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Foreword

My name is David De Pieri. I'm a shop teacher and
CEO of theShopTeacher.com, a resource center for
middle school and high school shop teachers. Previ-
ously, I worked as journeyman machinist and CNC
programmer/operator for eleven years. As my years in
the trade accumulated, I realized I had a strong desire
1o pass this wealth of knowledge and experience to
younger people, so I followed my dream to become a
high school shop teacher and subsequently develop
my Web site. It was during my schooling in 1990 that I
had the great fortune of meeting another equally pas-
sionate educator, Dave Cutcher, author of Electronic
Circuits for the Evil Genins. He was my partner on
several projects while at the British Columbia Insti-
tute of Technology and his strength, obvious even
then, was his ability to explain things clearly.

After teaching machine shop and drafting in my
hometown for 12 years and feeling very comlortable,
[ recently moved to a new community, which meant a
new teaching assignment for me with a very new
challenge, the electronics program. This was an area
where [ certainly had questions. I called on Dave,
who T hadn’t talked to in many years—what a tremen-
dous help he was.

Shop teachers like to share their material and so
oo, without hesitation, did Dave. He gave me an arm-
ful of resource material, including a CD that would
make up the backbone of his electronics book. In
essence, | had the first copy of his book in digital for-
mat. His material was a lifesaver for me.  could see
the many hours of hard work he had put into what
would become Electronic Circuits for the Evil Genius.
What I appreciate most about Dave’s material is the
fact that it works well for the independent learner,
like myself, as well as for the kids in the classroom.

Generally speaking, I put my money on the man
with experience. Dave Cutcher has been teaching
electronics for many years and his format stands out

Foreword xi

as the only effective introductory electronics books
I've seen. His learning curve is gentle but continually
challenges the student. One idea builds on the next.
Both analog and digital electronics are explained
with many hands on and practical projects. His
images help explain clearly what words can’t show.
My students find his work easy to understand and
pleasantly taxing.

Over the past few years working with my Web site,
project submissions in electronics have been scarce
and inquiries have been many as to where someone
can get any practical and realistic help. Last vear,
someone posted a message on my Web site asking if
anyone knew of a good text to introduce electronics
to the basic beginner. The responses from the mem-
bers of the Web site were, “Save your money,” but
Dave responded by saying his book was in the works.
With his book completed, I can vouch for him by
agreeing this is the only book I've seen that effec-
tively introduces “real” electronics. Using Dave
Cutcher’s book will eliminate a huge amount of work
and frustration that the independent learner has
faced until now, and will give them a solid base for
understanding electronics. Like I've said on my Web
site, “Why do we continue to reinvent the wheel?”
We should use what is already established by other
teachers. This book greatly lessens the mystery gener-
ally associated with electronics. Dave once told me,
“Electronics isn’t hard . . . it’s new, but it isn’t hard.”
He’s right, and he proves it with this book.

Electronic Circuits for the Lvil Genius provides 57
lessons with good, solid material that makes electron-
ics enjoyable and unintimidating. [ highly recom-
mend it to anyone interested in learning electronics
at home, or to the classroom teacher as a class set.

David De Pieri
CEO, theShop Teacher.com




Preface

We casually accept electronics in our everyday world.
Those who don’t understand how it works are casu-
ally obedient. Those who take the time to learn elec-
tronics are viewed as geniuses. Do you want to learn
how to control the power of electronics?

This text provides a solid introduction to the field of
clectronics, both analog and digital. Electronic Circuits
for the Evil Genius is based on practical projects that
exercise the genius that exists in all of us. Components
are introduced as you build working circuits. These cir-
cuits are modified and analyzed to help explain the
function of the components. It’s all hands-on. Analysis
is done by observation, using a digital multimeter, and
using your computer as an oscilloscope.

You will build two major projects in the first unit:

* An automatic night light

* A professional-quality alarm

The remainder of the text focuses on three major

projects, one per unit:
* Building a digital toy using logic gates
e Designing and building an application using
digital counting circuits

*  Applying transistors and op amps as you build
a two-way intercom system

The lessons and prototype circuits built in the
book are focused on developing a solid foundation
centered on each of these major projects. You work
from ideas to prototypes, producing a final product.

