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PREFAGE

Iniended Audience

Introduction to Electronics is intended to meet
the needs of a one-year program in electronics for
high schools, vocational schools, career colleges,
and community colleges. The book may also be
used in a survey course in electronics for electron-
ics technology, computer technology, and tele-
communications. The fourth edition continues to
give students the basic background that more
closely relates to the needs of industry. It provides
the hands-on instruction required by industry
along with the required theory.

Backoround of This Book

This fourth edition has the same objectives as the
three previous editions, namely, to provide a text
and reference book that summarizes in under-
standable terms those principles and techniques,
that are the basic tools of electronics. In keeping
with current trends, increased emphasis is placed
on the general techniques of electronics. During
my teaching in public school I completed a study
on what industry wanted from students graduating
with a background in electronics. I found that in-
dustry valued a student’s ability to do more than
they valued their ability to know. 1 found that in-
dustry wanted less time spent on teaching theory
and more time spent on instructing hands-on
applications.

After T had rewritten my curriculum, T found 1
had to use several textbooks to teach it. I originally
wrote the first edition of Introduction to Electron-
ics to provide the students with all the information
required by the curriculum in one easy-to-use text-
book. The fourth edition continues to refine the
needs of the students through input from teachers
and changes from the electronics field.

vi

1exIbook Organizalion

Due to the rapid growth of electronics, it becomes
impossible to cover all of the important topics in a
one-year course. Introduction to Electronics provides
the faculty with an opportunity to select those topics
that he/she wishes to emphasize and, at the same
time, provide the student with a reference book of
basic electronics coverage and continuing value.

Teacher can guide students to concentrate on
the material related to a particular course syllabus,
leaving the remaining subject matter as enrich-
ment should students wish to extend their knowl-
edge at a future date. Alternatively, the faculty can
choose to cover a series of selected topics, such as
DC and AC circuits. Another possibility is to con-
centrate on the material related primarily to linear
electronics circuits or other topic of choice. Many
other combinations are possible.

The emphasis still continues to be coverage of
electronics combined with a presentation that al-
lows the student to study a particular topic with-
out having to read the entire text. The level of the
presentation remains unchanged.

The book is divided into five distinct sections:

Section 1—DC Circuits discusses current,
voltage, resistance, Ohm’s Law,
measurement, power, DC circuits,
magnetism, inductance, and
capacitance.

Section 2—AC Circuits covers alternating
current, AC measurements, resistive
AC circuits, capacitive AC circuits,
inductive AC circuits, resonance
circuits, and transformers.

Section 3—Semiconductor Devices covers
topics on PN junction diodes, zener
diodes, bipolar transistors, FETS,
thyristors, integrated circuits, and
optoelectronic devices.



Section 4—Linear Electronic Circuits
covers topics on power supplies,
amplifier basics, amplifier
applications, oscillators, and
waveshaping circuits.

Section 5—Digital Electronic Circuits
covers binary number system, basic
logic gates, sequential and
combinational logic circuits, and
microcomputer basics.

A Glossary contains key terms and
definitions. Finally, the Appendix
includes additional helpful reference
material.

Fealur

The following list provides some of the salient fea-
tures of the text:

e Chapters are kept brief and focused.

e Objectives clearly state the learning goals at
the beginning of each chapter.

e [llustrations are used generously to amplify
the concepts learned.

e Review Questions appear throughout each
chapter so students may check their compre-
hension.

e The mathematical inclusions are written us-
ing only basic formulas.

e Frequent Examples show math and formulas
in use.

e Summaries at the end of each chapter review
important concepts.

e Self-Tests complete the learning tools for
each chapter.

e The two-color design calls attention to the
important features of this text.

e Numerous examples of real-life applications
for the chapter materials are integrated.

e Section activities offer optional hands-on
projects to reinforce concepts.

To ensure accuracy of the examples and
problems, a mathematics teacher continues to re-
view and simplify them. As in previous editions,
this approach creates examples that will help stu-
dents correlate the math learned in mathematics
classes with the math used in electronics.

f1ew Fealures 10 Tnis Edition;
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To keep pace with the rapidly changing technol-
ogy, new material has been added to appropriate
chapters.

-9

A new CD includes MultiSIM circuit files of
selected figures from the textbook. Each cir-
cuit file includes a schematic and supporting
narrative that provides information on trou-
bleshooting and simulating the circuit.

