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In this lesson you are going to

learn much more about the myste-
rious force called electricity. It
continues your basic foundation
study and therefore you must give
it your undivided attention. Put all
the concentration of which you are
capable into this entire lesson.
This advice is given and emphas-
ized not because the lesson is hard
to study, but rather because of the
importance of the subject. If you
get the right foundation at the be-
ginning you won’t have the least
trouble with other and more ad-
vanced subjects later on. Don’t
hesitate to take all the study time
you feel is necessary for a com-
plete personal understanding of
the subjects covered.

Since radio and television are
based upon certain fundamental
electrical laws, it would be useless
at this time to go right into the
study of these subjects without
first providing you with a basis
for the advanced study. So, in this
lesson you will study (from a
general but not a detailed mathe-
‘matical viewpoint) the two basic
forms of electricity. (1) direct cur-
rent, abbreviated DC or de and
(2) alternating current, abbrevi-
ated AC or ac.

Both forms of current are used

_extensively in radio and television

equipment. There are certain basic
reasons why both forms of current

are necessary, as you will learn

later on, when you begin the study
of more advanced lessons. It is
well to keep in mind the reasons
why DC or AC is used, for it then
makes clear in your mind why it is
necessary for you to give these
subjects careful study.

USES OF DIRECT AND
ALTERNATING CURRENTS

First, consider direct current
(or to use the more popular term
DC) in simple general terms. This
is known to flow in one continuous
direction at a constant speed, along
a suitable circuit. In a stable cir-
cuit it does not vary in value. It is
important to remember the latter
statement, so be sure to keep it in
mind. Direct current is the type

of current obtained from storage

batteries, flashlight batteries, etec.,
and from certain types of mechan-
ical generators, such as the com-
mon generator to be found on the
average automobile. In radio and
television DC is used to operate
vacuum tube filaments and various
other tube elements. In television
DC is used at very high voltages
to operate deflector plates of ca-
thode ray tubes, etc. No attempt
will be made at this time to explain
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how all of this is done—the main
point we want you to understnd
right now is that there is a definite
need and application for direct
current. Thkerefore, it is essential
for you to study some of the basic
laws which control it.

Next, consider alternating cur-
rent or AC in general terms. Un-
like DC, alternating current does
not flow continuously in one direc-
tion but it doubles back and forth
at regular intervals. This type of
current has definite advantages in
radio and television—in fact radio
and television would not be pos-
sible without AC, as you will learn
later on, because all radio waves or
signal voltages are based on the
principles of alternating current.
This type of current cannot be ob-
tained from a battery. It must be
_generated from a device which has
been especially designed to produce
alternating current. Such devices
are usually mechanical generators
of one kind or another, although
vacuum tubes can also be arranged
to generate AC. High voltage AC
is used in the power unit of most
radio sets and it is also used at low
voltages to heat the filaments of
vacuum tubes. The modern super-
heterodyne radio includes at least
one tube (oscillator) which gener-
ates a low voltage AC, and all
radio signal voltages throughout
the radio are of an AC type. It has
one very important advantage over
DC. Alternating current can be in-
creased or decreased in value by
means of transformers. This can-
not be done with DC—it can only
be reduced in value by means of

resistors. Direct current cannot be
increased i value by any known
metkod without changing its form.
The details of all of these things

will gradually be made clear as you
- progress with your lessons.

The
most important thing for you to
fully realize now is the fact that a
basic study of AC is vitally essen-
tial before you get into the more
advanced work. The other things
which we have briefly mentioned
in the foregoing general explana-
tion will all fit in at the proper
place in your studies as you pro-
ceed from lesson to lesson.

HOW ELECTRONS MOVE

From your previous study you
should now understand that elec-
tricity is a dynamic movement of
electrons—that, in many ways, it
is comparable to the flow of water
in pipes. The two most important
things to remember about this are:

(1) A force is required to move
electrons. .

(2) This movement is practical-
ly instantaneous.

The latter may be qualified by
stating that the effect of the move-
ment is practically instantaneous
along the path over which the elec-
trons travel. This is roughly anal-
ogous to the flow of water in pipes.
When you open a water faucet, the
mechanical force at the pumping
station almost instantaneously
causes water to flow all along the
pipe—but it is the water already
in the pipe that you see at this in-
stant and not the water which is
started at the pumping station. The
same action holds true for the flow

Electrons built this 718 foot antenna tower! Without knowledge of electrons and their
motions broadcast “waves” could not be radiated from such steel spires, and modern

communications would cease to exist.
KDKA at Pittsburgh.
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DRY CELL

Unlike water, which flows from a high level to
a lower one (A), electricity flows from negative
to positive (B), or from “low” to “high”.

of electricity. The force at the
source simply sets the electrons in
motion, and there is an electron
movement all along the path of
travel—this constitutes a flow of
electrons. With this in mind you
are now ready to consider the di-
rection. of electron flow.

ELECTRICAL CURRENT
DIRECTION

Back in the early ages of man-
kind water was no doubt observed
~ to flow from an upper level to a
lower one, as for instance, from a
mountain top down into a valley.
Thus it probably became a fixed
idea down through the ages that

all liquids would naturally flow

from a high level to a lower one.
Now when man first began to get
some factual knowledge about elec-
tricity, he probably thought of it
as a natural, but invisible fluid. No
doubt at that time it appeared most
probable that this too flowed from
~ a high level (in an electrical sense)
to a low level. Early electrical ex-
perimenters soon discovered that
gravitation did not affect electric
current flow. They may have con-
cluded that electricity and water
differed in this respect. Yet not

having any concrete evidence to
the contrary, the chances are that
they still thought of electricity as
following the observed behavior of
the flow of fluids. This probably
led them to conclude that electric-
ity flowed from a high pressure
level which they called “positive”
(from the Latin meaning of the
word position) to a lower level of
pressure which they called ‘“nega-
tive” (also derived from the same
Latin meaning).

For a long time then, from the
early days of electrical research on
down to more recent times, elec-
tricity was considered to flow from
positive to negative. Before the

formation of the electron theory,
this idea that electricity (which

was as vet an undefined from of
energy) flowed from positive to
negative was accepted as standard.
Even today, in much of our present
electrical literature, you will find
this same statement. It is known
now, however, that this original
conception is false. It has been
proved many times over in recent
years that, in reality, current flow
is from negative to positive (Fig.
1) just the reverse of the original
conception.

As mentioned previously, elec-
tric current flow is not now con-
sidered as an invisible fluid but
rather is thought of as being com-
posed of a number of particles in
dynamic motion. These particles
are called electrons and they are
assumed to make up what is now
classified as the science of electric-
ity. As a result of the discovery
that the electron in motion, mov-
ing from atom to atom, actually
formed electrical current flow,
many exhaustive tests were con-



ducted to determine the direction
of motion. Rectifiers, which will
permit the flow of electrons in only
one direction, served to substanti-
ate the electron theory. Because the
electron is found in greater abun-
dance at what was formerly chosen
as the negative pole, it is consider-
ed to have a negative charge—or
simply a charge by which the neg-
ative pole is identified.

