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TESSON 1 = CIRCUITS AND CIRCULT ELEMENTS

Objlectives:
In this lesson you will:

(a) Iearn what an electronic circuit is. ,
gb; Jearn the meaning of current, voltage and resistance in a circuities
¢) Consider the electronic circuit and how it is used in energy conver-

gion,
(a) Learn how to draw and interpret a schematic diagram,

WHAT IS A CIRCUIT?

In future sections of this unit we will spend most of our time with elsc-
troni¢ components. We will explore what they look like, their schematic
symbols, how they are rated, and how they function. We will examine how they
are selected and manufactured. Before we do this, though, we should devote
a bit of time to examining the context in which we will be using the devices,
that is,; the electronic circuit.

All electronic circuits, no matber

Current "flows" through conductors, voltage makes the current flow, and re-
sistance opposes or controls the current. The circuit is simply a complete
path for current to flow. ’

g

Iet us look more cldsely at such a circuit, with emphasis on the "big
three', current, voltage, and resistance.

The Electron in Electronics

In order to find out about current it is necessary'to‘investigate the
electronm for it is the movement of free electrons in one direction that
constitutes current flow. ‘

‘ Electrons, from which the word electronicsis derived, are among the small-
est particles known to us., They fit into the scheme of things something
like this:

occupies space, It is found in gas- ot
eous, liquid, or solid state.



Elements and Atoms

Matter: in turn is made up::

.of elementsj substances found
~naturally in the universe, such

~aboms:which are composed of a

a8 carbon, oxygen, copper, etc.
‘Baeh elenent is made up:of~

central core (the nucleus) f£ill-
ed with positively charged papr-
ticles lmown as protons, and
uncharged particles called neu-
trons. Surrounding the nucleus,
in various orbits, are negative-
ly charged particles called
electrons.,

ELECTRONS |

ELECTRON

PROTONS . .
ORBITS AND }‘nqqgw_su’f

"HEUTRONS:

A1l atoms ave 80 constructed,
regardless of whether they form

" hydrogen or gold. The only import- ' ’ Mloriiic: Structure

ant difference is in the number of
protons and electrons each will have,
Hydxrogen has one proton and one elec-
tron, while gold has seventy-nine of
each.

Molecules

Different elements often com=
bine to form other substances, such as WATER MOLECULE
ag water = a combination of two el-~ . ‘
emente, hydrogen and oxygen.,

TWO HYDROGEN ATOMS COMBINED

~ :
CURRENT- e, ‘ WITH ONE OXYGEN ATOM

.

Free Electrons | i

Not ‘ell electfons are the same distance from.the nugleus of an atom..
Those electrons which rre furthest away from the nucleus are held to the
atom least tightly. .Du: to normal thermal agitation (heat) some of these
outermost electrons will break away,
or become free., They remain free
NUCLEUS ' FREE ELECTRON for only a fraction of a second,
when they are pulled intoc othex
nuclei, yet at any given time there
are millions, indeed trillions of
free electrons in a particular sub-
stance, If we can get these free
electrons to move in one direction
we have what is known as current,




Gged Conductors

‘Some materials have many more free electrons than
others. Rubber, for example, has almost none at any

temperature, while copper is just loaded with them.
Rubber is considered a good insulator to current flow
(it has so few free electrons to move.) Yet copper is
an excellent conductor.

To get free electrons to move in one direction (cur-

rent flow) an outside force of some type is needed.

Copper - many free electrons The outside force we use is known as voltage.
Voltage

As we have said, at any given time there are trillions of free electrons in a particular material such as
copper. (Actually any metal will have countless free electrons.) However these free electrons are “dancing
around” in all directions and do not constitute current flow. They must move in one direction before cur-
rent can be said to exist, ‘ ’

éEPE

REPE
Using this principle we can set up a difference in charge known

eg ATTRACT as voltage, or electro-motive force (EMF). Here's
how it works:
1f we fill plate A with an excess of efectrons, and take an equal number away from plate B we have a
difference in charge between the two plates.

Basic Scientific Law

One way to get them to move in the same direction is to take
advantage of a basic scientific.law:

Like charges repel and unlike charges attract.

This means that protons with positive (+) charges will repel
each other and electrons with negative (-) charges will repel

each other. But when protons-are brought near electrons they
wsll attract.’

O/é/

If a conductor filled with free electrons is placed between plates A and B what do you suppose will

happen? My 175
CRAD ED
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Well, the electrons on plate A now have a place to go and they start pushing the free electrons in the
conductor along—~in one direction (like charges repel.) The protons are eager to aid in the process and pull

the free electrons over, (unlike charges attract.)




But It Will Not Last Long

In the above illustration current flow will take place for a very short period of time because there is no
ay to replenish plate A with a negative charge and plate B with a positive charge. To have a continuous source

* voltage this would have to be done. There are currently six popular methods of developing a sustained voltage.

ey are:
1. Friction 4. Pressure
2. Light : 5. Chemical
3.  Heat 6. Magnetism

{n future lessons we will look into these methods in some detail.

Resistance

We have seen how the movement of free electrons in one direction constitutes current flow, and how a
difference in charge, or voltage makes it happen. There will be however, in every circuit, a certain “opposition’’

to current flow. You can think of it as a “friction’’ existing

in the system. This friction is known as resistance, and is

“present to some extent even in the best of conductors.

The Complete Circuit

‘The simple circuit shown here has a source of voltage-(the
battery), current flowing through the conductors, and re-
sistance in the wires and light bulbi It, along with more com-

plex circuits contains the “‘big three” in electronics:

Current— Voltage— Resistance.’
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Ampere — The Unit of Measurement
The umt of measurement for current is the ampere. It is related to two factors:

DR A

i The quantity of free electrons.
" The.time in seconds

; An.ampere(or amp. for short) is a measurement of a certain number
i, of free electrons (quantuty) passmg a given pointin a conductor in
one second (tlme)

- The quantity of free electrons that we are dealing with is very large — 6,280,000,000,000,
000,000. (6.28x10%) electrons. Such a large quantity is referred to as a coulomb. A coulomb

is 6.28x 1018 electrons.
If one coulomb passes a given point in one second, we have one ampere of current flow.

CONDUCTOR

18 ‘
6.28 x 10 ~ Electrons passing in one second is one Ampere

What if there were two coulombs passing in one second? We would have two amperes.
Three coulombs in one second — Three amperes

Two coulombs in two seconds — One ampere

" Two coulombs in one half second — Four amperes

THE. VOLT

: In the bottom picture on page 3, the electrons which have been moved

to Plate A have a grest deal of what we call potential energy, and the elec-
trons left on plate B have very much less potential energy. Potential energy
really relates to the effort required to attach an electron to the surface,
Since plate A (negatively charged) repels electrons, a fair bit of effort is
required to attach an electron, hence the high potential energy of these elec-
trons, Of course, since plate B is positively charged, we really don't have
to expend any effort at all to attach an/electron, In fact, a lot of effort
is required to remove an electron. Hence we say that there is a pgtential
energy difference between plates A and B,

The metric unit of energy is the joule. It's not a lot of energy.
If you wanted to bring to a boil )
enough water for a pot of tea,
you would require about a quarter
of a million joules of electrical
energy! Now, if we observe one
coulomb of charge moving between _
two points in a circuit, and we measure a potential energy difference of ome
joule for that quantity of charge, we say that there is a potential difference
- of one volt. In other words, one volt of potential difference is equal to

an energy change of one joule for each coulomb of charge moved. The term

voltage was brought in as an alternative to the term potential difference,
and now the two terms are often used interchangeably.

4+ million joules!




ENERGY TRANSFORMATION

Technological societies can be distinguished from others in their ability to harness and convert various

forms of energy.

Below we see illustrated a half dozen forms of energy. Conversion of one form to the other takes place

to accomplish things society deems valuable.

Heat - Warm water creates steam and turns a wheel.

Light — Photovoltic cells convert light directly into
electricity.

Chemical — Oil is burned (exploded) to create mechanical
motion.

Vlechanical —  Rotating turbine produces electricity.

Electricity — Light bulb converts electricity into light.

Magnetism - Cartndge converts magnetic energy into
electncaty

As you can see from the list above, electrical energy- (current flow) is ment:oned right along with. heat

>k

hght mechanical, magnetlsm and chemical energy. Yet there is a strange thing about electrical energy:

K Electrical Energy by itself is practically useless.

That may seem quite surprising at first. But what did electricity ever do for'you? Heat can warm you,

light will show you the way, mechanical energy will ease your burden— but electricity, what?

Tlectrical energy must be converted to another form of energy in order to be useful.

Let us explore this concept a bit further. ELECTRICITY TO
. LIGHT,HEAT,ETC
‘'"WATER TO
ELECTRIC
POWER
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The Complete Electronic System

All electronic systems, whether your home stereo system or one of the many projects available, B
can be broken down into three stages as shown here:

INPUT STAGE ELECTRONIC OUTPUT STAGE
' STAGE ' i

I
The electronic stage is all electrical -
It s input iselectrical and it s output
is electrical.

