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The organization of this book has evoked a good deal of curiosity,
and an explanation is in order. The subject matter seems to fall into
three general categories. These are:

1. Electrical theory.

2. The radio transmitter.

3. The radio receiver.

Some authors have arranged their books as follows:

1. Electrical theory. The assumption is that before the student can
learn radio theory he first must know electrical theory.
2. The radio transmitter. This is predicated on the fact that, before

a signal can be received, a signal must be transmitted.

3. The radio receiver.

This order seems logical to the author, but is it logical to the
student?

There is a maxim in pedagogy that you must teach from the known
to the unknown. That is, material must be presented in light of what
the student already knows. In this way the transition to the new is
made easy, especially if the steps are small and in proper sequence.

With the above in mind, let us see what happens to the sequence
of topics. To the average beginner the electrical theory represents a
mass of abstract principles and laws, generally without meaning or
reality, that must be memorized. As for the radio transmitter, hardly
a beginner has even seen one.



The only thing that has any reality or familiarity for-him is the
radio receiver that he has seen and handled in his home.

Accordingly, he should learn first how the radio receiver operates.
So important is this that the first part of this book is devoted entirely
to the receiver.

Of course, it would be absurd to attempt to explain to the beginner
the operation of the modern superheterodyne receiver at the very
beginning of the book. The simple crystal receiver is chosen as em-
bodying all the basic principles of any receiver.

To insure a complete understanding of this simple receiver, the
device of the spiral is adopted in presenting the subject matter. Thus
at the first cycle an extremely elementary explanation of the radio is
presented—tuning, detection, and reproduction. The next turn around
covers the same ground but at a slightly higher level. And so on
through the various cycles.

But at each level, the complete radio receiver is presented. By
this means, the student’s interest is maintained. Also, at each stage,
set construction is presented so that the student can see the result of
the theoretical concepts of that stage in concrete form.

Having mastered an understanding of the simple crystal receiver,
the student is led on to more advanced sets by being confronted with
problems he must solve. Thus, the drawbacks of the crystal detector
lead to the development of the vacuum-tube detector. To eliminate
the nuisance of headphones requires the audio-frequency amplifier.
Our search for sensitivity leads us to the radio-frequency amplifier.
And so on. Note that this is how the science of radio actually
developed.

Another must is the elimination, as far as possible, of all formulas
and mathematics. Too often a formula is substituted for an explana-
tion. We must remember that what is perfectly clear to the engineer
may not be so clear to the student. Thus this first part does not contain
a single formula.

The second part of this book is devoted to electrical theory, trans-
mitt~rs, and niore advanced aspects of radio. It is hoped that the
student will be sufficiently enthusiastic and curious to continue
beyond the first part. But even if he is not, it must be remembered
that each part is a complete unit in itself.



Teaching Devices

To make the texthook a useful tool of instruction, several devices
approved by most progressive teachers are included: -

1. Problems are set up as questions at the beginning of each

chapter.

Paragraphs are introduced by boldface captions.

A glossary appears at the end of each chapter.

A set of questions and problems accompanies each chapter.

A complete program of classroom demonstrations is provided

at the end of the text.

Useful tables of data are grouped in the Appendix.

7. The drawings are large and more than usually profuse. They
are definitely directed toward explanation —not for adorn-
ment.

8. A Table of Contents may be used as a guide to weekly
planning of work.

9. A detailed index for easy reference will be found at the end

of the book.
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The Time Allotmeni

The book is designed for a one-year course. Experience with
classes has shown that each part may serve for about one semester
when one period per day, five times a week is the schedule.

Methods and Equipment

[t is recommended that all principles be introduced and investi-
gated as a problem or difficulty; that the principles be demonstrated
by the teacher; and that one period or more per week be given to
practical wiring, testing, soldering, and measurement by the students
in the laboratory. The facilities of the school will determine the
amount of individual laboratory work that can be done. But it is
believed that any instructor with the ordinary equipment in physics
and with the addition of the parts salvaged from one or more radio
sets can carry out most of the demonstrations listed in the back of

the book.
THE AUTHORS
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History of Communication

PROBLEM. How has man improved his means of com-
munication since time began?

Sound Signals. Ever since man could make a sound, he has
attempted to transmit messages over ever-increasing distances. A
shout may have been the first “long-distance transmission.” Man
soon learned that greater distances could be spanned by beat-
ing with a club on a hollow tree. Even today, a fairly effective
system of drum-beat communication exists among primitive tribes.

Sight Signals. Another ancient method of message transmis-
sion involves the sense of sight. From hand-waving, men pro-
gressed, thousands of years ago, to the waving of flags, the use of
puffs of smoke, of fires, of lanterns, of the heliograph—a device
whereby sunlight is reflected by mirrors and flashed over consider-
able distances.

All the above methods of communication suffer from one
common fault: they are useful only over comparatively short
distances, a few miles at best.

The Telegraph. Nevertheless, it was not until the nineteenth
century that better means of communication were devised. In
1832, Samuel F. B. Morse invented the electric telegraph. By
sending an electrical impulse along a wire, he operated an electro-
magnet at the end of the line. This electromagnet attracted a
bar of iron, causing an audible click. By means of a code, these
clicks were translated into letters and words.

This was a big step forward. No longer was man bound by
the limits of sight and hearing. Wires could be strung for many

B
1



2 . History of Communication

miles, and the electrical impulses could be sent through them at
the incredible speed of nearly 186,000 miles per second! In 1866,
the first message was sent from America to Europe by means of a
telegraph cable beneath the Atlantic Ocean.

The Telephone. In 1875, another stride forward was taken
when Alexander Graham Bell invented the telephone. Now, sound
could be converted into electricity at the transmitting end of the
line, sent through wires at the same tremendous speed as in the
telegraph, and reconverted into sound at the receiving end of
the line. Thus, the very spoken word was sent by wire over hun-
dreds and thousands of miles!

Wireless Telegraph—Radio. Marvelous advances though they
were, the telephone and telegraph fell short of meeting the de-
mands which our ever-expanding civilization put upon them. Wires
could not be strung everywhere. Explorers and ships at sea were
cut off from communiecation with home and one another. The hal-
loon, and later the airplane. required some means of communica-
tion that did not entail stringing wires from sender to receiver.
Clearly, a wireless telegraph and a wireless telephone were needed.

Like all great inventions, neither the wireless telegraph nor
the wireless telephone (or radio, as we now call them both) was
the product of any one man’s activity. Many men from many
lands contributed their shares hefore the radio eame into being.

Nearly a quarter of a century before the first radio wave
was produced intentionally. an English scientist, James Clerk
Maxwell, by means of an elaborate mathematical formula, proved
the possibility of producing the radio wave. This was in 1864.
His contribution was the theory of electromagnetic waves.

Radio Communication. In 1888, Heinrich Rudolf Hertz, a
young German of Frankfort, succeeded in transmitting the first
radio wave across a room and picking up this wave signal on an
extremely crude type of receiver.

Then followed six years of activity during which a large num-
her of scientists each contributed something new or improved what
was already known. These experiments finally led to the wireless
telegraph. the first practical radio system. This was invented by
Guglielmo Marconi, a voung Italian. in 1895, With his system,
Marconi was able to send and receive messages for several miles
without any intervening wires. In 1901, Marconi succeeded in
spanning the Atlantic Ocean.
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Here, indeed, was the way to the solution of one of the needs
of the twentieth century—a system of communication over long
distances without interconnecting wires.

SUMMARY

In this chapter we have learned that man has improved his
means of communication gradually. The probable steps in this
progress have been successively: sound, light, electrical signal in
wires, and finally signals sent and received through space by radio.

QUESTIONS AND PROBLEMS

1. What were the shortcomings of primitive means of communica-
tion?

2. What needs of daily life made wired systems of electrical com-
munication inadequate?

3. Who first proved mathematically the possibility of producing
the radio wave? When? What is the name of his theory?

4. Who first produced an elementary radio transmitter and re-
ceiver? When?

5. Who invented the first practical radio system? When? What
was this system called?



Wave Motion

PROBLEM. What are the characteristics of a wave?

Water Waves. Radio communication, we are told, travels in
waves. We must therefore try to understand what a wave is. If you
drop a pebble into a pond of still water, ripples or waves are cre-
ated and travel away from the splash in ever-widening circles.

g— Y
d
-vA )

Fig. 2-1. A slone thrown inlo a still pond causes ripples. These travel in
ever-widening circles from the poinl of disturbance.

If you examine these waves, you can see how they are formed
and how they travel. The falling pebble, when it strikes the water,
pushes some water away from its path, forming a sort of cavity,
or hollow, in the pond. The displaced water is forced above the
normal level of the pond in a circular wall around the cavity.

4
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WALL OF WATER~ — WALL OF WATER

SURFACE OF POND

Fig. 2-2. A sectional view of the pond shows the cavily and wall of water
formed by the falling pebble.

The weight of the water causes this circular wall to collapse, to
fall—and when it falls, it goes past and below the original level
of the pond. This falling water, like the falling pebble, in turn
displaces some more water, thereby causing another circular wall
to be built up a little distance from the original cavity. This rising
and falling continues on and on. The building up and collapsing
of the walls of water cause the wave to travel away from the
original hollow made by the pebble. Because of the resistance to
movement of the water, each wall is a little lower than the one
before it and when it falls it descends a little less below the surface
of the pond.

DIRECTION OF TRAVEL
OF WAVES

HOLLOW

4
HOLLOW

HOLLOW

Fig. 2-3. This sectional view of the pond shows the series of circular walls
and hollows formed by the falling pebble.

Place a small piece of cork on the surface of the pond a little
distance from where you drop the pebble. As the ripples reach the
cork, it bobs up and down but does not travel on with the wave,
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This shows that each particle of water moves up and down but
does not travel across the pond as the wave does.

