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How to UseThis Pamphlet 
The secretto successfully earning a merit 

badge is for you to use both the pamphlet and 
the suggestions of your counselor. 

Vour counselor 	be 	impOrtantto can 	as 	 you as a 
coach isto an athlete. Use all ofthe resources 

‚4 	your counselor can make available to you. This 
may be the best chance you will have to learn 
aboutthis particular subject. Make lt count. 

:2 	 lfyou or your counselor feels that any information 
in this pamphlet is incorrect, please let us know. 

Please state your source ofinformation. 

Merit badge pamphlets are reprinted annually 
- 	and requirements updated regularly. Your 

suggestionsforimprovementarewelcome. 

Who Pays forThis Pamphlet? 	' 
This merit badge pamphlet is one in a series 

of more than 100 covering all kinds of hobby and 
career subieets. lt is made available tor you to buy 

‚- 	as a service ofthe national and local councils, Boy 
Scouts of America. The costs of the development, 
Nrtng, and editing ofthe merit badge pamphlets are 
ad tor by the Boy Scouts of America in order to bring 

you the best book at a reasonable price. 

Send comments along with a brief statement about yourself to 
Pilots and Program Development, S272 

Boy Scouts of America • 1325 West Walnut Hill Lane • Irving, TX 75038 
lt you prefer, you may send your comments to merit.badge@Scouting.org . 
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Requirements 
1. Describe !e safe ;recaons you 	ex:se vhen 

b:1::ng, 	repairing 	Jevices. 

2. Do the following: 

a. Drw a sirrm!e schematic d2rm. lt must show 
rcrs, cacitors, and ::::ss.ors or in:::ated 
circuits. Use the correct symbols. Label all parts. 

b. Teil the purpose of each part. 

3. Do the following: 

a. Show the right way to soider and desolder. 

b. Show how to avoid heat darnage to 
electronic components. 

c. Te::..:t the .:: ;c:z:n ot a pr:':ed ct:.: 
Te. 	preca::r:s should 	abser..: xaen 
solde: ::g printed :::uit boards. 

4. Do the following: 

(a) Discuss each of the following with yolir merit 
badge counselor: 

(i) How to use elecironics tor a control purpose 

(ii) The basic principles of digital techniques 

(iii) Hc:v to use electronics for three different 
auwo apphcations 

35887 
ISBN 978-0-8395-5003-7 	

aiifed Sourcna 

C2018 Boy Scouts of Amerca 	 FORESTP' 	. 	..... 

2019 Pnntng 



t Shc' !i 	to chanLe !hree decimal nmbers into binarv 
:i three :::arv numbers :::o 

decimal numhers 

c1 Chc 	'E of the following three pro 

	

or create 	ematic diaain..........best 
lit expiain 	cr counsdor 	circuit 

. 	perates. 

. 	:\ c....:.:ro: ievice 

ii .. A 	:.:al ci.:..:t 

ile Circuit 

. Do zhe tol1:..ng: 
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voltage. and :esistance using Ohms law. 
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Some people still collect old vacuum tuhes and also antique 
radios, in which vacuum tubes were used. 



History and Introduction 
Electronics is the science that coritrols the behavior of electrons 
so that some type of useful function is perforrned. (Electrons 
will be explaine(1 more fuiiy later in this book.) Today, elec-
tronics is a fast-changing and exciting field. 

The rapid growili of electronics started in the early 20th 
century when vacuwn tubes were introduced and used to 
maripulate electronic signals. This was something that could 
not be done with the telegraph a rid telephone circuits or the 
high voltage tra nsrnitters of those days. Vacuiim tubes allowed 
weak radio and audin signals in be amplif h'd, or to be niade 
louder or stronger, and be sent on radio waves. 

Vacuum tubes were an important breakthrough 
in electronics, but they had their limitations. For 
example, early Computers usirig vacuum tubes 
were so large that one computer would fill an 
entire room.These Computers bad minimal pro-
cessing power because, tor one reason, the tubes 
needed a lot of power to function. 

Electronics changed even more dramaticatly in 1948 
when the transistor, a small, low-powered, solid-state electronic 
device, was invented. Transistors are smaller than vacuurn 
tubes, require less power to function, and are more reiahle. The 
development of the integrated circuit, or IC, advanced 
this technology further. lCs can contain tens of thousands of 
tiny transistors built onto a srnall piece of conducting material. 
This allows for the consiruction and production of coniplex 
electronic circuits, which are more efficient than tubes in 
processing electronic signals. ICs are used in many products 
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todav, including computers, audio equipment, cell phones, 
applhmces, and miomobiles. 

How to Earn the Electronics Ment Badge 
The first step in earning your Electronics merit badge is to 
discuss the requirements with your merit badge coune1or. 

To fulfihl requirenient 1, learn about thL' precautions you 
should take when using, building, altering, or repairing elec-
tronic devices. Many electronic comporieuts (parts) could be 

2. Be careful about electrostatic discharge-
that "zap" you feel after you run across a carpet 
in socks and then touch metaLThis can be a big 
problem in your electronics work, lt can actually 
Set materials on fire and damage electronic com-
ponents. Before handling components, touch a 
piece of metal to discharge any static electricity. 

3. Don't force a component into anything you are 
working with, and don't overtighten anything. 

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

5. When inserting plugs and sockets, ease them in 
and out. Never force them. Be aware that some 
components must be installed a certain way. 

6. Be careful when using tools such as pliers and 
cutters so that you don't nick any wires or cut 
your fingers. 

7. When bending component leads, don't bend 
them too closely to the body of the component 
because the component will be strained. 
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damaged if mishandled. 1-lere 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 calied "Schematic 
Diagrarns." Choose a schematic diagram from this pamphlet, 
then copy it carefuliy viih 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 teil the purpose of each component. Show your 
drawing tu vour counselor and teil what von have learned. 

For requirement 3, le'arn how to sokler and theo practice 
soldering and desoldering wires. When you think you are 
readv, show your solclering skills to your counselor. Be pre-
paied to discuss soldering precautions, printed circuit boards, 
and possible heat damage to components when using a 
soldenng iron. 

Requirement 4 is demanding but hin because you will 
actLiall\"i.)iii1L1 a working electronics circuit. Choose your project 
carefully. \Ike sure that all the required parts are available 
at an eftctiv nics parts store, fruin a catalogue, or over the 
interncl oniy with your parent's permission). Also consider 
what tools you will need. You can choose a project other than 
those in this pamphlet, but check with your counselor first 
to make sure that the pro iect is suitable. After you are done 
with the project, show it to your counsclor and expiain how 
it works. 

For requireinent 4 you will also learn the basic principles 
of digital techniques, how you cart use electronics for control 
purposes, and about audio apnhications. Learn the binarv Sys-

tem so that you know how tu change decimal numbers into 
binary numhers and hinary into decirnal. 

For requirement 5, you will iieed tu solve a simple prob-
lern 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 von. Discuss with your counselor 
the education and training neecied for each. 
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Tools for 
Electronics Work 
The basic tools vou will neeci for most of vour electronics 
wort< are shovn here. You can probably find some around 
your home and get others at an electronics parts store. 

Some BasicTools 

Slotted (flat-btaded) screwdriver 

Phillips sccwdriver 

Nut driver 

LL 

Cutting pliers, which cut either 
flush or diagonally, are for cut-
ting wires and trimming leads 
you have soldered. 

Long-nosed pliers are needed 
to bend the Ieads on compo-
nents and hold wires or other 
parts while you solder. 
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Electronic parts are called components, which 
comes from the word meaning to put together. 
An electronic circuit i s composed of several inter- 
connected components.The Ieadson a component 
are insuated electrical conductors, such as wires, 
that connect to an electrical device. 

For most pojects, you can use any small-diameter solid 
or strandeci 	'ktp wire. Some projccts might 1i5O require 
very sinai] 'a 	A raguf2r or 	 1,1711p is 
recommended for examining the cirduht board to check solder 
ciections. 1vto.t ei :tIcnies arts stores have a selection of 
pcitorated circuil hoards nadc specially for wiring e}cctrouics 
projects. Many come with small ciits for mounting parts. These 
boards are ideal for building simple circuits. 

You also will need an electr]c soldering iron. which you 
can buy at a hobby, electronics pIIS or hacdware staue. 
The soldering iron in a beginner's tool kit should be a 15- to 
40-watt iron vitli a fine chisel tip. Usa 60,40 rosin-core solder 
(60 percent tin, 40 percerit iead) that is inarked for "electronic 
use." Never use acid core solder. Most of the solder vu will 
need will have a diameter of 0.03 och. 
You also should have a solder wick 
for desolderiog a conneciiou if you 
make a mistake or want to 
remove a cornponent. 

k 

Basic soldering kit, 
perforated boards 	 4. 

This multipur-
pose electrical 
tool removes 
insuotion from 
wires before 
soldering. You 
also can use a 
hobby knife for 
stripping wires 
and trimming. 
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IJse a workbench for your project if you have one. If not, 
you can usc a kitchen table, desk, or sturdy card table. You 
will need to have good light and ventilation and access to 

over outlets. You also will need a few small hoxes, trays, 
or jars to hold parts. 

Buying Parts 
Most electronics parts stores will have the components you 
will need for your project. If you do a project from scratch, 
you will have to buy the parts separately. Whilo 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 chaflenging and rewarding. Scratch projects can be 
inexpensive if you can scrounge for most of the parts. 

However, a kil has a number of advantages. All the neces-
sarv assembiv ilistructions and parts are supplied, including 
wire and soldei. Special parts, such 
as printed circuit boards, come with 

the kit. In addition, fewer tools 
are required hecauseiII necessary 
holes are prepunched. Snice the kit 
has been carefully tested, you know 
11um the finished product will work. 
A complete kit generaily costs less 
,hau buying the narts separately. 
Investi ate dninj  a  nrniprt 

Get your 

counselor's 

approval before 

you start 

your project. 

11 o tt ways bc fnreyou  
st your nioney.  

Kit project 

ELECTRONICS 	13 



- 

___ 



Basic Electronics Theory 
Before you learn about electronic components, let's look at the 
theory behind electronics. Controlling eiectrons is the science 
of electrouics. So, our study of electronics theory begins with 
the eleciron. 

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 die core 
(the nucleus) of the atom, which is comnosed of positively 
charged protons and neutral (not 	neutrons. 

Generaily, a negatively charged electron is matched by a 
positively charged proton. For example, copper has 29 elecrons 
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 
fron another negative charge. Tlus is cailed elecrrosratic force. 

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

Electrons have a negative darge. So if an ohject loses 
electrons, it becomes oositivey charged, If an ohject 
gains electrons, it then has a negative charge. A unit of 
eiectricak charge is cailed a coulornb. 
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Once freed, electrons can "float" among atoms. These free 
cicctrons are what is important in elcctronics. Devices such 
as resistors, capacitors, and transistors are used to control the 
behavior of these free electrons. 

Conductors and Insulators 
Conductors act as a pathwav for free electrons. Most metals are 
good conductors of electrons, so they can he used to "transport' 
elcctrons from one lace to another. fn.uhuors act as walls or 
barriers, preventing elcctrons froni tiowing where wo do not 
wa;t them to flow. Insulators, for example, are used on most 
ic:1ricaI wires to protect us from electrical shock. 

Conper, silver, and gold are poputar conducors hec'.use 
they liave a large number of froe electrons. As in exarnpie of 
how to make the electrons flow, picture a length of copper wire 
with one end connected to the positive terminal of a battey 
and the oher end connected to the negative terminal. The 
positive terminal attracts the negatively charged free olecirons 
of the wire (remember: unlike charges attact.) while au die 
same time the negative terminal re eis the olectrons. hc rosult 
is a flow of eIec1ons through the wre from the iiegai 	die 
positive terminal. 1 j5  flow is called an electric current. 