New and updated photos display images of
components and equipment to support theo-
retical concepts.

New Career Profiles highlight occupations of
specific individuals and show the many
fields students can pursue in electronics.
New full-color insert reflects industry stan-
dards and highlights the process of creating
an integrated circuit.

New Section Activities include optional hands-
on projects that encompass the use of bread-
boards and computer simulation programs.
Chapter 4 (Resistance) includes expanded
coverage of surface mount technology and
keeps pace with changes in industry.
Chapter 5 (Ohm’s Law) adds coverage of Kir-
choff’s Current Law and Voltage Law to help
students analyze circuits.

Chapter 6 (Electrical Measurements—Meters)
covers new material on testing and instru-
mentation, and covers digital equipment in
more depth.

Chapter 8 (DC Circuits) discusses the impor-
tance of voltage dividers, which are used in
common, everyday circuits.

Chapter 12 (Alternating Current) discusses
how an AC distribution system works and
how it is used in today’s society.

Chapter 13 (AC Measurements) includes added
material on the Bode Plotter to help analyze
circuits in MultiSIM.

Chapter 34 (Simplifying Logic Circuits) cov-
ers new material on Karnaugh maps.
Chapter 35 (Sequential Logic Circuits) adds
material on memory to help understand
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computer systems.

e Chapter 36 (Combinational Logic Circuits)
covers new material on programmable logic
devices and keeps up-to-date with digital
technology.

e Chapter 36 (Microcomputer Basics) exposes
students to current technology in microcon-
trollers, which is used in everyday applications.

Using (ne GO-ROM

The accompanying CD includes a free Textbook
Edition of MultiSIM and MultiSIM™ (circuit files.
Students can use these precreated files for trou-
bleshooting and simulation. Textbook figures cre-
ated as MultiSIM files are identified by a CD icon
throughout the text.

1 Learning Packaue

The complete ancillary package was developed to
achieve two goals:

1 To assist students in learning the essential
information needed to prepare for the ex-
citing field of electronics.

o

To assist instructors in planning and imple-
menting their instructional programs for
the most efficient use of time and other
resources.

Lab Manual. Labs provide students with the op-
portunity to transfer theory provided in class to
hands-on practical applications. Projects serve to
reinforce the students learning, providing them
the opportunities to see theory become practice.
(ISBN: 0-7668-1700-8)

Instructors’ Guide. The Instructor’s Guide con-
tains solutions to end-of-chapter textbook ques-
tions and to the lab manual experiments. To assist
the instructor/teacher in preparing their program,
a curriculum guide is provided in the Instructor’s
Guide. It helps them to provide a program that

will develop a student’s interest in the field of
electronics. (ISBN: 0-7668-1699-0)

e.resource. The e.resource is an educational re-
source that creates a truly electronic classroom. It
is a CD-ROM containing tools and instructional re-
sources that enrich your classroom and make your
preparation time shorter. The elements of e.re-
source link directly to the text and tie together to
provide a unified instructional system. With the
e.resource, you can spend your time teaching, not
preparing to teach. (ISBN: 0-7668-3017-9)

Features contained in the e.resource include:

PowerPoint Presentation. These slides pro-
vide the basis for a lecture outline that helps you
to present concepts and material. Key points and
concepts can be graphically highlighted for stu-
dent retention. There are 480 slides, covering
every chapter in the text.

Computerized Testbank: Over 900 ques-
tions in multiple-choice format so you can assess
student comprehension.

Image Library. Over 200 images from the
textbook to create your own transparency masters
or to customize your own PowerPoint slides. The
Image Library comes with the ability to browse
and search images with key words and allows
quick and easy use.

Online Companion

The text has a companion website at wwuw.
electronictech.com, which will have high appeal
to both educators and students. The Online Com-
panion provides access to text updates, online
quizzes, RealAudio broadcasts and more.

Aboul (he Author

The author is an Associate Professor at the State
University of New York College at Oswego where
he teaches Electronics Technology in the Depart-



ment of Technology. He has 23 years’ experience
in public education as a successful teacher and
administrator.

The author spent approximately 10 years in
the US Navy as an Electronics Technician, super-
vising, servicing, maintaining, and teaching the
digital navigation computers on Fleet Ballistic
Missile Submarines. He additionally spent another
19 years in the US Naval Reserves as an Electron-
ics Technician before retiring in 1998 as a Senior
Chief.

