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How Radio Earned Its Place
In The Sun

When Guglielmo Marconi finally succeeded in
1895 in transmitting a “wireless” message over a
distance of a mile and a half, he set in motion a
chain of development that has revolutionized the
art of communication, Marconi did not “invent”
radio nor was he alone in the early work in this
new art. Yet from that small beginning, radio has
steadily advanced to the point where today its
influence is felt in every phase of our lives. Today,
radio provides communications facilities across
continents and oceans; saves lives on sea and on
land; aids police authorities in enforcing the law;
transmits news dispatches to the daily press; and
guides airplanes along the skyways, Radio was the
forerunner of radar, which permits interception of
enemy planes hundreds of miles away; of naval
gun-laying equipment which permits deadly accu-
rate fire upon surface vessels out of sight range,
beyond the horizon; of proximity-fuse missiles,
which explode when within a pre-determined range
of the target; of guided missiles, whose trajectory
can be altered by remote control.

In the field of entertainment and education.
radio has brought to us the leaders of the world in
drama, music, literature, art, science and politics.
It has brought to us the modern miracle of tele-
vision. Through this remarkable medium, the
world’s greatest entertainers virtually step into
your living room; you become a spectator at every
kind of sports event; you see history-making public
events from the comfort of your own home, The
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Radio has mode the world smaller,

full impact of television upon our lives cannot be
measured by those of us living in this thrilling
period of its development, Historians of the future
will be able to assess the far-reaching effects of
television upon the development of modern society.

Yes, after many years of perseverance against
countless obstacles, of unstinted toil by thousands
of people in the vanguard of science — radio has
earned its place in the sun. For radio has proved
itself to be the greatest force in the twentieth cen-
tury for bringing knowledge, pleasure and joy to
all mankind.

Radio Is A Fascinating Hobby
Easy To Learn

The average radio listener regards radio as a
deep mystery. But radio need not be a dark mys-
tery. To thousands of government-licensed Ama-
teurs and to multitudes of experimenters and radio
builders, radio is a fascinating hobby that gives
endless hours of real thrilis, a vast store of useful
knowledge, and the deep satisfaction of knowing
that the radio equipment one has built himself
will really work.

To you, therefore, who are interested in the
science of radio—in learning how to build practical
radio circuits, in understanding some of the funda-
mentals of radio—this book is addressed. We have
not attempted to make this an exhaustive com-
plicated treatise. We think that you will get more
real help by covering thoroughly only those basic
details and practical applications that will be of use
to you. Our aim, in short, has been to give you a
good working knowledge of radio building and ex-
perimentation, and to set you on the right path
toward more advanced work.

A word of advice: study each section thoroughly
hefore going on to the next section,

What Is A Radio Signal?

Before going any further, let's take a quick
glance at the overall picture of a radio signal being
transmitted from a broadcast studio to your home.

A “Signal” is any intelligence that we wish to
transmit. Suppose we wish to transmit music. The
variations in frequency (pitch) and intensity (loud-
ness) of the music— comprise the signal. If we
transmit this signal by the standard AM (ampli-



tude-modulation) broadeast system, this is what
happens:

In the studio, the sound waves produced by the
music cause vibrations of a diaphragm in the micro-
phone. From this peint on, until the music is repro-
duced in your home, the form of this signal changes;
it may be acurrent wave, an electromagnetic wave,
a voltage wave, etc. However, in every case, the
character of the signal is scrupulously preserved, In
other words, the variations in current, voltage, etc.
correspond to the variations of the music in the
studio. Thus, the received signal (ideally) is an ex-
act duplicate of the transmitted signal.

The varying currents from the microphone are
known as “audio frequency” (AF) impulses. These
are amplified millions of times, and then super-im-
posed on a powerful “radio frequency” (RF) cur-
rent known as the “carrier." RF waves are much
shorter than AF waves, and will travel great dis-
tances through space—whereas the AF waves will
noft.

We now have a “modulated carrier.” The energy
in this carrier is transmitted through space (in all
directions) by electromagnetic and electrostatic
fields, generated by the high-frequency currents fed
into the transmitting antenna. Many thousands of
watts of energy is radiated, but most of it is lost in
space; only a very small portion of it (a few mil-
lionths of a volt) reaches the antenna of your re-
ceiver at home.

