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STUDY SCHEDULE NO. 1

By dividing your study into the steps given below, you
can get the most out of this part of your NRI Course
in the shortest possible time. Check off each step when
you finish it.

&1 1. Introduction.........coviviiiiieeeeeineneana...Pages 1-2

This section gives you a glimpse of the opportunities in store for you.

0 Q. Electricity . .« ovvenneeenaeennieeennnnns. ....Pages 3-9

You get a basic idea of what electricity is, and how it is used.

i13. Lt Flow. o oo i s vsessonsannniinmeavicrPages 913

You learn how current is made to flow in a circuit, and the relationship between
current, voltage, and resistance.

[7T 4. Magnetism............coe0vveeenenennennn....Pages 13-18

You learn about the importance of magnetism in electronics.

[ 5. Electronic Components.........................Pages 18-28

We look at four basic parts: Batteries, transformers, vacuum tubes, and tran
sistors.

6. Answer the Lesson Questions.

- 7 7. Start Studying the Next Lesson.
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DECIDING to study the NRI

course is one of the wisest deci-
sions of your life. Why? Because
this course has been planned and writ-
ten from beginning to end especially
for men who must do their studying at
home, usually after their regular day’s
work.

The amount of education you now
have is of less importance than an un-
swerving ambition to succeed. The
first lesson starts right at the begin-
ning assuming that you know nothing
about electronics, and prepares you
for the more advanced second lesson.
Each new technical or special word,
each symbol, and each abbreviation is
explained the first time it appears.
Since in the second book and in each
of the following books that you will
study, you will be building on what
you have learned in previous books, it
is important for you to understand
each new idea as it is presented before
going on to the next subject. Do not
make the mistake of skipping over a
section that you do not at first under-
stand. Usually if any sections of a
lesson at first seem difficult, you will
be able to understand them completely
by re-reading them several times.

The surest way to keep from failing
is to be determined to succeed. Make
a sincere promise to yourself right
now, that you are going to finish the
NRI ecourse and succeed in electronics.

OPPORTUNITIES

Let us look at a few of the oppor-
tunities that are available to the quali-
fied technician. As an NRI graduate
you will be in a position to choose
your opportunity, instead of waiting
for it to come to you.

In radio, for instance, there are hun-
dreds of different job opportunities in
entertainment broadcasting alone. You
might think that television has elimi-
nated the opportunities in this field of
radio. The actual facts are that al-
most, every week new radio stations
are licensed by the FCC and that the
annual radio receiver production in
this country is close to 10,000,000 re-
ceivers.

Television has not eliminated op-
portunities in the radio field, instead
it has created new opportunities of its
own. The demand for broadcast tech-
nicians and television servicemen has
never been fully satisfied since tele-
vision first swept across the country.



Now color television is here, and it
will create still greater demands for
trained men. You can be one of them.

Another fact that people fail to
realize is that there are many oppor-
tunities outside the entertainment
broadcasting field. There are thou-
sands of fascinating well-paid jobs for
men in communications systems on
land, on sea, and in the air. Fire and
police departments, telephone com-
panies, power companies, gas com-
panies, railroads, and airlines are only
a few of the many organizations using
radio communications equipment. The
use of radio in industrial communica-
tions is in fact increasing so fast that
finding frequency assignments for all
the new stations is becoming a serious
problem.

Electronic equipment is also becom-
ing more and more important in in-
dustry. Electronics in industry repre-
sents a tremendous new field, the sur-
face of which has just been scratched.
Electronic equipment is used to count
finished components coming off as-
sembly lines, it is used to inspect man-
ufactured parts, it is used to control
precision machines, automatically
making possible the high-speed pro-
duction of items that could formerly
be made only manually by highly
skilled operators. Electronics is used
in oil refineries, in the manufacturing
and quality-control of new cars, in the
new plastics industry and in many
other fields, too numerous to mention.
As a matter of fact, there is hardly an
industrial process in which electronics
cannot be put to use advantageously.
Here is a field of unlimited opportuni-
ties; a field that is just developing.

There are still many other oppor-
tunities. You may some day find your-
self in a theatre installing, adjusting,
and repairing the electric eye in the
sound amplifier system. You may go
to ball parks and conventions to take
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charge of the public address equip-
ment, which can boost man’s feeble
voice as much as a million times. You
may hike through canyons and foot-
hills using modern electronic prospect-
ing equipment to locate new oil fields
and new deposits of precious minerals.
Wherever there is equipment using
electronic principles, there are also
opportunities for men with the thor-
ough training in electronics that you
will soon have.

From the preceding list of oppor-
tunities you might think that this is
an industry already fully developed.
Actually we have barely scratched the
surface. You are going to see breath-
taking new developments which far
outshadow even the miracle of color
television. Because your NRI train-
ing is built upon a sound foundation,
you will be prepared for the un-
dreamed-of jobs that will soon be
created by new developments. You
will not only learn about equipment
in use today, but you will also learn
the fundamental ideas in back of the
operation of tomorrow’s equipment.
Once you understand this basic theory,
you will be able to understand new
developments as they come along. You
will understand how they work, be-
cause you will know the fundamentals.
New electronic equipment will not use
new circuits, it will use the basic cir-
cuits you will be studying but in new
ways.

Now you are ready to go—ready to
start your study of electronics. At
first we will study a few basic ideas
and then we will use these ideas in
building up some simple circuits.
Make sure you fully understand the
ideas and circuits as they are pre-
sented. Even the most complex elec-
tronic equipment is made up of noth-
ing more than a large number of the
simple circuits that you will study in
your early lessons.

Electricity

Electricity and magnetism play an
important part in the operation of all
electronic equipment. But what is
electricity? What is magnetism? If
you learn the answers to these two
questions once and for all now, you
will have the foundation for every-
thing else you will study and work
with in your electronics career. Let
us take up electricity, first.

USES OF ELECTRICITY

We have only to look around us to
see many ways in which electricity is
used. It is used to provide light; the
chances are that you have an electric
light burning to read this book. Elec-
tric energy is being converted or
changed into light by the electric light
bulb.

Electricity is used to provide heat.
Appliances such as electric space-
heaters, ranges, and irons convert elec-
trical energy into heat. The heat may
be used for cooking your food, warm-
ing your home, ironing your clothes,
or many other everyday tasks.

Electricity is used to provide me-
chanical power that can be converted
into motion. Electric streetcars and
trains convert electrical energy into
motion by means of large electric
motors.

Electricity is used to produce sound.
Your radio receiver takes the elec-
trical energy from the wall outlet and
converts it into the sound you hear
coming from the loudspeaker.

There are many other uses of elec-
tricity, but these few serve to illus-
trate its usefulness. We have seen it
used to produce light, heat, motion,
and sound. But what is electricity,
that it can do all these things? Elec-
tricity is not light, nor ic it heat, nor
sound, nor motion, but it is something
that can be converted into all these

different forms of energy. Electricity
itself is a form of energy. It is elec-
trical energy. An electric light bulb
simply converts the electrical energy
into light. A heater converts the elec-
trical energy into heat, and a motor
converts electrical energy into me-
chanical energy. But this only points
out uses of electricity, it still leaves
our question of what electricity is, un-
answered. Let us see if we can find
the answer.

WHAT ELECTRICITY IS

We will start our discussion of what
electricity is by describing a few
simple experiments that were per-
formed by scientists many years ago.
These experiments led to the under-
standing of electricity that we have
today. You do not have to perform
these experiments. We are describing
them only to help you understand
electricity.

If two small glass balls are sus-
pended by threads as shown in Fig. 1,
the weight of the glass balls will cause
them to hang straight down as shown.
Now if we take a piece of silk cloth
and rub the balls with the cloth
and then suspend them, instead of
hanging straight down as they did be-

THREAD
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FIG. 1. Two small glass balls suspended
by threads will hang vertically because
of the weight of the balls.
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FIG. 2. Two glass balls that have been
rubbed with a silk cloth move apart.

fore, the balls will tend to swing out
as shown in Fig. 2 as though some
force were pushing them apart. Ac-
tually, there must be some force push-
ing them apart; rubbing the balls with
the silk cloth has produced the force.

The same experiment can be per-
formed using two small hard-rubber
balls. Again, before the balls have
been rubbed with the silk cloth they
will hang vertically, but once they
have been rubbed with the silk cloth
they will push each other apart. Again
rubbing the small balls with the silk
cloth has produced a force which
pushes the balls apart.

There are two important points il-
lustrated by these experiments. First,
rubbing the balls with the silk cloth
produced a foree that pushed the balls
apart. We call this force a “charge”.
The act of producing this force is
called “charging”. We say that the
balls are “charged.”

Second, let us consider what hap-
pened when we rubbed the glass balls
with the silk cloth. When we rubbed
the two balls, we charged them. Since
both balls were charged in the same
way, it is logical to assume that we
have placed the same kind of a charge
on the two balls. But the two balls
pushed each other apart. We had simi-
lar results when we charged the two
rubber balls. They also repelled each
other. From these experiments we can
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conclude that if two objects are
charged with the same kind of a
charge, they will repel each other.
This is a basic electrical law, and it
is usually stated: like charges repel.

Now, if the same experiment is per-
formed using one small glass ball and
one small rubber ball, we would ob-
serve an entirely different -effect.
When the balls are rubbed with the
silk and then suspended, instead of
moving apart, the two balls would
move toward each other as shown in
Fig. 3. If they are placed close
enough together, they will move to-
ward each other until they touch.
Once the two balls touch each other,
they will begin to move apart to hang
straight down. They will probably
swing past the straight-down point
and then swing back together and
touch again. This cycle may be re-
peated several times until eventually
the balls will hang straight down as
they would if they had not been
charged in the first place. Now let us
see what conclusions we can draw
from this experiment.

We have seen that rubbing the two
balls with the silk cloth charged them
as before. This we know is true be-
cause a force was produced on the two
balls, otherwise they would simply
hang straight down. We also know
that the forces produced on the two

~

FIG. 3. The charged glass and rubber
balls will move tog;ther and touch each
other,
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balls were such that the balls did not
repel each other, at least at first, be-
cause the two balls moved together
and touched. Since we have seen from
the previous experiments that like
charges repel, these charges must have
been unlike. In other words, there
must be a different kind of charge on
the glass ball from the one on the
rubber ball. We identify these two
different kinds of charges by saying
that the charge on the glass ball is
positive and that the charge on the
rubber ball is negative.