He is a member of many professional organi-
zations including: the International Technology
Education Association (ITEA), New York State
Technology Education Association (NYSTEA), and
the International Graphic Arts Education Associa-
tion (IGAEA).
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GAREERS I ELEGTROMIGS

Many exciting career opportunities exist in the
electrical/electronics field. A sample of these avail-
able opportunities are provided in the following
information. Check for other career opportunities
at the career information center in your school or
community.

[omation Mechani

An automation mechanic maintains controllers, as-
sembly equipment, copying machines, robots, and
other automated or computerized devices. A per-
son with this job installs, repairs, and services ma-
chinery with electrical, mechanical, hydraulic, or
pneumatic components. Precision measuring instru-
ments, test equipment, and handtools are used. A
knowledge of electronics and the ability to read
wiring diagrams and schematics are required.

Becoming an automation mechanic requires
formal training which is offered by the military,
junior/community  colleges, vocational-technical
schools, and in-house apprenticeship programs. Al-
though most training is provided through formal
classroom instruction, some of the training may
only be obtained through on-the-job training.

Automation mechanic is one of the fastest
growing vocations in the industry. This rapid growth
is expected to continue through the year 20006.

Automotive Mechanic

There are currently more computers aboard to-
day’s automobile than aboard our first spaceship.
A typical automobile contains approximately ten
to fifteen computers that operate everything from
the engine and radio to the driver’s seat. As a re-

X

sult, automotive mechanics now need a greater
knowledge of electronics.

To be able to distinguish an electronic mal-
function from a mechanical malfunction, automo-
tive mechanics must be familiar with the minimum
of the basic principles of electronics. In addition,
they must be able to test and replace electronic
components.

Becoming an automotive mechanic requires
formal training, which is offered by the military,
junior/community colleges, vocational-technical
schools, and in-house apprenticeship programs.
Although most training is provided through formal
classroom instruction, some of the training may be
obtained only through on-the-job training. To re-
duce the amount of time invested in training a
prospective mechanic, more employers are now
looking for people who have completed a formal
automotive training program.

Employment opportunities are good for auto-
motive mechanics who have completed an auto-
motive training program. People whose training
includes basic electronics skills will have the best
opportunities. Employment growth is expected to
increase at a normal rate through the year 2006
with a concentration in automobile dealerships,
independent automotive repair shops, and spe-
cialty car-care chains. Employment in gasoline ser-
vice stations will continue to decline as fewer
stations will offer repair services.

Computer Technician

A computer technician installs, maintains, and re-
pairs computer equipment and systems. Initially,
the computer technician is responsible for laying
cables and making equipment connections. This
person must thoroughly test the new system(s),



resolving all problems before the customer uses
the equipment. At regular intervals, the computer
technician maintains the equipment to ensure that
everything is operating efficiently. A knowledge of
basic and specialized test equipment and hand-
tools is necessary.

Computer technicians spend much of their
time working with people—listening to complaints,
answering questions, and sometimes offering ad-
vice on both equipment system purchases and
ways to keep equipment operating efficiently. Ex-
perienced computer technicians often train new
technicians and sometimes have limited supervi-
sory roles before moving into a supervisory or ser-
vice managerial position.

A computer technician is required to have one
or two years of training in basic electronics or elec-
trical engineering from a junior college, college or
vocational training center, or military installation.
The computer technician must be able to keep up
with all the new hardware and software.

Projections indicate that employment for com-
puter technicians will be high through the year
2006. The nation’s economy is expanding, so the
need for computer equipment will increase; there-
fore, more computer technicians will be required
to install and maintain equipment. Many job open-
ings for computer technicians may develop from
the need to replace technicians who leave the la-
bor force, transfer to other occupations or fields,
or move into management.

Gomputer Engineers

The rapid growth in computers has generated a
demand for people trained in designing new hard-
ware and software systems and incorporating new
technologies into existing and new systems. These
trained professionals are known as computer en-
gineers and system analysts.

Computer engineers can be further broken
down into hardware and software engineers. Com-
puter hardware engineers design, develop, test,
and supervise the manufacturing of computer
hardware. Computer software engineers design
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and develop software systems for control and au-
tomation of manufacturing, business, and manage-
ment processes. They also may design and develop
software applications for consumer use at home or
create custom software applications for clients.

