ED 275 863 CE 045 459

AUTHOR Sutliff, Ronald D.; And Others

TITLE Marine Electrician--Fundamentals.

INSTITUTION Marine Corps Inst., Washington, DC.

REPORT NO NCI-11-41

PUB DATE 20 Feb 86

NOTE 129p.; Document is set in small type. Some graphics
may not reproduce clearly.

PUB TYPE Guides - Classroom Use - Materials (For Learner)
(051)

EDRS PRICE NF01/PC06 Plus Postage.

DESCRIPTORS Autoinstructional Aids; Continuing Education; Course

Content; *Electricity; Extension Education; First
Aid; *Hand Tools; Independent Study; Learning
Activities; Military Personnel; *Nilitary Training;
Postsecondary Education; *Safety; Service
Occupations; Skilled Occupations

IDENTIFIERS Marine Corps; NMilitary Curriculum Materials

ABSTRACT

This self-study course is designed to familiarize
Marine Corps enlisted personnel with the principles of electricity,
safety, and tools. The course contains three study units. Each study
unit begins with a general objectise, which is a statement of what
the student should learn from the unit. The study units are divided
into numbered work units, each presenting one or more specific
obicctivos. Text is furnished, illustrated as needed, for each work
unit. At the end of the work units are study questions, with answers
listed at the end of the study unit. A review lesson completes the
course. The three units of the course cover the following subjects:
!ungnnc?ta}l of electricity, safety and first aid, and electrician's
tools. (KC

* Reproductions supplied by EDRS are the best that can be made
* from the original document.



the ‘

: - ofiginating it .
Minor changea have been ‘made to im
_eproduction quaiity. :

 Paints of view or opinions stated in this
o ¢ ke g

LY

ERI

Aruitoxt provided by Eic:




UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE
ARLIKGTON, VA. 22222-0001

11.41
20 Feb 86

1. ORIGIN
MCI course 11.41, MARINE ELECTRICIAN, has been prepared by the Marine

Corps Institute.
2. APPLICABILITY

This course is for instructional purposes only.

/Xm./

K. M. KENNEDY
Lieutenant Colonel, U.S. Marine Corps
Deputy Director




ALRANUNLEVOMEN]

The Marine Corps Institute, Marine Barracks, Washingtom, D.C.
gratefully acknowledges the important contributions provided by the following
MCI personnel in developing and publishing this course:

Course Developer . . . . . . .
Officer in Charge . ... ..
Education Specfalist . . . . .
Course Edftor . .......

Wordprocessing Technician(s) .

GySgt Ronald D. Sutliff
Capt J.D. Grelson

Ms. Betsy A. McCleary
Ms. Monica L. Noell

GySgt Ronald D. Sutliff
LCPL T. L. Light

The Marine Corps Iniﬁitute gratefully acknowledges the assistance of

Engineer Support Company, 8

Engineer Support Battalion, 2Md Force

Service Support Group, FMF, Camp Lejeune, North Carolina, fn the validation of

this course.

The Marine Corps Institute gratefully acknowledges the assistance of
Marine Corps Engineer Schools, Marine Corps Base Camp Lejeune, North Carolina,

in the forpal review of this course.



SRR .. o P R PPV PRt S-S e
caferdosn dha 4 Al SEI L et A IR TR e T

MCI-R241i-NRL

INFORMATION
FOR
MCl STUDENTS

Welcome to the Marine Corps Institute training program. Your interest in
self-improvement and increased professional competence is commendable,

Information is provided below to 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 listed 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

Th2 self-graded exercises contained in your course are rnot 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 a2 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
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R. 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.

TURNAROUND MCI PROCESSING TOTAL NUMBER
MAIL TIME TIME DAYS
EAST- COAST 16 3 2]
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

LESSONS | EXAMS
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
D 70-77 BELOW AVERAGE D 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 ycur REVIEW LESSON, your examination
will be mailed automatically to your commanding officer. The administration
of MCI final examinations must be supervised by a coomissioned 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,



7. RESERVE' RETIREMENT CREDITS

Reserve retirement credits are awarded to inactive duty personnel only.
Credits awarded for each course are 1isted-in the “Course Introduction."
Credits are only awarded upon successful compietion 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 MJS courses have been evaluated by ACE and determined to
have equivalency credit ?n efther 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. A1l 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 disenrolilment from an MCI
course. However, an automatic disenroliment occurs if the course is not
completed (1nc1udin§ the final exam) by the tine you reach the CCD (course
completion deadline) o+ the ACCD (adjusted course completion deadline) date.
This action will adversely affect the unit's completion rate.

10. ASSISTANCE

Consult your training NCO 1€ you have questicns 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 1isted below for the appropriate course writer
section.

Personne\/Administration/Corrections/Logistics 283-3259

Embarkation/Maintenance Management

Communications/Electronics/Aviation/NBC/Intelligence 288-3604
Infantry 288-3611
Engineer/Motor Transport/Utilities 288-2275
Supply/Food Services/Fiscal 288-2235
Tanks/Artillery/Infantry Weapons Repair 288-2291)

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

8 For commercial phone 1ines, use area code 202 and prefix 433 instead of
288.



MARINE ELECTRICIAN: FUNDAMENTALS
Course Introduction
MARINE ELECTRICIAN: FUNDAMENTALS s designed to familiarize the Student with the
principles of electricity, safety, and tools necessary to perform his mission.
ADMINISTRATIVE INFORMATION
ORDER OF STUDIES

Study Unit Study
Number Hours Subject Matter
1 5 Fundamentals of Electricity
2 4 Safety and First Add
3 3 Electrician's Tools
2 REVIEW LESSON
_"2; FINAL EXAMINATION

-------------------------------------------------

RESERY. RETIREMENT
CREDITS: 5

EXAMINATION: Supervised final examination without text or notes with a time
1imit of 2 hours

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

RETURN OF MATERIALS: Students who successfully complete this course are permitted to
k-.p the course materials.

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

SOURCE MATERIALS

NAVEDTRA 10546-E1 Electrician's Mate 3 & 2, 1983
NAVEDTRA 10547-D1 Electrician's Hate 3 & 2, 1983

ELECTRICITY AND ELECTRONICS  T9BD, 5th edition
FUNDAMENTALS OF ELECTRICITY 1974, 6th edition

------------------------------------------------

HOW TO TAKE THIS COURSE

This course contains 3 study units. Each study unit begins with a general objective
that 15 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 1isted 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 a1l study units, complete the review lesson and take it to
your tra_ining officer or NCO for mailing to MCI. MCI 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 1 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 eviden:
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
achieving—anything. Wanting to learn
something badly enough so that you will do
what’s necessary to learn— THAT 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.

ERIC
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"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 iry’your MCI program.

To begin your course of study:

* Look at the course introduction page.
Read the COURSE INTRODUCTION
to get the “nitty 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.

10



- . 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 “ontent Assistance Request
included with ti\is 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.

1. 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 har 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
muster—use 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 rel%esh 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 him
fire away. It can be interesting and
challenging.

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 CIRCUITS, BASIC POWER SOURCES, AND
TRANSFORMER TMEORY,

Work Urft 1-1. ELECTRICAL PRINCIPLES -
DIFFERENTIATE BETWEEN COMPOUND AND MIXTURES.
SPECIFY ELECTRON FLOW.
DEFINE VOLTAGE.
INDICATE THE FORCE EFFFCTS 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 OTHZRS ARE NOT TRUE.

DEFINE DIRECT CURRENT.
DEFINE ALTERNATING CURRENT.

A11 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 nature of matter. Hence, your first step 1n the
s:udy of ele:tricity 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 afr you
breathe, occupies space and has weight? Anything that meetc this description is called MATTER.

It 1s impossible to name a physical substance or object that 1s not matter. Coal,
water, wood, gas--all are examples of matter.

Just what makes uh matter? Well, 1t is made up of very small units called MOLECULES.

Holecules are made up of ATOMS. The atoms, in turn, are made up of minute particles called
PROTONS, NEUTONS, and ELECTRORS. '

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 reduced to a simpler form
by chemical means. Examples of elements are pure fron, gold, silver, copper, hydrogen, and
oxygen. There are some 100-plus natural elements known to man. A1l 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 means. Examples of some
compounds are pure water (which is made up of the elements hydrogen and oxygen) and salt
(which is made up of the elements sodfum and chlorine). A MIXTURE, on the other hand, is a
combination of elements or compounds that can be separatad by physical 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 langer
visible, yet each part sti11 keeps the characteristics of the original drop. Th® #mallest
Rart of a substance that has all the characteristics of the substance 1s called a MOLECULE.

single drop of water is made up of millions of molecules, as are all other substances.
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Take a closer Took at the helium atom 1n figure 1=1. Note that the nucleus contains
two protons. The positive charr of these two protons is balanced by the negative charges of
the revolving electrons, and the electrical charge of the entire atom s neutral. Atoms
of other elements are more Complex than the hydrogen and helium atoms. For example, Took at
the Tithium 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
:}:: sho:n 12ht0n same figure. It has six electrons revolving around the nucleus in two

oren p. t 1Y

The four commen atoms shown in figure 1=1 {1lustrate 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 rozuur aths and be made to mové Trom one atom to
another. It 1s 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 %;g_q%nﬂ‘é,_ Electric current always flows
from & point of metig potential (exces¥ of eTectrons] to a point of positive potential
.l L] °n. L]

(deficiency of
e
D S i

ENLARGED SECTION OF COPPER MNCY

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

Current flwﬂw through a conductor may be compared to wa‘er flowing through a pipe.
1f you have a pipe full of water and p in more water at one end, water 1s 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 1t to crowd an electron away from the next atom, and so on. This electron flow
principle 1s {1lustrated 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 Tight (186,000 miles per second).

There are three fundamental things which must be present before you can have an
operating electrical circuit: VOLTAGE, » and RESISTANCE. 1f you understand the
relationships among these three things, then you have a good soundation 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 18 also needed to make current flow through a conductor. The “"pump® that
produces this pressure may 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 {s measured in volts. One volt 1s the electrical pressure required to force 1 ampere
of current through a resTstance of 1 ohm. Electrical pressure, eTectromotive force (EF), and

tential difference are used 1ntorchangnb1?15_ﬁr__; ney all mean the Same tning--voltage. The
gnlh’c unit of measurement for voltage is the VOLT. -

The YOLTAGE of an ordinary dry cell, such as a flashlight battery, is 1.5 volts.
The voltage Tor most domestic electrical service is about 120 volts. When vaitage is applied
to a circuit, & 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 Tearned that current flow is the movement of electrons through a
conductor. Electric current and some of 1ts effects were discovered Tong before the
electron. - The fact that current flows through a circuit in a given direction was also known.
It was this fact that initiated the concept of polarity.

w14
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To provide a standard for indicating the direction of current flow, one terminal of
the early chemical cell used as & 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 glus,(positive) terminal to
the minus (nogltivc) terminal (plus [positive] to minus [negative]). But bacause of the
discovery of the electron, this theory (conventional current flow) was found to be fncorrect.
It 13 now known that when a circuft 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 NT has four effects--heat, magnetism,
chemical action and physical shock. Current always produces HEAT when 1t fiows through a
conductor. The amount of hea aepends on the material of the conductor and on the amount of
current flowing. For example, electric irons and toasters must have heating elements that
groducc enough heat to be practical. The 1ight from a 11ght bulb is caused by current flowing

hrough & 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.

;ggg;;;%g 1s produced when current flows in a conductor. This has a very important
effect, Tor $ the basis for millions of electrical machines, such as 2enerators. 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 varfous 1iquids. Examples of
this effect are the charging of a storage batiery and the electro-plating process. PHYSICAL
SHOCK 18 the unpleasant and sometimes dangerous sensatfon caused by coming into contact with

a source of electric energy. We often speak of voltage as the cause of s ock; however, the
fact 1s 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 1s measured in terms of the number of coulombs that pass by a p?ént in one
second. “when a conductor 1s connected across a source of voltage and 6.28 x 10'° electrons
(one coulomb) pass through the wire in a perfod of one second, then the result is one unit of
current flow. This unit of current flow 1s called on AMPERE.

The definition of resistance is the opposition to the movement of free electrons
through'a conductor. The amount of opposition in a conductor depends on what the wire is made
of, 1ts length, {ts cross-sectional area, and its temperature.

Resistance to current flow is gresent’in all matter, but one material may have much
more resistance than another. Afr, 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 wires of an electric lamp prevents the wires from touching each other and
causing a short circuit. The rubber also protects a person who 1s using the lamg from an
electric shock. Afr acts as an insulator when a 11ght switch 1s opened. Afr f1l1s 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 1ightning 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
1s not as good but s used for long overhead spans because of its 11ght weight. Steel is a
poor conductor, but it is used in combfnation with aluminum for added strength. Alloys of
nickel and chromium are used in heater elements to provide a specific resistance which passes
enough current :f 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 {s 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 length. Since a wire with a large diameter has a
greater cross-sectTonal area than a smaller wire, 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
gﬂgb;? the st?nd?rd unit of measurement for resistance. The symbol for an ohm 1s the Greek
symbol omega . :

A magnet 1s 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



magnets--natural and artificial.

NATURAL MAGNETS are a black mineral ore called lodestone or magnetite, which is
found in Targe amounts in Asia Minor, and contain magnetic properties. Lodestone is called a
natural magnet because ft exists in nature in a magnetized state. Lodestone was used in the
Middle Ages to magnetize compass needles. Today, however, lodestone has very 1ittle value as
a mgnet, chiefly because of its unstable structure and low magnetic strength.

ARTIFICIAL NAGNETS are made of iron or steel and can be either permanent or
teﬁgorar¥. They are magnetized, by induction from an external source, Ey stroking with some
other arzificial magnet, or by being glaced in the field of an electromagnet. (More on
elactromagnets will be covered Tater.) Temporary magnets are those which will hold thetir
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 groperty of a substance which causes it to
stay magnetized is called retentivity, and the magnetism which remains is called residual
magnetism. Steel has high reEenf!v!fy. whereas that of soft iron 1s low.

Magnetic 1ines 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 1ines 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 ﬂoles 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 gole of the magnet which turns to the north 1s called the North-seeking pole, or
ghe Nort? p?s$ (N); and the pole at the cpposite end is called the South-seeking pole, or

outh pole . ,

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 1ines of force in the
magnetic field. If you tap the glass, the filings will align tnemselves up into chains of
Tines that will Took 1ike the magnetic field itself.
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Fig 1-3. Lines of force.

Figure 1-3 shows the theoretical Tines 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

ug:n the polarity of the'poles. Like poles repel each other, and unlike poles attract each
other. :

Over a century ago, Dersted, a Danish ﬂhysicist. 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 d1§gance Trom the center of the conductor increased and that lines
of force form about the conductor as current is applied to it.
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Fig 1-4. Direction of electron flow.




The LINES OF FORCE about a current-carrying conductor iove 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 1ines of force about any conductor, use the
left-hand thumb rule: 'If you grasg a conductor with you left hand in such a manner that your

points in the direction of electron flow, your fingers will show the direction of the
lTines of force. If you were to bend a straight conductor into a one-turn Toop, as shown in
figure 1-5, the 1ines of force will concentrate within the Toop. This concentration is due to
the fact that all Tines of force enter the Ynop from one side and leave it at the other. If
you wind several turns of wire close tugether into the form of a coil, the magnetic fields
about each turn will all have the saw2 direction.

A &
CURRENT S, CURRENT

Fig 1-5. Magnetic field about a Toop.

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

When current flows through this wire, the coil (solenoid) is surrounded by a magnetic
field 1ike that which 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 (¥ig 1-7) as
?oilows: 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 1s the Morth
Pole. Inserting a soft iron core into a coil will greatly increase the magnetic force of the
coil. This increase in magnetic force 1s not caused by an increase in the number of magnetic
Tines, but from a concentration of the Tines of force in the iron core.
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Fig 1-7. Determining the polarity of a coil.

Because ma?netic Tines of force from closed loops, the path that the plus loops follow
1s called a magnetic circuit. Electrical circuits and magnetic circuite nave some thing 1in
common. The force which produces a flow of electrons in an electrical circuit is the
electromotive force (EMF). In the magnetic circuit, the force which produces the flux is
calle e magnetomotive force (MMF). Just as resistance opposes the flow of current in an
electrical circuit, refuctance 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 electr1c1t¥. You have learned
that current flow is the movement of electrons through a wire. 3o, 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 2 given time frame, we have ALTERNATING CURRENT (AC).

Thus far in this discussion, 1t 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
Tlows from a negative to a osiggve otential, or that there is a steady flow in one
directTon. 1nls type of current Is known as DIRECT CURRENT (DC). There are many uses for
which only direct current is good, such as battery charging, e ectro-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
esigned switcnes wnich 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 {-J.

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

EXERCISE:  Answer the following questfons 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?
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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 clements 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 throuyh 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 ixeant by the 1ines of force around a magnet.

15. Why does Todestone have 1ittle 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 elactron 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 voitage 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 Tet the electrons flow freely
to the Toad, do their work in the load, and then move freely back to the source without
straying off to other Toads or doing any unneccessary work.

‘In this work unit you will Tearn the relationship of VOLTAGE, CURRENT, and
RESISTANCE and the application of Ohm's Taw in solving DC circuit probiems.

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
?roportion, and if the resistance is increased, the current decreases in proportion. You will

earn the basic Taw on which this relationship is based and use the Taw to compute quantities
of voltage, current, and resistance in a basic electrical circuit.

A Cernan scientist, n-m, developed a Taw for the quantities of a circuit as follows:
one volt is the pressure req.- d to force one ampere of current through a resistance of 1
Ohm. Ohm's Tlaw, 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 = Yoltage
Resistance




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 = Voltage
Current

Voltage = current x resistance

By the use of the symbols "I" for current, "E" for voltage, and "R" for resistance,
Ohm's Taw can be shown in the following three ways:

E=] xR
I= E
R= E

-

If you Took at figure 1-8, A, you will see the Ohm's Taw 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.

OHM™S LAW CIRCLE c FOR CURRENT

FOR RESISTANCE

Fig 1-8. Ohm's Taw circle.

