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Preface

The organization of this book has evoked a good deal of curios-
ity, 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, be-
fore 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 oper-
ates. 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 be-
ginner the operation of the modern superheterodyne receiver at the
very beginning of the book. The simple crystal receiver is chosen
as embodying 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 re-
ceiver, the student is led on to more advanced sets by being con-
fronted with problems he must solve. Thus, the drawbacks of the
crystal detector lead to the development of the vacuum-tube de-
tector. To eliminate the nuisance of headphones requires the audio-
frequency amplifier. Our search for sensitivity lcads 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 for-
mulas and mathematics. Too often a formula is substituted for an
explanation. 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,
transmitters, and more 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 textbook a useful tool of instruction, several de-
vices approved by most progressive teachers are included:

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

2. Paragraphs are introduced by boldface captions.

3. A glossary appears at the end of each chapter.

4. A set of questions and problems accompanies each chapter.

5. A complete program of classroom demonstrations is pro-
vided at the end of the text.

6. Useful tables of data are grouped in the Appendizx.

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



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.

The Time Allotment

The book is designed for a onc-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 E quipment

It is recommended that all principles be introduced and investi-
gated as a problem or difficulty; that the principles be demon-
strated 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 de-
termine 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 improted 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

1



2 History of Communicotion

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. FExplorers and ships at sea were
cut off from communication with homne and one another. The bal-
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 before the radio came 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-
ber of scientists each contributed something new or improved what
was already kunown. These experiments finally led to the wireless
telegraph. the first practical radio system. This was invented by
Guglielmo Marconi, a young Italian, in 1895. With his system.
Marconi was able to send and receive messages for several miles
without any intervening wires. In 1901, Marconi succecded in
spanning the Atlantie Ocean.



History of Communication 3

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?
. What developments made wired communication impractical?
3. What was the contribution of James Clerk Maxwell to radio
communication?
4. Who were some of the experimental contributors to the develop-
ment of radio communication? What were their contributions?

N



p2 B8 W ave 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.

Fig. 2-1. A stone thrown inlo a still pond causes ripples. These travel in
ever-widening circles from the point 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



Wave Motion 5

WALL OF WATER

SURFACE OF POND

Fig. 2-2. A sectional view of the pond shows the cavity and wall of waler
formed by the fulling 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 1t and when it falls it descends a little less below the surface
of the pond.

DIRECTION QF TRAVEL

—_—
OF WAVES
WALL—f7 WALL
WALL+f 4 WALL
SURFACE
e A __F A B _A___F_ A _fOF FOND
7 u
HOLL;‘;V FEePE ”
HOLLOW
8 L Z
HOLLOW L HOLLOW
7
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Fig. 2-3. This sectional view of the pond shows lhe series of circular walls
and hollows formed by the falling pebble.

Place a small pieee 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.



6 Wave Motion

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 QF MOTION

Fig. 2-4. A row of dorninoes illustrales ware 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 QOF TRAVEL OF WAVE ———— >

Fig. 2-5. Illusiraling wave motion 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.



Wave Motion 7

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 medwm from particle to particle that we call the wave.

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

[« WAVELENGTH 4’]

Fig. 2-6. What is meani by wavelength is shown in this sectional view of a
pond info which a pebble has been thrown.

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 puth of
the wave going through one cycle.



8 Wave Motion

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 scveral inches to several feet.

The series of changes in the water surface in going onc wave-
length is 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 occan 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 produecing it.

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

AMPLITUDE

PEBBLE

-
ez

AMPLITUDE

o — — —

TROUGH

DIRECTION OF TRAVEL OF WAVE ———>

Fig. 2-8. This sectional view of the pond illustrales what is meant by ampli-
tude. Notice thal in this kind of wave the amplitude decreases as the wave
travels further away from the point of dislurbance.



Wave Motion 9

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 cyecles 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.

. Using a practical illustration, describe what is meant by a wave.

3. By mcans of a diagram, describe what is meant by: wavelength,
amplitude.

4. What is meant by one cycle of a wave? What is the relationship
between the number of cycles and the frequency of a wave?

5. Upon what does the amplitude of a wave depend?

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

7. Using a water wave as an example, show by a dotted arrow the

direction of motion of the particles of the medium and by a solid

arrow the direction of motion of the wave.

N =



1C W Light, Heat, and
Radio Waves

PROBLEM How do light, heat, and radio waves travel?

Light Waves. Sce 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
rachant energy, travel from the hot filament to our eyes. Scientists
tell us that light is energy traveling by means of waves.

Now, how do the light waves emitted by the hot filament reach
our eyes? Since there is a vacuum surrounding the filament, where
is the medium to carry the light energy? What is the medium which
carries light waves from the sun through empty space to the earth?

To get around this difficulty, Christian ITuyghens in the latter
part of the seventeenth century, assumed that a medium remains in
space after all substance or matter, as we know it, has been re-
moved. This medium was called luminiferous (light-transmitting)
ether (not to be confused with the anesthetie).

However, later experiments failed to verify the assumption of
the existence of such an ether medium. Present-day theory considers
the light wave as one of a group known as electromagnetic waves.
These waves are unique in that they require no medium in traveling
from one point to another. Hence this theory explains how light
energy can be transmitted through a vacuum.

These electromagnetic waves travel through space at the enor-

10



Light, Heat, and Rodio Waves 11

mous speed of 186,000 miles (300,000,000 meters) per second. Their
frequencies (that is, the number of eycles per second) vary. The
frequencies of visible light waves vary from about 375 million
million to 750 million million eycles per second, and their wave-
lengths vary from approximately 15 to 30 millionths of an inch
(0.000,015 to 0.000,030 inch).

‘Heat Waves. Now touch the outside of the “burning” electric-
light bulb. It is hot. How did heat, another type of radiant 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, is an electromagnetic wave.
Like the light wave, its speed 1s 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
0.000,030 inch).

Other Forms of Energy. For light and heat electromagnetic
waves, special organs of our bodies act as receivers. However, other
forms of energy which we cannot detect with any of our unaided
senses may be transmitted through space. We must, therefore,
devise special instruments that can change such forms of energy to
types which may be received by our senses.

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

. TO EXHAUST

PUMP PLATE PUMP

e N

KEY

Fig. 3-1. This apparatus shows that eleclric current flowing through a coil
of wire will sel up a magnelic field around that coil. This field is crealed even
though the coil is surrounded by a vacuum.



12 Light, Heat, and Radioc Waves

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.

To explain this matter, we say that when an electric current
passes through a wire it sets up a maugnelic field in space 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 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.

The electromagnetic waves are “wireless’” waves; they do not
depend upon a medium, such as a metallic wire, to transmit their
energy. Neither does the magnetic field. 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 communication.
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 eurvature
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
(ten thousand or more times a second), a type of electromagnetic
wave new to us, a radio wave, is 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 frequenecy, wavelength, and amplitude are
determined by the apparatus used to create it.

Radio waves vary in length from about 18 miles down to
1/250 inch. Those used in ordinary broadcasting are from 656 feet
to 1968 feet (approximately 200 to 600 meters) in length.
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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- meauns thousand, and mega-
means million. Similarly, deci- means a tenth (1/10), centi- means
a hundredth (1/100), milli- means a thousandth (1/1000), and

maicro- means a millionth (1/1.000.000).

Thus, a kilometer means 1000 meters, and a millimeter means

1/1000 of a meter. Other examples follow:
10 milimeters (mm)

10 centimeters
10 decimeters

1 eentimeter (cm)
1 decimeter (dm)
1 meter (m)
10 meters = 1 dekameter (dkm)
10 dekameters = 1 hectometer (hm)
10 hectometers = 1 kilometer (km)
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 frequency 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 megacyecles to 750,000,-
000 megacyeles.

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 fact, the frequency of the
radio waves from the various broadcasting stations are usually
listed in kilocycles (1000 cyeles). Thus, the frequency of station
WOR, New York, is 710 ke (710,000 cycles) per second.*

L

* 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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Light, Heat, ond Radio Waves

SUMMARY

The following principles have been discussed in this chapter:

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

2. Radiant energy travels through space with a speed of 186,000
miles, or 300,000,000 meters, per second.

3. The lengths of the waves are determined by the vibration fre-
quency of the source 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 em to 30 km

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

GLOSSARY

Eleciromagnetic Wave: A type of wave, including radio, light, and
heat waves, which requires no earrying medium,

Ether: The medium, permeating all space, which formerly was
supposed to carry such forms of energy as light, heat, and radio waves.
Heat Wave: An electrrnagnetic wave whose wavelengths lie
between 0.00008 and 0.04 cm.

light Wave: An electromagnetic wave whose wavelengths lie
between 0.00004 and 0.00008 ¢m.

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

Magnetic Field: A field of force surrounding a magnet or a wire
carrying an clectric current.

Radio Wave: An clectromagnetic wave whose lengths lie between
0.01 em and 30 km.

QUESTIONS AND PROBLEMS

1. In what ways are radio, heat, and light waves similar? In what
ways do they differ?

2. How do electromagnetic waves differ from other waves?

3. Among radiant heat, visible light, and radio waves, which has
the highest frequency? Which has the longest wavelength?



Light, Heot, and Radio Waves 15

4. What is the approximate velocity of electromagnetic waves
through & vacuum? Express your answer in both miles and meters.

5. Which electromagnetic waves may be received directly by our
senses? Which cannot be received directly?

6. What are the mathematical meanings of the following prefixes:
kilo-, mega-, malli-, micro-?

7. Give the English system equivalents of: 1 meter, 2.54 centimeters,
1 kilometer.



V<9l A Simple Radio
Receiving Set

GO WM 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 forin whereby it ean 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

16



A Simple Radio Receiving Set 17

the wire. We now have the beginning of our recciver, the antenna-
ground system. With this system, we collect radio waves. All re-
celvers 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 disconneet 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 broadcasting
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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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 pendulumn, the frequency of the
tapping must be equal to the natural frequency of the pendulum.
The tapping 1s in resonance with the swing of the pendulum.

Resonance with Tuning Blocks. Here is another experiment
you may 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
alr 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.

L -

block strike the second one
1st TUNING 8LOCK 2nd TuNinG BLock  and sel it vibrating.
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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
alr 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 Recetver. 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 broadeasting simultaneously at
frequencies of a, b. and ¢. respectively. If you wish to receive
Station A, you adjust vour 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 eatch 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 ct rent 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 diaphragm 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.

Fig. 4-2. Hookup of a
telephone transmitter, lele-
{(( phone recetver, and dry

- cells shows air waves,
siriking the transmitler,
are heard as sound coming
from the receiver.

AIR WAVES AlR WAVES\

Pl

\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 DETECTOR?

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 sclects the station or radio wave desired and rejeets
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

Anfenna-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 recciver by radio waves, into electrical currents
which can operate the reproducer.

Notural 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
eleetrie currents to a form which affects our senses and is usually
experienced as sound.

Resonance: The condition of two vibrating bodies when the natural
frequeney of one body is equal to the frequency of the other vibrat-
ing body. In the radio recciver, 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 eleetrical pressure which tends to make an electrie
current flow.

QUESTIONS AND PROBLEMS

1. What arec 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?

Why must a reproducer be used in a radio receiver?

Why must a receiver have a detector?

No



oY The Antenna-Ground
System
ZNOLINI'IMNN  How is a simple antenna set up?

PROBLEM 2. How 1is 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, 1t 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 gage}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
AFERIAL. For best results, the lead-in should be about 25 feet in
length, from the antenna to your radio set.

o [N SULATOAR)
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Fig 5-1. Diagram of the anfenna-ground system.
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The Ground. Finally, there is a ground connection.” The best
counection for a ground, if one is available, is a cold-water pipe.
Next best 1s 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-in is Y or WY 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 i3 4 technical term used in radio work, and refers to a part of a
circuit which is direetly conneeted ecither 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.

