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Preface

When learning a technical subject such as elec-
tronics, there are three important approaches to the
learning process that must be followed: theory,
math, and hands-on experience. Each of these
should be directly tied together in order to achieve
maximum learning efficiency.

As an electronics teacher, it has been my
responsibility to order the books for students and
to make recommendations on which books would be
good for them to buy on their own. I have never
been able to find a book that covers all three of the
important learning approaches.

By using the theory to explain how things work,
the math to perform the necessary calculations, and

the hands-on practice to make everything fit to-
gether, this book does all three. To top it all off,
there are computer programs to assist in the learn-
ing process.

It is recognized by teachers everywhere that
the computer can be a great help in the learning
process because the computer requires student in-
volvement in the learning process. The more differ-
ent aspects that the student is involved with, the
more information will be retained.

Students using this book will be involved
through the use of plenty of practice problems,
hands-on exercises, and computer-assisted in-
struction.

R. Jesse Phagan
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Introduction

Student-managed learning is the main emphasis of
this book, with the key being involvement by the
student in the learning process. The major learning
units contain worked-out sample problems, followed
by practice problems. There are hands-on practice
exercises designed to help with the learning of
‘meters and oscilloscopes. At the end of the chap-
ters, there are tests that have been used in an ac-
tual classroom. There are also two main
examinations. The student learns with practice.

One of the major highlights to provide student
involvement are the computer programs. Each chap-
ter, starting with Chapter 3, has computer programs
designed to quiz the student in the important con-
cepts of electronics theory, math, and use of test
equipment. There are also programs that provide
practice and experience with ohmmeters, volt-
meters, ammeters, and the oscilloscope.

The field of electronics technology is constantly
changing. Although the basics of dc and ac remain
the same, the methods of learning have changed.
The effort placed on the various basic subjects needs

to reflect the applications of the advanced elec-
tronics. The math areas studied in the basics help
with a complete understanding and are used to pre-
dict circuit behavior. To study electronics in the last
part of the 20th century requires student involve-
ment and a book that puts the emphasis on subject
matter where it belongs—to provide a sound foun-
dation in the building blocks.

USING THE PROGRAMS
FOR THE COMMODORE 64

Chapters 3 through 15 have BASIC programs
listed for them in Appendix E. In order to use them,
you must enter each of the programs, including the
main menu program, and save them on a disk. Once
you have the programs entered, the following in-
structions will help you load and run them:

1. Enter LOAD @ , 8, 1
2. When the computer’s READY prompt ap-
pears, enter RUN



(The ® symbol is made by holding down the Shift
Key while pressing ‘‘Q’’.) The main menu will ap-
pear and you can then select the program quiz you
desire. Further instructions are supplied by the pro-
gram as necessary.

At the end of each chapter for which there is
a program, there is a description of the program and
some instruction. Each of the programs is an inter-
active quiz on the material covered in the chapter.
A grade can be acquired by typing ‘‘N’’ at any time.
This will also return you to the main menu. Make
certain that the disk drive is turned on whenever
you return to the main menu.

The names of all the programs are:

A) Introduction I) Dc Analysis
B) Shop Math J) Oscilloscope Ac
C) Engineering Notation K) Phase Angle
D) Color Code L) Time Constants

E) Ohmmeter M) Magnetism
F) V&A Meter N) Transformers
G) Ohmmeter 0) Reactance
H) Oscilloscope Dc P) Resonance

xil

HANDS-ON EXPERIENCES

The hands-on experiences throughout this book
have been designed to use a minimum of equipment
and parts. They have also been designed so the ac-
tual component values are not crucial.

Equipment

O Multimeter.

O Variable dc power supply (6-volt battery may
be substituted).

O Oscilloscope.

O Audio function generator (sine waves and
square waves).

Parts

O 10 different values resistors including 10
kilohm.

O 2 different variable resistors.

O Switch.

[0 Transformer.

O .001 microfarad capacitor.



Chapter 1
Introductory Topics

Chapter Objective: To become familiar with com-
mon technical words used in the electronics trade,
types of jobs available, and safety practices. Also in-
cluded in this chapter will be an explanation of what
“‘computer assisted instruction’’ is and how to make
use of it.

Chapter Outline:

[0 Electronics Terms

O Job Market

O Electrical Safety

O Computer Assisted Instruction (CAI)
O Using the Programs in this Book

[0 Student Projects

[J Safety Test

INTRODUCTION

It is obvious that electronics is used through-
out any modern household. Including appliances us-
ing only electricity, it becomes overwhelming to
think of how much people in the late 20th century

depend on electricity and electronics. Try to imagine
how well your own house would function without
electricity for a short period of time, say one week.

The study of electronics begins with the study
of electricity. The student should make every effort
to understand the principles of electricity that are
presented.

ELECTRONICS TERMS

In every field there are words that are used to
describe things that are unique to that field. This is
especially true when dealing with technical subject
areas. A student needs to adopt the technical words
of his/her field as part of the normal thought process.
In this section a few words will be mentioned.
Throughout the remainder of the book other words
will be introduced and applied. The purpose of this
section is to introduce some of the words that the
student may have already come in contact with.

Electronics is a very broad term used to
describe devices that use electricity in more ad-
vanced ways than just light, heat or motors. Exam-
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ples are: radio, TV, computers, calculators, quartz
clocks, robots, etc.

Electricity is the flow of electrons through a con-
ductor. Electricity is generally used to produce heat,
give off light (as in the case of an incandescent light
bulb), operate motors, and operate electronic
devices. Examples of devices using electricity:
refrigerator, toaster, electric stove, clothes dryer,
etc.

Conductor is the medium through which elec-
tricity flows. A good conductor is copper wire. A
poor conductor is usually called an insulator. An ex-
ample of an insulator is plastic.

Resistance is a term used to describe opposi-
tion to the flow of electricity. Resistance is the prop-
erty of a conductor that causes heat when electricity
flows.

Voltage is the term used to describe an electri-
cal force. Voltage is a potential to perform work.
Work, in electrical terms, is such examples as: heat,
motors, operation of a radio, etc. In the United
States, household voltage is 120 volts (also referred
to as 110 or 117 depending on the local tradition).
Most cars use a 12 volt battery. Although these ex-
amples are of quite different forms of electrical
energy, the size of the numbers describes the
amount of potential electrical energy.

Current is the term used to describe the amount
of electrical energy (electrons) flowing through the
wire. The unit for current is ampere. It can be meas-
ured and a number can be assigned to show its rela-
tive size for comparison to other measurements of
current. As an example: the circuit breaker or fuse
for an average household circuit is 15 or 20 amps.
The current of a 120 watt light bulb is approximately
1 amp.

Power is a term used to describe the amount
of electrical work performed. The unit of measure
is watt. The best example is the wattage rating of
a light bulb. The higher wattage gives a brighter light
and gives off more heat. The higher power bulb also
uses more current than a smaller wattage bulb.

Other terms: there are many other terms used
in both electricity and electronics, which will be in-
troduced with the appropriate subject matter. The
purpose of the discussion now is only to mention

some of the common words a new electronics stu-
dent may already be familiar with.

JOB MARKET

The job market in the electronics field varies
considerably depending on the geographical location.
Since the location can not be discussed in a book,

- what can be discussed is the level of jobs and the

relationship of education. This section will deal in
great generalities with the level of education.
There is no question that the opportunities in
the electronics related fields will continue as more
products are developed and require servicing.

Bachelor’s Degree

A four-year degree or higher opens up a vast
number of opportunities. Generally speaking, a
higher education means considerably more money.
The type of work acquired with a B.S. degree is
usually considered ‘‘engineering’’ in some form. It
could be developing new products, updating older
products, and sometimes more advanced levels of
servicing. Computer related jobs usually require a

four-year degree or higher, especially programming.

Associate Degree

The associate degree is a two-year degree in-
tended for a junior engineer or a technician. The as-
sociate degree will provide the student with a well
rounded education, including English skills, and good
technical skills. Many companies prefer the AS de-
gree for their technicians because they also have
some engineering training.

Post-Secondary Technical Schools

Technical schools, after high school, are an ex-
cellent way to receive the necessary skills to be a
technician. This type of education somewhat limits
the advancements of a technician only because many
companies prefer an AS degree and it is also diffi-
cult to receive college transfer credits if a further
education is ever desired. However, if an individual
knows that being a technician is what he/she wants,
the technical schools usually do a much better job
of developing the necessary technical skills.



Technical High School

Technical high schools are an excellent way to
get a “‘starting’’ education in order to enter the field
of electronics. Most technical high schools will pre-
pare the student with many of the same types of
skills as a post-secondary school. Usually the big
difference is the depth of study and understanding.

Technician vs Engineer

Engineering is usually thought of as a ‘‘desk’’
job. This isn’t necessarily true, but usually engineers
are responsible for more paperwork than a techni-
cian. Usually the engineer is considered to have a
more in-depth understanding of how the circuits
operate, because their education level is somewhat
higher.

A technician usually performs the ‘‘hands-on’’
jobs. A technician’s job includes operation of test
equipment, repair and maintenance of equipment and
assisting engineers. Technicians are often involved
in design work, but the majority of technician duties
will involve repair and maintenance. Usually the jobs
with the title of ‘‘field engineer’’ are filled by skilled
technicians.

It is possible for self-taught individuals to find
aplace in the field of electronics. The reason for this
is the fact that hands-on jobs and repair of equip-
ment seems to be a talent and it is possible for some-
one to teach himself. Often, self-taught technicians
find it necessary to either work at their own busi-
ness or for a small company that hires on ability
rather than education.

ELECTRICAL SAFETY

Safety needs to be considered in every aspect
of a person’s life. Generally speaking, safety is a
matter of knowing the dangers, being trained in deal-
ing with them and using common sense.

A technician deals with many of the common
dangers such as ladders, falls, cuts, etc. Tools pres-
ent a special problem because a technician’s job de-
pends on the skillful and constant use of both hand
and power tools. The items that are discussed in the
following sections have been selected because they
address the most common issues.

Also, keep in mind that safety glasses are often
recommended when using many tools or being in the
vicinity of flying particles. Use your safety glasses!

Hand Tools

Many of the hand tools that are in use by tech-
nicians perform very specific functions, some of
which are cutting, pinching, twisting, heating, etc.
Tools of this nature can cause very serious injury
to a person’s skin. Not only is the tool’s normal
working edge dangerous, but the handle itself can
cause injury, especially where the two handles come
together.

Another cause of injury with seemingly harm-
less tools, such as a screwdriver, is when the tool
is being used improperly. If a screwdriver slips from
the screw and strikes a person’s hand, a very seri-
ous cut can result.

The reason for mentioning this type of danger
with hand tools is to try to impress the idea on the
student that proper training and common sense are
both required to maintain safety on the job.

Power Tools

Power tools, such as an electric drill or electric
saw, present dangers and safety problems from both
the tool itself and from the electricity to operate it.

All power tools are intended to operate in a
specified manner. Do not try to force the tool to per-
form a function that it is not intended to do. For ex-
ample; a drill is designed to have pressure down on
the drill bit NOT sideways on the bit. When some
people find a hole is slightly too small, they try to
enlarge the hole by bhdng pressure on the side of
the drill bit to enlarge the hole. This practice is ex-
tremely dangerous.

One major problem with any device that uses
electricity is the fact that the outside can become
electrically ‘‘hot.”’ This happens for a variety of rea-
sons. If the outside portion is metal, a person touch-
ing it can receive a shock that could be fatal.

All new power tools are either ‘‘double insu-
lated”’ or they have a three prong plug. If the tool
is double insulated it will have a two prong plug and
all of the outside of the tool will be made of heavy
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plastic. All tools with a metal outside must have a
three prong plug. If the tool becomes defective and
a wire from the inside touches the outside, the
ground prong (ground wire) will cause the circuit
breaker to trip and prevent shock. It is, therefore,
extremely important for the round prong to be con-
nected to electrical ground. If a three prong electri-
cal outlet is not available, an adapter plug can be used
provided the adapter plug’s ground wire is connected
to the outlet box screw. Under no circumstances is
it safe to use a two wire extension cord with a tool
with three prongs.

Electrical Shock

The amount of electrical shock necessary to kill
a human being is surprisingly low. It is the electri-
cal current flowing through the person’s body and
the path it flows that determines the severity of the
shock. It is not the voltage, as most people think,
that kills in a shock. Whenever a person comes in

contact with a voltage source, current will flow

through the person’s body and the amount of cur-
rent will depend on two items: voltage and body re-
sistance.

A person’s body resistance depends on many
factors. For example; examine the skin of your hand.
There are places where the skin is dry and tough,
which offers high resistance, and there are places
where the skin is moist and soft, such as between
the fingers, which offers low resistance. If the skin
is broken, due to an injury or puncture, the resis-
tance of blood and inside tissue is very low. When
a piece of wire is snipped with cutting pliers, it
usually has a sharp edge. If that sharp edge contacts
the skin in such a manner as to cut it and the wire
has voltage, a fatal shock is likely.

A person’s body resistance is also affected by
environmental conditions, such as moisture in the
air, or standing in water. Any time the skin is moist,
it will have much lower resistance than normal. A
lower body resistance requires a much lower volt-
age to cause serious shock.

If the path of current flow is through the heart,
such as passing from one hand, through the arm and
chest and out the other arm and hand, the danger

4

is much more severe than just through the hand.
Taking everything into consideration, a voltage as
small as 40 volts can cause a fatal shock to a nor-
mal, healthy person. Voltages as high as the house-

- hold voltage of 120 volts are certainly enough to kill

a person.

Some people feel that household voltage of 120
volts isn’t dangerous because they have had shocks -
and not been killed. A shock is an accidental injury,
and like any accident, it should be avoided whenever
possible . . . it only takes one fatal accident.

Most electrical shocks will cause the victim to
suddenly jump clear of the voltage source. However,
a shock that could lead to a dangerous situation hap-
pens when the person can not release on his own.

If you observe a person receiving an electrical
shock, you must protect yourself from shock and re-
move the person from the electrical supply. The best
way to do this is to use an insulated object such as
a piece of dry wood to push the person off the elec-
trical source. Keep in mind, fatal shocks happen
when the person becomes paralyzed from the elec-
tricity flowing through the body.

Safety Rules

1. Wear safety glasses whenever there is dan-

ger of flying particles or liquids.

2. Never use a tool for a job that it was not

intended to perform.

3. Be certain power tools are properly

grounded or double insulated.

4. Do not rely on electrical safety devices,

since they often fail.

5. Do not assume an electrical circuit is dead

because a wire is not connected.

. Avoid wet or moist conditions when work-

ing around electricity.

. Avoid the use of jewelry when near elec-

tricity.

. Never defeat a safety or interlock device.

. Use a CO, fire extinguisher, rather than

water on electrical fires.

10. When observing another person receiving
a shock, push him/her from the electrical
source with something insulated, or discon-
nect the electricity at its source.

Woe 3 O



11. Always act with common sense and never
take unnecessary chances.

12. Do not work near electricity or operate
power tools when taking medicine or alco-
holic beverages.

13. Always follow the instructions provided by
the manufacturer.

COMPUTER ASSISTED INSTRUCTION (CAl)

The personal home computer has made great
changes in teaching and learning techniques. When
we consider that school systems all over the coun-
try have placed computers in the classrooms and a
vast number of people have computers of their own
at home, it only makes sense that the computer
should be put to work in teaching.

In a Classroom

The computer has made it possible to introduce
a concept called ‘‘student managed learning’’. This
has not replaced the teacher, but instead allows the
teacher to concentrate more on one-to-one teach-
ing. This method of teaching in a classroom at-
mosphere is still in the beginning stages. It also
allows for another approach called ‘‘competency
based learning”’, which is based on the fact that most
people learn the best when they teach themselves
at their own pace and use the classroom teacher to
answer questions and solve problems.

Learning at Home

Many people have found that they can teach
themselves, with the uss of computers and books,
almost any subject they want to know about. Pro-
grams are written for every level of learning and
there are new programs coming out all the time.

There are many advantages to teaching oneself
at home. For example; it is a relatively inexpensive
way to learn a new subject and find out exactly how
much interest one has in the subject. If a student
is involved with both a school and teaching oneself
at home, the learning process is much easier and
the student retains much more and does better in
school.

Some colleges are now willing to recognize self-
taught individuals and give them a chance to take
bypass examinations to receive college credits. This
is especially true of the basic subject areas.

What CAl is Not

Computer Assisted Instruction is not a way of
replacing books or good study habits. It will not re-
place memorizing certain concepts, such as for-
mulas, or definitions.

Computers, like books, are programmed or
written by someone who makes every effort to an-
swer all the questions that could be thought of by
a student. This obviously is an impossible task. The
student must learn to interpret the information that
the computer is offering. When a student is reading
a book, if there is something not understood fully,
he or she needs to read it again or ask someone else.
This is also the case with using computer programs.

What CAl Is

Computer Assisted Instruction is an alternate
method of learning. Books by themselves are hard
to learn from and to retain information from. The
programs selected for the computer are intended to
get the student involved in the teaching/learning
process.

‘The key phrase is student involvement. Most
people feel they *‘learn the hard way.’”” What is ‘‘the
hard way?’’ When someone says that, they usually
mean that they must ‘‘do it themselves’’ in order
to retain the information.

CAl allows the student to participate. The pro-
grams will offer some instructional material, some
question/answer practice, some tests. If the student
reads through the necessary material in the book
first, then goes to the computer and allows the com-
puter to reinforce what the book says, there will be
a winning combination.

This Book and CAl

For each chapter, from chapter 3 to 15, there
will be at least one computer program. The listings
are in Appendix E. The material selected for the pro-



gram has been taken from the text material and is
intended to challenge the student in the learning
process.