What Travels in a Wave? You can better understand this be-
havior, perhaps, if you set up a row of dominoes. Tip the first one
against the one alongside it. It ‘will push its neighbor against the
next one, and so on. The motion (or wave) will pass through the
entire row, but each domino will travel only a short distance.

DIRECTION OF MOTION————»

Fig. 2-4. A row of dominoes illustrates wave motion.

It is the energy, or motion, of the falling domino that travels,
not the dominoes. Similarly, in the case of the water wave, the
particles of water do not travel across the pond: it is the energy
of the falling wall of water alone that travels.

DIRECTION OF TRAVEL OF WAVE ———————»

Fig. 2-5. Illustrating ware molion with a rope.

Obtain a fairly heavy rope about fifteen feet long. Fasten one
end to a post. Now, move the free end up and down. The rope
seems to travel towards the post, but the rope itself is not travel-
ing. You can see that because the free end is no nearer the post now
than before. Each particle of rope is moving merely up and down.
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It 1s the energy or wave that is traveling through the rope from the
end in your hand to the end fixed to the post.

In these examples, the water, the dominoes, and the rope
are each called the medium. The particles of the medium move a
very short distance. It is the energy or motion traveling through
the medium from particle to particle that we call the wave.

Wavelengths. Let us look more closely at the ripples in the
pond. Recall that the pebble forms a hollow in the pond and builds

[~ WAVELENGTH ->‘

—WAVELENGTH-

Fig. 2-6. What is meant by wavelength is shown in this sectional view of a
pond inlo which a pebble has been throun.

up a wall surrounding that hollow; when this wall falls it makes
a hollow with a wall next to it, and so on. Note that the walls
and hollows alternate—that is, first there is a wall, then a hollow,
then a wall, and so on. The top of the wall is called the crest of
the wave; the bottom of the hollow is called the trough. The dis-

-

DIRECTION OF TRAVEL OF WAVE —————»

Fig. 2-7. In this sectional view of the pond, the heavy line shows the path of
the wave going through one cycle.
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tance between one crest of a wave and the next crest (or between
one trough and the next trough) is called the wavelength.

At the seashore, you may see waves whose lengths vary from
a few feet to about a half mile. You may set up a rope wave
whose length varies from several inches to several feet.

The series of changes in the water surface in going one wave
length are called a cycle. This means the changes from one crest
through the trough and to the next crest, or from one trough
through a crest and down to the next trough.

Frequency and Amplitude. The number of cycles in a given
unit of time is called the frequency. Thus, an ocean wave may have
a frequency of about two cycles per minute. This means that the
wave will travel through two cycles in one minute,

If you examine the water ripples again, you may notice an-
other interesting thing about them. The larger the pebble you
drop, or the more force with which you throw it, the deeper is the
hollow produced and the higher the wall of water set up. The depth
of the trough beneath the normal level of the pond or the height
of the crest above it is called the amplitude of the wave. Note that
the amplitude of a wave depends upon the force producing it.

Another interesting fact is the speed with which a wave passes
through a medium. Since the wave travels from particle to particle
tn the medium, the type of medium makes a difference in the speed
with which a given kind of wave will pass through it.

AMPLITUDE

DIRECTION OF TRAVEL OF WAVE ————»

Fig. 2-8. This seclionai view of the pond illusirates what is meant by ampli-
lude. Nolice thal in this kind of wave the amplitude decreases as the warve
travels further away from the point of disturbance.
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SUMMARY

A wave is energy traveling through a medium by means of vibra-
tions transmitted from particle to particle.

The amplitude (of a water wave) is the height of the crest of
a wave above, or depth of the trough below, the surface of the
medium at rest.

The wavelength is the distance between one crest of a wave and
the next crest, or between one trough and the next trough.

A cycle is the series of changes from normal that are produced
as the wave travels in going one wavelength.

The frequency is the number of cycles in a given unit of time.
The speed with which the wave travels depends upon the nature
of the medium.

QUESTIONS AND PROBLEMS

. Describe what happens when a stone is thrown into a pond.

. What is meant by a wave?

. By means of a diagram, describe what is meant by wavelength.

What is meant by a cycle? What is the relationship between

cycles and frequency?

Upon what does the amplitude of a wave depend?

6. What determines the speed with which a wave travels through
a medium?

7. Make a diagram of a series of water waves. Label the following:
wavelength, amplitude.

8. How may energy be made to travel from one place to another?

hAWN -
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Light, Heat, and
Radio Waves

PROBLEM. Horw do light, heat, and radio waves travel?

Light Waves. See if you can get an electric-light bulb of the
vacuum type. These bulbs are becoming scarce because it has been
found that electric-light bulbs do their work better if filled with a
gas. like nitrogen. You may still get the vacuum-type bulb in a
large electrical supply store. Screw the bulb into the electric-light
socket and turn the switch. Light waves, which are a type of
energy. travel from the hot filament to our eyes. Scientists tell us
that light is energy traveling by means of waves.

Now, since a vacuum surrounds the hot filament, what is the
medium that carries the light waves? What is the medium that
carries the light waves from the sun to the earth? The reason we
ask these questions is that scientists say that the space between
the earth and sun is empty, or, in other words, is a vacuum.

A Convenient Medium for Waves in Vacuum. To get around
the difficulty. scientists were forced to assume that a medium
existed. and they called this medium ether. (Note that this ether
is not the same as the gas the doctor gives you when he wants to
put you to sleep.) Ether, as scientists use the word, is what remains
in space when all substance or matter. as we know it, has been
taken away. This so-called ether is the medium that transmits the
light waves across a vacuum; hence it is called luminiferous (that
is. light-carrying) ether*

*The idea of an ether was proposed in the latter part of the seventeenth cen-
tury by Sir Isaac Newton and given prominence by Christian Huygens, the Dutch
physicist, who discovered polarized light. There is no proof that ether does or

10
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Experiments have shown that the light wave travels through
ether at the enormous speed of 186,000 miles (300,000,000 meters)
per second. The frequency (that is, the number of cycles per sec-
ond) of light waves varies from 375 million million to 750 million
million cycles, and their wavelength varies from approximately 15
to 30 millionths of an inch (0.000015 to 0.000030 inch).

Heat Waves. Now touch the outside of the “burning” electric-
light bulb. It is hot. How did heat, another type of wave energy.
get across the vacuum in the bulb? How do the heat waves sent
out by the sun reach the earth?

The heat wave, like the light wave, travels through the ether.
Like the light wave, its speed is 186,000 miles per second. The
frequency of heat waves varies from 750,000 million to 375 million
million cycles per second; hence their wavelengths vary from ap-
proximately one hundredth to 30 millionths of an inch (0.01 to
0.000030 inch).

Waves that move in ether are known as ether waves. Light
and heat are two forms of energy that travel by ether waves.

The Metric System. At this point, it should be explained that
scientists prefer the metric to the English system for the measure-
ment of length. Under the English system. you know that

12 inches = 1 foot
3 feet = 1 yard
1760 yards = 1 mile
In the metric system, the unit of length is the meter, which is
slightly more than a yard long (39.37 inches). The prefix deka-
means ten, hecto- means hundred, kilo- means thousand, and mega-
means million. Similarly, deci- means a tenth (1/10), centi- means
a hundredth (1/100), mulli- means a thousandth (1/1000), and
micro- means a millionth (1/1,000,000).
Thus, a kitlometer means 1000 meters, and a millimeter means
1/1000 of a meter. Other examples follow:

10 millimeters (mm)
10 centimeters

10 decimeters

10 meters

10 dekameters

10 hectometers

1 centimeter (cm)
1 decimeter (dm)

1 meter (m)

1 dekameter (dkm)
1 hectometer (hm)
1 kilometer (km)

does not exist. Some scientists prefer to ignore it. However, since ether is a con-
venient label for the idea of a medium by which all forms of radiant energy (heat,
light, radio) are transmitted, it will be used in this text,
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The relationship between the metric and English systems can
be seen from the following table:

1 inch = 2.54 centimeters
39.37 inches = 1 meter
0.62 mile = 1 kilometer

The prefixes used in the metric system for length are also
used to measure other values. Thus, 1000 cycles per second be-
comes a kilocycle (ke), and 1,000,000 cycles per second, a mega-
cycle (me). Hence when we say that the frequeney of light waves
varies from 375 million millions (375.000.000.000,000) to 750 mil-
lion millions (750,000,000,000,000) of cycles per second, we may
express these numbers as from 375,000,000 megacycles to 750,000,-
000 megacycles.

We have taken time out to explain the metric system because
you will constantly come across this system of measurement in
your scientific studies. As a matter of faect, the frequency of the
radio waves from the various broadcasting stations are usually
listed in kilocycles (1000 cycles). Thus, the frequency of station
WOR, New York, is 710 ke (710,000 cycles) per second.*

Other Forms of Energy. For the light and heat types of ether
waves, special organs of our bodies act as receivers. However, other
forms of energy are transmitted through the ether; we cannot de-
tect these with any of our unaided senses. We must, therefore,
devise special instruments that can change such forms of energy to
types which it is possible for our senses to perceive.

To see the effect of one such type of energy, balance a mag-
netic needle on a pivot and near it suspend a coil of about 25 turns
of No. 18 insulated copper wire. Then pass the current from a
dry cell through the coil, and observe that the magnetic needle is
sharply deflected. Energy from the coil of wire passes to the mag-
netic needle. To show that it is not the air which transmits the
energy. place the whole apparatus under a bell jar and pump out
the air. Once again pass the current of electricity through the coil.
Again the magnetic needle is deflected. The energy is transmitted
across the vacuum.