An insulator works just the opposi e. In seine m erials, 
such as plastics anct glass, atoms hold their eicctrons Jghtly. 
These materials have very few free electrons. Therefore, if a 
k'ngih of insulator is connected to a hattery the same wavt he 
copper wire was attached, no measurabie current would fiow. 

Current,Voltage, and Resistance 
l-Iere are some basic definitions of terms used in electronics. 

• Currcnt is the orderly movement of electrons through a 
conductor. Current is measured in arnperc.s, or anips, or 
the rate at which ehctrons move past 0 given point. One 
ampere is the moveinent of about 6 biIiio billion electrons 
past that point in one second. 

• Volioe is an electricat pressure that can cause current to 
flow. Voltage forces current to flow through a wire in niuch 
the same way that vater pressure forces vater to flow 
through a pipe. This electrical pressure can he caused with 
magrictism, chemicals, friction, light, or heat. The unit of 
voiiagr' is the 'alt. 
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A standard fiashUght haftery can produce 1.5 vofts. 

A car battery produces about 12 volts. A Iight buib 

in your herne operates an 115 volts, while an electric 

stove requires about 220 volts. Your teievision rnight 

develop and use 25,000 volts or more internally, 

• The opposition to current flow is resistance. The resistance 
of a material is mainiv determined by how many free dcc-
trons it Itas. If the tnaterial doesn't have manv free electrons, 
it will have little or no current flow. The unit of resistance 
is Ute ohm. One ohm is the amount of resistance that will 
allow 1 ampere of current to flow when the applied voltage 
is 1 volt. 

Know Your Units of Measure 
• Electrical cnarge is rneasured in cou/ombs. 

Current is rneasured in amperes, or arnps. 

\Joltage is rneasured in vo/ts. 

Resislance is rneasured in ohms, 

• Electrical power is rneasured in watts. 

Capacitance is rneasured in farads. 

Frequency is rneasured in hertz. 

Ohm's Law 
Ohm's law describes the basic relationships between current, 
voltage, and resistance. The formula fot Ohm's law is: 

Voltage (volts) = Current (amperes) X Resistance (ohms) 

To determine current, the formula would be: 

Current (amperes) = Voltage (volts) ± Resistance (ohms) 

If you know current and resistance, you can find out the 
voltage. For exanipic, how much voltage is needed to force 
2 amperes of current to flow through 10 ohms of resistance? 
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Ohrns law teils us that we need to rnultiply our 2 amperes 
current) by the 10 ohrns (resistance) to arrive at the answer: 

20 voR. 
h ou know voltage and resistance, you can figurc out 

current (Voltage 	Rcsktance). Therelore, how inlich current 
flow in a circuit having 5 ohms of resistance when 15 

volts are applied? 

15 volts 	5 ohrns = 3 atnperes 

With these fnmias, you can solve simple problems involving 
vo]iec, and resistauce. 

Power 
Another electrical quantity is power. Power is the rate at 
which vork is done. The unit of electrical pover is the u'cir 
and van be conipared to the unit of mechanicl nower, caileJ 
horsepower. One horsepower is equal to 746 watts. The 
formula for power is 

Power (watts) = Voltage (volts) x Current (amperes) 

When this formula is applied, you can determine the amount 
of power used by a circuit if you know the veltage and current. 
For example, how moch Power is used by a 20-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 lorm of heat to toast the bread. 

James Watt, a Scottish engineer and inventor in the 
18th and early 19th centuries, actually tested horses 
haufing coal to heip hirn arrive at the determination 
that 1 horsepower is the amount of power required 
to Uft 33,000 pounds 1 foot in 1 minute.The watt is 
named after hirn. 
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Resistance and Resistors 
You have learned that when you apply a voltage to the ends 
of a conducior, lt creates a current. Its strength depends on 
the applied voltage and the resistance of the conductor. The 
resistance of a conducting material clepends 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 temnerature is colder. In most simple circuits, however, tem-
perature is not critical and is OitCfl ]gitored. The kund 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 evcn a higher resistance 
than iron. 

The longer the conductor, the higher the resistance will 
he. For instance, if the length of a copper wire 15 doubled, the 
rcsistancc vill be doub[ed. As an exatnpie, a 60-foot Iength of 
copper wire might have a resistance of 1 ohm. A same-sized 
cot per wire that is 120 feet bog would have a resistance of 
2 ohms. 

Sf.ze is important, too. A thick conductor will carry more 
current and offer less resistance than a thin one. Think again 
of vater pipes. A large water pipe will allow more vater to 
flow than a srnall otte, \Ä'Iien a current fiows through a resistor, 
a component that limits or opposes the flow of a current, vork 
is being done to move the electrons. This work produce heat 
and warms the resistor. Heat produced by an eleciric current is 
the basis for the operation of many electricai devices and 
appliances such as heaters, toasters, stoves, and soldering irons. 

In a lighthulb, an electrical current causes a wire filamont 
to become so hut that it gbows tu produce iight. Oniv a fraction 
of the power that comes from the filament produces light. 
The rest generates heat, \vhich is whv incandescent hulbs are 
so inefficient. A resistor is designed tu have a speciiic value 
of resistance, and resistors are avaiiable 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 	19 



Capacitors and Capacitance 
A capacitor is a device for storing electrons, or an eleotrical 
ciiirge. that can be released at a later time. Imagine two sheets of 
aluminum foil (conducting plates) that are separated by a sheet 
of \vaxed paper (an insulator). II von connect a batterv to the 

o aianiintm shenis, clectrons will iinv froin the seet that is 
connected to the positive terminal of the battery. Simultaneously, 
zhe sane number of electrons will flow from the negalve termi-
nai of ihe batierv to the other ahiminum sheet. The niimber of 
electrons that arc transferred nakes the voltage between the 
aluminum sheeis exactly that of the connected battery. If the 
hatten is removed, die a!uminurn sheets will remain in their 
c!arged state. II there is nu leakate tlirough the waxed paper, 
the sheets will remain chargeJ iieiinitelv. 

Any tvo con(.iucting plates separated by an insulator make 
up a capacitor. A capacitor can consist of mauv conducting 
plates vAth insulating separators. Alternate piates wo -,;. 3 d be 
connected to form interleaved stacks. 

The higher the vciltage. the greater will be the amount 
of chargc that is transiened froni one plate to the other. The 
ratio of charge to voltage is defined as the capacitance of the 
capacitor. Or von could also s.av that the elecirical size' of 
a capacitor is liS capacitance, which is the amonnt of dcc-
tric charge it can hold. The unit of capacitaiice is the farad. 
However, this unit is too laige for most practicai capacitors, 
so capacitors are manufactired to measure miWonths of a 
a;ad irhcrofuacIs) 

 
am,, tollhn'tlis of a farad 	ictaads, 

which are micro-microfarads). 
The insulatoi s ihat sepai .ite condctin inites in a Catiacttor 

can be inade of several materials, includutg caramic materials, 
in cc, certain types of paper, air, and oxide (a compound con-
taining oxygen). A popular capacitor has been the electroiytic 
capacitor. In this capacitor, the insulator is an extremeiv thin 
oxide Iayer. The ieads ;)l electn.iiytic capacilors are marked 
positive and negative. These indicate how the capacitor must 
be connected for proper operation. 
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ElectronTubes and Diodes 
The electron tube made the science of electronics possible. 
Althougi it largeiy has been repiaced by transistors, it still has 
special uses. 

A diode allows current to flow through it in one direction 
but not the other. lt has two main electrudes, placeci a short 
distance apart in a vacuum. One electrode is called the plate, 
the other the .timimode. A filan:enr (or heater) heats the cath-
ode, The cathode is made of a material „hat emits electrons 
when it is heawd, so a cloud of electrons surrounds the heated 
cathode. When the plate of the diode is connected to the posi-
tive side of a hatten.', electmns from the -,-Code will flow to 
the plate. As ve have leaned, the positive charge att acts the 
negatively charged electrons. Therefore, electrons can easily 
flow from the cathode to the plate. 

TO F'LAl'E. 

See the "Schematic 

Diagrams" chapter 

to helpyou 

understand the 

illustrations in 

this section. 

OLATE 

CATHOPE 

:.;.: 

How the diode operates 

The dictionary defines an electrode as a conductor 

that estabkshes electrical contact with a nonmetaflic 

part of a circuit. 

However, if the negative terminal of the hatterv is 
connected to the plate, ne. cun'ermt will flow. i'hat's hecause a 
negative voltage repels negative charges. So, a negative charge 
on the plate repels the electrons (which also are negative) that 
are emitted bv 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. 
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A triode is a three-element tube. A fine-mesh wire resides 
between the plate and the hoated cathode. This extra element, 
the coutrol grid, rcgulates the current that flows tiwough the 
tube. When the „mild is positive, it attracts the electrons crnitled 
by the cathode. Jio\vever, hecause the grid is a wire mesh, most 
of the electrons pass through the mesh and to the plate. If the 
grid is positive, a heavv current will fiow from cathode tu piate 
soe the illustration). Ii negative voltage is applied tu the grid, 

it repels the electrons endtod by the cathode. Only a few 
ck'ctrons make it tlirough the wire inesh and go to the plate. 
ji the grid is niade negative enough, no electroos will flow. 
1hus, the voltage on the grid cic'termines the .noount of 
current that fiows through the tube. 

ELF: 	.1 	. .V. 

F LAI: 	
t CO)L,Ä CATHO'): 	

•• GKV 

How the triode operates 

As an example, the voltage applied tu the grid might come 
from a irictophone. The mike produces a bw voltage that 
correspoods tu the sound striking the grid on the mike. This 
causes the current through the tobe tu fbuctuato with the 
sound. Ti FO II ui na Fing cu m'nt in die SCJ 	opruduceS 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 semiconductor is used tu name a wide variety of 
electronic devices. Made of solid or liquid material, semi-
cunducurs geueraliv are able tu conduct electj more 
easiiy han an insulator, hut not as casily as a rmial. 

The semiconductor diode performs the same basic func-
tion as the electron-tube diode. lt albows current tu fbow in one 
direction, hut not the other. This diode coosists of t fferent 
tvpes of silicon crvsials. An iniputy (some type ot scanceJ 
can be added tu one area of the silicon tu control the silicon's 
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conductivity. The silicon is said to have been "doped" when 
it has been treated with atoms from an impurity. These atoms 
comhine 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 die 
cathode of the diode. 

ANODE 

N-T'FE 

CATHGL'L 
CATHOPE 

h 	rFl 
ELL 	 :N. 	 ELECTRONS CANNOT FLOW. 

Semiconductor diode 

The other area of silicon also has an added impuritv. But 
the atoms of this impurity combine willt the silicon atoms 
in such a wav that there is a shorioge of one electron in the 
bonding. The absence of an CICCtF is called a "hole,' and 
this hole can grab an electron ftom a neighboring atom. Thus, 
a hole can "float" from atom tu utom the same wav an electron 
might. The silicon with die holes is called P-type (positive). 

For current to flow through tue diode, die negative terminal 
of the battery must connect to the N-tvpe silicon (the cathode) 
and the positive terminal to the P-type silicon (the anode). The 
negative terminal repels the free electrons of the Nt-type material. 
The e!ectrons am forced toward the htnction where they fihl 
the w.uiiing imles. However, as the electrons leave the anode, new 
holes form. This results in a constant flow of current 
from cathnde to anode. 