These simple experiments lead us to
a fundamental important rule, “like
charges repel; unlike charges at-
tract.” Remember this rule, it is im-
portant. You will use it throughout
your entire career in electronics. You
will soon use this simple rule to help
explain the operation of many elec-
tronic devices.

Now let us proceed with our study
of electricity to see if we can explain
more fully what happened in the ex-
periments we have just deseribed. To
do this we must study the electron
theory.

The Electron Theory. Everything
on this earth is made up of tiny par-
ticles. You can see for yourself that
the earth is not one solid piece of
material, it is made up of tiny par-
ticles of sand and stone and rock.
Even the smallest grain of sand is
itself made up of millions of still
smaller particles, so small that they
cannot be seen even with the most
powerful microscope.

The smallest particle of a substance
that retains the original properties of
the substance is called an “atom.”
All atoms of a given substance are
alike. In other words, the smallest
particle of a piece of copper that still
is and resembles copper is called an
atom. A small piece of copper is

LECTRON
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FIG. 4. The hydrogen atom.

made up of billions of these small
atoms each identical to the others.

But the atom is not the smallest
particle, the atom itself is made up of
still smaller particles. Secientists have
identified a number of different par-
ticles from which the atom is made.
However, we are interested in only
two of these particles, the nucleus*
and the electron. We are more in-
terested in the electron than we are
in the nucleus.

The nucleus is the center of the
atom. The nucleus of each atom has a
certain amount of electricity; another
way of saying this is to say that the
nucleus has an electrical charge. The
electrical charge on the nucleus is dif-
ferent for different elements. In other
words, the nucleus of a hydrogen atom
has a different charge from that of the
nucleus of a copper atom. However,
all hydrogen nuclei (the plural of nu-
cleus) have the same charge, and all
copper nuclei have the same charge.

Around the nucleus of the atom are
clectrons. These electrons travel in
an elliptical path (a somewhat cir-
cular path that has been squashed,
like an egg or a football) around the
nucleus of the atom in much the same
way that the earth travels around
the sun.

The simplest atom is the hydrogen

atom, shown in Fig. 4. In the hydro-

*To be strictly correct we should not ecall
the nucleus a particle, because it is made up
of smaller particles. However, for our pur-
poses we can consider the nucleus as one
particle.



gen atom, the nucleus has a charge of
1, and revolving around it is one elec-
tron. The electron also has a charge;
this charge is exactly equal to but
opposite to the charge on the nucleus.
The charge on the electron neutralizes
the charge on the nucleus so there is
no charge on the atom; in other words
one charge exactly balances the other,
so the net effect is zero. The charge
on the nucleus of the atom is the posi-
tive charge we found on the glass ball,
and the charge on the electron is the
negative charge we discovered on the
hard rubber ball. You will see why
this is so, later on in this discussion.

Now let us take a look at another
atom, the helium atom shown in Fig.
5A. In the helium atom, the nucleus
has a positive charge of 2. To com-
pletely neutralize this positive charge
there are two electrons.

Another atom is the lithium atom.
The nucleus of this atom has a posi-
tive charge of 3. To neutralize this
charge there are three electrons.
However, instead of having three elec-
trons in the one ring, or shell as it is
sometimes called, there are two elec-
trons in the first ring as shown in Fig.
5B and one electron in a second ring.

The first ring of an atom never has
more than two electrons, the addi-
tional electrons needed to balance the
charge in the nucleus arrange them-
selves in other rings. The second ring
may have as many as eight electrons;

©
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FIG. 5. The helium atom is shown at A;
the lithium atom at B.

STEAM POWERED RADIO.COM

FIG. 6. The maximum number of elec-
trons there can be in each of the first
four rings of any atom.

if there are more than ten electrons, a
third ring is formed.

Fig. 6 shows the nucleus of an atom
and the first four rings of electrons
that can form around it. The num-
bers in each ring indicate the maxi-
mum number of electrons there can
be in any one ring. Remember that
these numbers are the maximum num-
ber of electrons—there can be less
than the maximum number of elec-
trons in at least one of the rings. For
example, refer back to the lithium
atom that we have shown in Fig. 5B
and you will see that the first ring is
filled, it has two electrons, but the
second ring which, as we saw in Fig. 6
can have as many as eight electrons,
has only one.

The characteristics of a material
are governed by the way in which the
various electron rings are filled. For
example, the neon atom shown in Fig.
7 has two rings of electrons around
the nucleus. The nucleus has a posi-
tive charge of 10 units. The first ring
has two electrons in it, and the second
ring has eight electrons in it. Each
ring has the maximum number of elec-
trons it can hold. Neither of the rings
can accept any additional electrons,

nor are they willing to give up any
clectrons. The particular element
with this type of atom is a very stable

element. The chemists call it an inert.

clement, by this they mean it will not
combine chemically with other ele-
ments.

Now let us look at the atom shown
in Fig. 8. The nucleus of this atom
has a -+ charge of 11. It has two
electrons in the first ring, eight elec-
trons in the second ring, but only one
electron in the third ring. The first
and second rings of the atom are full,
they cannot hold any additional elec-
trons. These electrons are held closely
to the nucleus; there is no way they
can get away from the nucleus, nor is

FIG. 7. The atomic structure of the gas,

neon. Because both rings are filled with

electrons, this gas is a very stable element

—it will neither give up nor accept
electrons.

there any way any additional elec-
trons can be forced into either of
these two rings. However, the single
electron in the third ring is not held
very closely to the nucleus. This is
the atomic structure of the metal
sodium. This is a very unstable
metal. In its pure form it is so un-
stable that to keep this form, it must
be kept submerged in oil, and it is
only a curiosity because it is of no
practical use!

A somewhat similar atom is the
copper atom shown in Fig. 9. There
are two electrons in the first ring,
cight in the second, eighteen in the
third, and one in the fourth. Although
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FIG. 8. The metal sodium has 2 elec-

trons in the first ring and eight in the

second ring, but only one in the third
or outer ring.

copper has only one electron in its
outer ring, it is a much more stable
element than sodium. If we apply
some external force to a copper atom,
we can easily knock the outermost
electron loose, and it might move into
the outer ring of a near-by atom. This
atom will then have two electrons in
the fourth ring. It then has one more
electron than it needs to completely
neutralize the charge on the nucleus.
The tendency is for the atom to get
rid of this extra charge as quickly as
possible. Either the new electron that
moved into the fourth ring will be

FIG. 9. The nucleus of the copper atom

has a positive charge of 29. Around the

nucleus there are nermally 29 electrons
arranged as shown above,
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FIG. 10. The movement of electrons along a wire.

foreced out of this ring, or the original
electron in the fourth ring will move
out. In any case, whichever of the
two electrons leaves this fourth ring
will move over to a near-by atom, and
it in turn will upset the balance of this
atom and either move on itself, or
force the electron in the outer ring of
this atom out.

Once an electron has been dislodged
from the outer ring in this manner,
it more or less starts a chain reaction,
hitting electrons in the outer rings of
other atoms, causing these electrons
to move about in the material. If we
have a wire made up of a material of
this type and to one end connect a
device that will push an extra electron
into the wire, and connect something
to the other end that will tend to pull
an electron out of the other end of the
wire, we will have a movement of
electrons along the wire. They will
be pushed from one end and pulled at
the other. The extra electron that is
forced into one end of the wire will
move into the outer ring of one atom.
This will force the lone atom in the
outer ring out of the atom and into
the next atom. This electron in turn
will force another electron out of a
near-by atom, moving it along the
wire. The path that might be fol-
lowed by this reaction is shown in
Fig. 10.

Now before going on let us explain
the action of the charged rubber and
glass balls. When the glass ball is
rubbed with the silk cloth, the fric-
tion of rubbing the ball removes some
of the electrons from the ball. Once
the electrons have been removed, there
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are not enough electrons left to com-
pletely neutralize the positive charges
on the nueclei. Therefore the glass
balls will have a positive charge on
them.

When we rub the rubber balls, the
rubber balls take electrons from the
silk cloth so they will have more elec-
trons than are needed to completely
neutralize the positive charges on the
nuclei of the atoms. Therefore the
rubber balls will have a negative
charge on them.

When we charge one glass ball and
one rubber ball and suspend them
near each other, they will be attracted
because unlike charges attract. When
they move together and touch, some
of the extra electrons on the rubber
ball will leave the rubber ball and
move over to the glass ball and partly
make up for the shortage of electrons
on the glass ball. When this happens,
the balls may swing apart, but the
charges will not be completely neu-
tralized, so the balls will swing back
together again and a few more elec-
trons will move from the rubber ball
over to the glass ball. This swinging
back and forth will continue until
enough electrons have moved from the
rubber ball to the glass ball to reduce
the force of attraction between the
two balls until it is no longer strong
enough to cause the balls to swing
together.

SUMMARY

We have covered a great deal of
material in this section, and the
chances are you will not be able to
remember all of it. We do not expect

you to remember all the details, but
you should remember the points re-
viewed in the following summary.

1. Like electric charges repel, and
unlike electric charges attract.

2. All material is made up of ex-
tremely small particles called atoms.

3. All the atoms of a given sub-
stance are identical.

4. Atoms are made up of a nucleus,
which has a positive charge, and a
number of electrons, which have a
negative charge, and will exactly neu-
tralize the positive charge of the nu-
cleus so the net charge on the atom
should be zero.