All of the programs are intended to have the stu-
dent read the text first, then try the programs. It
may be necessary to re-read the text in order to get
full understanding.

At the end of each chapter will be a list of the
programs available for that chapter and a brief dis-
cussion of what they are and how they will help the
student.

All of the student projects, practice exercises,
and tests try to cover every angle of the material.
When the student finishes a chapter, he or she
should feel competent in that subject area.

USING THE PROGRAMS IN THIS BOOK

The programs included in this book are written
in BASIC and, if the student desires, he/she can
copy the program from the book directly into the
computer.

Many of the programs include graphics to help
the student to better see the more complicated
concepts.

Read the Book First

It is very important for the student to read the
complete chapter before starting on the programs.
In this way, the student has a good idea of what is
expected in the chapter and has some practice be-
fore starting the programs.

Load the program for the particular chapter and
try to perform the tasks the computer asks for. It
will probably be necessary for the student to return
to the proper section of the book to assist with un-
derstanding the programs.

-Programs and Book Go Together

Studying a technical subject, such as electronics,
is a very difficult task. It is not the same thing as
reading a novel. With a novel, if the reader does not
understand a certain point, it usually doesn’t mat-
ter. With a technical subject, every point is impor-
tant and must be understood fully.

Therefore, allow the book and the programs to
work together to teach the subject matter. It will
be very easy for the student to want to only use the
programs since many of them will be ““fun’’. Do not
allow yourself to get caught in the trap of only de-
pending on one source of teaching/learning ex-
perience.

STUDENT PROJECTS

The projects for this chapter are intended to
help the student be better introduced to the subject
of electronics technology.

1. Make a list of electrical/electronic terms
that you can remember hearing at some
time. Make a brief definition and give an ex-
ample of any words that you are familiar
with.

2. Using the newspaper from your area, or
preferably a big city, look in the help wanted
section to find out what jobs are available
and the education level required.

3. Visit a high school guidance counselor to ob-
tain information on what types of jobs are
available in the electronics field and what
education level is required.

4. Check in your own home for safety hazards.
Make a list of the hazards and have them
fixed as soon as possible.

5. Do some research on the subject of elec-
trical shock: what it is, how to avoid it, how
to perform first aid on a victim.

6. Make a list of the common sources of elec-
trical shock and how to avoid them.

7. Make a list of safety rules to include many
of the common safety problems. '

8. Make a safety poster with the top 10 or
more safety rules.

SAFETY TEST

The following safety test is to highlight some
of the safety points. Remember: Safety Requires
Common Sense.




Select the one best answer for each of the fol-

lowing multiple choice questions.

1L

When using an electric drill:

a. never plug the three conductor drill cord into
a two conductor extension cord.

b. side pressure on the drill bit is acceptable at
slow speeds.

c. never allow the drill to be grounded.

d. safety glasses are not required.

. When an electric wire is disconnected:

a. it is safe to handle the wire.
b. voltage may still be present.
c. there is no danger of shock.
d. the circuit breaker will trip.

. In case of afire in or near electrical equipment:

a. use water to extinguish.

b. use CO, (carbon dioxide) to extinguish.

c. turn off the power and allow the fire to burn
itself out.

d. trip the circuit breaker by hand and the fire
will go out.

. A double insulated tool:

a. has a three prong plug.

b. has a two prong plug.

¢. cannot give electrical shock.
d. has a metal handle.

. When observing a victim receiving an electrical

shock:

a. wait until the victim falls clear before turn-
ing off power.

. do not move the victim.

. immediately give artificial respiration.

. first remove the source of electrical power
or move the victim.

.0 o

. When using electrical equipment, be sure you're

standing on a dry floor. Water and electricity
cause:
a. electrical shock

b. gas

10.

11.

12.

c. explosion
d. rust

. If there’s an emergency you may have to use

a fire extinguisher. It’s important to know
where the fire extinguishers are located and to:
a. test them

b. read the instructions posted on them

c. keep one near you at all times

d. store flammables under them

. Always protect your eyes when you're work-

ing with power equipment, an air hose or sol-
dering. To prevent eye injury or blindness,
wear:

a. safety glasses or face shield

b. a cap with a visor

c. sun glasses

d. waterproof clothes

. Serious muscle and back injuries can result from

lifting something incorrectly. The right way to
lift something from the floor is:

a. with your back

b. slowly

c. with your leg muscles

d. with your arm muscles

It’s dangerous to leave tools or materials stick- -
ing out over the edge of the work bench or ta-
ble because:

a. the tools could be damaged

b. they could damage the table surface

c. someone could bump into them

d. it looks messy

When handling electrical equipment, be sure:

a. that you’re grounded

b. the wires are exposed for inspection

c. your hands are dry and you're standing on
a dry floor

d. the polarity is positive

If you need to use an extension cord, always
check to see that the cord is:
a. in good condition



b. the right color
c. well worn with frayed ends

d. light weight

13. Another important safety rule for power cords

is:

a. put in the middle of the floor where it can
be seen

b. keep them out of the way of traffic

c. hide them under a carpet

d. none of these

14. The best way to hold a drill is:

a. firmly and comfortably, away from your face
b. with a very tight grip

c. without bending your elbows

d. with one hand on the cord

15. As you begin to work with any electronic equip-

ment, if you are not sure if the wiring is ‘‘hot’’
or not, always:

a. assume that it’s dead

b. smell the wire for heat

c. turn off the power at its source first

d. feel the wire

16. The only right way to test wiring is:

a. with a metal object
b. with an insulated object

17.

18.

19.

20.

¢. with your fingers
d. with proper testing equipment

All connections must be completed:
a. before the power is turned on
b. before you examine the wiring
c. only by a qualified technician

d. after the power is turned on

To pass a hot soldering iron to someone else:

a. lay it down so the other person can pick it up

b. hand it tip first so he/she can see it's hot

c. hold it by the tip so he/she can take the
handle

d. pass it holding the cord

A good way to test if a soldering iron is hot is:
a. on a piece of paper

b. on a piece of solder

c. on a wet sponge

d. touch with a wet finger

It is important that the area you are soldering
in is:

a. wet so it won’t burn

b. clean and dry

C. near a water source

d. kept dark to help see any sparks



Chapter 2
Tools of the Trade

C— — —— ————— ———— —————

Chapter Objectives: To identify some tools of the
electronics trade and know their common uses. To
learn basic soldering techniques.

Chapter Outline:

O Basic Hand Tools
O Soldering

INTRODUCTION

The list of tools available to the technician is
endless. Some are general purpose and used by
most everyone and others are specialty tools that
are only used in certain applications.

This chapter will present some of the very ba-
sic general purpose tools that would be used by most
all technicians. The emphasis here will be clearly on
an introduction, knowing that as the student techni-
cian develops knowledge of the electronics subject,
skill with tools will also develop.

BASIC HAND TOOLS

Hand tools are used by skilled technicians to
make it possible to repair circuits and all types of
machinery. The tools discussed here are a sample
of the more common tools available.

Cutting Pliers

A pair of diagonal cutters, nicknamed “‘dykes’’,
is especially useful for cutting wire. The cutters are
available in many different sizes and it is often neces-
sary to keep a small and large pair to cut the wide
range of wires that are encountered.

The wire is placed in the diagonally shaped cut-
ting jaws for the purpose of cutting the wire. This
tool is intended to cut through the wire and should
not be used for the purpose of removing only the
insulation.

Safety practices must be observed in the vicin-
ity of the cutting edge. Extreme caution should also
be observed if cutting near other wires that are not
intended to be cut.



Long Nose Pliers

Long-nose pliers are used for a wide range of
operations. However, the primary purpose is to hold
a piece of wire, bend, pull and push wire.

The shape of the nose ranges from long and
skinny to short and not-so-skinny. The size and
shape is usually a matter of personal preference and
the size of the wire being worked with. Some long
nose pliers also have cutters built in. It is usually
best, however, not to use ‘‘combo’’ tools because
it will result in a compromise that may be un-
favorable.

Caution when using long nose pliers is usually
a matter of not squeezing the insulation on the wire.
Squeeze only the wire itself.

Wire Strippers

The primary purpose of wire strippers is to re-
move the insulation from the wire. The type shown
in the drawing can be adjusted to the exact size of
the wire with an adjusting screw. By adjusting to
the exact size of the wire, the handles can be closed
all the way to the adjusted stop and it will not dam-
age the wire.

Caution must be exercised, especially when us-
ing stranded wire, not to cut any of the strands and

with solid wire not to nick it with the cutting edge.

Slip-Joint Pliers

Slip-joint pliers fall into the category of general
purpose pliers, which are available in a wide range
of sizes and shapes. The main purpose of these pliers
is to hold or squeeze objects.

Pliers are often used to hold nuts on bolts. If
the nut is too tight on the bolt, damage to the nut
can result.

Caution must also be exercised when holding
many objects. Many things are made of plastic,
which can be easily damaged by the metal teeth of
the pliers. It is often helpful to place a heavy piece
of cloth under the teeth to prevent damage.

Crescent Wrench
A crescent wrench often comes as part of a set.

Some have different size crescents at each end and
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some have the round at one end the same size as
the crescent. The fixed crescent wrench is the ideal
tool to use to hold a nut. If the crescent is exactly
the same size as the nut, there will be little or no
damage to a nut that is very tight on the bolt.

Adjustable Crescent

An adjustable crescent wrench is used when the
correct size of fixed crescent is not available. A
thumb screw is used to adjust the wrench to the size
of the nut. When used to hold nuts that are not too
tight, one adjustable crescent can be used to replace
a complete set of fixed crescent wrenches.

The problem with the adjustable type of cres-
cent wrench is that it may not hold tight enough on
a very tight nut and will result in damage to the nut.

SOLDERING

Soldering is a technique used to hold two metal
objects together. A metal solder is melted and forms
a bond between the two pieces of metal to be joined.

Soldering Tools

In addition to the basic hand tools required for
cutting, stripping and holding the wire, soldering re-
quires solder and something to melt the solder.

There are two general groups of tools for melt-
ing solder; soldering irons and soldering guns. Both
require electricity and use a heating element to heat
the tip for the purpose of melting the solder.

The soldering iron is usually fairly small and will
produce a lower heat than the soldering gun, which
is usually large, with a larger heating element.

Wattage Ratings

The soldering tools have a wattage rating, which
give an indication to the amount of heat that will be
produced by the tip. A lower wattage rating
produces less heat.

Soldering irons have wattage ratings that range
from 15 watts to about 60 watts. Some electronic
components are easily damaged by heat and need
to be installed with very low wattage irons. An iron
with a wattage rating to 25 watts is usually low



enough to be used with electronic components. The
problem with low wattage irons is that they do not
melt the solder very fast and when used with heavy
wire, may not produce enough heat.

Soldering guns have wattage ratings that range
from 40 watts to 500 watts, or higher. High wat-
tage guns are useful for soldering wires or pieces
- of metal, not for electronic components.

Solder

Solder is a metal alloy that melts very easily and
is used as the ‘‘glue’’ for metal. There are two
general types of solder, the kind for plumbing and
the kind for wires.

Plumbing solder is solid and it is necessary to
use a separate flux. The flux is used for cleaning the
two surfaces to be bonded. In plumbing, an acid flux
is used which is very effective in cleaning the cop-
per pipes.

_Electrical solder is hollow, with the flux inside

- the core. The flux is a paste and as the solder melts,

the flux runs out and cleans the surfaces. The flux

used for electrical connections is a rosin and is not

corrosive. Acid flux is corrosive and must not be
used for electrical connections.

The best all-around solder to use for electronics
work is a very thin solder because it melts fast; rosin
core with a 60/40 alloy.

Solder Connections
A solder connection must possess one impor-

tant standard; there must be a good electrical con-
nection. Connections are made between two wires,
a wire to a terminal, wire to a component, compo-
nent to a circuit board, wire to a circuit board, etc.
All are metal to metal, usually copper, and all con-
nections must be good electrically, that is, they must
pass electricity.

During the process of soldering, the two me-
tals to be joined are both heated to a point where
they both can melt the solder. The solder is then
touched to the metal and the solder melts. As the
solder melts, the flux runs out of the core and cleans
away small deposits of dirt and corrosion. The
molecules from the solder bond themselves to the
molecules of the metal. The solder bond holds the
two metals together and provides a good electrical
path. The bonded solder also stops any corrosion
from taking place and disturbing the bond.

Bad Solder Joints

A bad solder joint, often called a cold or frac-
tured joint, is one where there is not a good electri-
cal connection.

There are three things that cause a bad solder
joint; 1) the metals were not both hot enough to melt
the solder, 2) the joint was moved while the solder
cooled causing the joint to crack and the metals to
no longer form a good electrical contact, 3) corro-
sion on the metal was not removed by the rosin flux.

1






Chapter 3

Shop Math

Chapter Objective: To review the rules of basic
math and to demonstrate proficiency in its use prior
to the study of electronics. Some students will be
able to skip this chapter due to satisfactory training
in school. If a grade of 80% correct or better is not
received on the pretest, the student should go
through the practice exercises to obtain basic math
competency.

Chapter Outline:

O Shop math pretest

[0 Fractions

O Arithmetic with fractions

[ Decimals

O Percent tolerance

O Positive and negative numbers
O Solving equations

O Solving formulas

O Programs for this chapter

[ Shop math competency test

SHOP MATH PRETEST

A calculator may not be used when taking this
test. Solve each of the problems as indicated by the
instructions for each section.

Part 1. Evaluation of Fractions

Arrange the following sets of numbers in
descending order, starting with the largest.

1 2 3 1
DT 5 0 8
3 9 7 17
@7 16 8 =

Part 2. Arithmetic with Fractions
Perform the indicated operations, reduce to
lowest terms. '

5 1
21— =
(3)36 3
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(10) 3 5 3 0 =

(11) If the numerator of a fraction is made larger,
does the value of the fraction increase or de-
crease?

(12) If the denominator of a fraction is made larger,
does the value of the fraction increase or de-
crease?

[=2}

Part 3. Arithmetic with Fractions

Perform the indicated operations with each of
the following decimal numbers.

(13) 53.46 + 3.5 + 2.901 =
(14) 122 x 8 =

(15) 0.0012 + 5.409 + 9.2 =
(16) 49 + 7 =

(17) 56.05 - 23.9 =

(18) 25.25 x 25.5 =

(19) 100.0 + 10.001 + 3.059 =
(20) 5.6 = 8 =

(21) 0.0035 — 0.0009 =

(22) 10 + 100 - .01 + .001 - 01.01 =
23) 7.2 + 12 =

(24) 87.5 = 0.6 =

(25) 12.5 x 8.752 =

Part 4. Converting Fractions to Decimals
Change the following fractions to decimals.
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Round to three decimal places.
(26)

@n

|3 v

@® 3

29)

[4,]
o gl

(30)

|3 o

@1

Part 5. Converting Decimals to Fractions

Change the following decimals to fractions. Re-
duce the answer to lowest terms.

(32) 0.333 =
33) 0.6 =

(34) 0.625 =
35 3.3 =

(36) 6.25 =
(37) 8.400 =
(38) 4.03 =
(39) 7.75 =

Part 6. Arithmetic with
Positive and Negative Numbers

Perform the indicated operations with each of
the following numbers.

40) -5+ 3 =

@41 (-2)(-3) =
42)7-4-=

43) (-3)@) =
44)2-9-=

45) -5Q) =

46) 0.5 - 0.7 =
47 6 x -3 =

48) -15 - -3.6 =
49 -32 + 8 =



(G4) 22 + -33 =

@ (=2
6&{%%T_=
&)

Part 7. Raising Numbers to a Power
Perform the following indicated operations.

- (56) 22
67 -3
(58) -23
(69 3

Part 8. Square Root -

Take the square root of each of the following
numbers. If the numbers given are not perfect
squares, approximate to one decimal place.

(60) 25 =
61 81 =
62) 8 =
(63) 0.04 =

Part 9. Values of Numbers
With each of the following, use the given value

to find the two unknown values.
1 decimal percent
©4) 4  value? value?
65 .5 fraction percent
value? value?

1 decimal  percent

66) 33 3 % value? value?
67 .125 fraction percent
value? value?

N 3 decimal percent
©8) 8 value? value?
69) .1% fraction decimal
value? value?

70 4 fraction percent
value? value?

Part 10. Percent tolerance

With each of the following tolerance problems,
determine the minimum and maximum allowable
values based on the percent tolerance given.

(71) 100 + 5%
(72) 270 + 5%
(73) 330 + 10%
(74) 470 + 20%
(75) 1000 + 1%
(76) 2200 + 5%
(77) 3500 + 10%
(78) 4900 + 15%
(79) 8700 + 2%

(80) 10,000 + 10%

Part 11. Solving Equations
Solve each of the following equations.

@)x+4=9

@) y+6=-4
@B)»a-5=0

(84) 2a + 3a =10

(85) 4y = 3y + 2

(86) —100 = -5y

@87 76x - 2) = 6(6x - 1)
88) 82x + 1) = 4(7x + 8)
89 0x + 3) = 2x

o) x =%

Part 12. Solving Formulas
With each of the formulas below, substitute the
given quantities and solve the formula for the

15



remaining unknown: Note: w stands for the
Greek letter which has the value of 3.14.

91) A = We P [Given: W = 1500, P = .05]

3 C + 32 [Given: C = 20]

©2) F= 7%

©3) F = -g— C + 32 [Given: F = 40]

(94) d = rte [Given: r = 50, t = 2.5]

(95) A = Vs bhe [Given: A = 32, b = 4]

(96) P = 2L + 2W [Given: P = 200, W = 40]
97 E = IRe [Given: I = 2, E = 120]

1

——

27xfC

Given: f = 60, C = .002
Note: all terms are multiplied.