Current cannot flow in die 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 iunction. Because there are no free 
eiect.rons at the junctiun, no current can flow. 
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COLLECT(.0 

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 much the same way as a diode. However, 
the transistor has three e!ectrodes, called the f'o'itrer, the base, 
and the collector. The collector is connected to the positive 
terminal of the battery, and the emitter is cc 	cted to the 
negative terminal. Electrons wifl iry to flow from the emitter 
to the collector. However, a don iayer (the base) separates 
these two elements. If the base is negative, it repels the free 
eiectrons in the emitter. in this case, no current can flow 
[rom the emitter to the collector. 

COLLCTOR + 

- 

)' F1QW 	 EATTER 

;y. 

NPN transistor 

If the hase is positive, electrons can [bw into the base 
[rom the emitter. Sonne of the electrons will fbow into the 
oostive OaSe tead. Bot because the hase is very thin, most 
of the electrons travel through the base to the collector. Thus, 
ii the base is made more positive, more elecirons will flow. 
Converseiv, making ihe base less positive will reduce the 
current [!.ow. You can see then that a small 'oltage on the 
base will control the amount of durrent through the transistor. 
For this reason, the transistor can be used as an amplifier in 
much the same wav as a vacuum tube. 

Notice the symbol in the illustration used to represent 
'hu NPN transistor. Another type of traisistor is called the 
PNP transistor. Its structure and schematic symbol are shown 
in the following illustration. This transistor reanires opposite 
polarity voltages for proper Operation. 
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PNP transistor 

NPN and PNP transistors are called bipolar transistors, and 
they are the most popular types used. A nuinber of other semi-
conductor devices are looselv cafled transistors, such as field 
effcct transistors, unijunction transistors, and silicon-controllecl 
reetifiers, but these won't be discussed in this pamphlet. 

Integrated Circuits 
An integrated 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 serniconductor. One chip can 
contain thousands or even millions of electronic components. 
lntegrated circuits have revolutionized many fields, including 
conimtutiC.ltiOns, information handling, atid cIuuting. 
Thev have reduced the size of devices, whi}e providing faster 
speccts and increased reliabilit y. 

l'he individual components of ICs 
am extrernelv snali and am assemhled 	 & 
to a 	

tnh nhtlookflat butit 
has several laveis for circuits. Switcites 
control the elecirical current through 
the chip. The switches manipulate the 
hiitary code (discussed below) with 'on' 
am: "off" switches. The binary code is 
at the core of how a computer operates. 
Clips come in many different sizes, with 
ntillions of transistors being able to fit on 
clips the size of a postage stamp. 

The integrated circuit, or IC, las led to 
smaller electronic devices that are faster 
and more reliable. 
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Two basic tvpes of IC are called linear and digital. Linear 
circuits include amplifiers, oscillators, regulators, and other cir-
cuits used in TV sets, audio amplifiers, radios, aiid heliving aids. 
Digital circuits include memories anci arthnietic circuits and 
counters in watches, calculators, compu[eJ and video garnes. 

Microprocessors 
The rnicroprocessor is a type of ultra-large IC. By 1971, 
the techniqiie of making ICs had progressed to the point 
where eriough computing power could be put on a single 
IC to form a tiny, primitive computer, or caiculator. The 
first microprocessor was born, 'löday, 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 sonic w, 	mcl produces an appropriate output. The 
carliest apl)iicllinIl  of the microprocessur was the calculator. 
A calculator 	cepts numbers that the user euters on a key- 
hoard, performs a mathematical Operation on those numbers 
thai the user desires, and then sends the result 10 a display. 
'Rulay's rnicroprocessors function as the central processing unit 
(CPU) of computers. They also are used in many electronics 
systems such as cameras, printers, planes, am! automobiles. 

The inicroprocessor in an automobile, for ins[auce, exam- 
A computer might ines inputs from several sensors, makes decisions hased on 

contain more those inputs, and adiusts such things as the mixture of air 
and fuel and the timing of ignition firing. The microproces- 

than 2 billion sor's most important aspect is that lt can be programmeel to 
transistors! perform an almost limitless number of applications. 

1 
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Intel cofounder Gordon Moore wrote in 1965 that 	nurn: 

transistors in integrated circuits doubled approximat& wer 

years.This observation, callecl Moore's law, still h'' 

: 

4 v 
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Schematic Diagrams 
The illustrations in the previnus section didnt show you a 
picture of a real diode or traiisistor. lnstead, they showed 
you a kind of iliustrated ontUne, called a schematic hamrn. 

These diagrams are a simple way of showing how electronic 
components are connected. In a scheniatic, symbols stand for 
the different electronic components. Ihe schcmaiic diagram 
illustrated here is for a code-practice oscillator, used to 
practice Morse code. The cui responding pictorial representation 
shows how the componc1 actually look. In the schematic, 
a ditferent type of symbol represents each type of componeiit: 
long and short lines represent the battery: a zigzag line stands 
for a resistor. In this section, yon will learn these symbols so 
that you cail undersand schematic diarams. 

+9/- 
 
	 K r- 

Schematic diagram, 
code-practice osciflator 

Pictonal representation, 
code.practice oscillator 
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To start, compare the schematic diagram with the pictorial 
and match each symbol in the schernatic with its equivalent 
component in the piciorLil. Also match each line in the sche- 
matic with the approprhite wire in the pictorial. Notice where 
Iwo lines cross in hie scheniatic. If the wires are to be cor1nect 
ccl, a dot shows at the crossing on the schematic. If there is no 
dot, the two wires bypass  e,ich other and are not connected. 

When you draw your sc]ieniuic for requirement 2, you 
will need a sharp pencil, paper, and a ruler or straight edge 
for drawing straight lines. A cornpass niight be helpful for 
drawing circies. 	'u have a computer with a drawing pro- 
gram, you mighi 	e that tu draw a schematic. 

Components 

Hic Before we look at the most common types of electronics 
componc'nts, as weil as the scheniatic symbol and a pictorial 

' of each one, let's define and review some basic terms (also 
see the Basic Electronics Theory section): 

• Ek'ctricity is a property that electrons have that causes 
thein to behave in certain predictable ways. 

• 	Electricul c/tar,gc' is a quantity of electricity. 
To learn 

• 	1 he elc'ctrori is a tiny particle that has a negative 
more, read electrical charge. 

the Electriciiy • 	Curreut is definecl as the flow of electrons. 

merit badqe • 	Volta,gc' is the pressure that causes current to flow. 

pamphlet. 
• 	Resistance is the opposition to current flow. 

• 	Direet currt'nl (DC) is current that always flows in 
the sinne dnection. 

• A/ternatiitg currerit (AC) is a current that reverses 
its direction of flow many times cach second. 

Each resistor has a specific amount of resistance. A resis-
tor is somewhat comparable 10 a nozzle on a water hose. For a 
given vater press:ire, the nozzle controls the amount of vater 
that is allowed out of the hose. Similarly, for a given voltage, a 
resistor controls the flow of electrical current. 

Most resistors are n adt' 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 
gmven voliage. 
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Know Your Prefixes 
• The prefix tera (1) means 1 trilHon. Thus, a terawatt equals 

1 trillion watts. 

• The prefix giga (G) means 1 b)flion. A gigawatt equals 1 blUlon watts. 

• The prefix mega (M) means 1 million. A megawatt equals 

1 mUlion watts. 

• The preflx kilo (k) means 1,000. A kilovolt equals 1,000 volts. 

• The prefix micro )p) means onemiUionth. A mierosecond is 

onmmillionth of a second. 

• The preflx nano (n) means onmhillionth. A nanosecond is 

one-hill)onth of a second. 

The value of a resistor is given in ohms. The symbol for the 
ohm is the Greek capital letter omega (0). Thus, 10 designates 
die resistance of 1 ohm. A iko resistor has a resistance of 
1 kilohin, or 1,000 ohms. A 1 MO resistor has a resistance of 
1 rnegohm, or 1 million ohins. 

The illustration here shows a variety of fixed resistors and 
a cn)SS-Section of a fIXCCI resistor. The values of fixed resistors 
cannot be changed. The resistance of variable resistors, huw-
ever, such as those shown, can be changed. Variable resistors 
have a slider that can be moved with a knob or adiusted with 
a screvdrivcr. Rheostats and potentiometers are tyves of vari-
able resistors. These resistors can be used in appliances that 
need their currents adjLlsled or when the resistance needs to 
be varied, such as with lights that can be dimmed. 

Fixed resistors 

-J- 
flIH 

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 thern, energ'•' is stored in the 
magnetic fields they produce. Using an inductor with a capaci-
tor resuits in a tuned circuit that has a natural frequencv. This 
type of circuit is oflen connected to the antenna of a radio 
receiver. lt tunes one Station at a tirne, ignoring all the stations 
of frequencies to which it is not tuned. A chnke is a particijlar 
type of inductor that blocks the passage of alternating current 
(AC) but permits the passage of direct current (DC). 

e  00 
 ', 

1  0„9 
Unlike the fixed resistor, the value of a variable resistor can be changed. 

Schematic symbols for the variable resistor 

Inductors 

I'H 	 I'H 
FIXED !NDUCTOR 	VARALE INPUGTCL.. 	JRON-CO5E INDUCTOF, 

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 farari (F). Practical capacitors have c1pacitJnce 
values in microfar,ids (pF). 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 rnust be. 

1111 

Capacitors 

As veu have alreadv seen, there are dozens of types of 
semiconductor devices, iitciuding the transisior and the diode. 
Transistors are solidstate devices used for controlling current. 
A very sn.ill inut current controls a much larger oulput 
current. Foi example, the small current froin a microplmone 
can control a much iarger current that drives a loudspeaker. 
This is the idea behind the audio amplifiers used in public 
address systems. 

Schematic symbol, fixed capacitor 	Schematic symbol, variable capacitor 
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NPN transistor, 
schematic Symbol 

Transistors 

PNP transistor, 
schematic symbol 

Diodes operate as check valves, passing current in one 
direction but not the other. A diode's most common application 
is in power supplies. lt changes alternating current (AC) into 
dircct current (I)C). 

Schematic Symbol 

____ ____ 

Diodes 

The operation of an electron tube is somewhat similar to 
that of a transistor. In the tube, a sniall input voltage controls 
a relatively high output voltage. Thus, a tube can anmhtv a 
signal in much the same way a transistor does. Today, most 
electron tuhes have been replaced hy solid-statc devices, such 
as transistors. However, tor uses that require high power, tuhes 
are still used. The most popular is the picture tube in older 
tetevision sets. Flat-screen TVs do not use picture tuhes. 
However, tubes tor high power are still used todav in lasers, 
radars, strobe Iights, and special-use vacuum tubes. 
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Electron tubes 

Sdiematic symbols 

Complex circi.s are a--. -allahle in iniegraied drccft (IC`. 
form at inexpensive j :. 	he IC. w:::...LEJn1eS linie owen 
is reliabk. :eap. an 	:ause ievce usifig iCs can be 
improve.::d made 	. 	IC has repiaced traditional 

shown he:-e. ICs corne in 
PiP the 

:nos: 	 ...acatton 

DIPS 
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m3 	tve c transformer c' s:e 
down ve1g 	: 	:rreis. For 	:.. a sTep. ::3::.:. er 
ca:: chang.e v-itage high-current eecrid:v nto g-
chge. •ow-c&rem eez:ictv. A :ransforre: : 
;ed a 	::c:;voer :h 	.qk z've c:cI:s Tha: avo 

To 
de:e ccteri.: 

a microphone .o 	sourJ m: 	za 
speaker 	 -ois zhe eer;c mpe acMuc 

	

::ih, £exibie dik, 'r 	 :r :he nke 

	

:a we:ever somd 	in Ti asesa 	to  

ra;e as :.:: 	::m:s Je dahragr. 
A: ±e o:er eJ. the varvhg --,r r-21  prcdces 	angig 
:greic ei :e spe ke: This tauses aiph:agm 
:ate, :e-reatg the c:gha sc:i. 