The input and output stages are both. transducers.;A,_
~transducer is a device that changes one form of energy
= into another, ' | -

Here is an example.

* The input stage consists of a transducer that '
converts the mechanical energy into electrical energy.

AL LA T &

S
7 L:W“”” ° ‘10; T T|T—*  The electronic stage amplifies or enlarges the electrical
energy,

\
. )\ ___———*  The output stage, again a transducer, (speaker) converts
//

this large electrical energy back into mechanical energy

to produce sound.

SUMMING UP_

In this lesson we have sought to understand the electronic circuit and how it fits into the overall electronic
system. We have looked at current, voltage, and résistance, that are part of every circuit. In ad-
dition we have seen how every electronic system can be subdivided into three stages. '
Viewing electronic devices within.this framework should help to improve your understanding of. the elec-
tronic equipment you encounter.. Later on we will see how every electronic circuit can be divided into two

types; those that regulate and thosa that switch. - ‘



UNIT 1 LESSON 1 QUESTIONS
1. Define the following:

(a) circuit

(b) electric current
(c) voltage

(d) resistance

'2, Where do the free electrons in a conductor come from?
3. In a complete circuit, what is required before current
will flow? ‘
4, What current flows in a wire if two coulombs of electron

pass a given point in four seconds?

5. If one coulomb of electrons loses five joules of energy
in passing through a resistor, what is the potential difference
across the resistor? :

6. What current flows in a wire if 15 coulombs of electrons
pass a given point in 3 seconds? :

g. I£ 3 coulombs of electrons lose 5 joules of energy in
passing through a resistor, what is the potential difference.
across the resistor?

Qi If it takes 250,000 joules to heat enouéh water for a cup

of tea, how much charge must move through a 120 V kettle's
heating element to heat this much water? Answer in both
coulombs and electrons. ' ‘

9. List the three basic stages of any electronic system.
10.  What is a transducer?
11, List three transducers not discussed in this chapter, and

explain whgt they do.

it
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' ceramic core with a very thin

e B
LESSON 2 - RESISTORS. ¢’
ad

Obijectives:
In this lesson you will:

(a) Learn how common resistors are made

(b) Learn how resistance is measured

(c) Learn to use the colour code for resistor values

(d) Learn the meaning of the terms "preferred values" and

"tolerance",
CONSTRUCTION
on € o o

If you were to break oben a common carbon composition
resistor it would look like this inside:

Carbon is the main element,
binder with carbon and, by itself, has-very little
resistance. When a non-conductive
“binder" material is added, the
resistance goes up. The greater .

' percentage of binder to carbon,
lead embedded in binder -~ the higher the resistance.’

The carbon Film or Metal Film Resistor carbon or . gﬂ:ﬁ;m
metal film

This resistor con-

> L ) metal
sists of a non-conducting :

film of metal or carbon cover-
ing the outside of the core. : , »
‘The thinner the f£ilm, the hlgh— _ . ‘ cenmﬁc’mnm

er the resistance. Spiral - -

"grooves are often scored in the film to anrease re51stanre.,

Metal film resistors are generally preferred to carbon
film resistors for applications such as high quality audio
systems, as they introduce less "noise" (which appears as hiss in
the system). They are, however, more expensive, and carbon film
resistors usually are quite acceptable.

The Wire-Wound Resistor

The wire-wound resistor consists of a length of high-
resistance wire (such as an alloy of nickel and chromium, called
_nichrome) wrapped around an insulating core. High-power
resistors are constructed around a ceramic core, then enclosed in
enamel, a porcelain solution, or ceramic material, then baked.




Phe Potentiometer, or Rheostat

This is a variable resistor.
It can be of the carbon or the
wire-wound type. The resistance
between the two outer terminals
is fixed. A rotating shaft is
connected to the center terminal,
and the shaft is connected to a
moving contact (wiper) which makes
contact with the reslstance element.
As the shaft is rotated, the
resistance between the center A Y )
terminal and either end terminal N @\ Shaft
varies according to the quantity ¢ ‘
of carbon between them. it NN
et Moving Contact

Carbon Resistance
Element

Center Ring

UNITS CF RESISTANCE

Each resistor contains a certain amount of resistance = and that resist-
ance is measured in ohms. A resistor with 100,000 ohms would provide four
“times the opposition to current flow as a 25,000 obm resistor,

> 25,000 » ' — 100,000
| ohms ~| ohms
e ' =r -

¥hen specifying resistor values, we often use the symbol fl instead of
’ *he word ohm, For example, 150 ohms could bte written as 1504 ‘. ,
- » ' R ; ),',‘ . v:.‘, .
lﬂlﬂﬁi' _ o o , \{\ . )\ o
| N o+ HEAT

Just as rubbing your hand oa
a rough surface warms it up, so do.
electrons moving through a con- , , J ‘
ductor produce heat. ' ‘ 4 //i'< } N

NN ~

N

How much heat a resistor can handle is known as its power rating, and
18 primarily & Purction of its size. Common resistor sizes and relative
power ratings (measured in watts - this will be discussed in more detail
later) are shown below.

Y watt Ys watt 1 watt 2 watt
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THE RESISTOR COLOR CODE

'Secret Code?
oeCret LOUL!

The resistor color code is a method of indicating
the resistance value in ohms and the tolerance range. Itis .
not a secret code designed by sinister cryptographers to
confuse and frustrate us. On the contrary, it was made
as easy as possible to facilitate its wide usage. Anyone can
learn it in just a few minutes, including you.

Why The Color Code

With the color code we use colored bands in order to overcome two basic problems:

One — It would be very difficult to see large numbers on a
tmall resistor. 1,000,000 ohms printed on a Y: watt
resistor can look pretty tiny.

Two —  Evenif we could see the number, placement of the
: resistor in the project might entirely obscure it.

The color coded bands that go entirely around the resistor seem to solve these two problems.

When reacing the color code the resistor should be held as shown here. The color band closest to
the edge is number one. ' ’ S

I——-color band closest to the edge

5
7
4
S
B
v
i
AL
i
S

band one . band two band three band four
first digit : second digit . number of zeros tolerance

Each colour is assigned a nunerical value, as shown in the chart on the
following page. g
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This is the colour code chart:

Numerical Multiplying. Percent
Meaning . .
Color 1st and 2nd Value Tolerance
Figures
Black 0 1
Brown 1 10
Red 2 100
Orange 3 1,000
Yellow 4 10,000
Green - 5 100,000
Blue 6 1,000,000
Violet 1 10,000,000
Gray 8 100,000,000
White 9 1,000,000,000
Gold 0.1 5%
Silver 0.01 '10%
1If tolerance is not indicated by color: . 20%

Remember, each colour stands for a particular number. For example,
red stands for two.

'Remembter as well:
= The first tand always rep*esents a numerals
- The second band always represents a numeral.
- The third band always represents the multiplier (for all colours

Examples:

,Jmf‘)

ﬂ

‘ Y%Eﬁow
VIOLET

OWN

Ik

¥ Z

GREEN

B

ER

SILV

except gold and silver; the colour tells the number of zeros added
to the numerals).‘ . S

First number, red: 2

Second numbger, green: 9

Third band, yellow (4) means times 10,000. In other words,
put 4 zeros after the {irst two figures: 2 5 0000

Resistance is 250,000 ohms. ‘

Lack of a fourth color means that the actual ohms may be
as much as 20% more or less than the rated value
250,000.

First number, yellow: 4

Second number, violet: 7 )

Third color, brown: 1. This ‘1’ tells how many zeros to
place after the 4 and 7. '

Resistance is 470 ohms.

The gold band means that the resistor’'s actual ohms is
within 5% of the 470.

First number, green: 5

Second number, black: 0

Third, green: tells how many zeros to put after the 5 and 0.
5 0 00000 = 5,000,000 ohms

Silver: 10% tolerance: Resistor may measure anywhere
between 4,500,000‘ and 5,500,000 ohms.
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Too Many Zeros : .
vo o 0 o There is one more thing. We often find it bothersome to use all the zeros that
L0 00 0 0o can sometimes appear in a number. Writing out 220,000 ohms or 1,000,000
0 o 0 o0 0 0 ohms can get quite tedious, to say nothing of space consuming.
) 0 0
%o 0% o’
0 - 7o solve this problem, an abbreviation system has been devised using letters to stand for thousand
and million. :

k = kilo. which meané thousanq)or three zeros (000).

pres=tn

M = meg. which means/miltion, or six zeros (000,000).

ST

Here is how it works:

Instead of writing 22,000 we write 22k
instead of writing 11,000,000 we write 11M
47k would be 47,000.

10M would be 10,000,000,

What would you do with a 4.7k resisfor? '

It is simple, justﬁbgjwqﬁ\_{g,,;bg‘,:,qeg_iﬁmgjﬁggjgg three places to the right. (k tells us it is thousand, or three

places.) You would have:
4,700.