[ hope you enjoy building the projects and reading
the book as much as I enjoyed developing them.

Dave Cutcher

Xii Preface
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Section One

Components

In Lesson 1, you will be introduced to many common
components that are always present in electronics
and many of the bits and pieces you will use in the
course. [t starts out as a jumble. As you use the parts,
the confused mass becomes an organized pile.

In Lesson 2, you become acquainted with the two
major tools that you will use throughout the course.

In Lesson 3, you will build your first circuit on the
solderless breadboard, a platform that allows you to
build circuits in a temporary format.

You use your digital multimeter and get voltage
measurements when you set up and test your first cir-
cuits.

Lesson 1: Inventory of
Parts Used in Part |

All components look the same if you don’t know
what they are. [t’s like when you first visit a different
country. There’s a pile of change, just like in Figure
L.1-01. You have to be introduced to the currency and
practice using it, but you become comfortable with it
quickly. Now you need to unjumble the pile and
become familiar with your electronic components.

Figure L1-O1

Figure LI-02

Do not remove the small integrated-circuit (1C)
chips shown in Figure L1-02 from their antistatic
packaging. They are packed in a special antistatic
tube or special spornge material.

Semiconductors

These are the electronic components you will be
using in Part I. As you identify them, set them aside
into small groups.

Diodes

You will need three power diodes as shown in Fig-
ures L.1-03 and L1-04.

The number on the side reads 1N4005. If the last
number is not 5, don’t worry. Any diode of this series
will do the job.

=====ﬂEﬁHE::=:=

Figure LI-03

—— —

Figure LI-OY



Light-Emitting Diodes (LEDs)

Light-emitting diodes are also known as LEDs. You
will need three LEDs. An example is illustrated in
Figure L.1-05.

Figure LI-05

They can be any color. The most common colors
are red, yellow, or green. The color is unimportant.

Resistors
There should be lots of colorful resistors, nearly all
the same size.

Notice that in Figure L.1-06 each resistor has four

color bands to identify it. If you know the colors of
the rainbow, you know how to read resistors.

Figure L1-06

Find these resistors:
1 brown-black-brown-gold 100 )

2 yellow-violet-brown-gold 470 ()

1 brown-black-red-gold 1,000 €2

1 brown-black-orange-gold 10,000 {
1 red-red-orange-gold 22,000 )

1 yellow-violet-orange-gold 47,000 )
1 brown-black-yellow-gold 100,000 ()

Capacitars

As you notice in Figure L.1-07, the capacitor shown is
btack and white. The colors of capacitors are different
depending on the manufacturer. Then again, all pop
cans look alike, but each brand has a different label.
Locate four small cans, different in size. Written on
each are different values and other mumbo jumbo.
Look for the information that specifically lists 1 wF,
10 pF, 100 pF, and 1000 pF.

Filjure LI-CI7

There is another capacitor of a different shape to
locate. Figure L1-08 shows the other capacitor used
in Part I. Again, it Is presented in black and white,
because the color will change as the manufacturer
changes. It is a 0.1 pF capacitor. It may be marked as
any of the following: 0.1 or v1 or 100 nF.

Figure L1-08

Silicon-Controlled Rectifier (SCR)

The ID number 1607B for the silicon controlled recti-
fier (SCR) is written on the face, as shown in Figure
L1-09. This SCR comes in this particular package.
Not everything with this shape is an SCR, just as not
everything in the shape of a pop can is your favorite
flavor.

4 Electronic Circuits for the Evil Genius



~————_ Figures L1-12 and L1-13 illustrate two push but-
tons—they are different, but you can’t tell by looking
at them. Figure L1-12 is the normally open push but-
ton (push to close the contacts), and Figure L1-13
shows the normally closed push button (push to open
the contacts).

Figure L1-09
Figure LI-12

Transistors

You need two transistors like that illustrated in Fig-
ure L.1-10. They are identical except for the numbers
3904 or 3906. All other writing and marks are the
manufacturer telling us how great he or she is.

Figure L1-13

You should have lots of 24-gauge solid wire with
plastic insulation. There should be plenty of different
lengths.

Two battery clips are shown in Figure L1-14.