Schematic 
symbol, 
uroncore 
transformer 

Schematic 
Symbol 

transformer 

Transfonuers 

L1 
• 	

1 	 Schematic symbol, 
• 	

J) 	 microphone 

Microphones 
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1 	 Schematic 
symbol, 
speaker 

Speakers 

Transistor Ci::itS operate at 	:.'. 	voltages and have 
bw power requh:rents. Therefore, [::-. 	-vcs are often 
clriven from smaI batteries or DC voz 	.: -c. 	?pending 
in the type of tra:tor used, two to four flashlight t 
are c:e: 	adequato for re 	ely bog ........c. Ordinar..... 

iiy cells produce 	r 	ximatebv 	-•ts Four 
connected in a 	an pr' 	s. Singe 9-volt + 

batteries also are used. 
Battc:s ... made frorn 	e.eral tvpes " car 

different 	‚-\bkabine, hthiu: 	and mer.j:': 
used wtien bong life is desired . Nickel-cadmium batteries give 
shorter s-:;:.---, 	can be recharged. The ni(:c-rnetal hydride 
batterv i 	cc 	a.ii'g te nckeb-cdmium battel 	:)ecause lt 
doesn't si'er ihe me:rr: 	:t is, not 	•wing a partiallv 
charged battery to fully recharge before use). Zinc-carbon also 
is used in many inexpensive di -ceil batteries. + 

‚TI 

LJ 	Li  
Symbols 

Batteries 
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Switches are an important part of almost 

A 	
all electronic equipment. They come in a .v 
varietv of 	 jncions. The 

thissi 	€ :' 
cu: 	::...v. •. .c-: open, 

flow. The on-c 	on most 
devices are of this  
throu' vc has a contac: .::: 	.: 

set in .:h: f two positia::. 
shown here, terminal A can he conne.:: to 
either ::nina 13 	 A dou:•::r.. 

00 	
rj  

o 	 two w:s fror'. c: 	::: ::..::::. lt can 
o 	0 	

he h:t of, 	.::: s-::le. doubie-throw 
svitches ihat :::: :.:::hc:. A rota' or 
selector switch :....3 ::: ::::::e arm- that 
can he set to v: 

The development of electronics has 
0 00 

	

	benefited our daily lives in many 
ways, including the protection of 

0 0 	0 	life and property.Today, electronics 
and electronic circuits play a vital 

. 	
: 

 

rote in the security field. Whether 
lt's a burglar alarm motion sensor, 
door contact, or the alarm panel and 
communication devices, closed circuit 
 

0— 
television (CCIV), or devices related to 

J 	—0 
detectmg smoke and fire, electronics 

'.,.. 	: 	is what makes lt all happen. 

• 	...... 	.: 	 A photoelectcal cell changes one or more 
of : .haracteristics w1:: :x-ased to l:zh:. lt is 

Switches and their 	 !" O?fl'd th? 't.iiC tO'. 

schematic symbols 	 :::::i 	:h as ::fic light,. 
and devices that au: ::;te lights at c:.s 

tur:. 	•:. 	 ::: 	e type o :::::ltric 

name for this t: 	of c:: s the light-dependent 
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resislor LDR. This secia1 

resis! 	ias a small wbdow so 
atiigN 	n 	e r ) 

aceIIIasahigh.:stance \ 
when in  

tvpeis called accc . 	. 
ce!L Tn.s Is Inc iamihar 	soar 
ce: 	ihat IS 	10 [.:r 
eec: 	-::: 	nent on Photoelectzic celis 

spac 	. .. 	: ......duces a bw 
1:- terminais ; 	-. ....exposei to 	.:t, espedalv - : 	thus cenverrtng .:.: 	. 

r&ayc. " 	...... -:...... •. 
lVhen 

:1:.:- 	........n: 	cob :netic fied deveops. 
........ .::::.pancabiedan 

::::: 	witch conrcts 
..............ent can cause the s.y;:: 	nias 

10 dose. hut nie contacts 	I::.hile a mc IVIer 
curren:. The 	c!ows - ---- - - -- - rc -'t 	:- 	a 
higher curr-en 	cc :: oft ............... . 	switch 
:ontacts. 0 r€.: 	c. 	a single current to contrd . - ws 
several different currents sirnuhaneousiv. 

The Color Code of Resistors 
Ine:ce 0i a re-. :.jr 15 specified in ohms and is indicared 
hv c::I ....d bands around one c::i of the resiston The elec 
tron: . ..........:strv devic 	Uiis svsi.....- 	:::.:use ......... 
num - 	u!: :: i.r! to rec 	c; ght 
bvttc 	............... 

Most resisto: :. 	:c ::: bands. with 	.::: :.:t three 
couniinr frr 	'. iu c: 	:e rez"rr cig the 	tue in 
hrns T: 	-. 	-. ..hich 	eithe. s. c: 	r gold, indicc::-s the 

:- nc 	:r: belcu 	Cobors t..: for the bands are 
ised in p!acc bers. Tc :.erm::c the resistancc 	:.:- in  

bar-:-ustartu:, vith the orie 

* 
Schematc 
symbols, 
photoelectiic 
cells 

E D 

Relay 
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1 1 1 	1 	ie]S yeu how rnanv 

Resistors am Iabeled with colored bandsThe 
colors of the bands represent numbers that 	I!1 tht 	.e, the 	is 

determine a resistor's value The fourth band  
represents the resistor's tolerance. 	 Ther:: 	ue cis 

................................. 
The orzi 'i inicates the 	c :e ;eisio;. 

whch -2]s how ::urae the actua vaiue is. 1; the urth band  
isi1ver.:he - :.:::eis =1 	 ::.eteier- 
ae 	:: 	. :r'ans that he acoa vaje 	the 
reer 

 
iz 	 viihin 11 Percent er Z 	 ef 

ir value. Ii j 	racks a fourth 	veu can t:::e tha: 
:aeranc  

Ifvot,  npd hein rc-memhprit - 	e c -- 	: - e 
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ResibtutD iii 	(U 

Now try the example für the resistor shown here, which 
has a red band first, then a vellow band, and then an orange 
band. Thc :cI band means that the first numb3: 2. T:e .ew 
band coreonds to the nuniber 4. The orange b2nd te 	s 
add hee :eoes. Thus, th3 :a1ue is 2-4-000, 	 1 trar.sies to 
24,000 ohms, or 24 kilohrns (1«0). 
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Soldering 
Before vau uet7,in :::rking with a circi:. ri and studv liiii 
charner on solde: 	Anvone ;vorkir: ;:. :-.•tronics must 
k: .v how to so] ±r: weil, and sateiv. lt t: 	.: :.c1ice. hut 

he able 10 prope:; 	mb-1e an 
ttttttjmn_ 

Review the Soldering Safety" tips in diapter 
before you begin vour soldering work on 
requirement 3. 

:s work, the wing connections must be 
cure. A loose corne--. -. ~ : -i in a radio. for :::::np1e. 
in noise. :::atching .....:t. : 	no sounds di all. 

:tions in: 	couid ...::: ::.: sound and picture 
And ::: :::: lust a radio and 

sh::::. 

in 1t dep 

iuSt 
ng 9 . 	 .. 	 er !jke 

or giLe (oetPer niee o 
wood. Done correctiv. 
solderin,: 	 the::::-:als 
so  

dCt 	 meta. 
............:iixture . 

of lead 	tin solder and  

asolder::::iron. 
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'W Soldenng Safety Tips 
• Solder only wider the constant 

Y 	super-vision of a responsible and 

knowledgeable adult. 

• Certain kinds of solder release fumes that can 

be harmful to your eyes and lungs; therefore, 

always work with solder in a well-veatilated area. 

• Do not allow anyone to drink, eat, or smoke in 

the soldering area. 

• Wear safety goggles when soldering. 

• Before you start soldering, protect any flamma-

ble material with a fireproof shield or wet rags, 

and have a fire extinguisher nearby. 

• Be careful not to let hot solder splash around 

because it will burn you almost instantly. 

• lf possible, use a soldering iron stand or clamps 

when you are soldering, leaving one hand free 

to hold the solder. 

• Don't overheat components, circuit boards, or 

plastic wires when soldering. 

• Oxidation (rust) develops more rapidly when a 

soldering iron 15 hot, so try to make sure the iron 

doesnt stay hot for long periods of time. 

• Never touch the tip of a hot soldering iron; keep 

the iron in a holder when you aren't using lt. 

Don't lay it down on your bench or work area. 

• Never leave a soldering iron on unattended. 

• When you are finished soldering and cleaning 

up, thoroughly wash vour hands. 



The Soldering fron 
An inexpensive pencil-type soldering iron of no more than 
-.vatt capz:v (15 to 	:atts are also suitable) is the best 

..':. Thc 	should he 1 	2 millime:c: 
1er sh:.:l be l mm. 1: 	helpful to 	an 

eahic :s of :erent di:ters or sl.:s 
to be used on di::':nt k:is of 	The iron should he 

-anced and nave a handle that will remain cool vhiIe 
.k. 

Tinning your iron means coating the tip of the solder 
with a thin 	 n is :x, read the 
uctlons abou: 	j:.: 	 :.: ....\lost n.; irons are 

tinne. . 	:.: 	::: 	) tin it. if the tips are 
silverv, you can use them as the: : - e. 

If ii .ric::•:s -c.-.'t include.: 	iror. ad the tip 
is not si:;:. 	 fine hIe 	f. 	:: 	:p urL :t is shin. 
Then heat the iron and coat the tip w 	rosin-core solder. Be 
sure to c.: 	sides of the tip. 

lf 	an okier iron that has been used and the point 
is alR•; c:-look::.c. vje it clean w:h a cloth and 
vou are rea: .r vork. II it is dull or looks copperv, file and 
tin lt. 

You also shouid have a heat-resistant bench-type iron 
holder so that the hol iron can safely be set down between 
uses. Look for one that has a holder for tip-cleaning sponges. 

How to Solder 
A well-soldered ioint, one that will he reliahle in use. will be 
nice and shi: looking. To achie.e a we-sldered joint, make 
sure you do the folioving: 

1. Solde: 	cean, well-tinned tip. Wipe 	tip on 
a dan spng :efore soldering and hetwce:: soldering. 

2. Make sure all .v:es, parts, and the circuit hoard to be 
soldered are clean. 

3. Make a good mechanical joint before soldering. 

4. Allow the loint to get hol enough ':e 	iyiflg solder, 
and then applv an adequate amouni Oi soin .. to the ioint. 

5. Aflow the solder to set hefore handling or moving 
s::cred 
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YOU te 	tm and make he efnrt 	scoer a 
pnectjont ynu rnaht aave a o of  time nter in, 

tryoc to trouheshoot roheme v. th  

Remember that in prepanng work for soldering, dirt is 
the enemy of soldering. sc 	.vJ not take if nars are •::tv, 

na sore to completely . 	 and 	:oices hefore 
solder. Yse fine •. 	einery paper te c!en fiat 

s:aces or wire. 	nou da. parts or a dirty 
ou might trv to use 100 n-.nch heat 10 force a connection. 

Remember that no amount of cleaning will allow 

you to solder to aluminum. When making a con-

nection to a sheet of aluminum, you must corrnect 

the wire by a solder lug or a screw. 