The electron is considered to
move dynamically from the nega-
tive pole of an electrical source to
its positive pole; in other words,
from negative to positive. A group
of electrons, or negative charges as
they are often designated, is simply
called an electron current just as
an immensely large group of mole-
cules of water from a current of
water molecules in a stream or
river. For brevity, electron cur-
rent is often shortened to current,
which means exactly the same
thing.

It is unfortunate that confusion
exists in present day literature on
the direction of current flow. How-
ever, it really makes very little dif-
ference to the practical radio man.
Either conception of the direction
of current flow will generally lead
you to the same ultimate conclu-
sion. But for consistency and ac-
curacy in our lessons, we will con-
sider current flow as being from
negative to positive.

HOW ELECTRICITY IS
MEASURED

In an electrical circuit it is not
sufficient to simply say that there
is so much electricity. You must
know much more about it than
that. In the case of a river or
stream, to obtain some idea of its
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Power behind electricity is voltage, like the po-
tential force in a valve spring, is ever-present,
whether electrons move or not.

utility, you must know about the
force driving the water and the
amount of its flow. This pressure
or force is known as voltage. Other
terms used to identify voltage are

electrical pressure, electromotive
force (em.f.) potential, etc. The
voltage is the available force which
drives electrons—it actually pro-
duces a physical, mechanical or
chemical force acting to move or
displace electrons in a definite di-
rection. This force may exist
whether electrons are dynamically
moving or not, just as a motionless
spring or weight will act on an
object with a definite force (Fig.
2). [Electrical pressure or force
called potential or voltage is always
derived from some other form of
energy as it cannot be created.
The next fact you should know
about electricity is the quantity or
amount of flow. It is quite easy to
appreciate the fact that a very high
water fall with but a little water
cannot do much work. To deter-
mine the ability of the electricity
to do work you must know the
amount of electron flow, or the
quantity of electrons set in mo-
tion. Thus to define quantity of



“electrons in dynamic motion the
word current is used.

Again, the most perfect example
or analogy of current flow is water
flow. To get an idea of the rate of
flow of water you must determine
the actual amount of water passing
any given point in a given time.
One gallon of water flowing past a
given point in a spillway in one
hour would be quite different from
‘one gallon per second. It is not the
quantity of water alone that de-
termines the actual measure of the
current of water, but rather the
quantity which flows past a point
n a giwen unit of time. See Fig 3.

A quantity of electricity would
naturally be a number of electrons,
and a definite number of electrons
make up a coulomb (the name
given to a measure of electricity)
just as a number of water mole-
cules make up a pint of water.
When this quantity of electrons, 1

coulomb, passes a point in an elec-
trical circuit in one second, the rate
of flow of the electron current is 1
ampere. To give you an idea of how
small the electron is, the number of

~electrons forming 1 coulomb is cal-
culated to be about 455,000,000,-
000,000,000. This number of elec-
trons must pass every point in a
circuit every second to form an
eiectron current of 1 ampere.

There is no point in remember-
g this large number, but just fix
in your mind the idea that an elec-
trical current flow is the rate of a
quantity of electrons for a given

~unit of time.

Electrical pressure or force, also
called electromotive force (e.m.f.)
is measured in volts (in honor of
an Italian investigator by the name
of Volta) just as weight or force
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FIG. 3.

Just as the rate of flow of water is determined by _

the quantity passing a given point in a certain
time, so electric flow is determined by a coulomb
passing a point in ‘a circuit in a second.

is measured in pounds. Whereas,
there are many units of weight or
force, such as the gram, ounce or
ton, there is only one unit of elec-
trical force, the volt. (There are di-
visions or multiples of it such as a
microvolt, which means a millionth
of a volt).

Likewise, for rates of current
flow the current unit ampere, is
used in honor of the famous eight-
eenth century French scientist,
Andre Marie Ampere.

The ampere, of course, necludes
time just as the expressions miles
per hour or gallons per minute do.
You know that an automobile does
not have to travel 30 miles to have
a rate of speed of 30 miles per
hour. It is traveling at this rate
each second or minute. In the same
way, an ampere of current may be
flowing at this rate for a fraction
of a second or for any length of
time.

You now have the two founda-
tion ideas about all electricity; a
force to move electrons( wvoltage)
and a flow of electrons along a con-
ductor (current). Obviously, the
force or voltage pushes the elec-
trons along, causing the current
flow, but how much force is re-
quired for a given rate of flow of



current, or how much current will
be produced by a given force?

RESISTANCE AND OHM’S LAW

Current will flow through any
substance, but it takes a great deal
more force to make current flow at
a specified rate in one substance
than in some other. For example,
- you cannot say that it requires 1 lb.
of force to move a paddle or oar in
any medium at a certain rate. You
probably know from experience
that it requires much more force
to move an oar in water than in air.
Likewise, it would require still
more force to move it in liquid tar
and almost an indefinitely large
force to move it if frozen in ice.
Figure 4 portrays this graphic-
ally. On the other hand, if the oar
is placed in a chamber from which
the air has been pumped, it will
move even more easily than in air.
If-you could obtain a perfect vac-
uum (total absence of air), no
force at all would be required to
move the oar.

Thus it is with voltage and cur-
rent—the force (voltage) required
to move electrons depends on the
nature of the substance through
which they are moved. It depends,
as in the example of the paddle or
oar, on the opposition offered to its
motion, called resistance. Electri-
cal resistance to the movement of
electrons varies immensely from
one substance to another and de-
pends on the nature of each sub-
stance. You can measure this op-
position or resistance so that you
may tell how much effect a certain
voltage will have on a number of
electrons in various materials.

"This is easy to understand, and
you should have no trouble in see-

ing that the greater the resistance,
the greater the voltage must be in
order to keep the same amount of
current moving.

Thus you will see that there is .
a very definite relation between
voltage, current and resistance. A
famous German scientist, Dr. G. S.
Ohm, has reduced this relation to
a very simple and definite form.
From this form one of the most
important and fundamental elec-
trical laws is obtained, Ohm’s low.

Dr. Ohm generated 1 volt and
placed it across a circuit which was
adjusted to carry exactly 1 ampere
of current. The amount of resist-
ance used he regarded as his stand-

ELECTRONS SPEED
THRU LARGE WIRE

OAR SPEEDS
THRU AIR

ELECTRONS REDUCED
IN MEDIUM WIRE

MEDIUM
7. RESISTANCE
OAR SLOWS Y

) =
N WATER ELECTRONS FURTHER
REDUCED THRU FINE

IN ICE Rl

Resistance offered by various substances to elec-
tron current flow may be roughly compared to
the action of an oar in different medinms. In air,
as at top, there would be very little resistance to
the oar’s motion. In water, the oar is greatly im-
peded, in ice, immovable.



ard unit of resistance, and it has
since been called an ohm in his
honor. Thus, today a unit of re-
sistance is known as 1 ohm.

