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How to Use This Pamphlet
The secret to successfully earning a merit
badge is for you to use both the pamphlet and
the suggestions of your counselor.

Your counselor can be as important to you as a
coachistoan athlete. Use all of the resources
your counselor can make available to you. This
may be the best chance you will have to learn
about this particular subject. Make it count.

If youor your counselor feels that any information
in this pamphietis incorrect, please let us know.
Please state vour source of infarmation.

Merit badge pamphlets are reprinted annually
and requirements updated regularly. Your
suggestions for improvement are welcome.

Who Pays for This Pamphlet?

This merit badge pamphletis one in a series
of more than 100 covering all kinds of hobby and
career subjects. It is made available for youto buy
asa service of the national and local councils, Boy
Scouts of America. The costs of the development,
writing, and editing of the merit badge pamphlets are
paid for by the Boy Scouts of America in order to bring
you the best book at a reasonablé price.

Send comments along with a brief statement about yourself to
Pilots-and Program Development, $272
Boy Scouts of America » 1325 West Walnut Hill Lane » Irving, TX 75038
ifyou prefer, you may send your comments to meritbadge@Scouting.org.
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Requirements

1. -Describe the safety precautions you must exercise when
using, building, altering, or repairing electronic devices,

o

- Dothe following:

2. Diraw 3 simple schematic diagram. I must show
resistors, capacitors, and transisiors or integrated
circuits. Useé the correct symbols: Label all paris.

b, Tell the purpose of each part.

3. Do the following:
Show the right way 10 solder and desoider.

a.
b. Show how to avoid heat damage to
electronic components.

€. Tell about the function of a printed circuit board.
Tell what precautions should be ohserved when
soldering printed circuit boards.
4. Do the following:

{a} Discuss each of the following with your merit
badge counselor:

{i} How 1o use electronics for a conirol purpose
{ii} The basic principles of digital technigues

{ifi} How 1o use electronics for three different
audio applications
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{b} Show how 1o change thres decimal numbers into binary
numbers and three binary numbers info
decimal numbers.

; {c) Choose ONE of the following three projects. For your
project, find or create 3 schematic diagram: 7o the best
of your ability, explain 1o vour counselor how the circuit
vou built operates,

i

A digital oircnlt
An Zudio ciroui

Ly

a. Show how 1o solve 3 simple problem Involving curent,
voltage, and resistance using Ohm's law.

) b, Tell about the neéd for and the use of fest equipment
: in electronics. Name three types of test equipment.
Tell how they operate.

&, Find out about three carser opporiunities in slectronics that
interest vou. Discuss with and explain to vour counssior
what fraining and sducation are nesded for each position.
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History and Introduction

Electronics is the science that controls the behavior of electrons
s0 that some type of useful function-is performed. (Electrons
will be explained more fully later in this book.) Today, elec-
tronics is-a fast-changing and exciting field.

The rapid growth of electronics started in the early 20th
century when vacuum tubes were introduced and used to
manipulate electronic signals. This was something that could
not-be done with the telegraph and telephone circuits or the
high-voltage transmitters of those days. Vacuum tubes allowed
weak radic and audio signals to be amplified, or to be made
louder or stronget; and be sent on radio waves.

cme ccmputer woutd
 computers had mini
1g power bei:ause, for one reason, the tube‘
eeded alot m‘ power to funct:an. .

Electronics changed even more dramatically in 1948
when the transistor, a small, low-powered, solid-state electronic
device; was invented. Transistors are smaller than vacuum
tubes, require less power to function, and are more reliable. The
development of the integrated circuit, or IC, advanced
this technology further, ICs can contain tens of thousands of
tiny. transistors built onto a small piece of conducting material.
This allows for the construction and ‘production of complex
electronic circuits, which are more efficient than tubes-in
processing electronic signals. ICs are used in many products

ELECTRONICS

HISTORY AND INTRODUCTION
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today, including computers, audio equipment, cell phones,
appliances, and automobiles.

How to Earn the Electronics Merit Badge

The first step in earning your Electronics merit badge is to
discuss the requirements with your merit badge cotinselor.
To fulfill requirement 1, learn about the precautions you
should take when using, building, altering, or repairing elec-
tronic devices. Many electronic components. {parts) could be

Tlps far Repairing
Electm c Devices

out electrostatic discharge—
ou feel after you run across a carpet

set matena!s on fire and damage eiectremc com-
ponents. Before handling components, toucha
piece of metal to d:scharge any statlc electrxmtw :

. Don’t force a compcnem: into anythmg yo
working with, and don't overt;ghten anythi

. Be careful when you are working with. wires.
Bending a wire too often or tightening one too
tighﬂy could cause it to break.

. Whefs ir semng plugs and sockets, ease them in
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damaged if mishandled. Here are some basic safety precau-
tions; there are more safety suggestions later in this pamphlet.
As you read this pamphlet and work on the requirements, pay
attention to safety and see whether you can add to this list.

For requirement 2; study the chapter called “Schematic
Diagrams.” Choose a schematic diagram from this pamphlet,
then copy it carefully with a pencil. Your drawing must show
resistors, capacitors, and transistors or integrated circuits. Use
the correct symbols for these components; label all parts, and
be prepared to tell the purpose of each component. Show your
drawing to your counselor and tell what you have learned.

For requirement 3,-learn how to solder and then practice
soldering and desoldering wires. When you think you are
ready, show your soldering skills to your counselor. Be pre-
pared to discuss soldering precautions, printed circuit boards,
and possible heat damage to components when using a
soldering iron.

Requirement 4 is demanding but fun because you will
actually build a working electronics circuit. Choose your project
carefully. Make siire that all the required parts are available
at an electronics parts store, from a catalogue, or over the
internet (only with your parent’s permission). Also consider
what tools vou will need. You can choose a project other than
those in this pamphlet, but check with your counselor first
to- make sure that the project is suitable. After you are done
with the project, show it to your counselor and explain how
it:works:

For requirement 4 you will also learn the basic principles
of digital techniques; how you can use electronics for control
purposes, and about audio applications. Learn the binary sys-
tem so that you know how to change decimal numbers into
binary numbers and binary into decimal.

For requirement 5, you will need to solve a simple prob-
lem using Ohm’s law. You-also should be able to discuss test
equipment; the different types, and what they’re used for.

For the final requirement, study three career opportunities
in electronics that interest you. Discuss with your counselor
the education and training needed for each.

ELECTRONICS 9






TOOLS FOR ELECTROMITS WORK

Tools for
Electronics Work

The basic tools you will need for most of your electronics
work are shown here. You can probably find some around
your home and get others at an electronics parts store.

Some BasicTools

Slotted {flat-bladed) screwdriver

Phillips screwdriver

Nut driver

Cutting pliers, which cut either Long-nosed pliers are needed

flush or diagonally, are for cut- to bend the leads on compo-
ting wires and trimming leads nents and hold wires or other
you have soldered. parts while you solder.

ELECTRONICS 11
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Electronic paris are called components, which
comes from the word meaning fo put together.

An electronic circuit is composed of several inter-
connected components. The /eads on a componeént
are insulated electrical conductors,; such as wires,
that connect to an electrical device.

For most projects, you can use any small-diameter solid
or stranded hookup wire. Some projects might also require
very small wire. A magnifier or magnifying work lamp is
recommended for examining the circuit board to check solder
connections. Most electronics parts stores have a selection of
This multipur- perforated circuit boards made specially for wiring electronics
pose electrical projects. Many come with small clips for mounting parts. These

tool removes p L : R
insulation from boards are ideal for building simple circuits.

wires before You also will need an electric soldering iron, which you

soldering. You can buy at a hobby, electronics parts; or hardware store.

also can use a The soldering {ron in-a beginner’s tool kit should be a 15 to

hobby knife for : X . L X : B
40-watt iron with a fine chisel tip. Use 60/40 rosin-core solder

stripping wires : X "
and trimming. {60 percent tin, 40 percent lead) that is marked for “electronic

use.” Never use acid core solder. Most of the solder vou will
need will have a diameter of 0.03 inch.
You also should have a solder wick
for desoldering a connection if you
make a mistake or want to
Temove a component.

Basic soldering kit,
perforated boards

12 ELECTRONICS
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Use a workbench for your project if you have one. If not, ™™
you can use a kitchen table; desk, or sturdy ‘card table. You
will need to have good light and ventilation and access to Get your
power outlets. You also will need a few small boxes, trays, counselor's
or jars to hold parts.

approval before

Buying Parts you start
Most electronics parts stores will have the components you your project.

will nieed for your project. If you do a project from scratch;
you will have to buy the parts separately. While you also can —————————"
buy ‘a complete project as a kit, many electronics kits found in
retail stores ‘are not soldering kits; and building a project from
scratch is challenging and rewarding. Scratch projects can be
inexpensive if you can scrounge for most of the parts:

However, a kit has a number of advantages: All the neces:
sary assembly instructions and parts are supplied, including
wire and solder. Special parts, such
as printed circuit boards, come with
the kit. In addition, fewer tools
are required because all necessary
holes are prepunched. Since the kit
has been carefully tested, you know
that the finished product will work.
A complete kit generally costs less
than buying the parts separately.
Investigate doing a project
both ways before you
invest your money.

Kit project

ELECTRONICS 13






Basic Electronics Theory

Before you learn about electronic components, let’s look at the
theory behind electronics. Controlling electrons is the science
of electronics. So, our study of electronics theory begins with
the electron:

Atoms and Electrons

To understand electrons, we must learn about the makeup

of matter. All matter is composed of atoms, and an atom is
composed of three elementary particles: electrons, protons, and
neutrons. ‘Negatively charged electrons revolve around the core
(the nuclens) of the atom, which is composed of positively
charged protons and neutral {not charged) neutrons.

Generally, a negatively charged electron is matched by a
positively charged proton, For example, copper has 29 electrons
revolving around a nucleus containing 29 protons. A basic-law
of nature controls electrical charges. This law simply stated is
that unlike charges attract and like charges repel. This means a
negative charge is drawn to a positive charge but pushes away
from another negative charge. This is called electrostatic force.

Normally, the positively charged protons hold the nega-
tively charged electrons in place. However, an electron some-
times breaks away from an atom because of an outside force,
such as heat, light, magnetic fields; or chemical reactions.

ELECTRONICS

BASIC ELECTRONICS THEORY

15
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Once freed, electrons can “float” among atoms. These free
electrons are what is important in electronics; Devices such
as resistors, capacitors, and:transistors are used to control the
behavior of these free electrons.

Conductors and Insulators

Conductors act as a pathway for free electrons: Most metals are
good conductors of electrons, so-they can be used to “transport”
electrons from one place to-another. Insulators act as walls or
barriers, preventing electrons from flowing where we do not
want them to flow. Insulators, for example; are used on most
electrical wires to protect us.from electrical shock.