Figure L1-10

Hardware

The solderless breadboard is shown in Figure L1-11. Figure LI-I4

Figure LI-1

Section One Components 5



A 9-volt buzzer is shown in Figure L1-15.

o

IR\
(RN LT

Figure LI-15

Two printed circuit boards are premade for your
projects: Figure L1-16 is to be used for the night-light
project; Figure 1.1-17 is for your SCR alarm project.

Figure LI-16
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Figure LI-17

Two adjustable resistors are also supplied: The
light-dependent resistor (LDR) is shown in Figure
L1-18 and the potentiometer is shown here in Figure
L1-19.

Figure LI1-18

Figuré L‘I-IQ

Lesson 2; Méitlr
Equipment

The Solderless Breadboard

When smart people come up with ideas, first they

test those ideas. They build a prototype. The easiest
way to build prototypes and play with ideas in elec-
tronics 1s on the solderless breadboard, shown here in
Figure L2-01.
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Figure L2-01
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The main advantage of the solderless breadboard ™.
is the ability to exchange parts easily and quickly.

The top view in Figure L.2-01 shows the many
pairs of short five-hole rows and a pair of long rows
down each side: each of these lines are marked with a
strip of paint.

The Digital Multimeter

I recommend the Circuit Test DMR2900 displayed in
Figure 1.2-02.

CIRCUIT-TEST

Figure L2-02

The auto-ranging DMM offers beginners the
advantage of being easier to learn.

The second style of DMM is not auto-ranging. This
style is easy to use after you become familiar with
electronics, but they tend to be confusing for the
beginner. A typical dial of a nonautoranging multi-
meter is confusing, as you can see in Figure 1.2-03.

I discourage the use of outdated whisker-style
multimeters for this course. Figure L2-04 gives an
example of what to avoid.

Figure L2-04

Connection Wire

A box of wire provided in the kit is displayed in Fig-
ure 1.2-05.

DT NN R AT A 2 AU 19 A
[ — e e o
e __] emtr———— AETep————

Figure L2-05

These are different lengths convenient for the
solderless breadboard. If you need to cut the wire to
different lengths, wire clippers will work perfectly.
Old scissors work as well.

Section One
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Set the dial of the DMM to CONTINUITY. This ® = '
setting is shown in Figure L.2-06. \— strip B to 8 o of insulahion

frorm the ends of each plece
BT A A ] SR N T B IE HL £ T

Figure L2-08

Now touch the end of both probes to the exposed
wire. The DMM should read “00™ and beep. just like
the readout in Figure 1.2-09. The wire is a good con-
ductor, and the DMM shows “continuity.” a con-

nected path.

Figure L2-06 —
CIRCUIT-TEST DMR-2900

Touch the end of both red and black probes to the
colored covering. The DMM should be silent and
read OL, as in the readout illustrated in Figure L.2-07,
because the resistance of the insulation prevents any

current from passing.
Figure L2-08

CIRCUIT-TEST
Exercise: Mapping the Solderless Breadboard

Strip the end of two pieces of wire far enough to
wrap around the DMM probes on one end and
enough to insert into the SBB on the other end. as

shown in Figure L2-10.

Figure L2-07

Be sure the strip of insulating plastic is removed
from both ends of the picce of wire as demonstrated
in Figure L.2-08. If you don’t have a proper wire strip-

per available. use a knife or your fingernails to cut
the insulation. Be careful not to nick the wire inside Figure L2-10

the insulation.
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1. Set your digital multimeter to continuity. Now
refer to Figure L2-11. Notice the letters across
the top and the numbers down the side of the
solderless breadboard.
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Figure L2-11

2. Probe placement

a. Place the end of one probe wire into the
SBB at point *“h3” and mark that on the
drawing.

b. Use the other probe to find three holes
connected to the first. The multimeter will
indicate the connection.

¢. Draw these connections as solid lines.
3. Base points

a. Create four more base points at ¢25,b16,
30, and ¢8.

b. Use the other probe to find three holes
connected to each of these points.

c. Again draw these connections as solid
lines.

4. Additional base points

a. Choose two more base points on the out-
side long, paired lines. These lines are not
lettered or numbered but have a stripe of
paint along the side. Mark them on the dia-
gram above.

b. Find three holes connected to cach of
these points.
c. Again draw these connections as solid

lines.