An example of the application of the Ohm's Taw 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 Taw (refer to fig 1-8, C) in the following
manner: g

E_of 120 volts = I of 6 amperes
or unms

. If a circuit has an applied voltage (E) of 120 volts and a current flow (I) of 2
:qpe:sg. t?e resistance (R) is determined by the following application of Ohm's Taw (refer to
g9 s B): -

E of 120 voits = R of 60 ohms.
To 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):

Iof2 dmperes X R of 60 ohms = E of 120 volt

coo 1=

R




In any practical circuit, certain components are necessary. For a basic serfes
circuit, the components required are a_source of power, conductors, a fuse or other protective
device, a switch, and a_unit of resistance.

A SERIES CIRCUIT 1s defined as "a circuit which has only one path for current
flow." In other words, in a series circuit the units are connected one after the other so
that the circuit current must flow through each unit. Figure 1-9 shows the arrangement of a

series circuit.
L-/ SWITCH

— ¢

Fig 1-9. Series circuit.
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Each electrical circuit has certain operating characteristics. The three
characteristics of a series circuit are as follows:

0 The total resistance is the sum of each of the resistors.
0 The same current flows in each part of the circuit.
0 The applied voltage will divide among the resistors according to their resistance.

To apply 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 The use of Uhm's law. Using the equation E/R = I, the problem is solved
as Toliows:

Fig 1-10. Series circuit with equal resistors.
% = 1 Add the known values

120volts .
onm

onms



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 twn 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

anperes. 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.

E=100 V

122 AMP
120V heto
122 AnP Ee20V
R=60 102 ANP
Re10

Fig 1-11. Series circuit with unequai resistors.

Almost all power and interior Tighting circuits are hooked up in PARALLEL;

therefore, a good understanding of parallel circuits 1s a must. Parallel circuits, sometimes
called shunt circuits, are circuits in which components (units) are arranged in such a way
that the current divides between them. Thus, there are as many paths for the current to flow
in as there are conductors. Unlike a series circuit, a parallel circuit has '~ or more paths
through which the current will flow. .

Fig 1-12. Parallel circuit.

If you examine figure 1-12, you can see that the same voltage that is applied to
resistor R} 1s also applied %o 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
11Tustrates the first law of a parallel circuit: In a parallel circuit the same voltage is
applied across each element, .
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If an additional path is provided through which current can flow in a circuit, the
total current (I;) in the circuit must be the original plus that of the additional path. In
figure 1-12, if only Ry 1s connected to the be §-volt source, 1t can be determined y Ohm's
Taw (I = E/R) that the current is 2 amperes (6 amps divided by 3 amps). When R, 1s added,
the same voltage is applied to it that was applied to Ry. The current through ﬁz must
equal 3 amperes (6 amps divided by 2 amps). The total current flowing from the source 1s now
S amperes (2 amps + 3 amps). ‘hen Ri 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 Branch___"es. [

When the total current in the circuit and the applied voltage are known, the total
(combined) resistance (Ra) may be calculated by the use of Ohm's Taw (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 divid the total curren%. ompare the total resTstance
wii% the 1n31v13uag resistance of Ry, Ra, or RR. Total resistance in this case equals
0.75 ohms and is less than that of either Rlﬁ 2, or R3. REMEMBER, in a parallel
ec

circuit the total (combined) resistance of ircuit is ALWAYS Tess 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 (Ig) in a parallel circuit is equal to the sum of the currents
in the individual branches.

O The total (combined) resistance (R¢) of a parallel circuit is equal to the
applied voltage divided by the total current (I¢) 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
1s 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 aivided 5! the number of
connec resistances.

i

71", 12 OHMS 4 OHMS
N

>
(=]
)

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

A11 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 paraliel are shown in figure 1-13.
In this case, the current through the parallei connected resistor A is

Ip =.E
A EA
IA'24

1

Ip = 2 amperes



The current through resistor B 1s
Ig = E/Rp
Ig = 24
I

Ig = 6 amperes

The total current (I4) s equal to the sum of the current in the branches (I =6A+ 27 =
8 gwygres;. |m()l'nm's Taw will give the total resistance offered by the current as Rt = E/I7
= = 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

qarallel is %gua1 to their product divided by their sum. This rule as applied to the circult
n rigure T-13 Ts as tollows:

= Product « 12 x 4 = 3B .
"= Bpoduct » J2x %= 383 ohms

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

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

The PRODUCT-OVER-SUM METHOD may be apqli\d to any two resistors in parallel whether
they are equal or not. 1s 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 aqplication of
the same rule (product-over-sum). In each case, the result of the previous calculation 1s
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. 1In this
circuit, three unequal resistors are connected in parallel. To apply the product-over-sum
rule to this circuit, you would proceed as follows:

Combine the above results (2 ohms) with the remaining resistance A as follows

Rr = R Ae2x2.4.
T Rﬁg_é_l" 1?%%1! I 1 ohm

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

There 1s another method of finding the total resistance of several resistors in
parallel. This method 1s 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 resistors (or more) are in parallel, the arithmetic solutfon would be a lengthy
procedure. The reciprocal method may used to find the joint resistance of any number of
resistors in one operation. Thi$ {s stated as follows: the ioint resistance (total resistance
of a parallel circuit) 1s equal to the reciprocal or the rec procals of the individual
resistances. This method can be stated as a formula and applied to figure 1-14 as follows:

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

The example just o;rommd was of a very simple nature. In figure 1-16, you have a
series-parallel circuit & less simple nature, and the solutfon will involve more steps, as
you shall see. The steps in the solu 1o_n of circuit A in figure 1-16 are as follows:

0 Combine ns'istor X and Y of circuit A; they can be rdpruentcd by resistance N of
Circuit B which 1s the equivalent circuit of circuit A in figure 1-16. Resistors
X and Y are equal and in parallel; therefore, their joint resistance 1s as follows:

= 10 .
N...Z_Soh_us

o Combine resistors W, N, and Z (circuit B of fig 1-16) into a single resistor M of
circuit C in figure l-i7. W, N, and Z are in series; therefore, the resistance of
M equals 15 ohms (5 + 5 + 5§ = 15), : o

o Combine resistors 0, K,-and M (of circuit C in f1g 1-17) {nto a single resistance
P of circuit D of figure 1-17. Since resistors 0, K, and M are equal and in
parallel, thay can be treated as follows: Total resistance of equal resistances
connected in parallel 1s equal to one resistance divided by the number of
connected resistances, therefore: '

I]sl .
P - 5 ohms
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Fig 1-17. Solving series-parallel circuits by
: simplified equivalent circuits.
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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 (Ry) of the whole circuft equals 20 ohms (10 + 5 +

o Find the total current (I7) of the circuft as follows:

I= E = 60 =3 amps

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

Ep = Ey =(Eg - EL) = 60-(30 - 15) = 15 volts (circuit D, fig 1-17).
o Find the current in resistor 0 as follows:
Io=E = 15 =1 amp
“Ro - 15
o At point A of circuit A, figure 1-16, there are two paths for the current flow.
Ina ﬁarallel circuit the total current equals the sum of the currents in the

. branches.” Therefore, the current flowing from point A to point B equals Iy -
I, Or:3 amps « 1 amps = 2 amps.

'o ~The‘fv&‘l"t"ag"e drop across parallel resistors 1s equal, so the voltage drop across K
1s 16 volts; ‘the current = E , or 15 volts = 1 amp.
- ' : X ohms
o Since aicurrent of 2 amzéres flows from point A to point B and 1 amp of current
. flows throughggesjstor‘ » 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.

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

' 0" Ai'c~tosn‘of c{rchif A.(fig 1-16) the two currents of 1/2 ampere join, and 1
ampere:flows through Z.. The voltage drop across Z s 5-volts (1 x 5).

o 0 ‘AthﬁdihtﬁE fhe curreht'throughzz 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
1s equal-to the total current.

As was stated previously, there is a very definite relationship between current,
voltage, and resistance of any circuit. You should know how to compute for each of them with
the aia ofaphm'§,liﬁg§referyto fig 1-8 A, 8, C, D).

You w111.f¥hd;1t of value to learn the meanings of the following terms commonly used
with electricity: FORCE, WORK, ENERGY, and POWER.

vof FORCE 1s that.whjéhépfoducgs.'or'tends to produce, a change in the motion of a
" body. -In electronics; -electrical force causes electrons to move from one point to
another. ' The unit of force is called the dyne.

.0 i WORK-1s the production of motion against a resisting force. In electricity and
. »£e1pctrpnqum electromotive force causes electrons to move against the opposing
-+ . force offered:by the resistance in a circuft. When an ampere of current flows
" ‘through a resistance of 1 ohm for 1 second, a-joule of work s done.

o .ENERGY;js*fh " capacity or ability to do work. Energy that is due to motion of
- matter 'is. calléd kinetic energy; energy that is due to the positfon of matter is
i called:potent¥al energy. . As an example, the electrons on a negatively charged
. ~~bodys:have: potential energy with respect to a less negatively charged body,
<. .~ “because these‘electrons would.flow if the two bodies were connected by a
*_ condu e-alectrons moving.in the conductor. connecting the two bodies have
. -kinet{ic -anergy bécause such electrons are in motion. Energy may be dissipated in
- -such -forms as heat,”Tight, and motfon, It may be transformed from one form to the




other, as 1s done in producing electron flow by mechanical or chemical means.
?;nc? ?nergy is the capacity to do work, energy and work have the same unft
oule).

o POWER 1s the rate of doing work and is abbreviated by the symbol P. Forcing
@Tectrons through a resistor requires work, and energy is exgended in the resistor
in the form of heat. If this heat fs not too great, it can be radfated and will
not damage the resistor. If it is too much, it cannot be radfated as quickly as
1t 1s 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 (gfven number of electrons per
second) can be allowed to flow through the resistor without damaging it.
Electrical power s 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 {s the MATT. One watt of power is present in a 1-ohm
resistor in which a current of one amp is flowing; 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 500 watts. One horsepower, the unit of measuring mechanical power, is the
equivalent of 746 watts.

Since power is the rate of dofng work or consuming energy, the length of time it is
used 1s 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 1ight 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 fn 1 hour. In terms of kilowatt-hours, the lamp uses 0.1 kilowatt=hour
in 1 kour. In 10 hours of operation, the bulb would use 1 kilowatt~hour of energy. In 24
hours, the bulb would consume 2.4 k{ilowatt-hours.

In order to determine the gower in a DC circuit, the formula P = E x I may be used.
For example, a circuit with an ;Rp 1ed voltage of 120 volts and a current flow of 10 amps will
use 120 x 10, or 1,200 watts. e circuit In figure 1-18 shows a circuit with two lamps in
serfes. 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 pover. In other words, they are 60-watt

Tamps.
W.m

- Ex120V 121 AMP
= =1 aAw ReGON
R=i20n P180 WATTS

Ee60V

1e1 AMP
ReB0N

P+60 WATTS

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

You can also find the power in a DC circuit 1f you know the resistance (R) by using
these two formulas:

P= E2 or P=I2R
X




EXERCISE:

1.

2.

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

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

Show the Ohm's Taw Equation for, and the solution to, the following problems:
a. Voltage = 90v, current = 30 amps, Resistance = ?

Equatfon

Solutfon

b. Voltage = 7, current = 2 amps, and resistance Ry, = 7 ohms, Ry = 5 ohms

Equatfon

Solutfon

c. Voltage = 24V; current = ?; resistance Ry = 10 ohms, Ry = 8 ohms

R3 = 6 ohms
Equation

Solutfon

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

What should be the first step to solve the following circuit?
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6. When solving a series-parallel circuit, what should you do first to the circuit?

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

Column 1 Cojumn 2
Term Definition
1. Force 3. The ability to do work. The unit of mea-
8. Hork surement 1s the joule.
9, Energy b. The production of motion against a
10. Power resisting force. The unit of measurement

. 1s the joule.

c. The rate of doing work. - The unit of
measurement 1s 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
vo'l|t,:|s..l ang a total current flow of 4 amps, what is the amount of power consumed at
each Tamp :

Work Unit 1-3.. ALTERNAIINé CURREHT-(AC)‘CIRCUITS

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

STATE HOW ELECTRONS TRAVEL.
SPECIFY THE USE OF HERTZ.

WHEN TRUE PONER 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 PONER FACTOR.

As was stated in previous work units, in order to understand how electrical equipment
15 connected and how 1t works, you must first understand how current flow, voltage, and
resistance are related in the circuit. You have learned this relationship in DC circuits, now
you will Tearn this relationship as it applies to"AC circuits.

~Electrical current flow, as you.already know, consists of electrons moving in a
circuit,” Since the elecfron,isdnegativelx charﬂed. it 1s repelled at the negative end of the
circuit and attracted to-thé posTtive point. Therefore, it travels from negative to
positive., In the direct current circuit,; it moves in one direction only. : In the alternating
current (AC) .circuit, its polarity'is changing at.regular intervals. This causes the current
to flow in one direction and:then e opposite-direction. lhose alternations in current

-n
flow are illustrated’in figure 1-19. 'The:so1id arrows indicate the direction of current flow
during the positive alternation, and the dotted arrows show the current flow during the
Rf ativglaétgﬁagéign. since the current flow 1is continuously changing direction, 1t is called
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Fig 1-19. Electron flow in an AC circuit.

When an AC generator (qower 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.FREaUENCY. This 1s now expressed is HERTZ

per second or simply by Hertz. We now say that the Trequency of a power system as 50 hertz.

Nofe: The term 'hertz' has beeh-adqbted in the last few years in recognition of
Heinrick Rudolgh 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 named because
the alternator output voltage at any one point on the wave is the product of the sine of the
rotor angle and the peak voltage.
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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
sgeed of rotation of the rotor, the higher the frequency wi'l be, and conVersely, the Tower
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 and 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:

f=Px N = PN
Z T80 T

P s the number of poles, and N 15 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 rsm 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.

MAXIMUM OR PEAX (1.41 X EFFECTIVE)

Fig 1-21.Y‘AC values,

" Four values must be considered when you discuss alternating current and voltage. You

will learn them in the following order: The maximum or peak value, the instantaneous values
the average value, and the effective value. These valves are 1TIustrated in the Sine-wave
Torm In ?q T !1 AT T _tak b

orm n ¥ gure T-zl. Also, we'll take a brief look at the way they affect the power in an AC
circuit. - - : T RE o . .

: The MAXIMUM or PEAK VALUE is indicated as the hi?hest voltage or the highest

current reached on. either the positive or the negative alternation. It occurs when a coil 1s
cutting the maximum number:of flux Tines. _Noigreater amount of current or voltage can be
induced by this magnetic field in this cofl. Because of this characteristic, generator
voltage output 1s most:often called PEAK. From this point on in our discussfons, this term

Will'be used in- 11eu of :the term *maxTmum.*

The INSTANTANEOUS: VALUES are between zero and the ?eak value in either the positive
or negative alternatfon. ~An instantaneous value s 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 1s
at the time the voltage or current stops increasing and starts decreasing, or it could be zero

if the selected point 1s-the time during which the polarity of the voltage 1s changing. For

this reason, in alternating current the geakaalue of voltage or current cannot be used in
solving for power ‘consumption as it can be in direct current. :

: - The AVERAGE -VALUE 1ﬁ[alternat1ng current is the -average of all the instantaneous
~ valves during one-alternation. Except for befng a.mathematical viewpoint, 1t 1s of no great
significance since it: is-a numerical average of all the sine values for all the angles.
Average value has been.computed.to be equal to 0.636 times the peak value. It is always this
"at‘lo. . . :':. .,',_' S ":‘:'-;- E ..‘ T . b .

. With AC, .any value given for current or for volta?e 1s._assumed to be EFFECTIVE value
unless otherwise specified.. In:your work you will be dealing only with effective values of
voltage on?current.»‘YQu;should_not.confuse«this-value..as‘peogle often do, with the “average
value®.because the “effective value® {s the.actual rating of the power available to do
work. Since it 15{tﬁe;ac£u;1~rai5n§:to do work,. perhaps a discussion of what {s meant by the

| :&;@I;)g!L _.{ﬂ;;f



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 values
of voltage and current. This product s not equal to the true power, except when the voltage
and current are in phase. S

It might be well to know that aqparent power 1s expressed in KILOVOLT-AMPERE (KVA).
Thus, an expression of a quantity of kilovolt-amperes 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 1s the volt-amperes, and not volts, which determine the operating 1imits of an AC generator.

When an alternating current flows through a coil of wire; it sets up an expanding and
collapsing magnetic field about the coil. The expanding and-collaﬁsing magnetic field induces
-a voltage within the conductor which is opposite in direction to the applied voltage.

This induced voltage op?oses 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 %gplied voltage is decreasing and to oppose a current when the applied voltage
is increasing. is property of a:coil which opposes any change in the value of the current
flowing through it is called INDUCTANCE.

The inductance of a coil is measured in henrys, and the symbol for inductance is "L."
In any coil, the inductance depends on several factors. 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 or

e C°1|. or the core. A core of magneE|C.maEer|a| greaEly increases the inductance of the

Remember, however, that even a straight wire has inductance, smali thou?h it may be
when compared to that of a coil. A1l AC motors, relays, transformers, and the 1ike 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, the frequency of the applied voltage and the amount of inductance that is present in
the circuit. This opposition 1s known as INDUCTIVE REACTANCE. Inductive reactance is
1dent1f1ed1by the symbol X, and is measured 1n onms. Tne formula used for finding inductive
reactance is

X, =2pi(fxL)

2pi = 6.28"

f= frequgnéy in heftz
L= 1nduchnce in henrys

Because of -the 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, but it does require a greater applied voltage to overcome this additional
opposition. Because of the opposition by inductive reactance, current lags the voltage in an
AC circuit.  You will'quickly see, if you multiply the instantaneous values of the voltage and
current together when this out-of-phase condition exists, that the power output is greatly
diminished. -Also,- if ithe.circuit is purely inductive, the current will lag the voltage by
900, Figure 1s22, B, .shows this current lag in a purely inductive circuit.
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Fig 1-22. Sine wave of alternating current and voltage.