5. In some atoms an electron can be
easily displaced.

Current Flow

In the preceding section you have
seen how an electron being knocked
out of its atom forces additional elec-
trons out of their atoms and sets them
in motion. We have also pointed out
that if we apply some force to push
the electrons at one end of a wire and
another force to pull the electrons
from the other end, we could start a
movement of electrons from one end
of the wire to the other. A device
that is capable of doing this is a bat-
tery. A battery, by means of the
chemical action that occurs inside it,
will push electrons from one terminal
and pull them into the other. If a
wire is connected between the two
terminals of a battery, electrons will
flow as shown in Fig. 11 from one
terminal, through the wire, back to
the other terminal of the battery and
then through the battery and finally
back to the first terminal again. This
is called an electric circuit. Electrons
will continue to follow this circular
path until the path or circuit is broken
by disconnecting the wire from one
terminal of the battery or until the
chemical action of the battery is ex-
hausted. Notice that there must be a
complete path for the electrons to
travel. An electron leaving one ter-
minal of the battery must be able to
travel through a complete circuit,
through the battery, and back to the
terminal from which it left.
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You probably know that the termi-
nals of many batteries are marked;
one is marked with a 4 sign and the
other with a — sign. The terminals
are marked like this so you can tell
from which terminal the electrons will
leave the battery and to which termi-
nal the electrons will return. Now,
can you tell from which terminal the
electrons are going to leave the bat-
tery? Remember our experiment with
the glass balls. When we charged the
glass balls we placed a like charge on
the two balls and they pushed each
other apart. Now an electron has a
negative or — charge. Which termi-
nal is going to push electrons away,
and which terminal will attract them?

The answer to these two questions
is just what you might expect from
the law of charges. We said like
charges repel, therefore the negative
terminal of the battery will push the

BATTERY

-
i -—

— —

FIG. 11. A wire connected between the

two terminals of a battery provides an

electric circuit through which electrons
can flow,



FIG. 12. The schematic diagram of a

simple circuit.

negative electrons out of the battery.
The positive terminal of the battery
will attract the electrons, because it
has the opposite charge on it. In Fig.
12 we have repeated the circuit shown
in Fig. 11; however, this time we have
used the symbol that is used on radio
diagrams to identify a single-cell bat-
tery. Notice that we have used one
short heavy line and one longer thin
line. The short heavy line identifies
the negative terminal of the battery,
and the long light line the positive
terminal. We have also marked the
terminals with — and - signs so there
will not be any confusion. Remember
the symbol used for the battery, you
will see it many times in your elec-
tronics career.

Symbols like this are used on all
electronic diagrams to indicate the
various parts. There is a different
symbol for each part. Using a simple
symbol instead of trying to show the
actual part makes the diagrams much
easier to understand. These diagrams
using symbols are called “schematic”
diagrams. We will teach you each
symbol as you come to it so you will
not have to learn a whole lot of them
at once.

CONDUCTORS AND
INSULATORS

There are a number of materials
from which one or two electrons in the
outer ring of electrons can be dis-
placed. Copper, silver, aluminum,
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iron, and most other metals are
examples of this type of material.
Since electrons can be displaced from
these materials, it is easy to set them
in motion in a wire made of this type
of material, and cause a current to
flow through the wire. These mate-
rials are called conductors. They are
so called because they will conduct or
transmit an electric current; in other
words, a current flow can be set up
through them.

There is no such thing as a perfect
conductor. All conductors offer some
resistance, or opposition, to an elec-
tric current. Silver is the best known
conductor, but it is used only in spe-
cial applications because it is too ex-
pensive. Copper, which is almost as
good a conductor as silver, is used in
most wire because it is much cheaper
than silver.

There are other materials which
will not readily give up any electrons.
A material having its outer ring full
of electrons has no place to permit
any additional electrons to move into
the atom, nor will it permit any elec-
trons to move from any of its rings.
This type of material is called an
insulator. It normally will not pass
or conduct an electric current.

There is no such thing as a perfect
insulator. Even in materials having
all the electron rings filled, an electron
will oceasionally escape, particularly
if enough force is applied to the mate-
rial. However, the number of elec-
trons that will escape is usually so
small that for all practical purposes
we can say that these materials will
not conduct current. When an ex-
tremely high force is applied to this
type of material, electrons may be
forced out, and the material will
break down, and will no longer be
usable as an insulator.

In your study of electronics, you
will be concerned with both conduc-
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tors and insulators. Conductors will
be used to make the current flow
where you want it to flow. Insulators
will be used to keep it from flowing in
places where you do not want it. By
the use of conductors and insulators,
electrical circuits can be built.

SEMI-CONDUCTORS

We have already pointed out that
a material that will conduct an elec-
tric current is called a conductor, and
a material that will not conduct an
electric current is called an insulator.
Many materials fall into one of these
two classifications. However, there
are materials that fall into a third
group midway between the two.
They are neither good conductors nor
good insulators. Sometimes they can
be made to act like conductors; at
other times they can be made to act
like insulators. Materials of this type
are called “semi-conductors”. Ex-
amples are germanium and silicon.
These two materials are used in tran-
sistors. A transistor is often called a
semi-conductor. You will learn more
about transistors later in this lesson.

THE AMPERE

As you probably realize, the
strength of the current flowing in
electrical circuits will not always be
the same. The strength of the cur-
rent depends on the number of elec-
trons set in motion. The number of
electrons set in motion depends upon
the force applied to the circuit, and
also on the materigl used in the cir-
cuit. Some materials give up one or
two electrons more readily than
others, and as a result it is easier for
the electrons to move through the cir-
cuit than in circuits made up of other
materials that will not give up their
electrons so easily.
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We must have some way of know-
ing how much current there is flowing
in a circuit. A movement of one or
two electrons past a point in a circuit
in a period of one second represents
an extremely small current, so small
in fact that it would be of no useful
value. Before a current can be useful
there must be a tremendous number
of electrons moving past each point
in the circuit. It would be imprac-
tical to try to count the number of
electrons, so instead, a unit of current
called the “ampere” has been devised.
The ampere represents a useful num-
ber of electrons flowing past a given
point in the circuit per second. The
actual number of electrons that will
pass the point is unimportant. How-
ever, a standard ampere has been set
up, and all current measurements are
made in relationship to this standard
ampere. If the number of electrons
flowing in the circuit is twice the num-
ber represented by 1 ampere, then the
current flowing in the circuit is 2
amperes. If it is ten times the stand-
ard ampere, the current flowing is 10
amperes.

In electronics we are often con-
cerned with currents much smaller
than an ampere, so we have devised
the units called the “milliampere’” and
the “microampere”. A milliampere is
one-thousandth of an ampere, and a
microampere is one-millionth of an
ampere. In other words, there are
1000 milliamperes in 1 ampere, and
1,000,000 microamperes in 1 ampere.
There are 1000 microamperes in a
milliampere.

The word ampere is usually ab-
breviated “amp.” Therefore in your
studies, you will see the words amp,
milliamp, and microamp. To make
these words plural we simply add an
“s” for example, amps, milliamps, and
microamps.  Milliamperes is also
often abbreviated ma.



THE VOLT

When we were discussing the am-
pere, we said that the amount of cur-
rent that will flow in a circuit depends
upon the force applied to the circuit.
We should have some means of meas-
uring this force. The force is called
“electromotive force”, or ‘‘voltage”,
and it is measured in volts. Again,
you do not have to be concerned about
exactly how much force there is in 1
volt; the important thing is to know
that the number of volts indicates the
amount of force applied to a circuit,
and the higher the voltage, the more
force is being applied to the circuit.

As with amperes, we often deal with
small parts of a volt, and therefore we
use the millivolt and the microvolt,
which are one-thousandth and one-
millionth of a volt, respectively.

By way of interest you might like
to know that the voltage of a conven-
tional flashlight cell is approximately
1% or 1.5 volts. Storage batteries
used in automobiles were 6 volts up
until about 1954, and now most car
manufacturers use a 12-volt battery.
The electric light bulbs and appliances
in most homes are designed to operate
on a voltage of about 115 volts.

THE OHM

The amount of current that will
flow in a ecircuit depends upon one
other thing besides the force applied
to the circuit. This is how readily the
material will give up electrons and let
them move through the circuit. Some
materials will give up electrons quite
readily and let them move through the
circuit with little or no opposition.
However, other materials will not
give up electrons so readily, and they
offer considerable opposition to the
flow of current. This opposition to
current flow is called ‘“resistance”.
The resistance of a material depends
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tipon how readily it will ailow elec-
trons to move through it. Resistance
is measured in “ohms”. Again, you
need not know the exact definition of
a standard ohm, the important thing
to know is that resistance is the op-
position to current flow in a ecircuit
and that it is measured in ohms.

Often the resistance in the circuit
is so high that it runs into more than
a million ohms. We use the expres-
sion “megohm” to mean a million
ohms. 6 megohms would be 6,000,000
ohms. Megohm is usually abbrevi-
ated “meg” and so we would call a 6-
megohm resistor, “6 megs”.

OHM’S LAW

We have said that the current that
flows in a ecircuit depends upon the
force or voltage applied to the circuit
and on the opposition or resistance in
the circuit. In other words, the cur-
rent depends on the voltage and the
resistance.

If in an electrical circuit a voltage
of 1 volt is applied to a circuit having
a resistance of 1 ohm, a current of 1
ampere will flow in the circuit. If we
double the voltage so that the voltage
is 2 volts and the resistance is still 1
ohm, the current that will flow in the
circuit will be 2 amps. On the other
hand, if the voltage were 1 volt, and
we doubled the resistance to 2 ohms,
the current that would flow in the cir-
cuit would be only one-half amp.

This relationship between current,
voltage, and resistance, is known as
“Ohm’s Law”. We will use Ohm’s
Law many times in future lessons.
For the present, all you need to re-
member is that the current depends
upon the voltage and the resistance.
The higher the voltage, the more cur-
rent will flow in the circuit. Increas-
ing the resistance of the circuit, on
the other hand, will cause the current
to decrease.
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SUMMARY

Here are the important points you
should remember from this section of
the lesson:

1. If a battery is connected to a
wire made up of a material from
which some of the electrons can be
displaced, electrons will move from
the negative terminal of the battery
through the wire to the positive ter-

minal, and through the battery back
to the negative terminal, making a
complete circuit.