1 1 1 1

— — —+—

R, Rl ' R ' T3

©8) X, =

Given: R1 = 40, R2 = 60, R3 = 80
(100) X, = 2e7efeL
Given: f = 50, L = .1

INTRODUCTION

The purpose of this chapter, in general, is to
ensure that the student is properly prepared in the
areas of basic mathematics prior to the study of elec-
tronics.

This section deals with a classification called ba-
sic math. The objective here will be to provide the
rules and show some sample problems in the areas
of fractions, decimals, percentages. Keep in mind,
the emphasis will be on review of the rules. It is as-
sumed here that the student has already learned
basics at some point and needs only to have the rules
refreshed.

FRACTIONS
Fractions will be dealt with in two groups; (1)
definitions, improper fractions and mixed numbers,
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reducing and equivalent fractions, (2) arithmetic with
fractions. The groups have been selected so the
rules of each group are similar. There will be prac-
tice exercises at the end of each group.

Definitions

Fraction. part of a whole. The fraction in
mathematics is written as one number over another,
which actually means the top number is divided by
the bottom number. For example; ¥ means 3
divided by 5.

Numerator. the top number of a fraction. The
numerator tells how many parts of the whole. A
larger numerator represents a fraction with a larger
value. For example; % is larger than V4.

Denominator. the bottom number of a frac-
tion. The denominator tells how many parts the
whole was divided into. If the denominator is in-
creased, the whole was divided into more parts. If
the size of the numerator remains the same, the
fraction is smaller with a larger denominator. An ex-
ample is slicing a pie. If the pie is sliced into 8 pieces,
each piece is smaller than if it were only sliced into
4 pieces.

Whole Number. a number that does not con-
tain a fractional part. An example is the counting
numbers; 1, 2, 3, 4, etc.

Mixed Number. a number that contains both
a whole number and a fraction. For example; 2%4.

Improper Fraction. the numerator is larger
than the denominator. This means the value of the
fraction is larger than 1. A proper fraction is always
less than 1. Therefore, the improper fraction should
be changed to a mixed number as a final answer.
For example; 3% is equal to 1%5. Note; an improper
fraction is used when performing certain mathemat-
ical operations.

Reducing Fractions. to lower the size of both
numerator and denominator, without changing the
value of the fraction. Example; 4 = % = %. Reduc-
ing to the lowest terms is best.

Equivalent Fractions. to raise (or lower) the
size of both numerator and denominator, without
changing the value of the fraction. This is necessary
to find common denominators or to compare the
values of several fractions.



Common Denominator. fractions are
changed to have the same denominator, while still
retaining their original value. This is necessary with
addition and subtraction. Example; ¥ = %o, % =
Yo. :

Improper Fractions, Mixed Numbers,
Reducing and Equivalent Fractions

Addition and subtraction allow the use of mixed
numbers or improper fractions. Multiplication and
division do not allow mixed numbers, and they must
be performed with fractions only. Regardless of
which mathematical operation is performed, the fi-
nal answer should be presented in the form of a
proper fraction or mixed number, with the fractions
reduced to lowest terms.

Key Point. To change a mixed number to an
improper fraction, multiply the whole number times
the denominator and add the numerator to this prod-
uct. Write that result over the original denominator.

Examples: Mixed Numbers to
Improper Fractions

3§= 7 3x5=15+2 =1
2% = % 2x3=6+1=%
4% - 2_52 4x5=20+2=-253
7%— = —125 7x2=14+1=§
8%= % 8><4=32+3==°’4i

Key Point. To change an improper fraction to
a mixed number, divide the numerator by the
denominator. This division will produce a whole num-
ber or a whole number and a remainder. The re-
mainder placed over the original denominator will be
the fractional part.

Examples: Improper Fractions

to Mixed Numbers

22 .. '
o= 2 22 (divided by) 11 = 2
25 3 3

11 =2-ﬁ 25-.-11=2r-ﬁ

17 1 1

23 2 2

3 -73- 23-.—3=7r-é-

8 3 3

g —lg 875=1r?

Key Point. To reduce a fraction to lower
terms, divide both numerator and denominator by
the same number. To find an equivalent fraction,
multiply numerator and denominator by the same
number.

Examples: Reducing Fractions

4 1 ..

T = 3 Divided both by 4
3 1 ..

2 - = by 3
5 3 Divided both by
5 1 Y. '
% = Divided both by 5
16 _ 8 Divided both by 2
18 9

27 _ 3 Divided both by 9
45 5

Examples: Equivalent Fractions
Change the fraction on the left to an equivalent
fraction with the denominator shown on the right.

7 ? . 14
s = 16 Multiply by 2 = 16
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2 ? . 18 19
T Multiply by 9 = 15 (11 T°
3 _ 2 . _ 9 37
1" 12 Multiply by 3 = o 12) i
12 . _ 7 28
9= 83 Multiply by 7 = &3 13) 5=
5 2 . 20 37
T2 Multiply by 4 = 2 (14) 3
Practice Problems: Fractions a5) 28 _
A. Change the following mixed numbers to improper 7
fractions: 2
2 (16 e =
m3= = 25
S 47
3 an e
@) 137 = .
, 11
&) 20 -
18
2 19 —=
L - 2
@ 3 40
5 20 —=
2 - 10
® 5 6
7 C. Arrange the following sets of numbers in ascend-
® 3 3 - ing order, from smallest to largest.
3 5 3 7 1
02y = @he 2T 16 2
3 3 3 1 5
@4 = @35 % 8 o4
5 4 51 12 1
@73 = % w B 2
3 15 33 1
10) 2=~ = o) =2 22 —
10) n 29 6 32 1 1 ol
B. Change the following improper fractions to mixed (zy 51 5_3_ 5_1_ 5 4
numbers. Reduce answer to lowest terms. 4 64 3 9

18



ARITHMETIC WITH FRACTIONS

The rules for arithmetic with fractions are sepa-
rated into two sections; multiplication/division and
addition/subtraction. When it is thought of in this
way, there are only two sets of rules that need to
be learned. There will be practice exercises at the
end of this section.

Multiplication/Division

Key Point. Mixed numbers must first be
changed to improper fractions prior to multiplication
or division.

Key Point. Multiply the numerators, then mul-
tiply the denominators. Answer must be reduced to
lowest terms.

Key Point. With division problems; invert the
divisor (the number following the division sign) and
multiply.

Sample Problems: Multiplication/Division

SP#3-1 Multiply: 2% X % -
Step 1: Change mixed numbers to improper
fractions:
3 11
24 = %
Step 2: Multiply numerators, then multiply denomi-
nators:
11x2 22
4x5 20

Step 1: Change mixed numbers to improper

fractions:
2 U
3=3
1 7
3272
Step 2: Re-write the problem to show improper
fractions:
u. 7
3" 2

Step 3: Invert the divisor then multiply:

Step 4: Reduce to lowest terms:

28 7 1
R T
Addition/Subtraction

Key Point. It is not necessary to change mixed
numbers to improper fractions, although it is often
easier, especially with subtraction.

Key Point. A common denominator is required
to add or subtract fractions. A common denomina-
tor is when all fractions have the same denominator.

Key Point. The common denominator is found
by determining which number all denominators of
the fractions can divide into evenly.

Key Point. To add or subtract the numerators,
keeping the common denominator. Always reduce
the answer to lowest terms.

Sample Problems: Addition/Subtraction

SP#3-3 Add: -+ -g— =

vo|

Step 1: The common denominator is 6. Change the
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fractions to their equivalent with this
denominator:

| 0| =
o|s ofw

Step 2: Re-write the problem using the common
denominator:

3 4
—_——=

6 6

Step 3: Add the numerators, keeping the common
denominator:

3+ 4
6

z
6
Step 4: Reduce to lowest terms:
71
6 6
SPY34 Add: 2+ 30

Step 1: Find common denominator and change to
equivalent. Note: this problem can be done
in mixed numbers or with improper frac-

tions. CD = 20
3 15
22- = 2'23
2 8
35 =33

Step 2: Re-write the problem with the common
denominator:

15 8
2% +3%=

20

Step 3: Add the whole numbers, then add the

fractions:
2+3=5
5,8 2
20 Y20 T 20

Step 4: Combine the whole number with the frac-
tion and reduce to lowest terms:

23 3
520 = %20
' 2 1
SP#3-5 Subtract: 7? - 3? =
Step 1: It is usually best with subtraction to first
change to improper fractions:
3 _1_
5 2
Step 2: Common denominator is 10. Change to
equivalent:
3w _n
5 10
T_3
2 10

Step 3: Subtract numerators keeping common
denominator. Reduce to lowest terms.

3B _39
10 10 10
39 59
10 °10

Practice Exercises: Arithmetic with Fractions

Perform the indicated operations. Reduce all an-
swers to lowest terms.
1 1

O Xy



@ 5+
3T
031

O oxs
©) %-%

Q) %+%

® +-+

@ 6 x%
(10)%+ 3

an 2% + o%
12) 6%- 5
a3) Z%x 3%
a9 15+ 2
5 33+ 22
16) s-z%
o tted
a8) % x %x%

3 .1 5 2
(19)-Z+-3—+?——6—

1 5 1 1
€ T+ e 37T
DECIMALS

Arithmetic with decimals is very similar to us-
ing whole numbers, therefore, most people find it
fairly easy to work with decimals. Also decimals are
more familiar to most people because money is han-
dled in decimal form.

This section on decimals is primarily to review
the rules and demonstrate some sample problems
in case the student needs the review. Practice prob-
lems are available at the end of the section.

Addition/Subtraction with Decimals

Key Point. When adding or subtracting dec-
imals, it is necessary to operate on numbers with
the same place value. This is best done by aligning
the decimal points in a column.

Sample Problems: Addition/Subtraction
SP#3-6 Add: 2.3 + 3.65 + 10.321 =

Align the decimal points in a column. If desired,
zeros may be added to make an equal number of dec-
imal places for each number. Add the numbers in
the same place value columns.

2.3
3.65
+ 10.321
16.271

SP#3-7 Subtract: 4.2 — 1.863 =

Align the decimal points and place zeros to have
equal columns for borrowing during subtraction.

4.200

- 1.863
2.337
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Multiplication with Decimals

Key Point. When multiplying numbers with
decimals, proceed as if using whole numbers, ignor-
ing the decimal.

Key Point. To determine the decimal place of
the answer, count from the right a number of deci-
mal places equal to the fofal decimal places of the
numbers multiplied.

Sample Problem: Multiplication
SP#3-8 Multiply: 3.245 x 2.3 =

Multiply ignoring the decimals, then count the
total number of decimal places. The total number
of places is 4; 3 in the top number and 1 in the bot-
tom number. Count from the right, the total num-
ber of places.

3.245
x 2.3
7.4635

Division with Decimals

Key Point. If the number outside of the divi-
sion bracket has a decimal point; it is necessary to
move the decimal to the right enough places to be
at the bracket. Move the decimal of the number in-
side the bracket enough places to equal the move
outside. '

Key Point. Perform the division placing the an-
swer above the proper place and place the decimal
point directly over the corrected decimal inside the
bracket.

Sample Problem: Division

SP#3-9 Divide: 36.3 + .08

Step 1. Write the problem using the division bracket.
Notice (.08) needs to have the decimal

point moved to place it at the right of the
number, next to the bracket.

.08 [36.3
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Step 2. Move the decimal in both (.08) and (36.3)
two places to the right. Add zeros to the
inside number (36.3) to complete the
move.

08. /' 3630.

Step 3. Divide placing the answer and the decimal
in their correct places.

453.75
8~/3630.00

Changing Fractions to
Decimals and Decimals to Fractions

Key Point. To change a fraction to a decimal;
divide the numerator by the denominator.

Sample Problem: Fraction to Decimal

SP#3-10 Change —Z- to a decimal.

5+ 8 = 0.625

Key Point. To change a decimal to a fraction;
remove the decimal point and write the number over
the equivalent place value and reduce to lowest
terms. The place value is a multiple of 10 with the
same number of zeros as the original decimal
number.

Sample Problem: Decimal to Fraction
SP#3-11 Change .75 to a fraction.

=5 _3
7 = 100 4
Practice Problems: Decimals

Perform the indicated operations on each of the
following.

@ 2.8 + 12.19
@) 0.8 - 0.5



3) .4x3
4) 9.63 = 3
5) 6.3 + 1.07 + 3
6) 0.28 - .19
(7 0.5 x 0.043
@8 .372 =~ .06
© 2.8 + 1.90 + 51.012
(10) 6.9 - 2.47
(11) 0.2 x 0.03
12) 1.04 = 2
(13) 49 + .07 + 3.5 - 12.608
(14) 100 + .001 - 10.01 + 1.10
(15) 16.32 = 0.008
(16) 0.002 x .0003 x 1.01

1
2 x 3.14 x 100 x .002

1
2 x « x 50 x .0000001

1
6.28 x 10000 x 0.00000005

159
100,000 x .000000150

Change the following fractions to decimals.

an

(L)

19)

0

3
1) 3

2
€2 5

3
23 16

3
29 23

1
@5 5 s
Change the following decimals to fractions. Reduce

to lowest terms.

@26) 1.3
@7 .667

(28) .009
(29 4
(30) .3125

PERCENT TOLERANCE

There are many different types of percentage
problems. Of these, there is really only type that
is used on a regular basis in the field of electronics.
That type of percentage problem is ‘‘tolerance’’.

All electronic components, instruments, mea-
surements, calculations and the operation of equip-
ment have a tolerance that is considered acceptable.

It is very important for the student of electronics
to understand that, with all the fancy calculations
made, there is a range that is considered acceptable.

Most tolerances relating to electronics are
stated as a + percentage of the ideal. (+ means
“‘plus or minus’’.) A tolerance of + 10% means the
measurement can be high or low by 10% of the ideal
and still be within an acceptable range.

Changing Percents to
Decimals and Decimals to Percents

In order to deal with a percentage mathemati-
cally, it is necessary to change the percentage to
a decimal. Then the mathematical operation can be
performed using the decimals.

Key Point. To change a percentage to its dec-
imal form; remove the percent sign and move the
decimal to the left two (2) places.

. Key Point. To change a decimal to a percent;
move the decimal to the right two (2) places and at-
tach the percent sign.

Examples: Percents and Decimals

10% = .10 1.5% = .015
15% = .15 2.5% = .025
20% = .20 7.5% = .075
100% = 1.00 15% = .0015
235% = 2.35 25% = .0025
500% = 5.00 5% = .005
1% = .01 12.5% = .125
2% = .02 15.75% = .1575
5% = .05 20.375% = .20375
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Percent Tolerance

Key Point. Tolerance is a percentage of the
nominal (ideal) value to allow a calculation of the max-
imum and minimum acceptable values.

Key Point. Max and min values are calculated
by taking the percentage of the nominal value and
adding and subtracting from the nominal value.
Sample Problems: Percent Tolerance

In each of the following problems, use the per-
cent tolerance given, and the nominal value, to find
the maximum and minimum acceptable values.
SP#3-12 200 +/-10%

Step 1. Change percent to decimal.
10% = .1

Step 2. Multiply the decimal times the nominal value
to find tolerance.

200 x .1 = 20

Step 3. Find the maximum value by ADDING toler-
ance to nominal value.

200 + 20 = 220

Step 4.Find the minimum value by SUBTRACT-
ING tolerance from nominal value.

200 - 20 = 180
SP#3-13 33,000 +/-15%

Step 1. Change the percentage to its decimal
equivalent.

15% = .15

Step 2. Multiply the decimal times the nominal value
to find tolerance.

33,000 x .15 = 4950
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Step 3. Find the maximum value by ADDING toler-
ance to nominal value. -

33,000 + 4950 = 37,950

Step 4. Find the minimum value by SUBTRACT-
ING tolerance from the nominal value.

33,000 - 4950 = 28,050

Practice Problems: Percent Tolerance

With each of the following, determine the max-
imum and minimum allowable values.

(D 100 +/-5%

(2 470 +/-10%
(3 860 +/-20%
4 1000 +/-10%
(5) 1500 +/-15%

- (6) 2200 +/-1%

(7) 3300 +/-2%
(® 4700 +/-5%
(9 6800 +/-10%
(10) 10,000 +/-10%

POSITIVE AND NEGATIVE NUMBERS

Both positive and negative numbers are of im-
portance when dealing with subject areas in the elec-
tronics field.

Negative numbers have essentially two defini-
tions; (1) numbers with a value less than zero also
called minus numbers. An example is a thermome-
ter. (2) opposite positive. Often used in terms of
direction. An example is going backwards.

Positive and negative numbers are often called
“‘signed numbers’’ for simplicity. All numbers, ex-
cept zero, have either a positive or negative sign.
If none is written, the sign is positive. Zero is nei-
ther positive nor negative; zero has no sign.

Addition and Subtraction of Signed Numbers

Key Point. When adding; if the signs of the two
numbers are the same, add the numbers and keep
the same sign.



Key Point. When adding; if the signs of the two
numbers are different, subtract the numbers and
take the sign of the larger number.

Key Point. When subtracting; change the sign
of the number being subtracted and change the sub-
traction sign to addition. Follow the rules for ad-
dition.

Examples: Addition/Subtraction
Addition with same signs:

Addition with opposite signs:

-7+3=-4
-1+9=28
8+ -4=14
2+ -6= -4
Subtraction:

5-3=5+-3=2
6--2=6++2=38
-3-1=-3+-1=-4
-4 - -9=-4++9=5

Multiplication and Division
with Signed Numbers

: Key Point. The operations of multiplication or
division are performed without regard to the signs.
The positive or negative sign is placed on the final
answer (product or quotient).
Key Point. Same signs produce a positive an-
swer. Opposite signs produce a negative answer.