SUMMARY

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

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, above.
Insulotor:  Any substance through which a current of eclectricity
cannot flow frecly.

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

Y or LP Antenna and lead-in.

- QGround.

QUESTIONS AND PROBLEMS

. Describe the structure of a simple type of antenna system.

. What i1s meant by an insulator? Give examples,

. How should you orient your antenna with respect to power lines?

. What precautions must be taken in setting up a lead-in?

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

. What objects may best be used to make good contact with
ground?

7. How should the ground connection be installed?

oA WN —



6 The Tuner

NN What are the principles of a tuning sys-

tem?

SHOLIRIIWWIN 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 capacitor. This coil and capacitor produce certain

/
&

Meissner Mfg. Co.

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

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 inductance is the henry (h) or
the millihenry (mh). (Chap. 33.) The millihenry is one-thousandth
of a henry. The symbol for induetance devices, or tnductors, having
cores of air or iron, is:

—TTHTGE ™~ —~GO0T00 ™~
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
inductor is either of the following:

—~ T —fs/m%om

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 conduet 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 dielectric (or distance between plates).

The unit of measure of capacitance is the farad (f). For radio
purposes, we usually use the microfarad (uf), which is one-millionth
of a farad, and the micromicrofarad (uuf), which is one-millionth of
a microfarad (Chap. 34). Sometimes, when the mu () is not avail-
able 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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Fig. 6-2. Fized cupacilor. A—Mica capucilor.
B—Paper capacilor.

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 hetween 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 electrical formula or
equation, we usc 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 capacitor, you
cause an electrical current o flow
Fig. 6-3. Varialle co- back and forth through the ecircuit.
pacilor. We speak of such back-and-forth flow




The Tuner 29

-A- -B-
TERMINAL OF
STATIONARY PLATES /gngé?TLgﬁ

DIAL

VARIABLE
CAPACITOR

‘) TERMINAL OF
COolL OR ROTARY PLATES
INDUCTOR

coiL

Fig. 6-4. This hookup shows how a coil and a variable capacilor are connected
to form the tuning circuil. A is the piclorial method of showing the circuil, and
B is the schemalic method using symbols.

of current as oscillations. 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 7. X C of your receiver. vour set will be in
resonance (in tune) with the frequeney 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 produet of L and C (L X C) of your set be equal to the . 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 8and a C of 2; or an L of 4 and a C of 4. In other words.
v¥ou 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.

In some reccivers the coil is constructed with a special pow-
dered-iron core that may be moved in or out of the coll, thus varying
the inductance (/.). In most receivers the C is varied, 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 broadcasting station by making
the values of I (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.

WD

GLOSSARY

Capacitor (also known as Condenser): Two sets of metal plates
separated by an insulator or diclectric.
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Copacitor, 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 eapacitor.
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

e~ Coil wound on nonmetallie core.
e Coll wound on iron core.

7 Variable coil.
JUW

* Fixed capacitor.

#  Variable capacitor.

2 Tuner circuit.

N

QUESTIONS AND PROBLEMS

1. List the factors that determine the inductance of a coil.
2. List the factors that determine the capacitance of a capacitor.
3. In what units are capacitance and inductance rated?
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. In what two ways may the natural frequency of a tuner be varied?
. Using schematic symbols, draw a variable tuner circuit.
. What factors determine the natural frequency of oscillations

of a tuner circuit?

. When will a receiver be in resonance with a particular transmitter?
. State the meaning of milli-, micro-, and micromicro-.
. Define dielectric and give several examples.
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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 gage 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

33
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UPRIGHT -]

-—|RON DISK

Fig. 7-1. This apparatus
is used to show that a vary-
ing electric currenl pass-
tng through an eleciro-
muagnel ererts a varying
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. Conneect this outer post to the center post of the
sccond dry cell and connect the wire from the coil to the outer
post of the second dry cell. Cells conneeted this way are wn 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 cells 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. Construction of a telephone 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 I
\7//

FLOWS THROUGH
THE COIL

colL /

DIAPHRAGM, WHEN NO
CURRENT FLOWS
THROUGH THE COIL

DIAPHRAGM WHEN A
BAR MAGNET 1 SMALL CURRENT
PHONE N FLOWS THROUGH

Fig. 7-3. This diagram shows the positions of the diaphragm as a flucluating
currend 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
diaphragin 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.

DIAPHRAGM

Fig. 7-4. A sectional view
of an earphone of the type
used in radio receivers.
Note how flal il is com-
pared lo the lelephone
receiver. The permanent
CIRCULAR magnet can be either cir-
MAGNET cular or horseshoe shaped.

.
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Y
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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 metal band or spring that fits over the head.

jDIAFHRAGM <-D|APHRAGM

- COIL ~_| -
:_’,— \‘L—"‘:
«— CASE b
—1. —
3 TcoiL ;.
- s
PHONE CORD
/
Fig. 7-5. Diagram of a
PHONE TIP pair of phones connected

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 (s
converted to a loudspeaker.
<——SP
SUMMARY o
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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. The telephone receiver is an application of the electromagnet.

Sound entering the telephone transmitter produces a varying
electric current. This varying current causes the clectromagnet
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.

. Earphones are telephone receivers with flat electromagnets.
. 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 metal
band.

Electromognet: A magnet made by electric current flowing through
a coil of wire surrounding a soft-iron core.

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

SYMBOLS

FEarphones or phones. &_

Loudspeaker. :EQ

QUESTIONS AND PROBLEMS

B WN —

. Describe how you would construct an electromagnet.

. How may the strength of an electromagnet be increased?

. Describe how you would connect three dry cells in series.

. 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 steady current, followed by a deereasing
current, followed by no eurrent.

. Draw a simple diagram of two reproducers as connected in a set

of earphones.

. What is the function of the cone of a loudspeaker?
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QUOLINI UMM What is the electron theory?

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

YO NI WK  How can we make a practical detector?

In studying the antenna and tuner, you have learned that the
radio wave, striking the anten»a, 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

7

N
AN

not connect, a loop is used

().

What Is Electricity? To

unlderstand ﬂWhY th.e el}fctrl- Fig. 8-1. Diagram of the antenna-ground
ca curren‘t owing in the re- system and the tuner connecled to a sel of
ceiver fails to operate the  phones. This circuit will not work.

39
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phones, we must first consider the theory of clectricity. 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.
30), 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 conduector, we say it is
direct current (de). 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 diree-
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 about 10 kilocycles per second (ke¢) to 3,000,000
megacycles per second (mc). 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 broadcasting 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-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-millionth of a second, the current reverses
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 one-millionth of a second.

Now, 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-millionth of a second, the
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current will flow through the gate. During the next one-millionth of
a second, the gate will block the current, and there will he 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. Each
pulse and each interval will last only one-millionth of a second.

Since the eurrent 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 direet current
flows into our phones. For 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 one-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, thercby 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 have this peculiar property of
permitting electric current to flow through them in one direction
but practically no current in the other direction. One such crystal
1s a special type of germanium.

When used as a detector, a thin wire, called a catwhisker,
touches a tiny slab of this germanium crystal and the whole is
sealed in a small ceramic or plastic tube. Wire leads are used to
make connections to the crystal and catwhisker. See Figure 8-2.

TUBE\ CATWHISKER

—

\GERMANIUM CRYSTAL

Fig. 8-2. Cross-seclional view of germanium deteclor.
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Electrie current can flow readily from the germanium crystal to
the catwhisker but practically no current can flow in the opposite
direction. (We shall learn more about the germanium detector later
in the book.)

Making Your Set Work. When used in an electrical diagram,
the svmbol for the crystal detector is—4=. The heavy vertical bar
of the symbol stands for the erystal; the arrowhead stands for the
catwhisker.

Now connect the detector into your circuit as shown in Figure
8-3. It does not make any difference whether the crystal side or
the catwhisker side is connected to the phones. It will work in
either direction. Adjust the variable capacitor to bring in the signal
from the desired station at maximum loudness.

Fig. 8-3. A diagram of the complele crystal receiver. Eilher lhe
calwhisker or crvstal side of the deleclor can be connected to the phones.
This circuit will work.

SUMMARY

Your complete radio receiving set, in its simnlest terms, then, must
have these parts which we have discussed: an anfenna and ground,
a funer (an inductor and a copacitor), 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.
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GLOSSARY

Alternating Current (AC): An clectric current in which the electrons
periodically reverse their direction of flow.

Cotwhisker: The thin wire that makes contact with the crystal.
Current, Electric: The flow of electrons through a conduetor.

Detector: An electrical gate, or valve, permitting the flow of elec-
trons in one direction but hardly or not at all in the other.

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

Germonium: A special crystal which, when used with a catwhisker,
forms a detector.

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 eleetric
current as electrons moving through a conductor.

Radio-Frequency Alternating Current: An alternating current that
changes direction thousands and even millions of times a second.
Sixty-Cycle Alternating Current: An alternating current that changes
direction 120 times a second, or goes through 60 cycles a second.
Voltage: The electrical pressure that causes electrons to flow in a
conductor.

SYMBOLS
Crystal detector. —fppp—

QUESTIONS AND PROBLEMS

. Briefly describe the nature of an electric current.

. How does a direct current differ from an alternating current?

. Describe the characteristics of a pulsating direct current.

. How does home alternating current differ from radio-frequency
currents?

5. Describe the behavior of a sct of earphones when fed with radio-

frequency current.

6. Describe the structure and behavior of a germanium crystal
detector.

. Draw the schematic diagram of a simple crystal receiver.

. Explain the operation of the crystal detector in the diagram of
question 7.

W —

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

JUOL NI WV What is meant by the “sine wave” curve?
PROBLEM 3. What is a modulated radio wave?

ZNOLINI WM What are the waveforms of the currents
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, mathermatics, and economies.
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, Iigure 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,

45
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TEMPERATURE IN DEGREES

TIME IN HOURS

Fig. 9-1. Temperature graph for your sick friend. The verlical part shows
the degrees of temperalure, and the horizontal parl shows the time. By this
means, we can find oul what his lemperature was al any parlicular time.

the chart shows that at 1 a.m. the patient’s temperature was
101.8° (dot #1); at 2 a.m. the temperature was 99.5° (dot #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 ine and call it the line of no-current flow. When clectric 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 eurrent 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 hy 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 sleady direct current.

Fluctuating Direct Current. A direct current may be ecither
steady or fluctuating, If it is steady, the current strength, or maxi-
mum distance away from 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 time, as shown in Figure 9-3.

6
POSITIVE
44+
LINE OF
2 START sTop, NOTCURRENT

FLOW
} L | il } } /

v ¥ ) 1 T )i T

1 2 3 4 5 6 7 8 9 10
-2+ TIME IN SECONDS

STRENGTH OF CURRENT
o

NEGATIVE

Fig. 9-3. Graph of the curve or waveform of a fluctualing direct current. Nole
that the strength of the current may assume different values at 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 (Chap. 8).
Then 1t starts and repeats all over again.

[« ——ONE CYCLE—— =
B |
1
a ! POSITIVE
L 3 |
= |
F ] |
a |
Z |
N i N LINE OF
1 2 6 NO CURRENT FLOW
TIME—>

NEGATIVE

STRENGTH OF CURRENT
]

Fig. 9-4. Graph of the curve or wareform of an alternating current. A curve
whose current strength rises and falls in the smooth, even, and regular glide
pictured 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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Fig. 9-5. Graph of the curve or waveform of an alfernating currenl. Nolice
thal this curve is not smooth buf irrequiar.