There is no universally accepted preparation
for a computer professional because the job often
depends on the work that needs to be done. Most
employers require that employees have at least a
bachelor’s degree. However, a passion for com-
puters and proficiency in advanced computer skills
will at times win out over a bachelor’s degree.

This field is one of the fastest-growing fields
through the year 2006. Technological advances
are occurring so rapidly in the computer field that
employers are struggling to keep up with trained
professionals. As the technology becomes more
sophisticated and complex, more expertise and a
higher level of skills will be required. A continual
learning process must be undertaken to keep up.
College graduates with a bachelor's degree in
computer science, computer engineering, infor-
mation science, or information systems will enjoy
favorable employment opportunities.

Electrical Engineer

Electrical engineers make up the largest branch of
engineering. An electrical engineer designs new
products, writes performance specifications, and
develops maintenance requirements. Electrical en-
gineers also test equipment and solve operating
problems within a system, and predict how much
time a project will require. Then, based on the
time estimate, the electrical engineer determines
how much the project will cost.

The electrical engineering field is divided into
two specialty groups: electrical engineering and
electronic engineering. An electrical engineer
works in one or more areas of power-generating
equipment, power-transmitting equipment, electric
motors, machinery control, and lighting and wiring
installation. An electronics engineer works with
electronic equipment associated with radar, com-
puters, communications, and consumer goods.
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The number of engineers in demand is ex-
pected to increase through the year 2006. This
projected growth is attributed to an increase in de-
mand for computers, communication equipment,
and military equipment. Additional jobs are being
created through research and development of
new types of industrial robot control systems and
aviation electronics. Despite this rapid growth, a
majority of openings will result from a need to re-
place electrical and electronics engineers who
leave the labor force, transfer to other occupations
or fields, or move into management.

An electrician may specialize in construction,
maintenance, or both. Electricians assemble, in-
stall, and maintain heating, lighting, power, air-
conditioning, or refrigeration components. The
work of an electrician is active and sometimes
strenuous. An electrician risks injury from electri-
cal shock, falls, and cuts from sharp objects. To
decrease the risk of these job-related hazards, an
electrician is taught to use protective equipment
and clothing to prevent shocks and other injuries.
An electrician must adhere to the National Elec-
trical Code (NEC)"* specifications and procedures,
as well as to the requirements of state, county, and
municipal electric codes.

A large proportion of electricians are trained
through apprenticeship programs. These pro-
grams are comprehensive, and people who com-
plete them are qualified for both maintenance and
construction work. Most localities require that an
electrician be licensed. To obtain the license, elec-
tricians must pass an examination that tests their
knowledge of electrical theory, the National Elec-
trical Code®, and local electrical and building
codes. After electricians are licensed, it is their re-
sponsibility to keep abreast of changes in the Nea-
tional Electrical Code®, with new materials, and
with methods of installation.

*National Electrical Code and (NEC)*® are registered trademarks
of the National Fire Protection Association, Inc., Quincy, MA.

Employment for an electrician is expected to
increase through the year 20006. As population in-
creases and the economy grows, more electricians
will be needed to maintain the electrical systems
used in industry and in homes. Additionally, as
both new and old homes are prepared for new
technologies to make them smarter, the demand
will require more electricians who are trained in
the new technologies.

Electronics Technician

Electronics technicians develop, manufacture, and
service electronic equipment and they use sophis-
ticated measuring and diagnostic equipment to
test, adjust, and repair electronic equipment. This
equipment includes radio, radar, sonar, television,
and computers, as well as industrial and medical
measuring and controlling devices.

One of the largest areas of employment for
electronics technicians is in research and devel-
opment. Technicians work with engineers to set
up experiments and equipment, and calculate
the results. They also assist engineers by making
prototypes of newly developed equipment, as
well as by performing routine design work. Some
electronics technicians work as sales or field rep-
resentatives to give advice on installation and
maintenance of complex equipment. Most elec-
tronics technicians work in laboratories, electron-
ics shops, or industrial plants. Ninety percent of
electronics technicians work in private industry.

Becoming an electronics technician requires
formal training, which is offered by the military,
junior/community colleges, vocational-technical
schools, or in-house apprenticeship programs.