When preparine wires. remove the insulation with wire 
n:pers or a ho:.n.: ndnig a knife, hn 	the knife at an 

anane a 	.vere shainan - a pencil. Do not cut 
the ii::.nn becausa .... rn!d nic!< 	..'wre a raanen 

i:. !<nr ename:d wire, usaha dank af the k:dd 	alade 	ape 
the v: 	until lt 15 clean 

Nexn 	n the den:: ann: n 	«ire. Hold the 	a:an tip 
af the soda:ing iron a.gd::: :a :.:dersurface of d:s 	vda, and 
place the end of the ras -e solder aga::s: the upper surface. 
As the sc.:c 	me:. :: 	.;:c,c :.a nann and c 	dc 
wire. Ha«. :.ie h 	na • 	 «.-: :. 	...«er sr: :nae 01 

lan 	wire and rerncn:a nx-sss:dae: hv iettii;a 	flow 
ita.:n :he tip. 	.ien proped. tinned, the exposed surd:.a- of 

ire shoud be covered with a thin, even coating 01 solder. 

Before you begin, secure your work so that it won't 

move during soldering.With circuit boards, you 

could use holding frames. Use a modeler's small 

vice to hold other parts. 
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Meat the wire and 
tue lug. 

d 

1 _ 

Unless you are creating a temporary joint, the 
next step is to make a good mechanical connection 
heween the parts 	soldecc1. For instanc, '.vrap 
:he wire carefully a::: :tghtly ::jund a soldet:: 
terminal or soldering lug. (Bend wire and make con-
:- ::o:: usin.g long-nosed pliers. \Vhen connecting 

c;es, make a tight solice bccr soldering. Once 
have made a good r:L1anical contact, you are 

ready to solder. 
When vou are worktr with an ordinary circuit 

board, you will bend the v:es of a component through 
the board. For those parts, such as some resistors, that 
becc::e hot .v:en in oper::ton, raise them  
abovc e boa;i to allow s.me air circula:c::. 

The next step is to apply the soid::ing iron and 
solder to the connection. The temperature of all the 
::rts that are being soldered 	c:!c! be raised to about 

same degree before apply:::ü :he solder. lt solder -
ing a spliced wire, hold the iron below the splice and 
app: z.alder to the top of the splice. lt the tip of 
iron ::.s a bit of melted solder on the side held agat:.st 
the 	he:: is trans::::d more re:y to the splice, 
and the soldering can be düne more easily. Dont 
t:•:sDlder by applying solder to the joint and then 
:•::g down on it with the iron, 

lt usually takes two to three seconds to solder on 
a printed ci:::.:: board. Reme::ibc:: Too muc: alder 
on a joint ntght cause short ::cs with ad.a:.'nt 
oints. Howe. - e:, if vou dont app: nough solder, you 
migh: not form a secure and fuLv :orking joint. 

Wnen solde::g te wires :: :or'.pone't. you 
might snip the cx::: .v :e le::t  
However, with some components, such as semi- 

II might be best to s:::::• the surplus 
vou have made the 

Don't disturb the soldered joint until the solder 
has sei. This might take several seconds, depending 
on the amount of solder used to make the joint Then 
take a good look at the joint. lt shoud iave a shiny, 
smooth appearance. lt should not be pitted or grainy. 
lt it is, then reheat the ioint. scrae off the solder, 
clean the connection. and s:eert 
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1 
Let the connection harden 

	
Poor connections ‚ook crystaihne and 

before moving the wire, check 
	

grainy, or the solder tends to blob 

for a smooth, bnght joint. 

After the solder is weil sei, pull slightiv on the wire to see 
whether lt is a good, :u1t  

How to Desolder 
1:: :ase v::. :: lent: 	'•;: 	.ne 
i:: 	e a c •  ....... ..‚:nt tl'. 	 nco.............'.c•.: 
learn hoi. 	connections. Ta 	 .lering 

':'.king or 	s:roying good 
such 	 ine iu 	'n 

ten desoideri:ig a 
good, tight Joint. To - c: at d ' c. .se as much care 
in ciesoldering delicai ::s as yc'..........soldering the:::. 

There are Iwo w::s :: .osold::. '1: first and usu3;.': easi 
est wav is to :s a me: wick or ::t1 on a sr::::: dispenser 
rc :o re:::::; 	e me:s: solc:. This braic :s 	:be at most 

ace :;: braid .nz; ''':::, : ::::: t that vou 
want to desoI::'. 	your he.:....sokc-:': . 	: 	.tiv press 
the hraid against the ioint. As the solder 	................ 

let the  
::s..: against 

b 	 cess 	J Can remov 	•' all the ........... 
ten re:::at the joint 

off thcc .....‚ :Jiflt ie:. 
The sec;':: :: othod mv:.' '; es using a 

	

desoldering 	. or a vacuum :"::, to 
:::1er. Most c.:ctronics 

devices. ':': jw the 

	

manufactur 	:' ......: ons for the pump you 

.............:s...::1':..::::oheat 

	

that vc..: '.;.::: ::: ' 	:c: intil the 
Desotdering braid 

48 	ELECTS.ONCS 



solder nei 	s;ze :he Jesoldering pump Co c:ete a 
vacuum inside. Touch the tip of the pump to carefully "vacu-
um' ehe solder vou want to remove. Repeat the process uneil 
you have rernoved most of the molten solder. Theo reheat ehe 
10Cm and geruly prv oft the wires. 

Experiment with and practice vour soldering techniques Co 
fulfill requirement 3 before you begin working on your cirduit. 
tise pieces of wire or some old components and wire. Practice 
until vou can solder Joints that are smooth, shinv, and tight. 
Then practice desoldering some of the connections until you 
are satisfied that vou ran do them ninrklv and without break-
ing wires or lugs. 

Rernember these 	 •--... . . .‚ 

Desoldering 
en desolde 	 PUMP

"..# 
Be 	thereis. 

der nth 	 . 

•2,.-jickiy ana careTi . to avol' 
• •..th heat. Use Iri,•,  .iosed Pl 

•h,  e i eads of cornpon e nts just as yc 
wHe sodeHna. 

VVhen oosenna a ire hsaÖ, b  carefu not to 
benb rne big or be oont to whch t is attached. 

ts mportant to responsby cbspose of srider 
iiasta, wh i ch shouki oe euther recyried or trested 
es hazardous ;aste because t contans ccci. ci 
monat be dsposed of in your regular trash 
coHecton rin As vcucesorier, cogeot the weste 
n a contccinsr ceary marked es soder v'astm-
nciudng he sociier foom your spange or 
york toweL Throw vour spange or Towe away 
Contact ooa authoroes tor nformahon ebout 
mc proper dsoosca of sorier waste in your arm. 
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lt you happen to get burned while soldering, 

• Quickly cool the burned area with cold running water, an ice pack, 
or something frozen (such as a bag of peas) until the pain is gone. 

• Apply a sterile dressing to help protect against infection. 

• Do not apply any ointments or lotions. 

• Seek medical advice from your doctor if the burn is severe. 

Soderirig Printed Creut Eo c 
st electm ec de 	Lise an : or 

II 	rcu PC ba reis A PC board is 

- de of a nortconducting material, such as a 
tisheet 	berglass or phenolic eesm 

at has a pattern of fall conduc- 
o p ed on it anti has predrilled holes 

des gned 10 hold compa e ts. \ou insert 
c omponent leads inta the holes and so der 

eadstote!oil pattem, This rnethod 0 

- : is %-videly used, and von pro abl\ viii 
you c oase to work wcth an 

cro 	hit 
Prented circuit boards mahe asembl\ 

ca ier. First, sert component leads thro gh 
c rrect holes in! eboard. Mountth 

parts tightly agalnst the circuit board unless  
othemise clirected Insert a lead a d t an 
bend it slightly out% a ei to holde part  
place T en follow these ste 
Step 1 —Touch he lip 01 your soldering iron 
o bode the component leadand the foil  

they a e uniformly hoter eugh to melt 
the solder.  
Step 2—Apply a small amount of solder to 
both the tp anti the connection.  

Step 3 Rema e the iron anti let the solder  
set bei re moving the wire or the board TI e 
finished connection, & you ha e leamed 
5 oc d be smooth a 
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Step 4—Finaily, 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. 

0 

Be sure to remove all solder 'bridges7 
which can cause short circuits. 

A hole on the board could get 
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. 

Caring for Your Soldering Iron 
• Keep your soldering iron cleaned and well-tinned. 

Keep a damp cloth or sponge an your workbench. Before soldering 
a connection, wipe the tip of the iron across the damp cloth or 
spange and then touch same fresh solder to the tip. 

The tip eventually will become worn or pitted. Repair minor wear 
by filing the tip back into shape. Be sure to tin the tip immediately 
after filing it. If the tip is badly worn or pitted, replace lt 

Oxidation forms on the tip rapidly when the iron is hot, so dont 
keep the iron heated for lang periods when yau aren't using it. 

Don't try coaling the iron rapidly with Ice or water.This could 
damage the heating element, and water might get inta the barrel 
and cause rust. 
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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. 

AlIow several days to find and buy the necessary 

parts before you start buflding your cftcuit. See the 

resources section in the back of this pamph'et for 

nformation about supphers. 

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. lt is a control circuit that uses light to control 
an audible alarm. This is a popular type of control circuit. lt 
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 ton big is 
better than one that is ton smali. The holes in 
the board need to be '/io 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 contral 
board, insert components through die board from the top and 	circuit uses 

solder to the foil patterns on the bottom of the board. You 	1it to control 

make connections from one component to the next by using 	
an alarm. 

short wires called jumpers. 
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Parts Needed 
To build this circuit, follow these steps. 

Step 1 —Gather the parts. The most conve- 
R 1 	100 k) nient place to get parts for this project is at 
potentiometer a Radio Shack store. Parts also are available 

R2 	100 kü resistor from various electronics supply stores or 
over the internet (see the resources section 

1. R3 	10 kfl resistor at the back of this book). lt's a good idea 
R4 	4.7 k( resistor to make sure you can find all the parts 

Note: R2, R3, and R4 can be 
before you buy any of them. This circuit 
will work with a wide variety of parts. 

5 percent or 10 percent 

tolerance and either 1/2 or 
Step 2—Lay out the circuit board. Before 

1/4 watt. 
you begin, decide where each component 
will go on the board. The illustration here 

LDR 	Light-dependent shows a suggested layout. Lay the compo- 
resistor, cadmium- nents on the board and trace the outline 
sulfide photocell of each to make sure everything will 

Qi 	NPN transistor 
fit properly. 

 
type 2N3053 Step 3—Drill the holes. You must drill 

EI 1C 1 	741 operational 
several holes (see the illustration for the 
pattern) in the circuit board before mount- 

amplifier (op amp) ing any components. The four holes at the 
EI PB 	Piezoelectric buzzer outer corners are for the four standoffs, or 

Ei s 1 	Single-pole, 
legs, that will hold the circuit board. lt is 

single-throw switch 
recommended that you buy a board that 
has these four holes already drilled. This 

EI Perforated board approx- will leave you with only three holes to drill, 
imately 3 X 4 inches The first is the small hole for the 
(described on page 53) battery holder. Make this hole slightly larger 

Ei Four standoffs (legs) than the screw that holds the batteiy holder 

and screws 
to the board. Two larger holes are required 
for the potentiometer and the switch. In 

[1 Battery holder für each case, make the hole slightly larger 
9-volt battery than the part that is to be inserted through 

[1 9-volt battery it. Drill the holes carefully so you don't 
damage the perforated board. 

