor to a point where it will
become useless. So, do not overload the motor and keep the chuck clear and well oiled.

Fig 3-36. Saber saw.

Another common portable power tool used in th electric shop is the saber saw, shown
in figure 3-36. Several types of blades are made for the saw to cut differifirWii of
material. They can be changed by loosening the set screw that holds the blade in place. The
saber saw is used by the electrician to cut openings in finished walls so that outlet boxes or
panel boards can be flush mounted. It can also be used to cut notches in studs to make runs
of cable and to cut conduit if a metal cutting blade is used.

To use the saw for cutting openings in finished walls, a pilot hole must first be made
in the area that is to be cut out. The blade of the saw is then put into the hole with the
base plate held firmly against the wall. You may then start to cut the opening required.

When using the saber saw, always apply steady, even pressure and hold the base plate
firmly against the work. Forcing the saw will cause stalling and overheating. The saber saw,
like the electric drill, has ventilation holes that should be kept clean and free of dust or
dirt to prevent overheating.



There is one last thing to rew,mber when cutting or drilling in finished walls on
around any electrical circuits that are already installed. That is, check to make sure you do
not drill or cut into anythin that may be concealed in the wall, including electrical
circul s that may be energ ze .

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit.

1. What determines the size of an electric hand drill?

2. What are the three types of bits ordinarily used with the electric drill?

a.

b.

c.

3. Bits are secured in an electric drill by a(n)

4. To avoid splintering the hole with the spade bit, apply less pressure

5. What type of bit is used with the electric hand drill for drilling into concrete,
cinder block, or brick?

6. What is the best way to keep from overheating the electylc hand drill?

7. When drilling metal with a twist bit and electric drill, what must be done to
avoid wedging the bit prior to breaking through?

8. Saber saws are used to cut what type material?

9. When cutting an opening in a finished wall with a saber saw, what must be done
first?

10. Forcing the saber saw through material will cause what ?

SUMMARY REVIEW

In this study unit you have learned to select and use common handtools, special tools
and portable power tools. You learned the proper safety precaution associated with these
tools so that you can effectively employ them while performing your duties.

Answers to Study Unit #3 Exercises

Work Unit 3-1.

1. h 12. k or i 23. a 34. g
2. b 13. g 24. c 35. g
3. a 14. a 25. d 36. e
4. m 15. b 26. b 37. d
5. c 16. c 27. d 38. b
6 e 17. a 28. f 39. f
7. d 18. g 29. b 40. d
8. f 19. d 30. b 41. e
9. c 20. f 31. c 42. a
10. 3 21. e 32. d 43. b
11. k 22. g 33. f 44. c
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Work Unit 3-2.

1. Fish tape. It is used to pull winch line or rope through first, then the winch
line or rope is used to pull the conductor.

2. Folding rule
3. By extending the metal slide at one end of the folding rule
4. To measure the diameter of a wire to check the size
5. To eliminate the danger of electric shock
6. Reamer
7. Make sure the size wire being stripped is not larger than the slot. If you don't,

the wire may be nicked or cut.

Work Unit 3-3.

1. nonelectric and electric
2. Propane
3. Soldering copper
4. In watts
5. To absorb heat and protect components
6. Lead and tin
7. The solder contains 60 percent lead and 40 percent tin.
8. Rosin flux
9. It must be tinned.
10. Clean with a rosin flux
11. From under the splice or joint
12. Make sure enough heat is used.

Work Unit 3-4.

1. The size drill shank its chuck will take
2. a. Twist bits

b. Spade bit
c. Masonry bit

3. Key type gear chuck
4. Just prior to going through the wood.
5. Masonary bit
6. Avoid using oversize bits
7. Reduce pressure on drill
8. Wood
9. Drill pilot hole
10. Stalling and overheating
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MARINE ELECTRICIAN: FUNDAMENTALS

REVIEW LESSON

INSTRUCTIONS: This review lesson is designed to aid you in preparing for your final exam.
You should try to complete this lesson without the aid of reference materials, but if you do
not know an answer, look it up and remember what it is. The enclosed answer sheet must be
filled out according to the instructions on its reverse side and mailed to MCI using theenvelope provided. The questions you miss will be listed with references on a feedback sheet
(MCI-R69) which will be mailed to your commanding officer with your final exam. You should
study the reference material for the questions you missed before taking the final exam.

A. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

1. Identify the smallest three particles that make up matter.

a. Elements, molecules, and electrons
b. Molecules, neutrons, and electrons
c. Electrons, neutrons, and protons
d. Atoms, molecules, and elements

2. Identify the building blocks of nature.

a. Molecules c. Atoms
b. Elements d. Electrons

3. By what means may a compound be separated?

a. By chemical means c. By magnetism
b. By physical means d. By heat

4. Electron flow is defined as the movement of

a. atoms through a conductor.
b. molecules through a conductor.
c. protons and electrons through a conductor.
d. electrons through a conductor.

5. Voltage is defined as

a. electrical pressure. c. electromagnetic pressure.
b. water pressure. d. physical pressure.

6. The four effects of current are chemical action, physical action, heat, and

a. ohm. c. magnetism.
b. watt. d. temperature.

7. Identify the unit of measurement for resistance.

a. Henry
b. Dyne

c. Watt
d. Ohm

8. Identify the type magnet that is made of iron or steel magnetized by induction from
some exterior source.

a. Natural c. Lobestone
b. Artificial d. Parallax

9. What type of magnet has unstable structure and a low magnetic strength?

a. Natural c. Lobestone
b. Artificial d. Parallax
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10. The lines connecting the direction of the field around a magnet from pole to pole are
called

a. lines of force. c. lines of magnetism.
b. electrons. d. negative charges.

11. From the statements below concerning electromagnetism, identify the true statement.

a. In a magnetic circuit, the force which produces the flux is called electromotive
force.

b. When you place your left hand around a coil with your fingers pointing in the
direction of electron flow, your thumb will point to the North Pole.

c. When current is flowing through a single-loop conductor, the magnetic lines of
force are concentrated to the outside of the loop.

d. When a soft iron core is inserted into a solenoid, the lines of force will
decrease.

12. Identify the type current that is defined as electrons moving in one direction through
a conductor.

a. Negative current c. Alternating current
b. Positive current d. Direct current

13. Identify the type current that is defined as electrons moving back and forth through a
conductor at specific intervals.

a. Direct current c. Alternating current
b. Electron current d. Hertz current

14. Which of the following statements shows the correct relationship of the current to the
voltage and resistance in a d.c. circuit as given in Ohm's law/

a. The current in amperes is equal to the EMF in volts multiplied by resistance in
ohms.

b. The current in amperes is equal to the resistance in ohms divided by the EMF in
volts.

c. The current in amperes is equal to the EMF in volts divided by the resistance in
ohms.

d. The current in amperes is equal to the resistance in ohms divided by the EMF in
volts.

15. If a d.c. series circuit has an applied voltage of 24 volts and a resistance of 4
ohms, what is the current flow in the circuit?

a. 4 amps
b. 5 amps

c. 6 amps
d. 7 amps

16. If a d.c. series circuit has two resistors, Ri 7 ohms and R2 5 ohms and the
current flow is 2 amps, determine the total voltage applied to the circuit.

a. 20 volts
b. 24 volts

c. 40 volts
d. 44 volts

17. If a d.c. series circuit has an applied voltage of 110 volts and a current flow of 5
amps, determine the total resistance of the circuit.

a. 24 ohms
b. 23 ohms

c. 22 ohms
d. 21 ohms
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Referring to the following circuit schematic, solve for the unknown values in questions 18
thorugh 20.

6 OHMS 5 OHMS

18. What is the total current of the circuit?

a. 3 amps
b. 7 amps

19. Using the answer from question 18, what is the current in resistor "0"?

a. 1 ampere c. 3 amperes
b. 2 amperes d. 4 amperes

20. What is the voltage drop across resistors X and Y?

a. 3 volts c. 6 volts
b. 5 volts d. 7 volts

In questions 21 through 24 identify the correct term for the statement being made in the
question.

21. The ability to do work and the unit of measurement is the joule.

a. Force c. Energy
b. Work d. Power

22. The production of motion against a resisting force and the unit of measurement is the
joule.

a. Force c. Energy
b. Work d. Power

23. The rate of doing work and the unit of measurement is the watt.

a. Force c. Energy
b. Work d. Power

24. That which produces a change in the motion of a body and the measurement is the dyne.

a. Force z. Energy
b. Work d. Power

25. Find the power required in a d.c. circuit with an applied voltage of 90 volts and a
current flow of 6 amperes.

a. 15 watts c. 3240 watts
b. 540 watts d. 4500 watts

c. 10 amps
d. 12 amps
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26. Identify the direction that electrons flow in an electrical circuit.

a. Positive to negative c. Negative to positive
b. High pressure to low pressure d. Low pressure to high pressure

B. MAtchin : Column 1 (items 27 through 30) lists the description or function of electrical
terms. Column 2 (a through e) lists the terms. Match the description or
function in column 1 with its term in column 2 and blacken the appropriate
circle. One item in column 2 will not be used.