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

In a dircuitiwhe}e there 1s"odly'€apa61tance. the current leads the impressed
voltage. This is in direct contrast to a circuit containing pure Tnductance, where the
current lags the voltage.. : ‘

Capacitance, likejihductance.foffers opposition to the flow of alternating current.
This opposition is called CAPACITANCE REACTANCE and 15 measured in ohms, just as inductance
1s measured, but is 1t desTgnated by the symboTl *X:*

Xc- 1

Z2pixFx¢
2 pl = 6.28

f = frequency in hert:z

C = capacitance in farads

Go back for a moment, to the formula for inductive reactance and further compare {1t with this
formula for capacitance reactance. :

By comparing the two formulas, you can see that while X| 1s directly proportional
to the frequency, inductance X. 1s inversely (the exact reverse) propertional to the
frequency and capacitance. -Another way of saying the same thing 1s that X {increases as the
frequency and inductance increases, and X. decreases as the frequency and capacitance
increases. This:simply means that.since ?nductive and capacitive reactances act in opposite
directions, one can:be:used;to cancel out the effects of the other. How {is this
accomplished? You know. that 1f a power circuit contains a large value of inductance, 1t will
cause the current to--lag the voltage, and by the same token, you know that too much
capacitance will cause the current to.lead the voltage (see fig 1-22, C). Therefore, by
adding Jjust enough capacitance to the circuit to counteract the effects of the inductance, you
can bring the current and voltage back into phase. (see fig 1-22, A). This 1s usually done in
AC circuits and causes. the appasent power and true power to be equal.

INPEDANCE {s. the term used to identify the total opposition to current flon in an
AC circuit,  ATthough they cannot be added together, s the combined effect of the
reactance and-the resistance of a circuit that gives us {mpedance. This 1s shown in the
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1mgedance triangle in figure 1-23. The length of the reactance 1ine shows the total reactance
(the difference between X and Xc), the length of the resistance 1ine shows total

resistance, and then the resulting length of the impedance 1ine shows total opposition to
current flow. Because impedance opposes current flow, it has the same unit of measurement as
resistance--the ohg. The symbo; for impedance 1s "Z," and the formula used 1s Z = the square
root of resistancec + reactance<,

REACTANCE

R
RESISTANCE

Fig 1-23. The impedance triangle.

You have learned that the unit of electrical power 15 the watt and that electrical
power 1§ 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 multiplfed 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 15 220 watts. This product of the
volts and the amps 1s what 15 known as the true Eower in the circuit, but in the previous work
unit, DC circuit were discussed, and in this work unit 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 %roduct of these two -
readings. It is only when the AC circuit consists of pure resistance that the apparent power

$ equal. to the true power. The ratio between the apparent power and true power iS known as
the power factor. It s usually expressed in percent and the formula 1s written:

Power factor = true power
apparen% power

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

Fig 1-24. Phase angle.

The reason for the-equation‘being'written in this way is that the difference between true
ower and apparent ﬁower is caused by the phase separation of the voltage and current in an AC
ogicg]zcircuithog ave a very definite re atfonship between the phase angle, the true power,



and the apparent power. To find the phase angle, which is f1lustrated by figure 1-24, you
must divise the true power by the apparent power--the apparent power (volt-amperes) being the
power delivered (watts) to the circuit, and the true power (or effective power) being the

power actually used by the circuft.

Let's take a look at the power relatfons 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 Rower leg of the triangle would diminish to zero.
Apparent power and true power would then 1ie along the same 1ine and would be equal.

APPARENT POWER
VOLTS X AMPERES

REACTIVE POWER

TRUE POWER
WATTS

Fig 1-25.

Power relattonship.

In an AC circuit, the true power is Jess than the apparent power when the current
and voltage are out of phase. This out-of-phase condition 1s caused by the amount of
capacitance or {nductance (reactive power) in the circuit. The true power in an AC circuit
must be found by a wattmeter readjng and not by multiplicatfon as 1t 1s in DC circuits. It is
the ratio of the true power (base 1ine) to the apparent power (hypotenuse) that is called the
power factor, usually expressed in percent. Look at thic relationship in equation form:

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

[
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Fig 1-26. Power factor measurement.




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 apgarently taking 50 amps from the 1ine. The wattmeter in the 1ine, however, shows that
only 3,350 watts are taken by the motor. Obviously, there is a disparity here and you've got
to go a Tittle further. You have to find the apparent power and the power factor to analyze
the situatfon. In a case Tike this, use the equatfon. You know that the apparent power is
equal to the volts times the amperes, so

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

therefore,

Power factor = 9,350 x 100
]
Pf = 935,000
1 ]

Pf = 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 1imits,

The output 1imits of an AC generator are determined chiefly by the temperature rise,
which is groduced in the windings. This increase in temperature 1s caused by core and copper
lTosses. 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 2... nt 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
1ikely cause overheating and probable damage to the generator,

EXERCISE: Answér the foliowin questions and check your responses against those 1isted at
the end of thjs,stugx unit. -

1. How do elect?ons travel in an AC circuit?

2. Why 1s the term "hertz" used instead of frequency?
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Matching:  Match each term in column 1 to its description or function in column 2 by
placing the correct letter in the spaces provided. There is one item in
column 2 that is not used.

Column 1 Column 2
Terms 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. L ¢. Determined by the frequency and amount of
1. 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
1. Frequency f. Found by adding the individual reactances
12. 8 N g. Number of times each cycle occurs in a

X
Z 780 second
‘ h. Causes the current to lead to voltage
i. A complete positive and negative
alternation
J. Formula for determining frequency
k. The property of.a cofl 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, Uhen s the true power less than apparent power?

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

Work Unit 1-4. Basic Electrical Poﬁer 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 BAfTERIES ARE CONSTRUCTED.

You have learned the sources of voltage. To produce voltage, some form of energy
must be used to bring about the actions of electrons. The six basic sources of energy which
can be used are friction, pressure, heat, 11ght, magnetism, and chemical action.

Although all of These sources of energy provgae some practical sources of power, this
discussion will be 1imited to two of the six. The two that supply the majority of our power

are magnetism and chemical action. The first to be covered is a power supply that makes
use of magnetic 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 prime .
mover. There are many types of prime movers--water power, diesel, and gasoline engines, for
example. The electrical power (electromotive force) output from a generator may be either
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Fig 1-27. Stwplified direct-current generator.

homxmhrw with a rotating loop of wire in a
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fleld. The tb lup w-‘lnh ia tuo copper half-rings which are insulated from each
other, m mske contact with the copper rings to conduct electricity to the
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oxtlrnil circuit, The Toop 1s rotated in a clockwise direction. In position "A", the
conductors of the loop are moving parallel with the field, and since the conductor 1s not
cutting the lines of force, there 1s no voltage produced.

At position "8' the Toop is uovin? at a right angle to the field, and voltago 1s at a
maximm, At position *C," the Toop 1s again moving parallel with the fioid. and voltage is
zero, At position *D," the Toop 18 cutting across the field and voltage 1s again at a
maximm, Notice that the sides of the loop have now reversed themselves, but voltago to the
external circuit, in this case a galvanometer, 1s sti1l in the same direction. As the brushes
are stationary, they deliver direct current, because either conductor in contact with a
‘articular brush wil] have the sams direction of motion across the field. Check the black

rush in figure 1-27 at positions "B* and *D," and you will see that the sides of the Toop
change but the brushes remain stationary, With two brushes ridisg on the commutator to carry
:20 cgrrcnt 02 an external circuit, you will have an ELEMENTARY DC GENERATOR producing

rect current,
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A simplified diagram of an ELEMENTARY AC GENERATOR 1s shown in figure 1-28., The
difference between the DC generator and the ?enera or 18 in the method used to deliver the
current to the brushes. 1In the AC generator, sliprings are used instead of a commutator.
This means that the sime 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 1s
produced. At position "B," 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 "C,"
the meter shows zero, 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 "B," the black side of the Toop 1s moving
u? through the field. Now the black s1ipring 1s negative, Current 1s directed from the white
slipring to the meter and back. The direction of current {1: the Toop reversed itself, and the
same 1s true in the external circuit to the meter.

The two ends of the loop are condected'to sliprings. Two brushes ride on the
sliprings. Rotating the Toop causes a cirrent 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 1dentical in generating voltage by the use of the
rotating loop. If the current is taken from the. Toop by s1iprings, 1t 1s an alternating
current, and the generator s called an AC Generator, If the current 1s collected from a
°°”ﬂf§§§§ifo§§ 1s direct current. You wiTT ¥nd that AC generators are normally referred to
as . ' e .

_Almost a1l of the alternators used in electrical power production by the Marine Corps
are of the synchronous type with rotating:fields and stationary armatures. With this type
construction, the ‘fields are wound on rotor poles, and the armature coils are assembled inside
the alternator frame to form a stator.assembly. ‘

Generally speaking, alternators:are of two types--SINGLE-PHASE and THREE-PHASE.
‘They a1l look alike but are constructed differently. They operate on the principle of efther
moving conductors across.a magnetic fiejd or moving a magnetic field across the Conductors.
In efther case, the results are the same, However, most of the AC alternators used in
electrical power production are designed-so-that the magnetic field 1s moved across the
conductors,. With this construction, the AC output 1s taken directiy from the stationary
stator coils, Thus, no brushes orvslipriggs 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.




A single-phase alternator is the simglest type. Notice the schematic wiring diagram
)f the single phase alternator 1n figure 1-28. As shown by the sine wave in the diagram, the
*otor revolves through one full revolution and produces one cycle of alternating current. The
First half-revolution of the rotor produces a voltage in one direction and completes the first
1a1f of the cycle; the second half-revolution groduces a voltage in the opposite direction and
sompletes the last half of the cycle. This alternator will produce only one cycle of AC
roltage during one revolution of the rotor. Since there are no overlapping cycles produced by
the alternator, the voltage output is only single-phase.

The output of the three-phase alternator is used to operate almost all electrical
iquipment in the Marine Corps. For This reason, the three-phase alternator is most commonly
1sed in electrical power production. While the output of this alternator is being used to
)perate three-phase egui ment, it can be used at the same time to operate single-phase
aquipment from each of the phases or from a combination of any two of the phases.

PHASE A

STATOR

Fig 1-30. Three-phase alternator.

Figure 1-30, a wiring diagram of the three-phase alternator, shows the stator fields
connected 1n pafrs to produce a three-phase output. As the rotor turns through one
revolution, each Rhase qroduces one cycle. ,Bg overlapping the cycles, as shown by the sine
vave, 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. This increase in current produces a stronger
nagnetic field and, thus, provides a oreater AC output. On the other hand, when less DC
voltage is applied to_the rotor pole windings, the alternator will have a Tower AC output.

To furnish electric current for exciting the rotor pole windrings 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
tofls. 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 voltsge in a
given sequence, according to the:method in which the alternator is connected. These phase
voltages occur 120 electrical degrees apart. .That 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,-a third cycle must be started in the same
direction 120 electrical degrees after the start of the second cycle. The order in which
these cycles are generated is called PHASE ROTATION.

You will find that there ire two methods of connecting three-phase alternators. These
are the “DELTA" and "WYE" methods. :
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With the DELTA CONNECTION, the three alternator phases are connected together as you
sae in figure 1-3T. In thils T1tustration, each coil of the delta regresents one phase of the
alternator. The voltage between any two 1ines is the same as the voltage of the coil between
the 1ines (phase voltage). For example, if volts were generated ih each phase of the -
alternator, the voltage between any pair of the three 1ines would also be volts.

240 Vv

L 240V

24C v

Fig 1-31. Delta connection.

46V 200 V

NEUTRAL

Fig 1-32. Wye connection.

With the WYE connected alternator, the phases are connected as shown in figure
1-32. In this type of connection, the voltage between any phase 1ine and neutral is equal to
alternator phase voltage--2,400 volts in this i1lustration. The voltage between any two of
these phase Tines, 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 og 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
Tight 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
“battery" are used interchangeably. -A11 cells are divided into two general types--PRIMARY
and SECONDARY. Once the primary cell is used up, it 1s useless. On the other hand, the
secondary ceil may be recharged. 1In the following garagraphs you will Tearn more about the
pr:Tary 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 cell is the DRY CELL,. the type used in an ordinary flashlight. A
cross-sectional view of a dry cell 1s shown in figure 1-33. The two terminals are connected
to plates in the cell and are called ELECTRODES. The zinc can serve as the negative
electrodes as well as the container fOr.the cell, 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 bhetween 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.

A 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 amount of current that a cell can furnish,.forever, is dependent upon the area
of the qlates exposed to the electrolyte, or, the amount of current is directly dependent on
the cell size. This 1s why flashlight batteries are quite small; whereas, batteries designed
for heavier current flow are much larger.

As stated earlier, the voltage developed by a primary cell 1s 1.5 volts. This is the
open circuit or no-load voltage. When a cell is sugquing current to a circuit, the voltage
is somewhat Tower. The voltage.iunder' a load is called TERMINAL VOLTAGE.

The most common STORAGE BATTERY 1s the LEAD-ACID type, so called because the

plates are made of lead and the electrolyte is acid. Probably 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. Legd-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 1n series. S '

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 elemen » and
each element makes up one cell. The elements are fmmersed in a sulfuric acid and water
solutfon callad ELECTROLYTE. Thin sheets nf wood, gorous rubber, or glass fiber (called
s:par?:ors) are piaced between the plates to prevent them from touching and causing a short
circuit. : . ‘ .

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

When a lead-acid type battery is ch.rged and in operating condition, the active
materfal on the positive plates is LEAD PEROXIDE, and on the negative plates, it 1is SPONGY
LEAD. When the battery is dischar?lngg the piates undergo a chemical change. The acTd from
the electrolyte units with the active plates raterial, and lead sulfate 1s formed on both the
positive and negative plates. During disci .ye, the acid content of the electrolyte 1s
decreased. If the battery s .llowed to - ntinue discharging, the sulfate deposft on the
glates increases until no further chemic» action can take place. "In this condition, the

attery 1s said to be completely dis .rgeu. Under normal operating conditions, the battery
1s NOT allowed to become completely discharged. "A battery in which the plates have been
allowed to accumulate a heavy degosit'qfvlead sulfate is practically useless because it is
almost impossible to recharge a battery in this conditfon. :

The voltage of a storage battery is determined by the number of cells that it has
connected 1n series. Although the open-circuit voltage of a lead-acid cell {s approximately
2.2 volts, the cell 1s.normally rated at only 2 volts. The cell is normally rated at only 2
yolts because 1t drops to that value under load. A battery rated at 12 volts consists of 6
lead-acid cells connected fn series, while a battery rated at 24 volts has 12 cells.

. Another type of storage battery used fn the Marine Corps 1s 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 1s used to check the level of distilled water which s added to the



cells to replace water lost by evaporation. Unlike the lead-acid battery, the nickel-cadmium

battery contains an electrolyte solutfon of potassium hydroxide and dfstilled water. The
electrolyte has no charge because it acts as a carrier of irons. For this reason, standard

gyg:ometer readings are of no value in determining the state of charge in a nickel-calmium
attery.

Nickel-cadmium storage batteries have several major advantages over other types of
storage batterfes. 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 1dle 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 jJolting.

EXERCISE:  Answer the following questions and check your responses against those 1isted at
the end of this stugy unit.

1. What is the functfon of a generator?

2. How does a generator perform {its function?

3. ldentification: Identify the following statements concerning generators and '
alternators as being either correct or incorrect. Place a 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.

¢. If current is taken from a rotating loop by sliprings, then 1t is
alternating current.
"d. The difference between AC and LC generators fs the method of
collecting the current.

e. When the generator rotating loop is parallel with the field, 1t 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?

b.
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’. 'Expiain briefly the vperations of a single-phase alternator.

, : é; What is used to supply the DC voltage in a three-phase alternator for the
. magnetic field?

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

v

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

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

12, "Wnat solution is used for the electrolyte in a lead-acid battery?

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

Nork Unit 1-5.  TRANSFORMER THEORY AND APPLICATION

'; GIVEN PERTINENT INFORMATION, DETERMINE THE OUTPUT FROM THE SECONDARY NINDING OF A
* TRANSFORMER. :

 SPECIFY THE TRANSFORMER ACTION WHICH INDUCES VOLTAGE.
. NAME THE MAIN PARTS OF A TRANSFORMER.

SR In. the discussion 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 and:that.the motion 1s produced mechanically in generators and alternators. You can
a1so produce this relative motfon electrically by building up and collapsing a magnetic field.

A TRANSFORMER 1s a device with no moving parts. It transfers energy from one
sircuit to anofﬁer by electromagnetic induction. -The energy is always transferred without a
shange in frequency. The change 1s usually in voltage and current,

- Transformers are built in.various shapes and sizes and serve varfous purposes, A
steeeug transformer receives electrical energy at one yolta?e and delivers it at a higher
foltage: A steg-down transformer receives energy at one voltage and delivers it at a lower
roltage. .- Transformers require ‘1ittle care and maintenance because of their simple, rugged,
ind durable’ construction. The high efficiency of transformers is responsible for the
extensiVéguse‘uf:altgrnating;current.

. *Vi?i&ﬁ}?iypes‘Bf'smallitransformers are used in a switch-gear. In many installations,
cransformers are used on switchboards to step down the voltage for indicating 1ights,
Instruments, and electrical protective devices, Other common uses include Tow=-voltage

iupplies.for 1ighting circuits, etc.
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Instrument transformers include both voltage and current transformers. They are
cormonly 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 1s not pertinent here.

Let's take a look at transformer action.

ColL A

coiL 8

LAMP

AC GENRRATOR

MAGNETIC
FIELD

Fig 1-35, Transformer action.