Such a circuit will, therefore,
pass, or permit to flow, 1 ampere
of current under a pressure of 1
volt through a resistance of 1 ohm.
This shows a very definite mathe-
matical relationship. Actually, Dr.
Ohm found that the current in o
circuit is directly proportional to
the voltage and tnversely propor-
" tional to the resistance. This is the
mathematician’s way of stating
this relationship in as few words
as possible. The following word
describtion gives the same rela-
tionship in more simplified terms.
Note that this statement enables
you to find the unknown value if
you have two known values. Note
further that this is given in three
forms so that the unknown value in
each case becomes (1) voltage, (2)
current, (3) resistance.

Dr. Ohm found that:

(1) The value of the voltage in
volts is always equal to the value
of the current in amperes multi-

AMPERES
(QUANTITY)

Meanings of the various terms used to define
electron ‘“‘performance”” may be clarified by the
above analogies. Volts, pressure of water in a
-hose; amperes, quantity of water flowing; Waltts,
“horsepower’’, as in an engine’s cylinder; resist-
ance is compared to a sandbag slowing or stopping
fist.

plied by the value of the resistance
in ohms.

(2) The value of the current in
amperes is always equal to the
value of the voltage in volts divided
by the value of the resistance in
ohms.

(3) The value of the resistance
in ohms is always equal to the
value of the voltage in volts divid-
ed by the value of the current in
amperes. ‘

"The foregoing word statement
shows the definite relationship of
Ohm’s law. However, practical
radio men don’t want to be both-
ered with such a long statement. A
more convenient method has been
adopted and you will find it more
easily remembered. Instead of
words to describe the relationship
of Ohm’s law, letters of the alpha-
bet are used. The common method
is to let E represent voltage (the E
being the first letter of electromo-
tive force). 1 represents current
(in this case denoting the intensity
of current flow. The letter R, of
course, represents resistance.
Ohm’s law can now be stated very
simply in formula form as follows:

(1) E equals I times R, or,

E=IXR (volts).
(2) 1 equals E divided by R, or,

I= —%— (amperes).
(3) R equals E divided by I, or,
R= % (ohms).

Ohm’s law in the foregoing form
is one of the few basic electrical
laws that you should memorize.
You will have occasion to use it
over and over again, so be sure to
remember it, preferably by letters.

There is one more thing for you
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to remember about Ohm’s law, and
that is, that it applies in every
- case where D.C. is involved and in
a limited way for A.C. The differ-
ence with respect to A.C. will be
explained in other lessons.

THE WATT, HORSEPOWER
OF ELECTRICITY .

Now that you have a conception
of the nature of electricity in its
fundamental form you are prepar-
ed to learn more about its useful-
ness. Whenever an electron or
group of electrons move from one
place to another, work is perform-
ed or energy is expended. You are,
no doubt, quite familiar with the
fact as applied to everyday life,
that in moving an object from one
place to another, work is perform-
ed. In fact, there is no possible way
for anything to be moved from one
place to another without perform-
ing work or expending energy in
some form or another. A force is
required in each case, and unless
it acts to move something, no work
is performed. Thus it is with elec-
trons—for when they are moved
from one place to another, work is
always performed. When a large
number of electrons are moved at
great speed, more work is accom-
plished in a given time than if
fewer electrons were moved or
moved at a lower speed.

Reflecting from everyday expe-
riences, you know that work may
be done fast or slow, depending on
the amount of power which is ex-
erted to do the work. In an electri-
cal sense, power may be increased
by increasing either the voltage or
the current. This has been proved
time and again by experiment and
mathematics. As a result of this

proof another extension of Ohm’s
law has been made. It has been
found that 1 volt multiplied by 1
ampere of current would serve well
to equal 1 unit of power. This unit -
of power has been given the name
of watt in honor of James Watt of
Scotland. Thus you have another
term to add to your store of electri-
cal knowledge. In addition to re-
membering the meaning of volts,
current and resistance, you should
also remember that a watt means a
unit of electrical power—repre-
senting the amount of energy con-
sumed in an electrical circuit. See
Fig. 5.

A lengthy word description and
a short formula form may also be
used to show the relation between
voltage, current, resistance and
power. The word description is as
follows:

(1) Power equals the value of
the voltage in volts, multiplied by
the value of the current in amperes.

(2) Power also equals the value
of the voltage in volts squared (to
square a number, multiply that
number by itself), divided by the
value of the resistance in ohms.

(3) The third form: power
equals the value of the current in
amperes squared, multiplied by the
resistance in ohms.

In formula form the same rela-
tion as already given would appear
as follows:

(4) W=EXxI

E2

(5) W= 5

(6) W=I>XR
Where:

W=power in watts.

E =voltage in volts.

I =current in amperes.

R =resistance in ohms.




The small number 2 to the right
and slightly above E and I indi-
cates that these values are to be

squared (See your SAR math

book).

You should note particularly.

that three formulas are used in the
foregoing. The reason three are
necessary is because in each case
two values are known. The third
value is, of course, unknown, nor
do you need to know more than two
of the values in order to find the
value of the power. Thus, in any
DC type of circuit if you need to
‘know the amount of power the cir-
cuit consumes, you can find it by
simple arithmetic if you know any
two of the three fundamental elec-
trical units involved. In AC certain

other things prevent formulas 4, 5,

and 6 from holding true in every
case. Those things will be taken up
_at the proper point in your studies.
In formulas 1, 2, 3, 4, 5, and 6
we have given you the fundamental
relationship between the units of
electricity of the DC type. The
following formulas include the sev-
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Two types of current are
empioyed to operate radio
and television equipment, di-
rect (DC) and alternating
(AC). The common small
* portable receiver at left uses
both kinds—DC when work-
ing by its batteries, AC
when plugged into the regu-

Photo Courtesy Philco

eral variations of Ohm’s law for
DC, where power values are also
included.

E2
(7) W=ExI or I*’<R or

R
‘ = o5 W
(8) E=IxR or\/WXRor—T—

E W W

(9) 1= R or -\/ R or T
_E E* W%

(10) R = T or W or 1

The foregoing formulas combine 4

the first six already given and
places them all together with the

power symbols, for easy reference.
In using formulas 7, 8, 9 and 10
read across from left to right. For
example, if your problem should in-
volve I as the unknown value, read
across from left to right, using
Formula 9. For such a problem
you must have two known values.
For instance if you know the value
of the voltage and the resistance

If only

R
the power and the resistance are

select the formula

e

lar household current supply.

R SO R SOREN YTV
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~ known use \/ % . If'the power'

and voltage are known use %‘j— )

The following symbol V, is called a
radical, and means that you are to
take the square root of the value
inside the radical. See your SAR
math book for more information
on squares and square root.
Ordinarily, you will not be re-

~quired to make use of the power

formulas in radio work except
where you may need to calculate
the power rating of a replacement
part. These parts are usually de-
signed in standard power ranges
and all you need to do is to select
the proper part from these manu-
factured standards. Thus, as you
can see, these various formulas are
included principally for reference.