Copper; silver, and gold are popular conductors because
they have a large number of free electrons. As an example of
how to make the electrons flow, picture a length of copper wire
with one end connected to the positive terminal of a battery
and the other end connected to the negative terminal. The
positive terminal attracts the negatively charged free electrons
of the wire (remember; unlike charges attract) while at the
same time the negative terminal repels the electrons. The result
is a flow of electrons through the wire from the negative to the
positive terminal. This flow is called an electric current.

An insulator works just the opposite. In some materials,
such as plastics and glass, atoms hold their elsctrons tightly.
These materials have very few free electrons. Therefore, if a
length of insulator is' connected t6-a battery the same way the
copper wire was attached, no measurable current would flow.

Current, Voltage, and Resistance
Here are some basic definitions of terms used in electronics.

¢ Current is the orderly movement of electrons through-a
conductor: Current is measured in amperes, or-amps, or
the rate at-which electrons move past a given point. One
ampere is the movement of .about 6 billion: billion electrons
past that point'in one second.

o Voltage is an electrical pressure that can cause current to
flow. Voltage forces current to flow through a wire in much
the same way-that water pressure forces water to flow
through a pipe. This electrical pressure can be caused with
magnetism, chemicals, friction, light, or heat: The unit of
voltage is the volt.
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* The opposition to current flow is resistance. The resistance
of a material is mainly determined by how many free elec-
trons it has, If the material doesn’t have many free electrons,
it will have little or no current flow. The unit of resistance
is the olun. One ohm is the amount of resistance that will
allow 1-ampere of current to flow when the applied voltage
is 1 volt.

Ohm's Law

Ohm’s law describes the basic relationships between current,
voltage, and resistance. The formula for Ohm’s law is:

Voltage (volts) = Current {(amperes} X Resistance (chms)
To determine current, the formula would be:
Current (amperes} = Voltage {volis) + Resistance {ohms}

If you know current and resistance, you can find out'the
voltage. For example, how much voltage is needed to-force
2 amperes of current to flow through 10-ohms of resistance?

ELECTRONICS 17
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Ohm’s law tells-us that we need to multiply our 2 amperes
{current) by the 10 ohms (resistance} to arrive at the answer:
20 volis.

If you know voltage and resistance, you can figure out
current (Voltage +. Resistance}. Therefore, how much current
will flow in a circuit having 5 chms of resistance when 15
volts are applied?

15 volts'+ 5 ohms = 3 amperes

With these formulas, you can solve simple problems involving
cutrent, voltage, and resistance.

Power

Another electrical quantity is power. Power is the rate at
which work is done. The unit of electrical power is the watt
and can be compared to the unit of mechanical power, called
horsepower. One horsepower is equal to 746 watts. The
formula for power is

Power (watts) = Voltage {volts) X Current (ampertes)

When this formula is applied, you can determine the amount
of power used by a circuit if you know the voltage and current.
For example, how much power is-tised by a 120-volt toaster
that draws 5 amperes?

120.volts X 5 amperes = 600 -watts

The power used by the toaster is 600 watts. This power is
used; or dissipated, in the form of heat to toast the bread.

~ James Watt, a Scottish engiheer and inventor inthe
. 18th ané ﬁariy ‘isth cemurxas, actuaﬁv tested horse&
hau{mg coal to help him th
; that 1 harse;aﬂwe:r is th& amaum s:;f power requsred .
1o Jift 33 000 fmunﬁs 1 fﬁot in 1 mmute The watt s
~ named aft&r hsm ' -




Resistance and Resistors

You have learned that when you apply a voltage to the ends
of a conductor, if ¢reates a current. Its strength depends on

the applied voltage and the resistance of the conductor. The
resistance of a conducting material depends-on three factors:

1. The kind of material
2. The length of the material
3. The diameter or area of the material

Temperature also is a factor in resistance. In most materials; resis-
tance is increased when the temperature rises and decreased if
the temperature is colder. In most simple circuits; howevey, tem-
perature is not critical and is often ignored. The kind of

material is probably the most important factor in resistance.
Copper, for example, is a good conductor, while iron of a similar
size has a higher resistance. Carbon has even a higher resistance
than iron.

The longer the conductor, the higher the resistance will
be. For instance; if the length of a copper wire is doubled, the
resistance will be doubled. As an example, a 60-foot length of
copper wire might have a resistance of 1 ohm. A same-sized
copper wire that is 120 feet long would have a resistance of
2.ohms.

Size s important; 100, A thick conductor will carry more
current and offer less resistance than a thin one. Think again
of water pipes. A large water pipe will allow more water to
flow than a small one; When a current flows through-a resistor,
a component that limits or opposes the flow of a current, work
is being done to move the electrons. This work produces heat
and warms the resistor. Heat produced by an electric current is
the basis for the operation of many electrical devices and
appliances such as heaters; toasters, stoves, and soldering irons:

ina lightbulb, an electrical current causes a wire filament
to become so hot that it glows to produce light. Only a fraction
of the power that comes from the filament produces light.

The rest generates heat, which is why incandescert bulbs are
so inefficient. A tesistor is designed to have a specific value

of resistance; and resistors are available in-a wide range of
values. Standard power sizes are 1/4 watt, 1/2 watt; 1 watt,

and 2 watts. These values indicate the maximum recommended
power that the resistor can dissipate. The higher the power
rating, the larger the resistor.

ELECTRONICS
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Capacitors and Capacitance

Accapacitor is a device for storing electrons, or an electrical
charge, that can be released at a later time. Imagine two sheets of
aluminum foil (conducting plates) that are separated by a sheet
of waxed paper-{an insulator). If you connect a battery to the
two aluminum sheets; electrons will flow from the sheet that is
connected to the positive terminal of the battery. Simultaneously,
the same number of electrons will flow from the negative termi-
nal of the battery to the other aluminum sheet. The number of
electrons that are transferred makes the voltage between the
aluminum sheets exactly that of the connected battery. If the
battery is removed, the aluminum sheets will remain in their
charged state: If there is no leakage through the waxed paper,
the sheets will rernain charged indefinitely.

Any two conducting plates separated by an insulator make
up‘a capacitor, A capacitor can consist of many conducting
plates with insulating separators: Alternate plates would be
connected to form interleaved stacks.

The higher the voltage, the greater will be the amount
of charge that is transferred from one plate to the other. The
ratio of charge to voltage is defined as the capacitance of the
capacitor. Or you could also say that the “electrical size” of
a capacitor is ifs capacitance, which is the amount of elec-
tric charge it ¢an hold. The unit of capacitance is the farad.
However, this unit is:too large for most practical capacitors,

50 capacitors are manufactured to measure millionths of 4
farad {(microfarads) and trillionths of ‘a farad {picofarads;
which are micro-microfarads).

The insulators that separate conducting plates in a capacitor
can be made of several materials, including ceramic materials;
mica; certain types of paper, air, and oxide (a compound con-
taining oxygen). A popular capacitor has been the electrolytic
capacitor. In this capacitor, the insulator is an extremely thin
oxide layer. The leads of electrolytic capacitors are marked
positive and negative. These indicate how the ‘capacitor must
be connected for proper operation.
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Electron Tubes and Diodes T —

The electron tube made the science of electronics possible.

Although it largely has beern replaced by transistors, it still has .

special uses. Diagrams” chapter
A diode allows current to flow through it in one direction. g help you

but not the other, It has two main electrodes, placed a'short

distance apart in a vacuum. One electrode is called the plate, understand the

the other the cathode. A filament {or heater) heats the cath- illustrations in

ode, The cathode is made of a material that emits electrons

when it is heated, so a cloud of electrons surrounds the heated

cathode. When the plate of the diocde is connected to the posi-

tive side of a battery, electrons from the cathode will flow to SRS ————

the plate.'As we have learned, the positive charge attracts the

negatively charged electrons. Therefore, electrons can easily

flow from the cathode to the plate

See the "Schematic

this section.

ELECTRONS CAN ELECTRONS CANNOT
FLOW FROM CATHODE FLOW FROM PLATE
TOPLATE. T0O CATHODE.
PLATE
CATHODE
HEATER <\

How the diode operates

However, if the negative terminal of the battery is
connected to-the plate, no current will flow. That's because a
negative voltage repels negative charges. 50, a negative chaige
on the plate repels the electrons {which also are negative) that
are emitted by the cathode. Furthermore, the plate cannot emit
electrons of its own because it is not heated. Thus, no current
can flow between the plate and the cathode:

ELECTRONICS 21
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A triode s a three-element tube; A fine-mesh wire resides
between the plate and the heated cathode. This extra element,
the control grid, regulates the current that flows through the
tube. When the grid is positive, it attracts the electrons emitted
by the cathode. However, because the grid is a wire mesh; most
of the electrons pass through the mesh and to the plate. If the
grid is positive, a heavy current will flow fromt cathode to plate
{see the illustration}. If negative voltage is applied to the grid,
it repels the electrons emitted by the cathode. Only a few
electrons make it through the wire mesh and go to the plate:

If the grid is made negative enough, no electrons will flow.
Thus, the voltage on the grid determines the amount of
current that flows through the tube:

WHENTHEGRID IS
NEGATIVE, FEWER.
ELECTRONS FLOW.

WHEN THE-GRID 1B
70

FPLATE

GRID

How the triode operates

As an example, the voltage applied to the grid might come
from a microphone. The mike produces a low voltage that
corresponds to the sound striking the grid on the mike. This
causes the current through the tube to fluctuate with the
sound. The fluctuating current in the speaker reproduces the
sound. If the circuit is designed properly; the output sound pro-
duced by the speaker will be louder than the original sound.

Semiconductors

The word semniconductor is used to name a wide variety of
electronic devices. Made of solid or liguid material, semi-
conductors generally are able to conduct electricity more
easily than an insulator, but not as easily as-a metal

The semiconductor diode performs the same basic func-
tion as the electron-tube diode. It allows current to flow'in one
direction, but not 'the other. This diode consists of two different
types of silicon crystals.An impurity (some type of substance)}
can be added to one area of the silicon to control the silicon’s
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conductivity. The silicon is said 1o -have been “doped” when
it ‘has been treated with atoms from an impurity. These atoms
combine with the silicon atoms in such a way that electrons
float around freely inside the silicon. This type of silicon is
called N-type (or negative-type}. The N-type silicon is the
cathode of the diode.

ANODE
NATYPE PTYPE \
)
08 986l6%% @ | ——K——
Tleo% ol Pee0
co6i®see
CATHODE - ANODE \
CATHODE
o | -o &0 &0
o % ? oo -G
[CERE R o7 % g
N P
=z Py
E§§+ i i§
ELECTRONS FLOW. ELECTRONS CANNOT FLOW,

Semiconductor diode

The other area of silicon also'has an-added impurity. But
the atoms of this impurity combine with the silicon atoms
in such a way that there is a shortage of one electron in the
bonding. The absence of an electron is called a “hole,” and
this hole can grab an-electron from a neighboring atom. Thus,
a hole can “float” from atom to atom the same way an electron
might. The silicon with the holes is called P-type (positive).