Examples: Multiplication/Division
Multiplication/division with same signs:

2x5=10
-3 x -6 =18
6+2=3
-8+ -4=2

Multiplication/division with opposite signs:

3x -2=-6
-1x4=-4
9+ -3=-3
-12+6=-2

Fractions with Signs

Key Point. When dealing with fractions, there
are three signs with which to consider; (1) the sign
in front or the addition/subtraction sign, (2) the sign
of the numerator, (3) the sign of the denominator.

Key Point. A fraction is positive if all three
signs are positive or if two of the three signs are
negative.

Key Point. A fraction is negative if all three
signs are negative or if one of the three signs is
negative.

Examples: Positive and Negative Fractions
Positive fractions:

= o, =3 _ -3 __3
5 -+t 5 5 -5
Negative fractions:
5 __=5_.,=5_.,.5
"% " te Tt e

Practice Problems:
Positive and Negative Numbers

Perform the indicated operations on the follow-
ing signed numbers.

@15 + 12
@ -7+0
@2+ -4
@) -5+ -7
G)6 -5

® 2 -8

M -5-3
@® -2-17
9 8- -1
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(10 5 - -15
11 -9 - -6
12 -3 - -7
132 x4
(14) 5 x -2
15 -6 x 7
(16) -5 x -8
an -1x20
18 9 + -1
19 -8 +2
20) -12 + -6

Determine if the following fractions are positive
or negative.

@1 + %
@
@3 —:—3
29 - '%3—
@ - 7
e - ==
@n + ;9-
28 + -_3—7
e -
@ =

SOLVING EQUATIONS

The study of electronics and most scientific sub-
jects involves the use of many formulas. The proper
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use of formulas requires using basic algebra to
manipulate the equation and solve for the unknown.
This section will concentrate on the skills needed
to solve equations.

Variables, Coefficients, and Constants

A variable is a letter used in an algebraic ex-
pression to represent an unknown numerical value.
Most formulas contain several variables. In order
to solve the formula, a numerical value must be
known for each variable, except one. The one re-
maining variable will be solved for using algebra.

A coefficient is a number that is written beside
(usually in front of) a variable. It is constant to the
formula, because it does not change, but its purpose
is to be a multiplier for the variable.

A constant is a number that is part of the equa-
tion. It remains the same value regardless of how
the variables are changed.

Solving Equations

~ Key Point. When solving equations, the final
goal is to have the unknown by itself on one side
of the equation, equal to a number. The equation
at this stage does not indicate any arithmetic to be
performed. Example: x = 5

Key Point. Terms are ‘‘transposed’’ (mathe-
matically moved) from one side of the equation, to
the other, by performing arithmetic that is opposite
to the operation indicated by the equation. Opera-
tions of transposing must be performed equally to
both sides of the equation.

Key Point. Only “like terms’’ can be added
or subtracted. Like terms are ones that either do
not have a variable or the variables are identical. The
coefficients do not have an affect if the variables are
identical.

Examples of like terms:

[0 Any Number by Itself; 1, 2, 3, etc.
[ Identical variables; x, 2x, 3x, etc.

Examples of unlike terms:

[0 Nonidentical Variables; x, y, a



Sample Problems: Solving Equations
SP#3-14 Addition; transpose by subtraction.

Step 1. Starting equation:

xX+3=17

Step 2. Notice the indicated addition on the left
side. Remove this addition by subtracting
3 from both sides.

X+3-3=7-3

Step 3. Perform the subtractions as indicated. No-
tice the left side will have only the x remain-
ing and the right side has only a number.
This equation is now solved.

Xx=4

Step 4. Check the results by substituting the an-

swer into the original equation in place of
the variable. () shows the substitution.

@ +3=17
SP#3-15 Subtraction; transpose by addition.
Step 1. Starting equation: |

y-8=14

Step 2. The left side of the equation indicates sub-
traction. Remove this by adding to both
- sides.

y-8+8=4+8

Step 3. Perform the arithmetic and the equation will
be solved.

y=1

Step 4. Substitute into the original equation to check
the answer.

12) -8 =4

SP#3-16 Multiplication; transpose by division.
Step 1. Starting equatioﬁ:

4a = 20
Step 2. Multiplication is indicated by writing a num-

ber alongside the variable. This is called a
coefficient. Remove by dividing from both

sides.
fa_2
4 4
Step 3. Perform the arithmetic and the equation will
be solved.
a=>5

Step 4. Substitute into the original equation to
check the answer. Note: parenthesis ()
next to a number or variable, without an
addition or subtraction sign, indicate mul-

tiplication.
40) = 20
SP#3-17 Division; transpose by multiplying.

Step 1. Starting equation:

X
5 -2
Step 2. The division is removed by multiplying both
sides.
x(5)
— = =205
5 ®
Step 3. Perform the arithmetic and the equation will
be solved.
x=-10

Step 4. Substitute into the original equation to check |
answer.
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SP#3-18 Solving a complex sample equation.
Step 1. Original equation:
2x+7=19 - 4&x

Step2. First remove addition and/or subtraction.
Subtract 7 in one step and then 4x in an-
other step. Do not combine steps because
it gets very confusing.

2X+7-7=19-4x-7

Step 3. Simplify by performing the arithmetic shown
in step 2.

2x = 12 - 4x
Step 4. To remove the 4x from the right side, add.
2X + 4x =12 - 4x + &

Step 5. Simplify by performing the arithmetic shown
in step 4.

6x = 12
Step 6. Solve the equation by dividing by 6.
X =2

Step 7. Substitute into the original equation to check
answer.

2Q) + 7 =19 - 42)
44+7=19-38
11 = 11 (checks)

Practice Problems: Solving Equations

With each of the following equations; solve for
the unknown.
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MDx+4=9
@Dx+3=17

@ 4=-6-y
WDy+3=-1
®)a-5=0
©®7-a=6

(7) 2a+3a=10
®x+5+3x=6
(10) 81 = 9%

(11) -100 = -5y

12) 5+ y =6y -7+ 5y
(13) 100 = 50 + x + 25
(19 O® =4

(15) 3 -y - 2y = 6 - 6y - 6y

SOLVING FORMULAS

Formulas and equations are essentially the same
as far as the mathematics is concerned. The differ-
ence between them is the fact that a formula con-
tains several different unknowns, where the equation
contains one unknown. To solve the formula, all of
the unknowns will have values given, except one.
The formula then becomes an equation, with one un-
known. Solving this equation is actually solving the
formula for that particular unknown. -

Sometimes it is necessary to re-arrange the for-
mula to make it easier to solve for a particular un-
known. When this is done, the indicated arithmetic
will be transposed from one side of the equation to
the other.

Key Point. When arithmetic operations are
transposed, they become the opposite on the other
side of the equals sign.

Sample Problems: Transposing Formulas

SP#3-19 Solve for C:

F=2 c+a
5

(This is the formula used to find Fahrenheit degrées
when Centigrade is given. Transposing will allow



finding Centigrade when Fahrenheit is given.)

Step. 1. Subtract 32 from each side.

9
F-32— =
3 5 C
Step 2. Multiply both sides by %. This is the same
as dividing by %.
.
F - 32) 9 C

Note: it is necessary to enclose the left side in ()
because every term of that side must be multiplied.
When using numbers, it is best to solve inside the

() first.
Step 3. The formula can be turned around to have
the C on the left side since this is more

standard. It is not necessary. The formula
is finished the way it is.

=—5- —
5 F -3

SP#3-20 Solve for L:
P=2L +2W
(This is the formula to find perimeter of a rec-
tangle when length and width are known. Transpos-
ing will allow solving for length when perimeter and
width are given.)
Step 1. Subtract 2W from both sides.
P-2W=2L
Step 2. Divide both sides by 2.

P-2w
2

=L

Key Point. When using formulas, usually all
of the values will be given except one. When this
is the case, simply substitute the given values in
place of their respective variables. It is not neces-
sary to transpose the equations prior to substitut-
ing values. ‘

Sample Problems: Substituting Values

SP#3-21 Find the value of C; if F = 68

F=iC+32
5

Step 1. Substitute the given value.
68) = = C + 32
Step 2. Subtract 32 from both sides.
m=%c
Step 3. Multiply both sides by %.
C=20
SP#3-22 Find the value of L; P = 200, W = 40
P=2L + 2W
Step 1. Substitute the given values.
(200) = 2L + 2(40)
Step 2. Simplify by performing indicated arithmetic.
200 = 2L + 80
Step 3. Subtract 80 from both sides.
120 = 2L
Step 4. Divide both sides by 2.
L = 60
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Practice Problems: Formulas

With each of the following formulas; substitute
the given values and solve for the remaining

unknown.

w|<

DI=

(This formula is Ohm'’s law to solve for current,
I, with voltage, V, and resistance, R.)

A
@1=2

@ W=Ppt

(This formula is used to find work, W, with

power, P, and time, t.)
4 W="Pt

(G P=IR

6 P=PER

the square root.)

DR =R, +R,

(This formula is used to find total resistance,
R,, in a series circuit with two resistors, R1 and

R2)

30

= 100
R =25

._.n

non

=10
=25

2500
5

Given: P = 250
t =10

Give;lz P =160
I=2

(This formula is used to find power, P, with cur-
rent, I, and resistance, R.)

Give.n: P=25
R=1

(Note: to solve for I, it will be necessary to take

@R, =R +R

1_1.1
R

Find:

R,
Given: R, = 100
R; = 350
Find: R;
Given: R, = 10
R, =25

(This formula is used to find total resistance,
R;, in a parallel circuit with two resistors, R, and
R,.) Note: it is easiest to use decimals.

1_ 1.1
We=%*%
R ®)

an Ry =g -

Find: R,

Given: R, = 10
R, =15

Find:

Given: R, = 30
R, =60

(This is called the “‘short-cut’’ formula for find-
ing the total resistance of two resistors in parallel.)

(R1) R)
R + Rz

13) X, =2 @fL

12) R =

Find:

Given: R, = 100
R, = 200

Find: X

Given: (x) = 3.14
f =100
L=.2

(This formula is to find inductive reactance, X,
when given frequency, f, and ihductance, L. () is
a constant in the formula and is always equal to 3.14.
Note: all terms are multiplied.)

4 X, =2 @ fL

Find: f
Given: L =
XL =
Find: X,
Given: f = 1590
C = .0000001




(This formula is to find capacitive reactance,
X, when given frequency, f, and capacitance, C).

PROGRAMS FOR THIS CHAPTER

The programs for this chapter are designed for
the student to review and practice the rules of the
shop math. The programs are a good way for the
student to quickly find out if he or she remembers
the rules and can perform the problems.

It is very important to make an honest attempt
at solving the problem, rather than just guessing and
allowing the computer to tell you the correct answer.

Each program has ‘‘help hints’’ to review the
rules, whenever there is a wrong answer.

Upon completion of each quiz, or whenever
desired, press N for your score and return to the
SHOP MATH menu.

Figure 3-1 shows the shop math program menu
and a sample to preview.

§ Evaluation
6 Operations

7 Percent

Shop Math Menu

1 Fraction to decimal
2 Decimal to fraction
3 Mixed to improper

4 Improper to proper

8 + and - numbers
9 Return to main menu

If 9 then disk drive on.
What is the number of your selection ?

Program sample:
1. What is the decimal equivalent of this fraction

12=? .5

Correct

Press space bar to continue, N for new selection.

Fig. 3-1. Shop math program menu and program sample.
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(74) 470 +/- 10%
(75) 680 +/- 20%
(76) 1000 +/- 10%
(77) 5500 +/- 15%
(78) 8200 +/- 5%
(79) 10,000 +/- 15%
80) 10 +/- 1%

Part 9. Solving Equations
Solve each of the following equations.

B)x+5=9

@) 7+y=-10
@®)a-8=0

(84) 2a + 16 = 4a

85 12 - 5x = 3x - 12
86) -x = 16 + 3x

87) -250 = -25y

(88) 125 = -5a

(89 76x -2) = 6(6x - 1)
(90) 82x + 1) = 4(7x + 8)

Part 10. Solving Formulas
With each of the formulas below, substitute the

given quantities and solve the formula for the remain-
ing unknown. Note: 7 = 3.14

91) A = WP (Given: W = 1200, P = .06)

©2) F =-% C + 32 (Given: C = -40)

93 F =% C + 32 (Given: F = 32)

94) d=rt(Given:r = 55,t = 2)
95) A=Y%bh (Given: A =64,b =9
(96) P = 2L + 2W (Given: P = 100, W = 20)

®R) R)
R, +F,
1 1

©N R, =

(Given: R, = 10, R, = 30)

1 1
M) =5 + 5 + 5
()RT R1+R2+Ra
(Given: R, = 10, R, = 25, R, = 10)

(Given: f = 50, C = .005)

©99) X, = zqufC

(100) X, =2 xfL (Given: f = 100, L = .1)



Chapter 4
Engineering Notation

Chapter Objectives: To perform mathematical
operations on numbers that are both very large and
very small by using powers of 10. Also, to use mul-
tiplier names to replace the powers of 10. Exponen-
tial notation will also be introduced to simplify use
of electronic calculator.

This chapter also provides an ideal opportunity
for the student to master use of the electronic cal-
culator.

Chapter Outline:

[0 Introduction

O Significant figures/rounding numbers

O Scientific notation

O Engineering notation

O Arithmetic operations with powers of 10
O Programs for this chapter

[0 Engineering notation competency test

INTRODUCTION

Engineering notation, scientific notation and ex-
ponential notation are methods of dealing with num-

bers that are either very large or very small. In
electronics, as in most scientific fields, numbers at
both extremes are quite common.

In this chapter, the task of determining the sig-
nificant figures of a number and rounding will be dis-
cussed. The electronic calculator, the most widely
used tool, makes use of exponential notation when
accepting keyboard inputs and displaying the answer.

SIGNIFICANT
FIGURES/ROUNDING NUMBERS

With all the formulas and calculations an elec-
tronics student makes, it is sometimes believed that
all those calculations are accurate. Even though
mathematics is very precise, with decimal places car-
ried out to extremes, the accuracy of the calcula-
tions really depends on the numbers being used.

Numbers have two sources; measured and the-
oretical. When calculating circuits with either theo-
retical or measured values, it is important to keep
in mind the fact that the components used in the cir-
cuit all have tolerances and the instruments used to
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measure the circuits have tolerances. All of these
tolerances lead to a considerable amount of inaccura-
cies. There is no sense in having numbers carried
to several decimal places if the accuracy is in ques-
tion. Usually, calculations are made to have three

significant figures.

Significant Figures

The significant figures, or digits, of a number
are the figures considered reliable. There are two
guidelines to follow to determine the significant
figures of a number:

1. All nonzero numbers (digits 1 - 9) are signifi-
cant figures.

2. A zero used as a place holder between two non-
zero numbers is significant.

Examples of Significant Figures:

1234 has four significant figures
1230 has three significant figures
1200 has two significant figures
.00123 has three significant figures
0.123 has three significant figures
.2050 has three significant figures
25.5 has three significant figures

Rounding Numbers

Rounding numbers is performed to make work-
ing with numbers easier, especially when arithmetic
is involved. For example; if a person is counting
money stacked in groups of $1000 an extra $2 might
be considered insignificant. Therefore, $1002 would
be rounded off to $1000.

Procedure for Rounding Numbers:

1. Determine how many significant figures will ap-
pear in the final number. The next digit to the
right will determine the outcome of rounding.

2. If the number to the right is 5 or more, add 1
to the last significant figure and drop all the digits
to the right.

3. If the number to the right is less than 5, do not
adjust the last figure, simply drop all digits to
the right.
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4. Replace dropped digits with zeros, as place
holders, to maintain place values of the signifi-
cant figures.

Examples of Rounding Numbers
The following are rounded to three significant
figures.

806,956 = 807,000
875.5 = 876
.003874 = .00387
1009 = .101
80.78 = 80.8

98 = 100

Practice Problems: Rounding Numbers

Round each of the following numbers to three
significant figures. '

(1) 6408

(2) 4715

(3 5352

(4) 9880

(5) 102,589
(6) 340,301
(7) 119,815
(8) 209,280
© 327.09
(10) 452.11
(11) 999.99
(12) 223.51
(13) 56.257
(14) 69.5002
(15) 10.619
(16) 25.882
(17) 1.0578
(18) 3.5266
(19) 5.9929
(20) 8.9148
(21) 0.003599
(22) 0.002677
(23) 0.005555
(24) 0.006666
(25) 0.003333
(26) 0.009999



(27) 0.900356
(28) 0.870009
(29) 0.505050
(30) 0.959595

SCIENTIFIC NOTATION

Scientific notation is a shorthand method of writ-
ing numbers that are extremely large or extremely
small. The numbers are written as a number be-
tween 1 and 10 times a power of 10.

Place Values

The “‘everyday’’ system of numbers that we
use is based on powers of 10. Each place value is
a multiple of 10. Starting at the decimal point, the
first place value is the ones column, which is actu-
ally 10° (10 to the zero power; any number raised
to the zero power is 1). The next place value is the
tens column, which is actually 10! (10 to the 1st
power). The next place value is the hundreds
column, which is actually 10? (10 to the 2nd power
or 10 times 10).

Each place value is the next higher power of 10.
Numbers below one, on the right side of the deci-
mal point, have a negative power of 10. The 1st dec-
imal place is 10-! and each place to the right is the
appropriate negative power of 10. Table 4-1 shows
the power of 10 for each place value. Notice, the
powers increase in the positive and negative
directions.