2. A movement of electrons through
a circuit is called a current.

3. A conductor is a material that
will readily permit an electric current
to flow through it.

4. An insulator is a material that
will not readily permit an electric
current to flow through it.

Magnetism

Magnetism is as important in elec-
tronics as electricity. Without mag-
netism there would be no electronics
industry at all, for magnetism and
electricity work together to make all
our modern electronic devices possible.

PERMANENT MAGNETS

As you undoubtedly already know,
a magnet will pick up or attract small
pieces of steel or iron. Minerals that
have this property are found buried
in the ground in some parts of the
world. These minerals are usually
called natural magnets.

A piece of iron or steel can be
made into a magnet by stroking it in
one direction with a magnet. When
a piece of iron or steel is made into
a magnet in this way, we say it is
“magnetized”. Magnets made in this
way are called “permanent” magnets,
because they will retain their magnet-
ism almost indefinitely.

Originally, almost all manufactured
permanent magnets were made of
iron or steel, but most modern perma-
nent magnets are made of an alloy
called “Alnico”. Alnico is a mixture
of aluminum, nickel, and cobalt.
Very strong lightweight magnets can
be made with this material, which
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retain their magnetism even better
than magnets made of iron or steel.
Now let us study some facts about
magnets and magnetism. When a
magnetized steel needle is placed on a
cork, and the cork is floated in water,
the needle will always line up in a di-
rection corresponding closely to north
and south. This magnetic experiment
is illustrated in Fig. 13. This phe-
nomenon led to the first practical use
for magnets, in compasses used by
early sea voyagers and travellers.
Compasses are made simply of a mag-
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FIG. 13. If a magnetized needle is placed
on a floating flat piece of cork, the needle
will line up in the north and south direc-
tions like a compass, because it lines up
with the magnetic field of the earth. In
electronics, we produce magnetic fields
much stronger than those of the earth.



FIG. 12. The schematic diagram of a
simple circuit.

negative electrons out of the battery.
The positive terminal of the battery
will attract the electrons, because it
has the opposite charge on it. In Fig.
12 we have repeated the circuit shown
in Fig. 11; however, this time we have
used the symbol that is used on radio
diagrams to identify a single-cell bat-
tery. Notice that we have used one
short heavy line and one longer thin
line. The short heavy line identifies
the negative terminal of the battery,
and the long light line the positive
terminal. We have also marked the
terminals with — and - signs so there
will not be any confusion. Remember
the symbol used for the battery, you
will see it many times in your elec-
tronics career.

Symbols like this are used on all
electronic diagrams to indicate the
various parts. There is a different
symbol for each part. Using a simple
symbol instead of trying to show the
actual part makes the diagrams much
easier to understand. These diagrams
using symbols are called “schematic”
diagrams. We will teach you each
symbol as you come to it so you will
not have to learn a whole lot of them
at once.

CONDUCTORS AND
INSULATORS

There are a number of materials
from which one or two electrons in the
outer ring of electrons can be dis-
placed. Copper, silver, aluminum,
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iron, and most other metals are
examples of this type of material.
Since electrons can be displaced from
these materials, it is easy to set them
in motion in a wire made of this type
of material, and cause a current to
flow through the wire. These mate-
rials are called conductors. They are
so called because they will conduct or
transmit an electric current; in other
words, a current flow can be set up
through them.

There is no such thing as a perfect
conductor. All conductors offer some
resistance, or opposition, to an elec-
tric current. Silver is the best known
conductor, but it is used only in spe-
cial applications because it is too ex-
pensive. Copper, which is almost as
good a conductor as silver, is used in
most wire because it is much cheaper
than silver.

There are other materials which
will not readily give up any electrons.
A material having its outer ring full
of electrons has no place to permit
any additional electrons to move into
the atom, nor will it permit any elec-
trons to move from any of its rings.
This type of material is called an
insulator. It normally will not pass
or conduct an electric current.

There is no such thing as a perfect
insulator. Even in materials having
all the electron rings filled, an electron
will occasionally escape, particularly
if enough force is applied to the mate-
rial. However, the number of elec-
trons that will escape is usually so
small that for all practical purposes
we can say that these materials will
not conduct current. When an ex-
tremely high force is applied to this
type of material, electrons may be
forced out, and the material will
break down, and will no longer be
usable as an insulator.

In your study of electronics, you
will be concerned with both conduc-
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tors and insulators. Conductors will
be used to make the current flow
where you want it to flow. Insulators
will be used to keep it from flowing in
places where you do not want it. By
the use of conductors and insulators,
electrical circuits can be built.

SEMI-CONDUCTORS

We have already pointed out that
a material that will conduct an elec-
tric current is called a conductor, and
a material that will not conduct an
electric current is called an insulator.
Many materials fall into one of these
two classifications. However, there
are materials that fall into a third
group midway between the two.
They are neither good conductors nor
good insulators. Sometimes they can
be made to act like conductors; at
other times they can be made to act
like insulators. Materials of this type
are called “semi-conductors”. Ex-
amples are germanium and silicon.
These two materials are used in tran-
sistors. A transistor is often called a
semi-conductor. You will learn more
about transistors later in this lesson.

THE AMPERE

As you probably realize, the
strength of the current flowing in
electrical circuits will not always be
the same. The strength of the cur-
rent depends on the number of elec-
trons set in motion. The number of
electrons set in motion depends upon
the force applied to the circuit, and
also on the material used in the cir-
cuit. Some materials give up one or
two electrons more readily than
others, and as a result it is easier for
the electrons to move through the cir-
cuit than in circuits made up of other
materials that will not give up their
electrons so easily.
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We must have some way of know-
ing how much current there is flowing
in a circuit. A movement of one or
two electrons past a point in a circuit
in a period of one second represents
an extremely small current, so small
in fact that it would be of no useful
value. Before a current can be useful
there must be a tremendous number
of electrons moving past each point
in the circuit. It would be imprac-
tical to try to count the number of
electrons, so instead, a unit of current
called the “ampere” has been devised.
The ampere represents a useful num-
ber of electrons flowing past a given
point in the circuit per second. The
actual number of electrons that will
pass the point is unimportant. How-
ever, a standard ampere has been set
up, and all current measurements are
made in relationship to this standard
ampere. If the number of electrons
flowing in the circuit is twice the num-
ber represented by 1 ampere, then the
current flowing in the ecircuit is 2
amperes. If it is ten times the stand-
ard ampere, the current flowing is 10
amperes.

In electronics we are often con-
cerned with currents much smaller
than an ampere, so we have devised
the units called the “milliampere” and
the “microampere”. A milliampere is
one-thousandth of an ampere, and a
microampere is one-millionth of an
ampere. In other words, there are
1000 milliamperes in 1 ampere, and
1,000,000 microamperes in 1 ampere.
There are 1000 microamperes in a
milliampere.

The word ampere is usually ab-
breviated “amp.” Therefore in your
studies, you will see the words amp,
milliamp, and microamp. To make
these words plural we simply add an
“s” for example, amps, milliamps, and
microamps.  Milliamperes is also
often abbreviated ma.



THE VOLT

When we were discussing the am-
pere, we said that the amount of cur-
rent that will flow in a circuit depends
upon the foree applied to the circuit.
We should have some means of meas-
uring this force. The force is called
“electromotive force”, or ‘‘voltage”,
and it is measured in volts. Again,
you do not have to be concerned about
exactly how much force there is in 1
volt; the important thing is to know
that the number of volts indicates the
amount of force applied to a circuit,
and the higher the voltage, the more
foree is being applied to the circuit.

As with amperes, we often deal with
small parts of a volt, and therefore we
use the millivolt and the microvolt,
which are one-thousandth and one-
millionth of a volt, respectively.

By way of interest you might like
to know that the voltage of a conven-
tional flashlight cell is approximately
1% or 1.5 volts. Storage batteries
used in automobiles were 6 volts up
until about 1954, and now most car
manufacturers use a 12-volt battery.
The electric light bulbs and appliances
in most homes are designed to operate
on a voltage of about 115 volts.

THE OHM

The amount of current that will
flow in a ecircuit depends upon one
other thing besides the force applied
to the circuit. This is how readily the
material will give up electrons and let
them move through the circuit. Some
materials will give up electrons quite
readily and let them move through the
circuit with little or no opposition.
However, other materials will not
give up electrons so readily, and they
offer considerable opposition to the
flow of current. This opposition to
current flow is called “resistance”.
The resistance of a material depends
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tipon how readily it will ailow elec-
trons to move through it. Resistance
is measured in “ohms”. Again, you
need not know the exact definition of
a standard ohm, the important thing
to know is that resistance is the op-
position to current flow in a ecircuit
and that it is measured in ohms.

Often the resistance in the circuit
is so high that it runs into more than
a million ohms. We use the expres-
sion “megohm” to mean a million
ohms. 6 megohms would be 6,000,000
ohms. Megohm is usually abbrevi-
ated “meg” and so we would call a 6-
megohm resistor, “6 megs”.

OHM’S LAW

We have said that the current that
flows in a circuit depends upon the
force or voltage applied to the circuit
and on the opposition or resistance in
the circuit. In other words, the cur-
rent depends on the voltage and the
resistance.

If in an electrical circuit a voltage
of 1 volt is applied to a circuit having
a resistance of 1 ohm, a current of 1
ampere will flow in the circuit. If we
double the voltage so that the voltage
is 2 volts and the resistance is still 1
ohm, the current that will flow in the
circuit will be 2 amps. On the other
hand, if the voltage were 1 volt, and
we doubled the resistance to 2 ohms,
the current that would flow in the cir-
cuit would be only one-half amp.

This relationship between current,
voltage, and resistance, is known as
“Ohm'’s Law”. We will use Ohm’s
Law many times in future lessons.
For the present, all you need to re-
member is that the current depends
upon the voltage and the resistance.
The higher the voltage, the more cur-
rent will flow in the circuit. Increas-
ing the resistance of the circuit, on
the other hand, will cause the current
to decrease.
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SUMMARY

Here are the important points you
should remember from this section of
the lesson:

1. If a battery is connected to a
wire made up of a material from
which some of the electrons can be
displaced, electrons will move from
the negative terminal of the battery
through the wire to the positive ter-

minal, and through the battery back
to the negative terminal, making a
complete circuit.