5. Be sure that you can define the terms proto-
type, insulator, and conductor.

6. With your multimeter set on continuity, walk
around and identify at least five common
items that are insulators and five common
materials that are conductors.

Lesson 3: Your First Circuit

As you see, the solderless breadboard has a definite
layout as shown in Figure L3-01. One strip of the
spring metal in the breadboard connects the five
holes. You can easily connect five pieces in one strip.
The two long rows of holes allow power access along
the entire length of the breadboard.

Frierpe—m—— e = -
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Figure L3-01

Setting Up the Solderiess
Breadboard

You will have a standard set up for every circuit. The
battery clip is connected to one of the first rows of
the breadboard, and the diode connects that row to
the outer red line. See Figure L3-02.

Figure L3-02

Section One
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Notice the gray band highlighted in Figure L3-03
on the diode. It faces in the direction that the voltage
is pushing.

— -

Figure L3-03

The voltage comes through the red wire, through
the diode, and then to the power strip on the bread-
board.

Why Bother?

This power diode provides protection for each circuit
that you build in the following ways:.

* The diode is a one-way street. You can view
the animated version of Figure L3-04 at the
Web site www.books.mcgraw-hill.com/authors/
cutcher.

Figure LBQDLI

¢ Many electronic components can be damaged
or destroyed if the current is pushed through
them the wrong way, even for a fraction of a
second.

* This standard breadboard setup helps ensure
you will always have your battery connected

properly.

¢ If you accidentally touch the battery to
the clip backwards, nothing will happen,
because the diode will prevent the current
from moving.

Breadboarding Your First
Circuit

Parts List

D1—Power diode 1n400x
LEDI1—LED any color
R1—470-ohm resistor

Your LED is a light-emitting diode. That’s right, a
diode that emits light. It has the same symbol as a
diode, but it has a “ray” coming out, as shown here in
Figure L3-05.

Figure L3-05

Figure L.3-06 is a picture of an LED. Never touch
your LED directly to your power supply. A burned-
out LED looks just like a working LED. Note in the
picture how to identify the negative side.

F|gureL3-05_ T
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e The shorter leg: This is always reliable with 9v+
new LEDs, but not with ones that you have
handled in and out of your breadboard. As Z?L%té’
you handle the components, the legs can get
bent out of shape.

e The flat side on the rim: This is always reliable
with round LEDs, but you have to look for it.

Remember, that the LED, as‘a diode, is a one-way
street. It will not work if }Pu/put it in backward.

Figure 1.3-07 shows several resistors. The resistor
symbol is illustrated in Figure L3-08. The resistor you

need is the 470-ohm yellow-violet-brown-gold. Figure 13-03

Figure 13-07

FigueL3-10

A Quick Note
e e s e R S A S R 1. Always complete your breadboard before you
Figure 13-08 attach your power to the circuit.

2. Attach your battery only when you are ready
to test the circuit.

Resistance is measured in ohms. The symbol for o ) o
3. When you have finished testing your circuit,

ohms is the Greek capital letter omega, ().
© P & take your battery off.

The schematic is shown in Figure 1.3-09. Set up
your breadboard as shown in Figure 1.3-10. Note that When you think you’ve got it, connect the battery
this picture shows the correct connections. The red and find out.
wire of the battery clip is connected to the power
diode that in turn provides voltage to the top of the
breadboard. The black wire is connected to the blue
line at the bottom of the breadboard.

Section One Components 11



Exercise: Measuring Voltage on Your First Circuit
Your First Circuit Should Be Working

Figure L3-11 shows what is happening. Like a water-
fall, all of the water goes from the top to the bottom.
The resistor and LED each use up part of the volt-
age. Together they use all the voltage. The 470-ohm
resistor uses enough voltage to make sure the LED
has enough to work, but not so much that would burn
it out.

e

.

voltage
source
Figure L3-12

Test Paint A

ground

Figure L3-11

y . . Al =
Let's look at how the voltage is being used 'ﬁ A AT

in the circuit

Figure L3-13

1. Set the DMM to direct cuurrent voltage (DCV).
If you are using a multimeter that is not auto-
ranging, set it to the 10-volt range.