This feeble signal is picked up by your radio re-
ceiver’s antenna, amplified many times, and is then
converted back to audio impulses. After further
amplification, these impulses are fed into your
headphones or loudspeaker, where vibrations are
produced, creating sound waves which correspond
to the sound waves in the studio, where the signal
originated.

All this happens in a fraction of a second. With
the speed of RF waves at 186,000 miles a second,
you can readily see how quickly this takes place.
Actually you hear the broadcast program from your
radio before the audience hears it in the studio.
This is because sound waves travel through the
air at the rate of only 1,086 feet per second as
compared with the speed of radio waves.

Other Kinds Of Transmission
In addition to the amplitude-modulation method
of transmission, there are other types: Code (Con-

tinuous Wave or CW), for sending messages; Fre-
quency Modulation, for noise-free sound, and Tele-
vision,

Code (CW)

Code transmitters do not require audio. The carrier
is broken into dots and dashes by means of a tele-
graph key and relays. It is heard in the receiver (if
of the regenerative type or superheterodyne with
beat frequency oscillator) as an intermittent tone or
whistle. Another less common type of code trans-
mission does make use of z modulator. In this
method a “tone oscillator” is keyed.

Frequency Modulation (FM)

In frequency modulation, as the name implies, the
frequency of the carrier is changed—above and be-
low the mean frequency. Amplitude remains con-
stant. The main advantage of FM over AM is a
high degree of noise reduction at the receiver. This
1s possible because all noises in the radio spectrum
are RF oscillations which vary in amplitude, and
the FM receiver does not respond to amplitude
variations,

Television (TV)

Television requires transmission of two signals: the
audio signal and the video (picture) signal. The
audio is an FM signal; the video is an AM signal.
Both RF carriers are transmitted at the same time,
At the receiver, these signals are amplified, de-
tected, and fed to the speaker and picture tube,
respectively. Television zalso requires transmission
of special synchronizing (“sync”) and blanking
pulses. The sync pulses coordinate the picture-trac-
ing on the face of the picture tube with the scan-
ning of the subject in the TV studio. The blanking
pulses blank out the picture tube during the short
retrace periods of the horizontal and vertical
“sweep” oscillators. Thus the television signal is
extremely complex, and requires a receiver more
complex than any FM or AM set.

In both FM and TV, the RF carrier frequencies
are much higher than on AM. Such high frequen-
cies are limited in range, because they travel in
a straight line and do not follow the curvature of
the earth, as do the longer waves (lower frequen-
cies) used in standard AM broadcasting. There-
fore, during average conditions, the transmission
radius is 50-150 miles.



The Experimenter-Builder
And What He Does

No matter how far radio progresses, there will al-
ways be a place for the experimenter-builder. He
is the fellow who tries out new circuit designs and
new gadgets. Sometimes he stumbles across a new
idea that is of distinct value to radio manufacturers,
Sometimes he plans a career for himself as a radio
engineer or a servicing expert. Sometimes he
decides to make radic a hobby, becomes an Ama-
teur and goes on the air with his own transmitter,

However, generally the experimenter-butlder is a
“fan.” He 1s in radio because he likes it—because
he likes to build his own sets, experiment with cir-
cuit layouts, and try to improve the results he gets.
But whatever your reason for taking up radio and
whatever the facilities you have available for work,
you will get as much out of your hobby as you put
into it. If, some day, you can turn your hobby into
your profession, all the better, But even if your in-
terest in radio remains a hobby you will get from it
the advantages of acquiring some mechanical sk:ll,
learning to use tools properly, joining a wide fellow-
ship of friendly men and boys, developing your in-
genuity, and doing constructive work.

Radio need not be an expensive hobby. The tools
required for the beginner are few and inexpensive.
And parts used in building any one circuit can al-
most always be used again in many other circuits.

Getting A Start In Radio Building

For the average radio newcomer, the best way to
learn radio is by “doing.” Do you remember how
you learned to play baseball, or to drive a car, or
to do any one of a hundred different things that
require a development of skill? Not all the explana-
tions in the world seemed of much use until you
had actually tried out these methods yourself. Not
until you had actually experienced playing baseball
or driving a car, did you begin to see how different
the job really was from what it had sounded like.