2. A movement of electrons through
a circuit is called a current.

3. A conductor is a material that
will readily permit an electric current
to flow through it.

4. An insulator is a material that
will not readily permit an electric
current to flow through it.

Magnetism

Magnetism is as important in elec-
tronics as electricity. Without mag-
netism there would be no electronics
industry at all, for magnetism and
electricity work together to make all
our modern electronic devices possible.

PERMANENT MAGNETS

As you undoubtedly already know,
a magnet will pick up or attract small
pieces of steel or iron. Minerals that
have this property are found buried
in the ground in some parts of the
world. These minerals are usually
called natural magnets.

A piece of iron or steel can be
made into a magnet by stroking it in
one direction with a magnet. When
a piece of iron or steel is made into
a magnet in this way, we say it is
“magnetized”. Magnets made in this
way are called “permanent” magnets,
because they will retain their magnet-
ism almost indefinitely.

Originally, almost all manufactured
permanent magnets were made of
iron or steel, but most modern perma-
nent magnets are made of an alloy
called “Alnico”. Alnico is a mixture
of aluminum, nickel, and cobalt.
Very strong lightweight magnets can
be made with this material, which
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retain their magnetism even better
than magnets made of iron or steel.
Now let us study some facts about
magnets and magnetism. When a
magnetized steel needle is placed on a
cork, and the cork is floated in water,
the needle will always line up in a di-
rection corresponding closely to north
and south. This magnetic experiment
is illustrated in Fig. 13. This phe-
nomenon led to the first practical use
for magnets, in compasses used by
early sea voyagers and travellers.
Compasses are made simply of a mag-

MAGNETIZED -
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FIG. 13. If a magnetized needle is placed
on a floating flat piece of cork, the needle
will line up in the north and south direc-
tions like a compass, because it lines up
with the magnetic field of the earth. In
electronics, we produce magnetic fields
much stronger than those of the earth.



netized piece of steel that is mounted
on a delicately pivoted bearing that
will turn as easily as the cork in
water.

POLES OF A MAGNET

The ends of a permanent magnet
are called “poles”; this name was
probably given to the ends of a mag-
net because the ends pointed toward
the poles of the earth when the magnet
was free to pivot on an axis. The
pole that points toward the north pole
of the earth was originally called the
“north-seeking” pole. However, for
simplicity, the name has been short-
ened to the north pole. The magnetic
pole that points to the south pole of
the earth is called the south pole.

If two magnets are brought necar
each other, you will find that the
north pole of one magnet will repel
the north pole of the other. Similarly
the south pole of one magnet will
repel the south pole of another mag-
net. However, the north pole of one
magnet will attract the south pole of
the other magnet. The reason why a
compass always points in a north-
south direction, is that the earth itself
is a magnet, and one pole of this large
magnet is near the north geographic
pole, and the other pole is near the
south geographic pole. The north pole
of the earth attracts one of the poles
of the magnet and repels the other.
The south pole of the magnet attracts
the pole that is repelled by the north
pole, and repels the pole attracted by
the north pole. Therefore, the magnet
will point in a direction so that one
pole points toward the north magnetic
pole and the other pole points toward
the south magnetic pole.

Notice the similarity between the
attraction and repulsion of magnetic
poles and the attraction and repulsion
of electric charges. You already
know that like charges repel and un-
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like chiarges affract. In magnets,
like poles repel and unlike poles
attract. This is a fundamental law
of magnetism; you should remem-
ber it.

MAGNETIC LINES OF FORCE

There are lines of force surround-
ing a permanent magnet. You can
actually trace out the lines of force
around a magnet by using a small
compass. If you bring the compass
near the north pole of the magnet, the
south pole of the compass will be at-
tracted to the north pole of the mag-
net. The compass needle will line up
with the magnetic lines of force. If
you move the compass needle as
shown in Fig. 14, you will be able to
trace out the magnetic lines of force.
The lines of force are shown coming
from the north pole of the magnet
and going to the south pole. We do
not know for sure whether or not this
is true, but there is considerable evi-
dence that the lines of force actually
do go from the north pole to the south
pole and therefore we will base our
explanations on this assumption.

Another experiment that can be
performed to show the lines of force
around a magnet is to place a thin
sheet of cardboard over a magnet and
then sprinkle iron filings evenly over

>

FIG. 14.

A small compass can be used
to trace magnetic lines of force near a
permanent magnet. -

. e\
N
FIG. 15.

If iron filings are placed on a
sheet of cardboard over permanent mag-
nets, they will trace out lines of force as
shown here.

the sheet of cardboard. Tap the card-
board gently, and the iron filings will
arrange themselves in definite lines
producing the pattern shown at the
top in Fig. 15.

If two magnets are arranged so that
their north poles are placed close to-
gether and then iron filings are sprin-
kled on a cardboard placed over the
magnets, the iron filings will arrange
themselves as shown in the center in
Fig. 15. Notice that you can see the
lines of foree from the north poles of
the two magnets actually repelling
each other. You would get a third
pattern by placing the north pole of
one magnet toward the south pole of
another and sprinkling iron filings on
a cardboard. The pattern you would
get in this case would be like the one
shown at the bottom in Fig. 15. Here
you can see the attraction between the
north pole and the south pole of the
two magnets.

The lines of force coming from a
magnet are called “magnetic lines of
force”. There are similar lines of
force surrounding electrically charged

15

objects. The lines of force around an
electrically charged object are called
“electric lines of force”.

ELECTROMAGNETS

Many years ago scientists discov-
ered that an electric current flowing
through a wire produced a magnetic
field in the space around the wire.
This is called “electromagnetism”. The
circular lines of force around the wire
can actually be traced out with a com-
pass. There will be many of these
magnetic rings that surround the en-
tire length of the wire. The magnetic
lines of foree close to the wire will
be much stronger and more easily de-
tected than those out some distance
from! the wire as shown in Fig. 16.
However, even with a comparatively
weak current flowing through a wire,
magnetie lines of force can be detected
some distance from the wire, with
sensitive equipment.

Even though the magnetic lines of
force around a current-carrying wire
can be detected, the magnetic field
will be quite weak unless the current
flowing in the wire is extremely strong.
However, by winding the wire in the
form of a coil, a strong magnet can be
made. When the wire is bent into a

FIG. 16. When electrons flow through a
wire, magnetic lines of force surround the
wire. This is a cross-sectional view.
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FIG. 17. The more turns of wire we have

in a coil, the stronger the magnetic field

will be when electrons flow through the
coil.

loop, the circular magnetic rings pass
through the center of the coil in the
same direction and reinforce each
other as shown in Fig. 17.

This type of magnet is called an
“electromagnet”. The magnetic effect
exists only as long as the current is
flowing through the wire. Once the
current is stopped by opening the cir-
cuit, the magnetic effect will disap-
pear. Many parts used in electronic
equipment depend upon the basie prin-
ciples of electromagnetism to operate.

The electromagnet shown in Fig. 17
can be made much stronger by insert-
ing an iron bar inside the coil. The
iron bar is called a core. The increase
in the strength of the magnet will de-
pend upon the type of core material
used. Usually soft iron is used, be-
cause it increases the strength of the
magnet the most. The soft iron also
has several other advantages.

You probably wonder why inserting
a core inside the coil makes the mag-
net stronger. The answer to this ques-
tion is that the iron core is made up
of millions of tiny particles of iron.
Each of these particles is itself a mag-
net having a north pole and a south
pole. Ordinarily these tiny magnets
are not arranged in any definite pat-

16

tern. One might point in one direc-
tion, another in a second direction,
and a third in still another direction
as shown in Fig. 18A. As a result, the
magnetic field of one magnet is can-
celled by the magnet field of another.
However, when the iron core is placed
in the magnetic field inside the cur-
rent-carrying coil, the magnetic field
produced by the coil causes the par-
ticles to line up and all point in the
same direction as shown in 18B. When
this occurs, the entire bar becomes
one strong magnet. However, most of
the tiny particles are kept lined up
only by the magnetic field produced
by the current flowing in the coil.
Once this field is removed by opening
the circuit so that current can no
longer flow through the coil, most of
the tiny particles will return to their
random arrangement so they will no
longer be pointing in one direction,
and most of the magnetic field will
disappear.

INDUCED CURRENTS

We have seen that there is a mag-
netic field around a current-carrying
wire, and that if current flows through
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FIG. 18. In an unmagnetized bar of iron

at A, the tiny magnets in the iron do not

line up; if the bar of iron is magnetized,
they will line up as at B.

 ___MAGNET

[~ FLASHLIGHT
~————) cow CE BULB

FIG. 19. If a magnet is moved in and

out of a coil connected to a flashlight

bulb, the magnetic lines of force cutting

the turns of wire on the coil will induce a

voltage in the coil, and the voltage will

cause a current flow through the flash-
light bulb.

a coil, an electromagnet will be pro-
duced. Now, is the opposite true?
In other words, if a coil is placed in
a magnetic field, will a current flow
through the coil? Let us look at the
experiment illustrated in Fig. 19. We
have shown a coil wound on a hollow
form. The ends of the coil are con-
nected to a small flashlight bulb. Here
we have used a combination of a pie-
torial drawing for the coil and a sche-
matic symbol for the bulb.

1f a magnet is moved inside the hol-
low form, the light will light while
the magnet is being moved into the
coil. Once the magnet is completely
inside the coil and no longer moving,
the light will no longer light. When
the magnet is moved out of the coil,
the light again will light. If the mag-
net is moved quickly in and out of
the coil, the lamp will light and re-
main lighted. In other words, as long
as the magnet is moving inside the
coil, a current will flow in the coil and
through the flashlight bulb. This cur-
rent flows because a voltage is in-
duced in the coil. The voltage causes
the current to flow. The voltage is
called an “induced” voltage and the
current an “induced” current. The
voltage will be induced in the coil only
as long as the magnetic field is in mo-

tion. The magnetic lines of force
moving through the turns of wire on
the coil are said to cut the turns of
wire on the coil; the voltage is induced
as long as the magnetic lines of force
are cutting the turns of wire on the
coil.