The flow of alternating 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. 1t would help you to better understand
what takes place in your receiver, perhaps, if you were to examine
the waveforms 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 about
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 1s 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 1s
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.
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Fig. 9-6. Graph of the waveforms of conlinuous, damped, and modulated
radio waves. Note that in all three waves shown here the frequencies are the
same. Only the ampliludes rvary.

Thaird, there is the wave whose form is that of a smooth sine
wave but with the amplitudes of successive eycles 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 hroadecasting 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 space 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 frequeney
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 frequency is 500 ke, but whose amplitude varia-
tions correspond to the form of the fluectuating 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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A~ FLUCTUATING DIRECT CURRENT

8 — CARRIER WAVE

C— MODULATED RADIO WAVE

Fig. 9-7. This graph shows how a fluctualing direct currenl from lhe micro-
phone modulates the carrier wave {o produce the modulated radio wave that is
broadcast by the lransmilling slalion.

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 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, conforms 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 waveform of the
modulated radio wave. The current that flows in the antenna-
ground system, then, is alternating current whose frequency 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.

l/\ POSITIVE
0 /\ /\ /\ LINE OF NO ALTERNATING
4 4

1\/{ ( { } CURRENTFLOW  CURRENT
NEGATIVE
POSITIVE
OI/\' YN VN YN uneorno PULSATING
I N/ NS N CURRENT FLOW  CURRENT
'~ ~ - '~
NEGATIVE

Fig. 9-9. This graph shows how the crysial deleclor changes allernating cur-
rent info pulsaling direct current. The negalive halves of the cycle which were
stopped by the crystal detector are shown by the dotled lines. For practical
purposes, we may disregard the small amount of curent flow in the negalive
direclion.
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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 variations as long as it is going in one
direction—that is, as long as it does not go below the line of no-
current flow of our graph (Fig. 9-9). Everything in the graph below
the line of no-current flow is wiped out. Qur current now con-
sists of a series of direct-current pulses, separated by gaps of
no-current flow that represent the negative halves of the cycles
which were stopped by the erystal. This is what is meant by a
pulsating direct current.

We can now see what will happen to the alternating current
of our tuner when it reaches the erystal detector. The current is
changed from an alternating to a pulsating direct current, and the
bottom halves of the cyeles in the curve are wiped out. This, then,
is what we mean by detection. The waveform picture is the same
as that for the tuner. except that the half below the line of no-cur-
rent flow is eliminated (Fig. 9-10).

Waveform—The Reproducer. The current flowing out of the
crystal detector is now a series of direct-current pulses of varying
amplitude. These variations of amplitude correspond to the curve
described by the current that was set flowing by sound waves strik-
ing the microphone at the broadeasting station. If we again take
our hypothetical radio station broadeasting at a frequeney of 500 ke,
each such direct-current pulse lasts for one-millionth of a second
and is separated from its neighbor by an interval of one-millionth
of a second when no current flows.

As you already know, the diaphragms of the phones cannot
respond to a pulse of such short dutation. but since each pulse is
flowing in the same direction, a series, or train. of such pulses
makes its effect felt. The result on the phones, then. is the same as
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Fig. 9-11. Graph of the waveform of fluctuating direct current through the
phones. This waveform s indicaled by the envelope, which has the same shape
as the fluctuating direct current from the microphone in Figure 9-7A.

if a continuous, but varying, direct current, equal to the average
of all these pulses, were to pass through the coils. This waveform
can be shown on the graph by joining the peaks of these pulses
with a continuous line. We call such a line the envelope of the
wave (Fig. 9-11). You will notice that this envelope has the same
shape as the current set up by the microphone at the broadcast-
ing station. We have succeeded in making the carrier wave take
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MODULATEO RADIO ALTERNAT]NG ALTERNATING PULSATING FLUCTUATING
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Fig. 9-12. Hookup of a complele crystal receiver showing wareforms of electric
currents flowing in lhe various parts.



Waveform 55
the form of the modulating current, and it is this modulating cur-

rent, acting through our phones, that reproduces the sound origi-
nally created at the broadeasting station.

SUMMARY

-

. A groph is a picture.

2. Graphs in scientific work usually show relations between two
variable quantities.

3. The line which pictures the course of any event in a graph is
called a curve.

4. The sine curve 1s the graph which shows the waveform of a sim-
ple alternating current.

5. Three forms of radio waves must be distinguished: carrier or

continvous wave, damped wave, and modulated carrier wave.

GLOSSARY

Amplitude: In a graph picturing the flow of alternating current, the
amplitude is the maximum distance from a point on the curve to
the line of no-current flow.

Envelope: The line joining the peaks of the curve lying on one side
of the zero line of the graph.

Fluctuating Direct Current: Direct current that is constantly changing
in strength.

Graph: A diagram that pictures the instantancous relationship be-
tween two varying factors; for example, temperature at a certain
instant of time.

Modulation: The act of varying the amplitudes of a carrier wave by
means of an alternating current of low frequency or by a fluctuat-
ing direet current.

Sine Curve: A graph indieating the smooth, continuous variations of
current flowing in an alternating-current circuit.

Wave, Carrier: A wave which has an equal amplitude for all
cycles.

Wave, Continuvous: A continuous wave at radio frequency (very
high frequency).

Wave, Damped: An alternating-current sine wave whose amplitude
gradually and continuously decreases for each successive cycle.
Waveform: A graph showing changes of direct- and alternating-
current flow with time.

Wave, Modulated Carrier: A carrier wave whose amplitude is con-
tinually varied as the result of mixing with an alternating current
of low frequency or with a fluctuating direct current.
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SYMBOLS

J— Graph showing a steady direet current.

‘g’&_ Graph showing a fluctuating direct current.

;P_A_A Graph showing a pulsating direct current.

§Pv0v0v— Graph of a damped wave.

EW— Graph of a madulated carrier wave.

QUESTIONS AND PROBLEMS

-

. What relationship is shown by any graph?

2. Draw the following graphs: (a) a sine wave, (b) a steady direct
current, (¢) a pulsating direct current, (d) a modulated carrier
current.

3. What is the significance of the amplitude of a sine curve?

4. Describe how a modulated carrier wave is produced at a trans-
mitter.

5. What is represented by the envelope of a modulated radio-fre-
quency current?

6. Draw the waveform of a modulated carrier current before entering
and after leaving the detector.

7. Draw the waveforms of the currents in the following portions of

a receiver: (a) antenna-ground system, (b) tuner, (c¢) after the

detector, (d) in the headphones.
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PROBLEM 1. What are the faults of a tuner having
but one coil?

PROBLEM 2. What are the principles of a transformer?

PROBLEM 3. How do we use a transformer to correct
the faults of our tuner?

In continuing our study of radio, we shall follow the plan
of pointing out certain faults and shortecomings of our simple sets.
Then we shall explain the various methods of correcting these
faults.

Faults of the Tuner. Let us study the tuner. The function of
the tuning circuit is to select the wave of desired frequency and
reject all others. Although the tuner you built does this job fairly
well, it occasionally fails to separate two stations completely,
especially if these stations are quite powerful, close to your home,
and operate at approximately the same frequency. You then hear
a fairly loud broadcast from one station and in the background,
although a good deal weaker, the signal or program from another
station.

Theoretically. the tuning cireuit should pass only one fre-
quency. But because some resistance to the flow of current is al-
ways present in the circuit, other frequencies creep in. When this
resistance becomes too great, two stations may be heard at the
same time.

Why We Hear Two Stations. We can draw a picture to rep-
resent this situation. In Figure 10-1, we have assumed that the
station desired has a frequency of 1,000 ke. Let us assume also
that there is no difference in the distance or power of the stations.
Along the horizontal line, we have indicated successive frequencies
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Fig. 10-1. This graph or tuning curve shows whal happens when a receiver
tunes broadly. Note that unwanled radio stations at 980 and 1020 ke come in
well above the line of audibility level. This means that three slations may be
heard at the same time.

from 960 to 1,040 kc. Along the vertical line we have indicated
the loudness of the signal received. The height of the curve at
any point then represents the loudness with which a signal of
that particular frequency will be heard when your tuner is set
for 1,000 ke. If the height at that frequency rises above the line
marked “audibility level,” the signal will be heard in the ear-
phones. If it does not reach that level, the signal will be unheard
and, therefore, will not interfere.

You will note from the graph in Figure 10-1 that this par-
ticular tuner will permit three stations to be heard simultaneously,
the one we want at 1,000 ke and two unwanted ones at 980 and
1,020 ke. We say that such a set tunes broadly. We can remedy
this by redesigning our tuner so it will have a tuning curve that
will correspond to Figure 10-2. Note that now the strength of
signal of every station except the one desired falls below the line
of audibility level. Such a set, we say, tunes sharply.

Reducing Resistance in the Tuner. In practice, we accomplish
the desired change by reducing the resistance of the tuning circuit.
Examine again the circuit diagram of your crystal receiver in
Figure 8-3. You will notice that the antenna-ground system is
connected directly across the tuning circuit—that is, the antenna
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Fig. 10-2. Graph or tuning curve for a sharply tuning receiver. Note that all
unwanted radio stations fall below the line of audibilitly level.

is connected to one end and the ground is connected to the other
end. Thus, the resistances found in the antenna and ground circuits
are added to those of the tuning circuit. This increase of resist-
ance causes the tuner to tune broadly.

The ideal arrangement would be one where the electrical
currents flowing in the antenna-ground system were transferred
to the tuner, and yet the resistances of the antenna and ground
circuits were kept out. The resistance of the tuning circuit then
could be made very small, and much sharper tuning would result.
This can be accomplished by means of a transformer.

What Is a Transformer? To see how this undesirable resist-
ance is kept out, you must first learn what we mean by a trans-
former. You already know that when an electric current flows
through a coil of wire, it sets up a magnetic field around this coil.
When this magnetic field cuts across a conductor, it sets up an
electrical pressure, or voltage, which in turn sets a current flowing,
if there is a path through which it can flow.

We can have this magnetic field eut across a conductor in
two ways: we can cither have a stationary magnetic field set up
by a steady direct current flowing through the coil and use a
moving conductor, or we may have a moving magnetic field and
a stationary conductor. This moving magnetic field can be pro-
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Fig. 10-3. If a flucluating direct current (4) or an allernating current (B)
is sent inlo the primary of a transformer, the outpul from the secondary coil
is always an allernaling current.

duced when either a fluctuating direct current or an alternating
current passes through the coil. The magnetic field is built up and
collapsed in step with the variations of current in the coil.

In the transformer, we have two stationary coils. We call one
the primary and the other the secondary. We pass a fluctuating
direct curreni or an alternating current through the primary coil.
This current causes the magnetic field around the primary to fluc-
tuate in step with it. This fluctuating magnetic field, cutting across
the turns of the secondary coil, sets up an alternating electrical
pressure that, in turn, causes an alternating current to flow in the
secondary. This alternating current corresponds in form to the
fluctuating direet current or the alternating current in the primary
(Fig. 10-3).

The windings are wound either one over the other or side by
side on a common core. For low-frequency currents (up to about
15,000 cycles per second) a core built up of iron strips generally is
employed. A magnetic field acts as though it prefers to pass through
iron rather than through air. Thus practically all the magnetic field
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is concentrated in the iron core. Since this core passes through both
primary and secondary coils, very little of the magnetic field is lost
to the outside and a very efficient transformer is produced.

At radio frequencies (that is, frequencies above about 15,000
cycles per second) iron-core transformers are not employed because
of the high loss of energy in the iron core at these frequencies.
Accordingly, air-core transformers usually are employed at radio
frequencies. Since the magnetic field is not concentrated in the core,
such transformers are less efficient than the iron-core type.