A 3.3M resistor wouid be:
' 3,300,000

‘Many publications and manufacturers now specify resistance values by
replacing the decimal point with-a letter; R meaning obms, k meaning ldilohms,
and M meaning megohms. For example, 270 ohms would be written as (270R h
3900 ohms would be written as(3k9) and 4.7 megohms (4,700,000 ohns) Wwould
be written as |4M7.) N

, Why these strange values (like 560 ohms) for resistors? Well, just

as our coinage comes in different denominations (pennies, nickles, etc.)
convenient for making change, so are resistqrg sold in what are called "pre-
ferred values". The manufacture of resistors 1s not an exa6¥ process, and
resistors produced will most likely not be exactly the desired value. So
the manufacturer chooses tolerances (acceptable variation) and preferred val-
ues 80 that there will be no rejects. For example, 1f he wishes to menufac-
ture a1 lilohm resistor with 10% %olerance, he can include in this group
any resistor between 900 dhms (~10%) and 1100 ohms (+10%). He will alsc™
gell 1200 ohm resistors, so that any resistors between 1080 oums and 1320
ohms can be included in this group. He will sell other groups 80 that the
maximum value of one group overlaps with she minimum value of the next group.
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Table Showing Preferred Values:

Examples of 10% series values: 20% 10%
220R, 1kO, 3k9, 820k : 1.0 1.0
. 142
Examples of 20% series values: 1.5 1.5
‘ 1.8
220R, 1kO, 3k3, 680k ' 2.2 2.2
_ ; 2.7
1 3.3 3.3
i 3.9
F 4.7 4.7
5.6
’ : 6.8 6.8
8.2
L

Summing Up:

There are probably more resistors found in electronic
devices than any other components. In order to choose the right
resistor for the joh, you must be familiar with the variety of
types and values available. We have looked at the most common

types in this lesson. The colour code will allow you to choose

the right value of resistance, and knowledge of the power rating
of resistors will ensure that your c1rcu1t operates safely and
reliably.

UNIT 1 LESSON 2 QUESTIONS

‘1. . . List four different types of re51storg
'72.v'vf .Why is the power ratlng of a. re51¢tor 1mportant?
3. Suppose a circu1t calls for a 1/4 watt resistor, but you

have only a 1/2 watt resistor. Can you use it in the
circuit? Why?

4. Why do we use a colour code to specify resistor values,
instead of just stamping a number on the resistor?

5. Write the follow1ng resistor values in ohms.
(a) 68R &F (b) 2k2 &R (c) 56k (d) 33M
mu T
6. Write the following re51stor values as numbers with the
appropriate letter in place of the decimal point,
- (a) 3900 ohms (b) 220 ohms ==.(c) 470, 000 ohmg =
(d) 3200 ohms (e) 1,500,000 ohms .
7. List preferred values for 5% resistors from 1 ohm to 10

ohms .

Z2-6
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LESSON 3 - THE SCHEMATIC DIAGRAM

OBJECTIVES;

In this lesson you will:

éag Study schematic diagrams and their use.

b) Compare schematic diagrams to pictorial drawings.

(¢) TLearn how to translate pictorial drawings into schematic diagrams,

WHAT IS A SCHEMATIC DIAGRAM?

The schematic diagram is a construction drawing and in that sense it is
gimilar to architectural plans or machine shop drawings. The purpose is to
show how to "build" an electronic device. Accordingly, the schematic diagram
must contain complete information about all the components used, and how the
components are connected electrically. \

THE KEY ELEMENTS

Any schematic diagram must follow these simple rules:
{a) A11 components are represented by standard symbolss Severai will

be given here as examples. You will encounter many others as you
progress through the course,

RESISTOR — There are 4 basic types.

CARBON SAND BLOCK WIRE WOUND POTENTIOMETER
o , (variable resistor)

OR. METAL
FIIM
SWITCH ‘ Five types

MOMENTARY

—0 s —G O—

lay is a electro- magnetic switaa

Switches may have any number of terminals, They have to have at least two. A re

=z -1



SPEAKER There are 1000's of types. Here are a few.

SPEAKER ' EARPHONE

I (R . ren

Speakers come in many sizes and shapes. An earphone may be thought of as a special type of speaker
although the principle of operation is slightly different.

LAMP We sho.w 4 types.
NEON INCANDESCENT FLUORESCENT

‘Lamps come in many sizes, shapes and voltages. Some use a vacuum, some are filled with gas and
some are coated with a phosphorus material. .

BATTERY There are several types. .

'

Sy [
SHORT LINE

On the schematic symbol for a battery, the short line indicates the negative terminal.

NOTE ON KINDS OF DRY CELL BATTE‘Fi!ES (Standard, Alkaline, NiCad, Mercury)

1. Standard — The typical dry cell comes in several sizes including AA, A, Cand D.
2 Alkaline — These come in the same sizes but have longer life than the standard.
3. NiCad — These are RECHARGEABLE up to 1000 times.

They come in the same sizes as standard.
4. Mercury — These are very tiny and are used in digital watches, etc.



ANTENNA There are many types of antenna, ranging from a simple-
straight wire to the very complex TV antenna or the
microwave dish antenna.

GROUﬁD This is the point from which all voltage measurements’
are made. It may or may not be comected to earth

via a three-prong plug.

(b) Component symbols are often given a letter and number designatlon .
- for parts identlficaﬁion. :

(¢) Electrical connections (wires or traces on a circuit bosrd) are shown

as straight line segments joining component symbols.

(d) The junction of any conductors is shown by -a dot at the junction.

(e) Conductors which cross but do not tquch are shown like this ———4————

or like this Jf‘

Following are twe examples of schematic diagrams, along with pictoxrdial
drawings of their corresponding actual circuits.

A
-0 o
A Ve,
= 7V
Y
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=8V

Pictordial Schematic

ronic Drawings

In addition to schematic and pictorial drawings there are block and wiring diagrams.

Block Diagram

A typical block diagram is shown beiow. Its purpose is to indicate the refationship
- between various stages in an electronic system. It has the following characteristics:

* Each block represents a circuit or stage.
* The blocks are joined by lines which indicate the path of signal flow.
* Each stage is labeled as to its function.

* The diagram does not give any information as to the components used

within each stage.

ANTENNA

TUNER AMPLIFIER]

[—‘——‘—_ SPEAKER
POWER ;

SUPPLY

BLOCK DIAGRAM OF A RADIO
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Wiring Diagram

The wiring diasgram shows wiring connections in a simplified manner. Wires
ape often identified by different colours. Such diagrams find extensive
use in automotive end aireraft wiring schemes. Below is shown a typical wir-

ing diagram.
WIRING DIAGRAM — 1971 SUPER BEETLE
A - Battery : F4 . Back-up light switch K6 - Emergency flasher warning light
B - Starter ¢ - Fuel gauge sending unit . K7 - Duai circuit brake system warning light
¢ - Generator Gl - Fuel gauge L1 - Sealed beam unit, left headlight -
C! - Regulator H - Homn button L2 - Sealed beam unit, right headlight
D - Ignition/starter switch Hi - Horn Li0 - {nstrument panel light
E - Windshield wiper switch H5 - ignition key warning buzzer ML - Parking light, left
El - Light switch § - Dimmer relay M2 - Tail/tirake light, right
£2 . Turn signal and headlight dimmer switch J2 - Emergency tlasher retay M4 - Tail/brake light, left
E3 . Emergency flasher switch 46 - Fuel gauge vibrator MS - Turn signal and parking light, left fiont
F - Brake light switch K! - High beam warning light MG - Turn signal, left rear

K2 - Generafor charging warning light M7 - Turn signal and parking light, right front

F1 - Oit pressure switch
. Qil pressure warning light M8 - Turn signal, right rear

F2 . 'Door contact and buzzec alarm switch, left 13
F3 . Doar contact switch, right KS

- Turn signal warning light M1L - Side marker light, front
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LESSCN 3 REVIEW PRCBLEMS

Draw the schematic diagram for the circuit shown in pictorial form
below.

What ise thefpurpose of & block diagram?

What is thevpurnose of ‘a wiring diagram?

- Give an example of where a wiring diagram might be used, in addltlon

to automotive and aircraft w1r1ng schemes,

A écientist wants to .pick up'a weak radio signal with an antenna,
amplify it and feed it into a detector. If a certain frequency is

‘present, the detector will turn on an oscillator (tone generator)

which will drive a speaker, producing an audible alarm. Draw a block
diagram showing this system,
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LESSON 4 - CHM'S LAW

Objectivess
In this lesson you will:

(a) Learn the meaning of Ohm's Iaw, and how to apply it to typical elec=-
trical situations

OHM'S TLAW

As has been mentioned before, a circuit, no matter how simple or how
complex, corsists of three (factors: voltage, current and resistance. Voltage,
produced by a difference in Chsfge, supplies the pressure to push (and pull)
current through the circuit. Furthermore, there is always a certain opposi-
tion to that current known as resistance.