A second demonstration of an in-
duced voltage is shown in Fig 20. Here
two coils are wound on the same form
and placed near each other. It is cus-
tomary on schematic diagrams to use
letters to designate the various parts.
L is usually used for coils. We have
marked the coils L1 and 1.2 to make
them easy to refer to. One coil, which
we have marked L1, is connected to
a flashlight cell through a switch, and
the other coil, marked L2, is connected
to a flashlight bulb. We have shown
the schematic symbol for the switeh,
and labeled it SW. This makes three
schematic symbols you should now
know—the battery, the light bulb, and
the switech. When the switeh is closed
and current starts to flow in L1, there
will be a voltage induced in 1.2, and
a glow will be seen in the flashlight
bulb. However, this glow will last
for only an instant after the switch
is closed. When the switch is opened
and the current flow in L1 is inter-
rupted, the bulb again will glow, indi-
cating that this, too, induced a voltage
in the second winding.

The explanation of this action is
the same as for the voltage induced

T —

_[_ v Ll
T
SW
FIG. 20. When the circuit to L1 is

opened or closed, a voltage will be in-
duced in L2.
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by the magnet moving in and out of
the coil in Fig. 19. When the circuit
is completed by closing the switch,
current starts to flow in the coil. But
the magnetic field that accompanies
the current flow does not build up in-
stantly; it takes just a short time for
this field to build up. While the field
is building up, the magnetic lines cut
1.2, just as they cut the coil when
the magnet was moved into the coil
in Fig 19. These magnetic lines of
force cutting 1.2 induce a voltage in
L2, which causes a current to flow
through it and the flashlight bulb.
When the circuit is opened, the mag-
netic field must disappear. While it
is doing this, the lines cutting L2
are again changing. Once again the
changing magnetic field produced by
L1 induces a voltage in 1.2 and cur-
rent flows in L2.

It is important for you to realize
that whenever the magnetic field
around a coil changes, there will be a
current induced in the coil. Remem-
ber this, it is important; you will be
dealing with induced voltages as long
as you are in the field of electronics.

SUMMARY

Again, you are not expected to re-
member all the details described in the
section on magnetism. This informa-
tion is presented so you will have a
complete picture and as a result be
able to understand magnetism com-
pletely.

The important points that you
should remember from this section are
as follows:

1. A magnet has a north pole and
a south pole.

2. Like magnetic poles repel; un-
like magnetic poles attract.

3. There is a magnetic field around
a current-carrying wire.

4. An electromagnet can be made
by passing a current through a coil.

5. Inserting an iron core into an
electromagnet will result in a stronger
magnetic field.

6. If the magnetic lines of force
cutting a coil change, there will be
a voltage induced in the coil. If the
coil is connected into a complete cir-
cuit, current will flow in the circuit.

Electronic Components

By electronic components we simply
mean parts used in electronic equip-
ment. Both words, parts and compo-
nents, are used in industry; therefore,
we will use both words so you will be
familiar with them.

In the rest of this lesson, you will
study a few of the parts found in elec-
tronic equipment. You will not learn
all of the details of how these parts
work, but you will start to study the
operation of these parts so you will
have a general understanding of how
they operate. In later lessons you will
study these components in more detail
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and learn much more about them.
You have already seen the sche-
matic symbol for a single cell battery,
for a light bulb, and for a switch.
You will learn the symbols used for
several other parts. It is important
that you learn these symbols as you
go along. Symbols are used to draw
schematic diagrams. Schematic dia-
grams tell you how the various parts
are connected together. You must
learn how to read this type of diagram.
It’s quite a job to try to learn these
symbols all at once, but if you take
them one at a time as you come to

them in your lessons and also learn
how to read the simple diagrams shown
in the early lessons, you will soon find
that the schematic diagrams are quite
simple to follow, and that you will
have no difficulty even with large com-
plex diagrams.

BATTERIES

You already know that a battery is
a device that can force electrons
through a circuit. You know that a
battery has two terminals, a positive
terminal and a negative terminal.
Now, let us look at a simple flashlight
cell to learn a little more about how
it is made and how it operates.

Flashlight Cells. A sketch of a
simple flashlight cell is shown in Fig.
21. The outer case of the cell is made
of zine. In the center of the cell is a
round carbon rod. The rod runs al-
most the full length of the cell, miss-
ing the bottom of the case by only
about one-quarter of an inch. A
chemical mixture is packed into the
cell, surrounding the carbon rod and
filling the zinc case. This mixture is
brought up almost to the top of the
zine case. Molten pitch or a similar
substance is then poured on top of the
chemical to seal the cell.

0 CARBON ROD

. ZINC CASE @

——

CHEMICAL

FIG. 21. Pictorial drawing (A), and
schematic symbol (B) of a dry battery.

When a wire is connected from the
zine case, which is the negative termi-
nal of the cell, to the carbon rod which
is the positive terminal of the cell,
the chemical action inside the battery
will force electrons out of the zine
case, through the wire and back to the
carbon rod. The electrons that reach
the carbon rod are then pulled out of
this rod again by the chemical action
of the battery, pushed through the
chemical mixture and to the zinc case.
The electrons are then ready to leave
the zine case and flow through the
circuit again.

The number of electrons that any
single cell can force through the cir-
cuit, will depend upon several things.
The resistance of both the wire and
the battery will affect the total num-
ber of electrons the cell can force
around the circuit. It will also de-
pend upon the size of the carbon rod
and the zine case. Of course, the more
electrons that are flowing in the circuit
at any one time, the stronger the cur-
rent and also the shorter the life of
the battery.

The battery can continue to force
electrons through the circuit until the
acid in the chemical mixture in the
battery has eaten a hole in the zine
case. When this happens, the acid re-
maining in the battery will soon evap-
orate, and the battery will no longer
be usable.

A single flashlight cell has a voltage
of about 1.5 volts. When a higher
voltage is needed, several flashlight
cells can be connected to each other
to provide a higher voltage. When
cells are connected to provide a higher
voltage, we say they are connected in
“series”. You have probably seen a
flashlight that uses two flashlight cells.
This type of flashlight uses a 3-volt
flashlight bulb. When you put the
cells in the battery, you insert them
<o that the carbon tip of the first cell

19



STEAM POWERED RADIO.COM

touches the center tip on the base of
the bulb. You put the second cell in
the battery so that the carbon tip of
the second cell touches the zinc case
of the first cell. Then, when you put
the cover on the end of the flashlight,
the cover will touch the zine case of
the second cell and complete the cir-
cuit to the threaded side of the bulb,
which is the other terminal of the
bulb. A sketch of how the flashlight
cells and the bulb are arranged is
shown in Fig. 22A. 1In a flashlight of
this type the current flows from the
negative terminal of the second cell
through the flashlight case and the
switch to the bulb, through the bulb
to the positive terminal of the first
cell, through the chemical mixture in
the first cell to the zinc case, which is
the negative terminal, from the zinc
case to the positive terminal of the
second cell, through the chemical mix-
ture and back to the negative terminal
(the zinc case) of the second cell.
The schematic diagram of this circuit
is shown in Fig. 22B. Notice how
much simpler and more convenient the
schematic is than the pictorial type of
drawing.

In a schematic diagram, a continu-
ous line represents a connection. This
may be actually a connecting wire, as
was shown in Fig. 12, or it may be
some other type of connection. In
the flashlight shown in Fig. 22, the
connections on one side of the circuit
are formed by the bulb and the cells

BULB
CELL | H CELL2
s |
| S—
0 SWITCH

touching each other, and on the other
side of the circuit by the case of the
flashlight.

When flashlight cells are connected
in this way, we say that they are con-
nected in series. The total voltage
from the two cells connected in series
is twice the voltage of one cell—in
other words 3 volts. If three cells are
connected in series, the voltage will
be 4.5 volts, and if four cells are con-
nected in series, the voltage will be
6 volts.

When cells are connected in series,
they are called a battery. Dry-cell
batteries capable of supplying voltages
as high as 90 volts are used in some
electronic equipment. The batteries
are simply made of a large number of
1.5-volt cells connected in series to
give the required voltage. A 90-volt
battery would have sixty 1.5 volt cells
connected in series. Two views of a
6-volt battery made up of four cells,
and the schematic symbol for it are
shown in Fig. 23.

Other Types of Batteries. The
flashlight cell is one type of battery.
There are many other types of bat-
teries. For example, there is the stor-
age battery used in automobiles. An-
other type of battery that is found
frequently in equipment using tran-
sistors is the mercury battery. Dif-
ferent types of cells have different
voltages. The flashlight cell has a
voltage of about 1.5 volts; a single
cell of a storage battery has a voltage

2 FLASHLIGHT CELLS

BULB
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FIG. 22. Two flashlight cells used in series to power a 3-volt flashlight bulb are
shown at A. The schematic diagram of this circuit is shown at B,
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FIG. 23. The construction of a 6-volt

battery made up of four 1.5-volt cells.

The four cells are connected in series to
give the required voltage.

of approximately 2 volts. Older cars
use a battery made up of three cells
with a total voltage of about 6 volts.
The newer cars use batteries having
six cells and a total voltage of about
12 volts. The mercury cell has a volt-
age of about 1.34 volts. Therefore a
mercury battery made up of three cells
has a voltage of about 4 volts.

Batteries are made in all sizes and
shapes. Some batteries made espe-
cially for portable equipment are ex-
tremely small, other batteries such as
storage batteries for automobiles are
quite large and heavy. You will see
many different types in your elec-
tronics career.

TRANSFORMERS

Probably no device has done more
for the electronics industry than the
transformer. The transformer has
made it possible for power companies
to supply homes and industry with
electric power economically. Without
economical power there could be no
electronies industry. There is hardly
a piece of electronic equipment made
that does not use one or more trans-
formers.
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In spite of the importance of the
transformer, it is basically a simple
device. A transformer in its simplest
form is nothing more than two coils
mounted close to each other. The two
coils we discussed in Fig. 20 actually
can be called a transformer. Two
typical transformers and the sche-
matic symbols for them are shown in
Fig. 24. The transformer shown in
Fig. 24A consists of two coils wound
on a cardboard coil form. This type
of transformer is called an air-core
transformer. The one shown in Fig.
24B 1s made of two coils wound on an
iron core. This type is called an
iron-core transformer.