For current to flow through the diode, the negative terminal
of the battery must connect to the N-type silicon {the cathode}
and the positive terminal to the P-type silicon {the anode}. The
negative terminal repels the free electrons of the N-type material.
The electrons are forced toward the junction where they fill
the waiting holes. However, as the electrons leave the anode, new
holes form. This results in'a constant flow of current
from cathode to anode.

Current cannot flow in the opposite direction (see the
illustration for the semiconductor diode). If the battery’s
connection is turned around, it attracts the electrons and the
holes away from the junction. Because there are no free
electrons at the junction, no current can flow;

ELECTRONICS 23
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The transistor is perhaps the most important invention
in the history of electronics so-far A transistor uses the P-type
and N-type silicon in mmuch the same way as a diode. However,
the transistor has three electrodes; called the emitter; the base,
and the collector. The collector is.connected to the positive
terminal of the battery, and the emitter is connected to the
negative terminal. Electrons will try to flow from the emitter
to the collector. However, a thin layer {the base) separates
these two elements. If the base is negative, it repels the free
electrons in the emitter. In this case, no current can flow
from the emitter to the collector.

COLLECTOR ’;‘ COLLECTOR

ANE)

BASE N

ar

EMITTER  —~

ELECTRONS FLOW EMITIER
WHENTHE BASEIS
FPOSITIVE

NPN transistor

If the base is:positive, electrons can flow into the base
from the emitter: Some of the electrons will flow into the
positive base lead. But because the base is very thin; most
of the electrons travel through the base to the collector. Thus,
if the hase is made more positive, more electrons will flow.
Conversely, making the base less positive will reduce the
current flow. You can see then that a small voltage on the
base will control the amount of current through the transistor.
For this reason, the transistor can be used as an amplifier in
much the same way as-a vacuum tube.

Notice the symbol in the illustration used to represenit
the NPN transistor. Another fype of transistor-is called the
PNP transistor. Its structure and schematic symbol are shown
in the following illustration. This transistor requires opposite
poiarity. voltages for proper operation.
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COLLECTOR =~ COLLECTOR

BASE '

K

EMITTER .+

ELECTRONS FLOW EMITTER
WHENTHE BASE IS
NEGATIVE:

PNP transistor

NPN and PNP transistors are called bipolar transistors, and
they are the most popular types used. A number of other semi-
conductor devices are loosely called transistors, such as field
effect transistors, unijunction transistors, and silicon-controlled
rectifiers, but these won’t be discussed in this pamphlet:

Integrated Circuits

Anvintegrated circuit {IC) is a complete circuit in-a single pack-
age. Transistors, resistors, diodes, and capacitors can be formed
in a single chip of silicon; a semiconductor. One chip can
contain thousands or even millions of electronic components.
Integrated circuits have revolutionized many fields, including
communications; information handling, and computing.

They have reduced the size of devices, while providing faster
speeds and increased reliability.

The individual components of ICs
are extremely small-and are assembled
to a pattern that has been planned in
advance. A chip might look flat, but it
has several layers for circuits: Switches
control the electrical current through
the chip. The switches manipulate the
binary code (discussed below} with “on”
and “off” switches. The binary code is
at the core of how a computer operates.
Chips come in‘many different sizes, with " ppq integrated mmm’; orlC, has le
millions:of transistors being able to fit on  smaller electronic devices that are faster
chips the size of a postage stamp: and more reliable.

ELECTRONICS 25
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A computer might
contain more
than 2 billion

transistors!

26 ELECTRONICS

Two basic types of IC are called linear'and digital. Linear
circuits include amplifiers, oscillators, regulators, and other cir-
cuits used in TV sets, audio amplifiers, radios; and:hearing aids.
Digital circuits include memories and arithmetic circuits and
counters in watches, calculators, computers, and video games.

Microprocessors

The microprocessor-is a type of ultra-large IC. By 1971,
the technique of making ICs had progressed to the point
where enough computing power could be put on-a single
IC to form-a tiny, primitive computer, or calculator. The
first microprocessor was born. Today, microprocessors can
incorporate more than a billion transistors; plus components
such as resistors, capacitors, diodes, and wires.
The microprocessor accepts input data, modifies that
data in some way, and produces an appropriate output. The
earliest application of the microprocessor was the: calculator.
A calculator accepts numbers that the user enters on a key-
board; performs a mathematical operation on those numbers
that the user desires; and then sends the result to a display.
Today’s microprocessors function as the central processing unit
(CPU) of computers. They also are used in many electronics
systems such as cameras, printers, planes; and automobiles.
The microprocessor in an automobile, for instance,; exam-
ines inputs from several sensors, makes decisions based on
those inputs; and adjusts such things as the mixture. of air
and- fuel and the timing of ignition firing. The microproces-
sor’s :most important aspect is that it can be programmed to
perform an almost limitless number of applications.
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SCHEMATIC DIAGRAMS

Schematic Diagrams

The illustrations in the previous section didn’t show you a
picture of a real diode or transistor. Instead, they showed

you a kind of illustrated outline, called a schematic diagram.
These diagrams are a simple way of showing how electronic
components are connected. In a schematic; symbols stand for
the different electronic components. The schematic diagram
illustrated here is for a code-practice oscillator, used to
practice Morse code. The corresponding pictorial representation
shows how the components actually look. In the schematic,

a different type of symbol represents each type of component:
long-and short lines represent the battery; a zigzag line stands
{or a resistor. In this-section, you will learn these symbols so
that you can understand schematic diagrams.

SPEAKER

Schematic diagram,
code-practice oscillator

Pictorial representation,
code-practice oscillator
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To start, compare the schematic diagram with the pictorial
and match each symbol in the schematic with its equivalent
component in the pictorial. ‘Also match each line in the sche-
matic with the appropriate wire in the pictorial. Notice where
two lines cross in the schematic. If the wires are to be connect:
ed, a dot shows at the crossing on the schematic. If there is'no
dot, the two wires bypass each other and are not connected.

When you draw your schematic for requirement 2, you
will need a'sharp pencil, paper, and a ruler or straight edge
for drawing straight lines. A compass might be helpful for
drawing circles. If you have a computer with a drawing pro-
gram, you might use that to draw a:schematic.

Components

B0 8 Before we look at the most common types of eléctronics
ELECTRICITY y P
components, as well as the schematic symbol and a pictorial
of each one; let’s define and review some basic terms. (also
see the Basic Electronics Theory section):

e Electricity is-a property that electrons have that causes
them to behave in certain predictable ways.

e Electrical charge is a quantity of electricity.

To fearn e The electron is a tiny particle that has a negative

more, read electrical charge.

the Flectricity e Current is defined as the flow of electrons.

merit badge . Voltage is the pressure that causes current to flow.
s Resistarice is the opposition to current flow.

pamphlet. : : :
¢ Direct current (DC) is current that always flows in

the same direction.
Lo v e

o

Alternating current (AC) is a-current that reverses
its direction of flow many times each second.

Each resistor has a specific amount of resistance. A resis-
tor is 'somewhat comparable to a‘nozzle on-a water hose. For a
givenr water pressure, the nozzle controls the amount of water
that is allowed out of the hose: Similarly; for a given voltage, a
resistor controls the flow of electrical current.

Most resistors are made of a carbon compound: Resistors
used for high currents often are made from special-wire that is
wound on an insulating form. The type of compound or wire
used determines how much electrical current can flow for a
given voltage.
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The value of a resistor is given in ochms. The symbol for the
ohm is the Greek capital letter omega (Q). Thus, 1Q designates
the resistance of 1 ohm. A 1kQ resistor has a resistance of
1 kilohm;, or 1,000 ohms. A 1MQ resistor has a resistance of
1 megohm, or 1 million ohms.

The illustration here shows a variety of fixed resistors and
a cross-section of a fixed resistor. The values of fixed resistors
cannot be changed. The resistance of variable resistors, how-
ever, such as those shown, can be changed. Variable resistors
have a slider that can be moved with a knob or adjusted with
a screwdriver. Rheostats and potentiometers are types of vari-
able resistors. These resistors can be used in appliances that
need their currents adjusted or when the resistance needs to
be varied, such as with lights that can be dimmed.

Fixed resistors

1
WA

Resistors have bands of color that allow you to determine Schematic symbols,
their mathematical value. (See page 40.) The cross-section fixed resistor

of this fixed resistor shows the inside, which is made of

carbon. Note the schematic symbol for a fixed resistor.
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Many kinds of inductors, or coils, are used in electronics.
When a current flows through them, energy is storedin:the
magnetic fields they produce. Using an inductor with a capaci-
tor results in-a tuned circuit that has a natural frequency. This
type of circuit is often connected to the antenna of a radio
receiver. It tunes one station at a time, ignoring all the stations
of frequencies to-which it is not tuned. A choke is a particular
type of inductor that blocks the passage of alternating current
(AC) but permits the passage of direct current (DC).

Unlike the fixed resistor, the value of a variable resistor can be changed.

B

Schematic symbols for the variable resistor

—mrs. .

Inductors

FIXED INDUCTOR. YARIABLE INDUCTOR - IRON-CORE INDUCTOR

Schematic symbols for inductors
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A capacitor is a storage element for electrical charge,
similar to a bottle that stores a liquid. The basic unit of capaci-
tance is the farad (F). Practical capacitors have capacitance
values in microfarads (jiF). The physical size of a capacitor
depends on its voltage rating and its capacitance value. The
higher the voltage rating and the larger the capacitance value,
the larger the capacitor must be.

Capacitors

AS you have already seen, there are dozens of types of
semiconductor devices, including the transistor and the diode,
Transistors are solid-state devices used for controlling current.
A-very small input current controls a much larger output
current. For example, the small current from a microphone
can control a much larger current that drives a loudspeaker.
This is the idea behind the audio amplifiers used in public
address systems.