Employment of electronics technicians is ex-
pected to increase through the year 2006 due to an
increased demand for computers, communication
equipment, military electronics, and electronic
consumer goods. Increased product demand will
provide job opportunities, but the need to replace
technicians who leave the labor force, transfer to
other occupatons or fields, or move into manage-
ment may also increase.



USING A CALGULATOR

Due to a decrease in cost, the hand-held elec-
tronic calculator has become very popular. Many stu-
dents have rejoiced that all of their mathematical
work is now mastered. In just a few keystrokes, a cal-
culator will give the correct answer. However, stu-
dents fail to realize that a calculator is just a tool to
perform calculations very quickly, but with no guar-
antees for a correct answer. A calculator gives the cor-
rect answer only when the correct numbers are
entered, in the correct order, and with the correct
function keys used at the appropriate time.

If operators do not understand principles of the
mathematical process, they will not be able to properly
enter data into a calculator, nor will they be able to cor-
rectly interpret the results. Mathematical skills still count.
Even when all data is entered correctly, the answer may
be incorrect due to battery failure, and so forth.

Selecting a calculator appropriate for electronics
is an important decision. The marketplace is flooded
with many makes and models. Which is the right one?
What are the functions that will prove to be the most
useful? For this course, choose one that has the fol-
lowing functions: +, — X, +, 1/x, x?, and vV A mem-
ory function is optional. Scientific and programmable
calculators have become popular. Although they are
not needed for this course, they typically include for-
mulas and functions used in trigonometry and statis-
tics. If you decide to purchase one, study the manual
carefully so you may use the calculator to its fullest ex-
tent. All calculators generally come with a manual,
which should be kept handy.

The following examples show how a calculator
is used to solve various types of problems in elec-
tronics. Turn on your calculator. Examine the key-
board. Let's do some calculating.

Addition
Example 1 Add: 39,857 + 19,733
Solution
Enter Display
39857 39857
+ 39857
19733 19733
= 59590

Subtraction
Example 2 Subtract: 30,102 — 15,249
Solution
Enter Display
30102 30102
- 30102
15249 15249
= 14853
Multiplication
Example 3  Multiply: 33,545 x 981
Solution
Enter Display
33545 33545
X 33545
981 981
= 32907645
Division
Example 4 Divide: 36,980 by 43 or 36,980 or 43
+ 30,980 43
Solution
Enter Display
36980 36980
= 36980
43 43
= 860
Square Root
Example 5 Find the square root of 35,721
Solution
Enter Display
35721 35721
v 189

Total Resistance (Parallel Gircuit)

The total resistance of a parallel circuit may be cal-
culated by first computing the reciprocal of each
branch and then taking the reciprocal of the branch
total.

Parallel circuits are made up of resistors that are
sold in resistance values of ohms. Calculating paral-
lel circuit total resistance involves the use of recipro-
cals (1/R) as shown in the parallel circuit formula:

X111
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1 1 1 1

pR— . —_— _—

R, R, R, R,

A calculator gives the reciprocal of a number by
simply pressing the 1/X key. If the calculator does
not have a 1/X key, then each reciprocal value will
be found separately by dividing 1 by the resistance

value.

Example 6 Calculate the total equivalent resistance

of the parallel circuit shown

s :E R, 2Ry ‘ER4
= $150 $270 $a70
Solution
Enter Display
Reciprocal of R, 15 15
1/X 0.0666667
Reciprocal of R, 27 27
' 1/X 0.037037
Reciprocal of R, 33 33
1/X 0.030303
Reciprocal of R, 47 47
1/X 0.0212766
Enter Display
Totals of reciprocals  0.0666667 0.06606667
+
0.037037 0.1037037
i
0.030303 0.1340067
+
0.0212766 0.1552833
Enter Display
Reciprocal of totals — 0.1552833 0.1552833
1/X 6.4398425  Round
answer to
6.44 Q
Fxample 7 Using a Calculator with memory func-
tion
Solution
Enter Display
Reciprocal of R 15
/X 0.0666067
M+ 0.0666667 M

(&

Reciprocal of R, 27 27
1/X 0.037037
M+ 0.037037 M
CO
Reciprocal of R, 35 33
’ 1/X 0.030303
M+ 0.030303 M
@ 0
Reciprocal of R, 47 47
1/X 0.0212766
M+ 0.0212766 M
(€ 0
Totals of reciprocals RM 0.0.155283329
Reciprocal of totals 1/X 6.439841299

Round answer
to 6.44 Q

Note: Rounding is not a calculator function and must
be done mentally. The number of significant digits
can be reduced by rounding off. This means drop-
ping the least significant digits until the desired num-
ber of digits remain. The new least significant digit
may be changed using the following rules:

If the highest significant digit dropped is

less than 5, the new significant digit is not
changed.

greater than 5, the new significant digit is in-
creased by one.