You have already seen how a trans-
former works. When we discussed the
two coils wound on the same form in
Fig. 20, we pointed out that if the
current in the winding marked L1
changed, there would be a voltage in-
duced in L2. This is how a trans-
former works. Two coils are wound
on a common form, so any magnetic
lines of force produced by one coil will
cut through the other. If the current
through one of the coils changes, the
magnetic field around that coil will
change. This changing magnetic field
will induce a voltage in the second coil.

PRIMARY g ESECONDARY

FIG. 24. A shows an air-core transformer

with its schematic symbol, and B shows an

iron-core transformer with its schematic
symbol.



You might wonder how we change
the current through the one coil in
order to produce the changing mag-
netic field. To answer this question,
let us consider the current supplied by
a battery. The current always flows
from the negative terminal of the bat-
tery through the circuit and back to
the positive terminal. Since this cur-
rent always flows in the same direc-
tion it is called direct current. We
abbreviate this “de”.

Now look at the ecircuit shown in
Fig. 25. Here we have two flashlight
cells arranged with two switches me-
chanically connected to work at the
same time, so that we can connect first
one cell and then the other to winding
I.L1 on the transformer. (The me-
chanical connection between the two
switches has been left off, to simplify
the drawing.) We have labeled the
cells B1 and B2. When Bl is con-
nected to the transformer, current will
flow through the transformer in one
direction. When B2 is connected to
the transformer, the current will flow
through L1 in the opposite direction.
If the switch is thrown first into one
position and then into the other, and

Yle=d
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FIG 25. By means of a switch that can
be thrown back and forth rapidly, the
current through L1 can be reversed
rapidly. The rapidly changing current
will result in a changing magnetic field
that will induce a voltage in L2.
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this action is kept up rapidly enough,
we will have a current that is con-
tinually reversing, flowing first in one
direction and then in the other. This
type of current is called alternating
current, which we abbreviate “ac”.
This is the type of power supplied by
most power companies.

Since this current is constantly
changing direction, the magnetic field
produced by the current flowing
through 1.1 will be continually chang-
ing, and therefore we will have a volt-
age being induced in L2 all the time.
Of course, since the magnetic field in-
ducing this voltage is continually
changing polarity, the voltage induced
in L2 will be continually changing.
The voltage induced in L2 will be an
ac voltage.

One very useful thing about trans-
formers is that the voltage induced in
1.2 will depend upon the number of
turns on both L1 and 1.2 and the volt-
age applied to 1. (The “number of
turns” means the number of times the
wire in the coil is wound around the
core.) To provide a convenient
method of identifying the windings on
the transformer, L1 is called the “pri-
mary” and L2 the “secondary”. If
1.2 has more turns than L1, the volt-
age induced in L2 will be higher than
the voltage applied to L1, and the
transformer is called a “step-up”
transformer. If 1.2 has fewer turns
than L1, the voltage induced in L2
will be less than the voltage applied
to 1.1, and the transformer is called
a “step-down” transformer. If LI
and and L2 have the same number of
turns, the voltage induced in L2 will
he approximately the same as the volt-
age applied to L1, and the transformer
is called a “‘one-to-one” transformer.
This is usually written 1:1. 1t simply
means that the voltage obtained from
the secondary will be the same as the
voltage applied to the primary,

PLATE
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FIG. 26. The schematic symbol of a two-
element (diode) tube.

Voltages both higher and lower than
those normally supplied by the power
company are needed in electronic
equipment. Transformers are used
to provide these voltages.

VACUUM TUBES

Vacuum tubes are so widely used
today, that almost everyone has seen
one. Almost every piece of electronic
equipment in use today contains one
or more tubes. Since tubes are so
widely used, it is important for you to
learn something about their operation
as soon as possible.

History. One of the early discov-
eries that led to the development of
the vacuum tube was made by Thomas
A. Edison when he was conducting ex-
periments to try to improve his newly
invented electric light bulb. He had
placed a metal plate inside the glass
bulb along with a filament such as you
can see in a clear glass electric light
bulb. He wanted to see if the presence
of the plate would improve the per-
formance of his electric lamp. How-
ever, adding the plate did not improve
the light. The experiment might have
been a total failure, but Edison did
notice that if the circuit between the
plate and the filament was completed,
there was a small current flow in the
circuit. He did not know why this
current flowed, and since it did not
improve the performance of his elec-

tric light, he did not perform any fur-
ther experiments with the plate inside
the lamp. However, Edison did re-
port his findings, and other experi-
menters worked to try to find out what
caused this current flow and also to
try to develop some useful applica-
tions of this effect.

The Diode Tube. It remained for
a scientist named Fleming to explain
the effect that Edison had observed.
Fleming built a tube with a plate and
a filament sealed inside a glass en-
velope from which all the air was
evacuated. A tube like this is called
a diode tube; diode means it has two
elements, the plate and the filament.

The schematic symbol used to iden-
tify a diode is shown in Fig. 26. The
filament and the plate are labeled.
The “envelope” is the glass or metal
bulb of the tube. You should remem-
ber these symbols, because you will
see them throughout your course, and
in schematic diagrams of electronic
equipment.

If a battery is connected to the fila-
ment as shown in Fig. 27A, a current
will flow through the filament. The
filament is made of a material that
will quickly become red hot when
current flows through it. As it gets

a2 | I

FIG. 27. The filament of a diode is
heated as shown at A. When a diode is
connected as shown in B, a small current
will flow in the direction indicated by the
arrows. When a battery is added as in
C, a much stronger current will flow.
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hot, some of the electrons fly off into
the space around the filament. We
say the filament is “emitting elec-
trons”.

These electrons that leave the fila-
ment form a cloud of electrons around
the filament. This cloud of electrons
has a negative charge, and tends to
force any additional electrons leaving
the filament, back to the filament.
At the same time, the filament, having
lost electrons, has become positively
charged.

Now let us see what happens if we
connect a wire from the plate to the
filament as shown in Fig. 27B. Some
of the electrons will hit the plate, and
will be attracted through the wire
back to the filament to replace the
lost electrons. This small current is
the effect Edison noticed, and is called
the “Edison Effect”.

If we connect a battery in the plate
circuit as shown in Fig. 27C, it will
attract many more of the electrons
leaving the filament, and a much
larger current will flow.

The battery in the filament circuit
serves no purpose except to heat the
filament. The circuit action would be
the same if it were possible to heat the
filament by a torch or some other
means.

Current will flow through a diode
tube in only one direction. If the
polarity of the battery connected to
the plate is reversed so the negative
terminal is connected to the plate,
there will be no current flow in the cir-
cuit. You can easily see why this will
happen. The electrons flying off the
filament have a negative charge. If
any of these electrons should fly off
with enough speed to travel over near
the plate, they will be repelled by the
negative voltage on the plate of the
tube, and will therefore travel back to
the filament of the tube.

The diode tube is still used today in

certain applications. However, one
additional improvement was needed in
vacuum tubes to make radio and tele-
vision and the other electronic mira-
cles we know today, possible. This
improvement was made by another
scientist named De Forest; he added
a third element to the vacuum tube.

The Triode Tube. The third ele-
ment added to the tube by De Forest
is called a “grid”. The schematic
symbol for a triode tube is shown in
Fig. 28. The grid is represented by
the dashed line between the filament
and the plate. It is usually a coil of
fine wire wound around and near the
filament of the tube. The addition of
the grid to the tube makes it possible
for the tube to amplify signals. Mod-
ern triode tubes may amplify weak
signals as much as 100 times.

The ability of the triode tube to
amplify signals comes from the fact
that the grid of the tube is much
closer to the filament than the plate.
In other words the distance between
the filament and the plate is several
times the distance between the fila-
ment and the grid. Because the grid
is closer to the filament, a small change
in grid voltage will greatly affect the
current flowing from the filament to
the plate of the tube. Since the plate
is some distance from the filament, a
small change in plate voltage would
have much less effect on the current
flowing through the tube.

FIG. 28. The schematic symbol for a

triode.
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FIG. 29. A triode tube showing how
three batteries are used to provide the
necessary operating voltages.

In the circuit shown in Fig. 29,
notice that the battery connected in
the plate circuit is connected as it was
in Fig. 27B, with the positive ter-
minal connected to the plate of the
tube, and the negative terminal con-
nected to the filament. If we dis-
regard the grid, we can see that this
tube will act very much like a diode.
The electrons will fly off the filament
and be attracted by the positive volt-
age on the plate of the tube. Current
will flow through the tube as it did in
the diode.

However, notice that the third bat-
tery is connected so that its negative
terminal is connected to the grid of the
tube and its positive terminal is con-
nected to the filament. This negative
voltage on the grid of the tube will
repel electrons back to the filament.
This means that the electrons coming
off the filament will be affected by two
forces. They will be attracted by the
positive voltage on the plate, and re-
pelled back toward the filament by
the negative voltage on the grid. The
two forces are actually working
against each other.

Now the problem is which force will
win out. This depends on a number of
things, but remember that the grid is
much closer to the filament than the
plate is. Therefore, when an electron
flies off the filament, it will immedi-
ately be affected by the negative volt-
age on the grid of the tube. In fact,
if the grid voltage is made high

enough, the grid will repel the elec-
trons with such force that none will
be able to get through the grid and
over to the plate.

Placing such a high voltage on the
grid of the tube that no electrons can
reach the plate is done in some spe-
cial cases; however, usually the volt-
age placed on the grid is not this high.
The voltage placed on the grid is
usually about midway between zero
and the voltage needed to stop the
flow of current completely. This volt-
age put on the grid is called “grid
bias” or more simply “bias”.