COlumn 1

Description/Function

27. Equal to the product of the
effective values of voltage
and current

28. Determined by the frequency
and amount of inductance

Column 2

Term

a. Inductive reactance
h. Capacitance in circuit
c. Apparent power
d. Inductance
e. Impedance

29. Causes the current to lead the
voltage

30. The property of a coil in an AC
circuit which opposes any
change in the value of the
current flowing through it

C. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

31. At what point in an a.c. circuit is the apparent power equal to the true power?

a. When the current and voltage are out of phase due to the reactance in the circuit
b. When the circuit consists of pure resistance
c. When the circuit consists of pure capacitance
d. Both b and c

32. The number of times that each cycle occurs in one second is referred to as

a. reactance. c. revolutions per second.
b. capacitance. d. hertz.

33. ;he following formula 100 times watts (true power) divided by volts times amperes
(apparent power) will give you the

a. total power. c. power factor.
b. capacitance of the circuit. d. frequency of the circuit.

34. Identify the machine that converts mechanical energy into electrical energy.

a. Compressor c. Capacitor
b. Generator d. Resistor

35. The primary difference between an AC and DC generator is the

a. method in which they are used.
b. rotating coil and the magnetic field.
c. miscibility, freezing point, and boiling point.
d. method by which the current is taken from the unit.

36. Identify two types of alternators.

a. Single and poly phase c. Single and three phase
b. Single and dual phase d. Dual and three phase



37. What are the two ways that an alternator might operate?

e. By inductance and capacitance
b. By the use of sliprings and commutators
c. By the principle of either moving conductors across a mgnetic field or moving a

magnetic field across the conductor
d. By the principle of either moving electrons or moving protons

38. By what method(s) might a three-phase alternator be connected?

a. Delta c. Wye
b. Delta and wye d. Wye and series

39. What is used to supply the DC voltage in a three-phase alternator for the magnetic
field?

a. An accumulator supplies the AC voltage
b. An exciter supplies the DC voltage
c. An exciter supplies the AC voltage
d. An accumulator supplies the DC voltage

40. How many degrees are the poles set apart for the three-phase operations of an
alternator?

a. 900
b. 1200

c. 1800
d. 3600

41. What is the difference between a primary and a secondary cell?

a. A primary cell can be recharged and the secondary cell cannot.
b. The secondary has six cells and the primary has three.
c. A secondary cell can be recharge and the primary cannot.
d. There is no difference between the two cells.

42. When fully charged wbat materials make up the negative and positive plates of a
lead-acid batterY?

a. Spongy lead and lead peroxide
b. Spongy lead and distilled water
c. Sulfuric acid and lead peroxide
d. Potassium hydroxide and lead peroxide

43. What solution is used for the electrolyte in a lead-acid batterY?

a. Sulfuric acid and water c. Potassium hydroxide and distilled water
b. Sulfuric acid and potassium d. Peroxide and distilled water

44. What solution is used for the electrolyte in a nickel cadmium battery?

a. Sulfuric acid and water c. Potassium hydroxide and distilled water
b. Sulfuric acid and potassium d. Peroxide and distilled water

45. If the ratio of a transformer is 6 to 1 and the applied voltage to the primary is 120
VAC, wbat is the voltage output from the secondary?

a. 15 volts
b. 20 volts

c. 24 volts
d. 48 volts

46. What isolates instruments from high voltages or large currents?

a. Capacitors c. Resistors
b. Transformers d. Fuses

47. What will the transformer with a 1-to-2 turn ratio do to the voltage?

a. Step it up c. Step it down
b. Center tap it d. Nothing

R-5
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48. What causes voltage to be induced in the magnetic field?

a. A build up and collapse of current
b. A build up and collapse of voltage
c. A movement of protons through a conductor
d. Combination rotary and reciprocating movement

49. Identify what causes most of the accidents in a work area..

a. The worker c. Natural phenomena
b. Unsafe equipment d. Unsafe work space

50. Physical hazards and natural phenomena are two of the three causes of accidents.
Identify the thir4.

a. Unsafe equipment c. Unsafe acts by people
b. Unsafe work space d. Unsafe safety regulations

51. Which of the following is a good work area safety pre:tice?

a. Prodding a fellow worker in the ribs is OK if not done too often.
b. Assure that broken windows are replaced promptly.
c. When a fuse keeps burning out in a certain circuit place a penny behind it.
d. Leave your tools in the place where you will use them.

52. From the following practices relative to the general use of handtools, identify which
is not a safety practice.

a. Wear goggles when drilling a hole above your head.
b. Use a box-end wrench in preference to an open-end wrench where possible.
c. Keep tools sharp.
d. Store all cutting tools with the other tools without sheaths.