*Often when indicating frequency, the term “per second” is omitted, and
thus 710 ke per second is merely written as 710 ke, “per second” being understood.
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T0 EXMAUST
PUMP

KEY

Fig. 3-1. This apparalus shows that electric current flowing through a coil
of wire will sel up a magnelic field around thal coil. This field is crealed even
though the cotl is surrounded by a racuum.

For want of a better explanation, we again fall back upon the
ether and assume that it is the medium which transmits the
energy. We say that when an electric current passes through a
wire it sets up a magnetic field in the ether around that wire.

Note that this magnetic field, unlike the light and heat waves,
cannot be received by our senses. Accordingly, we use the magnetic
needle to detect this field. and thus to change its energy to a form
which our senses can receive. The energy of the magnetic field is
changed to the motion of the needle; we can see motion.

All these ether waves are “wireless” waves: they do not de-
pend upon metallic wires to transmit their energy. Because of this
fact, these waves may be used to communicate between places
where it is not possible to string wires, as between an airplane and
the ground. Light waves, as we well know, have been used for com-
munications. To a lesser degree, so have heat waves and magnetic
fields.

Radio Waves. Light waves travel in straight lines and can-
not penetrate many kinds of materials. Substances through which
light cannot pass are called opaque. Because of this. the curvature
of the earth and such intervening objects as houses, trees, hills, and
the like, limit the range of this method of communication.

As for heat waves, they are too readily absorbed by surround-
ing objects to permit them a large range.

The magnetic field is effective for only a very short distance.
If, however, the key in Figure 3-1 is opened and closed very rapidly
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(ten thousand or more times a second). a type of ether wave new
to us. a radio wave. i$ created.

This wave can travel great distances and can penetrate non-
metallic objects. It travels at the speed of light—namely 186,000
miles per second. and its frequency. wavelength, and amplitude are
determined by the apparatus used to create it.

Radio waves vary in length from ahout 18 miles down to
17250 inch. Those used in ordinary broadeasting are from 656 feet
to 1968 feet (approximately 200 to 600 meters) in length.

SUMMARY

The following principles have been discussed in this chapter:

1. Certain forms of radiant cnergy are transmitted by ether waves.
Some of these forms are light, heat, and radio waves.

2. The idea of a medium called ether has been assumed for prac-
tical reasons, although not proven.

3. Radiant encrgy travels through the cther with a speed of 186,000
miles, or 300,000,000 meters, per second.

4. The lengths of the waves are determined by the vibration fre-
quency of the souree of the waves. The ranges are:

Visible light waves............ 0.00004 to 0.00008 cm
Heat waves. . ................0.00008 to 0.04 cm
Radiowaves. ................ 0.01 cm to 30 km

5. The length of an ether wave is found by dividing 300,000,000
meters by the number of vibrations (or cycles) per second.

GLOSSARY

Ether: The medium, permeating all space, which is supposed to
carry such forms of energy as light, heat, and radio waves. There
is no proof that ether does or does not exist.

Ether Wave: A wave of energy which uses ether as a medium.

Heat Wave: An ether wave whose wavelength lies between 0.00008
and 0.04 cm.

Light Wave: An ether wave whose wavelength lies between 0.00004
and 0.00008 cm.

Magnet: A bar of iron, steel, or other material, or a coil of wire
carrying an electric current that has the property of attracting to
it pieces of iron, steel, or other magnetic substances.

Radio Wave: An ether wave whose length lies between 0.01 ¢m and
30 km.
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QUESTIONS AND PROBLEMS

1. In what ways are radio, heat, and light waves similar? In what
ways do they differ?
. What is unusual about the medium of a radio wave?
. At what velocity do light and radio waves travel?
. Define and give examples of ether waves.
. For what ether waves are our bodies receivers? For which are
our bodies insensitive and in need of special receivers?
6. Why can the magnetic field of an electromagnet not be used to
send wireless messages in a practical manner?
7. Identify the mathematical prefixes: kilo-, mega-, milli-, micro-.
Give examples of how they are used.
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A Simple Radio

Receiving Set

PROBLEM 1. What are the four essential parts of the
radio receiver?
PROBLEM 2. What is the function of each part?

It will be helpful in our study of the principles of radio to
learn at the start that every radio receiver, no matter how com-
plex or involved, consists of only four essential parts. They are:

1. The antenna-ground system, which collects the radio waves.

2. The tuner, which selects the radio wave (or station) to be
received, and rejects all others.

3. The reproducer, the device which changes the energy of
the radio wave to a form which our senses can perceive.

4. The detector, which changes the energy of the radio wave
to a form whereby it can operate the reproducer.

This holds true for all receiving sets, from the simplest crystal
set to the most complex television receiver. Everything else in the
receiver is merely a refinement of these four essentials.

WHAT IS THE PURPOSE OF THE
ANTENNA-GROUND SYSTEM?

The Antenna. Suppose we string a copper wire so that one
end is up in the air and the other end is connected to ground.
Radio waves sent out by a broadcasting station, striking this wire,
will set up an electrical pressure, or voltage, along the wire. This
pressure will cause a small electrical current to flow up and down
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the wire. We now have the beginning of our receiver, the antenna-
ground system. With this system, we collect radio waves. All re-
ceivers must have an antenna-ground system, which may be ex-
ternal and connected to the set by wires or may be contained in
the set itself in the form of a number of loops of wire.

To prove that this antenna-ground system is necessary to the
receiver, connect up a regular broadeast receiver with an external
antenna (sometimes called aerial) and ground. Tune in a station
and then disconnect the antenna and ground. The station dies
away."

WHAT IS THE FUNCTION OF A TUNER?

Resonance. All radio receivers must have some method of
separating the station desired from all other stations broadeasting
at the same time. The apparatus that does this is called the tuner.
Since each station sends out radio waves of a different frequency,
the tuner must select the frequency desired and reject all others.

To understand how this is done you must first learn about
resonance.

Place a number of drinking glasses of different size, shape, and
thickness upon a table. Strike each with a pencil. Observe that each
glass gives off a different tone. The vibrating glasses set up air
waves, which reach our ears and are interpreted as sound. The
different tones are caused by the different frequencies of these air
waves. This means that the glasses, too, are vibrating at different
frequencies. The frequency at which an object will vibrate when
struck depends upon its material, size, shape, and thickness. This
frequency is called the natural frequency of the object.

Resonance with a Pendulum. From a nail, suspend a small
weight at the end of a string about a yard long. You now have a
pendulum. Start the pendulum swinging gently. You will note that
it swings a certain number of times per minute. That number is
the natural frequency of that particular pendulum. Wait till it is
swinging gently. Now, every time the pendulum reaches the end
of its swing, give it a very light tap. You will soon have your

* The station may be faintly received even after the antenna and ground are
disconnected, because the wires in the set itself act as a very inefficient antenna
and ground. A receiver that has no built-in loop antenna should be used here.
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18 A Simple Radio Receiving Set

pendulum swinging violently to and fro. Note that you must tap
the pendulum at the exact instant it reaches the peak of its swing
if you wish to increase that swing. If you tap it too soon or too late,
the pendulum will slow down. The increased energy of the swing
came from the tapping. Therefore, to obtain the maximum transfer
of energy from the tapping to the pendulum, the frequency of the
tapping must be equal to the natural frequency of the pendulum.
The tapping is in resonance with the swing of the pendulum.

Resonance with Tuning Blocks. Here is another experiment
you nay perform. Obtain two tuning blocks of similar frequency,
say, 256 vibrations per second, which corresponds to the note we
call middle C on the piano. A tuning block is a bar of steel so de-
signed that it will vibrate at a certain frequency when struck.
This bar is mounted on a hollow wooden block which amplifies the
note produced.

Place these blocks about 10 feet apart. Now, strike one of
them vigorously: it will give off its note, middle C. Place your
hand on the block you struck to stop its vibrations. You will con-
tinue to hear the note, although a good deal fainter. Bring your
ear near the second block. The sound will be coming from it,
although you did not strike it. Place your hand on the second block.
The sound stops.

Let us see what happened. When you struck the first block, it
was set vibrating at its natural frequency of 256 vibrations per
second. The vibrating bar set up air waves at that same frequency.
These air waves struck the second block. Since the frequency of the
air waves was the same as the natural frequency of this second
block, the energy of the air waves was transferred to the block,
and it was set in vibratory motion. The second block thereupon set
up air waves of its own, and it was these waves you heard when
you stopped the vibrations of the first block. We say that the two
blocks are in resonance with each other.

LR
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Repeat this experiment, using two tuning blocks of different
frequency, say, one at 256, or middle C, and the other at 288, or
D. This time you get no sound from the second block because the
air waves are not vibrating at the natural frequency of the second
block, and therefore, there is no transfer of energy. These blocks
are not in resonance with each other.

So you see that you have here a means of selecting only a
certain frequency and rejecting all others. All you have to do is to
construct your receiving block so that it is in resonance with the
frequency you wish to receive. It will vibrate only when air waves
of that frequency hit it, but not at any other frequency.

Resonance in a Radio Receiver. In our radio receiver, we use
the same principle that was shown by the tuning blocks. Assume
that three stations A, B, and C are broadcasting simultaneously at
frequencies of a, b, and ¢, respectively. If you wish to receive
Station A, you adjust your tuner so that the natural frequency of
your receiver is the same as the frequency a of the radio wave
from station A. The receiver now is in resonance with the radio
wave from station A, and the energy of the radio wave is trans-
ferred to the receiver. Since stations B and C are not in resonance
with the receiver, the energy of the radio waves sent out by these
stations is rejected, and we do not hear them.

WHAT IS THE FUNCTION OF THE REPRODUCER?