, In the circuit shown here, a battery supplies voltage to move '
electrons through the circuit wiring and resistor R, or load. ltis _ i—/' >
important to understand that R does not necessarily represent a E="1-~- ‘) R
resistor per se, but rather the resistance of the load, or device using '*"T't 7 >,/

. electricity. [t could be the resistance in a lamp, motor, radio, etc. o '
(There is also a very small amount. of resistance in the wire itself,
but in most cases this can be ignored.) .

Voitage, current and resistance, sometimes referred to as the ““Big Three” in electronics,
are measured in specific units and designated with particular letter symbols.

“Big Three” Unit - Letter Symbol
Current ~ Amperes I
Difference in - S C
-charge (EMF) . Volts ) ‘ E
Resistance Ohms R

Many years ago a German physicist named Georg Simon Ohm (1787-1854) discovered
that there is a simple and straightforward relationship between voltage, current and resistance.
.. This became known as Ohm’s Law. It states that “current multiplied by resistance equals
voltage.” Or put mathematically to keep it simple: ' '

E=1XR

First let us see how this law can aid us in finding the unknown voltage, current, or

resistance in a circuit. Then we will explore the relationship itself.

Finding Voltage

{f you know the resistance and current in a circuit-you

can find the voltage. The formula is: (" ~
| E=IXR =1
Example: If‘a circuit has 2 amperes of current flowing 12V — & Oums
through 6 ohms resistance there are 12 volts of pressure + 1 {)
being applied. . 2Amps
E=1XR E=2X6 12=2X6 ‘

By a simple rearrangement of the basic formula we can solve for current (1) or resistance
(R}



Finding Current - — Q2

If you know the voltage and the resistance in a circuit
you can find the current. The formula is: _ ﬁ \Y
I=E/R 15V= 5 Oums
Example: If a circuit has 15 volts of pressure with +
3 ohms resistance, there is 5 amperes of current flowing. JAMPS (/
i=E/R I = 15/5 3=18/5

Finding Resistance

If you know the voltage and the current in a circuit
you can find the resistance. The formula is:

R=E/Il /8;/—'__
Example: If a circuit has 18 volts of pressure pushing +
6 amperes of current there would he 3 ohms of resistance
in the circuit.

R=E/N R =18/6 3=18/6

It should be apparent that if you know two out of three factors, by applying the apbropriate
formula it is always possible to find the third factor.

‘ To find voltage when To find current when To find reéistance
current and resnstance voltage and resistance when voltage and
is known: is known: . current is known:
E=1TXR I=E/R R=E/|

If you have trouble remembering the three forms of the equatlon try using the symbohc
diagram shown to thé right.

Simply cover the unknown facto: and the posmon of
the other two faciors tells you what to do.

, For example: If the unknown factor is resistance, cover the R Ohm's La |
~ the R and the answer is E/I, so divide the amount of voltage /f\/n: = “\"rff:e _
by the amount of current. : C

The [glatignéhig betWeeh the “Big Three” can be stated as follows:

1. Current in a circuit will increase providing the voltage is increased and the

resistance remains the same. .

1=E/R
2. Current in a circuit will decrease if resistance increases and voltage remains
the same.
I=E/R

Here is an illustration:
In this circuit we have 6 volts pushing 2 amperes of current through

._f - > é 3 ohms of resistance. There are two ways to increase the current,
= (J ? 3 Onms ' One, increase voltage, or two, decrease resistance.
24 __If the voltage were to doubfe (12V) but the resistance remains the

same what would happen to the current?
3 Onms | =E/R I =12/3 [ = 4 amperes.

With twice the electrical pressure (voltage) we would expect an
increase in current flow.

’_‘_-_[_ 10um ___f we now decreased the resistance to one ohm, (but kept the
T é_J voltage the same) we will have reduced the opposition to current.
GA Thus more current will flow.



SUMMING UP

Ohm's Law (E =1 X R), though very simple, is a vé}y powerful tool in
circuit analysis. As long as you know two of the three circuit quantities,
you can always find the third.

‘UNIT I IESSON 4 QUESTICNS

1, Using Ohm's Iaw, find the missing quantity for each of the following de~

vices: ‘
DEVICE VOLTAGE CURRENT RESISTANCE
(volts) (amperes) (ohms)
a) 60-watt lemp bulb 120 0.5 |
(b) Automobile headlamp 12 2.1
(¢) Toaster 120 2 15
(a) Electric flatiron 120 - B 12
(e) Soldering iron -;:5' 2.0 57.5
(£) 100-watt lamp 120 oA 144
(g) Radio-tube filament S 0,15 233

)
(b) 2-cell flashlight bulb 0.28 10,7
)

Electric frying pan 115 - 10






LESSON 5 — RESISTORS IN SERIES AND PARALLEL

Objectives:
In this lesson you will:

(a; Learn the meaning of the terms "seriesY and "parallel'. ‘

(b) Iearn how to find the net resistance of a set of resistors in series,

(¢) Learn how to find the net resistance of a set of resistors’in par-
allel,.

(d) Explore the idea of voltage drop.

SERLIES

Devices are sald to be in series when they are connected so that there
is only one path for current flow.

L Ra

A Series Circuit

Total Series Reszstance

The total resmstance of a set of resistors in series is the sum of the
individual resistors. ‘For example, the total resistance of the series group
“shown below is 220 ohms + 470 ohms = 690 ohms.

ZZ2o2 yrol

A — A geries group

This means that the net effect on the circuit is the same as that of
a single 690 ohm resistor.
6POR
—\AN : equivalent resistance

PARATLEL

When devices are connected so that current can take different paths,
they are sald to be connected in parallel.

|

A Parallel Circuit =

Promety

R

s

L
Z “iﬁz
P

[=~=t» v
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For any number of resistors in parallel, the net resistance can be found
by epplying the formula ‘

1

= + see

SREE
1 2 3

‘where R is the net resistance of the group and Ty 9 Ty oy etc., stand for each
of the individual resistors.

1
R

For example, to find the net resistance of the parallel combination of
100,200 and 400 ohms, we proceed as follows: :

1 1 + 1.+ _1 . _
R =700 200 oo -~ °*O* .005 + ,0025 = .0175

5 = 0175 LR : R = 57 ohms, to the nearest ohm
R * ! 1 20175 ! 9 °

If the resistors in the parallel group all have the same resistance, the
rule can be greatly simplified: Just divide the resistance of a gingle resist-
or by the number in the group, For example, the net resictance of three 150
ohm resistors in parallel is 150 &+ 3 = 50 ohms. This malkes sense. After
all it is three times easier for electrons to go through the group than to go
+hrough only one. ‘

If there are only two resistors, you can do this:

r1 bd r2 So the net resistance of a 50 ohm resistor and
R = ' a 20 ohm resistor in parallel would be
' r, + 7 v _ _
1 2 R =22%29 _ 442 onms.

= 50 + 20

‘Knowing these rules is very helpful. If yoursupply of resistors is some-
what limited, and you need a resistor value you don't have, you might be able
t0 combine values you have to mske up the required value, For example, a
470 ohm resistor could be combined with a 330 ohm resistor in parallel to
meke a 200 ohm resistor (actually, 194 obms, but that's within 5%, close
enough for most purposes). o

Voltage Drop
A circuit will always”use up“all of the voltage it is supplied with. [f a 6 volt battery is used

~to power a circuit, regardless of what type or how complex, the entire 6 volts will be used to push
electrons through the circuit.

in these two circuits we have a 6 volt battery and
a given amount of resistance. (That resistance represents
the total resistance in the circuit and is shown as one
resistor for convenience.)

In circuits A and B.6 volts of pressure is being used to push current through the circuit.
In both circuits the entire 6 volts is being used. This is a very important point. Because of different
resistances, differing amounts of current will flow; but both circuits use the entire 6 volts provided.

In circuit A, 6 volts of pressure is pushing 3 amperes of current through 2 ohms
resistance,. ' :

In circuit B, 6 volts of pressure is pushing one ampere of current through 6 ochms
resistance, ' :

In both circuits the voltage drop across the resistance is 6 volts. We say that 6 volts was
dropped or used up in pushing current through the circuit.




-2
If we were to place two resistors in a circuit as shown here, there would still be a 6 volt

drop, but across the total resistance, or from points A to B. ey A
Each resistor in turn would drop or use up a portion of that __[ 2 Oums S &1 }3 v

6 volts, depending on its value. 1n this example, since both
resistors are of the same rating they will each drop half the

voltage, or 3 volts.