5, the new significant digit is not changed if it
is even.

5, the new significant digit is increased by one
if it is odd.

Example Round 352.580

Round to the nearest tenth 352.6
Round to the nearest whole number 352
Round to the nearest hundred 400

These rules result in a rounding off technique that on
the average gives the most consistent reliability.



SAFETY PRECAUTIONS

The following safety precautions are not in-
tended as a replacement for information given in
class or lab manuals. If at any time you question
what steps or procedures to follow, consult your
teacher.

General Saiely Precautions

Because of the possibility of personal injury, danger
of fire, and possible damage to equipment and ma-
terials, all work on electrical and electronic circuits
should be conducted following these basic safety
precedures.

1. Remove power from the circuit or equipment

prior to working on it. Never override inter-

lock safety devices. Never assume the circuit

is off; check it with a voltmeter.

Remove and replace fuses only after the power

1o the circuit has been deenergized.

3. Make sure all equipment is properly
grounded.

4. Use extreme caution when removing or in-
stalling batteries containing acid.

5. Use cleaning fluids only in well-ventilated
spaces.

6. Dispose of cleaning rags and other flammable
materials in tightly closed metal containers.

7. In case of an electrical fire, deenergize the cir-
cuit and report it immediately to the appro-
priate authority.

o

High Valtage Salely Precaulions

As people become familiar with working on circuits,
it is human nature to become careless with routine
procedures. Many pieces of electrical equipment use
voltages that are dangerous and can be fatal if con-
tacted. The following precautions should be fol-
lowed at all times when working on or near high
voltage circuits:

1. Consider the result of each act. There is ab-
solutely no reason for individuals to take
chances that will endanger their life or the
lives of others.

2. Keep away from live circuits. Do not work on
or make adjustments with high voltage on.

3. Do not work alone. Always work in the pres-
ence of another person capable of providing
assistance and first aid in case of an emer-
gency. People who are considering a career
working in the electricity and electronics field
should become CPR certified.

4. Do not tamper with interlocks.

5. Do not ground yourself. Make sure you are
not grounded when making adjustments or
using measuring instruments. Use only one
hand when connecting equipment to a circuit.
Make it a practice to put one hand in your
rear pocket.

6. Use an isolation transformer when working
on AC powered circuit/equipment. An isola-
tion transformer isolates the circuit/equip-
ment from the power source, adding an
additional safety factor.

7. Never energize equipment in the presence of
water leakage.

Personal alely Precaulions

Take time to be safe when working on electrical and
electronic circuits. Do not work on any circuits or
equipment unless the power is secured.

1. Work only in clean dry areas. Avoid working
in damp or wet locations because the resist-
ance of the skin will be lower; this increases
the chance of electrical shock.

2. Do not wear loose or flapping clothing. Not only
may it get caught, but it might also serve as a
path for the conduction of electricity.

3. Wear only nonconductive shoes. This will re-
duce the chance of electrical shock.
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4. Remove all rings, wristwatches, bracelets, 1D
chains and tags, and similar metal items.
Avoid clothing that contain exposed metal
zippers, buttons, or other types of metal fas-
teners. The metal can act as a conductor, heat
up and cause a bad burn.

5. Do not use bare hands to remove hot parts.

6. Use a shorting stick to remove high voltage
charges on capacitors. Capacitors can hold a
charge for long periods of time and are fre-
quently overlooked.

7. Make certain that the equipment being used is
properly grounded with polarized plugs.
Ground all test equipment to the circuit
and/or equipment under test.

8. Remove power 1o a circuit prior to connecting
alligator clips. Handling uninsulated alligator
clips could cause potential shock hazards.

9. When measuring voltages over 300 volts,
do not hold the test prods. This eliminates the
possibility of shock from leakage on the probes.

Safety is everyone’s responsibility. It is the job of
everybody in and out of class to exercise proper pre-
cautions to insure that no one will be injured and no
equipment will be damaged.

Every class in which you work should em-
phasize and practice safety.