You should now have a good un-
derstanding of the three main
units of electricity. These are voli-
age, current and power. It is most
important that you know just what
these represent. If you have any
doubt about their meaning, do not
go on until you have restudied

RCA Photo
" Automobile radios, like the model above, work on
direct current, using the car’s storage battery as
‘the source of supply.
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what has been said about them. It
is far better to spend a few extra
hours of study at this point than
to go on with only a vague idea of
just what they represent. If you
are satisfied that you have learned
just what voltage, current and
power mean, then you are ready te
take up the study of Alternating
Current.

ALTERNATING CURRENT

It has already been briefly men-
tioned that direct current (DC)
flows along an electrical circuit in
one direction—that is, the start of
electron motion is at the negative
terminal of the source of current.
The effect of this electron motion
is felt all along the electrical cir-
cuit from the negative to the posi-
tive terminal of the source—but
keep in mind that this is in one di-
rection. Also the value of the volt-
age and the current remains the
same—that is, in any given circuit,
once the voltage and current reach
their maximum values, they main-
tain these values until the current
is cut off. This is the type of cur-
rent obtained from dry cells, stor-
age batteries, etc.

In electrical literature this type
of current is represented by a
straight line as in Fig. 6.

Alternating current (AC) is
very much different from direct
current—not only in its direction
of flow, but also in its behavior.
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Also, it follows a different set of
laws.

You can think of water flowing
along a pipe in one direction and
you can compare it to DC flowing
in one direction along a wire cir-
cuit. )

You can make from this a def-
inite and rather complete picture
in your mind about the general na-
nature of direct current. When you
consider alternating current, how-
ever, you cannot easily compare it
to the flow of water because there
is no water flow in nature which
will correspond to the flow of al-
ternating current. You must, there-
fore, think of AC in a different
manner entirely. You must forget
about the analogy of the flow of
DC as compared to the flow of
water and begin to think in more
strictly electrical terms when you
consider AC. This is an abrupt
change in train of thought, but is
something you can easily do if you
will keep in mind what you have
already studied.

It will help you in your element-
ary understanding of AC if you
will remember at all times that AC
follows a set of known laws. Thus,
to understand AC, all you have to
do is to learn these AC laws. Your
understanding of the whole general
subject will be easy and complete—
you will learn step by step one sub-
ject at a time—each page will un-
fold more and more knowledge. In
this way you’ll gradually become
the radio expert you want to be.

AC BACKS UP

Alternating current’s most dis-
tinguishing characteristic is its re-

‘versal in direction of current flow.

There are two things you must re-
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member about alternating current;
first, it i§ continually reversing.
Its effect goes in one direction so
far and then it stops and immedi-
ately its effect is exhibited in the
opposite direction. This action is
then repeated all over again con-
tinuously, one. electrical impulse
following another in regular order.
Second, the value of both the volt-
age and current is continually
changing. This, of course, is a nat-
ural consequence of the character .
of reversal in direction of current
flow. It follows that, if the current
starts out in one direction, and
then stops and again starts in the
opposite direction, that neither the
voltage nor current can be con-
stant because in first starting out
both have to start from zero. Thus,
it is easy to see that both the volt-
age and current must change sim-
ply because of the very character
of starting and stopping. This is
comparable to an automobile start-
ing and stopping in that various
speeds are required to complete the
action. You should, therefore, keep
this important changing character
of the voltage and current in mind
at all times.

A simple electrical circuit con-
sisting of a switch, dry cell and
flashlight bulb may be used to
roughly illustrate how current may
be made to reverse. This simple
circuit is shown in Fig. 7. The
center pole of the dry cell is pos-
itive and the one to the right of it
is negative. (note from the solid
arrows that current flows from
negative to positive.) The heavy
lines between the dry cell, switch
and bulb represent wire circuits (a .
later lesson will explain more
about wire circuits) and provides
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FIG.7.
l DOUBLE- POLE
DOUBLE - THROW
/-~ SWITCH FLASHLIGHT
! BULB,
i J

The simple electrical circuit shown above demonstrates practically the action of alternating current in
your home lighting circuit. Reversing the switch handle from contacts at right to those at the left of
terminals) ‘AB causes the current flow to change direction, as indicated by solid and dotted-line arrows
(see text).

an electrical path over which cur-
rent may flow.

Note the switch has four con-
tacts numbered 1, 2, 3 and 4 in
Fig. 7. These are known as fixed
contacts and do not move. In the
center of the switch two other con-
tacts (A) and (B) are provided,
with metal blades attached to
them. An insulated handle is at-
tached to the other ends of the two
switch blades which are movable.
Thus, with the switch handle to the
right contact (A) is made to touch
contact 2 and contact (B) is made
to touch contact 4. With the switch
handle turned to the left contact
(A) is made to touch contact 1 and
(B) is made to touch contact 3.

The dry cell has its terminals
connected to contacts (A) and (B)
of the switch. The flashlight bulb
is connected one terminal to con-
tacts 2 and 3 of the switch while
the other flashlight bulb terminal
connects to contacts 4 and 1 of the
switch.

With the switch handle turned
to the right, an electrical circuit
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will be formed from the negative
of the dry cell to contact (A), from
there to 2, (to 3 also, but not used
in this case) and then on through
the flashlight bulb back to 4, (also
1 but not used in this switch posi-
tion) to (B) and then to the posi-
tive terminal of the dry cell, there-
by completing the circuit and caus-
ing the flashlight bulb to light. The
solid arrows show the direction of
current flow in this case.

Now, imagine the switch handle
turned to the left. When this is
done, electrical contact between
(A) and 2 and between (B) and
4 is broken, thus interrupting the
circuit. In the new position (A)
will now touch 1 and (B) will
touch 3. Thus, there is a new cir-
cuit from the negative of the dry
cell to (A), to 1 (and 4, but not
used in this case), and from there
on through the flashlight bulb to
2 and 3, (but 2 not used in this
case) ; to (B) and on back to the
positive terminal of the dry cell
again, completing a circuit and
causing the flashlight bulb to light.




The arrows with dotted lines show
the direction of current flow in this
case.

Now, to get the complete picture
of this action, note that with the
switch handle thrown to the right,
current flows through the flash-
light bulb in one direction, as
shown by the solid arrows. When
the handle is thrown to the left,
current flow is made to reverse
from what it was before, as indi-
cated by the dotted arrows. Note,
too, that the direction of current
flow from the dry cell itself has not
been changed. The direction of
current flow in the switch and
flashlight  bulb, however, is
changed. This is caused solely by
changing the position of switch
contacts (A) and (B), first, to 2
and 4 and then to 1 and 3.