EEEZ GV
2 OHMs zz}3\/

In this circuit the voltage drop across each resistor is indicated. The total voltage drop
across the circuit is 12 valts. Yet, each resistor uses only a partion of that 12 volts in order to
i 2 Ovimas %m} Iy push 2 amperes of current through it. R1 takes 4 volts while
= R2 takes 8 volts. (The resistance of R2 is twice that of R1 and

v =
12 +1 & Ox '15—%”_} g Vot would thus take more voltage to push 2 amperes through it.)
If R1 and R2 were indeed resistors a simple voltage divider network could be formed
as shown here. Such divider networks are used extensively in —0+12
the output stage of many power supplies and we will study +_[ 20ns S
them more closely later. In this circuit, by using two resistors 12V = +g
we can “tap off”’ 8 yolts and 12 volts for whatever use we - i O
desire. The possibilities for this kind of thing are almost ' s
unlimited. Here are a few more examples: ~0 — .
: —0+qy O*24Y 24V
20 OIS r3 J- 1Konm Sas . 1K
+ AV pa B 12y [ power LT oy
9v BE 200HMS SR ‘ZW:_ 3400u S | SUPPLY  |ouT
+t3y 9y =1 1K
20 ouMs = i 660 orm S & O —
— > O — : .

1 we want a variable voltage, all we have to do is replace the fixed
series resistors with a potentiometer.  Rotating the shaft will then give us
any desired voltage from zero volts right up to the supply voltage. This
is how a volume control works. The audio gsignal is impressed across the outer
terminals of the potentiometer, and the center terminal provides a variable
signal level to the amplifier. .

input o

é, to amplifier

.$ﬁ )

- Volume Control

SUMMING UP

In this lesson we have looked at series and parallel circuits, and have
discovered how to find the net resistance of series and parallel resistors.
We have also explored the concept of voltage drop and how it is used with
voltage dividers., ‘
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LESSON 5 QUESTIONS

1. Why are automobile headlights not connected in series?

2. A 100 ohm resistor and a 200 ohm resistor are connected
in series with a 20 volt supply.
. , |
(a) Draw a schematic diagram showing this circuit.
Few - (b) Find the total resistance of the series resistors.
, 0“4 (c) Apply Ohm's Law to the entire circuit as a whole to
find the current through the resistors.
L4“““f“"d) Apply Ohm's Law to each .,individual resistor to find

the voltage drop across each resistor.

e /—A 2

3. Describe two features that distinguish a parallel circuit
from a series circuit.

4, A 1000 ohm resistor and a 500 ohm resistor are connected
in parallel. = Olﬂfﬂﬂ”0/¢’7ﬂkﬁ

(a) Draw a schematic diagram showing this circuit.
-ov (b) What is the voltage across each resisfor?
ot B (c) Apply Ohm's Law to each resistor to f1od the current
‘through each resistor.
Lo 4 (0] Calculate the total current drawq~21’;hewresistors.

5. Find the net resistance of the following comblnatlons of
resistors:

(a) 6.8 Kilohms and 4.7 kilohms in para;lel ~ ’Jm:
(b) 250 ohms and 360 ohms in series (,p .=ina

(c) 50 ohms and 70 ohms in parallel 3./ S

(d) 100, 200 and 300 ohms &ll in parallel #% ¢
(e) 3000, 2200 and 560 ohms all in series 35 7sp sfv~

6. Given only the following resistor values (all in ohms):
100, 150, 220, 330, 470, 560, 680, 1000; find series or parallel
combinations of two resistors which would produce a net
resistance of:

(a) 50 ohms /c@ / 1”9

(b) 340 ohms ¢ =, 67"

(c) 690 ohms L2»05”%7“

(d) 660 ohms »¥c o

(e) 158 ohms z 1o g 507

L

7. A circuit in a house is connected to 120 volts. The

wires leading to an electrical outlet have a total resistance of
2.0 ohms. An electric motor and a lamp are ppugged into the same

electrical outlet (in parallel).

(a) Draw a schematic diagram showinéﬁthis circuit. (The
120V supply can be drawn as a 120V battery for now, even though
this is not really the case.)
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(b) An electric motor usually draws a large amount of
current just when it starts. 1In this case, it draws 15 amperes.
Use Ohm's Law to calculate the voltage drop across the wiring at
this time. zggy/

(c) For the voltage drop calculated in (b), £ind the
remaining voltage across the motor and the lamp. 7%%/

(d) Use the information from (c) abové to explain why a
lamp on the same circuit as a motor may dim noticeably just when
the motor starts.

()
\
Ty






LESSOK_6 = CAPACITORS

‘Objectives:
In this lesson you will:
#  Learn what a capacitor is and what it is used for.
*  Learn how a capacitor is constructed.

#  Learn the basic characteristics of various types of capacitors.

WHAT IS A CAPACITOR

A capacitor is an electrical component that stores electrical -energy. In that sense it is
similar to a battery.

Capacitor /(M?/ | Battery

A battery generates electrical energy as a result of chemical action. it converts chemical
. o S . - - . . : . o, e —
energy into electrical energy which is available in the form of negative and positive charges.

-

A capacitor, consisting of two metal plates separated by an insulator, does not generate
or produce anything. It stores, for release at a later time, electrical energy on its plates. That '
electrical energy, in the form of negative and positive charges, must first come from a battery,
generatar, oscillator, or other source of electricity. :

- ++ Tt
[ S
\;Metal Plates
BATTERY - i CAPACITOR _
A Battery Produces Eiectrical : A Capacitor Stores Electrical Energy
Energy From Chemical Energy. ' (Derived from other sources) For

Release Later On,
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Storing Electrical Energy

~ Adevice that will store and then release (charge and discharge) electrical energy can be
very useful. This is particularly true when such a device, because of its physical characteristics,
can determine how much electrical energy is stored and how long it takes to store and release that
energy. A capacitor has the ability to do these two things; store a certain quantity of electrical
energy, and take a certain amount of time to store and release electrical energy. It is this that

gives the capacitor its wide use in many types of circuits.
: @)

It takes a certain amount of
time to charge and discharge
a Capacitor.

Depending on their size, some
Capacitors can store more electrical
energy than others.

Capacitors Have Many Applications
A capacitor is almost as common a component as a resistor. {tis found in:

——Tuning circuits of radios, tv's, etc.

—Timing circuits to control burglar alarm delays, flash rates, and so forth.
——Photoflash units.

——AC motor controls.

——Fiitering circuits of power supplies.

We will look at some of thesé applications shortly.

Schematic S’ymbo‘ls R 4 R o o l ' {

' The schematic symbol for a capacitor is shown here. The ’ : ' —L-
curved line of the first symbol indicates the side of the capacitor Ky ' !
which should be connected to ground, if a ground connection is Ground =
needed, This Side
.*_‘L iJ_ Some capacitors have a positive and negative terminal and are

Variabie and adjustable capacitors are shown with an arrow; like this:

./.r :"‘ labeled as shown. . _
o7

Capacitor Safety Variable  Adjustable
Before we take a look at how capacitors function and how they are used, let us dwell tor

a moment on the potential danger involved in handling them.
Capacitors can be deadlyf Even small capacitors can store hundreds of watts of power.

A quick discharge across you can cause severe harm. Be sure all capacitors are safely discharged

before handling. Do not be foolish — treat capacitors with respect, and avoid unnecessary injury.

To discharge a capacitor, connect both sides together with an insulated wire.

e
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HOW A CAPACITOR FUNCTIONS

- parts Of A Capacitor
Basically a capacitor consists of nothing more than two metal plates separated by an

insulator.
' Plate . .
Dielectri The metal plates can he made of any metal though aluminum or aluminum
1electriC ¢t is preferred. .
Plate The insulator, also known as the dielectric, can be anything from air to
special types of wax coated paper.

As you can see from the illustration; the basic capacitor is a sandwich with the metal
plates being the “bread” and the dielectric the “bologna,” “‘tuna fish,” or what have you.

How A Capacitor Stores Electrical Energy

As we said earlier, a capacitor stores electrical energy on its plates. One plate fills up
with electrons(S) the other plate, losing electrons, winds up with an excess of protons@ The
result is a terporary battery.

To see how this occurs let us look at what happens when a capacitor is connected across
a direct source of voltage such as a battery.

A »
TB' Before-the capacitor is placed across the battery both plates are neutral;
that is neither one has an excess of electrons or protons,

When the battery is connected, this is what takes piace.

Electrons from the negétive terminal of the battery (finally having a
olace to go) rush to fill up plate A of the capacitor. ' '
At the same time the positive terminal of the battery puils (free)
electrons off plate B of the capacitor. : ‘

in addition. the electrons filling up plate A push electrons off of plate
B_(remember like charges repel) and on toward the positive terminal
of the battery. ' -

In this manner the capacitor becomes charged. While this charging takes place current
is flowing in all parts of the circuit. True, current will not flow for very long since the charging
time is quite short. In a matter of moments the capacitor is “fult,”” that is it can accept no more
electrons on plate A or lose any more from pllateg_. It is fully charged and storing electrical
energy.

~— |f the battefy is completely removed from the circuit, the
capacitor will continue to hold a charge (store electrical energy)
until it leaks off, or is discharged through another circuit.