Some receivers use transformers with a special powdered-iron
core for high-frequency currents. Such transformers are more effi-
cient than the air-core type, without introducing the high losses
entailed by the use of the regular iron core. In electrical circuits,

the symbol for the air-core transformer is % E . The symbol for
the iron-core transformer is %l |E and the symbol for the

1

The Antenna Coupler. You will recall that we were seeking a
method for transferring the electric current from the antenna-
ground system to the tuning circuit and, at the same time, per-
mitting the tuning circuit to operate freely. The air-core or
powdered-iron-core transformer is the answer. If we make the tuning
coil of the receiver the secondary of our transformer and connect
the primary in the antenna-ground system, we have solved our
problem. (Figure 10-4.)

powdered-iron-core transformer is %

Fig. 10-4. Diagram showing how an an-

lenna coupler or lransformer is connecled
3 in the radio receiver. Note that the path
of the antenna-ground system no longer
passes directly through the tuning circuil.

/ANTENNA COUPLER

PRIMARY SECONDARY
COIL COIL

Now the current in the primary (set flowing by the radio wave
passing across the antenna) sets up a corresponding magnetic field
which cuts across the turns, or loops, of the secondary coil. This
produces an electrical pressure, or voltage, in these turns. When the
secondary circuit is tuned to resonance with the incoming signal,
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the voltage in the turns of the secondary coil produces a much
larger voltage across the tuned circuit. Since the tuned circuit is
coupled magnetically (that is, linked by the magnetic field rather
than by wire connections) to the antenna-ground circuit, it receives
the desired electrical energy from the antenna-ground system with-
out receiving its additional resistance.

)
3
8
2

Fig. 10-5. Antenna coupler.

Such a transformer used at this point is called an antenna trans-
former or coupler. Through the use of the antenna coupler we obtain
sharper tuning — that is, we are able to keep out unwanted sta-
tions, since we have reduced the resistance of our tuning circuit.

\ 4

Fig. 10-6. An improved
crystal recetver, using an
anlenna coupler. This sel
will tune sharper than the
= one shown in Fig. 8-3.
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To make such an antenna coupler, all you have to do is to
wind upon the same tube on which you have your tuner coil an
additional winding of about 15 turns of wire (the primary wind-
ing). Separate the two windings about 14 inch. Connect the lead-
in from the antenna to one end of the primary winding and the
ground to the other. Try reversing the antenna and ground con-
nections to this winding to obtain best results. Your improved
crystal receiver will now appear as in Figure 10-6.

SUMMARY

1. One of the faults of the tuner consisting of a single coil is that
it does not sharply scparate different stations.
. This fault may he partially corrected by an antenna transformer.
. The transformer consists of two coils unconnceted but wound
upon the same core. In such a device, the magnetic field created
by a current in one coil transfers the encrgy to the other coil.
In the second coil the fluctuation in the current induced thercin
will follow the pattern of the current in the first coil.
4. An antenna coupler is an air-core or powdercd-iron-core transformer
having the primary in the antenna eireuit and the secondary in
the tuner circuit.

W N

GLOSSARY

Antenna Coupler: An air-core or powdered-iron-core transformer
used to couple the energy from the antenna-ground system to the
tuning circuit.

Primary: The input coil of a transformer.

Resistance: The opposition a substance offers to the flow of electric
eurrent through it.

Secondary: The output coil of a transformer.

Transformer: An electrical device consisting of two separate coils,
insulated from each other, used to transfer electrical energy from
one circuit to another.

Tuning, Broad: The simultaneous reception of several stations in a
radio receiver.

Tuning, Sharp: The ability of a radio set to receive only one station
at a time.
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SYMBOLS

P g é s Alr-core transformer.
P g lg s Iron-core transformer

]

P %5 E s Powdered-iron-core transformer.
1}
[}

QUESTIONS AND PROBLEMS

1. What is the effect of resistance in a tuning cireuit?

2. What response will be obtained from a receiver that tuncs
broadly?

3. What practical measure may we use to remove the resistance of
the antenna and ground from the tuning ecircuit?

4. Describe the structure and operation of a transformer.

5. Why will a steady direct current in the primary of a transformer
produce no effect in the secondary winding?

6. Describe the type of transformer used as an antenna coupler.

7. Draw a diagram of a complete crystal receiver using an antenna
coupler.




11 Electron Flow in the

Antenna-Ground System

GNOLINI M How does a dry cell produce an electro-
motive force?P

QUL W What are two kinds of alternating-cur-
rent generators?

RO LINI AWK [Tow do electrons behave in the antenna-
ground system?

You have learned in our previous study that an electric
current consists of a flow of electrons through a conductor forming
a circuit. Let us see if this theory can throw some new light upon
what happens in a radio receiver.

A Dry Cell Is an Electron “Pump.” Look at a dry cell (Fig.
11-1). You will notice that it is a zinc can closed at one end. The
other end is sealed with some insulator such as sealing wax or
pitch. In the center of the sealing wax you will notice a binding
post on a carbon rod. This post may be marked POSITIVE or +.
At the same end of the cell, but fastened to the zinc, is a second
binding post which may be marked NEGATIVE or —. The can is
filled with certain chemicals.

The terminals of a battery or cell are called poles or electrodes.
It is customary to name the pole from which the electrons leave the
cell the negative pole. In the dry cell, this is the terminal attached to
the zinc can. The terminal attached to the carbon rod is the posi-
tive pole.

You may not have heard it, but a dry cell is sometimes called
an electron “pump.” The chemical action inside the cell builds
up a pressure of electrons. This pressure exists, even when no elec-
trons are flowing. You can understand this if you think of a water
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faucet. The water behind the faucet is under a pressure even
when the faucet is closed and no water is flowing, When the faucet
is opened, the water flows out.

POSITIVE
BINDING POST (+4)

SEALING WAX

NEGATIVE
BINDING POST (—)

ZINC CASE COVERED BY
CARDBOARD TUBE

Fig. 11-1. The dry cell.

So 1t 1s with the clectrons in the dry cell. They accumulate
at the negative pole, and thus produce a pressure. When a path
is furnished them by connecting a conductor between the negative
and positive posts of the dry cell, eleetrons will flow out of the

ELECTRON
FLOW ELECTRON
FLOW
POSITIVE NEGATIVE
POST g —POST

Fig. 11-2. The dry cell is
a sort of pump that sends
electrons streaming from
the negative post lo the
posttive post when a path
is provided.

negative post of the cell, through the con-
ductor, and back into the positive post of
the cell (Fig. 11-2).

Electromotive Force (EMF). The dry
cell piles up electrons at the negative post
and leaves a relative deficiency of clectrons
at the positive post. When electrons are
given a path to travel, they wil always
move from the place where they have been
piled up to a place where there s a defi-
ciency. When clectrons are i excess at a
point, we say that point has a negalive
charge. When there is a deficiency, we say
there is a positive charge. If given a path,
then, electrons will flow from a point with
a negative charge to a point with a posi-
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tive charge. In other words, electromotive force (emf) is a pressure
tending to make electrons move from a place where there are many
electrons to a place where there are fewer electrons,

If two or more dry cells are connected in series—that is, with
the positive post of one connected to the negative post of the
other, the effect is as if two or more pumps were connected to-
gether. (Fig. 11-3A). The emf (or voltage) of the two cells is

-A_ -B_
41
[
N g 3 CELLS
ELECTRON FLOW & 34
’ 3| i
l‘ ] } M 5, | 2 CELLS
+ + - + - =
2 1 CELL
&1
[+
- I
0 =
DRY CELLS X START STOP

Fig. 11-3. 4---Three dry cells connected in a series.
B—A graph showing the flow of current from one, two, and three
dry cells respectively.

equal to the sum of their voltages. This increased emf causes
more electrons to flow through any given circuit in a period of
time than does one cell.

Like Charges Repel; Unlike Charges Attract. Anolher thing
Lo remember about electrons is that they repel one another. So,
whereas electrons will be attracted to a point with a positive
charge (a deficiency of eclectrons), they will be repelled from a
point with a negative charge (an excess of clectrons).

Since a dry cell can generate only a direct current, we have
been considering the flow of electrons in one direction only. This
kind of flow is called a direct current (dc). But if a pump could
be devised that would cause electrons to flow first in one direction
and then in the other, the current then would be called alternating
current (ac).
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Alternating-Current Generators. We have no such battery, but
we have another kind of “pump” to make current flow first in
one direction and then in the other. It is called an alternating-
current (a-c) generator. One form is the tremendous generator at
the power house that supplies the current for our electric lights
and electrical tools. The current is usually produced by passing
conductors through magnetic fields. Each complete movement of
a conductor through a magnetic field s called a cycle, and in each
cycle the direction of the current changes twice. The stream of
electrons pumped out by most a-c generators changes its direction
of flow 120 times in a second. Hence, we call the electric current
from such a generator a 60-cycle alternating current.

Another modern “pump” to produce alternating current is the
marvelous device called the electron {ube. At the broadeasting sta-
tion, some of these tubes send out a stream of electrons which
changes its direction of flow millions of times a second! We call this
type of an electric current a radio-frequency alternating current.

Alternating Currents in the Antenna-Ground System. By this
time, you know that the radio wave passing across vour antenna
causes an alternating current to flow up and down the antenna-
ground system. The radio wave sets up an electrical pressure that
causes the electrons to flow through the circuit. When electrons
move back and forth through a circuit. we say that they oscillate
in that circuit. See if you can picture how this takes place, by refer-
ring to Figure 11-4.

Here is the explanation. The radio wave, moving across the
antenna-ground system. sets up for an instant a positive charge
on the antenna and a negative charge on the ground of the system.
The electrons. which are present in the system at all times, are
set flowing up the antenna-ground system. These electrons flow
from the ground, through the primary of the antenna coupler,
through the lead-in wire. and on to the antenna wire. We show this
flow on the graph in Figure 11-4B.

The curve starts from point A on the line where the elec-
trons are at a standstill and gradually increases its height (the
quantity of electron flow in a given unit of time), until at B the
electrons are flowing at their maximum quantity. Then these
electrons start to decrease, still flowing in the original direction,
until they reach a standstill at point C.
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Fig. 11-4. A—Elecirons flow up and down the antenna-ground system.
B—Graph showing one cycle of current flow in the anlenna-ground
system.

The radio wave has now reversed the direction of its elee-
trical pressure. There is a negative charge on the antenna and a
positive charge on the ground of the antenna-ground system. The
electrons now change the direction of flow and stream down
the system to the ground.

On the graph, this direction change is shown where the curve
starts its bottom loop. The electrons, moving in the reversed di-
rection, now increase their flow until they reach their maximum
at point 1D on the curve and then decrease to a standstill at
point E.

The electron flow has gone through one cycle. In one second,
there may be millions of such cycles corresponding to the fre-
quency of the radio waves. We cannot show more than a few in
a graph, but we plan the graph so that it shows the frequency
by the time intervals along the horizontal line. The amplitude of
cach of the graph loops, too, corresponds to the amplitude of each
loop in the current generated by the radio wave, as you have
learned in Chapter 9.
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SUMMARY

1. The dry cell consists of a zine can which is the negative post or
cleetrode, and a carbon rod which is the positive post or electrode.
The zine can contains certain chemieals which, together with
the zine and earbon, act to place excess electrons on the zinc
and a relative deficiency of eleetrons on the carbon, thus ereat-
ing an elcetrical pressure, or electromotive force, between these
two electrodes. If given an external path between these two
clectrodes, the electrons will always travel in one direction—
from the point of excess (negative electrode) to the point of
deficieney (positive eclectrode). We call this type of electron
flow direct current.