Now, 1f 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 the 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 1s 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 1s called
transformer action and-is the:principle upon which transformers operate. In actual

construcifon; the iron core:of a transformer has two windings: the INPUT, or grimarx winding

and the QUTPUT or secondary winding., If both windings have the same number of turns, the
voltage ana current 1nauce5~1n the secondary winding are the same as that applied to the
primary winding. “If the secondary has more turns than the primary, a 3reater voltage and a
smaller amount of current is induced in the secondary than that applied to the primary. If
the secondary has fewer turns than the primary, a lesser voltage and a greater amount of
current is induced. ‘
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Fig 1-36. Transformer ratfo,

The RATIO between the number of turns in the primary to the number of turns in the
secondary determines the voltage ratio of the transformer. Figure 1-36 1s a schematic diagram
which 11lustrates the relationship between the turns ratfo and the voltage. If the left-hand
cofl is connected to a 110-volt AC source, it would be the primary winding. The turns ratio
would be stated as .1 to 2, the primary number being given first, since there are twice as many
voltage turns (22) in the secondary as the primary. The voltage induced 1in the secondary
(220) 1s twice the voltage applied to the primary. . A transformer with a greater secondary
voltage is called STEP-UP TRANSFORMER. If, in figure 1-36, you a?glied 220 volts to the
22-turn winding, the output of .the secondary (17 turns) would be 110 volts. This would be
called a STEP-DOWN TRANSFORMER because the secondary voltage would be Tess than the
primary. “The raETogoT;fﬁe»EFansformer when connected in this way is stated at 2 to 1.

Transformers are often wound with the secondary sglit into two cofls so that two
voltages are available. . A 240-volt secondary that has a lead brought out from a center tap
will give 120 volts between the 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. Distributfon transformers are usually tapped for a 10-percent change 1n
steps of 2.5 nercent. Transformer windings are insulated for the voltage rating stamped on
the name glate. They may be used on Tower voltages, but should not be used on higher voltages
because the fnsulation would break down.

. A transformer will always have 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 1s to transmit ?ower over
consfderable 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 1s an AC device which as a prfmary winding. a secondary winding, and
an iron core,

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

O The humber of turns in the windings determines the turns ratio of the‘transformer
and the ratfo between the primary and secondary voltages.

0 A step-up transformef.ﬁroduces>a secondary voltage which 1s higher than the
primary voltage. Secondary current is less than the primary current.

O A step-down transformer produces a secondary voltage Tower than the primary. Here
the secondary current is greater than the primary current.

O The secbndary‘windjng may be center-tapped to produce more than one voltage,
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O 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 stuay 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 magnet'l_c field?

6. Name the main parts of a transformer.

7. Hm]l:, cag 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 princigles of AC and DC electricity,
electrical characteristics, and the relationship of voltage, current, resistance, magnetism,
and electromagnetism, In addition, you have learned to principles of basic power sources and
transformer theory, '

Answers to Study .Un(it #fl Exe_rcises
Work Unit 1-1

1. Elements ‘

2, Matter is composed of elemnts, 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 p1|1n

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 flowing through & conductor
8. VYoltage 1s electrical pressure.

9. Heat, magnetism, chemical action, and physical shock

10. Magnetism and heat .

};. oThn wh:tris;ﬂg._made of, its cross-sectional area, 1ts length, and its temperature

. The ohm - i o o M hondd e

13. A natural:magnet is a black mineral called Todestone or magnetite which exhibits
magn_et.‘lcgpitopert'les.' ~An-artificial magnet is made of iron or steel magnetized by

induction from some exterior source.

14, The lines connecting the direction of the field around a magnet from pole to pole
Aare-called Tines of. force, : :

15. It has:an unstable structure and a Tow magnetic strength,

-
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16. The fields of force interact, causing repulsion or attraction, depending upon the
1 Eolarity of the poles.

18. INC

19. C

20. Electromotive force

21. 1increase ‘

22. Electrons moving fn one direction through a conductor

23. Electrons moving back and forth through a conductor at specific intervals

Work Unit 1-2,

1. The relationshig applies to any circuit or part of a circuit; the current in
amneres is equal to the EMF in volts divided by resistance in ohms.
2, a. R=_E 3R= 90 ;R =3 ohms

T
b. E=I xR E=2x(7+5);
E=2x 12; E= 24 volts
C. I= E ;1= 24 ;) 1= 24 ;
. ;ﬁ'ﬁp TW+8+0 23
= | A

3. 1In a series circuit, the relationship 1s a follows: The total resistance is the
sum of the individual resistors; the same current flows in each part of the
cirguzt; 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 B and C to an
equivalent single resistance,

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

ranches. -

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

;esistance; the entire circuit is then treated as a series circuit.

8. b
9, a

c
11. The power is computed with the formula P = IZR.
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.

o
L]
—_lalQ O AT O T XKD =

14, Uhen 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)
voits 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.

12.
13.

a, ¢
b. inc

€. ¢

d. ¢

e. 1inc

f. ¢

a. Single-phase

b. Three-phase

a. By moving conductors across a magnetic field

b. by moving a magnetic field across the conductors.

a., Delta

b. Wye

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.
?gogxciter supplies the DC voltage.

A secondary cell can be recharged; a primary cell cannot be.

Negative plate - spongy lead

Positive plate - lead peroxide

Sulfuric acid and water

Potassfum hydroxide and distilled water

Work Unit 1-5.

20 VAC

A step-up transformer

Instrument transformers

Steq it down

Build up and collapse of the current

Primary winding, secondary winding, and fron core
Center-tap it
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STUDY UNIT 2
SAFETY AND FIRST AID

STUDY UNIT OBJECTIVE: WITMOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE SAFETY
ARD FIRST AID PROCKDURES THAT ARE OR MAY BE NECESSARY IN OR AROUND THE WORK AREA,
PLES THE JO8 SITE, SO THAT YOU WILL BETTER UNDERSTAND THE DANGERS THAT YOU WILL
FACT IR YOUR WORK ENVIROMMENT.

As an electrician, you are a skilled worker. The mark of a ski)led worker can be seen
by the excellence of the product he produces and also by the safe manner and methods he uses
in producing 1t. A wmaster of his trade seldom gets hurt. MHe knows his tools and equipment
ond z- in goed mvmnm. He understands the dangers of his working
onvireament and never tekes that will put hiw/her in danger of being hurt. He studfes
the rules of s u: has the wisdom to apply them, for one minute think that your

NCOIC or OIC wil) think more of you 1f, te save a 11t » YU %non the rules of
safety. They will know for what Wge= _{mmatyre. That statement in plain,
stuple longuage 1s »

Develep in oind & for + They were developed for your
gt g 0 e T

operate. Alw:{:“c : ate your equipment

ccording to the n‘p-tr .rm in ational in ons. 1f there are
m 1shed by !-. untt, folmrtho menufacturer's operating and

Base and Unit safety persoanel know beyond the shadow of a doubt that unsafe working
habits will eventually cres um 1f an accident occurs and someone 13 hurt, you
should be to perform 1 « First aid refers to the treatment gmﬂ the sfck or
injured before nrlu' medical or fca] treatment can be administered by trained medical
persome). In this s unit you will be provided with informatfon that, 1f followed, wil)
prevent accidents and help those that are injured in accidents.

Vork Wit 2-1, SAFETY
STATE WNO CAUSES MOST OF THE ACCIDENTS IN A WORK AREA,
LIST THE TIREE BASIC CAUSES OF ACCIDENTS.

FRON A LIST OF STATEMENTS RELATIVE TO WORK AREA SAFETY PRACTICES, IDENTIFY THOSE
TRAT ARE TR,

FRON A LIST OF PRACTICES RELATIVE TO THE GENERAL USE OF HAND-TOOLS, IDENTIFY
THOSE THAT ARE NOT SAFETY PRACTICES.

FROM SITUATIONS INDICATING SAFE ANO UNSAFE OPERATION OF ELECTRICAL POWER TOOLS,
DISTINGVISH DETVEEN THE SAFE AND UNSAFE PRACTICES.

GIVEN WORK SITEATIONS, DISTINGVISH BETWEEN THOSE THAT CONTRIBUTE TO UNSAFE USE OF
POMER CQUIMENT AND THOSE THAT CONTRIBUTE TO SAFE USE,

DIFFERENTIATE BETMEEN SAFE AND UNSAFE LIFTING SITUATIONS AND SEQUENCE LIFTING
STEPS IN TNE CORRECT ORDER.

GIVER VARIOUS TYPES OF LABDERS AND THE USES OF EACH, MATCH THE TYPE OF LADDER
WITH THE APPROPRIATE TYPE OF USE. )

FROR SELECTED SITWATION3, CHOOSE BETMEEN THOSE THAT DEMONSTRATE PROPER LADDER
RAISING TECHNIQUES 230 PLACEMENT AND THOSE THAT ARE IMPROPER.

GIVEN SITUATIONS CONCERNING TME USE OF LADDERS, MATCH EACH SITUATION WITH THE
APPROFRIATE LADDER SAPETY PRECAVTION.

gamwmnmmmmwmmm. IDENTIFY THOSE THAT ARE

FRON A LIST OF PRESIED SAFETY PRECAUTIONS RELATED TO HANDLING CHEMICALS OR
CEXICA. SOLUTIONS, DISTINGUISH BETMEEN THOSE TMAT ARE ACTUALLY SAFE AND THOSE
THAT ARE ACTUALLY WNSAPE.
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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, 1t 1s part of your job as an electrician to practice safaty at all times. The goal
of this study unit 1s 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. causes cne acciaents by velng careless or ?otting 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
area 1s a 1ikely candidate for an accident. Usually, this type of accident 1s the result of
physical hazards and includes unsafe equipment. Accidents of this type amount to 10 percent
of a1l accidents. Accidents caused by unsafe acts and by physical hazards can be prevented.
Even natural elements can be controlled to some extent, and 1t 1s only in the realm of nature
involving such phenomena as Tightning, st-rms, 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).

100 ACCIDENT CAUSES

80 5
60 ‘ %’ |
40 -L\\LL':‘L
By
PHYSICAL
20 HAZARDS  \aruRaL
PHENOMENA

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 1ugortant items to consider as safety practices for your work area (and also
your 1iving area):

O Keep all floors and walkways clean, dry, and free from spilled oi1, fuel, and or
other contaminants. If fuel, oil, or grease {s spilled, clean 1t up immediately.

0  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 1ighted, if at all possible. You cannot work
efficiently and safely without sufficient Tight. Check the 1ighting system frequently and
report or replace burned out lamps and fuses.

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

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

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

0 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.

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

0 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.

0 Insure that water fountains, lunch areas, and clothing Tockers are clean Snd

sanitary. 111ness caused by contaminated water and food can become more serious than most
accidents,

Poor riaintenance and the improper use of common handtools result in many accidents
which couTd be avoided 1f proper sagefy 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. S

O Keep tools in their proher places.

O Replace handles that become splintered or loose.

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

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

0 Select a box-end wrench or a socket in preference to a open-end or an adjustable
wrench as the former are less 1ikely to s1ip. To help prevent slippage, always pull the
wrench toward you.. .

O Wear goggles or face shields when there {s 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 W As intended to be used for: 1i.e.,
don't use a Rammer handle for a pry.bar. a wrenth for a ham.cr, a knife for a screwdriver.

0 Use sirewdrivers for what they are designed--to drive and remove screws. Keep the
blades ground and shaped properly at all times. Select the Eroper type and size of
screwdriver for the job. Never hold an object in one hand while working on 1t with a
screwdriver. Place 1t in a vise. :

0. yse files iﬁd:rasbs"with handles fhat are designed for them. Without the proper
aangle. a file or rasp is dangerous because it is easy for the tang to injure the palm of your

0 Keep chisels and punches clean and sharp because 1t 1s easy for a dull or dirty
tool to s1ip and 1njure_you. »

. C . ,: o
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_ Each_year, -scores of workers have been injured on the job because of neglect or
because of not knowing that a dangerous situation existed. An electrician using a grounded
drill was severély injured when he fell off a ladder after 9rabb1ng a moist water pipe as he
was drilling a 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 theé pipe. 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 duty.for 3 weeks. A 110-volt charge of electricity is dangerous, especially when you
are uorking on damp or wet pavements and grounds. It can ki1l you, so be aware of electrical
hazards and precautions as you use electrically powered tools.

As ah:eiectrician. 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. . - A

' 'E]ectfic-howered'hahdtools are a source of ignition for a fire if used near flammable
materfals or in expiosive 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 ?ower 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 equigped with a three-wire cord can protect the operator by
providing a Tow 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.

iw‘m«q‘

ELECTRICALY

FAULT. -3

(SHORT) P’
.

s HOT WIRE

- -
-
. T
SYSTEM GROUND

EQUIPMENT GRDUND

EQUIPMENT HOUSING STAYS AT
GRDUND POTENTIAL IN SMITE

DF SHDRT CIRCUIT, IF CIRCUIT
HAS A GROUNDING CONDUCTOR.

THIS SYSTEM |8 SAFE

——————————

LET THE GREEN GROUNDING
CONDUCTOR TAKE THE CHARGE
« =NDT YOU

INTACT
FusE HOT WIRE

DANGER HOT | "FUSE INTACT
. SYSTEM GROUND

HDT WIRE

UNGROUNDED EQUIPMENT 13

CHARGED WiTH A DANGEROUS
- VOLTAGE BY INTERNAL

ELECTRICAL FAULT.

THIS SYSTEM 1S DANGEROUS
DON'T YOU ACT AS A
GROUNDING CONDUCTOR
MAKE SURE EQUIPMENT IS
- GROUNDED THROUGH THE
EQUIPMENT GROUNDING CORD.

: .'Fig 2-2. How equipment grounding works.
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It 1s important to protect the cord on your power tools. This is also true of the
extension cord.” The 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. Use heavy-duty Klugs which clamp to
the cord. DO NOT ger the cord when unpluggin? it from a receptacle. Jerking the cord can
b;eat t?e cg:& Wwires or cause the connections in the plug to become loose which may cause a
short circuit,

The following is a 1ist of precautions to take when you use electric povwer tools:
O Inspect the equipment, especially the external wiring, before you use 1it.

break 0 Use safety glasses or face shields where chips or dust could fly or tools could
reak,

9 DO NOT wearlldose gloves or loose clothing while using rotating equipment.

0 Exchange accessories with the power off and the cord unplugged. Remove guard if
necessary. ' _

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

0 DO NOT wear rings, metal-rimmed glasses, watches, or other metallic objects when
working with"eTectrical tools.

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

0 Be certain the tool is properly grounded.

0 Check the operating instructions grior to operating electrical tools. On large

equipment these instructions are usually located on a data plate which is attached to the

$qu1pmen§s On smaller, portable aquipment go to the manufacturer's manual to find
nstructions, ' o , S

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
cﬁaniea frequently, you must be able to apply general safety rules to specific machines or
:p?? fic uses of power machines. Some of the general rules that apply to equipment safety

ollow:

0 DO NOT wear jewelry, loose clothing, long sleeves, or gloves while operating
machinery, ' -

0 Use brushes to remove chips and metal particles. DO NOT use your hands.
0 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 1s in operation.

O DO NOT leave machinery operating’ungttended.
O DO NOT clean, 1u5r1cate. adjust, or maintain machinery while it is in motion.

When you must 1ift 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, you can hurt your back very
serfousTy. R hurt pack 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 1ift. 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™7s during these movements that most strains
occur. It is important that an electrician consider the following basic 1ifting techniques so
as to reduce the possibility of injury: oo . ' :

o' Consider the size, weight, and §hipe of the object to be carried. DO NOT try to
11ft more than you can handle comfortably. §f~ne¢essary.-get help.

oA
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0 Set your feet solidly with one foot sTightly ahead of the other for increased
stability. Place your feet far enough apart to give you good balance.

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

0 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.

0 Grip the object firmly. Maintain your grip while 1ifting and carrying.

0 Straighten your legs to 1ift the object and, at the same time, bring your back to
a vertical position.

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

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

LIFT THIS WAY

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

3.  Plant your feet firmly, well
apart, and squat down.

'S, Watch out for sharp edges.
Get a good grip.

4. Keep your back as straight as
you can, Lift slowly (don't
{crk) by pushing up with your
egs.

- 8, Don't twist your body with the
load. &hift 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 Tadders improperly. It {s important for you to know the
right type of Tladder for the iob. The most common types of ladders that you will be using are
the single ladder, extension ladder, and stepladder.
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AT TOP SAFETY SHOES

| —

Fig 2-4. The single ladder,

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 Tadder will sugport up to 500
pounds. The size of a ladder is determined by its overall ength. 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 Tengths 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.
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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 portable work platform because 1t 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 sfzes up to 16 feet.

LOCKING
SPREADER

BRACES

Fig 2-6. Stepladder.

When you work with a Tadder, 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 Tadder toward the bottom end,
grasping and raising the Tadder rung by rung as you proceed. When the ladder s
perpendicular, pull the bottom out from the building to a distance of one-fourth its length,
as shown in figure 2-5. If you must get on top of the building, the VTadder should extend at
Teast 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 Tadder 1s 1n the collapsed position, 1t Tooks the same as the
strafght Tadder. After the extension Tadder s 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 Tegs away from the front legs unti} the
Tocking device Tocks. This Tocking device keeps the legs from collapsing when wefght 1s
placed on the ladder. .- = = _

ﬂhén.usiﬁg any'type of Tadder follow these safety precautions:
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O ALWAYS fnspect a ladder before using it.
0 Before climbing a Tadder, 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.

O  Under NO circumstances use stepladders as substitutes for workbenches.

: 0 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 'laddef‘ 1s endangered by other activities, rope off the area
around 1t, fasten 1t securely, and assign someone to steady the bottom.

0 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 i ladder unattended for ariy length of time while it is erected--take
it down and Tay 1t on the ground.

0 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 wi_th you. -

O  NEVER climb a Tadder Qhﬂe. hsi ng both hands to hold material; at least one hand

must be used while climbing or descending a ladder.
O NEVER place efther the top or bottom of a ladder against unstable material.

0 Before climbing a §tep'ladder. be sure it is fully open and locked and that all
four legs are on solid fo'oting_.- _ _

0 DO NOT leave tools on the rungs of a stép'ladder unless 1t 1s equipped with a
specfal holder,— . e

'O DO NOT stand on efther of the top two steps of a stepladder.
O  NEVER use metal "l_adqers where there is a possibility of coming in contact with

electric current. ‘ .
O . Get help when erecting long, heavy ladders.