There are three categories of fire, with each requir-
ing special extinguishing techniques.

Class A Combustible materials such as wood, paper, or
cloth. Extinguish this type of fire by cooling it
with water or smothering it with a CO, (Carbon
Dioxide) extinguisher.

Class B Flammable liquids such as gasoline, kerosene,
greases, or solvents. Extinguish by smothering
with foam or CO, extinguisher.

Class C  Electrical equipment. Extinguish by removing
power source and use nonconducting dry
power or CO, extinguisher.

Electrical Shock

A major hazard when working with electricity and
electronic circuits is electrical shock. Electrical shock
occurs when an electric current flows through the

body when a complete circuit exists. Different levels
of current produce the following results:
0.001 Ampere (1 mA) A mild tingling sensation that can
be felt.
0.010 Ampere (10 mA)  Start to lose muscular control.
0.030 Ampere (30 mA) Breathing becomes upset and la-
bored.
Muscular paralysis.
0.100 Ampere (100 mA) Death if the current lasts for more
than a second.
0.200 Ampere (200 mA) Severe burns, breathing stops.
Death.

One technique to reduce current flow is to in-
crease body resistance. Body resistance is high when
the skin moisture content is low with no cuts or
abrasions at the point of electrical contact. In these
situations, very little current will flow with a mild
shock resulting.

If the situation were reversed with high skin
moisture content, lowering the body resistance, a
large current would flow. If the current flows
through the chest region, the heart could go into
ventricular fibrillation resulting in rapid and irregular
muscle contractions, leading to cardiac arrest and
breathing stops.

The factors that influence the effects of electrical
shock include:

e Intensity of the current.

e Frequency of the current

e Current path through the body

e Length of time current passes through the body

Remember, it is the amount of current flow
through the body, not the amount of voltage con-
tacted, that determines the severity of a shock. The
larger the current through the body, the greater the
effect of the shock.

With severe electrical shock, do not become part of
the problem. First, send for help; then remove the
source of power. Do not attempt to touch or pull the
victim away without removing the power souce or
you will also get yourself shocked.

If the power source cannot be secured, use a
nonconducting material to remove the victim from
the circuit. Once the victim is free, check for signs of
breathing and pulse. If trained, begin CPR (car-
diopulmonary resuscitation) if necessary.



When electrical shock is not life threatening, keep
the victim calm and send for expert medical help.

Hazardous Chemicals

Concerns with hazardous chemicals include
breathing vapors, contact with skin and eyes, in-
jecting liquids, and danger of fire or explosions.
Chemicals found in the electronics laboratory in-
clude: adhesives, cleaning solvents, etching solu-
tions, photographic developing solutions,
screenprinting developing and cleaning solu-
tions, solder fumes, and spray paints.
Observe the following safety practices when
working with chemicals:
1. Always wear safety glasses when working
with hazardous chemicals.
2. Wear protective rubber/vinyl gloves when
working with acids.
3. Use tongs when handling printed circuits be-
ing etched.
4. Read the label on all chemicals being used.
5. Work in a well-ventilated space.
6. Wash all tools that contact any hazardous
chemical.
7. Always label containers with chemicals.
8. Do not store chemicals in glass containers if
possible.
9. Store all chemicals in a flammable metal stor-
age cabinet.
In case of contain with a hazardous chemical,
read the label and follow instructions and send for
expert medical help.

Electrostatic Discharge (ESD)

Static electricity is an electrical charge at rest on a sur-
face. The static charge becomes larger through the ac-
tion of a contact and separation or by motion. The
electrostatic discharge takes place when the charged
body comes near or touches a neutral surface.

A surface can become charged through three
means. The most common means is an electrical
charge generated by friction. Rubbing two dissimi-
lar materials together will generate an electrical
charge. Walking across a floor or removing a gar-
ment will develop a voltage in excess of 5000 volts.
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It takes approximately 5000 volts to jump approxi-
mately 1/4 of an inch.

Induction is a second means of developing a
charge. When a person handles a printed circuit board
or electronic component wrapped in a plastic mate-
rial, they induce a charge into the contents of the plas-
tic wrap. When another person removes the plastic
wrap, the sudden discharge results in ESD damage.