\|

STHEMATIC DIAGRAMS

/|

Schematic symbol, fixed capacitor Schematic symbol, variable capacitor

ELECTRONICS
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NPN transistor,
schematic symbol

2

PNP transistor,
schematic symbol

:

Schematic symbol

34 ELECTRONICS

Transistors

Diodes operate as check valves, passing current in 6ne
direction but not the other. A diode’s most common application
is in power supplies. It changes alternating current (AC) into
direct current {DC)-

Diodes

The operation of an electron tube is somewhat similar to
that of a transistor. In the tube, a small input voltage controls
a relatively high output voltage: Thus, a tube can amplify a
signal in much the same way a transistor does. Today; most
electron tubes have been replaced by solid-state devices, such
as transistors. However, for uses that require high power, tubes
are still used. The most popular is the picture tube in older
television sets. Flat-screen TVs do not use picture tubes.
However, tubes for high power are still used today in lasers,
radars, strobe lights, and special-use vacuum tiibes:



Schematic symbols

Complex ¢ircuits are available in integrated circuit 30}
form at inexpensive prices. The IC, which consumes little power,
is reliable, cheap, and small. Because devices using ICs can'be
improved and made cheaper, the IC has replaced traditional
components in many applications. As' shown hete, ICs come in
several types of packages. The doal iri-line package (DIP) is the
maost popular stvle for most applications.
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The main purpose of 2 transformer is 1o siep up or step
dowi voltages of currents. For example, a step-up transformer
can change low-voltage, high-cisrrent electricity into high-
voltage, low-current electricity. A transformer is often

¢ rhetween that links tiwo circuits that have

cal mpuise




SCHEMATIC DIAGRAMS

Schematic
symbol,
speaker

Speakers

“Fransistor circuits operate at low supply voliages and have
low power requirements. Therefore, transistor devices are often
driven from small batteries or DC voltage sources. Depending
on the type of transistor used, iwo to four flashlight batteries
are often adequate for relatively long service. Ordinary flash-
light dry cells produce approximately 1.5 volts. Four 1.5-volt
celis connected in a series'can provide 6 volts. Single 9-volt é_j_
batteries also are used. p—

Batteries are made from several types of materials for —
different uses. Alkaline, lithium, and mercury batteries are =TT
used when long life is desired. Nickel-cadmium batteries give
shorter service but can be recharged. The nickel-metal hydride MULTIPLE-CELL
battery is replacing the nickel-cadmium battery because it BATTERY
doesn’t suffer the memory effect {that is, not allowing a partially
charged battery to fully recharge before use}. Zinc-carbon also
is used in many inexpensive drv-cell battenies. + |

Batteries
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SELECTOR SWITCH

Switches and their
schematic symbols

38 ELECTRONICS

Switches are an important part of almost
all electronic eguipment. They come in a wide
variety of shapes, sizes, and functions. The
simplest is the single-pole, single-throw type.
When closed, this switch completes a circuit,
allowing an electric current 1o flow. When open,
the circuit is broken and the current doss not
flow. The on-off switches on most elecironic
devices are of this type. A single-pole, double-
Hrow switch has a contact armthat can be
set in either of two positions. In the example
shown here, terminal A can be connected 1o
either terminal B or terminal CoA double-pole,
double-throw switch can simulianeously switch
two wires from one circuit to another It can
be thought of as two single-pole; double-throw
switches that operate together. A rotary or
selector switch has one or more arms that
can be set to various positions.

‘e é&?&ii}gfﬁéi}i %}f elect ﬁ;azs has '

A photoelectrical cell changes one or more
of its characteristics when exposed to lighti It is
popularly called the eleciric eve, which controls
operations such as traffic Hghts, door openers,
and devices that activate lights at dusk and
turn them off at dawn. One type of photosleciric
cell is called a photoronductive cell. Another
name for this type of cell is the light-dependent



registor has 3 small window so
that light can strike the resis-
tance material. Generally, such
a cell has a high resistance
when in darkness. Another
type i called a photovoliaic
This is the familiar "solar
that is used o power
electronic squipment 08
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The é‘%{gié%%i §§§ afiracts 3 mov. é%% § shea %;% an
Arelatively *§§§§ current can cause the :%ggi contacts
¢ close, but the contacts can handle a much heavier
current. The relay allows 2 small current o switch a
higher current on or off. By using several switch
contacts, a relay allows a single current to.control
several different currents simultaneously.

The Color Code of Resistors
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tniorance {discussed below ) Oolors used for e bands e
used in place of numbers. T determine the resisiance vale in
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o the end of the resiston symbol, relay
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Suppose a resistor has a
brown, a black; and thena
brown band. The code chart
shown here tells you that brown
represents the number 1. The
second black band represents
the number 0. The third band
tells vou how many 28w *zsi
add o the B

(4]

Resistors are labeled with colored bands. The o th
colors of the bands represent numbers that 11 1he exampie,
determine 5 resistors valie The fourth band brown, 5o vou ;;‘% one ’%‘gxx
represents the resisior’s Tolerancs. Thersfors the valie o
resistor is 100
snd indicatss the solomnre of e
7 atcurate the actual value s H the
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SCHEMATIC DIAGRAMS

Now try the example for the resistor shown here, which
has a red band first, then a yellow band, and then an orange
band. The red band means that the first number is 2. The yellow
band corresponds to the number 4. The orange band tells us to
add three zeroes. Thus, the value'is 2-4-000, which translates to
24,000 ohms, or 24 Klohms (kQ).

Resistors in an old radio
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Soldering

1] Séi%éié’iﬁi 5%3%%%% wor ”gg %g secivnies must

know how 1o solder well, and safely. I takes practios, but
once you %35;% yoi will be able 1o §§§§3€§§ assenible an

abso % %é% secure. g% ?‘%‘;é connection in 2 §§§§,§ for &%gé%
souid resul In nolse, somaiching sounds, or no sounds At gl
Foor {§§§§E‘§:§§§ s TY could disrupt the sound and piciors.
A boyond ust aradioand
2TV in someons’s home, the
safe operation of airplanes
and the lives of astronauts
in: flight depend on secire
electronics connections.
Saldering is not just
ghuing metals jogether %%is
e%é%ssg%g%éﬁggf = of
%{g@g, Done correcily,
ering nnies the §§§§§§%
that é%:f%zg:g%?
da %%& ?;g% mixiife
ead and fin soider angd
soldering ron.
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always work with solder i .

Do not allow anyone to dri
the soldering area,

because it will burn you al

if possible, use a solderin
when vou are soldering lea
to hold the solder.

. more rapidly whe ,
; §r§ sure the iron

the ! ironina §§§§§§§ %%;gg 2
Don't lay it down on your b




The Soldering Iron

An inexpensive pencil-type soldering iron of no more than
40-watt capacity. {15 to 25 watts are also suitable} is the best
for electronics work. The tip should be 1 to 2 millimeters
{mm]}, and the solder should be T mym. It is helpful to get an
iron with inferchangeable tips of different diameters or shapes
to be used on different kinds of work. The iron should be
well-balanced and have a handle that will remain cool while
you work.

Tinning your iron means coating the Hp of the soider
fron with a thin coat of solder. If vour iron Is new, read the
instructions aboul preparing it for use. Most new irons are
already tinned, so you might not have 1o tin it if the tips are
silvery, you can use them as they are.

if instructions aren’t included with your iron and the tip
is not silvery, first use a fine file to file the tip until it is shiny.
Then heat the iron and coat the tip with rosin-core solder. Be
sure to coat all sides of the tip.

if vou have an older ron that has been used and the point
is already silver-tooking, just wipe it clean with a cloth and
vou are ready for work. 1 it is dull or looks coppery, file and
Hn i

You aiso should have 3 heatresistant bench-type iron
hoider so that the hot fron can safely be set down between
uses. Look for one that has a holder for tip-cleaning sponges.

How to Solder

A well-soldered joint, one that will be reliable in use, will be
nice and shiny looking. To achieve a well-soldered joint, make
sure you do the following:
1. Solder with a'clean, well-tinnied tip. Wipe the tip on

a damp sponge before soldering and between soldering.

- Make sure all wires, parts, and the circult board t0'be
solderad are clean.

223

Liub

- Make a good mechanical joint before soldering.

4. Allow the joint 1o get hot enough before applying solder,
and then apply an adequiate amount of solder {o the joint.

5. Allow the solder to set before handling or moving
soldered parts.

ELECTRONICS
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Remember that in preparing work for soldering, dirt is
the enemy of soldering. A solder will not take if parts are dinty,
30 be sure fo completely clean all wires and surfaces before
applving solder. Use fine sandpaper or emery paper to clean flat
surfaces or wire. I you do have dirty parts or a dirty surface,
you might try to use too much heat to force a connection.

ﬁemembes that no amount of cleaning wxﬁ How
you to solder to aiummum. When makmg acon-
nection to a sheet of a?ummum, vou must oonnect
‘the wire by aso ider lug or a screw.

When preparing wires, remove the insulation with wire
strippers or a hobby knife. If using 2 knife, hold the knife at an
angle as i you were sharpening a pencil Do not cut straight
into the insulation because vou could nick the wire and weaken
it. For enameled wire; use the back of the knife blade to scrape
the wire until it is clean and bright.

Next, tin the clean end of the wire. Hold the heated tip
of the soldering iron against the undersurface of the wire, and
place the end of the rosin-core solder against the upper surface.
As the solder melts, it will flow on to the clean end of the
wire. Hold the hot tip of the iron against the under surface of
the tinned ‘wire and remove the excess solder by letting it flow
down the tip. When properly tinned, the exposed surface of
the wire should be covered with a thin, even coating of solder.

Before you é@g&; secure your work so %%}3‘2 itwon't
move during s&i‘égﬁgg With circuit boards, you
could use holding frames. Use 2 g’z&éﬁi&fs sgzaii
vice to hold f}f%rzer parts. -



SOLDERING

Unless you are creating a femporary joint, the
next step is o make a good mechanical connection
between the parts to be soldered. For instance, wrap
the wire carefully and tightly around a soldering
terminal or soldering lug. {Bend wire and make con-
nections using long-nosed pliers.} When connecting
two wires, make a tight splice before soldering. Once
vou have made 2 good mechanical contadt, you are
ready to solder

When you are working with an ordinary circuit
Board, you will bend the wires of a component through
the board. For those parts, such as some resistors; that
hecome hot when in gperation; raise them slightly
above the board to allow some air circulation.

The next step is to apply the soldering iron and
solder to the connection. The temperature of all the
parts that are being soldered should be raised to about
the same degree before applying the solder. If solder-
ing a spliced wire, hold the iron below the splice and
apply solder to the top of the splice. I the tip of the
iron has a bit of melted solder on the side held against
the splice, heat is transferred more readily to the splice;
and the soldering can be done more easily. Don't
trv to solder by applying solder to the joint and then
pressing down on it with the bon.

1t usually takes two to three seconds 1o solder on
a printed circuit board. Remember: Too much solder
on a joint might cause short circuits with adjacent
joints. However, if you don’t apply enough solder, you
might not form a secure and fully working joint.

When soldering the wires of a component; you
might snip the extra wire leads off before soldering.
However, with some components, such as semi-
conductors, it might be best to snip the surplus
wire after you have made the joint

Don't disturb the soldered joint until the solder
has set. This might take several seconds, depending
on the amount of solder used 10 make the joint Then
take a good look at the joint. 1t should have a shiny,
smooth appearance. It should not be pitted or grainy.
if it i3, then reheat the joint; scrape off the solder,
clean the connection, and start over.
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After the solder is well set, pull slightly on the wirs fo see
whether it is 3 good, tight connection.