Now, in the same way you can learn radio by
doing simple but effective practical work, by put-
ting the knowledge you gain to actual use, and by
working up gradually to more advanced material,

By building a simple radio set from a circuit
diagram, you will become familiar with basic radio
parts and their functions, with set layout and con-
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struction, with the meaning of the various radio
symbols, and with some of the fundamental ideas
behind radio design. You will develop a feeling
of real achievement when you find that the first
simple set you build will actually work. And, fin-
ally, you will bring an intelligent understanding to
your work when you approach the more difficult
phases of radio.

Accordingly, in our discussion, we shall keep up-
permost in our minds the needs of the radio new-
comer whose first goal 1s to build a radio set that
will work. We shall discuss the tools and materials
you will need. We shall find out the most efficient
way of putting a radio set together. And we shall
introduce whatever theoretical knowledge you need
as you need it—and when you are ready for it.

What Kind OFf Set Should Be Built First?

Since the crystal set is the simplest of all re-
ceivers, it 15 a good idea to build one as your first
step on the road to radio skill. A crystal set offers
several advantages to the beginner. It requires only
a few inexpensive components, very simple wiring,
uses no power, and operates indefinitely. The dia-
grams on the following page show just how simple
it is to build. The set described in these diagrams is
available in kit form at Allied, The kit includes a
fixed-type germanium crystal, permanently adjusted
to the most sensitive point.

Best results are obtained when using a good high
antenna of fifty feet or longer; the ground connec-
tion can be made to a cold water pipe. Headphones
used should have an impedance of 1000 ohms or
greater. Headphones and antenna, available as ac-
cessories, are also listed in the Allied catalog.
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What Nexi?

Crystal sets detect signals without providing any
amplification. For this reason, they do not have
enough sensitivity to receive really weak stations,
The Knight-Kit “Span Master” 4-Band Regenera-
tive Receiver Kit which is described on pages 36
and 37 of this book has sufficient sensitivity to re-
ceive standard broadcast stations from all over the
country, as well as foreign and domestic shortwave
stations, The “Span Master” receiver makes an
excellent and worthwhile project after completing
assembly of the crystal set.

The construction of a modern superheterodyne
broadcast receiver should be quick and easy for
anyone who has gained some wiring and soldering
experience. The Knight-Kit 12-In-1 Electronic Lab
Kit described on pages 33-35 is an excellent training
kit. When you are ready to build a superhet, you'll
find the Knight-Kit “Ranger II1" described on pages
38 and 39 an up-to-the-minute set, worthy of con-
sideration.

The electronic lab kit mentioned above permits
building any one of 12 interesting electronic gad-

gets, including a simple regenerative standard
broadcast receiver. This kit offers a very wide
scope of experience and certainly warrants consid-
eration by the beginner,

The Radio Spectrum

The table below covers only the major portion
of the radio spectrum. Above 545 meters, there are
weather report and time signal stations, aircraft
beacons, and some foreign long-wave stations. Be-
low 10 meters, there are Television, FM, Aircraft,
Amateur and Police Stations,

The tuning range of Short Wave sets varies ac-

Types of Stations and

Meters General Characteristics

Kilocycies

55010 1500 | 545t0 200 | BROADCAST BAND-—Local
standard broadcast stations,
Cross-country reception during
ing evening and early morn-
ing hours.

2001052 |INTERMEDIATE SHORT
WAVE BAND-—Police, Ama-
teurs, aircraft, foreign broad-
casting stations. Best reception
during evening and early
morning hours.

1500 to 5770

577010 30,000 | 52t0 10 | SHORT WAVE BAND—Am-
ateurs, foreign broadcasting
stations, commercial telegraph,

ships-at-sea. Best reception

during daylight hours.

cording to the range of the coils used. Usually, this
range is from about 9.5 to about 217 meters, and
covers Amateur stations, police calls, ships-at-sea,
airplane calls, commercial radiophone transmission,
and foreign Short Wave stations.