Capacitance is the third means of generating a
static charge. Capacitance is inversely related to the
distance between two surfaces. A low voltage can be-
come harmful as one surface is removed further from
the other surface or ground. When a circuit is picked
up from a table its relative capacitance decreases and
voltage increases. When the circuit is grounded again,
damage will occur by the large voltage discharging that
was generated when the circuit was originally lifted.

Metal Oxide Semiconductors (MOS) are ex-
tremely sensitive to static charges, as are CMOS,
FETs, VLSI ICs, NMOS, PMOS, Schottky diodes, ECL
and linear ICs devices.

High humidity can increase surface conductivity,
which reduces friction-generated static electricity.
The increased humidity spreads the charge over a
larger surface area, reducing the field intensity, and
allows the charge to bleed off to ground.

Manufacturers have designed protective circuitry
to help dissipate ESD using zener diodes and limit-
ing resistors.

ESD prevention requires the awareness and
practice of the following procedures:

1. Treat all electronic components and circuits as
static sensitive.

2. Do not touch the leads or pins or components
or printed circuit board traces.

3. Before handling a component or circuit, dis-
charge yourself by touching a grounded metal
surface.

4. Keep components in original packing materi-
als until needed.

5. Never slide static components over any suf-
face.

Hand Tools

When using hand tools, always observe the follow-
ing precautions:

1. Always use the proper tool for the job. Use the
right type and size tool for each application.
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2. When carrying tools, always keep the cutting
edge down.

3. Keep hands clean when using tools. Avoid
grease, dirt, or oil on hands when using any
tool.

4. Clamp small pieces when using hacksaw,
screwdriver, or soldering iron.

5. Avoid using chisels and punches with mush-
roomed heads.

6. Never use a file without a handle.

7. Never use plastic-handled tools near an open
flame.

8. Keep metal rules clear of electrical circuits.

9. Disconnect all electrical devices by pulling di-
rectly on the plug, never the cord.

10. When cutting wire, always cut one wire at a
time to avoid damaging the cutting tool.

Power 1008

When using power tools, always observe the follow-
ing precautions:

1. Only the operator starts or stops a machine.

When stopping a machine, wait until it comes

to a complete stop before leaving the machine.

Make all adjustments to the machine prior to

turning it on.

3. Never have any loose hand tools, rags, or
brushes in the work area when applying
power.

4. Keep all safety guards in their proper position
at all times.

5. Never force a cutting or drilling tool into a
workpiece.

6. Only one person in the work zone at all times
power is applied.

7. Have instructor check any special setups prior
to applying power.

8 Use only grounded power tools with three-
prong plugs or UL (Underwriters Laborato-
ries) -approved housing power tools.

o

Soldering

When soldering, always observe the following pre-
cautions:

1. Always assume the soldering iron is hot.
Never touch the tip to see if it is hot.

2. Always place the soldering iron in its holder
when idling.

3. Never shake excess solder off the tip; wipe it

on a damp sponge or approved tip cleaner.

Never pass a soldering iron to another per-

son; place in the holder and let the other per-

son take it from there.

5. Never solder on a circuit that has power ap-
plied to it.

6. Always use a grounded-tip soldering iron.

=

Slanards

Underwriters Laboratories (UL) label on a device im-
plies the product bearing the label is safe for use as
intended. Tests completed by Underwriters Labora-
tories determine if a product meets the minimum
safety standards. When purchasing a product, check
to determine if it has the UL label on it. The UL la-
bel has nothing to do with the quality of a product —
only the safety of it.

The Canadian Standard Association (CSA) is
similar to the UL safety test. It also has very strict
safety codes. The CSA label appears on all types of
products, including electrical products. CSA also
does on-site inspections of manufacturers on a fre-
quent basis.

If a device has both the UL and CSA labels on it,
it can be assumed that the device is safe.

A number of insurance companies have formed
a group known as the National Fire Protection Asso-
ciation. Every few years, this group publishes a sum-
mary of electrical-wiring codes under the general
heading of the National Electrical Code (NEC). The
purpose of this code is to provide guidelines for safe
wiring practices in residential and commercial build-
ings. State and local municipalities may require even
more stringent codes than the NEC that must be fol-
lowed. In many states all wiring must be done or ap-
proved by a master electrician. These codes are
published for both your own and your neighbor’s
protection. Electrical fires can and do happen and
they can spread to adjacent homes or apartments.
The NEC guidebook helps to minimize electrical fires
and to provide safety when doing electrical wiring.
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