2. Another type of electron pump which causes electrons to flow
first in one direction and then in the other direction through a
conductor 1s the alternating-current generator. This type of elec-
tron flow is called olternating current. As the electrons flow first in
one direction and then reverse and flow in the other, we say that
the alternating current has gone through one cycle. The number
of cycles per second is called the frequency. Generators used to
supply alternating current to our house lines usually have a fre-
queney of 60 cycles per second.

3. Another type of alternating-current generator is the electron tube.
This device is capable of generating alternating currents whose
frequencies may be as high as millions of cyecles per second.
These electron tubes are used in radio broadcasting stations.

4. As the radio wave moves across the antenna of the receiver, it
sets a high-frequency alternating current flowing in the antenna-
ground system.

GLOSSARY

Alternating Current: A current that changes its direction of flow in
a circuit because of the changing polarity of the applied voltage.
Cell: A chemical deviee used to generate an electron pressure or
voltage.

Electromotive Force (emf): The cleetrical pressure, or voltage, that
causes electrons to flow in a conductor.

Negative Charge: A region where there is an excess of clectrons as
compared with other regions.

Pole (or Electrode): Terminal of a eell or battery through which
electrons leave or enter.

Positive Charge: A region where there is a deficiency of electrons as
compared with other regions.
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Rodio-Frequency Alternating Current: Alternating current that makes
thousands or millions of changes in the direction of current flow each
second.

Series Connection of Cells: Cells connected from + to — to + to —,
and so on, to supply a higher total voltage than that of any single
cell.

Sixty-Cycle Alfernating Current: An alternating current that reverses
its direction of flow through a circuit 120 times a second.

SYMBOLS

A cell. — |+7

Several cells in series. — \I ‘ |

=

. In what direction will electrons always flow in a ecircuit?

2. What is the behavior of electrons toward positive charges?
Toward other negative charges?

3. What is the effect on the total voltage of connecting several
cells in series?

4. Why does a drv cell produce only direct current?

5. Describe by means of a graph the changes occuring in an alter-
nating current,

6. Give two methods of creating an alternating current on a practi-

cal basis.

What are the characteristics of a 60-cyele alternating current?

Under what conditions are electrons said to oscillate?

9. Describe the electron oscillations set up by radio waves in the

antenna-ground system of a receiving set.

QUESTIONS AND PROBLEMS

—_—

o N



12 Electron Flow in the

Tuning Circuit

PROBLEM 1. How are currents induced in conductors?
PROBLEM 2. What is the explanation of “charging”
and “discharging” a capacitor?
PROBLEM 3. What is meant by self-induction?

PROBLEM 4. How are the oscillations of the tuning
circuit produced?

We have just learned that the radio wave sets our electrons
moving up and down the antenna-ground system. We now want
to see the effects of this alternating current upon the other parts
of our receiver.

Why Induction Occurs. First of all, you should know that
(a) every electric current is accompanied by a magnetic field and
(b) when this magnetic field cuts across a conductor or is cut
through by a moving conductor, the result is an induced alternating
voltage across the conductor. Thus, when the magnetic field is pro-
duced by an alternating current the field varies in step with the
current and, hence, an alternating voltage is induced across any
conductor lying within this field.

Our antenna coupler is an air-core transformer. Any alternating
or fluctuating current in the primary coil will induce an alternating
voltage in the secondary coil.
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Fig. 12-1. This diagram shows
how the magnelic field around the
primary of the antenna coupler
culs across the turns of the second-
ary.
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Here we have an explanation
of how the electrical energy of the
antenna-ground system is trans-
ferred to the tuning circuit through
the antenna coupler. The sequence
of events is: (1) The radio wave
sets up an alternating current in
the antenna-ground system, of
which the primary coil of the an-
tenna coupler is a part. (2) This
alternating current is accompanied
by an alternating magnetic field.
(3) This magnetic field cuts
through the conductors in the sec-
ondary coil of the antenna coupler.
(4) Alternating currents in step
with the radio waves are induced in
the secondary coil. (5) These alter-
nating currents, which are of radio
frequency, flow through the tuning

circuit. The frequency of the current set flowing in the tuning
circuit is the same as that in the antenna-ground system. The
variations in amplitude of each cycle likewise follow the variations
tn amplitude of the current in the antenna-ground system.

+=— ELECTRONS

Fig. 12-2. Diagram of the electrical
charges and direction of electron flow in
the antenna-ground system and luning
circuit during a half-cycle of current
flow. During the next half-cycle, the
charges and flow of electrons are reversed.
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Now let us examine the electron flow in the tuning cireuit.
You will recall that this circuit consists of a capacitor and inductor
connected together. We will examine each part separately, with
special attention to the behavior of the electrons.

THE CAPACITOR

Charging and Discharging a Capacitor. A capacitor consists
of two or more metal plates (or conductors) separated by a di-
clectric (or insulator). A conductor is a substance that periits
electrons to flow through it quite easily. An insulator is a sub-
stance that does not permit electrons to flow through it readily.

Now obtain a capacitor whose capacitance is about one micro-
farad (1 uf) and connect it to a 45-volt battery for a few seconds.
Disconnect the battery. By means of a piece of wire, connect one
plate of the capacitor to the other. You will notice a spark jump
from the end of the wire to the second plate of the capacitor just
as you are about to touch them together.

This phenomenon is explained as follows: When you con-
nected the battery to the capacitor (Iig. 12-3A), electrons were
pumped into plate #2 of the capacitor from the negative post of the
battery — that is to say, plate #2 received a negative charge. This

-~ A- -B- -C-
1 2 12 1 2
+ - + + -
= I 3|z
+| |- + SPARK=+| |~
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+| |- + +| |-
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ELECTRONS

-——

ELECTRONS

JR——

ELECTRONS

———

ELECTRONS

e

45 VOLT
BATTERY

Fig. 12-3. A—Charging a capacilor.
B—A charged capaclor.
C—Discharging a capacilor.
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negative charge tended to repel electrons from plate #1. At the same
time, the positive post of the battery drew away some of the elec-
trons from plate #1 to satisfy its deficiency. Thus, a deficiency was
created on plate #1 which means that a positive charge was placed
there. The dielectric prevented the flow of electrons through the
capacitor from plate #2 to plate #1. We call this process, charging
a capacitor.

When vou removed the battery and wires (Fig. 12-3B), the
charges remained on the plates of the capacitor because there was
no path over which the electrons could flow from the negative to
the positive plate. Then you attached a wire to plate #2 of the ca-
pacitor (Fig. 12-3C). So great was the tendency of the electrons
piled up on that plate to get over to plate #1 (where there was a
deficiency of electrons), that they could not wait for the circuit to
be closed, but actually jumped across the small gap just before you
touched the end of the wire to plate £1. That was the spark you saw.
This process is called discharging a capacitor.

The Discharge Is Oscillatory. But in their surge to get to
plate #1, a good many more electrons rushed across than were
necessary to make up for the deficiency. As a result, plate #1 had
an excess of electrons, and plate £2 a deficiencey of them. The charges
were thus reversed. The electrons thereupon surged from plate
£1 to plate £2. Again too many rushed across, and again the charges
were reversed. These oscillations continued to become gradually
weaker, and finally stopped.

You may understand this
better by comparing the motion
of the electrons to the behavior 2N
of a pendulum (Fig. 12-4). I'irst, / \
consider a pendulum at rest. The / \
weight points straight down. ’ \

Now raise the weight to one side. / N
The force of gravity tends to / -
bring the weight to its original (¥ -
position. Now release the weight. —\ /
Tt rushes back to its original po- ORE%“L

sition, but overshoots the mark POSITION

and swings on to the other side. Fig. 12-4. The motemenls of this

Gravity thereupon pulls it down pendulum  illustrale  oscillatory
again. It rushes back toward the motion.
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lowest point, but again overshoots its mark. It makes many such
swings, each one of less amplitude, before it finally comes to
rest with the weight straight down.

The electrons in the capacitor, when discharging across a
gap or through a eonductor, surge back and forth many times be-
fore they come to rest. All this happens in a very small part of a
second. We call this swinging of electrons back and forth an oscil-
latory discharge. The capacitance of the capacitor is a factor that
determines the rate of oscillations.

SELF-INDUCTION

Our study of induetion up to this point has been limited to
showing how an electrical current, flowing in one coil, sets up a
magnetic field that cuts across the turns of a second eoil and causes
a current to flow in the second coil. Now let us see what happens
in the original coil.

Counter Electromotive

_ELECTRONS Force. Suppose you were {o

hook up a coil (such as your
original tuner coil of 90
turns), a battery, and a key

Bl
e Tg as shown in Figure 12-5.
-T £ At the instant the key is
o)( =  closed, electrons start flow-
ELECTRONS ~ ing from the negative post
of the battery through the
Fig. 12-5. This hOOkllp Of COil, key, and circult in a counterelock-
battery illustrales self-induction. wise direction, as shown

by the arrows. The current
flow causes a magnetic field to be built up around the coil. This
magnetic field, at the instant it is formed, cuts across the turns of
the coil itself, and sets up an electrical pressure (emf) in the coil
which tends to start a second stream of electrons to flowing in the
coil. This second electromotive force is only momentary and always
is in a direction which opposes the original flow of electrons sent
out by the battery. A counter electromotive force is said to have
been induced in the coil. The effect is to reduce the amount of
current which the battery can send through the coil.
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After the key has been closed for a while, a steady direct
current will flow through the coil. The magnetic field is now
stationary. The counter electromotive force lasted only an instant,
when the magnetic field was first formed. Now the original flow
of electrons from the battery will pass through unhampered.

Self-Induction. As the key is opened, the magnetic field col-
lapses. Again a changing magnetic field will cut across the turns
of the coil and again it will induce a counter electromotive force
in the coil. This time, the induced electromotive foree will be in
the original direction of electron flow, that is, counterclockwise.
This momentary pressure now acts to oppose the stopping of the
electron stream from the battery and thus it tends to keep the elec-
trons flowing through the coil for a short interval of time after
the key is opened.

In summary, the motion of electrons set up in the coil by a
change in the magnetic field, at the moment the key is closed
or opened. will always oppose the action of the battery. The
phenomenon described above is known as self-induction. The in-
ductance of a coil is the direct result of its self-induction. Both
the size and the number of turns in a coil (that is, its “electrical
size’) affect its properties of inductance.

THE TUNING CIRCUIT

Joining the Capacitor and Coil. Now connect your capacitor
to the coil. This 1s the tuning circuit. Let us study the diagramn of
this circuit in Figure 12-6.

Assume that a negative
charge has been placed
upon plate A of the capac-
itor and a positive charge
upon plate B. Now the ca-
pacitor starts to discharge
through the coil. Electrons
surge from plate A through
the coil, building up a
magnetic field around it. Fig. 12-6. Tuning
The self-induction of the charged capacitor.

++ 4[|+ ++ B

circuit, showing a
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coil develops a counter electromotive foree and slows down the
number of electrons flowing through it to plate B. As a result of the
oscillatory discharge of the capacitor, plate B now becomes a little
more negative than plate A. Then the electron flow ceases. At
that moment, the magnetic field around the coil collapses and
induces an emf which pushes more electrons onto plate B. Thus,
plate B becomes even more negative. Again the electron flow
comes to a stop.

Then electrons surge from plate BB towards plate A, and the
situation repeats itself. It is really the electrical sizes of the ca-
pacitor and the coil together that determine the rate at which
the clectrons oscillate in the tuning circuit. Another way of say-
ing this i1s that the electrical sizes of the capacitor and coil deter-
mine the natural frequency of the tuning circuit.

The question now arises, where does the capacitor get its
charge?