How to Desolder

In case you accidentally make 3 wrong connection or have (@
move a component that has been placed incorrectly, vou should
learn how to desolder connections, Take care when desoldering
to avoid breaking or destroving good parts. The leads on
components such as resistors or transistors and the lugson
other parts: might sometimes break off when desoldering a
good; tight joint. To avoid heat damage, use as'much care
in desoldering delicate parts as you do in soldering them.

There are two ways to desolder. The first and usually easi-
est way is to use a metal wick or braid on a small dispenser
reel to remove the melted solder. This braid is available at most
electronics parts stores. Place the braid against the joint that you
want to desolder. Use your heated soldering iron to gently press
the braid against the joint. As the solder melts, i is pulled into
the braid. Don’t Ief the joint cool while the
braid is resting against the joinl By repeating
this process, you can remove virfually all the
solder from the joint. Then reheat the joint
and §ft off the component leads

The second method involves'using a
desoldering pump, 07 a vacuuin device, 1o
suck up the molten solder. Most electronics
parts stores have these devices. Follow the
manufacturer’s instructions for the pump you
are using, but here are some general
guidelines. Use your soldeting iron to heat
the joint that you want to desolder until the

Desoldering braid
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solder melis. Then squeeze the desoldering pump to create a
vacuum inside. Touch the tip of the pump to carefully “vacu-
um” the solder you want to remove. Repeat the process until
you have removed most of the molten solder. Then reheat the
joint and gently pry off the wires.

Experiment with and practice your soldering techniques to
fulfill requirement 3 before you begin working on your circuit.
Use pieces of wire or some old components and wire. Practice
until you can solder joints that are smooth, shiny, and tight.
Then practice desoldering some of the connections until vou
are satisfied that vou can do them quickly and without break-
ing wires or lugs.
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1o gei i}&gﬁg{i while ﬁ{é{iéi’%ﬁg;

= Quickly cool iha burned area &sfﬁ%z cold f%i%’%ﬁii’fg water, an ice pack;
or mmethmg frozen iss,;ﬂis ' ,\ bag of g}gas} until the pain is gone.

o

inst nfection.

s Do not apply any omtm \

® Seek medical advice fmm?ﬁ&r\, he burn is severe.

Soldering Printed Circuit Boards

Most electronic devices use gne o more
printed circuit {(PC) boards. APCbhoard s
made of a nonconducting material, such as a
thin sheet of fiberglass or phenolic resin

_ {plastic] that has a pattern of foil conduc-
tors “printed” on i and has predrilied holes
designed to hold components. You insert
compenent leads into the holes and solder
he leads to the foil pattern. This method of
assembly is widely used, and vou probably will
use it if you choose to work with an
electronics kit

Printed circuit boards make assembly
easier. First, insert component leads through
~ the correct holes in the board. Mount the
parts tightly against the circuit board unless
otherwise directed. Insert a lead and then
bend it slightly outward to hold the part in
place. Then follow these steps.

Step 1—Touch the tip of your soldering iron
0 both the component lead and the foil
until they are uniformly hot enough to melt
he solder.

Step 2— Apply a small amount of selder 1o
both the tip and the connection.

Step 3—Remove the iron and let the solder
set before moving the wire or the board. The
finished connection, as vou have learned,
should be smooth and shiny.
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Step 4—Finally, clip off the excess
wire length.

Occasionally a solder “bridge” will form
when solder connects between two adjacent
foil conductors. You must remove such bridges
or a short circuit will exist between the two
conductors and the circuit won’t function
properly. Remove the bridge by heating it
with your soldering iron and quickly wiping
away the melted solder with a soft cloth.

Be sure to remove all solder “bridges,” A hole on the board could get

which can cause short circuits. plugged by solder. Clear the hole by
heating the solder while pushing a
component lead through the hole
from the other side of the board.
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CONTROL DEVICES

Control Devices

An important application of electronics is the control of certain
operations with the use of control devices. For example, control
devices can make lights go on at certain times or open doors
automatically. To satisfy requirement 4, you will build a working
electronic circuit. You may choose to build a control device.

Building a Control Device From Scratch

You can build a control project from a kit, but you may want
to build a project from scratch. The one shown is easy to build
and fun to use. It is a control circuit that uses light to control
an audible alarm. This is a popular type of control circuit. It
could be used in industry to warn if a flame in a furnace

has gone out.

The circuit is constructed on the single piece
of 3-by-4-inch perforated board. While the exact
size is not critical, a board that is too big is
better than one that is too small. The holes in
the board need to be /10 inch apart. This is
necessary so that the pins of the op amp will fit.

Many types of boards are available. The
board used (and shown in the photographs) for this
project has foil patterns designed especially for integrated
circuits, which makes the project easier. To use this type of This control
board, insert components through the board from the top and circuit uses
solder to the foil patterns on the bottom of the board. You gghat;;ﬁ:ontmi
make connections from one component to the next by using ’
short wires called jumpers.
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Parts Needed

IRy 100 ka
potentiometer

IRy 100 kO resistor

[ 1Ry 10 kO resistor

[T Rg o 4.7 KO resistor

Note: R2, B3, and B4 can be

5 percent or 10 percent
tolerance and sither 12 or
Ha watt: ;
[JLDR Light-dependent
resistor, cadmium-
suifide photocell

[J Gy NPN transistor
type ZN3053

1€y 741 operational
amplifier (op amp)

[1:PB. Piezoelectric buzzer
(18, Single-pole,
single-throw switch

1 Perforated board approx-
imately 3 X 4 inches
{described on page 53)

[” Four standoffs (legs)
and screws .

(] Battery holder for
9-volt battery

[ 9-volt battery

[ Battery clip for
Yvoit battery

[ 4 feet of No. 24
insulated wire

ELECTRONICS

Procedure
To build this circuit, follow these steps.

Step 1—Gather the parts. The most conve-
nient place to get parts for this project is at
a Radio Shack store. Parts also are available
from various electronics supply stores or
over the internet (see the resources section
at the back of this book). It’s a good idea
to make sure you can find all the parts
before you buy any of them. This circuit
will work with a wide variety of parts.

Step 2—Lay out the circuit board. Before
you begin, decide where each component
will go on the board. The illustration here
shows a suggested layout. Lay the compo-
nents on the board and trace the outline
of each to make sure everything will

fit properly.

Step 3—Drill the holes. You must drill
several holes (see the illustration for the
pattern) in the circuit board before mount-
ing any components. The four holes at the
outer corners are for the four standoffs, or
legs, that will hold the circuit board. It is
recommended that you buy a board that
has these four holes already drilled. This
will leave you with only three holes to drill.
The first is the small hole for the

battery holder. Make this hole slightly larger
than the screw that holds the battery holder
to the board. Two larger holes are required
for the potentiometer and the switch. In
each case, make the hole slightly larger
than the part that is to be inserted through
it. Drill the holes carefully so you don’t
damage the perforated board.

Step 4—Mount the IC. Attach the 741 op
amp first. It must be mounted so that its
pins are attached to foil patterns that allow
additional components to be attached.
Insert the IC in the top of the board.
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Identify pin 1 of the IC as illustrated at
the bottom of the schematic diagram
shown here. Mark pin 1 on the board

SWITCH
O O LDR O

with a pencil so that it is easier to
identify each of the pins as you solder
components to them.

Step 5—Mount the LDR. Insert the
leads of the light-dependent resistor into

BATTERY

the board at the location shown and @)

QO ER:! Oa
UR?_ DRar

® ()
®)

solder the leads to the foil. Don’t worry
about which lead is which. The LDR
can be turned either way.

Step 6—Mount R;, R, and Ry. Insert the
leads of the resistors at the locations shown.
Bend the leads over so that you can insert
them through the board and solder them to the
bottom side. Don’t worry about which lead is
which. The resistors can be turned either way.

Step 7~Mount the transistor.
Insert the transistor (Qy} into
the board, carefully observing

Suggested layout

O O

O OO

Hole pattern

illustrated in step 4 shows how
to identify the three elements.

the emitter, base, and collector
connections. The drawing at ©
the bottom of the schematic 54
3
.

Step 8—Mount the buzzer.
Insert the buzzer (PB) through 9\7 - R, <R,

the board. Note that the minus 100K | 100K,

() and plus (+) sides must *
be connected as shown in
the schematic.

Step 9—Mount the switch. First remove the retaining
nut. Mount the switch by pushing it through from the
bottom of the board. Attach it to the board with the
retaining nut. Cut two lengths of wire, each about

3 inches long. Remove !/ inch of the insulation from
each end of the wire. Turn the board upside down
and connect the switch lugs to the foil patterns using
the two prepared wires as seen in the bottom view
shown here.

Schematic diagram, circuit board

COLLECTOR

BASE

EMITTER =

2N3053 viewed
from bottom
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Step 10—Mount the potentiometer. Remove the retain-
ing nut. Mount the potentiometer (R,) by pushing it

:] i

D

741

through from the bottom of the board. Attach it to the
board with the retaining nut. Cut three lengths of wire,
each about 3 inches long. Remove 1/4 inch of insulation
from each end of the wire. Turn the board upside down

LT T TJ [T andconnect the potentiometer lugs to the foil patterns
1 2 3 4

Viewed from top
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by using the three prepared wires as seen in the top
view shown here.

Step 11—Mount the battery holder.

Step 12— Mount the battery clip. Strip /4 inch of insulation
from the ends of the battery clip’s black and red leads.
Solder the black and red leads to the board. Do not connect
the battery yet.

Step 13—Interconnect the components. Use jumper wires 10
interconnect the components. A good way to do this is to refer
to the schematic and color each line on the schematic as you
connect that jumper wire on the board. Cut each wire to the
length needed and remove 1/4 inch of insulation from each end
of the wire. Ingert the jumper from the top of the board and
solder to the foil on the bottom.

Step 14— Check all wiring. Before you apply power, recheck
all wiring as described in the soldering section. Make certain
that all components are interconnected properly. Check the pins
of the op amp to make certain that you have the pin numbers
right. Also recheck the placement of the transistor (Q,).

Step 15— Apply power. Attach the battery clip to the battery. If
the buzzer sounds, flip the on-off switch to the opposite posi-
tion. Place the battery in the holder.

Step 16— Coarse-adjust R,. Flip the on-off switch to the “on”
position. If the buzzer does not sound, adjust the potentiometer
until you hear a sound from the buzzer. If you cannot make
the buzzer sound by turning the potentiometer, flip the switch
in the “off” position and adjust the potentiometer until the
buzzer sounds. If the buzzer will not sound in either switch
position, then immediately disconnect the battery and recheck
all wiring. Correct the problem by rewiring as necessary.
Repeat the process until you hear a tone from the buzzer.