. As an electfician',ﬁfo:rn_e' of thé-w' of’.'hazards-which.ypu will encounter in your job 1s -
that posed by electricity. You shun an area when you see a sign reading: DANGER HIGH
YOLTAGE. . Why? Because you have heard that 1t takes high voltage to ki1l and that Tow
voTtage does not.kill, "This.is not: true.. _Many.-people have been killed when they came into
- contact with-a 120-volt house circuit. -Others have been killed by lower voltage. Still other
_people have experiencéd shock from much-higher voltages and suffered no fnjury. Since you
never k_nt'm what your'l_goqy.'resi_stan_c_e 1s, avoid contact with any live circuit. When your body




is wet ¥0u offer less resistance to shock than when you are dry. NEVER work with
electric ty when your body is wet. I—

Current flow through the human body 1s actually the cause of electric shock. Voltage
causes the current to flow through the body; therefore, you are more 1ikely to get a fatal
shock from a h1’h voltage circuit. Some authorities state that a current flow of 100
milliamperes (1/10 ampere) through the human body 1s usually fatal. Electric shock interferes
with your breathing process and paralyzes your muscles. When the shock 1s great enough, you
Tose 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, the more 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 famil{ar with them. You must practice them unti1 they become second nature to you. Among
Pilots the term called "forgiven error® refers to a mistake which did not result in disaster.

his 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. You 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 tne SWitch, make a voltage test, and know that the line is dead.
- In the case of long 1ines which are opened and grounded at some distant point, an inspection
or test must always be.made to find out.what conditions exist. REMEMBER that someone may
accidentally close the wrong breaker, connecting your circuit to high voltage. Furthermore,
to keep anyone from accidentally closing the breaker to a circuit which {s undergoing repair,
the breaker should be Tocked on the OFF position and tagged to indicate that the system is
being repaired. General rules which must be observed in electrical work are as follows:

o -Db NOT;wenf idéntificafibn tags Qhen working around electriénl,machinery.

0 DO NOT wear jewelry or clothing with exposed metallic fasteners when around
batteries or efectrical equipment. ,

o ,Alwdys use safety tools ahd devices wherever they are provided. This includes the
following: v

- = Fuse pullers for removing and replacing fuses.

= Rubber floor mats around eiectrlcal panels.

= Rubber aprons when working on acid type batterdes.

- Work gloves‘éhen wofking around high temperature equipment.
: - thbéf gloves when working on live electrical circuits.

O ALWAYS follbwlédféfoperntihg'hrocedureé; A person must NEVER work alone on
energized elecfr!gnl circutts. .

© Do NOT struggie with a tool box or an {tem which 1s too heavy to be handled
conveniently.. R , _ . o

~ 0 DO NOT clutter your work area with unnecessary equipment. . If you do not intend to
use an {tem, store it in a safe place. N : :

O  ALWAYS use the right tool for the job. . -

o When ggssible, use handtools so that‘the working force {is always directed away
from your body. 1; will minimi;e the chances.of injury in case the tool should s1ip.

° 'NEVER,put'yphffhing 6n,iﬁ“électr1cn1_cdndﬁctor unless you are working on a circuit
and know that the circuit 1s dead. Always be sure that the switches to the circuits on which
you nre.working;ane.iqcked out and ;ggggd; T -

© 0. NEVER rv to. reiove a person or a tool from a Tive circuft with your hands or a

plece of material which may be a conductor. Insulating mater{al, such as a shirt or piece of
dry rope, can be i'sed ‘as & loop.to pull a person from a 1ive circuit.
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O If battery acid should splash on you, immediately flood the affected part by
wasningd¥1t¥ w:ﬁer. In cases involving the eyes or face, flush thoroughly and immedfately
seek medical aid,

As a general rule, NO work should be performed on energized electrical circuits or
equipment., As an exc:gtion. work MAY be performed on energized circuits to prevent possible
injury to others, or where critical missfons 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. Hake sure you have the necessary Rroteetive equipment--rubber gloves,
rubber blankets, rubber mats, etc. The type of work and the conditfons 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 1ife depends upon your thoroughness.

De-energized circufts do not present as great a hazard as do energized circuits.
Nevertheless, you must be careful and observe safety rules. Make sure the circuft 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
sTgn 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 make sure it is not shorted
and sti11 "hot.® You cannot afford to become careless, even when working on a “dead"
circuit. NEVER lean against water pipes or other grounded devices when you work on any
electric circuft.. o _ . - '

The‘fypes-of chemicals that ydu will most 11kely 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 with are sulfuric acid, used in lead-acid batterfes, and potassium

hydroxide, used ifn the nickelT=cadmium 5af£er1es.

The first precaution to-observe in working with acids {s the process of mixing them.
The proper mixiny procedure is always to ADD THE ACID TO THE WATER. ouring small amounts

of acid into a larger volume of water allows adequate cooling of the mixture. If this mixing
procedure is reversed by pouring water into the acid, a violent reaction may occur and acid
may be splashed over a wide area. . . :

SULPHURIC- ACID 1s dangerous to any part of your body, especially to your eyes. In
the event of" any contamination, the affected area must be flushed immedfately with a solution
of bicarbonate of soda and water. If the eyes become contaminated, immediately flushing with
large volumes of water is fmportant, and exﬂert medical afd should be obtained at once.
Sulphuric acid will also damage clothing, shoes, or just about anything with which it comes in
con.vact. - One more-hazard of this unpleasant material 1s {ts possible explosfon hazard. When
a battery containing sulphurié acid 1s being charged, a quantity of hydrogen gas 1s given
off. This hydrogen gas is highly explosive. For this reason, battery rooms or other battery
charging areas must always be considered as NO SMOKING AREAS.

POTASSIUM HYDROXIDE 1s not an acid, but its use requires the observance of certain
safety precautfons. Potassium hydroxide (KOH) s very dangerous to the skin and eyes, It
destroys. tissues and-causes severe burns, Breathing the vaﬁors may result in fnjury to the
respiratory system. Some safety precautions to observe in hand1ing any battery electrolyte
are listed as follows: - :

° ALWAYS wear- full protective clothing, ncluding gas tight goggles.
0 yse safefy showérs.and eyewash fountains fmmediately upon contamination.
O Neutralize and flush a1l contaminated areas and equipment.
O Reep all battery areas well ventilated and DO _HOT breathe vapors from batteries,
O Treat lead-acid type batteries area as NO SMOKING AREAS.
-~ Although fiféfighting 1$ the prime'responsibility of the fire department, it is your
Job to ptgvgntufirgs;apd~tq;hgjp3put ;hem out 1f they do start.

Good housekeeping is essential in the prevention of fires. If you let trash, waste,
dust, and other residue Euild up, they become a source of fire. 01ly rags, for example, can
fgnite by spontaneous combustion. - You can prevent fires of this type by storing ofly rags in
a metal container with-a 11d (see fig 2-9).
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AVOID FIRES

KEEP OILY RAGS AND
W/ 5TE IN COVERED
METAL CONTAINERS

Fig 2-9. Fjre prevention at work.

Another serious fire hazard is the accumulation of fuei 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 {ou can, but also know something about the four
classes of fires and something about how to fight them.

You can put out fires fn 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 Tiquids such as gasoline, fuel oil,
Tube o011, grease, paint, étc. 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. Tne
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 bicarbonaté, and an
activiting agent of CO» or nitrogen gas. The dry chemical extinguisher is also used on

. class C and class D fires.

cLASS'c ?IRES are fires that occur in electrical equipment and facilities. The
extinguisﬁing_agsnf Tor this taTrgs..of..f.ire must be a nonconductor of electricity and must
provide a smothering effect.” The qry chemical extinguisher is used for this purpose.

CLASS D FIRES occur in combustible metals ‘such a#‘magnesium. potassium, powdered
aluminum, “zTnc, sodium, titanium, ziconium, and Tithium. 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 notiied and given exact directions to

e Tocation of the ¥ire. These two actions must be taken quickly, and after they have been
taken, the personnel 1n the area should apply the most effective means available to put out or
" contain the fire.'.uhen;assi?ned to a new shop, you should Tocate the nearust fire

extinguisher in the area. Also find out what types of extinguishers-are available and how to
operate ti:em. This information is usually printed on the extinguisher {itself.

.
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EXERCISE:

—r

2.

3.

Answer the following questions and check your responses against those 1isted at
the end of this stugy unit.

Who causes most of the accidents in a work area?

List the thi ece basic causes of accidents.
a,
b.

c.

Identification: Place "S" beside each of the following statements which reflects

good work area safety practices and a "U* beside the unsafe ones.

3. 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 dri1l 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.

Indentification: Indicate by placing an "U* beside the following statements which
are NOT good safety practices. Place an *S* beside iha 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 a(knife edge to cut wood.

-
tle
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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 Tocations
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 Tess than 2 horsepower
require no ground

|

c. Brush off metal ~uttings from machines with gloves

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

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

a. Lifting a Tadder 12 feet Tong with a helper

b. Lifting an object 4 feet in diameter that weights 65
pounds by yourseif
c. Lifting your toolhox by bending at the waist

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

Column 1 Column 2
Usage Ladder
8. Used to get 6nto a flat a. Single Tadder
roof that 1s 30 feet high. b. Stepladder

: C. Extension Tadder
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. _ - _
Ti.____ Used for a job requiring you to
viork 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. ldentification: Indicate by pluln' "Yos® before each of the following statements
s

which indicete the Jadder raising techniques and "No® before each which
indicotes improper niques.
'R The top of a 20-foot ladder extends 4 feet above the roof.

T The base of the iadder s 4 feet from the foundation.
b, ____ The top of a 10-foot ladder extends 36 inches above the eave.
G, ______ Ixtend an extension ladder on the ground Lefore raising it.
. _____ Spread o stepladder until the legs lock in position.

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

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

Mtching: Match the flammable mater{al In column 1 ({tems 14-17) with 1ts class of
fire in column 2. Place your answer in the spaces provided.

Columm | Column 2
Flasmsble Materia) Class of fire
", Hogresim 8, Class A
b, Class B
18, Electrical equipment c. Class C
d, Class D

16, _____ Paper and rags
7. _____ Gasoline and grease

Work Unit 2-2, FIRST AID
STATE TWE RESPONSIBILITIES OF INDIVIDUALS ADMINISTERING FIRST AID,
LIST THE FOUR LIFESAVING STEPS OF FIRST AID.
SPECIPY THE PROCEDURES NECESSARY TO PERFORM THE FOUR LIFESAVING STEPS.
STATE TME FIRST AID TREATMENT REQUIRED IN CASE OF ELECTRIC SHOCK.
STATE TME METHODS USED TO TRANSPORT INJURED PERSONNEL.

As you my already kaow, first aié refers to the treatment given to the sick and
1njured before tretned individuals con aduinister regular medical or surgical treatment.
Porseansl in the Navy Medical Service have the finest medical equipment availadle, and th
re trained ia the most soders methods of saving 1ives and easing pain. But they can not

ﬂ:mam.u1-ammmnntoammnmrmkmlodgoofﬂrst
aid,

w save someone's 1ife--possibly your owm-~1f you know how to give first
ald. As e o two ressons for learning first add. Proper first aid may not
only save the 1tves of meny fellow Marines, 1t say mean a vital uisson can be accomplished
whicd ﬂ:tt:n aeny lives of fellow Marine's. Learn how to give first aid; you can not

P Ay g iy R R
s "ecCessery ('] c -3 « You can your first aid s [ ]
of this wmit, Mmm-ml more.

The proficient first aider doals with the qu situation, that 1s, the person as well
ing ¥ who ledge and ski1l of
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could be held Tiable in a court of Taw. Anyone attempting to assist another must use extreme
care and skill in performing first aid.

In practicing first aid, it {s just as important to know what NOT to do as it is to
know what to do. Keep calm, use Yirst aid measures, and seex medical he p as soon as
p .. attempt treatment that is beyond your ski1l, and never move an injured
person unless 1t is absolutely necessary.

Your gob as & first-aider 1s to take the right emergency measures and to have the
patient in better condition for treatment 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, s%gg the bleeding, protect and treat the
und, and prev or treat s « TOU Sniould memorize these Tour [iTesaver steps and
%!ir'n' the sTmpTe methods of carrying them out. Now is the time to learn how to do this.
Prompt and correct first aid not only may save a 1ife but will also speed healing.

The first action to take 1s to clear the airway and stog any severe bleeding
immediately. Clearing the airway will allow the victim to breathe and will permit
mouth-to-mouth rugintion 1f 1t 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 Tater objective on treating wounds. The final step,
which actually begins when you control bleeding, s to prevent or treat for shock. This
should always be done regardless of symptoms. These steps will be covered in more detail.

ALMAYS make sure a victim is breathing properly. ASSURE BREATHING. To do this,
place your ear close to the victim's mouth and nose, look Toward the victim's chest for rise
and fall, Tisten for air from exhalation, and feel 1"or flow of air on your check. You should
take at icast 5 seconds for this check to make sure the person is not just slightly breathing,

If & victim has stopped breathing completely, give artificial respiration at once.
Death occurs quickly once breathing has stopped, so quick rescue and treatment of a erson
whose chest movement is stozpcd by debris, beams, etc., sre 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 resﬁiration is to start
immediatelyit: NUT waste time moving the victim to an t1deal spot; LU wait for

machanical equipment. START AT ONCE.

You have Tearned the old prone pressure method or the more recent back
pressure-arm 11ft or back pnssure-hig 11ft methods. It has now been proved that the
mouth-to-mouth (or mask-to-mouth) method 1s far better than any other. In this method, the
victim 1s placed on his back and receives your exhaled air. It saves more 1ives, 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. '

L0 NOT waste time on old methods or by worrying about getting infected. The chance of
infection 1s small. You have a life to save.

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

There are three main causes for obstruction of the airway. The first is foreign
satter, such as false teeth or 1iquids, in the mouth or throat. The secong 1S rehxaﬂon of
e Jaw. @ tongue 1s atcached to tne jaw SO that can Tall backward and DJock the throat
(caTled swallowing the tongue). The third is the position of the neck. When the neck is bent
forward so that the chin is do:m Close to tne chest, there 1S a ten ency for the throat to
»ecome "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 while holding his/he: Tower jaw forward in & sword-swallowing position. When
someone 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 artifictial
respiration,

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

O Turn the victim on his/her back.

0 Clean the mouth, nose, and throat. If the mouth, nose, and throat appear clean,
start artificial respiration immedfately. If foreign mztter 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 motfon (see fig 2-10, A).

0 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 1s stretched.

O Hold his/her Tower jaw up. Approach the victim's head preferably from his/her
left side. Insert your left thumb between the victim's teeth at the mid1ine. 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 unconscfous. You can wrap

:1pigc$°of8§10th around your thumb to prevent injury to yourself by the victim's teeth (see
g =1V, B).

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

0 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 airt 3ht contact. Blow until the chest rises. Blow
forcefully into adults and gently into children (see fig 2-10, C).

O wWhen his/her chest rises, stop blowing and quickly remove your mouth from the
victim's. Take another deep breath while 1isteaing 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 small children) and given at a rapid rate in
order to provide rapid reoxygenation. After the first 3 or 4 breaths, adjust your reathin?
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 1nterruqtion until the victim starts breathing or is
pronounced dead by qualified medical personnel. A smooth rhythm is desirable, but
split-second timing s not essential.

After performinq rescue breathing for a period of time, you may see that the victim's
stomach 1is bulging. This 1s due to afr being blown into the victim's stomach instead of the
1ungs.1f¢}th?ugh nflation of the stomach is not dangerous, it makes inflation of the lungs
more d cult.

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:

©  (same) Yurn the victim on his back.

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

0 (Same) Place the head in the "sword-swallowing position."
0  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 1lobes.
Lift his/her lower jaw forcefully quard so that the lower teeth are further forward than the
upper teeth. To open the victim's 11ps, pull his/her 11R 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.

0 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 ogenings. (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.

0 Let afr out of the victim's lungs. After the chest rises, quickly separate 11p
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 atr passageway and blow more forcefully. Repeat
the inflations 12 to 20 times per minute.

If a victim wounded in the face, neck, or chest 1is having difficulty in gettin? 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/ler 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 enlargingTﬂupils; loss of
conscfousness; bluish discoloration; and occasionally, convulsions. e best place to check
for a pulse fs in the neck. This is called the carotid pulse and can be felt with the tips of
the index and middle fingers s1ightly behind the larynx getween 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 massa?e_at the same time with mouth-to-mouth respiration. This
s 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 Haval Medical Service.

2-18 72



O place the victim on a firm surface.

0 Pplace the heel of one hand over the lower half of the victim's breastbone (but not
wer 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 inches (see fig
'=11). Keep your hands in place while you release the pressure (see fig 2-12).

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

i
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Fig 2-11. Pressure forces blood out of the chest.
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Fig 2-12. .Releasé 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 Targe 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.

h Types of b}?egingtar$ $1as§1f1ed by the ?1 e ofb?logg vess§1 whichih?sbgeegicut.

These types are called arterial, venous, and capillary bleeding. In arteria eeding,

the most dangerous type, there is a Tarﬁe amount of bright red blood, and it is usual?y
possibTe to detect a spurting or pumpin? action. When a vein is cut, a large amount of darker
red blood flows, but without the pulsating flow which characterizes arterial bleeding. 1In
capillary bleeding, the blnod 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 1s on an arm or le? and if bleeding continues, ?1ace the victim on
his/her back with wounded arm or leg raised. In this position the blood does not flow into
the wounded 1imb as fast, thus bleeding from the wound is slowed.. The bleeding is slowed, not
stopped, by raising the arm or leg, so you sti11 have to use the dressing and pressure.

DO_NOT raise the T1imb if you suspect that the 1imb {s broken. Moving a broken arm or
Teg is dangerous since it can result in further injury to the victim and may inerease shock.

You can often reduce or stop bleeding by applying hand or finger pre ..ure a¢ .. fous
points on a viqtim's-body. These points are shown in figure 2-14.

The PRESSURE POINTS in the groin and neck are particularly {mport»-:. If thc wound
1s too high To appTy a tourniquet on the leg, use the gressure points in “e groin. Ise a
neck pressure point when the casualty has a Rrofusely leeding scalp wouna; however, ise the
neck pressure point only as a last resort--when other methods of stopping hleeding h: e
failed. DO NOT APPLY PRESSURE TO BOTH NECK POINTS AT THE SAME TIME. To ¢, so would

severely reduce the piood supply to the prain, causTng unconscTousness an. then deat'.