Need for a Reproducer. So far, we have been able to catch or
collect the radio waves by means of the antenna-ground system
and to select the station (or frequency) we desire by means of the
tuner. But we still cannot hear or see the electric currents which
have been set up in our receiver. What we now need is some device
which will change this electric current to a form of energy that we
can hear or see. This device is called the reproducer.

Using copper wire, hook up a telephone transmitter, a tele-
phone receiver, and some dry cells as shown in Figure 4-2.

The Telephone as a Reproducer. The electric current flows
from the dry cells through the copper wire, through the telephone
transmitter, then from the transmitter through the copper wire,
through the telephone receiver, and then through the copper wire
back again to the dry cells. We call this an electrical circuit.
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When you speak into the telephone transmitter, the sound
waves hitting it cause it to act like a gate, allowing more or less
electric current to flow through the circuit. A fluctuating electric
current is thus set flowing in the circuit. At the other end of the
line, in the telephone receiver, this fluctuating electric current
causes a metallic diaphragin to fluctuate (move back and forth) in
step with the current. This movement of the diaphragm causes the
air next to the diaphragm to move back and forth, setting up air
waves: we hear these air waves as sound. Since the air waves that
hit the transmitter move the same way as the air waves set up by
the diaphragm of the receiver, you hear the same sound as was
spoken into the transmitter. The telephone receiver is a reproducer.

7 Fig. 4-2. Hookup of a

p MR WAVES AR WAES lelephone transmiller, lele-

a((((F ' / i({ phone recetver, and dry

RECEIVER cells shows air waves,

ashiniiiee slriking lhe lransmiller,

are heard as sound coming
from lhe receiver.

DRY CELLS

Now, remember that radio waves set up an electric current
in an antenna-ground system, as we discovered earlier. Hence, it
would seem that all you have to do to hear a radio message from
a distant station is to lead this electric current through the tuner
and into some type of telephone receiver.

But not so fast. Some electric currents cannot operate the
telephone receiver. The current that the radio wave sets up in
your antenna-ground system is of this type; so it is necessary to
change it to current of a type that will operate the reproducer.

WHAT IS THE FUNCTION OF THE REPRODUCER?

The Detector. The change of current from one type to another
can be accomplished in a number of ways. The simplest way, per-
haps, is to compel the current to pass through a certain type of
mineral such as galena. This passing changes the antenna-ground
current into a current type that will operate the telephone receiver
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and make it possible to hear the radio wave as sound. Such a de-
vice, which changes the electric current set up by the radio wave
into a form that will operate the reproducer, is called a detector.

SUMMARY

Here, then, is your complete radio receiver. First of all is the
antenna-ground system, which collects the radio waves. Next comes
the tuner, which selects the station or radio wave desired and rejects
all the others. Then comes the detector, which changes the form
of the electric current set up by the radio wave into a form that will
operate the reproducer and, in turn, produces the sound we hear.

GLOSSARY

Antenna-Ground System: The wire system which picks up radio waves
and across which the radio wave produces an electrical pressure.
Detector: The device to change the electrical currents, which are
produced in a receiver by radio waves, into electrical currents
which can operate the reproducer.

Natural Frequency: The frequency at which a body will vibrate if
kept free from outside interference.

Reproducer: A device, such as a telephone receiver, that changes
clectric currents to a form which affects our senses and is usually
experienced as sound.

Resonance: The condition of two vibrating bodies when the natural
frequency of one body is equal to the frequency of the other vibrat-
ing body. In the radio receiver, when the natural frequency of the
tuner is the same as the frequency of the transmitting station, the
two are in resonance.

Tuner: The device in a radio receiver which selects a radio wave
of a certain frequency and rejects all others.

Voltage: An electrical pressure which tends to make an electric
current flow,

QUESTIONS AND PROBLEMS

1. What are the four essentials of all radio receivers?

2. What effect is produced when a radio wave sweeps across an
antenna-ground system?

3. Explain the function of a tuner in a radio receiver.

4, In what manner does resonance of the tuner relate the receiver
to the radio wave of a station?

5. Upon what factors does the natural frequency of the tone of a
drinking tumbler depend?

6. Why must a reproducer be used in a radio receiver?

7. Why must a receiver have a detector?
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The Antenna-Ground
System

PROBLEM 1. How is a simple antenna set up?

PROBLEM 2. How is the antenna connected to the
ground?

Before we continue our study, let us have clearly in mind
what we are trying to do. According to the plan of this book, we
propose to take up the problems of radio in the following order:

1. What are the parts of a radio receiving set?

2. How are these parts connected and how do they work?

3. Why do the parts function as they do?

We have learned that the radio wave, striking the antenna,
sets up an electric pressure, called an electromotive force (abbre-
viated emf) which causes a small electric current to flow up and
down the antenna-ground system. Because this current is ex-
tremely small, it is necessary to construct your antenna-ground
system as efficiently as possible, and you must be sure that you
do not waste this current once it is set flowing.

The Antenna. First of all, there is the antenna or aerial. For
ordinary broadcast reception, the simplest type of antenna consists
of a single strand of wire about 75 feet long. This wire should be
of No. 12 or No. 14 gauge copper, and may be either insulated
or bare. It should be raised as high above ground as is practical,
and should be kept clear of all obstructions, especially metal. Insu-
lators should be attached to both ends of the wire to prevent the
small currents from leaking off. Insulators are substances that do
not conduct electricity. Common examples of insulators are glass,
porcelain, bakelite, and hard rubber. If a power line or a trolley

22
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wire runs nearby, your antenna should be installed at right angles
to that line or wire.

The Lead-In. After the antenna comes the lead-in, which is a
piece of wire similar to the antenna. It is connected at one end to
the antenna and at the other end to the receiving set. If possible,
the antenna and lead-in should be made of one piece of wire. But
if you should have to join one piece of lead-in wire to another, or
to the antenna, be sure to scrape the two pieces clean with a knife
or sandpaper. Then twist one wire securely around the other. For
best results, this joint should be soldered. Finally, wrap friction
tape around the joint to prevent the air from corroding it.

The lead-in should be kept at least 6 inches away from all
walls and other surrounding objects. It is usually brought in
through a window, and, to avoid the necessity of drilling a hole in
the frame, the lead-in is cut, and a flexible window strip is inserted.
This window strip lies flat under the window frame and permits
the window to be opened and closed without disturbing the in-
stallation.

From the inside end of the window strip, connect an insulated
copper wire to the post on your radio set marked ANT. or
AERIAL. For best results, the lead-in should be about 25 feet in
length, from the antenna to your radio set.

A
kl':SUL TOR

ANTENNA WIRE ) ]g 2

f) ANTENNA

RADIO RECEIVER

° GROUND

WINDOW GROUND CLAMP

STRIP  geeu—— COLD WATER PIPE

. p['
INSULATOR-

Fig 5-1. Diagram of the anlenna-ground system.
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The Ground. Finally, there is a ground connection.” The best
connection for a ground, if one is available, is a cold-water pipe.
Next best is a radiator or any other pipe which goes to the ground.
Gas pipes should never be used as grounds. Scrape the paint off the
pipe where you plan to make the connection. Then wrap a number
of turns of bare copper wire tightly around the cleaned part.

Better yet, get a ground clamp designed for this purpose, and
attach it onto the pipe at the point selected. Then run a piece of
insulated copper wire from your ground connection to the post
marked GROUND or GND on your radio set. This wire should be
about No. 18 gauge and should be as short as possible.

When we draw a diagram of our radio set, we use symbols to
signify the various parts. The symbol used for the antenna and
lead-inis ¥ or Y . and that used to signify a ground is <

It should be understood that the antenna-ground system just
described is a very simple type. In a later chapter, some other
types better adapted to certain purposes will be discussed.

* Ground is a technical term used in radio work, and refers to a part of a
circuit which is directly connected either to the earth or to the metallic base of
some device. In an automobile, one terminal of the battery is connected to the
steel frame of the car: this is a ground. Hence, in the automobile, there is only

one wire leading to a lamp or other fixture, the circuit being completed by con-
necting it through the frame.

SUMMARY

1. The antenna-ground system consists of three parts: the antenna
or aerial, the lead-in wire, and the ground.

2. The function of this system is to receive and capture some of the
radio waves being sent out by broadcasting stations.

GLOSSARY

Aerial or Antenna: An elevated conductor, usually of copper, insu-
lated from its supports and the ground, and connected to the receiv-
ing set by the lead-in wire.

Conductor: Any substance, usually a metal wire, through which a
current of electricity can flow freely.

Ground: A water pipe, or some such arrangement, by which the
receiving set makes contact with the earth. See also footnote, p. 23.
Insulator: Any substance through which a current of electricity
cannot flow freely.

Lead-in: An insulated wire connecting antenna to receiving set.
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SYMBOLS

Y or L{J Antenna and lead-in.

< Ground.

QUESTIONS AND PROBLEMS

& N —

W

0N

. Describe the structure of a simple type of antenna system.
. What is meant by an insulator? Give examples.
. With what precautions must antennas near trolleys or power

wires be set up?

. What precautions must be taken in setting up a lead-in?
. What is the best length for a lead-in?
. What objects may best be used to make good contact with

ground?
Draw the symbols for an antenna and lead-in; for a ground.

. How should the ground connection be installed?
. Describe the complete installation of an antenna, giving size,

materials, and other details.
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The Tuner

PROBLEM 1. What are the principles of a tuning sys-

tem?

PROBLEM 2. What do we mean by inductance and

capacitance?

You have already learned that the tuner selects the desired
radio station by adjusting the natural frequency of the receiver
so that it is in resonance with the transmitter frequency. Let us
see what determines the natural frequency of the receiver.