In the above table, the frequency of each band is
given in kilocycles. This is a common practice
below 10,000 kilocycles. However, above this fig-
ure, the numbers tend to become cumbersome and
the larger unit of megacycles is used. 1 megacycle
is equal to 1,000,000 cycles whereas 1 kilocycle is
equal to 1,000 cycles. Thus, 10,000 kilocycles are
equal to 10 megacycles, 20,000 kilocycles are equal
to 20 megacycles, ete,

Types Of Circuits
The chief characteristics to be looked for in any
radio set are: selectivity (ability to separate sta-
tions); sensitivity (ability to pick up weak signals);
stability (ability to stay dependably tuned to a sig-
nal); and fidelity (ability to reproduce exactly
what is put on the air from the transmitter).



The most selective type of circuit is the Super-
heterodyne. It provides, in greatest measure, all the
desirable characteristics in radio,

The Tuned Radio Frequency (T.R.F.) circuit is
one in which R.F. amplifier circuits are tuned to the
desired frequency by varying inductance or capac-
ity. This circuit offers good fidelity, but is less
selective than the superhet.

The Regenerative circuit is the third chief type.
In such a circuit, in effect, sensitivity is greatly in-
creased by returning some of the amplified signal
for still more amplification. A regenerative-type cir-
cuit is less selective than a superhet. For the pur-
poses of the beginner, the Regenerative circuit is
probably the best because it is easiest to wire, most
inexpensive insofar as parts are required, and selec-
tive and sensitive enough for ordinary use.

How To Read Schematic Diagrams

Now, if you have already turned ahead to look
at the diagrams in the latter portion of this book,
you will have seen that they consist of numerous
symbols, lines, circles, and arrows, with occasional
labels in words or letters. Let us see why radio cir-
cuits must be represented in terms of such symbols.

In the first place, you will agree that some sort of
diagram or blueprint is necessary as a basis for con-
struction work. The function of such a diagram is,
of course, the same as that of any blueprint used in
constructing a desk, a table, a ship model, or a
house. You want to know just how every part fits
together, You want to have an accurate guide to
follow.

The circuits described in detail later on are
shown in both pictorial and schematic forms. Pic-
torial diagrams are the easiest to follow and enable
you to quickly determine the layout of all parts.
Since pictorial diagrams require a great deal of
effort and the skill of an artist to make, they are
seldom used. Instead, most magazine construction
articles, most radio handbooks, and even beginners’
manuals employ what are known as schematic dia~
grams.

The symbols used in schematic diagrams are ex-
plained in the chart on the next page. These sym-
bols are merely a kind of shorthand to represent
component parts. Instead of showing a picture of a

fixed resistor every time

this part is used in a circuit, we employ the corre-
sponding symbol, —vWW——_ This symbol always
means a fixed resistor. If you will turn ahead to one
of the diagrams at the back of this book, you will
easily be able to pick out the portions of the circuit
in which a fixed resistor is used,

Again, instead of drawing a picture of & capacitor

Tse the symbol T+ ion for a variable capacitor

-T* : and so on. Examine the chart of symbol
explanations shown on page 10. Once you under-
stand the meanings of the symbols, radio circuit dia-
grams will no longer seem mysterious to you. You
might also refer to your Allied catalog to see what
the actual items look like.

Since you will frequently find it necessary to use
symbols in drawing circuits by yourself it is also ad-
visable for you to obtain practice in drawing these
symbols as well as in recognizing them. It is
suggested that you first learn how to draw the in-
dividual symbols—memorizing them as you draw
them. After a time, you will find it beneficial to
copy an entire diagram so that you can gain pro-
fictency in arranging the elements in a diagram.
After sufficient practice, you ought to be able to
draw simple diagrams from memory.

When constructing a unit from a diagram, always
work systematically. Read the diagram step by
step, checking off each part, wire and connection as
it is installed. Mount parts in logical sequence, so
that those connnected first will not interfere with
installation of the rest.