When pressure and elevation fail to stop bleeding from a 1imb with'n a fe. ninutes, or
when blood is gushing from a wound, apply a tourniguet quickly. A tourniqu 't < a wide band
of cloth or other material applied around the wounded 1imb 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 TOURNIQUET UNLESS BL.0OD
IS GUSHING FROM THE WOUND OR UNLESS THE PREVIOUS BETRUDS ST?PPIN BLEEDING .

He REASU OR ‘15 THA NINJUR ) RNI( VAY U ROM LACK OF BLOOD

Tighten a tourniquet ONLY énoughbto sto? arterial bleeding (gushing of blood from
the wound). Veins continue to bleed until the 1im, 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, 1f thr ~a ‘5 bleeding right below the %nee or elbow, you should place the
tourniquet just above the .  oints. uhen possible, protect the skin by putting a tourniquet
over the smooth sleeve or .ant leg. . _ -

Tue victim should be seen by a medical of7icer as soon as possible once the tourniquet
is applied. The tourniquet shouid not be Toosemed 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 1ife
of the victim is endangered through further 1oss of blood.

Y
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Fig 2-14, Pressure points for bleeding control.

If conditions permit you to stay with the wounded person, inspect the tourniquet
frequently to se2 {if it has slipped or if there is any sign of more bleeding. Replace the
tourniquet 1f necessary, to its proper position. If further bieeding 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 lifesavin? step, are important measures that
must be kept Tn mind while giving Tirst ald to any casuaity. :

The best way to protect a wound 1s 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 foreiﬁn motter and helps prevent more injury.

You should kéep youir 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 bleading severely and is not deeper than skin tissues should be
cleaned before it is dressed &nd bandaged. To clean the wound, wash your own hands with soap
and 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. Then
apply 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 squeszes the lung, thus collapsing it. Proper
breathing becomes impossible.

Make the chest wound afrtight as soon as possible. The victim's life depends on f{t.
To make the wound airtight. have the victim exhale (breathe out) as much as possible. As soon
as all of the air {s 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 1arge piece of material, such from a waterproof garment,
tg h:}p make the wound airtight. Bind this covering securely with a belt or strips of torn
clothing. '

Encourage the victim to 11e on his/her injured side to that the tung of his/her
uninjured side can receive more air. If the victim wishes, let him/her sit up. This may ease
breathing. 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 or
kit. 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 cause Tnfections 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 The Tntestines and might spread germs in the belly. If evacuation is delayed, you may
mois:en the victim's 11ps 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 larga artery, a vein, or both are cut, apply hand pressure above and below the
cut. Continue the pressure until a medical officer directs that the pressure be released. In
such 1ifesaving 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 s1ippery to hold.

A victim 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
e faen down, These positions aliow the blood to drain out of the mouth instead of the down
into - +indpipe. 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 1s severc hleeding and, consequently, danger of choking on blood. Have the victim
sit up with his/her head held forward and down, or have them 1ie face down. If the jaw is
oroken, do not bandage the mouth tightly shut. Place the absorbent part of the dressing over
the wound and tie the tails over the toﬁ of the head to lend support to the jaw. An
idditional 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
osition.

A head wound may consist of any one of the following conditions or a combination of
:hese conditions: a cut or bruise of the scalp, fracture of the skull, and injury to the
rain, ur injury to the blood vessels of the scalp, skull, or brain. Many times, serious
ikull fractures and brain {njuries occur together. '

A scélp wound is easily detected because of the profuse bleeding. To treat such a
lound, perform the four Tifesaving 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:

0 Is or has recently been unconscious.

0 Has blood or other fluid escaping from the nose or ears.
0 Has a slow pulse.

0 Has a headache.

0 Is vomiting.

0 Has had a convulsion.

0 Has different sized eye pupils.

0 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 1s 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 Tower than the rest of his/her body.
ngﬂith: vlcfim flat on his back unless he is unconscious or unless the wound is on the back
0 s head.

If the victim is unconscious, examine the mouth for false teeth or other objects which
gightdc:use cho%}ng. Remove such objects when found. Place him face down with the head
urned to one side.

Take victims with head wounds to the medical facility at once for treatment, if at all
ossible. If the patient is unconscious, move him/her on a Titter face down and lying on
ﬁis/her abdomen, or on one side to aid in breathing.

The fourth and final Tifesaving 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 1ikely the occurrance of shock.

Although treatment of shock is Tisted 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 afr and become unconscious.

Shock may not show up for some time after an injury. Treat a victim for shock whether
or 710t the symptoms for shocE 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 position, 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 tc 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 victim in shock position, do not move him/her, because to do so
might make the blood pressur: Jrcp.

If oxygen is avatlatle, ¢ive 1t to the victim.

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

Again, briefly, the treatmunt. for shock 1s as follows:

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

0 Move him/her as 1ittle &s possible, and handle gently.
0 Make certain there are n: broken bonas before straightening the person out.

0 Keep the victim warm.

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

O Give oxygen if it 1s available.

As an electrican you may one day have to give first aid for electric shock to a fellow
Marine. Contact with a 1ive 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 1t is avaflable. 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 same condTtion.

Whatever the cause of electric shock, you must start first afd 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 tle heart to St°?' In this case, 1t will be necessary to
perform closed-chest massage in addftion to artificia respiration. This procedure was also
covered earlier. Continue first aid until the victim recovers or medical helﬂN;rrives.
REMEMBER, FAST ACTION MUST BE TAKEN IN CASE OF AN ELECTRIC SHOCK. SECONDS CO AS THEY CAN

it DIFFER Boiw LiF v . '

Many times, serfously injured persons have to be moved at once. Knowing how to move
them 15 one of the most important aspects of first aid. Careless or rou?h handling not only
can {ncrease the serfousness of an injury, but also can cause the victim's death. Unless
there s a good reason for immedfately moving an injured person, DO NOT transport him unt{i! a
Titter or ambulance 1s available. .

Since there may be times when you will have to move the victim yourself, you should
know 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. - S B

A litter 1s any device, such as a stretcher, used for carrying a sfck or injured
jerson in a fiat position. Using a 1itter not only makes 1t easfer for you to carry the
:asualty, but also makes the trip safer and more comfortable for the victim. If the distance
Is Tong or 1f the victim has a fracture of the leg, hip, back, neck or skull, do not move him
:xcept on a 1itter.  You can improvise a 1itter from many different things.

0 Pole and blankét litter (fig 2-15) - Use a blanket, shelter half, tarpaulin, or
yther mater{al for the bed of a poTe and blanket Titte~. You can make the poles from such
itjects as strong branches, tent poles, rifles, or skis.

N
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Fig 2-15. Pole and blanket 1{tter.

0 Pole and jacket 1itter (fig 2-16) - Find two or three blauses, shirts, or field
Jackets to make a poTe and Jacket 1itter, Button them u? and turn them inside out so that the
e

1ining is outside and the sleeves are inside. Pass a pole through each sleeve, and you have :

Titter.

Fig 2-16. Pole and jacket 1itter.

O Door or board litter - To make a door Titter, use any plain-surfaced object of
suitable size, such as cots, window shutters, doors, benches, ladders, boards, or poles tied
together. Pad the 1itter if possible,

0 Pole and sack litter (fig 2-17) - Rip open the bottem or cut the corners of
sacks, bags, bedticks, or matiress covers to make a pole and sack 1itter. Pass two poles
through them.

Fig 2-17. 'Po1e and sack 1itter.
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O Blanket or parachute roll litter (fig 2-18) - If you can not get any poles to
make a 1itter, roil 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 1itter.

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
andkwhich 1s best for the situation. DO NOT try to carry a person who has a broken back or
neck. -

0 Fireman's carry (fig 2-19) - A fireman's carry is the easiest methcd for one
person to carry anotner. *olIow 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.

- MWalk backward ‘a few steps, dragging the victim so that his legs trail in front
with his knees locked straight. Then 11ft 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 ycur T2ft hand. Bend at the waist, pulling
the victim's right arm around the back sf your neck so that the victim's body
comes across your back.

- Now grasp the victim's legs at the knees with your riﬁht hand. Holding the
knees with yc -~ “ight hand and the right zrm of the victim with your left
hand, straigh -+ up, 1ifting the victim ofy the ground as you do so.

.- g;asp the victim's right hand with your right hand, Teaving your left hand
ee.

. This 1s the position of the fireman'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 cne-man carries:
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Fireman's carry.

Fig 2-19.
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O Supporting carr (fig 2-20) - Grasp the wrist of the victim's uninjured arm and
draw the arm around you; neck. The victim now can walk, using you as a crutch. This carry 1
useful when the victim is only s1ightly huri, as when the sictim has a foot or ankle injuries

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

O Arms carry (fig 2-21) - The arms carry is good for short distances. The victim
ts 11¥ted and carried using one arm under the legs at the knees and one arm behind the back at
the armpits. You should carry the victim high to lessen Ffatigue. 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 vict'm u » keep a hold on the
arm and step 1n front of him/her. Have the victim encircle your .eck 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 any broken bcnes.,.

O Back 11ft and carry - To use the back 1ift and carry method, the victim must be
consctous and @oTe to stand on one leg. After raising him to a standing position, place
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11 bock=to-back with him. Have him stretch out his arms sideways. Bend backward, put
w wnder the victim's arme, and grasp his uppa= arms. Bend forward, pulling him onto

il
a

T -y
M AT Y=

Fig 2-23, Pistol-belt carry.
* » (fig 2-23) - Link together two pistol belts into a continuous
H
= With the victim on his Dack, spresd the belt and place 1t under the thighs and
hips 90 that & leep extends from each side.
* Lis dom on your back between his outstretched legs. Thrust your arms through

the belt lesps. Neach across ":"i:y‘:'n: g::p his left hond with your



= Inwn ro11Ing To Tne T'Ignt, Turn Tace downward, pulling the wounded person onto
your back. Adjust slings before proceding. !!f 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.)

- T?on 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 1s now
supported on your shoulders.

= Your hands are free to help you climb steep banks and to get over other
ob:tac!os. 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 the carries 1isted, you may be able to
use one of the following drags to move the victim:

Fig 2-24. Neck drag.

O  Neck drag (f1g 2-24) - Tie the victim's hands together and loop them around your
neck. This ensbles you to crawl along, dragging the victim, who may be unconscious. The
advantage of this mathod s that you and the victim you are dra?ging can remafn Tow on the
grg:nd crg:octed from enemy fire. NEVER attempt to drag an individual who has sustained a

roken back.

Fig 2-25. Pistol-belt drag.

0 Pistol-Belt drag (fig 2-25) - Take two gistol belts and join them in one
continuous sling. ATter piscing the victim on his back, pass a 1oop 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 Toop of the s1ing over your arm and shoulder. Place your
arm which 1s nearest the victim's head underneath his head to protect it during movement.
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'hen advance by crawling, dragging the wounded person with you. This carry permits both you
|:d th:iv:ctim to stay on the ground, protected from enemy fire. It can be used only for
thort distances,

'XERCISE:  Answer the following questions and check your responses against those 1isted 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 atd causes additional injury?

3. What 1s as important as knowing what to do when giving first atd?

4. List the four 1ifesaving steps.
a,

b.

c.
d.
S. What 1s 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. gow ;s tne airway maintained open when the victim is a small child or has tight
aws

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

13. What are the two most important pressure points?

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?

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

19, What specific proc:dure s used for traating a penetrating neck wound to prevent
the victim for choking on blood?

20. What causes shock?

21. When should treatment of shock beqin?

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

23, Hhattm:;t be accomplished before first aid treatment for electric shock can be
starte
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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.

b.

c.

26. What 1s 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 involved 1n 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 afd for the
personnel who fail to practice safety in the work area. Proper first aid may not only save
your Tife but the Tife of a fellow Marine. Insure that you practice the four 1ifesaving steps
that you Tearned in this study unit. YOU CAN NOT AFFORD NOT TO.

Ansvers to Study Unit #2 Exercises
Work Unit 2-1.

1. The worker
2. a. Unsafe acts by people
b. Physical hazards
3 ¢. Natural phenomena
. a.

a
.
nuurncacumccacuacuacaurcvceccececceee
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12.

13.
14.
15.
16.
17.

a
A d
ccCcuvwucaew

a. Yes

b. Yes

c. No

d. Yes

e. Yes

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

¢
a
b

Work Unit 2-2.

0N —

18.

23.

24.
25.

26.

Only when 1t is absolutely necessary

That person could be held 1iable in a court of law

Knowing what NOT to do

a. Assure breathing

b. Stop the bleeding

c. Protect and treat the wound

d. Prevent or treat shock

Mouth=-to-mouth

If the airway is not clear, air will not enter the lungs.

12 to 20 times per minute

Hold the lower jaw upwards with both hands

1 to 1-1/2 1inches

Begin closed-chest massage concurrently with mouth-to-mouth respiration (CPR).

At the neck (carotid pulse)

Apply pressure to the wound

a. Groin

b. Neck

To sTow blood flow to the wound

Tourniquet

Uninjured tissue below the tourniguet may die from lack of blood and oxygen.
It should be covered with sterile gauze or dressing

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.

gave ghe victim lean forward with his head held forward and down, or have him lie
ace down.

Any kind of injury may cause shock

Immediately or simultaneously with one of the other 1lifesaving steps

Keep calm and make the victim comfortable.

Rescuz the victim. Remove the victim from the electrical contact or remove the
e}e:gricaI contact from the victim, whichever is the best method of rescuing the
victim.

Artifictal respiration (CPR)

a. Litter

b. Carry

c. Drag

Fireman's carry
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STUDY UNIT 3
ELECTRICIAN'S TOOLS
STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL LEARN HOW TO
aaEuTﬁgyﬂéNgugaE TOOLS. YOU WILL ALSO IDENTIFY THE SAFETY PRECAUTIONS TO OBSERE

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 1s 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 thinks he knows how to use it progerly. 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) bilade

5 |

- STANDARD CROSS-SLOT

Fig 3-1. Screwdriver blades.
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Each type is dusigned to fit a particular type of screw, as shown in figure 3-1.
Within each type there ure several sizes and shapes. The size is measured from the BASE of
the handle to the TIP ct the blade, which is called the SHANK. The common sizes are 3, 4,
5, 6, 8, 10, and 17 7iaches. The shape can be an OFFSET, STRAIGHT, or FLARED TIP (refer to fig
3-2). The offset shkape can be a standard or crosspoint.

CLOSE
QUARTER

STANDARD

CROSS POINT
TIP p r

STRAIGHT TiP

FLARED 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 s used when 1t s impossible to get at a screw head with a standard or crosspoint
;crewdriver becaqse of a small clearance.

. Use screwdrivers ONLY for the job they are desfgned to do--drive and remove screws.
NEVER use the screwdriver as a Rrybar or chisel. If you do, you are Iikely to break the
bTade. 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 hand, Figure 3-3 illustrates the right and wrong
uses of screwdrivers. These {llustrations apply to all types of screwdrivers.

When selecting a screwdriver for a job, select the type and size that will 7it the
screw. The blade tip must have sharp corners and fit the screw closely. If you use a
standard screwdriver that s 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 will hold true for crosspoints--use a
screwdriver that fits the screw.



WRONG

WNRONG  WIGHT
c D

Fig 3-3. Use of screwdrivers.

SLADE TOO smaLL.
RESULT—~ BENT BLADE
:thDAMAGED SCREW

Fig 3-4. Blade fit (thickness).

When a screwdriver blade tip becomes rounded,

restore it to the original shape with a grinder or file, The tip should be ground or filed so
that the sides are parallel to keep them from slipping out of the screw slot. It 5 alsc good
practice to slightly hollow-grind the sides of the blade, as shown in figure 3-5. This puts

the tip of the blade at the bottom of the screw slot, making 1t easier L0 drive and remove
screws without damaging the screw head.

nicked, or broken, you can usually
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RIGHT RIGHT WRONG
SIDES OF T® SIDES OF TP SIDES ARE GROUND
ARE PARALLEL ARE SLIGHTLY WITH INCORRECT
TOOL WILL NOT HOLLOWED OR ANGLE, TOOL WILL LIFT
LIFT WHEN TWIST SHAPE OF GRINDING WMHEN TWIST IS APPLIED
IS APPLIED WHEEL

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 1s squared. Then shape the faces and sides by grinding 1ightly on the
side of the emery wheeg or by filing. To keep it from overheating and destroying the temper
of the blade, dip the tip in water between short pericd:z of grinding. DO NOT remove any more
material than {s necessary. -

The crosspoint screwdriver must be treated in a ditferent manner. In restoring the
crosspoint screwdriver to its original condition, apgly 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 1s designed for a specific function. There are cutting, grippin
or holding types, consisting mainl{ of a pair of jaws, a pivot point, and a pair o? hanages.
The typeés most often used by the electrician are the diagonal, sidecutters, longnose,
combination, and water pump pliers, all of which are TTTustrated in figure 3-5.

0

LONGNOSE @f .

COMBINATION SLIP-JOINT =@

SIDECUTTERS

WATER PUMPS

. 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 and smail
cables. 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 also 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 arc made
with extra long handles for increased gripping power. Both types of pliers are adjustable ip
several positions for handling various size ubjects. 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 {our fingers to place or
tighten wires, the proper application of the longnose pliers will be very helpful. These
pliers are actually extensiuns of your fingers in many instances.