Examine Figure 12-7.
You will notice that when
electrons are flowing down
the primary of the antenna
coupler, they induce a volt-
age in the secondary which

|
~

clockwise direction. This
flow causes electrons to pile
up on capacitor plate A and
a deficiency of electrons re-
sults on plate B. Then. for
an instant before reversing
their direction, the elee-
trons will cease moving in
the primary of the antenna
coupler. Nevertheless, at this instant, self-induction in the second-
ary of the coupler continues to pile up electrons on capacitor
plate A.

When the electron flow in the primary reverses itself, elec-
trons begin to be piled up on plate B of the capacitor. So you see
that the flow of electrons in the primary of the antenna coupler
sets a stream of electrons oscillating in the tuning circuit. The

4]

5r causes electrons to flow in
= ===l=== A the tuning circuit in a
9 +++[+++ B

-

w

<—— ELECTRONS
209/

Fig. 12-7. This diagram shows how the
capacitor got its charge.
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frequency of this oscillation depends upon the frequency with
which the electron flow in the primary reverses itself. This fre-
quency in turn depends upon the frequency of the radio wave.

Resonance in the Tuning Circuit. But we must not forget the
other stream of eclectrons set flowing in the tuning circuit by
the discharging of the capacitor. The frequency of this second
oscillation depends, as you have seen, upon the electrical values of
the coil and capacitor. Now, if these two sets of oscillations are in
step, all is well, and they will work together. But should they be out
of step, they will interfere with each other and quickly destroy all
flow of electrons. If they arc in step, we say that they are in resonance.
We therefore select the proper values of inductance and capacitance
to obtain a natural frequency for our tuning circuit that is in reso-
nance with the frequency of the radio station we desire. Then oscilla-
tions caused by that station’s wave are built up in our tuning circuit.
Signals from stations of different frequencies cause oscillations that
are out of step and they die away.

In practice, we usually keep the electrical size of the coil
constant and vary the capacitance of the capacitor to place our
tuning circuit in resonance with the radio station we wish to
receive.

SUMMARY

1. The radio wave, passing across the antenna, starts an alternating
current flowing in the antenna-ground system.

2. This alternating current causes a fluetuating magnctic field to
be built up around the primary of the antenna coupler.

3. This magnetic field cuts across the loops of the secondary of the
antenna coupler and sets an alternating current flowing in the
tuning eireuit, which is in step with the variations of the current
flowing in the antenna-ground system.

4. Tuning is accomplished by the inductance of the secondary of
the antenna coupler and the capacitance of the variable tuning
capacitor. When the natural frequency of the tuning cireuit is the
same as the frequency of the alternating currents which the
radio wave set flowing in the antenna-ground system, maximum
transfer of electrical energy from the antenna-ground system to
the tuning circuit takes place, and the oscillations of electrons in
the tuning circuit are built up.
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GLOSSARY

Capacitor: Two metal plates separated by a dielectric.

Inductance: The property of a coil whereby it tends to keep out a
current coming in and, once In, to prevent it from discontinuing—
in short, to oppose any current change through it.

Oscillation: The movement of clectrons back and forth through a
circuit.

QUESTIONS AND PROBLEMS

10.

. What is the relationship between frequency of oscillation of

electrons in the antenna-ground system and frequency of oscil-
lation in the tuning circuit of a receiver tuned to a particular
station?

Distinguish between an electrical conductor and an insulator.
Give examples.

Give an electronic explanation (that is, in terms of electrons)
of the charging of a capacitor.

Give an electronic explanation of the discharge of a capacitor.
Describe the chain of events oceurring when a voltage (electro-
motive force) is applied across a coil.

. Desceribe the chain of events occurring when the voltage applied

across a coil is removed.

. In what way docs the coil of a tuning circuit serve to control

the rate of discharge of the capacitor?

. Give an eclectronic magnetic-field picture of a tuning cireuit,

showing how the coil and capacitor control the rate of oscilla-
tion of current in the tuning cireuit.

. “The receiver i1s In resonance with the radio wave.” Elec-

tronically, what is meant by this statement?

Practically, how do we usually place our receiver 1n resonance
with any broadcasting station? How else might we have done
it?
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Detector and Phones

ZNO NI WM What are parallel circuits?

2O NI WM How do electrons behave in going from
the tuning circuit to the detector and

phones?

Up to now you have seen a stream of electrons merrily oscil-
lating through the tuning ecircuit many times each second. Now for
the next step, let us see what happens in the detector and the
phones of the receiver.

Parallel Circuits. Across the capacitor of the tuning cireuit,
connect a pair of phones as in Figure 13-1. When a stream of elee-

oL LT
g8 = 5 g L

Fig. 13-1. Parallel circuits. A—Flow of electrons during a half-cycle.
B—Flow of electrons during the next half-cycle.

81



82 Electron Flow in the Crystal Detector and Phones

trons flows down the primary of the antenna coupler (Fig. 13-1A),
another stream is set flowing in a clockwise direction in the tuning
circuit, and clectrons are being piled up on plate #1 of the capacitor.
At point X, however, the path divides, and some of the electrons
are also pushed around through the phones in the direction indicated,
and back to the main stream at point Y.

Note that there are two paths for the electrons to follow —
one through the tuner and the other through the phones across the
capacitor. We call a eircuit in which the electrons have two or more
paths through which they may flow simultaneously a parallel,
or shunt, circuit.

When the flow of current reverses itself in the primary, it also
reverses itself in the tuning circuit (Fig. 13-1B). The stream of
electrons divides at point Y, some flowing onto plate #2 of the
capacitor while others flow through the phones and rejoin the other
electrons at point X. In other words, electrons flow through the
phones (the parallel cireuit) in step with the flow of electrons in the
tuning circuit.

The Crystal Detector and Phones in a Parallel Circuit. Now
insert the crystal detector into the circuit (Fig. 13-2). Electrons
then tend to flow through the detector and phones in step with the
flow of electrons in the tuning circuit.

But hold on! You will remember that the crystal detector
acts like an electrical gate, permitting electrons to flow through it
only in one direction,

Therefore. although the

electrons flow back and
forth in the tuning cireuit,
they can flow through the
detector and phones only in
one direction. This means

that because of the crystal
detector, the current that
flows through the phones is
not an alternating current,
but a pulsating direct cur-
rent (see Chap. 9, Fig. 9-
10).

The pulses reachmg Fig. 13-2. Diagram showing cryslal de-
the phones are a series of teclor and phones.
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electron streams, each of very short duration, perhaps one-mil-
lionth of a second or less. Also, the current is direct current—that is,
the electrons always move in one direction. You already know that
each such electron stream is of too short duration to move the dia-
phragm of the phones. But when a series or train of such electron
streams push together, it can cause the diaphragm to fluctuate,
and vou can hear a sound. We will investigate how the electrons
do this.

Using a Fixed Capacitor across the Phones. Across the phones
(in parallel with them), connect a fixed capacitor. As was ex-
plained in Chapter 9, the output of the detector is a plusating direet
current with a waveform similar to that shown in Figure 13-3A
below.

As a pulse of current reaches point X (Fig. 13-3B), it divides,
one portion going through the phones and another piling electrons
on plate £1 of the capacitor. The current flowing through the phones
energizes the electromagnet, causing the diaphragm to be drawn in.
During the interval between pulses, when no current is flowing, the
diaphragm would tend to spring back. During this interval (Fig.
13-3C), however, the capacitor starts to discharge through the
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phones from plate #1 to plate #2, causing current to continue flowing
through the phones in the same direction as previously. The effect
of the capacitor, then, is to keep direct current flowing continually
through the phones, overcoming the tendency of the diaphragm to
spring back during the interval of no-current flow {rom the detector.

You will recall that in Chapter 9, we said that the waveform
of the current flowing through the phones can be pictured by
drawing a line through the peaks of all the direct-current pulses
passing out of the detector; we called this line the envelope. Well,
strictly speaking, this is not the irue picture. Actually, the effect
of the capacitor is to level off the peaks of these pulses and fill in
the hollows (Fig. 13-4). The curve now presents a continuous
line whose fluctuations resemble those of the envelope. Since it
is these fluctuations that produce the to-and-fro motion of the
diaphragm, the sound coming from the phones is very nearly like
the sound first created at the broadeasting station.

PEAKS LEVELED OFF HOLLOWS FILLED IN
ENVELQPE

CURRENT FLOWING
THROUGH PHONES

\
\.
w2

% -k—'
AE%E%=
-C PULSES FROM DETECTOR

il

Fig. 13-4. This graph shows how the capacilor levels off the peaks and fills in
the hollows between the pulses of direct current coming from the detector. Note
that the resulling curve resembles the envelope quile closely.

Coils as Capacitors. Let us now go back to that fixed capacitor
across the phones. You will have noticed that in our circuit dia-
grams of the crystal receiver, we have omitted it. Nevertheless.
the capacitor was always present. Here is why.

A capacitor, you know, consists of two metallic plates sepa-
rated by an insulator. In the coil of the phones, we have many
turns of copper wire wound next to one another and separated
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by an insulator. So you see that if we consider two turns of wire
next to each other and separated by an insulator, we really have
a very small capacitor. Since there are hundreds of such small
capacitors in the coil, the total effect is the same as though a
large capacitor were connected across the phones. Thus, a coil
serves both as an electromagnet and a capacitor at the same time.

In practice, an external capacitor having a capacitance of
0.006 uf is sometimes placed across the phones even though it
is not absolutely necessary.

SUMMARY

1. Any electrical device is connected in parallel in a circuit when
it is one of two or more paths through which some of the current
can flow. Devices are said to be in series when all of the current
must pass through all of the devices one after another.

2. The detector and phones form a parallel path across the tuning
circuit.

3. A capacitor across the phones helps to fill in the spaces between
the gaps in the pulsating direct current from the detector.

4. In the waveform of current flow from the detector, the envelope
is a line connecting the peaks of the pulses. The envelope is the
waveform of the current that produces the sound in the phones.

GLOSSARY

Parallel Circuit: An electrical cireuit in which electrons have two or
more paths to follow.

Shunt: One of the paths in a parallel circuit.

Series Circuit: A circuit in which electrons have but one path.

QUESTIONS AND PROBLEMS

1. How may we determine whether two electrical devices are con-
nected in series or in parallel?

2. Compare the waveforms of the currents in the tuner, through the
detector, and in the phones of a crystal receiver.

3. Explain the action of a capacitor across the phone of a receiver.
Why may this capacitor be omitted?



|V« The Vacuum-Tube
Detector—The Diode

O INI "MW What is meant by the “Edison effect”™?

(JNOLINT WMl What are the principles of a Fleming
valve?

M{OLINT WK How may a diode be used as a detector?

Faults of the Early Crystal Detector. Before the discovery of
the germanium detector, early crystal detectors employed a piece
of galena, a type of lead ore, and a catwhisker. Not all spots on the
galena were sensitive and you had to hunt for a spot to touch with
the catwhisker. A slight vibration, and you lost the sensitive spot.
Also, if the galena should become dirty, you might never find a
sensitive gpot. Obviously, the galena detector had serious drawbacks.

The Edison Effect. Oddly enough, the first hint as how to
improve the detector came in 1883, long before the crystal detec-
tor was first used in a radio receiver. In that year, Thomas A.
Iidison was experimenting with filaments for his new invention,
the electrie light bulb. He placed a filament in a glass bulb and
then exhausted the air, creating a vacuum. By means of an elec-
tric current, he heated the filament until it glowed brightly and
produced light.