Examination of the tuner shows that it consists of two parts
—a coil of wire called an inductor and an electrical device known
as a condenser or capacttor. This coil and capacitor produce certain

Fig. 6-1. Air-core induc-
lor.

electrical effects upon the current flowing
through them. We call the electrical effect
of the coil inductance and that of the ca-
pacitor, capacitance. We will discuss these
effects later in the book, but for the pres-
ent, it will be enough to say that the val-
ues of inductance and capacitance deter-
mine the natural frequency of the tuner,
even as the size and weight of a tuning
block determine its natural frequency.

Inductance. The device that provides
the inductance consists of a coil of wire
wound around a tube, which is usually
made of cardboard or bakelite. Its electri-
cal value depends on:

1. The number of turns or loops of
wire.

2. The length of the coil.

26
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3. The diameter of the tube on which it is wound.

4. The core of the coil. This is the material inside the tube.
The two most common materials for the core are air and iron.
Air-core coils are usually used for the tuner.

The unit for measurement of induectance is the henry (h) or
the mallihenry (mh). (Chap. 32.) The millihenry is one one-
thousandth of a henry. The symbol for inductance devices, or
inductors, having cores of air or iron, is:

~ YUV~ 11 ] R
AIR CORE TRON CORE

We can vary the value of our inductance by changing one
or more of the four factors listed above. The symbol for a variable
induector is any of the following:

~ ST -fv/m%m-

Whenever we desire to represent inductance in an electrical
formula or equation, we use the letter L

Capacitance. The capacitance in a tuner is provided by a de-
vice called a capacitor.* This capacitor is made of two or more
metal plates facing one another and separated by some substance
which will not conduct electricity. This substance is called a
dielectric and usually consists of air, paper, miea, oil, or glass. The
plates are usually made of brass, tin foil, or aluminum. The electri-
cal value of a capacitor depends on:

1. The total area of the plates facing one another.
2. The material of the dielectric.
3. The thickness of the dielectrie (or distance between plates).

The unit of measure of capacitance is the farad (f). For radio
purposes, we usually use the microfarad (pf), which is one one-
millionth of a farad, and the micromicrofarad (pef), which is one
one-millionth of a microfarad (Chap. 33). Sometimes, when the
mu (p) is not available in type, the small letter m is used instead.

* Although the term condenser has been widely used, present-day usage favors
the term capacitor.
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~A- -B-

Fig. 6-2. Fired capacitor. A—Mica capacitor.
B—DPaper capacitor.

Thus, microfarad may appear as mf and micromicrofarad, as mmf.
The symbol for the capacitor is ==
We can vary the value of our capacitor by changing one or
more of the three factors listed above. The most convenient
method is that of changing the area of the plates facing one an-
other. This is done by making one plate or set of plates rotary and
the other plate or set of plates stationary. All the stationary plates
are joined together, giving the effect of one large stationary plate.
The same is done with the rotary plates. The rotary plates move
in and out between the stationary plates. Thus, the more the rotary
plates are moved in between the stationary plates, the greater the
area of the plates facing one another, and the greater the capaci-
tance of the capacitor. Variable capacitors generally use air as a
dielectric.
The symbol for a variable capac-

itor 1s #

Whenever we desire to represent ca-
pacitance in an eleetrical formula or
equation, we use the letter C.

The Tuning Circuit. If, by means
of wire. you connect a coil and a vari-
able capacitor as shown in Figure
6-4, you create a tuning circuit. When
you apply a voltage (electrical pres-
sure) across the coil or eapacitor, you
cause an electrical current to flow
Fig. 6-3. Variable ca- back and forth through the circuit.
pacilor. We speak of such back-and-forth flow
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-A- -B-
TERMINAL OF
STATIONARY PLATES /é’f&"é?#én
et s L
i —m
__o ] g‘ DIAL *
= LiL.e VARIABLE
. CAPACITOR
3 TERMINAL OF con
COIL OR ROTARY PLATES

INDUCTOR

Fig. 6-4. This hookup shows how a coil and a rariuble capacitor are connecled
lo form the tuning circuil. A is the piclorial method of showing the circuil, and
B is the schemalic melhod using symbols.

of current as oscillutions. These oscillations are more fully discussed
in Chapter 12.

The natural frequency of the oscillations in this circuit is de-
termined by the product of the values of inductance L and capaci-
tance C (L X C or LC).

The transmitting station uses a capacitor-and-coil hookup
similar to the one we have just described to generate the radio
wave it sends out. The frequency of its wave is determined by the
L X C of the transmitting set. Should the L X C of the transmit-
ting station equal the L X C of your receiver, your set will be in
resonance (in tune) with the frequency of the radio wave from
the transmitter. You will then receive only that station and no
other.

Note that it is not necessary to have the same L and C in your
receiving set as is in the transmitting station. It is enough that
the product of L and C (L X C) of your set be equal to the L X C
of the transmitter. So, if we arbitrarily give a value of 4 to the L
and 4 to the C of the transmitting station, the L X C of that sta-
tion is 16. To bring your receiver in resonance with the transmitter
(that is, to tune your set for reception), you may choose an L
whose value is 2 and a C whose value is 8. Or else you may choose
an L of 8 and a C of 2; or an L of 4 and a C of 4. In other words,
you may choose any value of L and C whose product is equal to 16,
the same as the L X C value of the transmitter.
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Now, all this is very well if you wish to build a receiver that
will receive only one station. But if you wish to receive another
station, you must be able to vary the L or C' (or both) of your
receiver so that the new L X C will be equal to the L X C of the
new station.

Although the natural frequency of the tuner may be varied
by changing the L or C (or both), in most radio receivers, this is
accomplished by varying the C only, using a variable capacitor for
that purpose.

Construction of a Tuner. Now you are ready to build your
tuner. Obtain a cardboard mailing tube about 2 inches in diameter
and about 6 inches long. Upon this tube, wind 90 turns of No. 28
insulated copper wire so that the turns lie next to one another
and form a single layer. This is your inductor.

Now obtain a variable capacitor whose maximum value is
about 0.00035 microfarad (uf). Such a capacitor usually has from
17 to 21 plates, half rotary and half stationary. Connect one end
of the coil to the rotary-plate terminal of the capacitor, and the
other end of the coil to the stationary-plate terminal, as shown in
Figure 6-4. You now have constructed your tuner.

SUMMARY

1. The tuning system consists of two essential parts: a coil of wire

and a capacitor.

The coil provides the electrical effect known as inductance.

. The capacitor provides the electrical effect known as capacitance.

. The combined action of the inductance and the capacitance de-

termines the natural frequency of the tuner.

5. The oscillations of electric current flowing in the tuner may be
put in resonance with those of a broadecasting station by making
the values of L (inductance) and C (capacitance) such that the
product L X C is identical with the product L X C of the desired
station.

6. Tuning usually is achieved by using a variable capacitor by which
capacitance (C) can be given any desired value.

AWN

GLOSSARY

Capacitor (also known as Condenser): Two sets of metal plates
separated by an insulator or dielectric.
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Capacitor, Fixed: A capacitor whose plates are fixed, so that its
electrical value cannot be changed.

Capacitor, Variable: A capacitor whose plates can be moved so that
its electrical value can be changed at will.

Dielectric: An insulator placed between the plates of a capacitor.
Farad: The unit used to measure the electrical value of a capacitor.
Henry: The unit used to measure the electrical value of an inductor.
Inductor: A coil of wire wound on a form.

L X C: The product of the electrical values of the inductor and ca-
pacitor of the tuning circuit which determines its natural frequency.
Micro- (prefix): 1/1,000,000.

Micromicro- (prefix): 1/1,000,000,000,000.

Milli- (prefix): 1/1,000.

Oscillation: The to-and-fro surge of an electric current in a circuit.

SYMBOLS

—www~— Coil wound on nonmetallic core.
swww~— Coil wound on iron core.

y Variable coil.
-’w\-

* Fixed capacitor.

#  Variable capacitor.

rf Tuner circuit.

QUESTIONS AND PROBLEMS

1. Upon what factors does the electrical value or inductance of
a coll depend? Give the unit of inductance.

2. In what ways may the inductance of a coil be varied?

. Describe the essential parts of all capacitors.

4. List several dielectric materials.

w
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10.

1.

The Tuner

Upon what factors does the electrical value or capacitance of
a capacitor depend?
Give the meaning of milli-, micro-, and micromicro-.

. What is the most convenient method of varying the capacitance

of the capacitor of a tuner?

. Draw a tuner circuit showing the connections of the parts.
. What factors determine the natural frequency of oscillations

of a tuner circuit?

When will a receiver be in resonance with a particular trans-
mitter?

Why is it not necessary for the physical size of the tuner at a
broadcasting station to be the same as that of our receiver pick-
ing up that station?

. How is the natural frequency of a tuner circuit varied in com-

mon practice?
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The Reproducer

PROBLEM 1. What are the principles of the repro-
ducer?

PROBLEM 2. How does a telephone receiver work?

PROBLEM 3. How does a loudspeaker work?

Magnetism. To understand how the reproducer works, you
must learn a few facts about magnetism and electromagnetism.
Cut a circular disk of thin iron about 2 inches in diameter. Obtain
a bar magnet and hold it near your iron disk. The magnet is sur-
rounded by an invisible magnetic field of force which acts on the
disk and pulls it towards the magnet.

Obtain a piece of soft-iron rod or bar stock about 1 inch in
diameter and 2 inches long. Be sure it is not magnetized. Now
wind upon it a coil of about 25 turns of No. 18 gauge insulated
copper wire. Connect the ends of the coil to the post of a dry cell.
When the current flows through the coil, the bar becomes a mag-
net: it has a magnetic field which will attract the iron disk just as
did the bar magnet. When the current ceases to flow through the
coil. the bar loses its magnetism. We call such a combination of a
bar in a coil that is carrying current an electromagnet.