- DO_NOT use Eliers as an all-purpose tool. Tney are not to be used as a wrench for
tightening nuts 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 affempt to cut extremely hard objects, since such
action will nick or dull the cutting edges 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. Mot 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 plfers to
hold a piece of round stock. Select the right size and type of pliers for the job and cut out
the Jos® 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 Tightly with a hammer.
Cutting pliers at times mey 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 may be used for turning round materials such as conduft and pipes. The more common
wrenches used in your work are shown in figure 3-7.
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Fig 3'70 wencheso

The pipe wrench has a knurled drive wheel to adjust the space between the Jaws. The
movable jaw 1s spring loaded so that 1t will bind or Jock when it pulls on a pipe. 1If you
reverse the direction of qull. 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 s1ip and damage the nut, and
damage your hand as well. As a rule, adjustable wrenches are suitable for heavy duty work.
Open-end wrenches fit standard size nuts. They are lightweight, strong, and convenient for

0ing work 1n Timited space. Because the jaws are usually set at 159 or 900 angles, it is
easy to work in close places by turning the wrench over after each movement. The length of

a0
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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 used to turn a square nut or bolthead. The strap wranch 1s used on brass,
copper, and chromium-plated piﬂes 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 Ripes and fittings. It is placed on the pipe by
wrapping the chain around the 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 1t
will not slip off the pipe.

A. WRONS B. RIGHT
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
11kely 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 or break.

A11 of the wrenches have special advantages. For example, the open-end wrench is used
where space 1s limited or where a straight wrench cannot be used. The box-end wrench is safer
to use and 15 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

Fig 3-9. Use of adjustable jaw wrenches.




Fig 3-10. Select correct wrench size.

A11 wrenches must be kept clean and free of rust. Wash any greuase and dirt from
wrenches with drycleaning solvent. Any rust spots should be removed with crccus cloth or
steel wool. Periodically wipe down your wrenches with a clean cloth dipped in a 1ight grade
of lubricating ofl. Lubricate the worm adjustment on pipe wrenches and adjustable jaw
wrenches with a few drops of ofl, NEVER use a wrench that has battered, chipped, or spring
Jaws. The wrenches that have bad defects should be taken out of service,

HAMMERS are made in varying sizes, shapes, and types. Each type 1s designed for a
specific type of work. Some types are used for driving nails; other types are used for metal
forming or to drive a chisel or punch. Yet another tgpe 1s designed fcr 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 and mallets with which you
should be acquainted.

™)

CLAW HAMMER

PN
BALL-PEEN HAMMER

PLASTIC HAMMER

SLEDGE MAMMER

Fig 3-11. Mallets and hammers.

The CLAW HAMMER 1s used to drive or pull nails in wood construction. When driving
nails, hold The ciaw hammer near the end of the handle with the face of the striking surface
parallel to the work, as fllustrated 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 ball-peen hammer is used mainly in mechanical and shopwork.
Use it with driving and cutting toois, such as punches and chisels. The manner in which you
use a ball-peen hammer {s 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 are handy 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
driving stakes and ground rods. It can also be use for breaking concrete.

FACE STRIKES
SQUARELY

HANDLE FLUSH WiTH
EOGE OF pALM

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 sledge 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 & mallet to assist in the disassembly of a motor. Whichever
hammer you select, make sure 1t 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 spTit must 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 3-13 shows
four of the more cormon types:

Machinist's Vise
Utility Vise
Chain vise

Pipe vise

The MACI'"NIST'S and UTILITY vises are sure bench mounted and very similar in
~design. The wa “TRTstTs vise has Tlat jaws and a swivel base and is suitable for most
ordinary shc or . “he utility vise, on the other hand, has removable soft jaws inserts and
1s equipped w*th pire jaws, For this reason, the utility vise is more versatiie, since it
will grip pipe or :-ound rods, When working with a polished metal, use The soft jaw inserts.
The conventional pipe vise is a quick release type that can be mounted either on a shop binch
or on portable legs and carried to the job site. As you can see in figure 3-13, the chain
type vise grips the pipe by a'chain arrangement. The pipe and chain vises are used when
cutting and threading conduit. - .

Vises require very 1ittle maintenance other than keeping them clear znd 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.
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HANDOLE

CHAIN VISE

Fig 3-13. Vises.

In many cases, you must cut or drill openings in walls, floors, and ceilings for
;nst;}la;ign of electrical devices. You will have at you disposal cutting and boring tools to
o this job.

There are several types of cuttin? 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. -

BLADE

HANDLE ; g
TOE

NUMBER OF TEETH /p“ LENGTH

PER INCH HEEL 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 useu 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. 8e 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 1ight oil to
prevent rust.

{IACKSAWS - The hacksaw, one type of which is shown in figure 3-14, is used for
cutting metaT.  Most hacksaws have adjustable frames which use blades from 8 to 16 inches in
Tength. 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
Tight 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
Tight 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 Tine 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.

CUTTING WHEEL

Fig 3-15. Rigid conduit cutter.

RIGID CONDUIT CUTTERS - Rigid conduit cutters, like the one shown in figure 3-15,
are available Tn 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 hoTes Tn 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 Conduit

7/8 1/2
111/32 3/4
1.11/16 11/4
1 15/16 11/2
2 3/8 2
217/8 2 1/2
3 1/2 3

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

To use the tool properly, you must first have a hole in the material to be punched.
The hole must be Targe 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 sTug is
free from the box. DO NOT tighten the drivebolt oncc the slug is free, as you may damage the
cutting edge of the punch. Now, remove the tool from your work and remove the sTug from the
die part of the tool. You may need a punch and hammer to tap the sTug from the die.

The punch can be sharpened when it becomes dull. However, this actfon 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 of a regular 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
copger conductor when raking 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, 1ike
the one shown in figure 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 shacp 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, 1ift 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 orig?nal
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 1ight lubricating oil.
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Fig 3-20. Wood chisel.

WOOD CHISELS - The wood chisel is used to cut holes and grooves in Tumber and other
soft buiTding materfals. The chiSel is a flat piece of steel with one end ground to an acute
Tevel to form a cutting edge, as Shown in figure 3-20. Some of the chisels are driven by hand
pressure, others are driven with 2 mallet. NEVER use a hammer or metal tool to drive the
chisel. Drive wood chisels outward, away from the 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 on a workbench or on 2 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 oflstone. Secure the oflstone 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.

J BREAST DRILL

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, anger bits, and star Dits,

The most common hand dri11S 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 consists of a
knob, crank, and chuck for gglding the bit. The chuck usually has a ratchet that allows the
handle to turn in efther direction to turn the chuck. This permits the borin? of holes 1in
places where a full revolution of the crank cannot be made. The chuck is built to hold only
au?er bits that have a Square tand and is used for drilling holes in wood. Both the hand
dri11 and the breast drill yse a Wheel with a handle to drive the bit. The chuck on these two
drills holds a straight shank bits 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 11lustrated in fi?ure 3-22. The
pressure is applied with the hand. To apgly pressure to the breast drill, the operator pushes
ag?:ns¥]t2e end of the tool with his/her body. Keep the drills clean and the moving parts
we ° e L]

TANG

CUTTER

SCREW SPUR

Fig 3-23. Auger bit parts.

AUGER BITS are screw-shaped tools with six parts and are used only for drilling
holes in"wood. Figure 3-23 1llustrates the six parts of the bit. When you turn the brace,
the spurs score a circle and the two cutting edges shave the wood fiom 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 mound around the hole.

Both the electric and the manially operated hand drill, and the breast drill require
twist bits. Most twist bits have a round shank that fits the Jaws of the drills. Some twist
bits are made with a tang to be usea fn a brace. Both types are shown in figure 3-24. The
size 1s 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 apply 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.

T R S - W)
ROUND SHANK
USED IN DRILL

SQUARE SHANK
USED IN BRACE

Fig 3-24. Twist bits.
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i3 3-25. Start drill.

A STAR BIT (fig 3-2.) is used to drill holes in concrete or brick walls, or floors
for mounting electrical 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 driveii by one person. The larger tools require two people. The most common sizes
used by the electrician are the 1/4- and 1/2-irch 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.

Column 1 Column 2
Description Tool
1. Has removable soft jaws a. Screwdrivers
inserts and pipe jaws b. Longnose pliers

¢. Pipe wrench
d. Adjustable jaw wrench

2. Used for forming wire e. Claw hammer
Toops f. Box- or open-end wrench
g. Sledge Hammer
3. Used for driving and h. Utility Vise
removing screws i. Chain vise
J. Sidecutting pliers
4, Uses a chain to grip its k. Conventional pipe vise
work 1. Water pump pliers

5. When turned backwards,
releases its grip.

6. Used for driving or pulling
nails
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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1. Can be rounted on legs and carried to
the job sites

12. Equipped with adjustable jaws and
extra lony 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 {iteus 15-38) to the

proper cutting tools in coluun 2 by placing the correct letter in spaces the
provided. 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
€. 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. MWood chisel
the grain.

18. Used to cut grooves in
wood.

19. Used to enlarge holes in
metal.

20. Used to cut and chip
netal.

21. May be used to skin insulation
from wires.

22. Driven by hand pressure or
with a mallet.

23. Do not break out waste by
twisting the tool.

24. Using the too? 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
609 to 700 is fine for most 1ight -
metals.

29. These tools range in size from 8 to 15
inches.

30. When using this tool, two or rore 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 cuttin? blade angle of 90° is racommended
for cutting hard and tough metal.
34. Never use a metal hammer to drive this tool.
35. Should shrapened on an emery wheel and then bored on
an o1l 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.

Hatching: 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 Column 2
Description Tool
39, Used to drill holes in a. Ratchet brace
concrete or brick walls. b. Hand drill
Cc. Breast drill
40. Used for drilling holes in d. Auger bit
wood only. e. Twist bit
f. 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, f.se 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 plastic 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
c:nduit first. You then use the winch 1ine or rope to pull the conductors through the length
of conduit. ‘
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RULES AND TAPES are measuring tools used by an electricfan. The 6-foot folding rule
and the cioth tape (f1g 3-27) are the most common types. The folding rule 1s 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 1t in one hand and with the other hand unfold only the sections needed to take the
desired measurement. The rule shown in figure 3-27 also has a slide fn the end of one section
that can be used for taking inside measurements. The cloth tape s used to make long
measurements, for instance 10 feet or more, and fs made of cloth or linen. The tape 1s used
by placing the metal ring at the end of the tape over a natl at the start of the measurement
and walking in the direction to be measured, ﬁulling 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 RuULE

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 teils you the fractions of an inch used on the rule.
Thus, the number 8 would indicate that the 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 Rrevent the joints from becoming stiff. If the joints
do become hard to operate, lubricate them with a small drop of 1ight 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.

AMERICAN
STANDARD
WIRE GAGE

W rn ¢ Y

Fig 3-28. MWire gage.

A WIRE GAGE is a tool used to measure the diameter of wires. When you read in the
code that replacement wires must be of a certain size, you can check them with a wire gage.
The gage, shown in figure 3-28, {is simtly 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 1s 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
ualities. Fuse pullers come in sizes from 5 to 20 inches long. Large pullers contain more
aminations 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.
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Fig 3-30. Wire stripper.

The WIRE STRIPPER, shown 1n figure 3-30, 1s used to strip the fnsulation from small
size wires befcre making splices or at aching the conductor to a terminal screw. The stripper
can e used for stripping insulation from varfous sizes of wire up to No. 11 AWG. When using
the stripper, take care to insure that the wire size 1s not bigger than the stripper slots,
since this would cause damage to the wire. If the wire is stranded, several of the strands
111 be cut. If the wire 1s single strand, 1t will be picked and weakened to the point where
it will break when twisted even slightly. The wire stripper should be kept clean, and 1ight

>11 may used on the moving parts.

Fig 3-31. Reamer.

After conduit has been cut to Tength, the cut end must have the sharp edges on the
nside removed to prevent damage to the wire insulation. This procedure s called "reaming."
he tool that is used 1s the REAMER. Rigid conduit is normally reamed with a tool similar
o the drawing in figure 3-31. Notice the square Tong tang on the shank. It {s normally used
1th the ratchet brace described previously, or you may use a tool that is especifally designed
or reaming. The reaming 1s complete when the sharp edges and metal burns have been removed.
0 not store the reamer in a position that may cause the cutting edges to become dull. If the
eamer is equipped with a ratchet, 1t should be kept clean and well ofled.

XERCISE:  Answer the following questions and check your responses against those 1{sted at
the end of this study unit.

1. What specfal tool 1s used for pulling conductors (wires) through conduft and how
1s 1t used 1f the conductors are very large?

2. Which measurement tool s used by the electrician for layout or roughing in boxes?

3. How can the folding rule be used for taking inside measurements?

4. What 1s the purpose of the wire gage?
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§. Wy should & fuse puller be wsed in place of something else when replacing fuses?

6. Whot teol 15 veed to remove the sharp edges from the inside of conduit after it
has been cut Lo length?

1. When using the wire stripper, what precavtions should be observed and why?

Work Unft 3-3. SOLOCRING CQUIPMENT AND SOLDERING

WOE DIFFTRENT TYPES OF SOLDCRING EQUIMMENT.

STATE CMRACTERISTICS OF DIFPEREINT TYPES OF SOLDERING EQUIPMENT.

CITE ™ PWICTION OF TME MEAT SINKK,

STATE MATIRIALS VSED IN SOLDERING.

SPECIFY ML PROPER PROCEDWRES FOR USING SOLDERING EQUIPMENT,

Accerding te the National Electrical Code, & splice must be joined with devices

seitable for use or by soldering. Most of the time you will be sble to use the devices made

svaileble, such 88 wire awts, twist locks, etc. However, there will be times when you will
200d to solder splices or commections to complete youwr work,

—~

Fig 3-32. Torch and soldering copper.

are divided into two types: nomelectric and electric. The
senslectr when there is no power sowrce ciose site. Two nonelectric
?u are the ond the soldering copper (commonly called a soldering iron), shown in
figure 3-32. The terch s normally Tweled by a propane bottle that can be changed when it 1s

ERIC ' sa 109




empty. 1t can be used for direct soldering of llr?o splices, or it can be used to heat the
fron to the desired temperature when soldering smaller splices. The electric gun and electric
irons shown in figure 3-33 can be used for so dering when there is a power source close to the
worksite. A1l electric soldering frons and guns are rated in watts. Those with high wattage
ratings produce more heat. Since llrﬂ. splicers require more hedt for soldering, a high
wattage gun or iron will be needed. Higher wattage devices may be used for smeller splices,
but care must be taken to avoid melting of the insulation. In some cases a heat sink may be
needed to Krovont damage to circuit components. The heat sink absorbs heat That might
otherwise be absorbed by the component and cause it to burn up. An example of a heat sink
that mey be used while soldering is a pair of Tocking pliers or 2 spring clamp attached to the
work being soldered. The electrical irons and guns have cords of varying lengths and nearly
411 operate on 120 volts AC. :

Soldering is the Erocoss of joining metals by adding another metal to bond them
together. Electrical work requires solder made with lead and tin in near-equal amounts.
Comsmon s of solder used are 60/40 and 50/50. The first number represents the amount of
lead and the second number the amount of tin in the solder. To make & wood bond, the metal to
be joined must be clean, and you must have onough heat to melt the solder. Heat is supplied
b{ one of the devices discussed previously to the Joint to be soldered. To clean the joint, a
¢ oaninp agent or flux (made of rosin) that removes oxides from the surfaces to be Joined s
used. Flux may be applied in the form of & paste, or it may be included as the core of the
solder. 1f the flux is in the solder, 1t 1s called rosin-core solder. Flux used for
soldering shut metal 1s made with an acid base. Acid-base flux should NEVER be used for
electrical work because it will cause corrosion. -

Soldorin? iobs in electrical work are of three main types: (1) soldering two or more
wires together, tE.rsoldorin wires to Tugs or terminals, and (3% soldering wires to metal
surfaces. o matter which type Job you are doing, there are certain s eps you must take to
nave a good soldered splice or connection. '

First, the soldering iron or ?un must be tinned. To tin the end of the iron or gun,
U must first heat it and clean 1t with flux; then put a thin coat of solder on it. If you
Ave an {ron that is burned and pitted, 1t may need to be filed and brushed before it is
tinned. Next, the splice or connection should be twisted or held firmly together. Then
g;oqlro the joint for soldering by applying flux. When the metal is heated the flux will
11, cleaning the joint in the process. If rosin-care solder 1s used, cleaning will take
place as you apply the solder.

REPLACEABLE LIGHT
SOLOERING TiP

TRIGGER SWITCH

REPLACEABLE HEATING
ELEMENT AND TiP

Fig 3-33. Electric soldering gun and fron.

Now, hold the gun or {ron under the joint, if possible, and heat it until the joint,
not the iron on gun, melts the solder. Apply heat until the solder runs freely around the
wires or metal being joined. A good soldering job 1s 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 Tt. Cold solder joints are caused by not using enough heat. Unce
the Joint 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 another 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?
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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 vhenever
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 ¥ou can drill holes in almost anything to be found in and around the
TacTTities. The drills are available in various sizes, the size being determined by the
largest size dril1 shank that the chuck will take. For example, a 1/4-inch drill will take
all twist bit shanks uR 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 (sqade 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 gart 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 Bit

Mosonry Bit

Fig 3-35. Spade and masonry bits.

1i2
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The SPADE BIT, sometimes called a speed bit, is used exclusively for drilling wood
and 1s availabTe Tn sizes up to an inch and a hal¥ with a 1/4-inch shank. Note that the spade
bit does not have a screw tip 1ike the auger bit, so pressure must be applied for starting and
drilling. The point 1s primarily for centering the bit when you start to dri1l. As the hole

1s bored, ycu 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 1s used with the electric hand dri1l for drilling holes in concrete,
cinder block, or brick. Often you need to anchor a box or conduit to this type of material.
To do this, it 1s 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 dri11 is DO NOT overload the dri11 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 1t 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 1t 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 dri11ing wood, a
nail 1s 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 dri1ls should be kept free of dust or 1int 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 different types of
material. They can be changed by Toosening 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 1s 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,

Tike the electric drill, has ventilation holes that should be kept clean and free of dust or
dirt to prevent overheating.
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There is one last thing to rem.mber when cutting or drilling in finished walls on
around any electrical circults that are already installed. That Ts, check to make sure you do
not dr {11 or cut into anythiny that may be concealed Tn The wall, incTuding eTectrica

CIrcuits that may be energized.

EXERCISE:  Answer the following questions and check your responses against those 7isted at
the end of this study unit.

1. What determines the size of an electric hand dril11?

2. What are the three types of bits ordinarily used with the electric drill?
a.

b.

c.