53. From the following select the one which is an unsafe practice in the operation of
electrical power tools.

a. Ventilate areas subject to petroleum vapors.
b. Tools operated on 110 volts need not be grounded.
c. Read operating instructions before operating an electric tool.
d. Never operate an electric power tool a in damp location without protection.

54. From the given work situations, select the one which contributes to the safe use of
power equipment.

a. Machines operated with motors of less than 2 horsepower require no ground.
b. Brush off metal cuttings from machines with gloves.
c. Do not leave machine operating unattended even for 5 minutes.
d. To facilitate lubrication, grease a machine during operation.

D. Matching: Indicate the sequence for lifting a heavy load in proper order by matching the
numbers in column 2 with the steps in column 1 and blacken the appropriate
circle.

Value: 1 point each

Column 1 Column 2

Steps Numbers

55. Keep your back straight and a. 1

squat down. b. 2

c. 3
56. Check weight and size. d. 4

e.

57. Plant your feet well apart.

58. Lift slowly by pushing up
with your legs.



E. Multiple Choice: Select the ONE answer that BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle.

59. What type of ladder would you use to get on top of a roof that is 30 feet high?

a. Single ladder c. Extension ladder
b. Stepladder d. Chain ladder

60. Of the following which does not indicate the proper ladder raising technique?

a. Extend an extension ladder on the ground before raising it.
b. Spread a stepladder until the legs lock in position.
c. The top of a 20 foot ladder extends 4 feet above the roof. The base of the ladder

is 4 feet from the foundation.
d. The top of a 10 foot ladder extends 36 inches above the eave.

F. Matchin : Match each situation in column 1 with its appropriate safety precaution in
column 2. After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

Column 1

Situation

61. Climbing a ladder

62. Working from an extension
ladder

63. Before climbing a step-
ladder

a.

b.

C.

d.

e.

Column 2

Safety precautions

Be sure the locking device is locked
Face the ladder and use both
side rails.
Stand no higher than the third
rung from the top.
Do not stand on the top two steps.
Safety shoes

64. Be sure ladder rails are
equipped with these before
climbing

65. Using a stepladder

G. Multiple Choise: Select the ONE answer that BEST completes the statement or answers the
question. After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

66. From the following which is NOT a safe practice relative to electrical work?

a.

b.

C.

d.

Do not wear jewelry when working on electrical systems.
A man must never work alone on an energized circuit.
Regard all electrical circuits as being alive.
It is not necessary to take further precautions when you know the circuit breaker
for the circuit you are working on is off.

67. When handling chemicals and chemical solutions, which of the following is unsafe?

a. Use full protective clothing when handling electrolyte.
b. The proper mixing procedure for mixing acids is always to add the acid to the

water.
c. Ventilation is unnecessary for potassium hydroxide.
d. Treat lead acid type battery areas as no smoking areas.

68. What type of fire extinguisher is used on electrical fires?

a. Water
b. Foam

n

c. Dry chemical
d. CO4
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66. Uoder whet ceeditimis) should you move an injured person?

a. Whee the injured person is lying in dtrect sunlight
b. To mike the injured prim more mefttable
c. Prior to medical help arrivieg
d. Never unless it is absolutely Necessary

70. What mold be the result if while administering first aid you caused additional injury
to the victim because you did NOT koow what was to be done?

a. Nothing
b. The victi* would get mod at you.
c. Tom could be held liable in a court of law.
d. Tom would be met to medical school.

71. I. precticieg first aid, what is as important as knowing what to dot

a. Kaawial what NOT to do
b. WW1* Won sick bay is

c. Knowing two reasons for giving first aid
d. Knowing who to report the accident to

72. Identify the four lifesaving steps of first aid.

a. Assure breathing, stop the bleeding, report the accident, and prevent or treat
shock

b. Assure Mathias, stop the blooding, protect and treat the wound, and prevent or
treat shock

c. Step the blaming, protect sed treat the wound, prevent or treat shock, and call
for medical millstone

d. Slop the bloodies, give the victim salt water, ask the victim if it hurts, and
call foromlicel assistamco

73. Identify the precederes you should um to determime if an accident victim is breathing.

a. Place your oar ever the victim's mouth and nose, look for a rise and fall of the
chest, listen fir brealhine, sod feel for air ftow on your cheek.

b. Ask the next parses if the victim is breathing; check with the doctor and then ask
the victim.

c. Place your heed on the victtm's chest, plats your hand over the victim's mouth and
mem, and use a mirror ever the mouth of the victim.

d. Tem do nothimg until medical help arrives.