Scientific notation takes advantage of the place
values each having their own power of 10. The most
significant digit, the one furthest to the left, even
if it is a decimal number, is always a nonzero num-
ber (between 1 and 10). When the number is writ-
ten in scientific notation, the most significant digit
will be a number between 1 and 10, the other digits
are written as decimals and the number is shown
as multiplied by the power of 10 of the most signifi-
cant digit. In this way, arithmetic is easier to per-
form because the majority of place holder zeros have
been removed and the powers of 10 can be handled
separately.

Exponential Notation

In order to further simplify the writing of num-
bers in scientific notation, an exponential notation
is used. This method replaces the indicated multipli-
cation of 10 to a power with ‘“‘E’’ followed by the
power of 10. For example; if the desired power of
10 is 102 the exponential form would be E2.

Writing Numbers in
Scientific and Exponential Notation

Numbers larger than 1: are expressed in
scientific notation by moving the decimal point to the
left enough places to write the number between 1
and 10. The number of places the decimal point is
moved is the positive power of 10. ’

Table 4-1. Place Values.

Power “E” As a
of 10 Notation Number Expressed Verbally
108 E6 1,000,000 ten to the SIXTH power
108 E5 100,000 ten to the FIFTH power
10* E4 10,000 ten to the FOURTH power
10° E3 1,000 ten to the THIRD power
10? E2 100 ten to the SECOND power
10 E1 ' 10 ten to the FIRST power
10° EO 1 ten to the ZERO power
10-! E-1 A ten to the NEGATIVE FIRST power
10-2 E-2 .01 ten to the NEGATIVE SECOND power
10-3 E-3 .001 ten to the NEGATIVE THIRD power
10-4 E-4 .0001 ten to the NEGATIVE FOURTH power
10-5 E-5 .00001 ten to the NEGATIVE FIFTH power
10-® E-6 000001 ten to the NEGATIVE SIXTH power
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Examples of Numbers Larger than 1:

68,500 = 6.85 x 10* = 6.85E4
563,000,000 = 5.63 x 10® = 5.63E8
230 = 2.30 x 10 = 2.30E2

7,602 = 7.602 x 10° = 7.602E3
7.3 = 7.3 x 10° = 7.3E0

Numbers Less Than 1: are expressed in
scientific notation by moving the decimal point to the
right enough places to write the number between
1 and 10. The number of places the decimal point
is moved is the negative power of 10.

Examples of Numbers Less Than 1:
1 =1.0 x 10! = 1.0E-1
0.023 = 2.3 x 10-2 = 2.3E-2
0.000356 = 3.56 x 10-¢ = 3.56E-4
.000098 = 9.8 x 10-5 = 9.8E-5
0.0000003 = 3.0 x 10-7 = 3.0E-7

Adjusting Numbers with Powers of 10

Quite often, numbers are already writt:n as a
number times a power of 10, or, with the cul
tor, as a number with the exponent of 10. These
numbers often do not have the power of 10 in the
most proper form (a good analogy is when dealing
with fractions that need to be reduced). This is
usually a result of having performed arithmetic.
Knowing how to adjust properly is very important,
especially when using engineering notation and the
electronic calculator.

Key Point: The decimal point moved to the
left is Postive; Right is Negative.

Key Point: Use the rules of signed numbers
to add/subtract powers of 10.

Examples of adjusting powers of 10:

840,000,000E3 = 8.4E11
0.00035E7 = 3.5E3
0.0075E3 = 7.5E0 = 7.5
0.000062E-3 = 6.2E-8

Removing the Power of 10

Sometimes it is necessary to remove the power
of 10 and return the number to no scientific nota-
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tion. This is especially useful when making changes
in engineering notation and interpreting answers
produced with a calculator.

To remove a positive power of 10: move the
decimal to the RIGHT the same number of places as
the power of 10.

Examples of Removing Positive Powers:
6.7E6 = 6,700,000
7.5E4 = 75,000
80E2 = 8000
56 x 10! = 5.6
.032 x 10° = 3200

To remove a NEGATIVE power of 10: move the
decimal to the left the same number of places as
the power of 10.

Examples of removing negative powers:
8.1E-6 = 0.0000081
2.9E-3 = 0.0029
500E-2 = 5.0
.32 x 10-5 = 0.0000032
.0096 x 10-! = 0.00096

Practice Problems:
Writing in Scientific Notation

Part A. Writing in notation form. Write the
following numbers in scientific notation (as a num-
ber between 1 and 10 times the proper power of
10. Example: 57,000 = 5.7 x 10%). Also, write
each in ““E’’ notation (as a number between 1 and
10 followed by E and the power of 10. Examples:
57,000 = 5.7E4)

(1) 876,000

(2) 1,030,000,000
(3) 43,000

@4 25

) 6.9

(6) .003

(7) .0000032

(8) 0.0000450
(9) .00000000159
(10) .500

(11) 12,000E5



(12) 5320E3

(13) .000035E3

(14) .045E0

(15) .000000067E9
(16) 25,000 x 10-3
(17) 35E-6

(18) .02E-5

(19) .000056 x 10-3
(20) .950 x 10!

Part B. Removing the Power of 10. Re-
move the power of 10 from the following numbers.

(21) 4.8E5

(22) 850E3

(23) .003E6

(24) .000025E1

(25) 250E0

(26) 100E-4

(27) 55E-3

(28) 68000E3

(29) .000025 x 10-¢
30) 1 x 10t

ENGINEERING NOTATION

Engineering notation is a modification of scien-
tific notation. Scientific notation is used so frequently

that names have been given to the various powers
of 10. In electronics, and most scientific fields, the
names are used only with the powers of 10 that are
multiples of 3.

Multiplier Names

The names given to the power of 10 are called
multiplier names. Table 4-2 shows the powers of 10,
their respective multiplier names and E notation.

Each of the names are also given symbols which
are used to further simplify the writing of numbers.
The table shows the multiplier names (and symbols)
but does not specify any specific unit. For example;
the unit for power is watt, which can be written with
the name kilo to represent 1000 watts or milliwatts
to represent 1/1000th watt.

The names are all prefixes which means each
of the names must be written in front of (and at-
tached to) the unit name. This combination of pre-
fix and unit form a new word, which essentially
means the unit is multiplied by the prefix.

The student needs to memorize the various
multiplier names and their multiplication values, or
powers of 10. Then, as the individual units are in-
troduced, the multiplier names can be attached to
the units for the desired results.

Table 4-2. Multiplier Names.

Multiplier Power “E"”
Name Symbol Muitiply By of 10 Notation
tera T 1,000,000,000,000 10" E12
(one trillion)
giga G 1,000,000,000 10° E9
(one billion)
mega (meg) M 1,000,000 10° E6
(one million)
kilo k 1,000 108 E3
(one thousand)
Basic unit (no multiplier) 10° EO
milli m 0.001 10-8 E-3
(one one-thousandth)
micro ’ 0.000 001 10-¢ E-6
(Greek letter mu) (one one-millionth) _
nano n 0.000 000 001 10-° E-9
(one one-billionth)
pico p 0.000 000 GCO 001 10-12 E-12
(one one-trillionth)
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Writing Numbers Using Engineering Notation

Key Point. To write a number using engineer-
ing notation, the number should first be written in
scientific notation. There is one modification, how-
ever; the power of 10 must be a multiple of 3. The
power of 10 is then replaced with the multiplier
name.

Table 4-3 shows examples of numbers that have
been written in engineering notation and in exponen-
tial notation. Keep in mind, exponential notation is
a way of expressing 10 raised to the power.

The multiplier names can also be replaced by
their respective symbols with the symbol for the
unit. For example; kilowatts can be written kW and
millivolts can be mV. Notice, the symbols of mul-
tipliers larger than 1 are capital letters, except kilo
and the symbols smaller than 1 are small letters. The
unit symbols are usually capital letters.

Converting within Engineering Notation

Sometimes a number will be written with its
multiplier and units but it is not written in the most
convenient form. When this happens, it is possible,
through the use of scientific notation, to convert the
multiplier names to a better form. For example;
3,000 kilovolts would be better written as 3
megavolts and 0.025 millivolts would be better as
25 microvolts.

Key Point. When converting from one mul-
tiplier to another, the actual value of the number
does not change.

Key Point. Steps to convert within engineer-
ing notation:

(1) Replace the multiplier name with its power of 10.

(2) To simplify the conversion, remove the power
of 10 by replacing the zeros and returning to
a number with no multiplier (return to basic
units).

(3 Convert to scientific notation with the desired
power of 10.

(4) Replace the power of 10 with its correct en-
gineering notation multiplier name.

Sample Problems of
Converting Engineering Notation

SP#4-1 Convert 475 kilovolts to megavolts.

(1) 475 kV = 475E3 V
(2) 475,000 V

(3 A4A75E6 V .
4) .475 MV (megavolts)

SP#4-2 Convert .000255 milliamps to
microamps.

(1) .000255 mA = .000255E-3 amps
(2) .000 000 255 amps

(3 .255E-6 amps

(4) .255 pA (microamps)

Table 4-3. Engineering Notation.

Wiritten In Written In
Number b Engineering
with Unit Notation Notation
86,000,000,000,000 hertz 86E12 hertz 86 terahertz
2,000,000,000 hertz 2E9 hertz 2 gigahertz
15,000,000 watts 15E6 watts 15 megawatts
368,000 ohms 368E3 ohms 368 kilohms
20 amps 20E0 amps 20 amps (no change)
0.065 henry 65E-3 henry 65 millihenry
0.000 125 volts 125E-6 volts 125 microvolts
0.000 000 034 seconds 34E-9 seconds 34 nanoseconds
0.000 000 000 005 farads SE-12 farads 5 picofarads
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SP#4-3 Convert .000 004 microfarads to
picofarads.

(1) .000 004 uF = .000 004E-6 farads
(2) .000 000 000 004 farads

(3) 4E-12

4) 4 pF (picofarads)

SP#4-4 Convert 2.5 kilohms to ohms

1) 2.5kQ = 2.5E3 @
@) 2,500 2 (ohms)

The following set of practice problems will pro-
vide the student with practice in converting num-
bers within engineering notation.

Practice Problems:
Converting Engineering Notation

Convert each of the given numbers to the units
shown.

(1) 5,600,000 ohms
(2) 273,000 hertz
@ 2,900 watts
4) 15 amps
(5) .0035 volts
6 .125 henry
(7 .000 000 05 farads
(8 .000 0087 seconds
(9) 250 milliwatts
(10) 1500 millivolts
(11) .055 milliamps
(12) .000 001 milliseconds
(13) 630 kilohertz
(14) 250,000 kilowatts
(15) .000 75 kiloamps
(16) .005 kilovolts
(17) 25 microvolts
(18) .75 microamps
(19) 50 nanofarads
(20) .05 nanoseconds
(21) 150 picofarads
(22) 75 megohms
(23) .003 megahertz
(24) 1200 gigawatts
(25) .005 terahertz

ARITHMETIC
OPERATIONS WITH POWERS OF 10

One of the advantages of using scientific and en-
gineering notations is the ease in dealing with arith-
metic operations.

There are two sets of rules for handling the dec-
imal point; addition/subtraction and multiplication/di-
vision.

Addition/Subtraction

Referring to addition and subtraction with deci-
mal numbers, the rule is to align the decimal points
in a column. By doing this, the addition/subtraction
operation is performed with numbers that have the
same place value. For example; the ones column,
the tens column, etc.

Key Point. To add or subtract numbers con-
taining powers of 10 (scientific notation or engineer-
ing notation); the powers of 10 must be the same
and the operation will be performed as with any dec-
imal numbers.

kQ - Mo
kHz - MHz
mW - kW
mA - kA
mV I 1\
mH uH
uF nF
s ms
w kW
kV \',
pA A

s us
Hz MHz
MW w
A mA
mV vV
mV nV
nA A
uF pF
s us
nF wF
kQ GQ
Hz kHz
MW v
MHz GHz
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Sample Problems of Addition/Subtraction
SP#4-5 Add: 25.3 kilohms + 4.68 kilohms =

(1) The powers of 10 need no change because they
are the same.

(2) Perform the addition as with any decimal
numbers..

25.3 kilohms
+ 4.68 kilohms

29.98 kilohms
SP#4-6 Add: 1.5 megawatts + 250 kilowatts =

(1) The powers of 10 are different. Change
megawatts to kilowatts.
(2) Add the numbers in kilowatts.

1.5 MW = 1500 kW
+ 250 kW

1750 kW
SP#4-7 Add: 15 amps + 3 milliamps =

(1) The powers of 10 are different. Change mil-
liamps to amps.
(2) Add the numbers in amps.

3mA = 0.003 A
+15 A
15.003 A

SP#4-8 Subtract: .150 kilovolts — 80 volts =

(1) The powers of 10 are different. Change kilovolts
to volts.
(2) Subtract the numbers in volts.

0.150kV= 150 V

- 8V
0V

Multiplication/Division

It is not necessary to align the decimal points,
as it is with addition or subtraction. Instead, the
arithmetic operation is performed and the decimal
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point is adjusted. If the operations of multiplication
and division of decimal numbers is examined, two
very simple rules can be formed to deal with the
powers of 10.

When performing multiplication with decimal
numbers, the multiplication is performed and the
decimal places are added together. When perform-
ing division with decimal numbers, the division is
performed and the decimal point is adjusted to the
right (in the negative direction).

Key Point. Perform the arithmetic operation
as with any decimal numbers. Adjust the decimal
point as follows: to multiply numbers; add the
powers of 10, to divide numbers; subtract the
powers of 10 (numerator minus denominator).

Sample Problems of Multiplication/Division
SP#4-9 Multiply: 2 milliamps x 25 megohms =

(1) Convert from engineering notation to powers of
10 (E notation) with the basic units.

(2) Perform the multiplication.

(3 Add the powers of 10.

(4) Re-combine the results of the multiplication with
the power of 10, then write the final answer in
engineering notation.

2mA x 25 MQ = 2E-3 A x 25E6 @
2 x25 =50

E-3 + E6 = E3

50E3 = 50 kilovolts

SP#4-10 Multiply: 15 milliamps x 10 volts =

(1) Peform the multiplication.
(2) Add the powers of 10.

15mA x 100 V = 15E-3 A x 100E0 V
15 x 100 = 1500

E-3 + EO = E-3

1500 x E-3 = 1500 milliwatts

1500 mW = 15 W

SP#4-11 Multiply: 6.28 x 10 kilohertz x .5
millhenry =

(1) Perform the multiplication.



(2) Add the powers of 10.

6.28 x 10kHz x .5 mH =
6.28 x 10E3 Hz x .5E-3 H
6.28 x 10 x .5 = 31.4

E3 + E-3 = EO

31.4E0 = 31.4 ohms

SP#4-12 Divide: 100 volts / 25 milliamps =

(1) Perform the division.
(2) Subtract the powers of 10. (numerator minus
denominator)

100 V /25 mA = 100E0 V / 25E-3 A

100 + 25 = 4
E0O - E-3 = E3
4E3 = 4 kilohms

SP#4-13 Divide: 12 milliwatts / 60 volts =

(1) Perform the division.
(2) Subtract the powers of 10. (numerator minus
denominator)

12mW/60V = 12E-3 W/ 60E0 V
12 + 60 = .2

E-3 - EO =E-3

.2E-3 = .2 milliamps

SP#4-14 Divide: 6 milliwatts / 3 milliamps =

(1) Perform the division.
(2) Subtract the powers of 10. (Use caution when
subtracting signs.)

6mW/3mA =6E-3W/3E-3A
6 divided by 3 = 2

E-3 - E-3 = EO

2E0 = 2 volts

SP#4-15 Multiply: 5 milliamps x 10 kilohms =

(1) Perform the multiplication.
(2) Add the powers of 10.

5mA x 10kQ = 5E-3 A x 10E3 ©
5x 10 = 50

E-3 + E3 = EO

50E0 = 50 volts

Practice Problems: Arithmetic Operations

Perform the indicated operations with each of
the following problems. Write the answer using the
appropriate engineering notation, with three signifi-
cant figures.

(1) 2.2 kilohms + 3.3 kilohms =
(2) 480 ohms + 620 ohms =
3) 48 MW + 100 kilowatts =
(4) .250 kV - 150 volts =
(5 1.5 amps + 250 milliamps =
6 6.8 mW - 3.5 mW =
(7) .35 millihenries + 100 uH =
(8) .01 microfarads + .001 4F =
@ 10kV - 10 mV =
(10) 5 uF + 25 picofarads =
(11) 15 amps x 10 ohms = (volts)
(12) 25 mA x 300 ohms = (volts)
(13) 50 mA x 1.2 kilohms = (volts)
(14) 30 mA x 25 volts = (watts)
(15) 50 pA x 10 volts = (watts)

100 volts
(16) 25 kilohms = (amps)
25 volts
an 10 miliamps (ohms)
50 kilowatts
a8 100 kilovolts (amps)
430 milliwatts
19 4.3 microamps = (volts)
20) 200 V'x 200V — (watts)
4 kilohms

PROGRAMS FOR THIS CHAPTER

The programs for this chapter are designed to
quiz the student in the various concepts involved in
rounding numbers, significant figures, scientific no-
tation and engineering notation, with special empha-
sis placed on exponential notation.

The programs provide excellent practice after
the student has mastered the rules.

Whenever there is a wrong answer, the com-
puter will offer a series of ‘‘helpful hints’’ for the
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Eng. Notation Menu

1. Significant figures

2. Rounding

3. Scientific notation

4. Removing powers of ten
5. Engineering notation

6. Removing eng. notation

7. Return to main menu
D € S AN 2 O = S ] S A ] 2

Enter the number of your selection?