It should now be clear to you
that it is easily possible to reverse
the direction of current flow in a
circuit. You should now under-
stand also that throwing the switch
handle in Fig. 7 from one position
to the other rapidly several times
in quick succession will cause an
equal number of reversals of cur-
rent flow. In fact, if you could
manipulate the switch handle fast
enough the flashlight bulb would
appear to be lighted continuously,
and would not appear to fail to
light even though the circuit
opened and closed several times per
second. If the electric current in
vour home is AC, it too is inter-
rupted several times per second,
~ but the action is so fast you fail to
notice that the lights are not on
continuously. This is a practical
example of the action of AC in your
‘home. -

The dry cell, switch and flash-

light bulb circuit just outlined is a
crude way to generate AC. There

are other and more efficient ways -

of doing this, as you will learn later
on. However, be sure to remem-
ber this elementary form of AC,
because you will study much more
about AC later on and you will

need to keep this fundamental con-

cept in mind all of the time.
FREQUENCY

The number of times per second
that the current flows, reverses and
starts in its original direction is
called the frequency of the current.
Instead of saying the number of
times the switch handle flips over
or the number of revolutions per
minute (when referring to an AC
generator), it is common practice
in electrical language to say the
number of eycles per second. The
reason for this is that the word
cycle best describes the action that
takes place. Cycle means “a com-
plete course of operations of some
kind, returning unto itself and re-
storing the original state.” Thus,
you see that the word cycle is di-
rectly related to the AC action just
described.

A frequency of so many “cycles

per second” has been mentioned.

Thus, for a given unit of time so
many cycles may occur.

The fact that time is required to
complete a cycle is sufficient proof
that there is a definite relation be-

ZERO TIME
\

0 Y TIME ——»=
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Two types of radio tubes
that generate alternating
current are the small ocsil-
lator tube above and the
small metal tube from a
home receiver (in circle).

When a
number of cycles is referred to, it
must be remembered that this, in
every case, means so many cycles

tween a cycle and time.

per amount of time. The unit of
time in practically all electrical
work is the second—1/60 of a
minute. If in Fig. 7 the switch is
reversed 100 times per second, the
frequency of the current in the bulb
circuit is 50 cycles per second.
(Two movements of the switch
form a complete cycle.) As a point

“of information, the frequency of

the AC supplied to the homes (over
the usual power lines) in the
United States and Canada is 25,
40, 50 and 60 cycles per second.
The 60 cycle frequency is the most
common one in use in the United
States. In other countries, the fre-
quency varies over a wider range.

You will remember in a previous
part of this lesson it was stated

that not only did AC reverse its di-
dection of flow, but also the value
of the voltage and current were
constanly changing. When AC
first starts to flow in a circuit it
does not reach a maximum value at-

‘the same time that it starts to flow.

It takes time for it to build up
from a zero value to a maximum
value.

By now you no doubt realize that
this matter of time is an important
factor when considering AC. You
should now also have a full realiza-
tion that AC actually does reverse
its direction of flow and that it

‘takes a certain amount of time (no
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matter how small) for this action
to take place. With this in mind,
you will see it is possible to repre-
sent time and alternating current
on paper in the form of a graph
and the use of a word description.




THE TIME FACTOR

Electrical engineers have for
many years represented time as a
straight line as shown in Fig. 8.
The long arrow pointing to the
right. represents the direction of
travel (if it may be said that time
has direction), with zero time in-
dicated at the left as shown. Zero
time in this case represents any
particular instant of time that you
may wish to consider. Any refer-
ence point of time to the right of
zero represents time which has
elapsed since the start of whatever
time you may have chosen for zero.
Thus, the point Y may represent 14,
second—Ilikewise, any other point
along the time line may be made to

16

Huge transmitting tubes for
the U. S. Navy represent
one of the many types of
electronic devices required
by modern warfare. These
tubes make possible fast
radio communication be-
tween ships at sea and shore
stations.

represent other periods of time.
You see, then, how it is possible to
represent time on paper. See your
SAR math book on graphs.

It is desired to represent both
time and AC on one graph or dia-
gram, but before this is done one
more fundamental point about AC
should be explained. Since you
know that AC reverses its direction
of flow continually, it follows as
logical reasoning that some stand-
ard method must be adopted to
show current flow in each direc-
tion. Electrical men, long ago,
adopted such a standard. They
agreed to let a horizontal straight
line (as along the line O to Y in
Fig. 8), represent zero time for
AC. They further agreed to show
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lee a pendulum or a girl in a swing, AC current
to lete its cycle.

values above this line as AC in one
direction and values below the
horizontal line as AC in the oppo-
site direction. It then became nec-
essary to give these values names
for more clear identification. For
values above the horizontal line the
common agreement is to call them
positive. Values below the horizon-
line are called negative. Thus a
complete cycle has one positive
half-cycle and one negative half-
~ cycle. Often these half-cycles are
referred to as positive alternations
or negative alternations. Another
term used to mean the same thing,
particularly in radio, is wave form.
Rerefence may be made to one com-
plete wave form (meaning a com-
plete cycle), a positive wave form
or a negative wave form. These
terms all mean the same thing and
refer to the fundamental cycle or
parts of a cycle.

1t is a common practice in draw-
ing cycles or wave forms to start
in a positive direction, show-
ing all proper values above the
reference line and then contin-
uing with the negative below the
reference line. This is not to say,
however, that current flow is from
positive to negative (the reverse of
what you have previously learned
in the SAR course). What it really

means is that it has become com-
mon practice to designate the first
half of a cycle as positive and the
second half as negative. The terms
as used in this sense do not refer to

the actual direction of current flow
(with respect to polarity), nor do
they mean that one half of a cycle
has any more value than the other.
Both halves of the cycle have the
same electrical value and both may
be used to perform the same
amount of work. In AC, as in DC,
the actual direction of current flow
is from negative to positive with
respect to the individual charges of
the electrons which make up the
atoms of the conductor. Always,
whether reference is made to a
positive or negative alternation of
a cycle, current flow continues to
be from a megative charge to a
positive charge. The direction of
alternation of the AC cycle
(wkether positive or mnegative)

does not change this fundamental
concept one iota.

Be sure you do not confuse these
two totally different ideas. The
positive or first half of a cycle and
the megative or second half are
merely names of the two halves of
the cycle. No reference whatever
is meant to the actual direction of

POSITIVE
DIRECTION

ZERO

x
NEGATIVE
DIRECTION

F1G.10.
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current flow. In an AC cyecle, it is
the force that drives or pushes elec-
trons from atom to atom (making
up the current flow) that reverses,
and not actual current flow direc-
tion. Think of this force as being
exerted in one direction on a group
of atoms and then being suddenly
applied on the other side of the
atoms and you will better under-
stand the idea. (Fig. 9).

DIAGRAMMING THE AC
CYCLE

You are now ready to study posi-
tive and negative alternations of
AC in graph or diagram form.
Refer to Fig. 10. Let the straight
horizontal line represent zero, then
lep positive values be represented

POSITIVE

TIME
ZERO

)
NEGATIVE

”

above the zero line and negative
values below the zero line. Let Z
represent a positive value of 10
and also let X equal a negative
value of 10. This is entirely arbi-
trary—other values besides 10
could also be assigned to the
~points X and Z if you wanted to
use other values. In fact, the posi-
tive and negative lines could be so
divided that almost any point along
them could be evaluated. This is
often done in different kinds of

electrical work, as you will have
occasion to observe as you progress
with your studies.