Step 17—Fine-adjust R;. Once you get a sound from the
buzzer, cover the LDR with a finger to block light from the
device. With the LDR covered, back off the setting of the
potentiometer just to the point where the buzzer no longer
sounds. The buzzer should now sound when the LDR is
uncovered but stop buzzing when the LDR is covered. The
circuit is detecting the presence of light and responding by
sounding the buzzer.

Circuit Operation

To understand how the circuit works, refer to the schematic
diagram shown at step 4. Start at the buzzer (PB} and work
backward. The buzzer will sound when current flows through
it. Transistor Q; controls the current through the buzzer. When
Q, conducts, current flows through Q, and the buzzer, creat-
ing the sound. In turn, the 741 op amp controls Q;. The 741
{ICy} is an integrated circuit that contains dozens of transistors
connected as a very high-gain amplifier. This means that it can
amplify extremely tiny differences in the voltages applied to
the two input terminals {pins 2 and 3}.

The resistance of the light-dependent resistor (LDR)
determines the voltage on pin 3 of the op amp. If no light
strikes the LDR, the voltage is low. When light hits the
LDR, its resistance falls and the voltage on pin 3 of the
op amp increases,

Before using the circuit, carefully adjust the setting of R;.
Moving the arm of R, changes the voltage at pin 4 of the op
amp. With the LDR shielded from light, you set R, just below
the point at which the buzzer is activated. When R, is properly
set, the voltage at pin 3 is slightly lower than the voltage at pin
2. The op amp amplifies this tiny difference in voltage and pro-
duces a very low voltage at its output. This low output voltage
holds Q; cut off so that no current can flow through the buzzer.

When light hits the LDR, as was noted, its resistance
drops. This increases the voltage at pin 3 of the op amp. The
op amp amplifies this difference, producing a high voltage at
its output. This turns Q; on, forcing current through the
buzzer and sounding the alarm.

ELECTRONICS
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Digital Electronics

Since the use of transistors began in 1948, the field of electronics
has undergone a revolution that continues to allow for the
introduction of a vast array of new devices. The development

of digital electronic components has revolutionized fields such
as computing, communications, and information handling.

Such components have replaced many traditional circuits

and components.

Possibly the best example of this revolution is the personal
computer and related products. Other examples are digital
watches, digital thermometers, hand-held computers and games,
complex calculators, electronic games, televisions, and digitally
recorded music and videos.
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Binary Number System

To understand digital electronics, you must first learn the
binary number system, which is used in digital equipment.

The decimal system of numbering uses 10 different digits:
0,1,2,3,4,5,6,7, 8, and 9. This number system is suitable
for people but is too complex to be used by electronic circuits.
Digital logic is a simple process that can make only two
decisions: true or false. So the binary number system has
only two digits: 0 and 1. Thus, “true” can be represented by 1
and “false” by 0.

With only two digits, how are numbers larger than 1
represented? The answer is the same way numbers greater
than 9 are represented in the decimal system. In the decimal
system, the highest single-digit number is 9. We represent
numbers greater than this by using two or more digits in combi-

nation. That is, 10 is represented by using the

Decimal Binary digits 1 and 0 together. - .
i s In the binary system, the highest single-

1
2
3
7
8
9

e digit number is 1. To represent numbers
greater than this, we again use two or more
digits in combination. The number 2 cannot
be represented by the symbol “2” because this
digit is not used in the binary system. Instead,
100 thedigits 1 and 0 must be used together, to
iy “ form 10. Therefore, in the binary system, 10
represents the number 2 and not the number
1 “ten.” The number 3 is represented by the
m next larger two-digit number of 11.
e Now, how do we represent the number 4
1000 o : e
o in binary? Since we no longer have two-digit
1001 ~ possibilities, we must use a three-digit number,

10 1010 The lowest three-digit number is 100. In the

decimal system, this means “one hundred.” In

ﬂ — ,10,,111 < the binary system, 100 means “four.”
2 = 1o Here is a chart showing decimal numbers
13 1101 up to 17 and how to represent them using the
Conggeesee s e binary system.
a0 0 Study this table to help you understand
15 N “11 , the binary sequence. Then try to continue the
16 10000 listto 32 (decimal), or 100000 (binary).
17 10001
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stands for the number 1. A common arrangement is to let 0
volts represent the number 0 and to let +5 volts represent the
number 1. An AND gate produces a 1 output only when all
inputs are 1s. Or, it could be said that the output of an AND
gate is true only if all inputs are true. So, for the arrangement
explained above, the output of the AND gate is +5 volts (1)
only when all inputs are +5 volts (1). If either input is 0 volts
(0), the output will be 0 volts (0).

This gate is called an AND gate because the output is 1
only if input one and input two are both 1s. Some AND gates
have more than two inputs. However, the operation performed
is the same. For this reason, the AND gate can be thought of as
an “all or nothing” decision circuit.

The illustration shows the logic symbol used in schematic
diagrams for the AND gate. The inputs are shown on the
straight side, the output on the curved side.

The OR Gate

The OR gate, which has two or more inputs and a single output,
also is a decision-making circuit. It produces a 1 {true} output
when any one or all of its inputs are 1. That is, it produces a

1 output when input one or input two or both inputs are 1s.
The only time the OR gate produces a 0 (false} output is when
all inputs are 0. Think of it as an “any or all” decision circuit
because if any or all of its inputs are 1, the output is 1.

Inverter

The inverter has a single input and a single output terminal. If
the input is 0, the output is 1. If the input is 1, the output is 0.
That is, the inverter reverses, or inverts, the input.

Other Gates

Two other types of logic gates are used in digital electronics.
One is the NAND gate. This circuit is composed of an AND
gate and an inverter that are connected together. The output of
the AND gate is applied to the input of the inverter as shown.
Generally, the logic symbol for the NAND gate is simplified,
as shown here.

An OR gate and an inverter can be connected to form a
NOR circuit. The output of the OR circuit is inverted as shown.

DIGITAL ELECTRONICS

J >

Inverters

LoD
1 -

NAND gate

3 oD

NOR gate

Logic gates
generally are
made in integrated
circuit form.
Asingle IC
package may
contain four
NAND gates

or six inverters.
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Digital Equipment

Connected in various ways, the basic logic gates can perform
many different operations. Circuits have been devised to
count, add, subtract, remember numbers, and solve complex
problems. Large numbers of these circuits can be connected
to form an array of useful electronic equipment. Sometimes,
microprocessors perform many of the switching and timing
functions of individual logic elements. The processors are
programmed with instructions to perform a given task or
tasks. Let’s look at some popular digital devices.

Computers

A computer can rapidly solve a wide range of problems and
provide many other important functions. Computers are
complex enough to be used to control spacecraft and airliners
in flight. They are used in industry for calculating payrolls, for
keeping records, word processing, and for inventory control,
among other things. Besides “crunching numbers” for those
functions, computers also can store and process data that are
not mathematical in character. Such nonmathematical functions
include ticket control by airlines, library record keeping, and
even translating languages from one to another.

In the 1950s, very few people had television sets. Now
almost everyone does. The same thing has happened with the
personal computer (PC) over the past
25 years or so. Once rare, now they
are commonplace. Initially designed
for individual use, PCs can be con-
nected to form networks in a single
office or all over the world.

Laptop computer
with cover removed
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part: these devices,
n extremely accurate oscillator produces
thousands of pulses each second. Electronic
circuits count these pulses and convert them
to a display of the time in hours, minutes,
and seconds. Because circuits are smaller and
more powerful, the wristwatch of the past, with
an hour hand, minute hand, and sweeping seconds
hand, is 1 ing replaced with an instrument that
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HOGITAL ELECTRONICS

Digital Counter

To fulfill requirement 4 you can build a
digital circuit with a kit project. But vou
may want 1o build something from scratch,
such as the digital counter shown here.
Before vou begin construction, read this
section on how such a circuit operates,

Circuit Operation

The circuit is a counter that has both a
binary and a decimal counter. It counts
the number of fimes that the push-bution
switch is depressed. The light-emitling
diodes—called LEDs—on the right display

the count as a hinary number. The seven- Digital counter
segment display on the left gives the
count as a decimal number. The highest —
count the circuit can displayv s 9. H t ;g
As the schematic diagram for a "g c
digital counter shows, most of the croult gi ’t
is composed of three integrated circuits. ¢
The 7490 K s a §}§§§§»f;§§§é égi‘%}%éi I R
{BCD} counter. BCD is a compromise I e e
between the binary
system and the decimal system. Seven-segment display

§§§}§~§m§t;§§ dinde %;ii%} isa s£§%}§§§§{§§§~
tor that produces light when an electric curre
passes through it. A common use is in the se
_segment display used in digital clocks and watc
es. The display consists of seven L EDs labele
a through g. The diodes are §¥¥3¥‘§§§§ as show
‘Lighting the proper ﬁsgﬁgsats can form any {%ig&
fromOtos i s&g;‘ggﬁs 3, b, and care lit, they
form the digit 7 When ali sagfﬁégts are i;i: §§$§g
§s}r§¥ ‘iizs digit 8.
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The counter sequences from 0 10 9. Each decimal diglt is rep-
resented by 2 count. However, the count is in binary. Thus, the
counter {oliows this seguence {starting at the left column and
going down; decimal is shown in parentheses):

0000(0) 0011(3)  onole 1001 (9)
0001(1) 0100(4) O (7) 0000 (0}

0010 (2) '

0101 (5} 1000 {8} 0001 {1}

andsoon..

— T

Dc . S
il &
i M l

Schematic diagram, digital counter
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The counter has four output lines, labeled A, B, C, and
D on the schematic. Each line carries one of the digits of the
binary number.

The binary number is applied to the BCD-to-seven-seg-
ment decoder/driver. This cireuit is a 7447 IC. His purpose is o

code the bin ive the proper segments of the

sEcTRONIcs B3



current necessary o drive the %é%a
Two inverters in the 7404 IC are used in connection with
the push-buiton switch (5,). Some swiiches have a momentary
“bounce™ when operated. That is, they open and close several
times because of Vﬁ}?éi?é‘}i& within the switch. %’%«5 §§§¢

der. (See g% th apter that
showa a solder bndge.} When .;md 1i ‘ihis happens, you must
remove the bridge, using one of the desoldering technigues
vou have leammed.

Digital counter,
interior view
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Construct this circuit on a perforated board. The board
must have a hole pattern suitable for ICs; that is, the holes
must be /10 inch {0.1) apart. Boards of this type are common,

Mount all components except the batteries on the board.
The ICs and the seven-segment display can plug directly into
the board, or you can use IC sockets. Solder the resistors to
terminal posis as shown, or bend the leads and insert them
directly through the board.