74. Select the best method of artificial respiration.

a. lack pressure-mei lift c. Nouth-to-nouth
b. Sock pressure-hip lift d. Beck prassare-lag lift

76. Why is it important to clear the airwey of a victim before performing artificial
respiratiod

a. Because if the Woo is not cleared, the victim is not able to toll you what is

b. Ill; eirwoy is mot clear, air will not enter the lungs.
c. It will rastrict the Wok; of fluids.
d. It might cause infection.

76. Identify the tool used for drivimg amd removing screws.

a. Claw hammer c. litter pump pliers
Screwdriver d. Pipe wrench

77. Identity the tool used to cut large wire aod moil cable.

a. Liegnese pliers c. Screwdriver
b. Witter pump pliers d. Sidecuttiog pliers

76. Mich tool is end to assemble coition and couplings?

a. Pipe much
b. Ship how

c. lox- or open-end wrench
d. Scremblver
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79. Identify the tool that is used for turning nuts and bolts if the right size box or
open-end wrench is not available.

a. Pipe wrench c. Box- or open-end wrench
b. Adjustable jaw wrench d. Water pump pliers

H. Matching: Mitch the descriptive statements in column 1 to the proper cutting tool in
Ciliii-7 by placing the correct letter in the provided blank. Some letters may be used
more than once.

Value: 1 point each

Column 1

Description

80. Used to cut conduit, tubing,
or flat metal

31. Used to cut rigid conduit
only

82. Used to cut wood across
the grain

83. Used to enlarge holes in
metal

84. May be used to skin insulation
from electrical wires

85. Using the tool on thin-wall
conduit flattens the ends

86. A wrench is used to turn
the bolt until a hole is
made in the object.

87. Requires a hole to be drilled
or puncheu before it can be
used

Column 2

Cutting tool

a. Carpenter's saw
b. Hacksaws
c. Rigid conduit cutter
d. Knockout punch
e. Pocketknife

I. Multiple Choise: Select the OWE answer that BEST completes the statement or answers the
question. Atter the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

88. Identify the tool used to drill holes in concrete or brick walls.

a. Star bit
b. Eccentric bit

89. What tool uses a twist bit and allows

a. Ratchet brace
b. Breast drill

90. What is the tool that uses a bit with

a. Ratchet brace
b. Breast drill

91. What special tool is used for pulling

a. Reamer
b. Shaft tape

c. Twist bit
d. Auger bit

pressure to be applied with the body?

c. Auger brace
d. Shaft drill

a square tang?

c. Auger brace
d. Shaft drill

conductors (wires) through conduit?

c. Fish tape
d. Folding tape



92. Which measurement tool is used by the electrician for layout or roughing in boxes?

a. Reamer tape c. Fish rule
b. Shaft rule d. Folding rule

93. Which tool should be used to replace fuses to eliminate the danger of electrical shock?

a. Shaft puller c. Folding puller
b. Fuse puller d. A reamer

94. What is the purpose of the wire gage?

a. To make sure the size of the wire is not larger than the slot
b. To pre-punch slotted metal
c. To measure the diameter of a wire to check the size
d. To pull winch line or rope through a racew4Y

96. What are two tYPos of soldering devices?

a. Nonelectric and electric c. Electric and heat
b. Nonelectric and guns d. Neat sink and guns

96. What fuel is used for the soldering torch?

a. Propane
b. Natural gas

c. Leaded gas
d. Resin

97. What two materials are contained in the solder used for electrical work?

a. Lead and resin c. Lead and tin
b. Flux and tin d. Lead and acid

98. What do the numbers 60/40 mean as applied to solder?

a. That the solder contains 40 percent lead and 60 percent lead
b. That the solder contains 40 percent tin and 60 percent resin
c. That the solder contains 60 percent lead and 40 percent tin
d. That the solder contains 60 percent tin and 40 percent lead

99. What is the first step in preparing a soldering iron or gun for soldering?

a. Clean it with a resin flux.
b. It must be tinned.
c. Make sure that enough heat is used.
d. To make certain it entraps the liquid for future use.

100. If possible, heat should be applied to the wire joint from which direction?

a. From under the splice or joint
b. From any direction you want
c. From the top of the splice or joint
d. It is applied from the right side always

101. The size of an electric drill is determined by the

a. type of bit that it uses.
b. method in which it is used.
c. size of the hand of the electrician.
d. size of the drill shank its chuck will take.

102. What are the two most common electric power tools found in the electric shop?

a. Drill press and electric drill c. Electric drill and saber saw
b. Drill press and saber saw d. Saber saws and skill saw

Total Points: 102
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