TP-B to TP-C across the 470-ohm

resistor VvV
2. ngasL}lLT the voltage of the 9.-\fol_t battery TP-C to TP-D across the LED v
while it is connected to the circuit.
) 6.  Now add the voltages from #5. \Y%
3. Place the red (+) probe at test point A
(TP-A) and the black (=) probe at TP-D 7. List working battery voltage
(ground). The arrows in the schematic shown (recorded in item 2). Vv

in Figure L3-12 indicate where to attach the 8
probes. Corresponding test points have been
noted in Figure 1.3-13 as well.

Compare the voltage used by all of the parts
to the voltage provided by the battery.

The voltages added together should be approxi-

4. Record your working battery .
Y & DAHED mately the same as the voltage provided by the

voltage. Vv .
battery. It may be only a few hundredths of a volt

5. Measure the voltage used between difference.
the following points:

TP-A to TP-B across the safety
diode A
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Two

Section

Resist If You Must

Lesson Y: Reading
Resistors

If you know the colors of the rainbow, you know how
to read resistors (Table L4-1).

Brown

Orange Yellow Green Blue Violet

The gold bands are always read last. They indicate
that the resistor’s value is accurate to within 5%.

Table L4-1 Resistor band designations

Color Band
Black

Brown

Red

Qrange

Yellow

Green

Blue

First Band: Second Bang: Third Band:

Value Value Nurnber of Zeros

0 0 No zeros

1 1 One zero
“(y

2 2 Two zeros
00"

3 3 Three zeros
“000”

4 4 Four zeros
“0,000”

5 5 Five zeros
“00,000”

6 6 Six zeros
“000.000”

7 7 Not available

8 8 Not available

9 9 Not available

P—-I
s

Gray White

Units

Tens
i

Hundreds
#H#0

Thousands (k)
#, #00

Ten thousands (k)
##,000

Hundred thousands (k)
##0.000

Millions (M)
#.400,000

Ten millions (M)
##,000,000



When using the digital multimeter to measure
resistance, set the dial to 2. Notice the two points of
detail shown in Figure L4-1.

CIRCUIT-TEST DMR-2900

DC/AC D-H : R-H %OWER

ESET

aouF S20F aome
® ]

") -

Figure LY-1

The first point is that when the dial is set directly
to the €2 symbol to measure resistance, it also appears
on the readout. Secondly, notice the M next to the ()
symbol. That means the resistor being measured is
0.463 M{). That is 0.463 million ohms, or 463,000
ohms. When it is there, never ignore that extra letter.

As you use resistors, you quickly become familiar
with them. The third band is the most important
marker. It tells you the range in a power of 10.In a
pinch, you could substitute any resistor of nearly the
same value. For example, a substitution of a red-red-
orange could be made for a brown-black-orange
resistor. But a substitution of a red-red-orange by a
red-red-yellow would create more problems than it
would solve. Using a completely wrong value of resis-
tor can mess things up.

Exercise: Reading Resistors  If you have an auto-
ranging multimeter, set the DMM to measure Resis-
tance. If you do not have an auto ranging DMM. you
have to work harder because the resistors conie in dif-
ferent ranges. You have to set the range on your DMM
to match the range of the resistor. That means that you
should have an idea of how to read resistor values
before you can measure those values using a DMM
that is not auto ranging. An auto ranging DMM really
does make it much easier.

Your skin will conduct electricity. and if you have
contact with both sides of the resistor, the DMM will
be measuring your resistance mixed with the resis-
tor’s. This will give an inaccurate value.

Proper Method to Measure Resistor's Value  Figure
L.4-2 shows how to measure a resistor. Place one end
of the resistor into your solderless breadboard and
hold the probe tightly against it, but not touching the
metal. You can press the other probe against the top
of the resistor with your other finger.