You will note the vertical line
X to Z in Fig. 11, has been assign-
ed AC values in positive and nega-
tive directions of the cycle. The
horizontal line extending from the
center of the vertical line from left
to right may be arbitrarily divided

~ into units of time. Thus, one graph

may be used to show the relation
between two values—in this case
time and the cycle (see your SAR
book on mathematics for more de-
tailed information). Further along
this subject will be described more
thoroughly.

Right now, consider the manner
in which electrons move in produc-
ing alternating current. To get a
detailed understanding of this ac-
tion refer to Fig. 12. Here is an ex-
tension of the principles already
mentioned. The idea of this fig-
ure is to show the movement of one
electron through one and one-
fourth cycles of AC. The vertical
lines numbered 1 through 20 repre-
sent time and an imaginary single
wire. One electron is used and you
may assume the use of one wire for
clarity. The vertical lines repre-
sent the same wire but spread out
across the page in 20 different
time positions, so that the position
of the single electron in the wire
may be shown with reference to
time. This single electron is used
as an example to show what hap-
pens to all electrons in the wire.
Actually, of course, there are many
billions of electrons in the wire all
undergoing pressure (voltage)
from the AC generator which is

- providing the AC driving force.
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As you will learn later, the par-
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The AC cycle diagrammatically illustrated. During the tiny fraction of a secend required for the
electrons to complete one cycle they move through an infinite number of time positions.
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ticular form of the curve in Fig. 12
is the way the usual AC wave form

is shown. Note that it rises from
zero at the horizontal line in a pos-
itive direction, increases up to a
maximum and then decreases to
zero (at the 8th time division). It
then begins to increase in a nega-
tive direction and continues this to
the 12th time division, where it
again starts to decrease towards
zero and finally reaches zero at the
16th time division, thereby com-
pleting one cycle. Another one-
fourth cycle is shown where the
curve increases up to the 20th time
division—again starting to form a
cycle in the positive direction.
Now, return to the electron and
imaginary wire and see what hap-
pens to them as AC is generated.
Between zero and the first unit
~ of time, the electron has moved a
considerable distance upward. It
must be understood that all of the
free electrons in the circuit move
in this manner at practically the
same instant. During the next unit
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The photo at left shows a
modern radio airplane trans-
mitter power supply unit. It
includes a generator and
elaborate filter with voltage
divider to distribute voltage
for the various transmitter
circuits.

of time, the free electron has
moved a smaller distance, until at
the fourth unit of time it momen-
tarily stops.

From the fourth unit of time to
the eighth the electron returns to
the zero horizontal line. In doing
S0, it inereases in speed to a maxi-
mum. The lengths of the arrows
along the time division lines are a
symbol of this increasing speed.

Note that as time progresses from.

4 to 8 the arrows get increasingly
longer and note, too, the greatest
increase in speed or velocity is be-
tween the 7th and 8th time divi-
sion. Compare this to the velocity
between time divisions 0 and 1, &
and 9, 15 and 16 and 17. In each
case you will note that it is the
same. From this, it is obvious
that an AC wave form has uni-
formity and is similarly related to
its other corresponding parts. It
should now be clear to you that if
an electron moves increasingly far-
ther in a circuit for equal units of
time, it must accelerate or increase
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in speed. This is exactly what
happens in portions of an AC cycle
and it is an important point to re-
member—more about this later.
From time divisions 8 to 12 the
opposite effect occurs. In this
case, there is a decelerating effect
—that is, a slowing down until at
12, the electron momentarily stops.
The rate of decrease between 8 and
9 is the same as the rate of in-
crease betwen 7 and 8. This,

Later on in other lessens you will start the study
of the condenser which is a fundamental unit of
radio circuits. The above view shows a tester used
to test condensers. It employs what is known as
a bridge circuit and uses a sensitive meter to in-
dicate the condition of the condenser. Courtesy
of Solar.

again, shows the uniformity of the
AC wave form.

From the 12th to 16th time di-
visions exactly the same action as
between 4 and 8 in the other half
of the cycle (positive direction).
takes place. Here again, there is
an accelerating action in which the
velocity progressively increases.
Note, however, that this time the

negative half of the cycle is being

completed.

The action between the 16th and
20th time divisions corresponds
exactly in every way to that taking
place between zero and the 4th
time divisions. To identify the cy-
cle and parts of it, note that from
zero to 8 is one-half cycle in the
positive direction, and from & to 16
is one-half cycle in the negative
direction. Then, from zero to 16

is one complete cycle. From 16 to
20 is one-fourth of a cycle in the
positive direction. Be sure to study
the AC wave form in Fig. 12 until
you thoroughly understand its gen-
eral form and manner of action.
Much of your future study will be
based on this fundamental concept
and you should not pass on until
you are satisfied with your under-
standing of it.

CURRENT FLOW AND WAVE
FORM

Since you should now have a
basic concept of an AC wave form -
you are ready to learn more about
the nature of the actual current
flow. Just above the wave form
which you have just been studying
in Fig. 12, you will note there is
another shaded wave form identi-
fied as the current flow intensity.
The most tmportant thing for you
to understand about this second
wave form is that it represents the
rate of current flow. It does not
show a true picture of the actual
current wave form Dbecause, in
reality, the wave form of the cur-
rent itself would appear exactly
like the larger voltage wave form
shown in Fig. 12 under the condi-
tions assumed for this example.
Later on in other lessons you will
learn that the current wave form
may have a different shape than
the voltage wave form which gen-
erates it. That, however, is get-
ting ahead of the story, so you
should continue the study of the
current flow intensity as shown by
the smaller shaded wave form in
Fig. 12.

Keep in mind that this particular

~current wave form is intended to
show the rate of change of current

21



flow only. To help in your under-
standing of this, think of the larger
wave form as a voltage which is
generating the current flow. Now,
again refer to the larger or voltage
wave form. Note that from 0 to
time division 4 there is a decelerat-
ing action wherein the velocity pro-
gressively decreases, indicated by
the progressively shorter arrows
along lines 1, 2, 3 and 4. The unit
of time remains the same but tke
rate of velocity chonges. This can
only mean that the rate of current
 flow changes. Thus, instantaneous-
ly after the wave form starts (with
reference to zero or starting time)
the rate of current flow is maxi-
mum. As time goes on from zero to
the 4th time division the rate of
. current flow becomes progressive-
ly less, until at 4 the current flow
has momentarily stopped. The
shaded curve between 0 and 4
shows exactly how the rate of cur-
rent flow progressively decreases
for 14 eycle in a positive direction.