Program sample:

1. How many significant digits does this number have?

106 ? 3

Correct |

Space bar to continue,
N for new selection.

Fig. 4-1. Engineering notation program menu and program sample.
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purpose of reviewing the rules. Always keep in mind,
the computer programs are only a supplement to the
text and they are not intended to replace proper
study and practice with the practice problems.

This chapter is also a good time for the student
to begin using an electronic calculator. It will be very
important later to have a working knowledge of how
the calculator uses exponential notation.

Figure 4-1 shows the program menu for scien-
tific notation and a sample of the program to preview.

ENGINEERING
NOTATION COMPETENCY TEST

A. Round each of the following to three signifi-
cant figures.

(1) 103,859

(2) 555,555

3 320.8

(4) 598.3

(5) 639.56

(6) 231.37

(7) 0.714285714
(® .09090909
(9) .66666666
(10) .333333333

B. Write each of the following in scientific no-
tation (as a number between 1 and 10 times the
proper power of 10. Example: 57,000 = 5.7 x
10%).

(11) 876,000

(12) 3,200

(13) 980,000,000
(14) 1,200,000
(15) 0.00000035
(16) 0.000189
(17) 0.0002

(19 1.8

(19) 2500 x 103
(20) .0036 x 10-5

C. Write each of the following in exponential
““E’’ notation (as a number between 1 and 10 fol-
lowed by ‘“E” and the power of 10. Example:
57,000 = 5.7E4).

(21) 250’000 RN ‘__\,‘,.\‘, e
(22) 1,800 E
(23) 68,000,000
(24) 560

(25) 0.00000000025
(26) 0.00000357
27) 0.0013

(28) 0.00098

(29) 560,000E-2
(30) 0.0000047E3

D. Convert each of the numbers on the left to
the new units shown.

31 25000V _____ kV
(32) 1.25 A —  mA
(33) 25.5 mW w

34 35kHz _____ Hz
35 015mH _____ yuH
(36) 680 xH ____ mH
37 1500 yF ______ pF

(38) 37,000k ______ MQ
(39) .000082V ____ uV
(40) .000960 A ______ mA

E. Perform the indicated operations with each
of the following problems. Write the answer using
the most appropriate engineering notation, use three
significant figures. The units shown in () will be the
resultant unit without the engineering notation.

(41) 5.6 kilohms + 8.2 kilohms = (ohms)
(42) 280 ohms + 460 ohms = (ohms)
43) 23 MW + 3500 kW = (watts)

(44) .250 mV — 125 uV = (volts)

(45) 25 amps x 20 ohms = (volts)

(46) 50 mA x 300 ohms = (volts)

(47) 20 mA x .125 kV = (watts)

200 volts
“  iohms = @Y
50 volts
49 -]T—_ lliamps = (ohms)
lliwatts
50 750 milliwa - (olts)

250 microamps
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Chapter 5

Introduction to DC
Circuit Components

Chapter Objective: To learn the principles of ba-
sic components used in dc circuits. The components
will each be examined as to how they are manufac-
tured, rated and used.

This chapter will also introduce schematic sym-
bols and schematic drawings.

Chapter Qutline:
O Dc Voltage Sources
O Conductors
[0 Switches
O Fuses and Circuit Breakers
O Resistors
O Resistor Color Code
O Introduction to Schematic Diagrams
O Programs for this Chapter
O Dc Circuit Components Competency Test

INTRODUCTION

Dc circuits are those circuits which use a dc volt-
age source. Dc stands for direct current. This sim-
ply means that the current flows only in one

direction, versus ac voltage which alternates or
reverses direction periodically.

The various circuit components discussed in this
chapter all have very important roles in forming a
complete circuit. Dc circuits form the basic rules for
all circuits.

DC VOLTAGE SOURCES

Dc voltages can be produced from three general
categories; power supplies, batteries and voltage
cells. Power supplies are electronic circuits that
change ac to dc through the use of rectifier diodes.
Batteries produce a voltage through a chemical
process. Voltage cells produce voltage by either light
or heat striking the surface.

Power Supplies

A power supply is an electronic circuit that
produces a dc voltage by converting ac to dc using
rectifier diodes. Power supplies are rated accord-
ing to their output voltage and current handling ca-
pacity. The output voltage can be either fixed
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(unchangeable) or it can be variable over a wide
range. The output current is determined by the
manufacturer and will have a protective device, such
as a fuse, to prevent damage in the event of over-
loading.

Examples of power supplies around the home;
a battery charger for a car, ac-dc converter for a
radio. These two examples have two things in com-
mon; they both plug into the house electrical outlet
and they both produce a dc voltage output.

Photo-Voltaic Cells

The most common type of photo-voltaic cell is
the solar cell. When light energy strikes a solar cell,
it causes the electrons inside the cell to move. More
light causes more motion and current starts to flow.

The actual voltage produced and current capac-
ity depends on the construction of the cell and how
many cells are connected together. Normally, the
voltage and current for any one cell is quite small,
but several cells can be connected together to
achieve the desired results.

Solar cells are in wide use with such items as
pocket calculators, battery chargers, light-sensor
switches, power for satellite stations, power for re-
mote radios, etc.

Batteries

When a source of dc voltage is mentioned,
usually the first thing to come to mind is a battery.
‘‘Storage batteries’’ as they are sometimes called
use chemical reaction to produce electricity. There
are two basic types of batteries; wet cell and dry
cell, although there are variations of these. Either
type of battery operates in much the same manner.
There are two electrodes, made of different
materials, and an electrolyte.

Dry cell batteries are the type used in flash-
lights, portable radios, etc. The center terminal is
the positive electrode and the flat back end is the
negative electrode. The electrolyte is the chemical
inside the battery that causes the reaction to pro-
duce electricity. The electrolyte can be an alkaline,
mercury or various chemicals. The output voltage
of a typical dry cell battery is approximately 1.5

48

volts. It is possible to connect several of these dry
cells together to produce a higher voltage. Some bat-
teries actually connect more than one cell, with an-
other, inside the same container, such as the
common 6 volt ‘‘lantern’’ battery.

Wet cell batteries are the type used in an au-
tomobile or motorcycle. The electrolyte in this type
is a liquid, usually a strong acid. Each wet cell has
the voltage output of approximately 2 volts. There-
fore, a 12 volt car battery has 6 cells connected to-
gether. The difference between a wet cell and a dry
cell is their current handling ability. The wet cell can
produce much more current than the dry cell.

Ampere-Hour Rating of Batteries

The ampere-hour rating of a battery is the rat-
ing of how long the battery will provide current be-
fore it is discharged. This is also known as the
storage capacity of the battery. Usually this kind of
rating is given to wet cells, especially car batteries.

If the ampere-hour rating of a particular battery
is 60 ampere-hours; 60 amps of current can be
drawn from the battery for 1 hour or 1 amp can be
drawn for 60 hours.

Keep in mind, ratings of any product are stated
for an item when it is new and under the most ideal
of conditions. Temperature, for example, greatly af-
fects the capacity of a battery. When it is cold, a
battery loses much of its strength.

Schematic Symbols of DC Voltage Sources

Schematic symbols are used to represent differ-
ent devices or components on a schematic drawing.
A schematic drawing shows how an electric circuit
is connected.

Figure 5-1 shows the schematic symbols for
each of the three basic types of voltage sources. A
dc voltage cell is represented by parallel lines with
one shorter than the other. The longer of the two
lines represents the positive terminal and the shorter
of the two lines represents the negative terminal.
It is not necessary to draw the positive sign next
to the larger line, although it is a good practice.

Figure 5-1A is the symbol for a fixed voltage
source. That means the voltage cannot be changed.
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A. Fixed
dc voltage

B. Variable
dc voitage

1#

T

C. Solar cell
(photo-voltaic)

Fig. 5-1. Schematic symbols of dc voltage sources.

This symbol would be used to represent a battery
or any other fixed dc voltage source. Notice, the
symbol contains two cells, back to back. This is the
most common method of drawing the voltage sym-
bol. Older books use several cells in the drawings.

Figure 5-1B is the symbol for a variable volt-
age source. This symbol would be used to repre-
sent a dc power supply whose output voltage can
be varied. Notice, the symbol is the same as the
fixed except there is an arrow drawn through the
cells. The arrow is used in many schematic symbols
to signify ‘‘variable’’.

Figure 5-1C is the symbol for any photo-voltaic
cell or solar cell. The basic voltage source symbol
is shown with arrows pointing at the symbol. This
method is used to represent light striking.

CONDUCTORS

The purpose of a conductor is to carry the elec-
tricity from one point to another. A good conductor
has the least amount of resistance to the flow of elec-
tricity.

Conductor Materials

Generally speaking metals make reasonably
good conductors of electricity. Metals have a large
number of electrons free to travel from one atom
to the next. Since electrons are the current carriers,
more free electrons means electricity can flow more
easily.

Insulators, such as plastic, rubber, wood, etc.
have very few free electrons and resist the flow of
electricity.

All materials fall somewhere between a perfect
conductor, which offers no resistance, and a perfect
insulator, which offers infinite resistance. Most
materials can be classified as either a conductor or
an insulator.

The conductor material is quite important due
to the fact that so much of it is used, it will deter-
mine cost, current carrying ability, ease of assem-
bly and several other factors. The best conductor
materials are:

O Silver

O Copper
O Gold

O Aluminum

Conductor Sizes

The physical size of the conductor must also be
considered since it will have a great effect on the
cost, current capacity, and ease of handling. The
materials mentioned as the best choices for a con-
ductor are all expensive and heavy in large quan-
tities.

The larger wire size will have less resistance
to the flow of electricity and can carry more current.
Smaller wire sizes are cheaper and easier to work
with (except very small wire). Every application of
a wire is a compromise of these considerations.

In addition to the size, wire is also available in
both solid and stranded wire. Stranded wire has an
end result of being the same size as solid except that
it is made of individual strands of wire twisted to-
gether. Stranding provides flexibility and the more
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strands used to make a particular wire, the more
flexible it becomes.

Wire sizes are given as gauge numbers. The
AWG (American Wire Gauge) number is the method
by which wire is bought and sold. The following ab-
breviated list shows how the wires are numbered
and their sizes. Note: smaller AWG numbers rep-
resent larger wires. Two examples of common uses
of different size wires are; 14 gauge is common in
household wiring, 22 gauge is common in electronic
circuit wiring.

AWG # Diameter (mils)

0000 460.0
2 258.0

6 162.0

10 102.0

14 64.0

18 40.0

20 32.0

22 25.3
36 5.0

Note: “mils’’ equals 1/1000 inches. 0000 AWG
is approximately % inch in diameter, 18 AWG is
about the thickness of the lead in a wooden pencil,
36 AWG is about the thickness of human hair.

SWITCHES

Switches are a very important part of any elec-
trical circuit. They enable the user to control, not
only off and on functions, but many other switching
functions.

This section will deal with some of the more
commonly used types of switches to allow the stu-

dent to become familiar with the schematic symbols
and some introduction to the operation of switches
in circuits. Figure 5-2 shows several switches to be
discussed. :

Toggle Switches

A toggle switch is the type of switch often
thought of as an ‘‘on/off’’ switch. For example, the
switches used for the lights in a house are toggle
switches. Figure 5-2A shows another type of tog-
gle switch. This type would be mounted through a
panel with access to the switch lever from the front.

There are many different styles of switches that
serve the same function as the toggle switch. The
only difference is the style and how it looks from
the outside. Two of these styles are; slide and
rocker, and a drawing of these can be seen in Fig.
5-2. :

Schematic Symbols

The schematic symbol of a switch shows that
the switch ‘‘makes’’ or ‘‘breaks’’ the circuit. Of-
ten, the switch is drawn in an “‘open’’ position, with
the switch line not making contact. When a switch
is drawn in the open position, it symbolizes that the
circuit is in a ‘‘break’’ condition and the switch must
be “‘closed”’ to ‘“‘make” the current operate. Ex-
amine Fig. 5-3A. This simple switch is known as an
on/off switch. It is a perfect example of make-break.

Figure 5-3A represents a single pole single
throw (SPST) toggle switch. The straight lines with
the small circles represent the wires and switch ter-
minals. The line drawn at an angle represents the
switch contact. This switch is drawn in the open po-
sition. It could also be drawn in a closed position.

A. Toggle
switch

B. Slide
switch

C. Rocker
switch

Fig. 5-2. Pictorial drawings of switches that use the same schematic symbol as the toggle switch.
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A. Single pole
single throw
switch (SPST)

%

C. Double poles
single throw
switch (DPST)

ola

E. Normally closed (NC)
push button switch

——oo/o—-—

B. Single pole
double throw
switch (SPDT)

—O Q/'/ [ S
— o
D. Double pole

double throw
switch (DPDT)

1

-0 ©
F. Normally open (NO)
push button switch

Fig. 5-3. Schematic symbols of switches.

The SPST switch can be used only to control one
circuit path.

Figure 5-3B shows the schematic symbol of a
single pole double throw (SPDT) switch. Notice,
there are places for three wires to be connected to
the terminals of this switch. The center terminal is
called ‘‘common’’. The left and right sides are two
different circuits, with the center terminal common
to both circuits. The switch is used to select which
circuit, right or left will be connected to the center
common.

Figure 5-3C is the symbol of a double pole sin-
gle throw (DPST) switch. This switch is two single
pole switches operated by the same switch level.
Two circuit paths, usually the two wires of the same
circuit, go to the switch terminals and the switch will
turn on or off both of the wires at the same time.

Figure 5-3D shows a double pole double throw
(DPDT) switch symbol. This switch is two SPDT

switches connected together. Notice, there are six
terminals available for wires. The three terminals
on one side of the switch are completely separate
from the terminals on the other side. The two com-
mons are separate and each common is used with
the circuit paths on its own side.

Figure 5-3E shows the symbol of a normally
closed (N.C.) push button switch. This type of sym-
bol means that the push button has its contacts
closed until the button is pushed, at which time the
contacts open. ’

Figure 5-3F shows the symbol of a normally
open (N.O.) push button switch. This type of switch
has its contacts open until the button is pushed, at
which time the contacts close.

It is possible for switches to have more combi-
nations than shown here, but once the functions of
these are mastered, any other combinations will be
extensions of these. '
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FUSES AND CIRCUIT BREAKERS

The function of fuses and circuit breakers is to
protect the circuit against current that could dam-
age circuit components. Most everyone is familiar
with fuses or circuit breakers in a house circuit. In
ahouse, the typical current overload situation results
when too many appliances are connected to the same
circuit. When the overload occurs, the fuse will
‘‘blow’’ or the breaker will ‘‘trip’’ and the circuit
will cease to have any power available.

If a fuse or circuit breaker was not used, the
excessive current would create excessive heat and
could cause damage, even melt wires or start fires.

Opens and Shorts

The terms “‘open’’ and ‘‘short’’ are two fault
conditions that can happen to a circuit.

An open circuit is a condition where there is an
“‘open’ or break in the circuit path, such as g wire
becoming disconnected. In order for current to flow,
there must be a complete circuit path, from power
source to the load, and back to the power source.
If the circuit path is interrupted, current cannot flow
and the load will not operate. This condition will not
blow the fuse and there may still be voltage present
which could present a shock hazard.

A short circuit is the opposite of an open. In a
short circuit, the circuit path is ‘‘short-cut’’ around
the load causing an excessive amount of current to
flow. A fuse or circuit breaker will respond to a short

circuit and will break the circuit path, stopping the

flow of current.

Resetting the Circuit

When a current overload protection device

breaks the circuit, the overload or shorted condi-

~ tion must be resolved, before the circuit can be re-
stored to normal.

A circuit breaker looks like a switch, and to
reset the circuit, it is a simple matter of switching
the breaker to the off position and then back to the
on position. Note: when a breaker trips, it will

" usually go to a state between off and on and must
first be switched to the off position.

Fuses come in a wide variety of shapes and
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sizes, but they all have one thing in common; when
the fuse blows, it is no longer useful. The fuse will
open the circuit by melting a segment of the fuse
conducting element. The fuse must then be re-
placed.

Ratings

Fuses and circuit breakers have two categor-
ies for the ratings; quickness of response and volt-
age/current.

The quickness of response is a very broad term
stating if it is ‘‘quick blow’’ or *‘slow blow"’. A quick
blow will respond the moment an overload situation
is experienced. This is the most common type of
current protection. Keep in mind, if a fuse is rated
for 15 amps and the circuit is drawing 14 amps for
an extended period of time, the fuse may heat up
enough to blow.

A slow blow device is used in situations where

it is normal to have a momentary high current, then
drop to a much lower value. An example of this is
circuits with large motors. When the motor is first
starting, there is a surge of current and quickly it
drops to the lower current while the motor is
running.
The voltage/current rating states the maximum
voltage to safely use the device and the current
which will cause the device to respond. When replac-
ing a fuse, it is safe and acceptable to replace with
a higher voltage rating. However, Do Not replace
a fuse or breaker with a Higher Current Rating.
The manufacturer of the circuit being protected
selected the particular current rating to insure pro-
tection of the circuit.

Schematic Symbols

Figure 5-4A is the schematic symbol of a fuse.
Often the fuse current rating will be shown along-
side the fuse symbol.

Figure 5-4B is the symbol for a circuit breaker.
This symbol may also have the current rating.

RESISTORS

Resistors come in many various sizes depend-
ing on how they will be used in the circuit. Regard-



AY,

A.Fuse

B. Breaker

Fig. 5-4. Schematic symbols of current overload protection devices:

less of what type of electronic device, the resistor
is the most commonly used individual component.