Ei Battery clip for 
9-volt battery Step 4—Mount the IC. Attach the 741 op 

amp first. lt must be mounted so that its 
EI  4 feet of No. 24 plus are attached to foil patterns that allow 

insulated wire additional components to be attached. 
Insert the IC in the top of the board. 
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ö 	 0 

00 

0 	 00 
Hole pattem 

ldentify pin 1 of the IC as illustrated at 
the bottom of the schematic diagram 
shown here. Mark pin 1 on the board 
with a pencil so that it is easier to 
identify each of the plus as you solder 
components to them. 

Step 5—Mount the LDR. Insert the 
leads of the light-dependent resistor into 
the board at the location shown and 

.-. ...-. L-....4., •.-. 	T 	r,..-.',  

o SWITC O LOR 

OEQi 
[JR2 	[JR4  

0L 09   
suiuei uie !dUb 10 tue tun. JJ0H 1  WOrry 	Suggested layout 
about which Iead is which. The LDR 
can be turned either way. 

Step 6—Mount R2 , R3 , and R4 . Insert the 
Ieads of the resistors at the locations shown. 
Bend the Ieads over so that you can insert 
them through the board and solder them to the 
bottom side. Don't worry about which Iead is 
which. The resistors can be turned either way. 

Step 7—Mount the transistor, 
lnsert the transistor (Q1)  into 
the board, carefully observing 
the emitter, base, and collector 
connections. The drawing at 	0 
the bottom of the schematic 	S

e~,'  
 

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

Step 8—Mount the buzzer.  

Insert the buzzer (PB) through 	S  
the board. Note that the minus  

(-) 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 Iengths of wire, each about 
3 inches long. Remove 1/4  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 

0 

BASE 	0 

0 

EMUTTER 

2N3053 viewecl 
from bottom 
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& 	7 	6 	5 	Step 10—Mount the potentiometer. Remove ehe retain 
1fl El El El 	ing nut. Mount the potentiometer (R 1 ) by pushing lt 

through from the bottom of the board. Attach lt to the 

K 741 	board with the retaining nut. Gut 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 

LJ 1 	LJ LJ 	and connect the potentiorneter lugs to the foil patterns 
1 	2 	55 	4 	by using the three prepared wires as seen in the top 

Viewed from top 	
view shown here. 

Step 11 —Mount the battery holder. 

Step 12—Mount the battery clip. Strip 1/4  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 to 
interconnect the components. A good way to do this is to refer 
to the schematic and color each line on ehe schernatic as you 
connect that jumper wire on the board. Gut each wire to the 
length needed and remove 1/4  inch of insulation from each end 
of the wire. Insert the jumper frorn 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 (Q1). 

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—Goarse-adjust R 1 . Flip the on-off switch to the "on" 
position. lt the buzzer does not sound, adjust the potentiometer 
until you hear a sound from the buzzer, lt 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. Gorrect the problem by rewiring as necessary. 
Repeat the process until you hear a tone from the buzzer. 
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Step 17—Fine-adjust R 1 . Once you get a sound from ehe 
buzzer, cover the LDR with a finger Co block light from ehe 
device. With ehe LDR covered, back off ehe setting of the 
poteneiometer just to the point where ehe buzzer no longer 
sounds. The buzzer should now sound when the LDR is 
uncovered but stop buzzing when ehe LDR is covered. The 
circuit is deeecting the presence of light and responding by 
sounding the buzzer. 

Circuit Operation 
To understand how the circuit works, refer to ehe schematic 
diagram shown ae step 4. Start at the buzzer (PB) and work 
backward. The buzzer will sound when current fiows through 
it. Transistor Q1  controls ehe current ehrough ehe buzzer. When 
Q1 conducts, currene fiows through Q1  and ehe buzzer, creae-
ing the sound. In turn, ehe 741 op amp conerols Q1.  The 741 
(1C 1 ) is an integrated circule thae coneains dozens of transistors 
conneceed as a very highgain amplifier. This means ehae it can 
amplify extremely einy differences in ehe voltages applied Co 
the two inpue terminals (pins 2 and 3). 

The resistance of the light-dependene resistor (LDR) 
determines ehe voltage on pin 3 of ehe op amp. If no Iighe 
strikes the LDR, ehe voltage is bw. When light hies the 
LDR, ies resistance falls and ehe voltage on pin 3 of the 
op amp increases. 

Before using ehe circuit, carefully adjust the seeting of R 1 . 

Moving the arm of R 1  changes the voleage at pin 4 of ehe op 
amp. With the LDR shielded from light, you set R 1  just below 
the poine at which the buzzer is activated. When R 1  is properly 
set, ehe voltage ae pin 3 is slighely bower ehan ehe voltage at pin 
2. The op amp amplifies this tiny difference in voltage and pro 
duces a very bw voltage at its output. This bw oueput voltage 
holds Q1 cue off so thae no current can flow through the buzzer. 

When light hits ehe LDR, as was noted, its resistance 
drops. This increases ehe voltage at pin 3 of ehe op amp. The 
op amp amplifies this difference, producing a high voltage ae 
its output. This turm Q1 on, forcing current through the 
buzzer and sounding the alarm. 
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Since the use of transistors began in 1948, the field of electronics 
has undergone a revolution that continues to allow tot 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 garnes, 
cornplex caiculators, electronic garnes, televisions, and digitally 
recorded music and videos. 
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To understand digital electronics, you must first learn the 
binaiy 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 cornplex 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 
digits 1 and 0 together. 

In the binary system, the highest single- 
0 0 	digit number is 1. To represent numbers 

1 1 	greater than this, we again use two or more 

210 digits in combination. The number 2 cannot 
be represented by the symbol "2" because this 

3 11 	digit is not used in the binary system. Instead, 

4 100 	the digits 1 and 0 must be used together, to 

5 101 	form 10. Therefore, in the binary system, 10 
represents the number 2 and not the number 

6 110 	"ten." The number 3 is represented by the 
7 111 	next larger two-digit number of 11. 

8 1000 	
Now, how do we represent the number 4 

in binary? Since we no longer have two-digit 
9 1001 	possibilities, we must use a three-digit number. 

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

11 1011 	decimal system, this means "one hundred." In 
the binary system, 100 means "four." 

12 1100 	Here is a chart showing decimal numbers 
13 1101 	up to 17 and how to represent them using the 

14 1110 	binary system. 
Study this table to help you understand 

15 1111 	the binary sequence. Then try to continue the 
16 10000 	list to 32 (decimal), or 100000 (binary). 

17 	10001 
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Changing Decimal to Binary 
ff'; 	ar dvde v 2. vcu can co:vei decimmal :umbers te 
bi:t mber. 8v repeadv dvding a rurnen we cai 
corvert rcm deitrna :o binar. Rerember that an even 
numher ivded 5v 2 wili have a :ernainder of t)  An od 
nuinber dvded 5v 2 wfii have a remafner of 

2 	 2 	 - 2 	 222 

C: 	 $1 



Changing Binary to Decimal 

Cha 	i'ers i ­ 	'si:e re 

Let's convert the binary r.. 	 its decimal equivalent in a v 

we will do the opposite c,i 	J.it did; that is, instead of dividir: 

by 2, we'll multiolv bv 2. First, v. 	the binary number with the digit 

spread apart, 

Under 	: -:: ;- - :E 	lultipIy1by2;: 
answer is 2 ivrtte 2 unaer tr 	 'uitiply 2 by 2 (equats 

and write 	'rthe net r 	 : - bv 2 eouaIs 8) and w 

under the 	urnber: 

Now, add together t :::: 	ber et appear un& 

lntheexample,8,2, 	irewriLt jnoer1s,so8+2- - 	: 

the decimal/binarv c 	J vou 	ee that 11 is the decimal numt: 

for 10 

Here': 	re>: 

decirr ‚unic 

kooIng tne nuniuer s unoet is, yo  

ome ceve:5ic 	 'wr. 

Logic Circuits 
D:a ee::::c de: ice 	z o c:c:s :ed ez:. 	ccs. A 

c 	 e-::1;: c  

e:ed 	 The 

1:13- 
Te 	AND a:e 

:::age 1e.ei 	 ce 

1) 	.ds ;:az 
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stands for the number 1. A common arrangement is to let 0 
volis 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 is. Or, II could be said that the output of an AND 
gate is true only lt all inputs are true. So, for the arrangement 
explained above, the output of the AND gate is + 5 volts (1) OR gates 
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 und input two are both 1 s. 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. Inverters 

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, NAND gate 
also is a decision-making circuit. lt produces a 1 (true) output 
when any one or all of its inputs are 1. That is, lt produces a 
1 output when input one or input two or both inputs are 1 s. 
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. 

NOR gate 

nverter 
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 15 0. Logic gates 
That is, the inverter reverses, or inverts, the input. 

generafly are 

Other Gates made in integrated 
Two other types of logic gates are used in digital electronics. circuitform 
One is the NAND gate. This circuit is composed of an AND 
gate and an inverter that are connected together. The output of A single IC 
the AND gate is applied to the input of the inverter as shown. package mey 
Generaily, the logic symbol for the NAND gate is simplified, 
as shown here. Contain four 

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

or six rnverters. 
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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 bad television sets. Now 
almost evervone does The same thing has happened with the 

personal computer (PC) over the past 
5 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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Digital Counter 
To fulfill requirement 4 rau can build a 
digital circuit wieh a kit project. But you 
mav want to build someehing from scratch, 
such as the digital counter showre here. 

...................... ...... Betore you begin construction, read this 
section an how such a cirduit operates. 

Circuit Operation  
The circuit is a counter that has both a 

. 

binarv and a decimal caunter. lt counts 
the number of times that the push-hutton 
svitch is depressed. The hght-emitting 
diodes—called LEDs—on the right display 
the count as a binarv number. The severe Digit 	couur 

segrnent display an the left gives ehe 
count as a decimal number. The highest a 

coum the circuit can display is 9. 1 
As the schematic diagram for a 

digital counter shows, most af the circuit 
q  Id 

is composed of three integrated circuits. 
am 

The 7490 IC is a binarv-coded decimal 
(BCD) counter. BCD is a comprornise 1 L. -1 	t :' 0 	i 0 
be feen the brnarv 

and ehe decimal system. Severisegment display 

A light-emitting diode (LED) is a semiconduc-

tor that produces light when an electric current 

passes through lt. A common use is in the seven-
segment display used in digital docks and watch-

es. The display consists of seven LEDs labeled 

a through g. The diodes are arranged as shown. 
Lighting the proper segments can form any digit 

from 0 to 9. If segments a, b, and c are lit, they 

form the digit 7. When all segments are lit, they 

form the digit 8. 

[Isi is..5V4 



T counter 	JE 	:i 0 to 9. EL decimal digit is rep 
reseneed 1w a counL However, ehe count is in büearv Thus, ehe 
cormter joliows this sequence (starting at the left column and 
going down; clecimal is shov 	parentheses): 

0000 (0) 0011 (3) 

0001 (1) 0100 (4) 

0010 (2) 0101 (5) 

	

0110 (6) 	1001 (9) 

	

0111 (7) 	0000 (0) 

	

100o(8) 	0001 (1) 

and so on.. 

Schematic diagram, digital counter 
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Csrt; tL 	ca a perforated board. The board 
muse have a hole pattern suitahle for ICs; that is, ehe holes 
muse be 1/iO  inch (0.1) apart. Bsards of this type am common. 

Moune all componenes except the bauches so the board. 
The ICs amt ehe seven-segment display can plug directiv ines 
ehe board, or ysu can use IC sockets. Solder ehe resistors es 
terminal poses as shswn, er bend ehe leads and insere them 
directiv thiough the board. 

Make all ineercsnneceions on ehe bottom of ehe board. 
Solder wires direceiv es ehe leads of the ICs er ehe CC sorkets. 
In some cases, vou muse solder two wires es a single pIn. lt is 
recommended that you use verv small insulated wire, such as 
Na 36, for this purpose. Also, you muse um a very small tip 
so ysur soldering iron. 