The next points to observe on
the current intensity curve are be-
tween time divisions 4 and 12. This
represents two fourths of a voltage
cycle—one-fourth of which is in
the positive direction and one-
fourth in the negative direction.
These two-fourths of a cycle show
a decelerating action (from 4 to 8)
and an accelerating action (from
8 to 12). Thus, from 4 to 8, the rate
of current flow gradually increases
from zero at 4 to a maximum at 8.
" From 8 to 12, there is a decelerat-
ing action in that the rate of cur-
rent flow gradually decreases to
zero. From 12 to 16 again there is
an accelerating action in that the
rate of current flow progressively

increases from zero at 12 to a maxi-

‘mum at 16. ‘

As stated before, from zero at
the left over to 16 farther to the
right, one cycle is completed. How-
ever, one more quarter cycle is
shown from 16 to 20 so that you
may get a complete picture of the
rate of current change or rate of
electron movement for a complete
wave form consisting of one com-
plete negative and one complete
positive alternation.. This com-
plete wave form of the rate of cur-
rent change corresponds to time di-
visions from 4 through 20. The
other one-fourth wave form from
zero to 4 merely serves to show the
rate of current change from the be-
ginning of the voltage cycle to the
first point of zero current change,
which corresponds to time division
4.

Now, from the preceding de-
scription, you will note these facts.
First, when the voltage is zero, the
rate of current change is maxi-
mum. Second, when the voltage is
maximum, the rate of current
change is zero. This you can prove
by comparing the voltage and rate
of current change wave form at
time divisions zero, 4, 8, 12, 16 and
20. This has been proved over and
over again by experiments and
mathematics, so you can accept it
as a fact, or basic law.

Before leaving Fig. 12, there is
just one more thing you should
thoroughly understand about it.
We have repeatedly referred to the
rate of change of current flow.
Also, we have referred to zero rate
of current changes as at points 4,
12 and 20. Tkis does not mean that
the actual value of current is zero
at these points. Actually the cur-
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rent may have values of 10, 20, 50,
100 or any other value at these
points but the rate of change at
these points will always be zero.
At all other points on
the wave form, there

will be a changing cur- MAXIMUM
rent value. It is im- Y&
portant that you do £
not confuse the rate of §

[s B

current change with
the real value of cur-
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rent at Lhese points on ZERO
the wave form. g

With the foregoing %
explanation clearly in §
mind you are ready to Z [C
take up the study of MaxiMum
an AC wave form in

which actual current
values are considered
rather than the rate at which cur-

rent changes in an AC cycle.
TIME RELATION TO AC CYCLE

You no doubt now thoroughly
understand the principles of repre-
senting time and positive and neg-
ative values of AC in graph form.
If the principles of representing
both time and AC in graph form
are combined it will be possible to
get a concrete representation of AC
per unit of time. To do this it is
first necessary to lay out a time
base by drawing a horizontal line.
A vertical line is next drawn to
represent positive and negative
values of AC. The result will ap-
pear as in Fig. 13. Next divide the
horizontal time line by using ver-
tical lines across it. The positive
and negative vertical line, to the
left in Fig. 13, is then divided by
horizontal lines across it. (See
your book on mathematics and
graphs for more detailed informa-
tion on the construction of
graphs.) Next assign values to the

time base line. Let the complete
time line represent one second, and
divide this line into 20th seconds.
Then assume that the maximum
wvalue of AC will be 5 amperes. If
this is done, can you then divide
the positive and negative lines into
units representing amperes. With
this done you will have something
that you can work with—a graph
of an AC wave form as in Fig. 14.

Following standard practice, as-
sume the AC starts out in a positive
direction. If it reached its maxi-
mum value as soon as it started it
would be at point 5 on the positive
scale—but this is not what hap-
pens. If the divisions on the time
line represent 20th seconds, then at
1/20th of one second, the AC will
have reached a positive value of
1.54. Although this is an exact
mathematical value (by use of trig-
onometry) you can see from obser-
vation that at the 1/20 time divi-
sion the current is slightly more
than 1.5 amperes. As 1/20 of one
second has elapsed since the start
of the AC, it follows then that the
actual value will have to be some-
what to the right of zero time, or
more exactly, at the 1/20 time di-
vision. Thus, you cannot read the
increase in AC value directly on
the zero vertical line—but must
refer to the 1/20 vertical time line.

After 2/20 of a second of time
has elapsed, the AC value will be
slightly less than 3 as shown (2.94
actually) and will be read farther
over to the right, since more time
has elapsed since considering the
1/20th time position. Similarly,
the 3/20 and 4/20 time positions
would be read still farther to the
right, as in each case 1/20 more of
time has elapsed. At the 5/20 time

23




6
15 <
u4
>
3
3
&2/ N
A \
ZERO
L \C 7
S 2
-
<
03
(]
Z 4
|'s -
6/
o o o O O o ©O o o o O O O
I O O O O O I
NN B R DR T RTINS I S B SRS B
TIME o
FIG.14.

division, the AC has reached its
maximum value (zero rate of
.change) and begins to decrease to-
ward zero (note that the zero,
10/20 and 20/20 time positions are
all equal to zero values of AC.)

The reason the AC is now de-
creasing toward a zero value is
that the electrons are coming to
rest—slowing down—and will re-
verse their direction of flow. It
takes just as much time for the AC
to decrease from maximum to zero
as it does for it to increase from
zero to maximum. Thus, the de-
crease must be read still farther to
the right in relation to time. (Note
however, the complete uniformity
of the wave form.)

The following groups of two
" time positions have the same value
of current flow—1/20 and 9/20
2/20 and 8/20; 3/20 and 7/20;
4/20 and 6/20. The only differ-
ence between them is the time ele-
ment,
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When the AC reaches the 10/20
time position, it has reached a zero
actual value and is now ready to
again increase from a zero to a
maximum value—but this time in
a negative or opposite direction. It
now goes through the same pro-
cedure as for the positive half of
the cycle. That is, it starts at zero
and reaches a negative value of
1.54 at the 11/20 time division and
a negative value of approximately
3 at the 12/20 division. It con-
tinues to increase in reverse or
negative value until it reaches the
maximum value of 5 amperes at
the 15/20 time division. At this
point, it starts to again decrease
toward zero, and finally reaches
zero again at the 20/20 time divi-
sion.

The AC has now completed one
cycle, and immediately starts to do
the same thing all over again—
hence there is no need of any fur-
ther description of its action.




Top chassis view of a 15 tube superheterodyne receiver, with various important components labeled.
These will be taken up individually in later lessons.

If it were not for the time ele-
ment involved, an AC cycle could
be represented as a straight verti-
cal line as shown in Fig. 13. That
is, AC would increase in value from
zero toward maximum in one direc-
tion, then it could be represented
as going back over the same line of
travel to maximum in the other di-
rection. It is perhaps fortunate
that time must be considered for it
permits spreading out the line of
travel so that it may be seen from
beginning to end.