The use of resistors will fall into one of two
general categories; either limit the flow of current
or provide a specified voltage drop. Even though the
student may not understand these concepts at the
present time, it is still important to examine the var-
ious types available.

The types of resistors available come under two
very broad categories; either fixed or variable. Both
fixed and variable resistors have essentially two
general specifications; the ohmic value and the wat-
tage rating. Therefore, when identifying a resistor;
determine if it is fixed or variable and the ohmic value
and wattage rating.

Ohmic Value

The unit of measure of resistance is the ohm.
The symbol for ohm is the Greek letter omega Q.
Therefore, the ohmic value is another way of stat-
ing the resistor’s value in ohms.

During the manufacture of resistors, there will
be a tolerance allowed between the designed ohmic
value and the actual value produced. Tolerances al-
lowed will range from 0.5% to 20%. Naturally, the
lower percent tolerance will require more expense
during manufacture. Generally speaking, most cir-
cuits will be designed to use resistors with a 10%
tolerance, which are the most common type
available.

Wattage Rating

Whenever electricity passes through a resistor,
heat will be produced. Some common examples of
heat produced from electricity are: incandescent light
bulb, electric stove, electric heater, hair dryer,
clothes dryer, etc.

The examples given produce enough heat that
even a casual observer can feel the heat produced.
Because electronic circuits use a number of resis-
tors, and other components that produce heat, it is
possible to feel a certain amount of heat radiating
from electronic devices.

All components have a heat range in whlch they
can safely operate. Excessive heat will destroy the
component. Therefore, resistors and other compo-
nents have an effective heat rating, stated in watts.
Wattage is a unit of measure that can easily be cal-
culated and is therefore very easy to work with.

When the wattage rating is stated for a resis-
tor, it is stated with the surrounding temperature
much hotter than normal room temperature. In other
words, its value is for a working circuit that is
producing heat.

The wattage rating affects the physical size of
the resistor since the surface area dissipates the
heat. The lowest standard value of wattage rating
is Y& watt. Carbon resistors are available in ¥4 watt,
Y4 watt, ¥4 watt, 1 watt, 2 watts. Larger wattage
sizes are available with wire wound resistors. A
larger physical size will allow a resistor to dissipate
more heat. Figure 5-5 shows some of the various
sizes of carbon resistors.

Fixed Resistors

Most resistors are of the fixed type, which sim-
ply means their ohmic value is determined during
manufacture and cannot be varied.

The materials used to manufacture the resis-
tors varies. The small fixed resistors are usually
made of carbon or carbon with other various com-
positions. Resistors needing a higher wattage rat-
ing will often be wirewound, which means they are
made of wire wrapped around a core.

53



Fig. 5-5. Various sizes of resistors. Larger are higher wattage rating.

The ohmic range of fixed resistors ranges from
1 ohm to 100 megohms, it is possible to find preci-
sion resistors that have values of less than 1 ohm.
Fixed carbon resistors with a tolerance of 10
‘percent are the most common resistor available. The
following series of numbers is used, with multiples
of 10, to establish ‘‘standard values’’: 1.0, 1.2, 1.5,
1.8, 2.2, 2.7, 3.3, 3.9, 4.7, 5.6, 6.8, 8.2, 10.0.
The ‘‘standard values’’ series expands the ba-
sic series by using multiples of 10. For example, the
value 1.8 can be used as; 1.8 ohms, 18 ohms, 180
ohms, 1800 ohms, 18 kilohms, 180 kilohms, 1.8
megohms, 18 meg ohms. Each of the ‘‘standard
values’’ has a series similar to the one shown here
and will therefore produce a very wide range of fixed
resistance values.
Keep in mind, the physical size of the resistor
does not determine the ohmic value. The physical
size is determined by the wattage rating.
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Variable Resistors

A variable resistor is made in such a way that
the ohmic rating can be varied. In a variable resis-
tor, a sliding arm will slide over, and touch, the resis-
tive element to allow the arm to select a portion of
the full resistance available. The sliding arm is also
called a “‘wiper’’ arm. An example of where a vari-
able resistor is used is as a volume control. Vari-
able resistors are also divided into two general
categories; potentiometer and rheostat. The differ-
ence is in how they are wired and used.

A potentiometer is a variable resistor with three
terminals. It is used in such a way that the variable
arm divides the total resistance into two different,
but connected resistors. Often used as a voltage
divider circuit. A ‘‘pot’’ can be connected as a
rheostat.

A rheostat is a variable resistor with two ter-
minals. It cannot be wired to have the effect of two



connected resistors for a voltage divider effect.

Schematic Symbols

Figure 5-6 shows the three basic schematic
symbols for resistors.

Figure 5-6A is the symbol for a fixed resistor.
This symbol is used for any type of resistor that has
a fixed value. The same symbol can also be used
to show other types of circuit resistance, even if it
is not a physical component. An example is the in-
ternal resistance of a power supply or the effective
resistance of a long piece of wire.

Figure 5-6B is the symbol for a variable resis-
tor. As with many other schematic symbols, the ar-
row is used to indicate variable. This symbol has
three connections for wires, the two ends and the
center contact (wiper), and is usually called a poten-
tiometer.

Figure 5-6C is also a symbol used for a variable
resistor, except this one has only two connections,

one end and the center wiper. This symbol is used
to show a rheostat.

RESISTOR COLOR CODE

Carbon resistors have color bands around the
body of the resistor to identify the value of the resis-
tor. Refer to Fig. 5-7.

The Colors

There are twelve colors used to identify the
value of resistors. Refer to Table 5-1. The first 10
colors represent the digits 0-9 and the last two
colors, silver and gold are used to identify the per-
cent tolerance. Silver and gold can also be used in
the third band as a multiplier.

Color Bands

A resistor can have three, four or five color
bands. A three band resistor is one of the older type,

A. Fixed
resistor

B

B. Variable resistor
(potentiometer)

C. Variable resistor
(rheostat)

Fig. 5-6. Schematic symbols of resistors.

1st  2nd 3rd

4th

Fig. 5-7. Pictorial drawing of a carbon resistor to show the relationship of the color bands.
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Table 5-1. Resistor Color Code.

Color Value

Black 0

Brown 1

Red 2

Orange 3

Yellow 4

Green 5

Blue 6

Violet 7

Gray 8

White 9

Gold x0.1 (third band)
Silver x0.01 (third band)
Gold 5% (fourth band)
Silver 10% (fourth band)
No color 20% (fourth band)

although there are some still in use. The four band
resistor is the most commonly found type. The five
band type is used for either precision resistors or
to show a rating used for military standards. This
chapter will deal with only the three and four band
types because the five band types are special pur-
pose resistors.

The first three color bands give the ‘‘nominal’’
value. Nominal means the ‘‘name’’ or ideal value.
The fourth color band gives the tolerance, in per-
cent. Keep in mind, all electronic components have
a tolerance value. That is to say, the actual value
can vary from the ideal value by that percent
tolerance.

Bands 1 and 2 give the two significant figures.
To achieve these two figures, the first two bands
are directly translated into the digits they represent.
For example; red-orange would give the first two
significant figures of 23.

Band 3 is called the multiplier band. Each color
represents the power of 10 multiplied times the sig-
nificant figures. Gold is 0.1 times the significant
figures and silver is 0.01 times the significant figures.

It is often easier to think of band 3 as represent-
ing the number of zeros that follow the significant
figures. Gold and silver still remain multipliers.
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Band 4 is the tolerance, stated in percentage.
Gold is 5%, silver is 10% and if there is no fourth
band, the tolerance is 20%. The tolerance is con-
verted from percentage to a decimal and multiplied
times the nominal value (found using the first three
bands.) The result of multiplying the tolerance times
the nominal is the ohmic value of the tolerance. The
ohmic tolerance is added to the nominal for the max-
imum value and subtracted from the nominal for the
minimum value. Note: an in-depth explanation of
percent tolerance is given in chapter 3.

Examples of Resistor Color Code

With the examples shown below, the first line
is the colors given on the resistor. The second line
is the value of each of the colors, as read from table
5-1, the resistor color code. The third line is the
nominal value of the resistor. The fourth line is the
ohmic value of tolerance, based on the given per-
cent tolerance. The fifth line is the max and min
values of the resistor, based on the ohmic value of
the tolerance. Note: the first few examples include
only three lines; they do not show the results of
tolerance calculations in order to best show exam-
ples of reading the color code.

yellow-violet-brown-gold
4-7-0-5%
470 ohms +/-5%

yellow-violet-orange-gold
4 -7-3-5%
47,000 ohms = 47 kilohms +/-5%

red-red-red-silver
2-2-2-10%
2200 ohms = 2.2 kilohms +/-10%

red-red-yellow-silver
2-2-4-1%
220,000 ohms = 220 kilohms +/- 10%

blue-gray-orange-gold
6-8-3-5%
68,000 ohms = 68 kilohms +/-5%



'blue-gray-brown-gold
6-8-1-5%
680 ohms +/-5%

blue-gray-blue-silver
6-8-6-10%
68,000,000 ohms = 68 megohms +/- 10%

brown-black-black-gold
1-0-0-5%
10 ohms +/- 5%

brown-black-red-no color
1-0-2-20%
1,000 ohms +/-20%

brown-black-yellow-no color
1-0-4-20%
100,000 ohms = 100 kilohms +/-20%

brown-red-brown-silver
1-2-1-10%

120 ohms +/-10%

+/— 12 ohms tolerance

max = 132 ohms; min = 118 ohms

red-orange-yellow-gold
2-3-4-5%
230,000 ohms = 230 kilohms +/-5%
+/- 11500 ohms tolerance
max = 241500 ohms; min = 218500 ohms

orange-orange-silver-gold
3-3-x01-5%

0.33 ohms +/-5%

max = 0.3465 ohms; min = 0.3135 ohms

brown-black-gold-gold
1-0-x1-5%

1.0 ohms +/-5%

max = 1.05 ohms; min = 0.95 ohms

Practice Problems: Resistor Color Code

Part A. With each of the following, the first
three color bands are given. Determine the nomi-

nal value of the resistor. Ignore the tolerance.

(1) brown-black-brown
(2) red-violet-brown
(® brown-green-red
(@) red-red-red

() orange-white-red
(6) green-blue-red

(7) brown-black-orange
(8) brown-green-orange
(9) yellow-violet-orange
(10) Gray-red-orange
(11) brown-red-yellow
(12) blue-gray-yellow
(13) orange-orange-green
(14) brown-black-black
(15) brown-black-gold

Part B. With each of the following, the ohmic
value of the resistor is given. Determine the colors
of the first three color bands. Ignore the tolerance.

(16) 120 ohms
(17 330 ohms
(18) 390 ohms
(19) 1000 ohms
(20) 1800 ohms
(21) 2.7 kilohms
(22) 4.7 kilohms
(23) 6.8 kilohms
(24) 8.2 kilohms
(25) 10 kilohms
(26) 12 kilohms
(27) 1 megohm
(28) 18 megohms
(29) 10 ohms
(30) 4 ohms

Part C. With each of the following, the first four
color bands are given. Determine the nominal value
and the maximum and minimum values.

(31) brown-green-brown-silver
(32) red-red-brown-gold

(33) yellow-violet-brown-no color
(34) green-blue-brown-silver
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(35) orange-orange-red-gold
(36) blue-gray-red-no color
(37) brown-red-orange-silver
(38) brown-gray-orange-gold
(39) brown-red-green-no color
(40) orange-white-blue-silver

Part D. With each of the following, the ohmic
value of the resistor is given, with the tolerance. De-
termine the first four color bands.

(41) 18 ohms +/-5%
(42) 180 ohms +/-10%
(43) 270 ohms +/-20%
(44) 680 ohms +/-5%
(45) 3900 ohms +/-10%
(46) 8.2 kilohms +/-10%
(47) 22 kilohms +/-10%

(48) 33 kilohms +/-5%
(49) 2.7 megohms +/-5%
(50) 15 megohms +/-20%

INTRODUCTION TO SCHEMATIC DIAGRAMS

A schematic diagram is a diagram showing the
various connections in a circuit. In this section, sim-
ple schematics will be introduced to show the basic
principles of drawing.

Using Schematic Symbols

Schematic symbols have been standardized in
the electronics industry. There may be some slight
variations from the standard symbols, but generally
speaking, the symbols are the same on all drawings.
Figure 5-8 shows the schematic symbols used in the

gl

T

o

o

A. DC voltage B. Single pole C. Single pole
source single throw double throw
switch switch
fL W'
D. Fuse E. Resistor

(O)
\

byt

F. Circuit common
or ground

G. Lamp

Fig. 5-8. Summary of commonly used schematic symbols.
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circuits drawn for this section. Notice, there are
some symbols added to this figure that were not
shown previously in this chapter.

Figure 5-9 shows some examples of schematic
diagrams that have been drawn correctly. Figure
5-9A is the simplest of all circuits possible, a volt-
age source and a load. Although a resistor is a
specific electronic component, the resistor symbol
can be used to represent any load. This drawing sim-
ply shows the battery is connected to something.

Figure 5-9B is a schematic diagram with the four
basic parts of a circuit; a voltage source, an on/off
switch, a fuse for current protection and a load to
use the electricity. Notice the wiring of the switch
and the fuse. They are both in the direct path of the
current. This is the correct way to connect these
two devices.

Figure 5-9C demonstrates one possible use of
a double throw switch. When the switch is in the

right hand position, the resistor load will be con-
nected. When the switch is in the left hand position,
the lamp will be connected. Only one load can be
connected to the battery at a time with the switch
connected in this manner. Also, take note of the cir-
cuit common symbols. There are many types of cir-
cuit common or circuit ground symbols. They are
often used to eliminate some of the lines on the
schematic. Keep in mind, all commons are connected
together.

The process of reading schematic diagrams and
connecting wires in an actual circuit is a task that
takes a lot of practice. It is as important to recog-
nize a correct circuit drawing, as it is to recognize
an incorrect drawing. Figure 5-10 shows some com-
mon mistakes.

Figures 5-10A and 5-10B are incorrect because
the switch and the fuse are connected ‘‘across’’ the
battery instead of “‘in series with’’ the battery.

A. DC voltage with a
load resistor

B. DC voltage with a load
resistor, on/off switch,
and fuse

° ¢ o-

\Y

C. Double throw switch allows battery to supply either the resistor or the lamp. Circuit commons are
used to show that the bottoms of each branch are connected.

Fig. 5-9. Examples of correctly wired complete dc circuits.
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A. Switch connected
incorrectly

C. Open circuit

= 0

B. Fuse connected
incorrectly

®

D. Shorted circuit

:

When the switch is open, the battery will supply volt-
age to the resistor load. However, when the switch
is closed, there will be a short circuit because the
current will flow through the zero resistance path
of the switch. This would cause serious problems.
In Fig. 5-10B, the fuse is a zero resistance path.
The moment the battery is connected, the fuse is
a short circuit path and the battery will try to sup-
ply a large amount of current. This will instantly
‘‘blow’’ the fuse.

Figure 5-10C is an open circuit. This simply
represents a broken connection. The lamp will not
light because there is not a complete path for the
electricity. However, no other problems will result
from the open circuit.

Figure 5-10D has a short circuit. The diagonal
line is the short circuit. Any circuit path that allows
the electricity to by-pass the load is considered a
short circuit. The phrase ‘“electricity takes the path
of least resistance’’ applies to the short circuit.
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Fig. 5-10. Schematic diagrams showing some common wiring errors.

PROGRAMS FOR THIS CHAPTER

There is one program for this chapter. It is prac-
tice with the resistor color code.

The resistor color code is something that is ex-
pected every student would memorize. The program
provides practice in knowing the value of resistance
when the colors are given.

Figure 5-11 is a preview sample of the color
code program. This program may be used with ei-
ther color or B&W monitors.

DC CIRCUIT
COMPONENTS COMPETENCY TEST

1. What is the approximate output voltage of a sin-
gle dry cell?

2. Draw the schematic symbol of a fixed voltage
source. Label positive and negative.

3. Draw the schematic symbol of a variable volt-
age supply.



Color Code

Program sample:

GRN

BLU

What is the value
of this resistor? 56k

ORG

Correct |

Space bar to continue,
N for main menu

Fig. 5-11. Color code program sample.

4.

(<]

W 00 O

10.

11
12.

Does a good conductor have low or high re-
sistance?

. Does a good insulator have low or high re-

sistance?

. Which wire size is larger; 18 AWG or 22 AWG?
. Which wire size is more commonly used in

house wiring; 14 AWG or 36 AWG?

. When a switch is closed, does it have 0 resis-

tance or infinite resistance?

. When a switch is closed, is it an open circuit

or a short circuit?

When a switch is open, does it have 0 resistance
or infinite resistance?

When a switch is open, is it an open circuit or
a short circuit?

Does electric current flow with an open or a
closed switch?

With questions 13 to 18, draw the schematic

symbols of these switches:

13.
14.
15.
16.
17.
18.
19.

20.
21.
22.

Single pole, single throw

Single pole, double throw

Double pole, single throw

Double pole, double throw

Normally open push button

Normally closed push button

Which over-current protection device needs to
be replaced after use; fuse or circuit breaker?
Draw the schematic diagram of a fuse.

Draw the schematic diagram for a fixed resistor.
Draw the schematic diagram for a variable
resistor. ‘

With questions 23 to 30, convert the given value
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to the units shown.

23. 470 ohms = kilohms
24. 33 kilohms = ohms
25. 150 kilohms = megohms
26. 8.6 kilohms = ohms
27. 4.7 kilohms = ohms
28. 1.2 megohms = kilohms
29. 18 megohms = ohms
30.- 220,000 ohms = megohms

With questions 31 to 35, use the three colors
given to determine the ohmic value of the resistor.
Ignore the tolerance.