He soon observed an undesirable feature about his bulbs.
After a short time, a black substance was deposited on the inside
of the glass, interfering with the light given out. In an attempt to
eliminate this deposit on the glass, he inserted a metal plate. Now,
this plate did not help much, but one day he connected a delicate
clectric meter between the plate and the positive end of the fila-
ment. To his amazement, the meter showed that a small electric
current was flowing through the circuit. He did not know why this

86
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current should flow, and he
merely jotted down this strange
fact, n his notebook and forgot PLATE
about it.

Today, we know why this

-—-c
current flows. When a filament
1s heated to incandescence (when FILAMENT
it becomes hot enough to give /K\
off light), 1t shoots off streams METER [ 4 :
. . . )
of electrons. This behavior 1s }
known as the Edison effect, or s
.. +9. =
thermionic effect, of a filament lllﬁ
heated to incandescence. FILAMENT
BATTERY

These electrons given off by
the hot filament collect on the Fig. 14-1. A diagram of Edison’s
cool plate and, if a path is fur- experiment.
nished for them, they will flow
along this path toward the filament. The meter in that path shows
that electrons are flowing.

The Fleming Value. As we stated, this discovery of Edison’s
was made in 1883. At that time, the electron theory was not
known. But in 1904, J. Ambrose Fleming, an Englishman, who
understood the flow of the current in terms of electrons, decided
to experiment a bit. To depend upon the electrons piling up on
the cool plate, thought Ileming, is too slow. Supposc we were to
create an actual deficiency of electrons on the plate by placing a
positive charge on it, wouldn’t that attract still more electrons
from the filament? Fleming connected a battery in the circuit from
the plate to the filament, mm such a way that the positive post
of the battery was connected to the plate (I'ig. 14-2). He also

PLATE CHARGED
POSITIVELY

eLecTRONS  Fig. 14-2. Fleming’s ex-

FLOW TOWARD  periment with a positive

E+ charge on the plale of the
= FILAMENT {ube. The meler showed
T thal an eleclric current

was flowing through it.
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connected another battery to the filament to heat it to incandes-
cence. Note that this filament battery is not in the plate circuit.

By this arrangement, some of the electrons of the plate were
pulled away to satisfy the deficiency at the positive post of the
battery. This removal resulted in a deficiency of electrons on
the plate—that is, a positive charge. Fleming now connected a
meter in the circuit and, as he had expected. a much greater stream
of electrons flowed through than before the battery was attached.
He also discovered that the more powerful the battery, the greater
the positive charge on the plate, the more electrons were attracted,
and the greater the current flow through the meter.

Fig. 14-3. Fleming’s ex- PLATE CHARGED
perimenl with a negalive = NEGATIVELY
charge on lhe plale of the
tube. The meler showed
that no electric currenl
was flowing through it.

NO CURRENT BECAUSE
ELECTRONS REPEL ONE
ANOTHER

Now Fleming reversed the connection to the battery and ob-
served that tl'» meter showed no current. The explanation is that
this time the battery piled electrons onto the plate (gave it a
negative charge), and electrons repel one another. Hence the
streamn of electrons from the filament was repelled from the plate
and, therefore, no current flowed through the meter (Fig. 14-3).

Effects of the Fleming Valve on an Alternating Current. By
means of an alternating-current generator, Fleming now replaced
the direct current of the battery with an alternating current. The

symbol for the alternating-current generator is (: )

When the proper instruments were attached and the meter
reading taken, Fleming now observed that the current flowing
through the meter was direct, not alternating. The explanation
(I'ig. 14-4) is as follows: During the positive half of the alternating-
current cycle, the plate received a positive charge. This charge
caused electrons from the heated filament to be attracted to the
plate, and a current flowed in the circuit as registered on the meter.
During the negative half of the alternating-current cycle, the plate
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Fig. 14-4. Fleming's exrperiment
with an allernaling-current gener-
alor connecled lo the plate of the

tube. Electric current flowed through ALTERNATING
: -y CURRENT

the meler onlv during the positive GENERATOR

half of the alternaling-current

cvele.

received a negative charge. This charge repelled the electrons from
the filament, and the meter showed that no current was flowing.
The effect of this action upon the graph of the waveform is shown in
Figure 14-5. Only a pulsating direct current is passing through
the meter.

Here. then. is an electrical gate or valve that will permit cur-
rent to flow only in one direction. As a matter of fact, the early
electron tubes were all called valves, and still are in England.

Doesn’t this sound familiar? Of course! The crystal detector
acted in just that way.

+
0 N N\ VAN CURRENT PRODUCED
N N4 N —  BY THE GENERATOR
+ N
N NI N N
NN —  TUBE BY A-C GENERATOR
o N\ N\ /Nt DIRECT CURRENT FLOWING
T THROUGH THE METER

Fig. 14-5. This graph shows the effect of connecling an alternaling-current
generalor {o the plale of Fleming's tube.

The Fleming Valve as a Detector. Fleming went one step fur-
ther. For the alternating-current generator, he substituted a radio
tuning circuit. Since alternating current flows out of the tuning
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circuit, it may be considered a sort of alternating-current gen-
erator. For the meter, Fleming substituted a pair of phones, and
now he had the same hookup as our old receiving set, but, with a
new kind of detector (the tube) to replace the erystal (Fig. 14-6).

Fig. 14-6. A radio receiving set
that uses a Fleming valve as a de-
tector.

Why the Fleming Valve Is Called a Diode. This type of de-
tector is known as a Fleming valve. Because it has two electrodes,
the filament and plate, it is also known as a diode (di means two;
-ode means pole). It is easier to operate than a crystal because
there is no need to hunt for a sensitive spot. Further, you cannot
disturb it by jarring; and no dirt, grease, or air can get mside the
sealed glass tube. The symbol for the diode is @

SUMMARY

1. Thomas Edison, in 1883, discovered that in a vacuum tube an
eleetric current passed from a Kot filament through the vacuum
to a plate sealed in the tube at some distance from the filament.

2. J. Ambrose Fleming in 1904 discovered that the current was
increased in an Edison tube when the plate was made positive,
and ceased when the plate was made negative.

3. The diode or Fleming valve depends upon the principle that
alternating currents fed to the plate are changed to direct cur-
rents because only during the positive half of an alternating-
current cycle are the electrons attracted from the filament to
the plate.

GLOSSARY

Diode: A two-clectrode tube containing a plate and filament.
Fleming Valve: A tube (valve) used as a detector.

Thermionic Effect: The throwing off of clectrons by a body when
it is heated to incandescence.

Valve: A tube with a filament and plate which will allow current
through it only in one direction.
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QUESTIONS AND PROBLEMS

1. List the defects of the early crystal detector.

2. Describe Edison’s early experiment on vacuum tubes.

3. Why did a current flow from the plate to the filament in Edison’s
electric light bulb when the two were connected externally?
What is the thermionic effect?

4. How did Fleming make use of the Edison effect?

5. What action takes place in the diode tube containing the fila-
ment and plate when the plate is made negative?

6. Draw a graph showing the resulting effect when an alternating-
current sine voltage is impressed on the plate of Fleming’s valve.

7. In what way are the crystal detector and the Fleming valve
alike?

8. What is the advantage of the diode tube over the early erystal de-
tector?

9. Draw the circuit of a one-tube receiver using the Fleming valve
as a detector.
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CU{e: NIV What did De Forest contribute to radio?
el INI" WM By what principles does the grid func-
tion?

oL IRIVIKM How is the grid maintained with the
proper negative charge?

I {olIRIVW-M How may we control volume in a one-
tube receiver?

Soon after Fleming’s diode tube appeared, in 1907, an Ameri-
can inventor, Lee De Forest, undertook to carry further some ideas
suggested by one of Fleming’s experiments. De Forest knew that
when Fleming placed a positive charge on the plate of his tube
by means of a battery connected between the plate and filament
(Fig. 14-2), a much greater electric current flowed through the
meter than when there was no such charge. Further, the greater
the positive charge on the plate, the greater the flow through the
meter. (Actually, this did not go on forever. After the positive
charge reached a certain value, placing a greater positive charge
on the plate had no further effect.)

A and B Batteries, The circuit traveled by the electrons—
starting from the filament of the tube and going across the vacuum
in a stream to the plate and back again to the filament by way
of the path provided by the meter, battery, and wire—is known
as the plate circuit. The battery used to place a positive charge on
the plate is known as the plate battery, or B battery. The battery
used to heat the filament is known as the filament battery, or A
battery (Fig. 15-1).

92
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Experiments of Lee De
Forest. Now, thought De
Forest, if we could only use
the advantages of the B
battery and substitute our
phones for the meter, we
would get a much louder
signal in our phones, be-
cause the greater the cur-
rent flowing through the
phones, the greater is the
magnetic pull of the coil,
Greater  magnetic  pull
means that the diaphragm
is bent more, the air is set
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Fig. 15-1. Diode using a B battery lo
place a positive charge on the plate of
the tube. Current flows through the meter.

moving more violently, and a louder signal results.

At this point, however, a serious difficulty arose. The large
current through the phones must be a direct current that flue-
tuates in step with the fluctuations of the incoming signal. De
Forest quickly discovered that the small charges placed on the
plate of the Fleming valve by the alternating current from
the tuning circuit were undectectable in the presence of the rela-
tively enormous positive charge placed on the plate by the B bat-
tery. Try as he would, De Forest could not utilize the advantages
of a B battery in the diode tube (Fig. 15-2).

SMALL INCOMING —

POSITIVE AND
NEGATIVE CHARGES
FROM TUNING
CIRCUIT

LARGE POSITIVE
CHARGE FROM
8 BATTERY

<o)

—|ij

Fig. 15-2. This diagram shows how the weak posilive and negative charges
placed on the plale of the diode are overwhelmed by the large positive charge

placed on the same plate by the B baltery.
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Incention of the Grid. It was then that De Forest had a stroke
of genius. Since the flow of current in the plate circuit starts with
the stream of electrons shot out by the heated filament, he began
to experiment with that electron stream,

Suppose, thought he, we were to place another eleetrode in
the tube between the filament and plate. Being closer to the fila-
ment than the plate. this electrode would have a greater effect on
the stream of electrons than would the plate. Thus, a small positive
charge on this new electrode would pull over clectrons just as
would a large positive charge on the plate. Also, a small negative
charge on this new electrode would repel some of the stream of
electrons, and thus a comparatively small number of electrons
would reach the plate. When few electrons reach the plate, a very
small current flows in the plate circuit. Here, then, thought De
Forest, is a method for controlling the flow of current in the plate
circuit by means of small charges on the new electrode.

But hold on! Further reasoning and experimenting con-
vinced De Forest that when this new electrode was given a posi-
tive charge, it pulled over clectrons as expected, but that these
electrons went to this new electrode, and none found their way to
the plate. After more experiments. De Forest eventually met this
difficulty by making the new electrode in the form of a mesh of
very fine wire, a grid. Since most of the grid consisted of open
space, most of the electrons pulled over by a positive charge on
the grid now shot through these open spaces and continued right
on to the plate. The grid was the solution to his problem.

How the Grid Works. By study of the diagrams in Figure
15-3, we can obtain an idea of how charges on the grid affect the
flow of current in the plate circuit. If the grid has a small negative
charge, it repels some of the electrons shooting off from the fila-
ment, and only a few of these electrons pass through the open
spaces of the grid to the positive plate. A small current flows
through the plate cireuit and thus through the phones.

As the negative charge on the grid becomes larger and larger,
more and more electrons are repelled until none pass through and.
therefore, no current flows in the plate circuit.

As the grid gets a positive charge, it accelerates, or speeds up,
the flow of electrons from the heated filament to the plate. The
pull of the grid is now added to the pull of the plate. Most of
the electron stream goes through the open work of the grid to the
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Fig. 15-3. A—This diagram shows how a positive churge on the grid of
De Forest’s tube helps pull electrons from the heated filument lo the plale. The
meler shows that an electron current is flowing through il.