Make all interconnections on the botiom of the board.
Solder wires directly 1o the leads of the ICs or the IC sockets,
in some cases, you musi solder two wires o a singlepin. It is
recommended that you use very small insulated wire, such as
Nao. 26, for this purpose. Also, vou must use a very small tip
on your soldering iron.

Mount the three D cells in the plastic box. You can use
double-sided tape to secure the battery holders in place. Make
certain that the box you buy is big enough to hold the batteries.

The perforated board serves as the top of the box. Buy
a board that is the same size as the box, or one that is large
enough so that vou can cut it down to fit the box.

Take extreme care i vou need io cut the board. Most
boards are brittle and break easily. Buy switches that will
mount in small round holes. As with cutting the board, vou
need 1o be careful when drilling holes.

You must properly connect the LEDs (L, through L)
before they will light. The anocde leads must be connected
together and to the positive side of the batterv. The package in
which the diodes come should show vou how fo identify the
anode leads. If it doesn’t, follow this procedure:

e Connect three D cells together as illustrated.

* Temporarily solder a 150-ohm resistor to the negative
terminal of the first battery holder. Temporarily solder
an insulated wire to the positive terminal of the last
battery hoider.

+ Touch one lead of the LED to the free end of the resistorn.
Touch the other lead of the LED to the free end of the
insulated wire.

* If the LED lights, the anode is the lead connected to the
wire. H it does pot light, the anode lead is connected 1o
the resistorn

* Turn the LED around and verify that it lights when the
anode lead touches the wire.

ELECTRONICS 71



identifying the anode lead

it is also important to identify the pins on the ICs. The IC pack-
ages might show you how. If not, you can identify the pins in
one of the ways shown here. Notice that there is always an
orientation mark, such as a notch, an indentation, or a dot of
paint. When the orientation mark is on the left {as shown), pin
1 will be the lower left pin. The other pins are always num-
bered in the sequence shown.

Fm—t
16-PINIC A-PNIC

identifying the IC pins
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When the power switch is turned on, some segments
of the seven-segment display should be lit. These segments
might or might not form a recognizable digit number. Depress
the push button several times until a “0” is displayed. The
count should now advance once each time the push button is
pressed and released. Upon reaching a count of 9, the device
should recycle to 0.

Notice the four LEDs in the diagram. These displays
should be counting in binary. When the LED is on, it repre-
sents 1; when the LED is off, it represents 0. The binary count
should always agree with the decimal count.
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Audio

The field of audio deals with frequencies that are within the
range of human hearing. Devices such as compact disc (CD)
players, DVD (digital versatile disc) players, MP3 (high-quality
sound files compressed into digital format) players, cassette
recorders, stereos, receivers, public address systems, and elec-
tronic musical instruments
are among audio equipment.

What Is Audio?

When we strike middle C key
on a piano, the sound we
hear is caused by a vibrating
wire. The wire vibrates about
260 times each second. This
causes the molecules in the
air to vibrate at the same rate,
producing a mild shock wave
that travels in all directions.
When the wave reaches us,
our eardrums vibrate at the
same frequency. As a result,
we hear a pleasing tone of
the same frequency produced
by the piano.

Middle C frequency is
about 260 cycles per second,
or 260 hertz (Hz). The piano’s
lowest note is about 27 Hz; the
highest is higher than 4,000
Hz. Most people easily hear
both extremes. A person with
good ears can hear frequencies
between 15 and 20,000 Hz.
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These extremes are considered the limits of the audio-frequency
range. Audio equipment is used to produce, record, amplify, or
reproduce frequencies in this range.

Most audio equipment falls in one of these categories:

e “Hi-fi stereo” field. A good CD player will faithfully
reproduce any sound within the audio range. That is, it
might have a frequency response from 15 to 20,000 Hz.
Newer technology includes DVD-audio and SACD (super
audio CD). DVD-audio has a frequency response up to
96,000 Hz, and SACD reaches 100,000 Hz.

® The spoken word. Public address systems and intercoms
are in this category. The human voice covers a narrow
frequency range (about 100 to 3,000 Hz), so the frequency
response of such systems need not cover the entire
audio range.

* Musical instruments. Electronic keyboards, synthesizers,
and electric guitars are examples. These instruments
produce a wide range of frequencies and can create
many special effects.

Audio Project

Low-cost electronics kits are available that will satisfy require-
ment 4. However, you can build a simple audio device from
scratch fairly easily, such as the electronic siren shown here.
It produces a sound similar to a police siren. The frequency
of the wail slowly increases as you hold down a push button,
and when you release the button, the frequency of the wail
slowly decreases.

Electronic siren



mr"*

. Res;stcr Ry
U Resxstor ﬂg

L] 8-volt batte
[ Battery clip

n Perforated board

EZ‘ Termmai posts {ep@mnan '

Circuit Operation and Construction
The schematic diagram shown here is for the electronic siren.
When S; is closed, capacitor C; begins to charge. As it does,
it makes the base of Q; more and more positive. This slowly

turns on Q,. Current
through Q, turns Q, on;
Q, and Q, form a direct-
coupled amplifier.

Part of the output
from Q, is applied to
the input of Q; through
capacitor Cy. This
provides the regenerative
{restoring) feedback
that causes the circuit
to oscillate (fluctuate].
When switch S, is
opened, C; discharges

“PNP $F{ 3089 or equwaient
127 ko, 12 Watt 10%',
68~kﬂ. 1/2 watt, 10%

o

470

E
—@)-

3

88K

R,
275

T

L S0F
R

R,
SGK

i

oy

E
0By

AUDIC

Schematic diagram, electronic siren
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through R, and the base of Q,. You can change the “wailing
rate” of the siren by changing the values of R; and C,. An
increase in the value of R; or C, lengthens the time period
during which the frequency of oscillation increases.

Battery drain with switch S; open is only about 400 micro-
amperes. Therefore, power switch S, is not necessary. But such
a switch will add to battery life.

You can get good results by building the circuit on a
perforated board. All components except the speaker mount
on top of the board. The illustration here shows all wiring
connections as viewed from the bottom of the board. You
can place the completed unit in a plastic box, or simply
support the board on standoffs (legs) as shown.

ON-OFF SWITCH SPEAKER

Wiring connections, bottom view
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ELECTRONIC TEST EQUIPMENT

Electronic Test
Equipment

Test equipment includes the instruments that are used fo
diagnose the operation of electronic circuits. The most popular
types of test equipment are meters, oscilloscopes, and signal
generators. You should use such equipment with someone who
has experience using electronic test equipment.

Meters

Meter movement. In electronics, meters are used {o measure
cuftent, voltage, and resistance. Both analog and digital meters
are popular, although digital meters continue o replace most
analog meters. Digital melers are considered easier (o use and
o read.

In electronics, analog means a device or signal
 thatis ﬁs}aﬁazsaz;siy varying in s%;*g;zgﬁs or quanti
_suchasa sound wave, f§§§8¥ than §3$§3§ %&s&ﬁ ol
_separate §.§§‘~§§$ such as used in the %:sﬁsz*g s?szegi ,
f{}§§§aé°§ -

You have learned how basic digital technology works.
How does an analog meter work? The heart of the analog
meter is the meter movement. The meter movement consisis
of a coil of fine wire wound on a tight aluminum frame. The
frame is suspended and free fo rotate. The coil has leads
attached so that current can be forced through it. The coil is
suspended in the field of a permanent magnel. When current
flows through the coil, 2 magnetic field develops around it This
field interacts with the field of the permanent magnet. The
interaction of the two fields causes the coil assembly to rotate.
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Anslog meter movement
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The coil has a pointer attached o §, and as the coil rotates,
it moves the pointer in front of a scale. The more current that
flows through the coil, the farther the coil will rotate. This
forces the pointer 1o move farther up the scale.

Ammeter. The ammeter is designed 1o measure current. The
meter movement alone can be used as an ammeter. Normally,
though, 2 range swiich is added so that the meler can measuge
a wide range of current. We change vanges on an ammeler by
switching different values of shunis across the meter movemeni,
as shown in the schematic of an ammeter. Shunis are small-
value resistors that act as bypasses. They detour some of the
current around the meter movement.

An ammeter is delicate and easily damaged. It must be
connected fo the circuit so that the current 1o be measured
flows through the meter. For this reason, the circuif being
tested must be broken 1o insert the ammeter.



PLECTRONIC TEST EQUIPMENT

VA

SHUNT

Schematic of an ammeter

Voltmeter. The voltmeter is designed to measure voltage and =~ T omem—"
uses the same type of meter movement as an ammeter. The ]
volimeter is connecied across the voltage to be measured. To When using a
measure voltage between two points, touch the negative lead voltimeter, hold the
i the more negative point and the positive lead 1o the more
positive point. The circuit under fest need not be broken or meter leads only
interfered with in any way. by the insulated

A low voltage can be applied directly to the meter move- .

porfiens io

ment. A higher voltage, however, might cause a high enough
current 1o burn out the delicate coil. For this reason, a large- aveid getting an
value resistor is connected in series with the meter movement.
This resistor Himits the amount of current flowing through the
coil. Also, the meter should be set at the proper range. For
instance, vou shouldn't i1y 1o measure 100 volts with the metey e
set to the 1-volt range. Use the meter set on the high range if
you are unsure of the voltage being measured.

The range of the voltmeter is changed by switching differ-
ent values of resistors in series with the meter movement. On a
given range, the voltage across the connected leads determinss
the current that flows through the meter. The meter scale can
be marked off in volis.

electrical shock
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LONC TEST B

UNKNOWH

Schematic of an ochmmeter

Ohmmeter. The chmmeter measures resistance. If consisis
of a meter movement and a battery connected together. The
ohmmeter should not be connected to a circuit that has power
applied because the meter could be easily burned out H it is
connecied acyoss a voliage.

The resistance to be measured is connected across
the chmmeter leads. The battery forces current through the
resistance and through the meter movement. The amount of
current depends on the resistance value under test. The range
of the ohmmeter can be adiusted. For example, if the range
is R % 1, then a reading of 9 would measure 9 chms, But if
the range is set at R % 1,000, then a 9 reading would mean
9,000 ohms {or 9 RO

Multimeter. The three types of meters we have just looked
at use the same type of meter movement. For this reason, the
ammeter, volimeter, and ohmmetfer can be combined ina
single instrument called a multimeter, which displays the
values of voliage, current, and resistance. A switch changes
the meter movement from one function to the other. The
multimeter is the most common piece of test equipment
used in electronics work.
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B, 18K

B. 198K

FUNCTION
SWITCH
VOUTS 2

wa&a«ﬁi

B,
B, 100
B, 1050
Skt
TESTFEDBES
Schematic of a multimeter

‘These days, digital multimeters are the most popular.
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Oscilloscopes and Signal Generators

An oscilloscope looks something like a small TV, but the screen,
or cathode-ray tube (CRT], shows voltage wave shapes. This
lets you know how the voltage in a circuit changes over time.

s

Oscilloscope



Signal

s,

Many different types of signal genernions are used ineles-
tronics. The most common are nsed 1o align communications
sipipment and diagnose problems. These signal genevatons
act as tiny replicas of ransmitting stations. They allow service
technicians {0 inject the proper type of sighal at various poinis
throughout the circuit. For this reason, the signal generator is a
valuable troubleshooting aid. Many of today’s signal generators
can be hooked up to'a PC, and the diagnosis can bé séen on
the computer momion

mzemommes B8






CAREERS IN ELECTRONICS

Careers in Electronics

The electronics industry has several general areas with many
types of careers available in each area. These areas include
manufacturing, merchandising, operating, servicing or
maintaining; and engineering electronic parts and equipment,

Training requirements vary
in-each area: Some positions
require a.college degree, while
a degree from a vocational
school is adequate for other
careers. Some companies
allow on-the-job training,
but-almost all require at least
a high school diploma.