Magnetic Effect of a Varying Current. Mount the bar magnet
upright on a board. Remove the soft-iron bar from the coil and
slip the coil over the bar magnet. Above the magnet, and separated
from it by about an inch, suspend your disk from a spring balance.
This balance will show how much pull is being exerted on the
disk.

Measure the pull which the bar magnet exerts on the disk.
Connect the coil to the posts of a dry cell. The pull should increase,
because you now have the double pull of the bar magnet and
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’(////////////////////A

~+IRON DISK

" Fig. 7-1. This apparalus
L is used lo show thal a vary-
ing electric currenl pass-
ing through an electro-

J  MAGNET M-wwm i
A, ) \ magnel ererls a rvarying

DRY CELLS pull on the iron disk.

the electromagnet. (Should the pull decrease, reverse the connec-
tions to the dry cell.)

Now connect another dry cell in series with the coil. To connect
this properly, disconnect the end of the coil from the outer post of
the first dry cell. Connect this outer post to the center post of the
second dry cell and connect the wire from the coil to the outer
post of the second dry cell. Cells connected this way are in series.

You will observe that the pull is greater, which is to be ex-
pected, because using two dry cells in series increases the current
and makes the electromagnet stronger. Now repeat, using three
or more dry cells. As you add eells the pull becomes greater, be-
cause more current is flowing through the coil of the electromagnet.
Reducing the number of dry cells reduces the current in the elec-
tromagnet coil, and the pull on the disk becomes weaker. If you
pass a varying, or fluctuating, current through the coil, the pull
on the disk will fluctuate in step with the current. Note that a
steady current will not cause the disk to move: it will be pulled
to a certain position and then will remain stationary as long as the
current is steady.

Construction of a Telephone Receiver. Now get a telephone
receiver and unscrew the cap. You will see a thin iron disk, called
the diaphragm. Remove the diaphragm and you will see a coil of
wire (the electromagnet coil) which is wound over the end of a
bar magnet. The ends of the wires connecting the electromagnet
pass out through the far end of the telephone receiver.
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Fig. 7-2. Conslruction of a lelephone receiver.

The bar magnet exerts a constant pull on the diaphragm.
Since the diaphragm is held fast at its rim, it can only move
inward toward the magnet at its center. The springiness of the
diaphragm constantly tends to pull it back. When we add the pull
of the electromagnet, the diaphragm bends inward much or little,
depending upon the strength of the current flowing through the
coil. You see then that a fluctuating current flowing through the
coil causes the diaphragm to fluctuate in step with it.

DIAPHRAGM WHEN A
LARGE CURRENT 4
144
\’/

FLOWS THROUGH

THE COIL DIAPHRAGM WHEN NO

CURRENT FLOWS
THROUGH THE COIL

/!y
/!

DIAPHRAGM WHEN A
SMALL CURRENT
W\ FLOWS THROUGH

Fig. 7-3. This diagram shows the positions of the diaphragm as a fluclualing
current flows through the electromagnel of the phones. The bending of the
diaphragm is greatly exaggeraled in this drawing.

Now look again at Figure 4-2. You will remember that the
sound waves striking the telephone transmitter cause a fluctuating
current to flow through the circuit. This current fluctuates in step
with the sound waves. This current is sent through the electromag-
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net coil of the telephone receiver, and the diaphragm is thus made
to fluctuate in step with the original sound waves. The moving
diaphragm sets the air next to it in motion, and it is these air
waves which hit our ear. Thus, we hear a sound which is the same
as that which was spoken into the telephone transmitter.

/DIAPH RAGM

Fig. 7-4. A seclional view
of an earphone of the type
used in radio receivers.
Note how flat it is com-
pared to the lelephone
recetver. The permanent
CIRCULAR” magnet can be either cir-
MAGNET cular or horseshoe shaped.

For the sake of convenience. the earphones used for radio re-
ception (called simply phones) are made flat. This flattening is
accomplished by using a circular magnet instead of the long,
straight one used in the telephone receiver. U'sually, two of these
phones are connected in series, one for each ear, and held in place
with a meta! band or spring that fits over the head.

jDIAPHRAGM -TDIAPHRAGM

- coiL —_| -
:___——- [ ___/:
— CASE ! g
D g U —3
[ Tcoi r;’
I
PHONE CORD
‘/
Fig. 7-5. Diagram of a
PHONE TiP pair of phones connected

in series.

The symbol for earphones is: —6?)—
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Fig. 7-2. Construction of a lelephone receiver.

The bar magnet exerts a constant pull on the diaphragm.
Since the diaphragm is held fast at its rim, it can only move
inward toward the magnet at its center. The springiness of the
diaphragm constantly tends to pull it back. When we add the pull
of the electromagnet, the diaphragm bends inward much or little,
depending upon the strength of the current flowing through the
coil. You see then that a fluctuating current flowing through the
coil causes the diaphragm to fluctuate in step with it.
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THROUGH THE COIL
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DIAPHRAGM WHEN A
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Fig. 7-3. This diagram shows the positions of the diaphragm as a fluctuating
current flows through the electromagnet of the phones. The bending of the
diaphragm is greatly exaggeraled in this drawing.

Now look again at Figure 4-2. You will remember that the
sound waves striking the telephone transmitter cause a fluctuating
current to flow through the circuit. This current fluctuates in step
with the sound waves. This current is sent through the electromag-
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net coil of the telephone receiver, and the diaphragm is thus made
to fluctuate in step with the original sound waves. The moving
diaphragm sets the air next to it in motion, and it is these air
waves which hit our ear. Thus, we hear a sound which is the same
as that which was spoken into the telephone transmitter.

Fig. 7-14. A sectional view
of an earphone of the lype
used in radio receivers.
Nole how flat it is com-

pared lo lhe lelephone
P receiver. The permanent
CIRCULAR magnel can be either cir-
MAGNET cular or horseshoe shaped.

For the sake of convenience, the earphones used for radio re-
ception (called simply phones) are made flat. This flattening is
accomplished by using a circular magnet instead of the long,
straight one used in the telephone receiver. Usually, two of these
phones are connected in series, one for each ear, and held in place
with a meta! band or spring that fits over the head.
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PHONE CORD
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Fig. 7-5. Diagram of a

PHONE TIP patir of phones connecled
in series.

The symbol for earphones is: -({})—
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The Magnetic Loud-
speaker. You have seen that
the moving diaphragms of
the earphones set the air
next to them in motion, and
thus produce the sound you
hear. If this sound were loud
enough, you could lay the
phones on the table and
would not need to bother
wearing them on your head.

If you were to make one
of the diaphragms larger, it Fig. 7-6. A pair of headphones.
would move a greater quan-
tity of air, and thus produce
a louder sound. For practical reasons, a diaphragm cannot be made
very large, and so another scheme was developed. One end of a stiff
wire is fastened to the center of the diaphragm. This wire now moves
in and out in step with the diaphragm. To the other end of the wire
a large paper cone is fastened. The fluctuating diaphragm moves
the wire; the wire in turn moves the paper cone. This in turn sets
a large amount of air in motion, creating a loud sound. By this
means, we are able to do away with earphones. The device is called
the magnetic loudspeaker.

DIAPHRAGM~,
PERMANENT MAGNET

LARGE PAPER
CONE

COIL”
Fig. 7-7. This diagram
shows how an earphone is
converled lo a loudspeaker.
SUMMARY S ORAER

1. A coil of wire surrounding a core of soft iron becomes an electro-
magnet when an electric current passes through the coil.

2. The strength of the magnetic field (that is, its attractive force)
increases when the current increases and decreases when the
current decreases.
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3. The telephone receiver is an application of the electromagnet.
Sound entering the telephone transmitter produces a varying
electric current. This varying current causes the electromagnet
in the telephone receiver to have a varying magnetic strength.
A metal diaphragm is pulled in and out as the current becomes
stronger or weaker. This diaphragm produces sound waves in
the air.

4. Earphones are telephone receivers with flat electromagnets.

5. Loudspeakers are comparable to telephone receivers in which the
diaphragm is attached to a large cone. The cone sets in motion
a larger amount of air, and hence gives a louder sound.

GLOSSARY

Diaphragm: A thin iron disk which is set vibrating by the flow of
the electric current through the coil of the earphone. This disk
causes the air to vibrate, thus creating sound waves.

Earphones or Phones: Two flat receivers, held on the head by a
spring.

Electromagnet: A magnet made by electric current flowing through
a coil of wire surrounding a core.

Loudspeaker: A reproducer which produces a loud, audible sound.

SYMBOLS

Earphones or phones. —({?)—

Loudspeaker. :ﬂ

QUESTIONS AND PROBLEMS

1. How would you construct an electromagnet?

. How may you increase the strength of an electromagnet?

3. Under what conditions will current passing through a set of
earphones fail to produce sound?

4. Describe the action of the diaphragm of an earphone under the
following series of events: no current followed by an increasing
current, followed by a decreasing current in the earphone.

5. In what manner are the reproducers of a set of earphones con-

nected?

. How are dry cells connected in series?

. How can the paper cone of a magnetic loudspeaker produce loud

sounds?

N

N o



PROBLEM 1.
PROBLEM 2.

PROBLEM 3.

The Detector

What is the electron theory?

How is an alternating current changed to
a pulsating direct current?

How can we make a practical detector?

In studying the antenna and tuner, you have learned that the
radio wave, striking the antenna, sets up a voltage or electrical

pressure in it which, in turn

, causes a small current to flow in the

receiver. But if you connect your phones to this circuit, as shown in
Figure 8-1, you will hear nothing.
At this point a word might be said concerning circuit dia-

grams. These show how the
various components are con-
nected together. Symbols,
instead of photographs or
drawings of these compo-
nents, are used and the lines
between them indicate the
connecting wires. Where two
lines cross and connect to-
gether, a dot at the junction
indicates this fact ( 4 ).
If the lines cross, but do
not connect, a loop is used
().