Figure 1. A simple schematic
diogram,

Figure 2. Pictorial diagram of
the circuit of Figure 1,



An illustration of a schematic diagram and its
associated pictorial counterpart is shown in Figs, 1
and 2. Let us consider Fig. 1 first. This circuit con-
tains a transformer, three resistors of which one
is variable, and a neon bulb, The three resistors
are connected so that one fixed resistor attaches to
one side of the variable resistor and the other fixed
resistor attaches to the other side, This combination
is then hung across one transformer winding, the
side with the red and blue wires. Finally, the neon
bulb is connected across the 18,000-ohm resistor.

Now compare the schematic diagram of this ¢ir-
cuit with the pictorial diagram in Fig. 2. A good
place to start is with the red and blue wires coming
from the transformer. The blue wire connects to a
soldering lug on a small terminal strip. One side of
the neon bulb goes to the same lug, as well as one
wire from the 18,000-ohm resistor. At this point
the three wires would be soldered together. To iden-
tify this point in the pictorial diagram with the
same point in the schematic diagram, both have the
letter A,

We might stop here and note that the small ter-
minal strip is found only in the pictorial diagram;
it does not appear in the schematic diagram. This is
because this component is not necessary to the cir-
cuit. Rather, it is a convenience item designed to
make it easier to wire several parts together. We
could take the three wires from the transformer, the
neon bulb, and the 18,000-ohm resistor and simply
twist them together in mid-air and obtain the con-
nection that way. However, this is not a secure way
of wiring a circuit. Much more desirable is a rigid
point, such as a terminal lug, to which all three
wires can be solidly attached, Such tie points are
quite common and found in all but the simplest cir-
cuits. Note, however, that they seldom appear on
the schematic diagram.

Incidentally, another item not shown in the sche-
matic diagram is the chassis on which all the parts
are mounted, However, a chassis is always used and
so this is understood.

The second lug on the terminal strip in Fig. 2
holds the red wire from the transformer and one
end of resistor R1. The other end of R1 attaches to
one end terminal of variable resistor, R2. The other
end terminal of R2 has the unattached lead from
R3 connected to it. This still leaves the center
terminal of R2 free and if we carefully examine
the schematic diagram of this circuit, we note that
one wire from the neon bulb goes here. With this
final connection, the circuit wiring is complete.

While the foregoing deals with a very simple cir-
cuit, it covers all the elements of wiring that any
other circuit, simple or complex, would follow. The
only significant difference would be the number of
connections that would have to be made.

Some Theoretical Background

At this point we shall take time to discuss, briefly,
some of the theoretical considerations which un-
derlie the whole science of radio. We shall not go
into too great detail, but we shall describe radio
theory to the extent necessary for your purpose as
a radio-builder,

To begin with, radio and electricity are both
branches of the science of Physics, which the dic-
tionary defines as:

The science that treats of the phenomena
associated with matter in general, especially
its relations to energy, and of the laws govern-
ing these phenomena, excluding the special
laws and phenomena peculiar to living matter
(biology) or to special kinds of matter (chem-
istry ). Physics is generally held to treat of
(1) the constitution and properties of matter,
(2) mechanics, (3) acoustics, (4) heat, (5)
optics, and (6) electricity and magnetism.
The force of electricity plays a leading role in

making possible the whole range of radio transmis-
sion and reception. In the first place, your home
radio depends on the electrical power line or on
batteries (which are reservoirs of electrical power)
for operating current. This electrical power may be
changed in form and increased or decreased in volt-
age (electrical pressure) before it 1s made to serve
the circuit. In the second place, besides this ex-
ternal electrical energy, the incoming electro-mag-

netic waves striking the antenna of your radio pro-
duce minute but definite electrical currents in the
input circuits of the radio receiver.

Electricity itself is a mysterious agent made to
serve our needs in many ways, While we are able to
control and use this energy quite safely, we really
do not know exactly what it is, Over a period of
years, however, scientists have been able to devise
a useful theory which fits all the facts and is now
generally accepted,

The Electron Theory

Briefly, this theory might be summarized somewhat
as follows: All matter in the world is made up of
about 100 fundamental materials called elements.
These include such familiar elements as oxygen,
hydrogen, carbon, gold, etc, and some rare sub-
stances known as radium, tungsten, yttrium, helium,
etc. A combination of these elements yields other



SCHEMATIC SYMBOLS USED IN RADIO

The symbols below are standard in radio, TV
and clectronics diagrams, Popular components
arc represented. An industry-wide attempt is
being made to standardize schematic diagrams.
All current diagrams will be enough like these to
casily identify the components. Note the two
methods used to indicate a wire connection and a
crossover. Both are in common use, but the

curved wire crossover and dotted connection is
preferred.