Note in Figs. 12 and 14 dots
have been placed on the voltage
curves at the points where the dif-
ferent time intervals occur. This
was done in order that you might
visualize the value of AC in rela-
tion to time. Actually the com-
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plete curve represents the value of
AC at any given instant of time.
Thus, instead of having a series
of dots with space between them
(the space in this case representing
other intervals of time), there is a
continuous curved line which
shows the actual form of the AC
from the beginning of a cycle to
the end.

While it has required quite a bit
of space to describe this action, you
must remember that in reality it
occurs very fast—on the usual 60
cycle power lines, one cycle is com-
pleted every 1/60 of a second.
When you stop to think just how
short is one second of time, you
can begin to appreciate at what
speed the cycle is completed when
the frequency is 60 cycles per sec-



]

.

WESTERN ELECTRIC PHOTO

Two-way police radio equipment operates on ultra high frequency channel, with transmitter unit held

to its frequency by precision crystal.
transmitter.

ond. This is a relatively low fre-
quency when compared to radio
frequencies. Later on you will
learn that it is possible for many,
many millions of cycles per second
to occur.

IMPORTANCE OF WAVE FORM

In school, you probably studied
about graphs. You will remember
that graph was a “layout” on paper
whereby it is possible to show the
relation between two or more quan-
tities. One cycle as laid out in Fig.
14 is, of course, a graph. In this
figure, time is plotted against posi-

- tive and negative values of AC.

In other electrical and radio lit-
erature you will see one or more
cycles of AC laid out in a manner
very similar to Figs. 12 and 14.
However, time and values of AC
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Lifting telephone from instrument panel automatically starts

are not usually indicated, because
in most cases, AC values and values
of time are not greatly important
(there are instances where values
are indicated, but the occasion is
rare). As a rule, you will be more
interested in the wave shape or
wave form as you will see in pro-
gressing from one lesson to an-
other. So, if you see AC wave forms
in other lessons without time and
positive and negative divisions or
scales, just remember these are not
always necessary. -

BASIS OF RADIO

All of radio is based on the AC
principle of progressive changes in
value of voltage and current as one
or more cycles are completed. If
you are able to visualize this action
and are able to remember it, then
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you have the basic knowledge so
necessary to the understanding and
application of radio principles.
Right now you may not be able to
realize the full significance of the
latter statement, but as you pro-
gress with your studies, you will
more and more understand just
what is meant.

As already stated, radio is based
upon a limited number of Electri-
cal Laws. Once you understand
and memorize these laws then you
also understand radio. You will
perhaps realize this better if you
compare it to your early attempts
to learn arithmetic. At first, the

whkole of arithmetic may have
seemed difficult.

Just remember

however, that you did not learn its
principles as a whole, but studied

- it one subject at a time. When you

were through, you had a good un-
derstanding of addition, subtrac-
tion, multiplication, division, ete.
You will study radio principles in
the same way. When broken down,
subject for subject, the study of
radio actually is a very interesting
and informative pleasure.

You will, therefore, appreciate
the fact that radio principles can--
not be learned all at once. There is
always the ever important time ele-
ment. In this lesson you have seen
that time is an important factor in
the consideration of AC. You
should also realize that time is just

Radio tubes during manu-
facture. They are placed on
an automatic exhausting ma-
chine which creates an al--
most-perfect vacuum within
the tubes. Each tube under-
goes a dozen heating and
pumping operations, and at
the end has only one out of
every 1,520,000 air mole-
- cules left inside.



as important in the learning of
radio principles as it is in other
things. Give yourself time and
don’t be afraid to go slow with
these first few lessons. Try to
visualize the principles of the
things you study—think about
them over and over again. Get the
key thoughts to each subject and
you cannot help but learn radio.
In this lesson you have studied
the principles of both DC and AC.
From this study, the following
terms should be familiar and you
should understand just what they

FUTURE LESSONS

Your Sprayberry radio training
follows a time tested plan which
experience has proven to be right
‘because it produces results which,
after all, is the test of any training.
Over the years, Sprayberry train-
ing has been gradually built to its
present perfection. As a result, you
get the benefit of all this experi-
ence and will study the essential
elements of radio in such a way
that you won’t have to wade
through a mass of unessentials to
reach your ultimate goal. Perhaps
you can not appreciate this now
but as time goes on, and as you
make steady progress with your
lessons, vou will come to realize the
value in training that you are get-
- ting.

So at this point we are going to
give you a preview of the lessons
which are to follow this one in or-
der that you may have a general
idea of just what is ahead in your
~training. Your next lesson is the
third in the series and treats lines
of force of which there are two
kinds. These are called electromag-
netic and electrostatic. Electromag-

mean. If you do not have a good

understanding of them, restudy

this lesson until everything is

clear.

Direct Current (DC)

Polarity (Negative and Positive
Values)

Alternating Current (AC)

Time Element Resistance
Cycle Power
Frequency Watt
Voltage Alternation
Ampere Wave Form
Coulomb Curve

\

netic lines of force have to do with
the magnetic energy associated
with coils of wire. The type of
coils you will be most interested in
are those which are used to form
parts of tuned circuits, choke coils,
speaker coils, ete. These are known
under several names, such as radio
frequency, oscillator, first detector,

‘intermedite frequency and audio

frequency coils or transformers.
Then there are other special types,
such as loading coils, iron core
choke coils, electromagnets, etc.
The latter portion of the third
lesson deals with electrostatics
which has to do with the elements
of condensers. These are used for
many varied purposes in radio.

~Some of the more common uses for -

condensers are for tuning -coils,
coupling between stages, filtering,
blocking direct current, etc. This
part of the lesson merely serves as
an introduction to this important
subjet. The eighth lesson takes up
the subject in detail after other
necessary things have been intro-
duced. ) .
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These questions are designed to test your knowledge of this lesson. Read them
over first to see if you can answer them. If you feel confident that you can, then
write out your answers, nqmbering them to correspond to the questions. If you
are not confident that you can answer the questions, re-study the lesson one or
more times before writing out your answers. Be sure to answer every question,
for if you fail to answer a question, it will reduce your grade on this lesson.
When all questions have been answered, mail them to us for grading.

No. 10.

QUESTIONS

In which direction do electrons flow along a conductor?
Can resistance completely stop all current flow if there is a voltage present?

Is it possible for the resistance value (that is, changes in resistance value)
to affect the power in a circuit? " B

Describe how electrons move for direct current and give the same descrip-
tion for alternating current.

Refer to Fig. 14. At what time intervals does the current completely stop
flowing (zero current)?

In Fig. 14 the positive and negative vertical numbers represent amperes.
Study this figure and give all the time intervals when the current is flowing
at the rate of 4 amperes in either a positive or a negative direction.

Why is it that you can determine all you want to know from AC by studyin
only one cycle? i

What is meant by the expression—*“This generator is capable of producing
a frequency up to 100 cycles”?

If the voltage in a circuit is 20 volts and the power is 6 watts what is the
resistance of the circuit? B

Does an alternating current circuit always have the same polarity?