What Is Electricity? To
understand why the electri-
cal current flowing in the re-
ceiver fails to operate the

\Z

7]

N

%
!

Fig. 8-1. Diagram of the anlenna-ground
system and the tuner connecled lo a set of
phones. This circuil will not work.

39
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phones, we must first consider the theory of electricity. Although
scientists have succeeded in putting electricity to a great many
uses, they do not know just what electricity is. It is one of the
many forms of energy and may be changed into other forms such
as heat, light, and motion. From a study of the behavior of an
electric current and from a study of the methods of obtaining electri-
cal effects, scientists have arrived at some theories about its nature.

Hypotheses, Theories, and Laws. When a scientist tries to
explain one of nature’s mysteries, he carefully examines all the
facts he can obtain. He performs experiments to obtain more facts
and then makes a guess that tries to explain all the facts. This
guess is at first called a hypothesis. When more evidence is found
to support the hypothesis, and other scientists generally accept it,
the explanation is called a theory. After a time, someone may come
along with proof which shows the theory to be true. We then call
the explanation a law. Or someone else may come along with facts
to show that the theory cannot be true. In the latter case, the
theory may be modified to take the new facts into account or may
be discarded entirely in favor of a new theory which tends to ex-
plain the new facts. Some scientific theories existed a great many
years before they were proven to be true or false.

So it is with the electric current. Although we do not know
what electric current is, the electron theory tries to explain it.

Types of Current. According to the electron theory (Chap.
29), an electric current consists of the movement of negatively
charged minute particles, called electrons. Although some of these
electrons will drift through a conductor like water flowing through
a pipe, the main movement of the electrons consists in hitting
their neighbors and by that means passing along the impulse of
energy, which we call an electric current. The action is somewhat
similar to that of the dominoes of Figure 2-4.

This impulse of energy travels at the rate of nearly 186,000
miles per second, or nearly the speed of light. When the electric
current flows in one direction through the conductor. we say it is
direct current (dc). If the current flows first in one direction and
then reverses itself and flows back in the opposite direction. we
say it is alternating current (ac). When an alternating current
flows in one direction, stops. and then flows in the opposite direc-
tion, we say the current has gone through one cycle. The number
of cycles per second is called the frequency.
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Alternating Currents. The electricity used to light your house
may be alternating current and have a frequency of 60 cycles per
second. The current set flowing in your antenna-ground system by
the action of the radio wave also is alternating current: its fre-
quency is the same as the frequency of the radio wave. That is, it
may vary from 10 kilocycles per second (ke) to 3.000.000 megacy-
cles per second (me). Electric current whose frequency falls within
that range is said to be radio-frequency alternating current.

Now let us go back to our radio receiver. Let us assume
that a broadeasting station sends out a radio wave whose fre-
quency is 500 ke. This frequency we call radio frequency (rf).
The radio wave hits our antenna and sets a current flowing in our
antenna-ground system. This is an alternating current whose fre-
quency is the same as that of the radio wave, namely. 500 ke (500

-ke means that the current will change its direction of flow one
million times per second). This, in turn, starts an alternating cur-
rent of the same frequency flowing in the tuner. It is this current
which you have applied to the phones in Figure 8-1.

Let us see what happens in the phones. For one one-millionth
of a second, the current flows in one direction through the electro-
magnet of the phones. This causes the pull of the electromagnet to
be added to that of the bar or permanent magnet. The diaphragm
is, therefore, pulled a little closer to the magnet.

For the next one one-millionth of a second, the current re-
verses itself and is now flowing through the electromagnet coil in
the opposite direction. Now the magnetism of the electromagnet is
subtracted from that of the permanent magnet, and the total mag-
netic pull is less than before. The diaphragm starts to spring back.
This process occurs every time the current reverses itself, which is
once every millionth of a second.

Now, one one-millionth of a second is a very small interval of
time, and no diaphragm is so sensitive that it can follow these
changes. Every time the diaphragm begins to be pulled towards
the magnet, the current reverses itself, and the pull is released. As
a result, the diaphragm stands still, and you hear no sound.

Pulsating Currents. To overcome this difficulty, someone had
a brilliant idea. Suppose we put in the circuit a gate which permits
an electric current to flow only in one direction and not in the
other. Now, let us see what happens to the radio-frequency alter-
nating current in the circuit. For one one-millionth of a second, the



42 The Detector

current will flow through the gate. During the next one one-mil-
lionth of a second, the gate will block the current, and there will
be no flow: then a flow in the same direction as the first; then no
flow; and so on. The effect of the gate will be to permit a series of
pulses of current to flow, all going in the same direction. These
pulses of current will be separated by intervals when there is no
flow. Fach pulse and each interval will last only one one-millionth
of a second.

Sinee the current now flows only in one direction, we call it
direct current. Since it is not a steady flow, but consists of a series
of pulses. we call it pulsating direct current.

Let us see what happens when the pulsating direct current
flows into our phones. For one one-millionth of a second, the pull
of the electromagnet is added to that of the permanent magnet,
and the diaphragm starts to bend inward. For the next millionth
of a second, the electromagnet will exert no pull, and the dia-
phragm will start to spring back. Before it can move back, how-
ever, the next pulse enters the electromagnet coil, and the dia-
phragm again receives the inward pull. As a result, the diaphragm
receives a continuous inward pull. This pull varies in strength, in
step with the variations of the signal strength. As a result, the
diaphragm vibrates back and forth, thereby producing sound.

A Detector Is an Electrical Gate. The device used in radio
which serves as a one-way gate is called a detector. Scientists
have discovered that certain crystals like carborundum and the
mineral galena have this peculiar property of permitting electric
current to flow through them in one direction but practically no
current in the other direction. We do not know precisely how this
control is accomplished, but we have theories to explain it. It
would not help our understanding of modern radio receivers, how-
ever, to enter at this point into a discussion of those theories.

CATWH{SKER /ADJUSTING ARM
; =D BINDING
BINDING ~ CRYSTAL M d POST
POST - 4§ - - = e =4
-y ¢ 1 =
—_ = — == =
Ll b, M AL TP 1 T [T

Fig. 8-2. This diagram shows the construction of a crystal detector.
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Crystal Detectors. One type of crystal commonly used for de-
tectors is galena, a mineral compound consisting of lead and sul-
phur. Not every spot on the crystal, however, has this remarkable
property of making the one-directional current. We must, there-
fore, use a fine wire to find the spots that will work. (If a fixed
crystal, such as the germantum type, is used, no fine-wire adjust-
ment is necessary.) The symbol for the crystal detector is: —p4—

Making Your Set Work.
When you have hooked up
your receiver with the crys-
tal detector in series with the
phones, you must move your
fine wire (which is called a
catwhisker) from spot to
spot. When you find a spot
where you hear a sound in
the phones, leave the wire at
that spot, and adjust the
tuning control to produce
maximum loudness of signal.
You should avoid handling
the crystal, since the grease
from your fingers will inter-

L]

Fig. 8-3. A diagram of the complele
cryslal recetver. Etther the calwhisker or
cryslal side of the deleclor can be con-
necled lo the phones. This circuil will
work.

fere with its sensitivity. If your crystal becomes dirty, wash it in
carbon tetrachloride to remove any grease.

SUMMARY

Your complete radio receiving set, in its simplest terms, then, must
have these parts which we have discussed: an antenna and ground,
a tuner (an inductor and a capacitor), a detector, and a reproducer
(phones). In Figure 8-3, these parts are arranged in proper rela-
tionship to one another. If you understand the symbols and connect
the parts of your set according to this arrangement, you should be
able to hear speech and music through the earphones.

GLOSSARY

Alternating Current (AC): An electric current in which the electrons
periodically reverse their direction of flow.
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Sixty-Cycle Alternating Current: An alternating current that changes
direction 120 times a second, or goes.through 60 cycles a second.
Radio-Frequency Alternating Current: An alternating current that
changes direction thousands and even millions of times a second.
Catwhisker: The thin wire with which we hunt for a sensitive spot on
the crystal.

Current, Electric: The flow of electrons through a conductor.
Detector: An clectrical gate, or valve, permitting the flow of elec-
trons in onc direction but hardly or not at all in the other.

Direct Current (DC): An electric current in which the electrons con-
stantly flow in one direction.

Pulsating Direct Current: A direct current that periodically changes
in strength.

Electron: A minute, negatively charged particle.

Electron Theory: A theory which explains the nature of an electric
current as electrons moving through a conductor.

Galena: A mineral crystal, a eompound of lead and sulphur, used
as a detector in the receiving set.

Voltage: The clectrical pressure that causes electrons to flow in a
conductor.

SYMBOLS
Crystal detector. —ppp—
QUESTIONS AND PROBLEMS

. Briefly describe the nature of an electric current.

. Draw the symbol for a crystal detector.

. Describe direct current. Compare it with alternating current.

. Give the relationship between the frequency and the cycles
of an alternating current.

5. What is the frequency of alternating current in the home?
How does its frequency compare with radio-frequency alternat-
ing currents?

6. What is the response of the diaphragm of a pair of earphones
when radio-frequency alternating current is sent through the
phones? Account for its behavior.

7. Describe the behavior of a pulsating direct current through a
conductor.

8. Describe the action of a pulsating direct current which has
been obtained from a radio-frequency alternating current by
means of an electrical gate or detector, as the current passes
into the phones.

9. What is the electrical action of a detector? Name two crystals
used as detectors.

10. How do we manipulate a crystal used as a detector, and what
must we do to take proper care of it?

aWN —



Waveform

PROBLEM 1. How are types of electric currents shown
by graphs?

PROBLEM 2. What is meant by the “sine wace” curve?