The symbol for a ground point may indicate an
actual connection to the metal chassis, or a con-
nection to a common lead, usually the B~ volt-
age point. All ground points may usually be as-
sumed to be connected together electrically,
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substances; for example, hydrogen and oxygen,
combined in proper proportions, result in water.
The elements themselves are composed of a num-
ber of atoms. No one has ever seen an atom, since
even the most powerful microscope cannot magnify
an atom sufficiently to make it visible.

If an atom could be isolated, however, we should
find, according to modern theory, that it is made of
a central bedy of positively charged electricity con-
sisting of a number of protons, surrounding which
are bodies of negatively charged electricity called
electrons, The opposing electrical forces in the pro-
ton and electron serve to keep the atom united.
Electrons and protons are the same in all atoms.
The difference between atoms lies in the number
of electrons and protons which make up the atom
and in the method of their combination,

Each electron, of course, is very small, and mil-
lions upon millions are required to form the current
used to heat the filament of a single radio tube.

Electrons exist everywhere in nature and free
electrons tend to be present in equal numbers in all
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places. If a body has
more electrons than sur-
rounding bodies it 1s
negatively charged. But =

if a body lacks sufficient
electrons to be neutral,
it will be positively
charged. Now, if a positively charged body is
brought into contact with a negative body, there
will be a flow of electrons from the negative to the
positive (see Fig. 3) until both bodies will become
neutral (that is, both will have an equal number of
electrons). In short, electrons, being negative in
potential, are always attracted to a positively
charged body.

The charged bodies need not be brought into di-
rect contact for the electrons to flow—a wire which
acts as a conductor may be used instead. Practi-
cally all metals are good conductors of electricity.
Silver is the best, but since it is too expensive for
ordinary use, the next best conductor, copper, is
widely used.

Figure 3. Diogram shows flow of
alectrons.

Resistance

Any conductor, however, has a certain amount of
opposing force to the passage of electrons, This op-
position is known as resistance. Silver or copper
wire has very little resistance (which is why copper
is so extensively used for carrying electrical cur-

rent). Iron wire, on the other hand, has quite a bit
of resistance, and may become hot when many
electrons are retarded in their passage. Heavy thick
wire—which permits the
easy passage of millions
of electrons — has less
resistance than fine, thin
wire of the same ma-
tertal—which slows up
the electron flow (See
Fig. 4).

Some substances other than metals have ex-
tremely high resistance; they permit very few elec-
trons to pass. Some of these substances are rubber,
bakelite, glass, and porcelain. Because of their high
resistance they are used as insulators. There is no
such thing as an absolute non-conductor.

The unit of measurement for resistance is the
ohm. Assume that we have a battery of one volt
connected to a wire of one ohm resistance. Then an
electrical current of one amp will flow. You can
see, now, that the voltage, the current, and the re-
sistance of any circuit are inter-related. In Direct
Current circuits, this relationship is expressed math-

ematically according to Ohm’s law: E=—IXR. In
this formula, each symbol stands for one factor; E
for voltage, 1 for current in Amperes, and R for
resistance in ohms.

Figure 4. Relation of wire-size to
resistonce.

x“’ Wire-Wound Resistors

Figure 5. Several different types of fixed resistance.

Commercial resistances, or resistors, possess a
variety of physical shapes, some of which are shown
in Fig. 5. The two most common types possess
either carbon or composition construction. They
occur largely in the tubular form shown in Fig. 5
and are available in a wide range of values from
a few ohms to many millions of ochms. The values
may either be printed in figures on the side of the
resistor body or a color code may be employed.
For the latter, the Electronic Industries Associa-
tion (EIA) has adopted a standard system assign-
ing numbers to specific colors to indicate the resist-
ance value, Since resistors are used in all radio
circuits, it is important that the radio beginner
learn how to read this color code.