Figure LU-2

1. Some of the resistors you will need to be able
to identify, because you use them soon, are
listed in Table [.4-2.
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Table L4-2 Resistors needed -
First Band: Second Band: Third Band: Resistor DOMM Value f
Value Value Number of Zeros Value .
Brown Black Brown 100 Q Q
1 0 0
Violet Brown 470 Q _Q =t
4 7 0
f 1
Brown Black Red 1,000 Q =
_ o 00
Brown Black Orange 10k8)
_ . 000 10,0000 S ¢)
Red Red Orange 22 k) ) i |
22.000 Q
el
Brown Black Yellow 100 k€2 Q
- _ _ 100,000 A
T
2. Don’t be surprised if the resistor value is not 3

exactly right. These resistors have a maximum
error of 5%. That means that the 100-ohm
resistor can be as much as 105 ohms or as little
as 95 ohms. Plus or minus 5 ohms isn’t too bad.
What is 5% of 1,000,000?7

What is the maximum you would expect to see
on the 1,000-ohm resistor? Q

Whalt is the minimum you would expect to see
on the same 1-kilo-ohm resistor? Q

Measure your skin’s resistance by holding a
probe in each hand. It will bounce around, but
try to take an average. Q

Did you know that this can be used as a crude
lic detector? A person sweats when they get
anxious. Have a friend hold the probes. Then
ask them an embarrassing question. Watch the
resistance go down for a moment.

Write each of these values as a number with no
abbreviations.

10k = Q
1k} = Q

A7k = Q
47k = Q

Lesson 5; The Effect
Resistors Have on a
Circuit

Let’s go back to the breadboard and see how differ-
ent resistors affect a simple circuit. The resistors and
the LEDs are both loads. The resistor uses most of
the voltage, leaving just enough for the LED to work.
The LEDs need about 2 volts.

What would happen if you changed resistors on
the circuit you just built, shown in Figure L5-1?

Figuré' L5-1
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You measured the voltage used across the resistor
from TP-B to TP-C and measured the voltage used
across the LED from TP-C to TP-D.

Figure L5-2 is the schematic of the circuit.

Figure L5-3 shows a waterfall. A watertall analogy
explains how voltage is used up in this circuit. The
water falls over the edge. Some of the force is used
up by the first load, the safety diode. More of the
voltage is then used by the second load. the resistor.
The remaining voltage is used by the LED.

TP A

TP B

Figure L5-2

voltage
source

safety
diode

R1=470

LED
ground

Figure L5-3

This “waterfall” shows how the voltage is used by
a 470-ohm resistor. If the resistor wasn't there. the
LED would be hit with the electrical pressure of
more than 8 volts. [t would burn out. The waterfall
analogy helps you visualize how voltage is used in a
circuit.

Remember, all the water over the top goes to the
bottom, and all of the voltage is used between source
and ground. Each ledge uses some of the force of the
falling water. Each component uses part of the
voltage.

What happens if there is more resistance? More of
the voltage is used to push the current through that
part of the circuit, leaving less to power the LED.

This is represented visually in Figure L5-4.

voltage
source

safety
diode

R1=10 000

LED
ground

Figure L5-4
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Exercise: The Effect Resistors Have

on 3 Circuit

Your setup should look like Figure [.5-5. Have your
resistors arranged from lowest to highest value as
presented in Table [.5-1.

Figure L5-5

Table L5-1 Exercise sheet

Voltage Voltage  LED

Total Drop Drop Brightness
Resistor Voltage Hcross Across {compared
Value Available Resistor the LED to 470 Q)
100 O \Y \% \Y
470 Q) A% \Y \Y Normal
2,200 Q VvV Vv v
10,000 O A% \% v
470000 Vv Vv V
220,000 Q \% \Y \%

Lesson 6: The
Potentiometer

Not all resistors are “fixed” like the small color-
banded ones that you’ve already been introduced to.
A common variable resistor is the potentiometer, pic-
tured in Figure L6-1.

This useful device is often simply referred to as a
pot. A smaller version is also shown. These are called
irim pots. You have often used potentiometers as
volume controls. The maximum resistance value is
usually stamped onto the metal case.

Figure L6-1

Figure L6-2 shows a picture of a potentiometer
taken apart. The potentiometer works because the
sweep arm moves across the carbon ring and con-
nects that to the center. The leg on the left is referred
to as A, the center leg as C (center), and the right
leg as B.

(o

Figure LB-2

The carbon ring shown in Figure 1.6-3 is the heart
of the potentiometer. It is made of carbon mixed with
clay. Clay 1s an msulator. Carbon is the conductor.