PROBLEM 3. What is a modulated radio wave?

PROBLEM 4. What are the waveforms of the modu-
lated carrier wave in the tuner, detector,
and reproducer?

Did you ever visit a sick friend in a hospital? Did he. perhaps,
point to the chart hung at the foot of his bed and say. “This is my
temperature chart”? You examined the chart and saw on it a wavy
line going up and down several times and finally—we hope—level-
ing out to a horizontal line. You know. of course, that the temper-
ature did not travel over this scenic-railway type of path. This
chart was merely a picture or diagram which showed how high
your friend’s temperature was at any given time of the day. We
call such a chart a graph.

Graphs. The word graph means a drawing or a picture. Many
kinds of graphs are used in science, mathematics. and economics.
The most common kind of graph attempts to show, by a line called
a curve, the course of events when two different conditions are
changing. In the graph, Figure 9-1. the two conditions are time
and temperature. The hours are marked from left to right on the
horizontal line in equal spaces. The degrees of temperature are
marked on the vertical line, with the lowest temperature at the
bottom. The nurse reads the temperature of the patient each hour
and makes a dot on the vertical line over the hour where the hori-
zontal line from the observed temperature crosses it. For example,
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TEMPERATURE IN DEGREES

MIDNIGHT

TIME IN HOURS

Fig. 9-1. Temperalure graph for your sick friend. The verlical parl shows
the degrees of temperalure, and the horizonlal parl shows the lime. By lhis
means, we can find oul whal his lemperalure was al any parlicular time.

the chart shows that at 1 a.m. the patient’s temperature was
101.8° (dot No. 1); at 2 a.Mm. the temperature was 99.5° (dot No.
2). Thus each dot is the temperature at a certain hour. When the
points or dots are connected by a continuous line, the course of the
fever is pictured. This line or curve is called here the temperature
curve.

Graph of Direct-Current Flow. We can draw such a chart or
graph to show how electric current flows. First we draw a horizon-
tal line and call it the line of no-current flow. When electric cur-
rent flows in one direction, we call it positive and picture its path
above the line of no-current flow. When electric current reverses
itself and flows in the opposite direction, we call it negative and
picture its path below the line of no-current flow. Thus, the path
of a direct current is entirely above that line. If the current is a
steady direct current, the picture of its flow starts at the line of
no-current flow and very quickly rises above it to the maximum
strength of the current (Fig. 9-2). It then continues to flow at a
steady strength of current, and we picture it as a straight horizon-
tal line until the instant when the current is cut off. At that point,
the line drops down to zero, the line of no flow. The line we draw
picturing that flow of current is called the curve, or waveform.

The strength of the current at any one instant of time is
shown by the distance of the curve away from the line of no-cur-
rent flow at that instant.
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Fig. 9-2. A graph of the curve or waveform of a steady direct current.

Fluctuating Direct Current. A direct current may be either
steady or fluctuating. If it is steady, the current strength, or maxi-
mum distance away fromn the line of no-current flow, is constant
while the current is flowing, as shown in Figure 9-2. In the case of
a fluctuating direct current, the current strength is different at
different instants of tiine, as shown in Figure 9-3.
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Fig. 9-3. Graph of the curve or wareform of a fluctualing direct current. Nole
that the strength of the current may assume different values af different times,
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Note that in both Figures 9-2 and 9-3 the current is direct
current—that is, it flows in only one direction. You can see this
from the graphs by observing that in both cases the curves lie en-
tirely above the line of no-current flow.

The Sine Curve for Alternating Current. We can also picture
the flow of an alternating current by means of such a graph. The
current strength starts from zero and rises to a maximum flow in
one direction. Still flowing in that direction, it starts to decrease in
strength until it again reaches the line of no-current flow. Then
it flows to a maximum in the opposite direction (below the line),
and decreases again until the zero line is reached. As you already
know, the flow of current has gone through one cycle (p. 40).
Then it starts and repeats all over again.
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Fig. 9-4. Graph of the curve or waveform of an allernaling currenl. A curve
whose current strength rises and falls in the smooth, even, and regqular glide
piclured here is called a sine curve.

Note that during the first half of the cycle, the current
strength increases continuously from zero to maximum in a
smooth, regular glide, and then decreases to zero in the same, even
way. The same thing occurs during the second half of the cycle
(the bottom loop of the curve). A curve having this form is called
a sine curve (Fig. 9-4). The distance from the line of no-current
flow to the point of greatest current strength on either loop is
called the amplitude of the curve.
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The flow of aiternating current does not always describe a
smooth sine curve. The rise from zero to maximum may be irregu-
lar and varied. The decrease from maximum to zero may also be
irregular and varied (Fig. 9-5).

Radio Waveforms. It would help you to better understand
what takes place in your receiver, perhaps, if you were to examine
the wave forms of the electrical currents flowing in the various
parts.

Consider the waveform of the radio wave. It is the same as
that of an alternating current—that is, the wave flows first in one
direction and then in the other. Its range of frequency is from 10
ke to 3,000,000 me. In the United States, standard broadcasting
stations send out radio waves whose frequencies lie between 535
and 1,605 ke. This range is fixed by law, and each station is given
a definite frequency to which it must always keep its station
tuned.

The radio wave may take several different forms. For the
moment, we are interested in three forms (Fig. 9-6). First, there is
the wave whose form is that of a smooth sine wave and whose
amplitude is constant throughout the entire wave. Such a wave is
called a continuous wave, and is also known as a carrier wave.

Second, there is the wave whose form is that of a smooth sine
wave but with the amplitudes of successive cycles decreasing grad-
ually. Such a wave is called a damped wave.

E
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Fig. 9-6. Graph of the waveforms of conlinuous, damped, and modulated
radio waves. Nole that in all three warves shown here the frequencies are the
same. Only the amplitudes vary.

Third, there is the wave whose form is that of a smooth sine
wave but with the amplitudes of successive cycles varying irregu-
larly. The waveform is obtained by combining the current that
produces a continuous wave with a fluctuating direct or low-
frequency alternating current at the broadeasting station. We call
the resulting wave a modulated carrier wave. We say that the con-
tinuous or carrier wave is modulated by the fluctuating direct or
low-frequency alternating current. The radio waves which carry
speech and music through the ether are modulated carrier waves.

How the Modulated Wave Is Produced. To understand the
method by which a fluctuating direct current modulates the carrier
wave. examine Figure 9-7. First of all, sound striking the micro-
phone at the broadcasting station sets up a fluctuating direct cur-
rent. Meanwhile, in another part of the transmitting set, a con-
tinuous or carrier wave has been generated. Assume the frequency
of this carrier wave to be 500 ke. The fluctuating direct current
is now mixed with the carrier wave. The result is the modulated
radio wave whose frequeney is 500 ke, but whose amplitude varia-
tions correspond to the form of the fluctuating direct current. In
some transmitters, the fluctuating direct current is converted into
a low-frequency alternating current which, when mixed with the
carrier current, produces a similar modulated radio wave.
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Fig. 9-7. This graph shows how a fluctualing direct current from the micro-
phone modulates the carrier wave lo produce the modulated radio wave that is
broadcast by the transmilling station.

In this way, we modulate the carrier wave by the electric cur-
rents set up by sound waves hitting the microphone at the trans-
mitting station. The modulated radio wave is broadcast by the
transmitter. It is the task of the radio receiver to collect this mod-
ulated radio wave and to separate the carrier wave from the elec-
tric currents impressed on it by the microphone. These impressed
currents are the currents that operate our phones, and through
their action we reproduce the original sound waves.

Waveform—Antenna-Ground System. You have already
learned (p. 16) that when the modulated radio wave passes
across the antenna of your receiving set, it sets up in the antenna-
ground system an electrical pressure, or voltage, that causes an
electric current to flow in that system. The greater the pressure,
the greater the flow of current. This flow of current, therefore, con-
forms to the electrical pressure, which in turn conforms to the
modulated radio wave. You can see, therefore, that the flow of
current in the antenna-ground system will correspond to the wave-
form of the modulated radio wave. The current that flows in the
antenna-ground system, then, is alternating current whose fre-
quency is the same as that of the modulated radio wave (Fig.
9-8). The amplitude variations of this current, too, will correspond
to the amplitude variations of the modulated radio wave.
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Waveform—The Tuner. Electric current flowing in the an-
tenna-ground system, you will recall, sets an electric current flow-
ing in the tuning circuit of your receiver. This current takes the
same waveform as that in the antenna-ground system, which in
turn has taken the same waveform as that of the modulated radio
wave. The current flowing in the tuner, then, is alternating cur-
rent having the same frequency and amplitude variations as the
current flowing in the antenna-ground system.

Waveform—The Detector. The crystal detector, you will re-
member, permits electric current to flow through it mostly in one
direction. See if you can picture what happens to an alternating
current as it attempts to flow through such a crystal.

POSITIVE

0 /\ /\ LINE OF NO ALTERNATING

4 4\/ ) CURRENT FLOW CURRENT
NEGATIVE
POSITIVE
V\ /\ LINE_OF NO PULSATING
°| N\ / N \ CURRENT FLOW  comenT
o’ ~ o/ N’
NEGATIVE

Fig. 9-9. This graph shows how the cryslal deleclor changes alternating cur-
renl inlo pulsaling direct currenl. The negalive halves of the cycle which were
slopped by the cryslal deleclor are shown by the dolled lines. For practical
purposes, we may disregard the small amount of curent flow in the negalive
direction.
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First, the positive half of the cycle approaches the crystal and
finds the “gate” wide open. That is, the positive part of the cycle
can pass through the crystal. When the current reverses itself,
the gate is shut, and no current can flow through. The current thus
flows through with all its variaticns as long as it is going in one
direction—