Msunt ehe ehree D cells in ehe plaseic box. Ysu ran use 
double-sicled tape es secure ehe baetery holders in place. Make 
certain that ehe box ysu buy is big ensugh es hold the bauches. 

The perfsrated board serves as ehe top of ehe box. Buy 
a board that is ehe same size as ehe box, er one that is large 
enough so that ysu can cut lt down es fit ehe boa. 

Take extreme rare ff von need es cm ehe board. Most 
boards are brittle and break easily. Buv switches ehat will 
msunt in smali round holes. As with cuteing the board, vsu 
need to be careful when drilling holes. 

Ysu must properlv connece ehe LEDs (L 1  ehrsugh L) 
before thev will lighe. The anode leads muse be connected 
togeeher and es ehe positive side of ehe bateery. The package in 
which ehe disdes come should show ysu hsw es ideneify,  ehe 
anode Ieads. lf it dsesn't, fsllsw this procedure: 
• Connece three D ceils esgeeher as illustrated 
• Temporarliv solder a 150-shm resistor es ehe negative 

terminal of ehe first baetery, holder. Temporarily solder 
an insulated wire es ehe positive terminal sf ehe last 
bateerr holder. 

• Touch one lead of ehe LED es ehe free end sf ehe resistsr. 
Touch ehe seher lead of ehe LED es ehe free end sf ehe 
insulated wire. 

• lf ehe LED lighes, ehe anode is ehe Iead csnneceed Co ehe 
wire. If ii dses not ligbe, ehe anode lead is csnnected es 
ehe resistor. 

• 'hirn ehe LED arsund and verify,  that lt lights when ehe 
anode Iead esuches the wire. 
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Identifying the anode Iead 

lt is also important to identifv the prns on the ICs. The IC pack-
ages might show vou how. If not, vou can identif the pins in 
one of the wavs shown here otice that there is alwavs an 
onentation mark, such as a notch, an indentation, or a dat of 
pairit. When the orientation mark is 00 the left las shownj, pin 
1 will he the lower left pin. The other pins are aiways num-
bered in the sequence shown. 

nnnnnn __•

a

nnnn 1  
IJUUUUUIJ 	 UUULILJL 

ldentifying ehe IC pins 



\u can ideniifv die pins on die seven 
segnem isplav in mudi iii same wav 
An orien1atin mak iz used to identfv 
pn Thenihe pins are numLred 
n die same war as ior 14pin 

ICs. Hewever. there mgh he 
one linportant difference: Sorne 
sevensegment displays de not 
ha-.' 14 p;ns: sore ise as te 
os 1 When numbering die dins, 
von inust rennt die spare where 

11beIdi 
example shown here. plus 4 and 
5 are mssing; nevenheless, von rennt 
these sraces as pdis 
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in die schemaric er wiring diagrarn Check die instrucriens 	 pins 
, hat rome wth die display. The important thing re remember 

h at the 	:u;pnt of die 	C should conneot to the 
ei die display regardiess of which pin cc the display this 

napens to be 
Te simplifv things. ii is a good idea to first meunt all lC. 

Insen die leads ei cach IC er lC socket through die holes in 
the board. Ternperarilv tape die IC. -; er seckets in place te 
prevent them freni ialiing cii when vou turn die board upside 
dewn. Then turn die board ove: and !abei each pin number. 
Yeu ran wtire dirertiv cc die board with a encil er pen The 
following iiuszratiec shows all die wiriag connections as 
viewed f:om - - bonom tide ei die board. 
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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 ancl released. Upon reaching a count of 9, the device 
should recycle to 8. 

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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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-
troflic musical instruments 
are among au  equipment. 

When we sinke 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: 

• "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 frorn 15 to 20,000 Hz. 
Newer technology includes DVD-audio and SACD (super 
audio CD). DVDaudio 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. 

rrr tri :7;1 
Low-cost electronics kits are available that will satisfy require 
ment 4. Howevei; you can build a simple audio device from 
scratch fairly easily, such as the electronic siren shown here. 
lt 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 
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Parts Needed 

Capacitor C 1  50 microfarads, 12 volts, electrolytic 

Capacitor C2  0.018 microfarad, 25 volts or greater 

Transistor 01 NPN, SK-3020 or equivalent 

Transistor Q2  PNP. SK-3009 or equivalent 

Resistor R 1  27 kQ, 1/2  watt, 10% 

Resistor R2  68 kfz, 1/2  watt, 10% 

Resistor R3  56 ki, 1/2  watt, 10% 

Resistor R4  470 ohms, 1/2  watt, 10% 

Switch S1 Single-pole, push-button 

Switch S2  Single-pole, single-throw 

Speaker 3.2 to 8.0 ohms 

9-volt battery 

Battery clip 

Perforated board 

Terminal posts (optional) 

Circuit Operation and Construction 

The schematic diagram shown here is for the electronic siren. 
When S 1  is closed, capacitor C 1  begins to charge. As it does, 
it makes the base of Q1  more and more positive. This slowly 
turns on Q1.  Current 
through Q1  turns  Q2 on; 
Q1 and  Q2  form a clirect- 
coupled amplifier. 	VEW 

Part of the output 
from Q, is applied to 	EDC 

the input of Q1  through 
capacitor C l . This 
provides the regenerative 
(restoring) feedback 
that causes the circuit 	• 	0 

to oscillate (fluctuate). 	Q 
When switch 0 1  is 	 2 

opened, C 1  discharges  
Schematic diagram, electrornc sren 

2, 

92 
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through R2  amt the base of Q 1 . You can change the "wailing 
rate" of the siren by changing the values of R 1  and Cl . An 
increase in the value of R 1  or C 1  lengthens the time period 
during which the frequency of oscillation increases. 

Battery drain with switch S 1  open is only about 400 micro-
amperes. Therefore, power switch s2  is not necessary. But such 
a switch will add to battery life. 

You can get good resuits by builcling 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-OFFS TCH 	 EAKER 

	

/ 	 ‚l'rn 	-••'-, 

	

II \1 	 )T4 L 

+ 

ih  
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H no 	00  

EQC 
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Wiring conneetions, bottom view 
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Test equipment includes the instruments that are used Co 
diagnose ehe Operation of electronic circuits. The most popular 
types of test equipment are meters, oscilloscopes, and signal 
generators. You shouid use such equipinent vith someone who 
has experience using electronic test equipment. 

Meters 
Meter movement. In electronics, meters are used to measure 
current, voltage, and resistance. Both analog and digital meters 
are popular, alehough digital meters continue Co replace most 
analog meters. Digital meters are considered easier to um and 
to read. 

In electronics, analog means a device or signal 
that is continuously varying in strength or quantity, 
such as a sound wave, rather than being based an 
separate units, such as used in the binary System 
ofOand 1. 

You C 	learned hov. 	t:al te*.: 	::rks. 
How does an analog meter work? Inc heart 01 mc analog 
meter is the meter movement. The meter movement consists 
of a coil of fine wire wound on a tight aluminum frame. The 
frame is suspended and free to rotate. The roil has leads 
artarhed so that current ran be forced rhrough lt. The roil is 
suspended in the held of a permanent magnet. When current 
fiows through the coil, a magnetic field develops around lt. This 
held interacts wiCh the field of ehe permanent magnet. The 
interartion of the two fields causes the coil assemblv Co rotate. 



Analog metei movemont 

The coil has a pointer attached 10 lt, and as the coll rotates, 
lt moves the polnter in front of a scale. The more current that 
fiows through the coll, the farther the coil will rotate. This 
forres the pohnter 10 move farther up the scale. 

Ammeter. The ammeeer is designed to measure current. The 
meter movement alone ran be used as an ammeter. Normallv, 
theugh, a range switch is added so that the meter can measure 
a wide range of rurrent. Wie change ranges on an ammeter bv 
switching different values of shunts across the meter movement, 
as shown in the schematic of an ammeter. Sliunrs am small-
value resistors that art as hvp*- - ,1ev detour sonie of the 
current around the meter mo 

An ammeter is delicate and easilv damaged, lt niust be 
connected 10 the rirruit so that the rurrent to be measured 
fiows through the meter. For this reason, the circuit being 
tested must he broken to insert the ammeter. 

KM 



Schematic of an ammeter 

Voltmeter. The voltmeter is designed to measure voltage and 
uses the same type of meter movement as an ammeteL The 
voltmeter is connected across the voltage to be measured. To 
measure voltage between two points, touch the negative lead 
Co the more negative point and the positive lead to ehe more 
positive point. The circuit under test need not be broken or 
interfered with in any way. 

A bw voleage can be appliecl directtv to the meter move 
ment. A higher voltage, however, might cause a high enough 
current Co burn out the delicate coil. For this reason, a large 
value resistor is connected in series with the meter movement. 
This resistor limits ehe amoemt of current fbowing ehrough ehe 
coil. Also, the meter should be sei at Ehe proper range. For 
instance, vou shouldn't trv Co measure 100 volts wiCh the meter 
sei to Ehe 1vobt range. Use the meter set on the high range if 
von are unsure of the voltage being measured. 

The range of the voltmeter changed by,  switching differ-
ent values of resitors in serie ::'i 'ie meter movement. On a 
given range, the volhioe acros 	connected Ieads determines 
the current that 	::oug' t1: meter. The meter scale can 
be marked off ins: = 

When using a 

voltmeter, hold the 

meter leads only 

by the insulated 

portions to 

avoid ge::.ig 

electrical shock. 
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Schematic of an ohmmeter 

Ohmmeter. The ohmmeter measures resistance, lt consists 
of a meter movement and a battery connected together. The 
ohmmeter should not be connected to a circuit that has power 
applled because ehe meter could be easily burned out if lt is 
connected across a voltage. 

The resistance to be measured is connected across 
Ehe ohmmeter leads. The banery forces current through the 
resistance and through the meter movement. The amotme of 
current depends on ihr res—"e value under test. The range 
of the ohmmeter can 1: e a 	rd. For example, if ehe Tange 
is R x 1, then a reading o xould measure 9 ohms. Bot if 

:e range tS Set at R x 1,000, Ehen a 9 reading would mean 
9,300 ohms (or 9 k). 

Ei ultimeter. The three types of meeers we have lost looked 
the same type of meter movement. For this reason, ehe 

ammeter, voltmeter, and ohmmeter can be comhined in a 
single instrument caBed a multimeter, which displays ehe 
values of voltage, current, md resistance. A switch changes 
ehe meter movement from one function to the other. The 
multimeter is the most common piece of test equipmene 
used in electronics work. 
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Schematic of a multimeter 

These days, digital multimeters are the most popular. 
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Oscilloscopes anti Signal Generators 
An osci11oscr Iocs ::thing liRe a smali TV, but the screen, 
or 	 CR1,. shows voltage wave shapes. This 

r::.::e voltage in a circuit changes over 

L 
-. 

Osc oscope 
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Signal generator 

anv different tvpes of sra. gee'rs are used in eiec-
: The rpor common are used to aiir communication 

	

robIe. 	::ai generao 
ac 	tinv re 1:.- 	.: transmi:. station 	. 	allow service 
tecmicians te .;ici :he prop 	•. 	:arious points 
rhroughout ih = .rcuit. For thi 	:. 	 .. : : 	 generator is a 

rouiooting aid. 	of todavs signal generators 
.:oked u 	a PC. ana the diagnosis can be seen on 

th 	:;iner mor:;.2: 
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Careers in Electronics 
The electronics industry has several general areas with many 
types of careers available in each area. These areas include 
mnUfactUring, merchandising, operating, servicing or 
mainlailling, and engineering elcctronic parts and equipnlent. 