The action of the potentiometer is the sweep arm
(copper on white plastic) moving across the carbon
ring (Figure [.6-4). The sweep arm allows the current
to move between A and C as its position changes.
The resistance between A and C also changes with

distance.
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Exercise: The Potentiometer

1. Use a No.2 soft pencil to draw a thick line on
this piece of paper as demonstrated in Figure
[.6-5. A harder pencil has too much clay and
will not give good results.

S0K
30K 70K

10K Figure LB-5

0

A B

¢ 2. Set your multimeter to measure resistance Q. If
Figure L6-Y ' ' o it is not auto ranging, set it to maximum resist-
ance.

3. Justas it is shown in Figure L6-6, press the
probes down hard against the pencil trace
about an inch apart. Be sure that you don’t

The distance between A and B is always the same,
so the resistance between A and B is always the

same. The value for this demonstration potentiome- touch the tips of the probe. You want to meas-
ter is 100,000 ohm. The 100-kilo-ohm value means the ure the resistance of the pencil trace, not the
set value between legs A and B is 100 kilo-ohm. resistance of your body.

Ideally, the minimum between A and C is 0 ohm
(directly connected), and the maximum between
A and C should be 100 kilo-ohm.

The ratio between carbon and clay determines
how easily electrons pass through the a resistor. More
clay mixed in leaves less carbon. The less carbon
means less conducting material. That creates higher
resistance.

The carbon in the ring is similar to the carbon in a

pencil. The pencil lead is also made of a mixture of - _

carbon and clay. Carbon is the conductor. Clay is the Figure L6-6

insulator.
Soft pencils have less clay, and more carbon. A

a. Now record the resistance {from the multi-
meter. Q If the DMM says the
resistance is out of range, move the probes
together until you get a reading.

mark by a soft pencil will have less resistance.

Hard pencils have lead that contains more clay
and less carbon. These provide higher resistance.

b. Move the probes closer together; then fur-
ther apart. Write down what you observe.
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4. Use the 100-kilo-ohm potentiometer. Record
your results.

a. Measure the resistance between the two
outer legs A and B. Q

b. Adjust the knob and check the resistance
between A and B again. Q

¢. Adjust the knob about 1/2 way. Measure the
resistance between the left and middle
leg—A and C. Q

d. Turn the knob a bit and check again. Note

any change. Q

Explain what is happening, relating that to the car-
bon ring shown in Figure L6-3.

Breadboarding the Circuit

Note the similarities of the schematic shown in Fig-
ure L6-7 and the picture of the circuit displayed in
Figure L6-8.

oVv+

R1=470

100K ¢ C
Pot

Figure L6-7

Figure L6-8

5. Make sure that you have the battery hooked
up properly through the power diode placed
properly as noted on the schematic.

6. Asyou turn the shaft of the potentiometer, the
LED should brighten and dim. Explain what is
happening.

7.  Why is there a 470-ohm fixed resistor in this
circuit?

Lesson 7: Light-Dependent
Resistors

Another variable resistor is the light-dependent
resistor (LDR). The LDR changes its ability to
conduct electrons with the change of light.

It is commonly used to turn equipment on
automatically as night falls. Some cars use it as the
input to the switch that turns on headlights as
conditions change, even as they drive through a
tunnel. The symbol for the LDR is shown here in
Figure L7-1.

N

Figure L7-1
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There is no room to place a value on most LDRs. Note the similarities of the schematic in Figure
They are ordered and supplied in specific values. An L.7-4 and the breadboard layout in Figure L.7-5.
easy way to measure the maximum resistance is to
measure it in darkness.

A
Insert the LDR onto the breadboard so the legs
are not connected, as shown here in Figure 1.7-2.
Measure the resistance using your DMM. The read-
out may be jumping around because LLDRs are >
sensitive.
e —
Figure L7-4

Figure L7—E‘

Look at Figure L.7-3. Place lid of a black pen over

the LDR and measure the resistance again.

Figure L7-5

What to Expect

1. Attach the battery and note the brightness of
the LED. It should be fairly bright.

2. Place the lid of the pen over the LDR again.
The LED should dim to nearly nothing.

: — i R 3. Consider this. What is the relationship between
Figure L7-3 the amount of light on the LDR and the LDR’s
resistance?