Now let us see what happens when
we use a triode to amplify a small ac
signal. Look at the circuit shown in
Fig. 30. In this circuit a small signal
is fed into the primary of the trans-
former T1. This signal will cause a
weak ac current to flow through the
primary of the transformer, and this
current will induce an ac voltage in
the secondary. The voltage across
the secondary of the transformer is
connected in series with the grid bias
voltage supplied by battery C. When
the voltage across the secondary is
positive at point 1 and negative at
point 2, the net voltage on the grid
will then be the sum of the voltage
supplied by battery C and the voltage
between terminals 1 and 2 of T1. This
means the negative voltage on the grid
will be increased. This will cause the
current flowing from the filament to
the plate to decrease. When the

T2

FIG. 30. A triode tube used as a voltage
amplifier.
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polarity of the voltage across the sec-
ondary of the transformer T1 is nega-
tive at point 1 and positive at point 2,
it will subtract from the grid bias
voltage. This means the voltage be-
tween the grid and the filament will
be reduced, and when this happens the
current flowing from the filament to
the plate of the tube will increase.

Now we have seen how the signal
voltage applied between the grid and
the filament will cause the current
flowing from the filament to the plate
to vary. This varying current will
flow through the primary of T2 and
induce a voltage in the secondary.
This voltage across the secondary of
T2 will be many times the original
voltage applied to the primary of T1,
because small changes in grid voltage
will produce large changes in the cur-
rent flowing through the tube. Hence
there will be a large variation in the
current flowing in the primary of T2,
which will result in a large induced
voltage in the secondary.

The amplifier shown in Fig. 30 is
called a “transformer-coupled” ampli-
fier. In a “transformer-coupled” am-
plifier it is easy to get a gain of 100
or more. When we say that an ampli-
fier has a gain of 100, we mean that
the signal at the output is 100 times
that at the input.

ENVELOPE
PLATE -
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GRID
FIG. 31. Cut-away view of a typical

vacuum tube,
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FIG. 32. Schematic symbol of a triode
tube with a cathode and a heater.

In Fig. 30, the three batteries are
labeled A, B, and C. In the early
days of radio, the battery used to heat
the filament of the tube was called
the “A” battery. The battery used
to supply the voltage for the plate of
the tube was called the “B” battery,
and the voltage applied to the grid
was obtained from a battery called
the “C” battery. These names have
been used ever since then, particularly
the naming of the “B” battery for the
plate voltage supply, even though
batteries are seldom used to supply
power except in portable equipment.
In modern electronic equipment you
will often see the plate voltage supply
marked “B-+4” and “B—”, even
though the voltage is obtained from
a source other than a battery.

Modern Tubes. One of the big
disadvantages of tubes using a fila-
ment is that a de voltage must be
applied to the filament to heat it. It
is much more convenient to heat the
filament with ac instead of de. To
overcome this disadvantage, many
modern tubes are made with a cathode
instead of a filament. The cathode is
simply a small hollow cylinder that
has been coated with a material that
will readily give off electrons when it
is heated. The cathode is heated by a
heater placed inside it. The heater
is heated by ac applied to it from a
transformer and it gets red hot. The
heater in turn heats the cathode to

red heat and the cathode gives off the
electrons that make the vacuum tube
operate. The construction of a tube
of this type is shown in Fig. 31, and
the schematic symbol for a triode tube
using a cathode and a heater is shown
in Fig. 32. This tube is still called a
triode, because the heater serves only
to heat the cathode. It does not enter
into the operation of the tube in any
way. In fact, the heater connections
are often omitted on diagrams to sim-
plify them. The heater is often called
the filament because it resembles the
filament we have already described;
but remember that when there is a
separate cathode, the only purpose of
the heater is to heat the cathode.

TRANSISTORS

Transistors are made out of mate-
rials called semi-conductors. Remem-

FIG. 33. A triode transistor made of

three pieces of germanium. The ger-

manium in the pieces marked 1 and 3

has been mixed with a small amount of

one chemical; the germanium in the

section marked 2 has been mixed with
another.

ber that a conductor is a material that
will conduct or pass the flow of elec-
tric current. An insulator is the mate-
rial that will not normally pass an
electric current. A semi-conductor is
a material that is neither a good con-
ductor nor a good insulator.
Germanium is the semi-conductor
used in making transistors. A typical
transistor is made up of three pieces
of germanium. These three pieces are
arranged as shown in Fig. 33. Each
piece of germanium has been mixed
with small quantities of another chem-
ical. The pieces marked 1 and 3 have
been mixed with the same chemical,
and the piece marked 2 has been mixed

27

o o

FIG. 34. Schematic symbols for two dif-

ferent types of three-element transistors.

The emitter is marked e, the base b, and
the collector c.

with small quantities of another chem-
ical.

Since the transistor is made up of
three pieces of germanium, it is often
called a triode, just as the vdcuum
tube with a cathode, a grid, and a
plate is called a triode. The elements
in a transistor are called the emitter,
the base, and the collector. The sche-
matic symbols for transistors are
shown in Fig. 34. The lead with the
arrow on it and marked with the letter
e, is the emitter, the long straight line
marked b is the base, and the other
lead marked ¢ is the collector. The
two different types of symbols are for
the two different types of transistors.
Their operation is somewhat different,
but they can be used to accomplish
the same thing. ‘

A simplified version of a transistor
amplifier is shown in Fig. 35. Here
the weak input signal is applied be-
tween the emitter and the base, and
the stronger output signal is picked up
between the base and the collector.
Although the method of operation of
a transistor differs considerably from
that of a vacuum tube, the end result
is the same. You can feed a weak

INPUT OUTPUT
SIGNAL SIGNAL

FIG. 35. A simplified transistor amplifier.
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signal into the input and obtain a
much stronger signal in the output.

The transistor offers several advan-
tages over the vacuum tube. It 1is
much smaller than a vacuum tube and
it is much more rugged than a vacuum
tube. It also generates much less heat
than a vacuum tube and so can be
used in small spaces. However, the
vacuum tube is easier to make than
the transistor, it is cheaper, and in
general is a more flexible device than
the transistor.

SUMMARY

We have covered a great deal of
information in this section on compo-
nents. This is simply to introduce
you to these components. We do not
expect you to remember all the details

we have covered, but you should get
used to speaking about these parts,
and get some idea of their uses and
how they operate. Later on we will
study each of these components in
more detail, and also many more
parts. For the present, simply con-
centrate on getting a general idea of
how these devices work. You should
know what a diode tube and a triode
tube are and how current flows
through these tubes. You should have
a general idea of how a triode tube
amplifies a signal. We have not at-
tempted to describe the operation of
transistors, but you should be able to
recognize them on schematic diagrams.
You should also know the schematic
symbols for all the other parts de-
seribed in this section.

Answering the QQuestions

On the last page of this lesson you
will find ten questions. These ques-
tions are designed to help you learn
the important points in this lesson.
We do not want you to try to mem-
orize the lesson or answer the ques-
tions from memory.

When you are ready to answer the
questions, read over the first question
carefully, make sure you understand
the question and then mentally see if
you can answer the question. Next,
go to the section of the lesson where
the answer is given, and read over
that section of the lesson again. Make
sure that you completely understand
the answer to the question. Then,
close the book and write out the an-

swer. Do not copy the answer from
the book, but rather try to write the
answer in your own words. If you find
that you cannot answer the question,
it shows that you need to study some
more.

Many of the questions can be an-
swered by a single word or by one or
two words. Make your answers as
brief and as direct as possible. Make
sure that your answer actually an-
swers the question asked. In some
questions you will be asked to draw a
schematic diagram or part of a dia-
gram. Be sure you check these dia-
grams over carefully before you send
in your answers for grading, because
it is easy to make a mistake in draw-
ing schematies.
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Lesson (Questions

Be sure to number your Answer Sheet 1B.
Place your Student Number on every Answer Sheet.

Most students want to know their grade as soon as possible, so they

mail their set of answers immediately. Others, knowing they will finish
the next lesson within a few days, send in two sets of answers at a time.

Either practice is acceptable to us.

However, don’t hold your answers

too long; you may lose them. Don’t hold answers to send in more than
two sets at a time, or you may run out of lessons before new ones can
reach you.

1.

~1

10.

Two small balls of unknown material that are suspended near each other
by threads are charged by being rubbed with a silk cloth. The balls then
repel each other. Which one of the following statements do you know to
be incorrect?

(1) The balls both have a negative charge on them.

(2) The balls both have a positive charge on them.

(3) One ball has a positive charge, the other a negative charge.

Which does a negatively charged body have, a shortage or a surplus of
electrons?

Draw a schematic diagram of a wire connected between the two terminals

of a flashlight cell. Mark the polarity of the battery terminals and show
by means of arrows the direction in which current will flow.

- If we double the voltage applied to a circuit, what will happen to the

current?

- If you find that when you bring 2 poles of a magnet together they attract

each other, which one of the following statements is true?

(1) The two poles must both be north poles.
(2) The two poles must both be south poles.
(3) One pole must be a north pole and the other a south pole.

- If a permanent magnet is held motionless inside a coil, will a voltage be

induced in the coil?

. How many flashlight cells would you have to connect in series to get 7.5

volts?

Will current flow from the fila-
ment to the plate in the circuit
shown at the right? Explain your
answer.

f —{1|§|F—

. Draw a schematic diagram of a transformer-coupled triode amplifier.

Mark the polarity of all batteries used.
Draw the schematic symbol for a triode transistor and label each element
with its full name.
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HOW TO DEVELOP CONFIDENCE

Self-confidence—an active faith in your own power
to accomplish whatever you try to do—is a personal
asset which can do big things for you.

One thing which builds self-confidence is a success-
ful experience. Each lesson completed with a pass-
ing grade is a successful experience which will build
up confidence in you.

Little successes are contagious. Once you get a
taste of success, you'll find yourself doing something
successful every day. And before you realize it, your
little successes will have built up to that big success
you’ve been dreaming of. So—get the habit of

success as fast as possible. Resolve to study every
day, even if only for a few minutes.

Another confidence builder is a deep, firm faith in
yourself—in your ability to get ahead. If you do
believe in yourself and you are willing to back up
this faith with good hard studying, you can safely
leave the final result to itself. With complete con-
fidence, you can look forward to an early success
in electronics.

Act as if you could not possibly fail, and you will

succeed!
“