In electronics manufacturing,
most-positions are-in factories.
Occupations include assemblers,
that is; the people who help
build electronic equipment. ‘A
high school education is needed
as well as mechanical aptitude:
| Merchandising, or sales,

- is another field for those
interested in electronics.
Someone who has technical
knowledge and enjoys talking
with and meeting people could
do'well in electronics sales.
Education can include a high
school diploma or degrees
from vocational schools
and/or college.
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CARPERS TN ELECTRONICS

Many types of electronics equipment are so:specialized
that they require trained operators. ‘An operator might work
with computers and computer network systems, cameras,
satellite tracking devices, ship radios, or medical machines. In
some cases, the operators must maintain and repair their own
equipment. Education in a vocational school, a degree from
a college or university, or training in the military usually is
needed for these positions.

Becatise of the complexity of many electronic machines,
service and maintenance people are always needed. Any
electronic device can fail or malfunction from time to time, and
people are needed to make quick and expert repairs.

92 ELECTRONICS



E 5T ¢ a variety of positions. They might
be ss%%zg&g among other zigg?; {0 turn engineenng ideas
into hardwate, to repair equipment, or to calibrate (adjust)
test instruments: Most technicians have one or two years of
technical training after high school. Some receive training in
the military, and others go 1o a vocational school or junior
college. Some receive on-the-iob training of study at home by
O 5;?%;; nice. Many occupations requife continuous fiaining
20 that §§%§ §§3 femain current w é; i%fé?* %’3 technology.

consiantly §;§§§$ é%gg és:%agg ion o é%%? §§§§§§ of new
f:;ggg}%;g%s §§§ ;%Z%i%%%&; A ; % Hained eeciionics
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With your parent’s permission, visit
the Boy Scouts of America’s official
retai i&*‘&%ﬁé’% www.scoulshoporg,
for 2 complate f%sszég of all merit

badge pamphiets and other helpful
Scouting materials and supplies.

Books

§§?§§§§§§§% Alan, Flarn

56 ;&g@ég{gx on sleciricity
and slectronics.

Bridgman, Roger E iiness:
Electronics. DK Publishing; 2000.
Traces the history, discoveries, and
devices of this fast-moving scienceé.

84 HzoTRomess

th 55 Projeris: Nomad ?%:ii?é-f 201 ’i

s{z%%?z %%%}523‘ vith a section
on computers and ele«.tmnics.

Leon, George deLticenay. Electronics
Projects: for Yourig Scientists.
Franklin %%?*%im E{%%éﬁ %z@i@éi&{%ﬁ

This %:%%; covers the
%%;;g;ﬁig\ §$§§§§ sinply,

Hill, 2002: §§§E‘€§}€E§E€E& fi‘ii‘ nis aﬁé
bolis of digital electronics:



ELECTRONICS RESOURCES

Rowh, Mark. Opporturiities in
Electronics Careers. McGraw-Hill,
2007. Check out the many eléctron-
ics-related career opportunities fea-
tured in this book.

Slone, G. Randy. 7AB Flectronics Guide
to Understanding Electricity and
Electronics. Znd ed. McGraw-Hill,
2000, A learn-as-you-go guide for
readers of any electronics skill level

Magazines

Nuts & Volts

430 Princeland Court
Corona, CA 92879
Telephone: 951-371-8497
Wehsite: www.nutsvolis.com

Popular Science
Website: www.popscicom

Organizations and Websites
American Microsemiconductor Inc.
Wehsite:
www.americanmicrosemi.com/tutorials

ePanorama.net
Website: www.epanorama.net

Howstuffworks
Website:
http://electronics. howstuffworks.com

tiscience.com
Wehsite:
www. lisciencecomy/Radio htm

Electronics Parts and Suppliers

Inn most places, Radio Shack stores
can be the best source for electronics
parts. However, most Radio Shacks
have reduced their parts inventories,
which means you might have to look
elsewhere to find all the parts vou

need for a project {or check out their
website, www.radioshack.comj.
Electronics parts and kits also can
be ordered over the internet or via
mail or toli-free telephone from
various suppliers.

Allied Electronics & Automation
7151 Jack Newell Blvd. S.

Fort Worth, TX 76118

Toll-free telephone: 866-433-5722
Website: www.alliedelec.com

C&S Sales Inc.

150 Carpenter Ave.

Wheeling, 1L 60090

Toll-free welephone: 800-292-7711
Websiter www.cs-salesinet

Carl’s Electronics

484 Lakepark Ave., Suite 59
Qakland; CA 94610

Toll-free telephone: 866-664-0627
Website: www.electronickits.com

Digi-Key Corporation

701 Brooks Ave. S.

Thief River Falls, MN 56701
Toli-free telephone: 800-344-4539
Website: www.digikeyv.com

Electronic Kourseware international
PO Box 604

Snyder, TX 79550

Toll-free telephone: §00-453-1708
Website: www.sciencelabs.com
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PLECTRONICS RESOURCES

HobbyTron.com

24700 Avenue Rockefeller
Santa Clarita, CA 91355
Telephone: 818-675-9000
Website: www.hobbytron.com

Mouser Electronics

1000 N. Main St

Mansfield, TX 76063

Toli-free telephone? 800-346-6873
Website: www.mouserrom

Newark

300 S, Riverside Plaza, Suite 2200
Chicago, 1 60606

Toll-free telephonie; 800-463-9275
Wehsite: www.newark.com
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MERIT BADGE LIBRARY

Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea
Scouts in mesting meril badge requirements, these pamphiets are of general interest
and are made available by many schools and public librariss. The latest revision
date of each pamphist might not correspond with the copyright date shown below,
pecause this list is corrected only once a year, in January. Any number of merit badge
pamphiets may be revised throughout the year; others are simply reprintsd until 2
revision becomes necessary.

If a Scout has already started working on a merit badge when a new edition for that
pamphiet is introduced, they may continue fo use the same merit badge pamphiet to
earn the badge and fulfill the requiremenis therein. In other words, the Scout need not
start over again with the new pamphlet and possibly revised requirements.

Merit Badge Pamphiet Year | Merit Badge Pamphlet Year M Baége Pamphiet Year
Armnerican Business 2012 | Family Life 2018 2018
American Cultures 2013 | Farm Mechanics 2017 ?§€§€§‘E§m§ 2012
American Heritage 2013 | Fingerprinting 2014 | Potlery 2008
Armnerican Labor 2018 | Fire Safety 2019 | Programming 2018
Animgal Science 2014 | First Aid 2019 | Public Health 207
Animation 2015 | Fish and Wildiife Public Speaking 2013
Archaeclogy 207 Management 2014 | Puip and Paper 2019
2018 | Fishing 2013 | Radio 2017
Architecture and Fly-Fishing 2014 | Railroading prassbe]
Landscape Architecture 2074 | Forestry 2018 | Reading 2013
2013 | Game Design 2019 | Reptile and
Astronomy 2018 | Gardening 2013 Amnphibian Study 2018
Athletics 2018 | Gensalogy 2013 | Rifle Shooting 2012
Automotive Maintenance 2017 | Geocaching 2019 } Robotics 2016
Aviation 2014 | Geology 2018 | Howing 2019
Backpacking 2018 | Goif 2019 | Safety 2016
Basketry 2017 § Graphic Arts 2013 | Salesmanship 2013
Bird Study 2019 | Hiking 2018 | Scholarship 2014
Bugling {see Music) Home Repairs 2012 | Scouting Heritage 2018
Camping 2019 | Horsemanship 2013 | Scuba Diving 2008
Canosing 2018 { indian Lore 2008 | Sculpture 2019
Chemistry 2018 | inssect Study 2019 | Search and Rescus 2018
Chess 2016 | Inventing 2016 | Shotgun Shooting 2013
Citizenship in Journalism 2018 S§§§'§ S;gya&s, and Codes 2015
the Community 2015 | Kayaking 2019 2015
Citizenship in the Nation 2018 | Landscaps Architecturs S{&&ii—&:@i Saifing 2018
Citizenship inthe World 2015 {see Architecture) Snow Sporis 2018
Chmbd 2012 | law 2019 | Soil and Water
Coin Collecting 2017 | Leatherwork 2017 Conservation 2019
Coliections 2013 | Lifesaving 2018 | Space Explorstion 2018
Communication 2013 | Mammal Study 2014 | Sporis 2012
Composite Materigis 2012 | Medicine 2012 | Stamp Collscting 2013
Cooking 2014 | Metalwork 2012 | Surveying 2004
Crime Pravention 2012 | Mining in Socisly 2014 | Susianabilty 2013
{}ys:fsg 2017 | Model Design and Building 2010 | Swimming 2018
Dertistry 2018 | Motorboaling 2018 | Texls Zid
Digital Technology 2014 | Moviemaking 2013 | Theater 2018
Disabifities Awareness 2018 | Music and Bugling 2012 | Trsffc Safely 2018
Do Cars 218 | Hahws 2014 | Tnxk Frarsporiston 2013
Drafiing 2013 | Nuclear Science 2015 | Velerinary Medicine 2415
Eleciricity 2013 | Cceanography 2012 | Water Sporis 2018
Electonics 234 %:%e;';éﬁeaﬁfg 2018 | Weather =ng
Ex 4 dness 2018 2018 | Welding 2018
Energy 2014 ?W Fiiness 219 | Whitewsler 2018
Engineering 2016 | Personal Management 2019 | Wilderness Survival g
Entrepreneurship 5013 | Pets 2013 | Wood Carving 2018
Environmental Scisnce 2015 | Photography 2018 | Woodwork 2018
Exploration 2016 | Pioneering 2018
BOY SCOUTS OF AMERICA « SUPPLY GROUP
NATIONAL DISTRIBUTION CENTER To place an order,
2108 Westinghouse Boulevard call customer service
PO. Box 7143 toli-free BOD-323-0738
Chariotie, NC 28241-7143 orgoto

www.scoutshop.org
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