Training requirements vary 
in each arca. Some posilions 	. 	- 
require a coflcge degree, vhi1e 

- a degree from a vocational 	 . 
school is adequale for other 
careers. Sorne companies 
allow on-the-j4t' training, 	 - 
but almost all requc at least 
a high schon] diploma. 	 . 

In elecironn -$ nwiufactunng,  

OuuioisinUudeamblers 
that is. the people who heip 	 . 
build ciccu unic o1 pment. A 	 - 
high school education is needed 	1 
as well 3mech1niCaIaptitUde. 	 -• 

is 	 re e 

wiih and meeting peoptc could 	1 
do well rn eIcctror? 

ft a high 	 ' 
school diplorna or degrees 
frorn vocational schools 	

- and/or college. 
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Man' tvpes of clectronics equipment are so speciaized 
that they require trained operarors. An Operator might woik 
with computers and Computer network systems, Caineras, 
satellite tracking de'ices, ship radios, or medical rnac'hines. 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. 

Because of the complexity of niany electronic machines, 
service and maintenance people are always needed. Any 
electronic device can faii or malfunction from time to time, and 
people are needed to make quick and expert repairs. 
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a 	of 	Te: rnight 
be require 	:::::: :.: .-:.:: thin:. o tu.. s::: .::•::s: :deas 
into  

	

5iruments. Most te nicians 	T::: :: 7 3 vears ei 

	

-al trainine after high schoo 	:::s::: training in 
thc .............. -  thers :: z®r a vo::: 	scheel er Junior 
coliegs 	::s :::--:: -.-.:•:- b :: 	:: ::: s:udv at hom€ 
Ofle4 .  

so thar 	 -: 	... . - with changing  
Eatrc g:ees us ::i. . -. ve a hachelors degree or 

iigher in ergineering ..s ;vnh  
constarjiv update „bei: .ucation to k::: *: - ...ew 

.....s::ts and te .. ..dques. J, ::: 1. ::::ed electronics 

........:ight des.:.: eItronic e:,::ment or lae 
systems. 
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Electronics Resources 
Scotitng lJterature 

merit -. ::amphiets 

With your parent's permission, visit 
the Boy Scouts of America's official 
retail website, wwwscoutshop.org , 
for a complete listing of all merit 
badge pamphlets and other helpful 
Scouting materials and supplies. 

Books 

Barzholomew. Alan. E2'cnc fucr 
:r-Rzeeo iers iza t.on 

Bnüd. K • Can Press 002. 
in lncludes d ecIons 

assortment o e:.:.:s. 

Bonner. Boh. a;: 	.:. .. 	 Sccnce 

FecntnLcs. Goodwili Pu : .s 
Houre. 3'i 4 lncludes neau 
10 prole •lectricitv 

e1............ 

Bridgman. .:;:eri Ecs.: 
E!etoncs. DK Publishing. 2000. 
T0 the hisror. diseoveries. and 
devices of this ja 	ov::.a ::eace. 

Cec . ..•:hv. R boacs: Pscor...  
Soience ani 7chna1eg' o  he Fuure 

20 F eec,  \ornad Press. 2012 

Circo. Jean. 	VGM 
Career Horizons 19%. Ths bock 

Ecgelbe. Pi 	. 

Ga e. 199S. 	. . ..... . a tech- 
noiogv and teduucai appbcations of 
scentific kn vedg a secrion 

:. computers and € - :ronics. 

Lecn.2-::rge deLucenz Ecct:: 
or ibzru 

Funklin \Vatts. 1991.  tiuces 
basic princi: •:- of elecrronics 

and includes oieca ido such as 
stal- raoui. an  intercom. and a 
ei elecironic cice 

Maxfield. C!ivc 	.0.:.:: 

ewnes. 2009. This 	-o-vers the 
:Ocs of e!ecrronics ciearlv. simpiv. 

and in an e:.:tain:: szvk 

PreiLo. Mvke. I)i'frzJ Eccs 
(ei2k: W00 Pn0ci 1\lcGraw-
HilL, 2002. introduces the nuts and 
bolts cd digital : :: .:Lronics. 
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Rowh. Mark. Op r!r!!tfos in 
F.otronics 	cCraw-Hi11, 
2007. Check out the many eiectron-
ics-related ca:er opportunkies fea-
tured in this .cok. 

Sione, G. Randy. TAB Eiectronics Guide 
to Understandirig E 	and 

2nd ed. 
ior 

reacc;s 	 s ski!! leve!. 

Magazines 
Nuts & Volts 
430 Princeland Court 
Corona, CA 2879 
Te]erh.one: 5-371 -8497 
\V-s:e: www.nut.oIts.com  

Popular Science 
Website: wv.'opopsci.com 

Organizations and Websites 
American Microsemiconductor Inc. 
\(\Tebsite 
www.americanmicrosemi.com/tutorials  

ePanoram a n et 
Website: wvv.epanorama.net  

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

101 science.com  

wv:w. 

 

101science.com /'Radio.litm  

Electronics Parts and Supptiers 
In most p!aces, Radio Shack stores 
can be the best source for electronics 
parts. Howe ,  r, most R:c• Shacks 
have reduce heir par -.-z L:::cntories, 
which means vo: might have to look 
e!sewhere to find all the parts you 

need for a ocect (or chock out their 
website, \Vv*.raJjoShkcom). 
Elec::jnics parts and kits also can 
be c:iered over the internet or via 
mo. jr toll-free telephone from 
various suppliers. 

\Vhenever ','ou go onne, ie 

sure you bave your paren's 

permission first, 

Allied Electronics & Automation 
7151 Jack Newell 	i. S. 
Fort Worth, TX 76118 
T,)11-free te!ephooe: 866-433-5722 
'A'ebsite: www.aAiedelec.com  

C&S Sales Inc. 
150 C„. -.. -.-enter Ave. 
Wheeling, IL 60090 
Tcg-fee t&ephcnc 500-292-7711 

Carl's Electronics 
484 Lakepark Ave., Suite 59 
Oakland, CA 94610 
Toll-free telephone: 866-664-0627 
Webste: w:v.eIectronickits.com 

Digi-Key Corporation 
701 Brooks .re  S. 
Thief River Falls, MN 56701 
Toll-free telephone: 530-344-4539 
Website: www.digikey.com  

Electronic Kourseware International 
P0. Box 604 
Si:s :'. 'FX 79550 
Toll-free telephone: 800-453-1708 
Website: www.sciencelabs.com  

ELECTRONICS 	95 



stassa: goggles, indigolotos; 
Z.L Photographv; 

'23 player, time4 .....:io: p.....s. 
Cody r..v:b) and p:.e:s 4 ('abo), 

6 (Parg:::ski Jove), 	(cutting 
plie. :Nev  Africa; long-wsed 
pliers, rCodv La:.:., 12 (u'ire 
stpre' 	'etr!n:... 11  YSergey 
Nive::s 12 

okgo). 27 
(Gorodenkoif), So (ivand:::' 
64 (rRaw  Group). 66 (watc.2. 

VoIodymvr 2.::......:k; caiculator, 
rYbc::.:hvk 1I:1uidr), 

 

76 (cGO  DFSIGN). 
.22: 221Mflgoflluech, . 81 

(cable, csrattha  nualsate; lis:::er, 
D::L:: 97 (Yudhisura99' 

91 (Dmit: 
2 . 12 ael Putman), 

and 93 (nd30C 

SPAR!< Museum o: Las..... al Invention, 
:v.v.sparkmus:::v.: :‚ courtesy-
page 6 :2. foregrou:1. 

Ultimate Symbols Inc., 996-2000-  
Page 49 (re: « 

WikipLa«.org.  
41 - .:. stors) an: 1'S. 

nent display) 

All other photos and illustrations 
not nientioned above are the propertv 
of or a:.: :rotected by the Boy Scouts 
of Ame:ca. 

Jolm McDearmon—all illustrations 
on :‚:.:es 21-25. 29, 31-41, 33-56, 
62-63, 68, 72-74, 79-80, and 84-87 

HobbyTron.com  
24700eaue Rockefeller 
Santa Clarita, CA 9" z--.5 
Te i e h e  S-675-9000 

.'..v.hobbytron.com  

Mouser Electronics 
1000 N. Main St. 

TX 	2. ,i 3 
telephorc: 800-346-6873 

•.'.•s:e: www.mouser.com  

Newark 
300 S. Riverside Piaza, Suite 2200 
Chicago, 11 60606 

eph. :•-... 80C.•• 53-9275 
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Though intended as an i t yct -  Scouts BSA, and qualified Venturers ad Sea 
Scouts in meet ng ment zacge ec ements, tnese pamphlets are of general tereSt 
and are rnade avatabte b9 r,-a-' schocts aro bbc 1'baes. Vte latest rev:son 
date of each pampf - et r- - tt correspond ne cop date shcv' ceow, 
becausethislist 353 ec:egontyonCeayea. r;.A-JmDerof'er:ad 
pamphets may be -e»sed lhroughout tue yea. o: - e's a -e smply repr rtec ._1:: a 
revts on becomes necess. 

ff aScouthasarsac:s1ar1edworkngonamecacge..eaneWedltlonfOrtrat 
pamphlet Is ntrccced. r•e; -'a; continue to use te sae ment badge panlo"!et to 
eam the badge a.- d f.:: he thereirt. cter words the Scout need 20t 

start ove again 	"'e e 	net and pass b . v re:sed requ rements. 
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2016 
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2013 
2013 
2014 
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2016 
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2015 
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Merit Badge Pamph'et 
Amenca 3 .siaess 
American Cuitures 
American Heritage 
American Labor 
Animal Science 
Animation 

Architecture aniS 
Landscape Ajchtectuni 

Art 
Astronomy 
Athletics 
Automotive Ma nienance 
Aviaton 
Erking 
855 
3111 Study 
c gling (see Music) 
Cs 
5 - 	2 
tT- 	- 
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mmuraty 
iip in the Nation 
sp in the World 

c ,. Sciecting 
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1: .echnology 
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070 Care 
Draftng 

sctriCity 
5 trnnws 

epwadnese 

-ing 
E - -rieurship 

iental Scence 
ca 

Merit BadgePampF 

Vildlile 
Management 

Fishing 
Fly-Fishirig 
Forestry 
Garne Det 
Gardening 
Genealogy 
Geocaching 
Geology 
Golf 
Graphic Arts 
Hiking 
Home Repairs 
Horsemanship 
Indian Lore 
nsect Study 
Inventing 
Journalism 
Kayaking 
Landscape Architecture 

(See Arcflitec(ure) 
Law 
Leatherwork 
Ljfesaving 
Mammal Stucty 
Medicine 
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Mining in Society 
Modet Design anS Bu 
Motorboating 
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Nature 
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Onenteenng 
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'1- &acePs-
9 e 

Plumbing 
Pottery 
Programming 
Public Health 
Public Speaking 
Pulp and Paper 
Radio 
Railroading 
Reading 
Reptile aniS 

Amphibian Study 
Ritte Shooting 
Robotios 
Rowing 
Safety 
Salesrnanship 
Scholarship 
Scoutsig Hentage 
Scuba Diving 
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Search and Rescue 
Shotgun Sh000ng 
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Skating 
Small-Boat Sailing 
Snow Sports 
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Conservation 
Space Exploration 
Sports 
Stamp Collecting 
nUrVeying 

ustainability 
- eimming 
extile 
-ieater 

Traffic Safety 
Truck Trarisportation 
Vetennary Medicine 
Water Sports 
Weather 
Welding 
Whitewater 
Wilderness Survival 
Wood Carving 
Woodwork 
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