Breadboard the Circuit in Table L7-1 Exercise: Light-Dependent Resistors

1. Disconnect the power supply. Measure and
Table L7-1 Example circuit record the resistance of the LDR in the light. It
may be necessary to take a rough average
because it will be jumping around wildly.

Parts List
‘ 2. Place a dark black pen lid over the LED and
D1 Power diode . .
measure the resistance again. Remember that
LDR 1 M¢2 dark your fingers can affect the read out.
LED 5 mm round
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Attach the power supply and note the bright-
ness of the LED. Place the lid of the pen over
the LDR again. State the relationship between
the amount of light on the LDR and the resist-
ance of the LDR.

Note the minimum resistance that occurs on
the LDR in the light. Why is the 470-ohm resis-
tor not used in this circuit?

Consider the “waterfall” diagrams presented in
Figure L7-6. From brightest to darkest condi-
tions, what would be the best order of these
diagrams regarding the LDR’s effect on the
brightness of the LED?

LE
gnd

LED
gnd

gnd

Figure L7-6
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Section Three

More Components and
Semiconductors

Lesson 8: Capacitors and
Push Buttons

Yes, there is more to electronics than resistors and
LEDs. Capacitors are used to store small charges.
Push buttons allow you to control connections to
voltage. This lesson introduces both capacitors and
push buttons. You then build a circuit that applies
them together.

Capacitors

A capacitor has the capacity (ability) to store an elec-
tric charge. You can see in Figure L8-1 that the sym-
bol of the capacitor represents two plates.

1

Non Polar

I

Polar

Figl-Jr.éLB-l' o

23

Figure L8-2

In Figure L8-2, the opened capacitor clearly shows
that the capacitor is made of just two metal plates,
with a bit of insulation between them. They come in

three basic shapes and all sizes.

Capacitors in the upper range, 1 microfarad and
higher, are electrolytic capacitors. They must be con-
nected the right direction. There are two indicators of
the negative side. First, there is a colored stripe down
the side that indicates polarity, and second, if both
legs come out of the same side, one leg is shorter.
That is the negative leg. It is “minus” some length.
Only the electrolytic capacitors have a positive and
negative side. The disk and film capacitors do not
have a positive or negative side. A variety of capaci-
tors are represented in Figure LS8-3.



Figuré L8-3

Remember that a backwards electrolytic is a dead
electrolytic. These must be connected incorrectly.
Figure L.8-4 helps remind us.

Figure LB-Y

When electricity was first being defined over 200
years ago, the measurements were done with crude
instruments that were not sensitive. The people who
defined the units missed the mark, but we still use

them today. The farad is the basic unit of capacitance.

One farad is so huge that today, the standard unit in
electronics is one millionth of a farad. The Greek let-

ter w (mu) represents micro for the unit. That is
0.000001 F or 1 X 10 * farads and is commonly writ-
tenas 1 uF (1 wF = | microfarad = 0.000001 F =1
X 10°°F)

We’ll go back to using the water analogy. If you
think of the electric charge like water. the capacitors
can be compared to containers able to hold that
water. Capacitors have the ability (capacity) to store
an electric charge.

The amount of charge capacitors can hold
depends on their purpose, just like varying size con-
tainers used to hold water. Such containers are pic-
tured in Figures L.8-5, L8-6, and L8-7.

Figure LB-SI

Figure L8-6
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Figure LB8-7

As mentioned before, capacitors come in three
standard types.

Disk capacitors hold the smallest amount. They
have a common shape shown in Figure L8-8. They
are so small that their capacitance is measured in tril-
lionths of a farad, called picofarads. Their general Figure L8-9
range is from 1 picofarad to 1,000 picofarads. To look
at that another way, that is 1 millionth of a micro-
farad to 1 thousandth of a microfarad.

Figure LB-8

To visualize the size of charge they are ableto
hold, think of water containers ranging from a thim- Figure L8-10
ble (Figure 1.8-9) up to a mug (Figure L8-10)

suolling Ysng Pue szojzroede) — g uossaTg
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Film capacitors are box shaped as shown in Figure
[.8-11.They are midrang