3. Bits are secured in an electric dril1l 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 electric 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. g?entgutting an opening in a finished wall with a saber saw, what must be done
rs

10. Forcing the saber saw through material will cause what ?

SUMMARY REVIEW

In this study unit you have Tearned 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, kor i23. a 4. ¢
2. b 13. ¢ 24. ¢ 35. ¢
3. a ]4. a 25. d 36. e
4, m 15. b 26. b 37. d
5. ¢ 16. ¢ 27. d 38. b
6 e 17. a 28. f 39. f
7. d 18. ¢ 29. b 40. d
8. f 19. d 30. b 471. e
9. ¢ 20. f 31. ¢ 42. a
10. J 21. e 32. d 43. b
1. k 22. ¢ 33. f M4, c
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Work Unit 3-2.

1.

Fish tape. It is used to ?ull winch Tine or rope through first, then the winch
1ine or rope is used to pull the conductor.

Folding rule

By extending the metal slide at one end of the folding rule

To measure the diameter of a wire to check the size

To eliminate the danger of electric shock

Reamer

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.

OWO~NOOILWN —
.

]o.
11.
]2.

nonelectric and electric

Propane

Soldering copper

In watts

To absorb heat and protect components
Lead and tin

The solder contains 60 percent lead and 40 percent tin.
Rosin flux

It must be tinned.

Clean with a rosin flux

From under the splice or joint

Make sure enough heat is used.

Work Unit 3-4.

The size drill shank its chuck will take
a. Twist bits

b. Spade bit

¢. Masonry bit

Key type gear chuck

Just prior to going through the wood.
Masonary bit

Avoid using oversize bits

Reduce pressure on drill

Wood

Drill pilot hole

Stalling and overheating

ot 115

3-27



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 1f you do

not know an answer, look 1t up and remember what it 1is. The enclosed answer sheet must be

filled out according to the instructions on its reverse side and mailed to MCI using the
envelope provided. The questions you miss will be 1isted 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
ques%ion. 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
€. Electrons, neutrons, and protons
d. Atoms, molecules, and elements
2. ldentify the building blocks of nature.

a. Molecules Cc. Atoms
b. Elements d. Electrons

3. By what means may a compound be separated?

a. By chemical means ¢. 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.
€. protons and electrons through a conductor.
d. electrons through a conductor.

5. Voltage 1s 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. Cc. magnetism,
b. watt. d. temperature.

7. ldentify the unit of measurement for resistance.

a. Henry c. Watt
b. Dyne 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 Cc. Lobestone
b. Artificial d. Parallax

. 1i6




10.

1n.

12.

13.

14.

185.

16.

17.

The 1ines connecting the direction of the field around a magnet from pole to pole are
called

a. lines of force. ¢. lines of magnetism.
b. electrons. d. negative charges.

From the statements below concerning electromagnetism, identify the true statement.

a. In a magnetic circuit, the force which produces the flux 1s 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.

¢. When current is flowing through a single-loop conductor, the magnetic 1ines of
force are concentrated to the outside of the loop.

d. When a soft iron core is inserted into a solenoid, the 1ines of force will

decrease.
Identify the type current that is defined as electrons moving in one direction through
a conductor.
a. Negative current ¢. Alternating current
b. Positive current d. Direct current
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

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 EW in
volts.

¢. The current in amperes is equal to the EMF in volts divided by the resistance in
ohms.

d. The current in amperes 1s equal to the resistance in ohms divided by the EMWF in
volts.

If a d.c. series circuit has an applied voltage of 24 volts and a resistance of 4

ohms, what 1s the current flow in the circuit?

a. 4 amps ¢c. 6 amps

b. 5 amps d. 7 amps

If a d.c. series circuit has two resistors, Ry = 7 ohms and R2 = 5 ohms and the

current flow is 2 amps, determine the total voltage applied to the circuit.

a. 20 volts c. 40 volts

b. 24 volts d. 44 volts

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 ¢. 22 ohms
b. 23 ohms d. 21 ohms



Referring to the following circuit schematic, solve for the unknown values in questions 18
thorugh 20.

18. What is the total current of the circuit?

a. 3 amps c. 10 amps
b. 7 amps d. 12 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 qu:stions 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 Cc. 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 <. 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
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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

Matching: Column 1 (items 27 through 30) 1ists the description or function of electrical
terms.” Column 2 (a through e) 1ists the terms. Match the description or

function in column 1 with its term 1n column 2 and blacken the appropriate

circle. One item in column 2 will not be used.

Column 1 Column 2
Description/Function Term

27. Equal to the product of the
effective values of voltage
and current

Inductive reactance
Capacitance in circuit
Apparent power
Inductance

Impedance

(L - I~ -]
e o o o o

28. Determined by the frequency
and amount of inductance

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

Multiple Choice: Select the ONE answer that BEST completes the statement or answers the
ques%ion. After the corresponding number on the answer cheet, 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. Bothb and ¢
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) wiil 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 irto 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 cofl and the magnetic field.
c. miscibility, freezing point, and boiling point.
~d. method by which the current is taken from the unit.
36. ldentify two types of alternators.

a. Single and poly phase c. Single and three phase
b. Single and dual phase d. Dual and three phase



7.

38.

39,

40.

41.

42.

43.

44,

45,

46.

47.

What are the two ways that an alternator might operate?

2. By inductance and capacitance

b. By the use of sliprings and cormutators

c. By the principle of either moving conductors across a magnetic field or moving a
magnetic field across the conductor

d. By the principle of either moving electrons or moving protons

By what method(s) might a three-phase alternator be connected?

a. Delta c. Wye
b. Delta and wye d. Wye and series

g?afd;s used to supply the DC voltage in a three-phase alternator for the magnetic
e

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

How many degrees are the poles set apart for the three-phase operations of an
alternator?

a. 900 c. 1800
b. 1200 d. 3600

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 rimary cannot.

d. There is no difference between the two ce?ls.

When fully charged what 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 1ead peroxide

d. Potassium hydroxide and 1ead peroxide

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
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
If the ratio of a transformer is 6 to 1 and the applied voltage to the primary {s 120
VAC, what is the voltage output from the secondary?
a. 15 volts c. 24 volts
b. 20 volts d. 48 volts
What isolates instruments from high voltages or large currents?
a. Capacitors Cc. Resistors
b. Transformers d. Fuses
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.

49,

50.

51.

52.

53.

54.

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

Identify what causes most of the accidents in a work area-

a. The worker c. Natural phenomena
b. Unsafe equipment d. Unsafe work space

Physical hazards and natural phenomena are two of the three causes of accidents.
Identify the third.

a. Unsafe equipment c. lUnsafe acts by people
b. Unsafe work space d. Unsafe safety regulations

Which of the following 1s a good work area safety pre-tice?

a. Prodding a fellow worker in the ribs 1s 0K 1f 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.

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.

From the following select the one which 1s an unsafe practice in the operation of
electrical power toois.

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.

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 Tubrication, grease a machine during operation.

Matching: Indicate the sequence for 1ifting a heavy load in proper order by matching the
ngmbgrs in column 2 with the steps in column 1 and blacken the appropriate
circle.

value: 1 point each

55.

56.
57.
58.

Column 1 Cotumn 2
Steps Numbers
Keep your back straight and a. 1
squat down. b. 2
c. 3
Check weight and size. d. g
e.

Plant your feet well apart.

Lift slowly by pushing up
with your legs.



E.

Multiple Choice: Select the ONE answer that BEST completes the statement or answers the

qges%ion. 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 1s 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
1s 4 feet from che foundation.

d. The top of a 10 foot ladder extends 36 inches above the eave.

F. Matching: Match each situation in column 1 with its appropriate safety precaution in
corumn g.

G.

orum After the corresponding number on the answer sheet, blacken the appropriate
circle.

Value: 1 point each

Column 1 Column 2
Situation Safety precautions
61. Climbing a 1adder a. Be sure the locking device is locked
b. Face the ladder and use both
62. Working from an extension side rails.
ladder ¢. Stand no higher than the third
rung from the top.
63. Before climbing a step- d. Do not stand on the top two steps.
ladder e. Safety shoes

64. Be sure ladder rails are
equipped with these before
climbing

65. Using a stepladder

Multiple Choise: Select the ONE answer that BEST completes the statement or answers the

qges%ion. 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. Do not wear jewelry when working on electrical systems.
- b. A man must never work alone on an energized circuit.
€. Regard all electrical circuits as being alive.
d. 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 1is always to add the acid to the
water. .

c. 'Ventilation {s unnecessary for potassium hydroxide.
d. Treat lead acid type battery areas as no smoking areas.

68. What type of fire extinguisher 1s used on electrical fires?

a. Water c. Dng chemical
b. Foam d. CO
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10.

3.

LB

78.

n.

Undor what condition(s) should you move an injured person?

8. hen the 1njured person 1s 1V 1n direct sunlight
b. To make the 1njured person az'n”mfwublo
C. Prior to met¢ical help arriving

d. Never wnless 1% s Tutely necessary

et could be the result 1f while administering first aid you caused additiona) injury
to the victim becouse you di¢ NOT know what was to be done?

8. HNothing

b. The victi» would get mad at you.

€. You could be held V1adle 1n a court of law.
4. You would be sent to medical school.

In precticing first afd, what 1s as important as knowing what to do?

8. Knowing what NOT to do C. Knowing two ressons for giving first aid
b. Knowing where sick bay 1s 4. Knowing who to report the accident to

1dentify the four Vifesaving steps of first aid.
8. Assure breathing, stop the bleeding, report the accident, and prevent or treat
b. Assure breathing, stop the bleeding, protect and treat the wound, and prevent or

C. 3tep the Dleeding, protect and treat the wound, prevent or treat shock, and call
for medical assistance

4. m' the dleeding, give the victim salt water, ask the victim if 1t hurts, and
call for medicel assistance

1dentify the procedures you should use to determime 1f an accident victim is breathing.

. Mace your ear over the victin’s mouth and nose, ook for a rise and fall of the
chest, 11sten for breathing, and feel for air fiow on your cheek.
». a mﬁm porson 1f the victim 1s bDreathing; check with the doctor and then ask
n.
c. Place your hand on the victin’s chest, pla: ¢ your hand over the victim's mouth and
2000, 8nd 400 & mirror over the mouth of the victim.
d. You ¢o nothing until medical help arrives,

Select the best method of artificial respiration.

8. w "ﬂ C. m-wﬂl
b. Bock pressure-hip 111t d. Back pressure-leg 1ift

Wy 1s 1t faportant to clear the airay of a victim before performing artificial
respirstion?

4. Oecouse 1f the airvmy 1s not cleared, the victim 1s not able to te)l you what s
». m airmy 1s net clear, air will not enter the lungs.

c. It will restrict the intake of fuids.

d. It wight camse infection.

Identify the too] wsed for ériving and removing screws.

8., Clar hommer C. MNater pump pliers

» Screwviriver d. Pipe wrench

Identify the tool used to cut large wire and small cable.

8. Longmose pliers c. Screwdriver

b. later pup pliers d. Stdecutting pliers
Wich toel s used to assemble conduit and cowplings?

a. Pipe wench ¢. Box- or open-end wrench
b. Sledge hammr d. Screwdriver

‘ "
.
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I.

79. ldentify the tool that is used for turning nuts and bolts if the right size box or
open-end wrench fs not available.

8. Pipe wrench ¢. Box- or open-end wrench
b. Adjustable jaw wrench d. MWater pump pliers

Matching: Match the descriptive statements in column 1 to the proper cutting tool in
co?uu:hz by placing the correct letter in the provided blank. Some letters may be used
more than once.

Value: 1 point each

Column 1 Column 2
Description Cutting tool
80. Used to cut conduft, tubing, a, Carpenter's saw
or flat metal b. Hacksaws
¢. Rigid conduit cutter
O1. Used to cut rigid conduit d. Knockout punch
only e. Pocketknife

82, Used to cut wood across
the grain

83. Used to enlarge holes in
wetal

84, May be used to skin insulation
from electrical wires

85. Using the tool on thin-wall
conduit flattens the ends

86. A wrench {s 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
Multiple Croise: Select the ONE answer that BEST completes the statement Or answers the
ques%ion. Avter the corresponding number on the answer sheet, blacken the appropriate
circle.
Value: 1 pofnt each
88. Identify the tool used to dri1l holes in concrete or brick walls.

a. Star bit c. Twist bit
b. Eccentric bit d. Auger bit

89. What tool uses a twist bft and allows pressure to be applied with the body?

a. Ratchet brace C. Auger brace
b. Breast drill d. Shaft drill

90. What s the tool that uses a bit with a square tang?

a. Ratchet brace ¢. Auger brace
b. Breast drill d. Shaft drill
91. What special tool 1s used for pulling conductors (wires) through conduft?
a. Reamer ¢. Fish tape
b. Shaft tape d. Folding tape
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92. Which measurement tool is used by the electrician for layout or roughing in boxes?

a. Reamer tape ¢. 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 ¢. 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 s 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 1ine or rope through a raceway
95. What are two types of soldering devices?

a. Nonelectric and electric ¢. Electric and heat
b. Nonelectric and guns d. Heat sink and guns

96. What fuel is used for the soldering torch?

a. Propane c. Leaded gas
b. Natural 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
¢. 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 fron 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 1fquid 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
¢. From the top of the splice or joint
d. It 1s applied from the right side always
101. The size of an electric drill is determined by the
a. type of bit that 1t 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 ¢. Electric drill and saber saw
b. Drill press and saber saw d. Saber saws and skill saw

Total Points: 102

* * *

] : .
E l{[{c R=-10 *U.s. GOVEMﬁPRINTING OFFICE 1986-491-630120104




STUDENT COURSE CONTENT ASSISTANCE REQUEST

COURSE NUMBER COURSE TITLE DATE:
NAME RANK MOSs
SOCIAL SECURITY NUMBER DATE:
COMPLETE MILITARY ADDRESS:

(INCLUDE RUC)

UNIT PHONE NUMBER (PLEASE FILL IN ADDRESS ON REVERSE 810T)

1. Use this form for any questions you may have about this course. Write out your question and
refer to the study unit, work unit, or study question which you are having problems with. Com-
plete the self-addressed block on the reverse side. Before mailing, fold the form and staple it so
that MCI's address is showing. Additional sheets may be attached to this side of the form. Your
question will be answered promptly by a Marine NCO.

MY QUESTIONS: OUR ANSWER IS:

SSTD-1

12¢



DEPARTMENT OF THE NAVY

UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE
ARLINGTON, VA 22222.0001

OFFICIAL BUSINESS
PENALTY FOR PRIVATE USE, $300
NAME RANK 88N
MILITARY ADDRESS
‘ | ” " | NO POSTAGE
BUSINESS REPLY MAIL NECESSARY
FIRST CLASS PERMIT NO. 12408 WASH., D.C. IN THE
POSTAGE WILL BE PAID BY U.S. MARINE CORPS _ UNITED STATES

UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE

ARLINGTON, VA 22222.0001




STUDENT REQUEST/INQUIRY DATE SENT:
MCI - R14 K DATE RECIEVED AT MCI:

COURSE NUMBER COURSE TITLE

COMPLETE ALL PORTIONS OF SECTION 1
Section 1. Student Identification

Tank TaTtTaTs —Tast Name TS
SSH REPORTING UNIT CODE (RUC)
WICTTARY ADDRESS “THSTRUCTIONS:  Print or type name, rank

and address clearly. Include ZIP CODE.
Only Class III Reservists use civilian
address

Section 2. CHECK THE APPROPRIATE BOX AND FILL IN THE APPROPRIATE SPACES.

FOR REGULAR AND CLASS II RESERVE MARINES THIS FORM MUST BE SIGNED BY THE COMMANDING
OFFICER OR HIS REPRESENTATIVE, 1.e. TRAINING NCO.

1.  EXTENSION - Please grant an extension “FOR WCT USE ORLY.
(w11 not be granted 1f already on extension.) 1.7 D
2. NOTICE OF COURSE COMPLETION - Final Exam Sent 2. On SMF K L
On « (New exam will be sent
1f"exam not received at MCI.) 3. C
3. REENROLLMENT - Student has course materials 4, L
(See para. 4003 of Vol. I of MCI Catalog
for information on reenroliment.) 5. Q
4, OVERDUE FINAL EXAM - Last (Review) lesson 6. P
sent on . Please send exam. ;
. . E
5. Please send new ANSWER SHEETS.
8.
6. Please send missing course materizls (Not
included 1n course package.)
Lessons Manual Other
7. CHANGE - Rank Name
Sog1al Secur 1ty Nurber - - DATE COiLETED
RU

ORIGINATOR CODE

8.  OTHER (explain)

Note: This form will not be

returned by MCI. If request

1s valid, transaction will SIGNATORE-TITLE OR RARK
show on next UAR or on (MUST BE CO OR REPRESENTATIVE)
MCI-RI_ form.

STUDENT: Detach and retain this portion.

DATA REQUIRED BY THE PRIVACY ACT OF 1974
. (5 U.5.C. 522A)

1. AUTHORITY: Title 5, USC, Sec. 301. Use of your Social Security Number is authorized
by Executive Order 9397 of 22 Nov 43.

2. PRINCIPAL PURPOSE: The Student Course Content Assistance Request 1s used to transmit
information concerning student participation in MCI. courses.

3. ROUTINE USE: This information 1s used by MCI personnel to research student
inquires. In some cases information contained therein {s used to update correspondence
course and individual student records maintained by the Marine Corps Institute.

4, MANDATORY OR VOLUNTARY DISCLOSURE AND EFFECT ON INDIVIDUAL NOT PROVIDING INFORMATION:
Disclosure is voluntary. Failure to provide information may result in the orovision of
incomplete service to your inquiry. Failure to provide your Social Security Number will
delay the processing of your assistance request. ‘;!.22!;

NESERT VR

i

PROU T FRE LKLY




UNITED STATES MARINE CORPS
MARINE CORPS INSTITUTE

ARLINGTON, VA 222220001

I =
BUSIESS REPLY WAL -

MU SIPETINIEITNr 2 19 (ape Rk ahhabetabalnd b R L L L LT ET L TR R T R INY T T Y T gy s s s

DETACH BEFORE MAILING

129