— If we now place a circuit, consisting of a light bulb,
for example, across the capacitor, the capacitor will
discharge through the bulb causing it to light. This
discharging of the capacitor, like the charging, will
occur for only a short period of time.

~ How long it takes the capacitor to ¢harge and discharge and how much of a charge it can
hold, is a function of factors that we will discuss shortly. For now it is enough to see how a
capacitor acts as a temporary. storage device for electrical energy.



Enter The Farad

The amount of charge a capacitor will hold at a given voltage is known
ag its capacitance, and is meassured in farads (abbreviated F). A one farad
capacitor would hold one coulomb of charge at a voltage of one volt, two cou=-
lombs at two volts, ten coulombs et ten volts, etc. As it turns out, the
farad is a large value of capacitance, not the sort of thing to build into
a transistor radio unless you also happen to own a wheelbarrow to carry it
in, so for convenience, we use fractional units, as follows:

one microfarad (abb, piF) = one millionth of a farad ( 10°° F)

one nanofarad (abb, nF) = one thousanth of a microfarad ( 10™7 F)

one picofarad (abb. pF) = one millionth of a microfarad ( 10712 F)

]

Practical values of capacitors range from about one picofarad in high-fre-
quency radio circuits to tens of thousands of microfarads (still a small frac-

tion of a farad) in large power supply circuits.

Just like we do for resistors, we often state capacitor values with the
multiplier symbol in place of the decimal point. So a 4,7 nF capacitor might.
be listed as 4n7, and a .22 pF capacitor might be listed as p22, ,

Well, Blow Me Up!

In addition to being rated in terms of the amount of charge it can hold,
a capacitor has a meximum voltage rating. Thus a particular capacitor might
be rated as: o : v : :

47 wP / 200 V . _

Now, if this capacitor is used in a circuit that calls for a 22uF capacitor,
don't worry too much., The circuit may not work quite as expected, but you .
won't have to call the ambulance. However, if it is placed in a circuit
which supplies more than 200 volts to the capacitor, the capacitor may blow
_ up. Now you can call the ambulance! In actual practice, & capacitor with

a voltage rating of at least twice that expected to be encountered in circuit
operation should be used. ' ‘ ' :

&~ 5 uf / 50V

f
K
. I=Zov ‘ZJQ

Remember -~ when choosing a capacitor you need to know:

- Capacitance in micrdfarads, nanofarads, or

picofarads. .
- Voltage ratin% (sometimes referred to as

working volt
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FACTORS DETERMINING CAPACITANCE

There are essentially three factors that determine the amount of charge a capacitor will
hold. They are: o

—The size of the plates.
— The distance between the plates.
—The type of insulator or dielectric used.

Let us look at each one briefly.

Size of plates

You should easily see that the larger the plates of a
capacitor, the more electrons and protons they are able to
hold, and the more capacitance there is. Capacitor A having
smaller plates, holds less of a charge than capacitor B, ’

——ifé}na B
- A
‘ The closer the plates are together, the greater charge '
or capacitance. Since the plates of capacitor A are closer
d
1

Distance between the plates B

together, each plate has niore effect upon the other. All

things being equal, capacitor A will have twice the capacitance =
r

of capacitor B.

Type of insulator (dielectric)

The type of dielectric used determines the insulating
ability of the capacitor and thus the amount of charge it can
hold on its plates without leaking across. Better dielectrics
allow for thinner dielectrics, which in turn allow the plates
to be positioned closer together. That, we have seen, increases -
capacitance. : ‘

Connecting Capacitors In SeriesAnd Parallel r ’ o
Connecting capacitors in parallel is just like _L_ _I_ Tolal:
increasing the area of their plates, so —P%o -]Téna Iro

Ctotal = C1 + 02 + C3 +oae0 ' { 1 o
Placing capacitors in series decreases the total
capacitance. This is because doing so is equival-
ent to increasing the distance between the plates.
(as a bonus: since the plate distance has in effect
been increased, so in the voltage handling ability).
The formula for series capacitors is just like that
for parallel resistors, so
1 1 .1 1 n
bl = hynd fapicd ey s a0 : l ‘]] et
Ctotal ¢, "T, " oy L Ly 7
- Jwgbov  Jwofsov

Todad + S 100V



TYPES OF CAPACITORS e

Let us review the characteristics of the more widely used capacitors,

Air Capacitors

Air capacitors are those that use air as the dielectric.
They come in fixed and variable versions and range in
capacitance from 3 pf to 365 pf. They are quite large
compared to the capacitance they provide. Such
capacitors find use primarily in tuners for radio receivers.

A tuning cap

‘ Air capacitors have the advantage of being very

" stable, having a long life, and a dielectric that does not
cost anything. Air capacitors are however, susceptible
to changes in humidity which can cause arching between
the plates.

allized Plastic F C itor

These capacitors use a plastic film such as mylar or
polystyrene on which has been deposited
a very thin metal film. The plastic
acts as the dlelectric. Two layers of
film are wound together into a roll,
leads are attached, and the capacitor
is encased in solid plastic or a clay-

metal-piatiné O o ‘\Hké package for protection,

™~ plastic film

(7)

Ceramic Disc Capacitors

Ceramic disc capacitors {those made with ceramic
di.electrics) range in value from 0.5pf to 3mfd. Operati’ng g Ceramic _— >

. voltages vary from 3 VDC to 30,000 VDC. In construction, S Z\
a layer.of silver is deposited cnto both sides of a ceramic 4 o I%i
_disc. Thus the “plates’ are in very close contact with the ' ﬂ

dielectric. Silver Deposited

Dielectric.

Ceramic disc capacitors have a good size-to-capacitance Conductars

ratio. They are none the less rather fragile and must be handled
with care so as not to damage or crack the protective outer
coating.

Electrolytic Capacitors

Electrolytic capacitors provide more capacitance for their size than any other type.
Ancde As such they are used extensively as filter capacitors for power
supplies. '

Their construction is somewhat unusual. There is an anode plate of
aluminum. It is coated with a film of aluminum oxide which becomes
the dielectric. A liquid electrolyte acts as the cathode or second

plate and connection is made to it with a metallic conductor. In

— Cathode actual practice a porous paper is wrapped around the anode and

is Paper Impragnated saturated with the electrolyte to eliminate spillage.

Cathode Electrolyte Because of this unusual type of construction, electrolytic capacitors
are polarized, that is, they have a positive and negative terminal. Extreme care must be taken to
insure that they are connected with regard to such polarity.
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CHARGE AND DISCHARGE

Recall that the purpose of a capacitor is to store electrical energy,
and to release it again. This is done by the movement of charge through
conductors (and, whether we want it or not, through a certain resistance).
This movement of charge will take time. The less the resistance in the cire
cuit, the shorter the charging or discharging time, but the capacitor can
never be charged or discharged instantaneously.

Time Constant

When a completely discharged capacitor is connected to a battery, current
flow is greatest and the rate at which the voltage across the capacltor rises
is greatest just after the battery is connected. This is shown in the graph
below, v

R c
——" e AN 10OV _ L o -
switch closed

10V — “ at this
[ ez V., - time
< &‘

time |

1

1

A capacitor discharging through a resistor produces a similar graph,
as shown below.

_ A really surprising result comes out of the study of these sorts of graphs.
When we are charging a capacitor, regardless of the supply voltage, and regard-
less of the capacitance and resistance values used, the time (in seconds )
1t takes for the capacitor to charge up to 63% of the supply voltage is equal
to R (in ohms) x C (in farads), or, because it is sometimes simpler, we use
R in megohms and C in microfarads. As well, the time (egain in-seconds)
taken for a capacitor to discharge 63% through a resistor is equal to R x C.

It is this phencmenon that makes the capacitor so useful in timing circuits.

v , : .
c (charging) 107 v Sdlfc.w g;pg)
0V + - - - -~ — = = 5 —
637 L - — , 6.3V
{
4R xC 3TV
{ time time

The product R x C we call the time constant. It tells us how long we
must wait for the capacitor to charge or discharge, For practical purposes,
we usually consider this time to be equal to four times the time constant,

Charge or discharge time = 4 x R x C
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UNIT 1 LESSON6 QUESTIONS .

What is the primayy function of a capacitor?

2, What is the main difference between a battery and a capacitor?
3, Describe the simplest form of capacitor.
"4, Describe briefly the process by which a capacitor stores electiical
enexrgy.
5. Convert:
(a) 56000 pF to nF
b) -001 uP to nF
c) 220 nF to uP {2
(d) +015 nF to pF &
(e) 0033 uF to pF
(£) 6800 pF to uf .
6. Iist three factors which determine the capacitance of a capacitor.
7. Two 470 uE/25V capacitors are connected in series.
(ag Find the voltage rating of this combination.
(b) Pind the net capacitance of this combination.
8. Two 1000 uf/16 V capahitors are‘connécted in parallel,
(a) Pind the net cana01tance of this combination.
(b) Find the voltage rating of this combination.
Go What is the time constant of a 100 uF capa01tor in series w;th a 1000
ohm resistor? e .
10, How long would it take to charge e 5000 uF capacitor through a 500,000
ohm resistor”-'-
11, List four different types of capacitor, and briefly describe how each

is constructed.