31. brown-black-brown
32. red-red-red

33. green-blue-orange
34. blue-gray-yellow
35. orange-white-green

With questions 36 to 40, use the four colors
given to determine the nominal value, and maximum
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and minimum values.

36. brown-green-brown-silver

37. yellow-violet-red-gold

38. orange-orange-orange-no color
39. brown-black-yellow-silver

40. gray-red-blue-silver

With questions 41 to 49, determine the first four
color bands of the resistor.

41. 10 ohms +/-10%

42. 270 ohms +/-5%

43. 330 ohms +/-20%

44. 1000 ohms +/-10%

45. 1800 ohms +/-5%

46. 4.7 kilohms +/-10%

47. 6.8 kilohms +/-20%

48. 10 kilohms +/-5%

49. 1 megohm +/-10%

50. Draw a complete schematic diagram of a sim-
ple flashlight (the type that uses 2 ‘D"’ cell bat-
teries).



Chapter 6
Use of an Ohmmeter

Chapter Objective: A hands-on lesson to learn to
operate an ohmmeter, correctly read the scale, use
the range switch, and make resistance meas-
urements.

Chapter Outline:

O Construction of an ohmmeter

O Ohmmeter range switch

O Ohmmeter scale

O Hands-on experience

O Programs for this chapter

O Ohmmeter written competency test

INTRODUCTION

An ohmmeter is used to measure resistance.
It is usually part of a ‘‘multimeter’’, which is a com-
bination meter containing an ohmmeter, voltmeter
and ammeter. There are two general types of
meters; analog, which uses a meter needle sweep-
ing across the scale and digital, which uses electronic
circuitry to convert the measurement to a digital
readout.

Figures 6-1, 6-2, and 6-3 are models of mul-
timeters. Figures 6-1 and 6-2 are analog type meters
and 6-3 is a digital type meter.

CONSTRUCTION OF AN OHMMETER

All ohmmeters have their own internal power
source. The internal power can come from being
plugged into the wall socket or it can be from bat-
teries. The purpose of the internal power source is
to allow the meter to make measurements without
voltage from the circuit.

The voltage from the meter is applied to the re-
sistance to be measured. Current will flow from the
meter, through the *circuit’’ being measured and
allow the meter to measure the amount of current
flowing. It is the amount of current flow that allows
the meter to make the actual resistance meas-
urement.

Simplified Schematic Drawing

Figure 6-4 shows a simplified schematic draw-
ing of an ohmmeter. The three parts of this figure
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/O O  Simpson
500 MA 100 MA
R.5.V 10 MA
-DC
+0C; AC. 10V 1MA
OFF 50 W Rx1 O
250 W. Rx100 ZERO OHMS
500 W. 1000 V

\o" o

55)

Fig. 6-1. Analog type multimeter.

show how the meter responds under different con-
ditions.

Notice that each figure contains; a meter move-
ment, a battery, a variable resistor and a fixed resis-
- tor. The meter movement is represented as a 100
microammeter, which is typical. The battery is
shown as 1.5 volts, since most meters use one flash-
light battery to power the ohmmeter. The variable
resistor is used to adjust the ohmmeter to zero. The
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fixed resistor is used to limit the current to the me-
ter movement.

Figure 6-4A shows the meter terminals open.
When the meter terminals of an chmmeter are open,
there will be no current flow because there is not
a complete circuit. In this condition, the meter will
read infinity, which for most meters, is the left side
of the scale. Note: some ohmmeters have the zero
on the left and the infinity on the right.



100v Rx1k
10 mA
300y Rx10K

100 mp

Rx100K
1 AMP
Rx1m

1000v

Fig. 6-2. Analog type multimeter.

Figure 6-4B shows the test leads shorted together.
This connection makes a complete circuit. Current
will flow from the battery, through the meter, R2
and R1. R1 can be adjusted to allow an amount of
current to flow in the circuit to make the meter have
full scale deflection. The test leads are considered

to have zero ohms resistance and when the meter
is adjusted for full scale, it will read zero ohms.
Figure 6-4C has the ohmmeter test leads con-
nected to a resistor to measure its ohmic value. In
this particular case, the test resistor is almost the
same as the internal resistance of the meter. When
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-1999

DIGITAL MULTIMETER

mV, gA

ulnln
READ INSTRUCTIONS ON
] BOTTOM BEFORE USING 1000V = 750V~

OFF

20 200 2000 20MQ

WARNING MAX,

Fig. 6-3. Digital type multimeter.

this occurs, the meter will read center scale. A cen-
ter scale reading is the most accurate reading with
an ohmmeter.

Typical Schematic with Range Switch

Figure 6-5is a ‘‘typical’’ schematic diagram of
an ohmmeter, including the connections for the
range switch. It is termed ‘‘typical’’ because, even
if other meters are not exactly the same, the basic
concept is the same.

This particular meter has a three position range
switch. The two rotary switches shown are con-
nected together on the same shaft. When the knob
on the meter front is turned, both rotary switches
will turn at the same time.

Comparing the typical schematic of Fig. 6-5 to
the simplified schematic of 6-4, compare the many
similarities. Both drawings have the meter move-
ment, both have R1, ohms adjust, and both have an-
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other resistor in series with R1 (in the same path)
to limit current flow to the meter.

The meter movement can accept only a certain
amount of current. In the case of the one in this ex-
ample, 100 microamps is maximum. The maximum
amount of current flows through the meter when the
test leads are shorted together. When the range
switch is in the highest range, in this case 10,000
ohms, R2 must limit the current to the maximum
value.

When the range switch is moved to the next
lower position, a much smaller resistor is connected.
A smaller resistor is used because when the test
resistor is equal to the ohmmeter’s internal resis-
tance, there will be a mid scale reading. A smaller
value of internal resistance means a larger amount
of current flowing. The meter movement can still
have only the maximum of 100 microamps. There-
fore, some of the current is by-passed around the
meter movement. The purpose of S2 is to select a
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terminals
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center scale
meter reading

%

Q

O
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A. Meter rests at infinity o when test leads are not connected.

Q

Ohmmeter
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to short terminals
to adjust zero

ohms

m@o

100 xA meter
movement
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B. Adjust meter to read zero using ohms adjust with test leads shorted together.
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_ «/T\o
100xA meter
Test leads movement i
connected T
to test
resistor
R2 R1

ohms adjust

C. Meter will read center of méter scale when test resistor is equal to meter’s internal resistance.

Fig. 6-4. Simplified schematic drawing of an ohmmeter. R1 and R2 are the internal resistance of the meter: A. Meter
rests at infinity (co) when the test leads are not connected; B. Adjust meter to read zero using the ohms adjust with the
test leads shorted together. C. Meter will read center of meter scale when test resistor is equal to meter’s internal resistance.
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R1 1.5v

ohms internal
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Fig. 6-5. Typical schematic of an ohmmeter, showing the range switch.
resistor to provide a path to by pass some of the  OHMMETER RANGE SWITCH

current.

It is necessary to readjust the zero setting ev-
ery time the range is changed. This is done by short-
ing the test leads together and turning the ohms
adjust control.

Digital Ohmmeters

The discussion concerning the construction of
an ohmmeter, above, is primarily intended for an
analog meter. The digital meter uses electronic cir-
cuitry to perform the same operation.

The basic principles of operation of the analog
meter can be applied to the digital type. The digital
meter uses an internal resistance and compares it
to the resistance being tested, which is similar to
the analog type.
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The range switch of the ohmmeter is actually
a multiplier. In other words, whatever reading is ob-
tained from the scale is multiplied by the switch
setting.

The range switch on the ohmmeter is used to
select a range that will allow taking measurements
in the most accurate part of the scale. Keep in mind,
the best accuracy is obtained between zero and cen-
ter scale.

Example: A 1000 ohm resistor is being meas-
ured. On the (R x 1) scale, the reading will be 1k,
on the far left. On the (R x 100) scale, the reading
will be 10, in the center. On the (R x 10,000) scale,
the reading will be very close to zero. The best
choice for the range switch setting in this example
would be the (R x 100) scale.



OHMMETER SCALE

On a multimeter, the ohmmeter scale is quite
different from the other scales. Even though it is
different, it is no more difficult to read than a ther-
mometer.

Each of the multimeters shown in Figs. 6-1, 2
and 3 have an chmmeter scale. These three meters
are different in how they look, but they accomplish
the same function.

The multimeter shown in Fig. 6-1 was used as
a model to explain the functions of the ohmmeter
and how to read the scale. Figure 6-6 shows only
the ohmmeter portion of the multimeter scales and
the range switch. Note: the four needles shown are
used as examples in reading the meter.

Nonlinear Scale

The ohmmeter scale is termed ‘nonlinear’’ be-
cause it is not the same size between the different
divisions. The nonlinear scale is caused by the fact
that the ohmmeter has an internal resistance to limit
current flow. Keep in mind, the most accurate read-
ing is found at exactly the center. Between the cen-
ter and zero, upper half of the scale, is the best place
to make all resistance measurements. Adjust the
range switch to make the reading fall into this range.
The lower half of the scale is not very accurate be-
cause the divisions are squashed together.

Some ohmmeters have the zero on the left side,
such as the one in Fig. 6-2. The most accurate part
of the scale is still between zero and the center.

Reading the Ohmmeter Scale

For the purposes of learning to read the ohm-
meter scale, Fig. 6-6 will be used. Note: the four
needles shown are used as examples in reading the
meter.

The scale has zero on the right and infinity on
the left. Therefore, keep in mind, if the needle is
between two divisions, a lower number is on the
right and a higher number on the left.

When reading the ohmmeter scale, it is neces-
sary to evaluate each place the needle lands individu-
ally because the distance between the different scale
markings is different.

Examples of Reading an Analog Ohmmeter

Table 6-1 shows the results of reading the four
example needles of the ohmmeter in Fig. 6-6.

An analog ohmmeter reading must be multiplied
by the range switch setting. The range switch set-
ting for this example is (R x 100). The *‘resistance
measurement’’ column of Table 6-1 has been mul-
tiplied by the range setting and is the final results
of reading the analog example meter.

HANDS-ON EXPERIENCE

This section is designed to give the student
hands-on experience using an ohmmeter. Any mul-
timeter available will be adequate. Make sure the
battery inside the meter is a fresh battery. Note:
some meters that plug into the wall socket still have
a battery inside.

Part A. Meter Adjustments

An ohmmeter has two adjustments to be made;
they are adjustments for both ends of the scale. For
the purposes of this lesson, it will be assumed that
the meter in use has the ohms scale reading right
to left. Zero on the right and infinity on the left.

Step 1. Meter resting position (left side of the
scale).

Refer to Fig. 6-4A.

(a) Meter leads must not be shorted together.

(b) Turn the meter range switch to select any
ohms scale.

(c) The meter should read exactly on the left
side of the scale, infinity. If not, there is an
adjustment screw at the point where the
needle is attached. (This adjustment screw
is usually plastic and not marked.) This
screw is the ‘‘meter zero’’ and is used to
adjust the meter in the resting position.
Turn the screw to place the needle exactly
over the left hand side of the scale.

(d Turn the range switch to check the meter
resting position on all scales; it should not
change.
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ohms
o0 15 10
“ 40 30 5
\ 1003 2
1K
0
(-]
B¢
A D
500 mA 100 mA
25V 10 mA
1oV 1mA
50V R x1
250V R x 100
500 V R x 10,000
Ohms
Reading Range Meas.
A = 1K x 100 100 K
B = 12 x 100 1200
C = 6 x 100 600
D = 15 x 100 150
Fig. 6-6. Ohmmeter scale with examples.
Table 6-1. Ohmmeter Readings. Step 2. Ohms Zero Adjustment.
Resistance Refer to Fig. 6-4B.
Needle Reading Measurement (a) Short the test leads together.
A 1K 100 Kilohms (b) With the range switch on any ohms scale,
B 12 1200 ohms the needle should swing to the far right side,
c 6 600 ohms 0 ohms.
o 15 150 ohms (¢) Adjust the ohms adjust knob so the needle
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falls exactly over zero. If this adjustment
does not bring the needle to zero, it is prob-
ably because the battery is weak.

(d) The zero adjust must be checked every time
a new range is selected.

Part B. Measuring Resistance

Select at least 10 different resistors to make
measurements in this part of the hands-on ex-
perience. Use Table 6-2 to record the results of this
exercise.

Step 1. Making the Measurement.

Refer to Fig. 6-4C.

(a) Connect the test leads to the test resistor.
With the range switch on any ohms scale,
there should be a reading.

(b) Turn the range switch and make a mental
note of the reading on each range. This can
be done quickly without having to adjust the
zero each time.

(© Select the range that provides the best read-
ing for accuracy; between zero and center

(d) Adjust the zero for the range selected.

(e) Read the meter as accurately as possible.
Record this reading in Table 6-2 under the
heading ‘‘scale reading’’.

(® Record the setting of the range switch in Ta-
ble 6-2 under the heading ‘‘range switch’’.

(2) Multiply the scale reading by the range
switch setting. Record the result of this mul-
Uphcatlon in Table 6-2 under the headmg

‘‘resist measure”’

Step 2. Cons;dermg Tolerance.

(a) Determine the nominal value of the resis-
tor under test, by reading the resistor color
code. Record this in Table 6-2 under the
heading ‘‘nominal value’’.

() Calculate the maximum and minimum
values, based on the resistor’s tolerance.
Record these values in Table 6-2 under the
proper headings.

(¢) Compare the resistance measurement to
the calculated maximum and minimum
values and determine if the test resistor is
within acceptable tolerance and mark the

scale. “‘accept”’ column yes or no.
Table 6-2. Measuring Resistance.
Measured Values Calculated Values
Scale Range Resist Nominal Max Min Accept?
Reading Switch Measure Value Value yes/no

)

@

®

@

®

©

®

®

(10)
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Part C. Measuring a Potentiometer

Measuring the resistance of a variable resistor
(potentiometer) is a good demonstration in the
proper use of an ohmmeter. Figure 6-7 shows a
potentiometer schematic symbol and a pictorial
drawing. Figure 6-8 shows an ohmmeter connected
to the potentiometer for testing.

Step 1. Measure Total Resistance.
Connect the ohmmeter test leads to the two ends
of the potentiometer, as shown in Fig. 6-8A. If the
potentiometer has a resistance value marked on it,
it should be equal to this measured value, within an
acceptable tolerance. Turning the adjustment screw
will have no effect on the measurement of total re-
sistance. Record this measurement in Fig. 6-9, on
the appropriate line.

Step 2. Wiper to Either End.
Connect the ohmmeter to the wiper and either end
‘“a’’ or ‘‘b”’, as shown in Fig. 6-8B and 6-8C. Turn-
ing the adjustment screw will cause the resistance
measurement to go up and down.

Step 3. Adding Resistor “‘a’”’ and “b’’.
With the chmmeter connected to point ‘‘a’’, adjust
the potentiometer to have a reading of approximately
14 of the total resistance. Record the actual mea-
surement, on the appropriate line in Fig. 6-9, andla-
bel it “‘resistor a’’. Do not make further ad-
justments.

Move the ohmmeter lead to point ‘‘b’’. Do not
adjust the potentiometer. Record the reading,
on the appropriate line in Fig. 6-9, taken from the
wiper to point “‘b’’, and label it “‘resistor b’’.

A. Schematic symbol.

adjusting
screw

B. Pictorial drawing.

Fig. 6-7. Schematic symbol and pictorial drawing of a potentiometer.

A. Total resistance.

B. From “‘a” to wiper.

L, Wiper

Q
meter,
b

C. From “b” to wiper.

A

Fig. 6-8. Using the ohmmeter to measure a potentiometer.
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A. Measure the resistance of the potentiometer.

a a a
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Q Q Q
total resistance point a to wiper point b to wiper

B. Measure the resistance of a second potentiometer.

N , 4
OO .

C. Measure from common to each side. Switch to other position, repeat.

Fig. 6-9. Ohmmeter experience.
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Add “‘resistor a’’ to “‘resistor b’’. Their sum
should be equal to the measured value of total re-
sistance.

Repeat this exercise for a second, different
value potentiometer.

Part D. Measuring Continuity

The ohmmeter is a very useful instrument for
measuring continuity. Continuity is considered a con-
tinuous path for the flow of electricity. Examples of
checking continuity are:

[0 Checking for breaks in a wire.

O Determine if a fuse is good or bad.

O Locating which terminals of a switch go to-
gether.

Measurements for continuity can be made on
any range setting. The readings will be either in-

finity, if the circuit is open, or zero, if the circuit is
closed. Tests for this section will be made on
switches.

The best type of switch for making this test is
a single-pole double-throw toggle switch. Figure
6-10 shows the schematic symbol and a pictorial
drawing of a SPDT toggle switch.

Figure 6-11 shows the readings at each termi-
nal with the switch in either position.

Step 1. Locating Switch Terminals.
Connect the ohmmeter test leads to the center ter-
minal (common) and either outside terminal.

Note the reading at this outside terminal. Move
the ohmmeter lead to the other outside terminal (the
lead connected to common stays).

The reading from common to one terminal
should be zero, and from common to the other ter-
minal should be infinity.

The side with the zero reading is the closed con-

A. Schematic symbol

4
JJ U

B. Pictorial drawing of a
toggle switch.

Fig. 6-10. Single pole double throw (SPDT) switch.

SAY

A. Switch making contact on
the right.

~

B. Switch making contact
on the left

Fig. 6-11. Ohmmeter showing the readings with the switch in both positions.
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tact and the side with the infinity reading is the open
contact.

Step 2. Relating Terminals to Switch Po-
sition.
With the ohmmeter connected to common and ei-
ther terminal, rec