12,

Name two importaent uses for‘capacitors.



Lesson 7— SOLID STATE COMPONENTS — DIODES, SCRS, ICS, TRANSISTORS, & LEDS

OBJECTIVES;

In this lesson you will;

* Study diodes and SCRs and how th-ey are used.
* Learn how transistors and integrated circuits are used.
* ‘ Understand the difference between TTL and CMOS ICs.

* Know how a seven segment display works.

SOLID STATE COMPONENTS

In this lesson we will explore some'important solid state components.
Components which are referred to as “SOLID STATE" components are those which are made

of materials such as silicon or germanium. -

.DIODES

One Way Gate

Diodes, sometimes known as rectifiers, are one-way gates. They allow current to fiow through
them in one direction only. As such diodes find application in converting AC (alternating

current) to DC (direct current). We will see how this takes place in future lessons.

Symbol

The diode symbol is shown beloW. The direction of current flow is always opposite the direction
the arrow is pointing. ‘
’ ANODE CATHODE

¢ —__DIRECTION
OF CURRENT FLOW



Since current moves from a negative to a more positive source, the pointed end on the symbol
indicates the negative terminal or cathode. On the diode itself this is shown as a band, chamfered
edge, or other atypical marking. The diode must be installed in the right direction, for like an
electrolytic capacitor, it has a polarity.

Which End Is Which?

CATHODE CATHODE | CATHODE
—/{ 1+ ‘ ), P
| SYMBOL PRINTED ON
BAND | CHAMFERED EDGE DIODE

LED (Light Emitting Diode)

An LED is a special type of diode that emits light when current travels through it. They come in

red, orange, green, and yellow colors, with red being the most popular. it is important to remember
that the LED like any other diode has a polarity. The cathode end is usually indicated by a flat edge
or short lead as shown here. -
FLAT EDGE OR SHORT LEAD

IS CATHODE
c
n . /_///
> N
LONG LEAD IS ANODE A

Current And Voltage Rating

Diodes are rated in their ability to handle current and voitage. A 1 ampere, 200 volt
diode can handle up to 1 ampere of current and up to 200 volts of electrical pressure. If
either one or both of these factors are e_xceeded the diode could be destroyed along with
your project. ‘ | ‘ ‘

SCR (SILICON CONTROLLED RECTIFIER)

How An SCR Functions

An SCR is a “diode with a difference.”” Like a diode it has a cathode and anode, and allows
current to flow througlﬁrir; one direction only. Yet, unlike an ordinary diode it has a gate elec-
+ ' trode as well. The gate is used to "trigéer” the SCR into conduction..
? Only when the gate receives a positive voltage will the SCR conduct,,
Even if the positive voltage is then removed from the gate the SCR will
continue to conduct. The only way to “turn off’ the SCR is to remove
or reverse the positive voltage which is on the anode. The SCR in effect
becomes an “electronic switch’* that is closed by briefly applying a pos-
itive vvoltage to the gate.

CAQG

=0 THE GATE NEEDS A POSITIVE VOLTAGE FOR SCR TO CONDUCT
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Current And Voltage Ratings

Like diodes, SCRs are rated in terms of their currant
and voltage handling ability. The GE106B1, a typical SCR
used in numerous PPG projects, is rated at 2 amperes and
200 volts. This means that the GE106B1 can handle up to 2 amperes and 200 volts.

How SCRs Are Used

SCRs are used in countless circuits, from latching burglar alarms to color organs. Below is a
circuit that employs an SCR along with a brief explanation as to how it works.

In this circuit the cathode (C) and anode (A} of the SCR

are connected through a buzzer and switch to the 12-volt

battery. However, there is no current traveling through the

buzzer because the SCR is not conducting. {t is not conduc-

ting because the gate is “held down" to the negative termin-
' al of the battery by the jumper between points A and B.

Remember, the SCR can only conduct if the ggi_@fml}i&wjjhigpeqt to the cgg_hogie.r

If the wire jumper is broken, the gate is released from the . e [
. . . . . Gate receives positive volti
negative terminal and placed at a positive voltage through resistor — .
R. The SCR will conduct and the buzzer sounds. ' : ' \
L] A . l
o S WA
Now(and this is very Important) even if the jumper between AL : -

A and B is reconnected, it will have no effect on the SCR. Once ¢ —
the gate triggers the SCR “‘on’’ it loses control of its operation. B l
The only way to turn the circuit off is to open S1, removing '

voltage from the SCR. Closing S1 again resets the alarm.

TRANSISTORS

Revolutionary Development

As we mentioned in lesson 3, the transistor, invented in 1948, is one of the most significant
technological developments of our time. it has completely revolutionized the
1948 AD. electronics industry in the last quarter century. We will study it’s application
N as an amplifier and oscillator in Unit [11. '

Types of Transistors

Transistors are made from semiconductive materials such as silicon or germanium. Depending
on how these materials are ““sandwiched’ together, the transistor becomes a PNP or an NPN type.



] -
Schematically, the two transistor types are represented like this:
C C EMITTER — E

B B
BASE — B

E ‘ E
PNP «  NPN

A lead is attached to each section of the transistor. These sections are known as the emitter,
base, and collector and are designated by the letter symbols E, B, and C respectively.

COLLECTOR —-C

The direction the arrow points indicates whether the transistor is a PNP or NPN.
c
On a PNP transistor the arrow points in.

The arrow is always on the emittor,

On a NPN transistor the arrow points out.

 Transistor Action

The transistor is designed to act as an amplifier of current.
If a voltege 18 applied between the collector and the emitter, then a very
small amount cf current flowing between the base and the emitter causes a
much greater current to flow between the collector and the emitter,

So the transistor is a control device, just as is the SCR, but in quite
a different sense. If sufficient base current is provided, the transistor
conducts very well between the collector and the emitter, and the transistor
can also be used as an electronic switch., However, if base current is re-
moved, the transistor immediately stops conducting. ~

K e o

¥ + v . + +
Load L4 i Load Lond
\ = o = |
TN 5 Te-o | {_

closed switch open switch



By keeping a small current flowing in the base; and by causing variations
in the base current, we can cause very large variations in the collector
current. When we do this, we are using the transistor as an amplifier. A
small signal at the input (base) causes a much larger gignal at the output
(collector).

4

s O uf/"“‘{

}
o

General Purpose And Power Transistors

In addition to describing transistors as PNP or NPN, they are classified as general purpose and
power transistors. Size usually determines the type, with the power transistor being the larger {to
dissipate more heat or wattage.) Some typical examples along with their lead configuration are shown

below.

\\%
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Lead ldentification

Identifying the transistor leads correctly is extremely important. Always view the transistor with
the leads pointing toward you. Typical lead configurations are shown here.

LOCATING £ 8 C ¢

/YAB _L_/
cg clo o)t cle o)t =
. o o
8 8 B

Nu i e

All solid-state devices are identified by combinations of
letters and numbers, the most common for transistors and SCR's
using a 2N prefix. Any device can be identified by its code.

For example, 2N3904 and 2N3055 are transistors; 2N5061 is an SCR.
~Manufacturers use many different systems, though, and it's a good
idea to have numerous manufacturers' data books handy.



INTEGRATED CIRCUITS (ICs)

/Mﬁ“ﬂ /) Integrated circuits or ICs, by increasing density and at the same time reducing the size,
ﬁ‘é& represent a major advance in circuit design. While using transistor technology, they
] are able to incorporate the equivalent of hundreds of components in a single pack-

dex)‘%L"/@\ age that is less than the size of an average capacitor. We will explore how this is
,g%,q}’()l{?/&?gﬂ accomplished in a future lesson. For now let us see how [Cs are classified and num-
/c/iipv/ bered.

IC Families

[Cs are classified according to their ““family’ designation. The most popular types

are;
2+00 7 m TTL-- Transistor-Transistor Logic. They are usually
FEEL ECRERER identified with a 7400 number. For example
e 7400, 7402, 7403. -
CMOS--  Complimentary -Metal Oxide-Semiconductor,

They are usually identified with a 4000 num-
ber. For example 4001, 4011.

lC Packages

ICs are also classified according to package style. The most popular types are round
and D!P (Dual-In-Line Package.) : ‘

[C Pin Numbers

Each IC has a certain number of pins. It is most important that you know which pins
are numbered 1, 2, 3, etc. The top view of a 7404 IC is shown here.

NOTCH 14 1312 11 10 9 8
l\’ s WS e W s (NSRS o VAN e S s W iy 3
(toP VIEW)
r,_,/———&

o} .
A i e S (S S S B G [ W

DOT .12 3 4567
Note the following points;
* The notch or dot is your key to locating pin number one.
* Pin number one i§ to the left of the notch or aot.
* Pins are numbered counter-clockwise around the 1C. Remember pin 8 is

across from pin 7, not pin 1.
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SEVEN SEGMENT DISPLAY

Seven segment displays are seen everywhere-- in calculators, watches, clocks,.cash registers,
test gear, gas pumps, and computers just to name a few devices. These displays may be liquid -
crystal, flourescent, or LED types. Your component kit includes an FND 510 common anode
one-half inch LED display .

Seven Segments

The digitai display we have been refering to consists of seven segments as shown below.
With seven segments it is possible to indicate the numbers 0, 1,2,3,4,5,6,7,8,9, and a
few upper and lower case letters.

A
N [ mm—)
: Z] G Z]B Each segment has a “letter designation”
21 a through g. This pattern holds true for
E all seven segment displays regardless of
C what they are made of.
—1 ;
D

Separate LEDs , . »
Each segment (in an LED display) is actually a tiny LED. This is shown schematically below..

¥ 9

+ ' ﬁ i Notice that all anodes are connected together, or in
! i . common. Thgy will all go to a positive voltage when
é{ d connected in a circuit. This is known as a common
) . o anode display.
R o) f | ‘
AJ}!ODE # g CATHODE

Common cathode displays are just the reverse, that is all cathodes are connected in common
to a negative terminal.

@ =0 o o
3

ANODE

& CATHODE

SUMMING UP

You have studied the important characteristics of five solid state devices. There is much more
to know about each one of course. That knowledge will come as we actually place these components
in electronic circuits.



1. Draw
ends.

2, What
3, Draw
4, Draw
and gate
5. What
6. What
7. Draw
8, Draw
9.

10,

~ kb~
UNIT 1 LESSON7 QUESTIONS

the schematic symbol for a diode, indicating the cathode and anode

is the purpose of a diode?
the schematic symbol for a light emitting diode.

the schematic symbol for an SCR, indicating the cathode, anode,
electrodes. ‘

must you do to make an SCR conduct?
must you do to turn off an SCR?
the schematic symbol for an NPN transistor, and label the leads.

the schematic symbol for a PNP tranéistor, and label the leads.

If you had a transistor and an SCR, both in the same type package,
how would you tell them apaxrt? '

What

two semiconductive materials are commonly used in the construction

of transistors?

11,
12,
13,
14
~ 15,

State two uses t¢ which s traunsistor might be put.

State two major IC families,

Neatly sketch a 16-pin DIP IC, and number the pins.

Neatly sketch a seven segment display, and label the segments.

Explain the maaning of the terms "common cathode! and "common anode'.



LESSON 1— AC AND DC — THE FUNDAMENTALS o L{:]’ T

Objectives:
In this lesson you will:
a. Learn what DC is and why it is used.
b. Learn what AC is and how to understand graphs and AC wave forms.
c. Learn about the role of generators and oscillators in producing AC.

WHAT IS DIRECT CURRENT (DC)?
In Lesson 8, Unit 1, we defined current as the movement of free electrons in
one direction. Those free electrons come from the canductor {copper wire for
example) itself. Some materials just naturally have more free electrons than
others. Those with.lots of free electrons are known as good conductors. Here
are listed a few good ‘conductors. '

1. Copper 3. -Gold 5. Brass
2.  Silver 4. Tin 6. Zinc

"As free electrons (those that have broken away from their atom) move in one direction, they
travel only a short distance, That is, each alectron moves only a fraction of a centimeter — but the
total effect is as if one electron moved all the way down the conductor.- 1t works something like '
this: : ' S

PING-PC}NG BALLS

Assume a tube is filled with ping-pong balls. .
{f you push a ping-ball in the tube (A), one will fall out of the tube, (B). Each ping-pong ball

in the tube only moved a short distance — but the effect was felt throughout the tube and at the
output. ‘ ' ’

This is what happens in an electrical circuit. The ping-pong balls are the “electrons,” each
one pushing on the other, though each electron moves only a slight distance. It is important to
understand this because it explains why current flows everywhere in a circuit at the same time.
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ELECTRONS

In the circuit shown here (and in every
electrical circuit) when the switch is closed,
electrons move in the direction indicated, every-

where in the circuit at the same time. . —Tt_ J
e e

For every electron that leaves the negative terminal of the battery, one immediately
returns to the positive terminal. The current is, for all practical purposes, instantaneous

L
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THE NEED FOR DIRECT CURRENT (DC)

Direct current is current that flows in one direction over an extended period of time. It is
produced by a source of voltage (with a negative and positive terminal) such as a battery or power
supply. Shortly we will talk about alternating current (AC) which moves back-and-forth over a
given periad of time.

The need for DC is extensive. Here are just three components that require the use of DC:

N~
o

3% Vacuum tubes Transistors- {ntegrated circuits

If you will think of the electronic equipment in use today — around your home or in
industry, you will find that the vast majority of it contains at least some of the components listed
above. If it has just one vacuum tube, transistor, or {C, it needs a source of DC.

a4y W@}
o ! \\
[S16] h) )))

As we just ment-oncd tuere are prcmanly two sources o‘ durect curre'\t barterles and
power supplies.

-

. Batteries - e

' /..___————,-3 - ) »Becausp of the low voltage .md current requlrements cf to'!ay s solid .
N ’ state dewces (tramnstors and ICs), batteries can’ provude a.convenient
““sourcd of DE-for many pieces of electronic equapment We wili look-—-
at batteries more closely in Lesson 2.

)

Power Supplues

Power supplies are electronic devices that change the AC coming out of your wall socket to
a source of DC. Where portability is not essential, power supplies are extensively used. Much of
Unit I1, Lessons 4 through 9, is devoted to a discussion and analysis of this very important -
electronic circuit.

| POWER T |
SUPPLY  P===g¢  — — -
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WHAT IS ALTERNATING CURRENT (ACY

Alternating current, AC, is current that moves back and forth in a specified period of time.
It moves first in one direction, then in the opposite direction.
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--THEN THE OTHER

Why Do We Have AC?

.— The Iow power losses in

the transmsssmn or AC.

- Power Losses

Your wall socket at home provides you with electrical

*power (current and voltage) at 60 cycles per second.

That means the current available, alternates, or moves
back and forth 60 times a second.
44

CO‘???S

In the previous section we pointed out the need for DC.

“ If the need is so extensive why then does the power

company supply our homes, offices and factories with
AC? AC is provided because of two important factors:

two)— The ease at whtch alternating current
' and voltage can be stepped up or down.

‘V’ . N
TRANSFORMER

If DC were transmitted over long distances it would have to he at relatively
low voltage and high current. To do so would require transmission lines as
thick as telephone poles! The expense and power losses involved in such a
system makes it impractical for today’s power transmission needs.

Stepping Current And Voltage Up Or Down

To transmit power over great distances it needs to be sent in the form of
high voltage and low current. In that way, power losses would be kept to a
minimuin. From the power plant voltage is stepped up (to 32,000 volts)
and sent over the transmission lines. Only when it reaches the area of your
home is it reduced, to 240 and 120 volts. Only AC with the use of trans-
formers can make this possible.



A4
GRAPHS AND AC WAVE FORMS
A graph is a method of pictorially comparing two or more quantities.
Graphs are used extensively in electronics to compare a
wide variety of factors such as voltage, current, resist-
ance, capacitance, inductance and so forth. Such graphs
usually depict these factors over a given length of time.

. Graphs are a quick and easy way to explain factors that would be difficult if not impossible
to describe with words. Do not be intimidated or scared by them — their purpose is to make things
easier to understand; not more complex.

A Typical Graph
Most graphs will depict one quantity on a vertical axis and the other on the horizontal axis.
Here is an interesting example:

s - 7/ \ r(L
u ATy h o
YA | L7 1

. 7
X 4
2

-

THE ANKLE
/
N\
C

"INCHES ABOVE

#oe Tl mo 7% Ao wie Mo Mio /93
| | Tme (v Years—w e
LENGTH OF WOMEN'S SKIRTS ABOVE THE ANKLE FROM 1900 o 1980.

. Note:. The vertical axis mducates mches above the anKle —kthe f“rther dway from
the horizontal hr.e — the higher’ t!*e skirt. :

The honz’ontal axis indicates years, marked off in decades, with- movement
away from the vertical line showing an advance in years.

A Graph Deplctmg Electronic Data
This graph compares a DC voltage against time in seconds Note the fo!lowmg pomts
o e e e Before we begin there is zero time and zero voltage.

mmmenenav From 0-1 second there is a gradual but steady rise in voltage to a level of
one volt. :

Jp— Then, in almost no time at all, a rise to two volts. ‘
-- The voltage now remains at two volts for four seconds (1-5).

t", Finally, the voltage drops from the two volt
.} level. to zero volts in one second.
*
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