B—Diagram of the effect of a negative charge on the grid. Since
most of the electrons from the heated filament are repelled, few or none reach the
plale. The meler shows that only a very small current is flowing through it.

plate. The more positive the grid becomes, the greater the pull it
exerts on the electrons; consequently, more electrons reach the
plate, and the plate current is greater.

How the Triode Works. Since charges on the grid control
the flow of electrons from the filament, we arc able to control the
flow of the large plate currents by means of a small charge on
the grid. And this 1s just what De Forest set out to do (Fig. 15-4).

Y

|t

Fig. 15-4. This diagram shows how allernating currenl from the tuning cir-
cuil places posilive and negative charges on the grid of De Foresl’s lube.

F




96 The Yacuum-Tube Detector-——The Triode

He connected the small alternating-current output from the
tuning circuit to the grid and studied the effects of various com-
binations upon the current in the plate circuit. When the positive
half of the cyele of the alternating current from the tuner placed
a positive charge on the grid, a large current flowed in the plate
circuit. When the negative half of the cycle of the alternating
current from the tuner placed a negative charge on the grid, very
little current flowed in the plate eircuit. These effects are shown
by the graphs in Figure 15-5.

-A-0 TFig. 15-5. Graph of the

flow of electric current in

various parls of the iriode
eireull.

A—Allernating cur-
rent flowing from the tun-
-B-0 ing circuit.

- B—Postilite and neg-
ative charges placed on the
grid of De Forest's tube by
the alternating current
from the tuner.

‘M sl A, oot CoaFluctuating i

+

- lhrough the meter.

Now, the remodeled tube, with its three parts—filament, grid,
and plate—acts like an electrical gate, or valve, just as did the
crystal detector and the diode tube. But this tube has the addi-
tional advantage that now the current that flows through the
phones is not the small electrical current captured by the antenna
but the very large current supplied by the B battery. Ilence, our
signals will be much louder.

Because this new tube has three elements—the filament, the
grid, and the plate—it is known as a triode. The symbhol for the

triode is@ or @ ,
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Triode Circuits. Look at the diagram in Figure 15-4. You will
note a number of paths, or circuits, through which electrons
may flow. Therc is the antenna-ground system or circuit. There
is also the tuning circuit, consisting of the secondary of the
antenna coupler and the vari-
able capacitor. Then there is the
filament circuit consisting of the
A Dbattery and the filament.
There is the plate circuit con-
sisting of the filament, the
stream of electrons within the
tube from the filament to
the plate, the plate. the phones,
the B battery. and the conductor
leading back to the filament.

Finally there is the grid cer-
cuit. This path consists of the
filament, the streams of elec-
trons from the filament to the
grid, the grid, the tuning circuit,
and the conductor leading back
to the filament. Just as current
will flow through the plate cir-
cuit only when there is a positive
charge on the plate, so current
will flow through the grid ecircuit
only when there is a positive
charge on the grid.

Note that all these circuits have a common connection to the
ground by means of a wire between the primary and secondary
of the antenna coupler. This makes for a more stable receiver
without introducing the resistance of the antenna-ground system
into the tuning circuit.

The Need For a Grid Battery. You may have noticed a dif-
ficulty by now. In the diode, the bottom loop of the alternating-
current cvele was completely cut off because the moment our plate
went negative, all plate current ceased. The current flowing through
the phones then fluctuated in step with the variations of the en-
velope, and the signal was faithfully reproduced (Fig. 15-7).

Raytheon Mfg. Co.
Fig. 15-6. Culaway rview of the
triode.
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But in the triode. connected as in Figure 15-4. the stream of
electrons from the heated filament to the plate would continue to
flow, even though the grid were slightly negative. In faet, this
flow of electrons would continue until the grid gained a fairly high

-A- 0

o AR R

CURRENT FLOWING

WMHMHWM o
c- 0 || L

Fig. 15-7. This graph
shows the flow of electric
current in various parls of
the diode circuil.

A—Allernaling cur-
rent flowing from the tun-
tng circuil.

B— Pulsaling direct
current  flowing in the
plale circuil.

C—Fluctuating  di-
rect  current  flowing
through the phones. Notice
how closely these fluctua-
tions follow the fluctua-
tions of lhe envelope In
part B of this figure.

negative charge, because of the relatively high positive charge on
the plate. Thus. plate current, and current through our phones,
would flow during part of each negative cycle.

In addition, when the grid received a positive charge, it, as well
as the plate, would attract electrons from the filament. Robhed of
some of the electrons, the plate current would decrease and the
envelope would tend to flatten. In Figure 15-8C, we see that the
graph of the current flowing through the phones does not correspond
to the shape of the envelope. The practical effect is that our signal in

the phones is distorted.
The Use of a C Battery. To eliminate

this distortion a grid

batiery may be employed. A small negative charge is placed on the
grid by means of the battery (Fig. 15-9). This charge is too small to
cut off all the electrons streaming from the heated filament to the
plate. Now the alternating current from the tuner is fed to the grid

of the tube.

When the positive half-cyele of the current from the tuner
flows to the grid, it reduces the negative charge placed there by the
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Fig. 15-8. These graphs show the flow of electric current in various parts of
the triode circuit.

A—Alternaling current flowing from the tuning circuil.

B—Positive and negalive charges placed on the grid of the triode by that
alternaling current from the tuner.

C—Fluctuating direct current flowing in the plate circuit. Notice that the
current flowing in the phones ts very nearly a steady direct current quite dif-
ferent from the fluctuations of the envelope. This current will cause either no
sound, or a distorlion of the signal will be heard in the phones.

battery. The grid then is less negative than before the signal, al-
though it still is negative.

This reduction means that fewer electrons from the filament are
repelled and more of them reach the plate. This greater flow, in turn,
means a larger plate current.

When, during the negative half-cycle, electrons from the tuner
flow onto the grid, this current, by itself, cannot place a negative
charge on the grid great enough to cut off completely the flow of

Fig. 15-9. This diagram shows
how a C ballery is connected lo
place a negative charge, or bias, on
the grid of the triode. The completed
diagram would include earphones
and B batlery connected as shown
in Figure 15-4.

A
c BATTERY
BATTERY
- |l+ o
&
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electrons to the plate. But if this charge is added to the negative
charge we originally placed on the grid by means of the battery,
then they are able to stop the flow of electrons, and thus to stop
the flow of the plate current.

Now, you can see, practically no current will flow in the plate
circuit during the negative half-cycle of the current from the tuner.
And no distorting current will flow in the grid circuit because the
grid never becomes positive. Just as in the case of the diode, the
fluctuations in the current flowing through our phones correspond
to the shape of the envelope and, once again, our signal is faithfully
reproduced (Fig. 15-10).

We place this constant negative charge on the grid by con-
necting a small battery in the grid circuit in such a way that the
negative post of the battery is hooked up to the grid.

This battery is called a C battery, or grid-bias battery. It
must be of such a size that, by itself, it ecannot cut off the flow
of electrons from the heated filament to the plate, but when added
to the uegative charge of the current flowing from the tuning

“l‘\‘MMM [k ”ﬂVﬂWM—

0 -

-A-

(=]

NEGATIVE CHARGE

* PLACED ON GRID
o %ﬁlﬁ%’\rﬁ /\‘f \J‘ J “f/ f’\ ,\'&{L—‘ LE;'ELB:'cwz?gb:E::AY[

CURRENT 15 CUT CFf

.~ ENVELOPE

¢ h -CURRENT FLOWING
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Fig. 15-10. T'hese graphs show lhe effecls of plucing a steady negative churge,
or bias, on the grid of the triode.

A—Alternating currenl flowing from the tuning circuil.

B—A steady negative charge, or bias, makes the grid negative. The posi-
tive half-cycle of the current from the tuner makes the charge on the grid less
negative. The negative half-cycle of the current from the tuner makes the charge
on lhe grid more negative, to the poini where the flow of currenl in the plale
circuit is cul off.

C—Fluctuating direct current flowing in the plale circuil. Nolice tha
now the current flowing in the phones resembles the envelope.
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circuit. it can do so. The size of this battery differs for different
types of tubes. Each tube manufacturer supplies data to show how
large this battery should be.

Another Way to Get Grid Bias. While the C battery iseffective
in placing a negative charge on the grid of the triode, it wears out in
time, and we are faced with the nuisance of periodically replacing it.
Accordingly, another method
was evolved to accomplish the FIXED
same result without the use of CAPACIITOR ﬁ
the battery—a small fixed ca- I
pacitor was placed in the grid
circuit as in Figure 13-11.

Here i1s how it works.
When the negative half-cyele
of the alternating -current
from the tuning circuit reaches  Fig. 13-11. This diagram shows how a
plate #1 of the capacitor, as fired capacitor is connecled to place a
shown in Figure 15-124, it negalire charge. or bias, on the grid of
places 2 negative charge on (¢ friode.
that plate. This charge drives
off some of the electrons from plate #2 of the capacitor. These
electrons seek to get as far away as possible from the negative
charge. As a result, they are driven onto the grid of the tube. Here
they remain. because the grid is cold and. therefore. cannot shoot
off any electrons. Thus. the grid gets a negative charge. But this
charge is too small to stop entirely the flow of electrons from the
heated filament to the plate.

During the positive half-cycle of the alternating current from
the tuner, a positive charge is placed on plate #1 of the capacitor
(Fig. 15-12B). The electrons on the grid now are attracted back to
plate #2. This movement leaves the grid with a positive charge, and
most of the electrons shot out by the heated filament of the tube
rush to the plate of the tube. It should be noted, however, that
some of these electrons strike the positivelv-charged wires of the
grid and are pulled over to plate #2 of the capacitor.

During the next (negative) half-cvcle, electrons are again
piled up on plate #1 of the capacitor (Fig. 15-12C). Once again
electrons stream away from plate #2 to the grid. This time, however,
there are more electrons on the grid. The electrons that were collected
by the grid from the stream shot out by the filament during the

A
g +BATTERY
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CAPACITOR

ELECTROlS - ELECTRONS

GRID
CAPACITOR

Fig. 15-12. The action of the grid capacitor.

A—A negalive charge is placed on plale #1 of the capacilor by current
Jrom the tuning circuit.

B—A positive charge is placed on plate }1 of the capacitor by current
Sfrom the tuning circuil.

C—Another negative charge is placed on plate #1 of lhe capacilor by
current from the tuning circuit.

positive half-cycle have been trapped and eannot get away. So this
time the grid has a larger negative charge.

As this process goes on, a larger and larger negative charge
is collected by the grid. You see, we now have the sane effect as
when we placed a C battery in the grid circuit.

The Function of the Grid Leak. But this process must not be
permitted to go on indefinitely. Soon there will be accumulated

upon the grid enough elec-

trons to completely stop

any clectrons from reaching

/ﬂi i the plate of the tube. Since

C ) the electrons are trapped

T I there, the action of the tube

will be completely blocked

and no signal can get
through.

A method had to be worked out, therefore, to permit some
of these electrons to flow off. A path was provided across the

Fig. 15-13. Fized resistor.
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capacitor, so that when a positive charge was placed on plate #1,
some of these trapped electrons could flow across to that plate and
then out of the circuit. Provision had to be made so that not all of
these trapped electrons could escape, for that would destroy the
effectiveness of the capacitor. Only enough of them should be per-
mitted to leak off so that the action of the tube would not he blocked.

To provide this path, a resistor is connected across the capaci-
tor. A resistor i1s a substance that retards the flow of electrons
through it. It is usually made of a special type of wire such as
nichrome or of certain substances such as carbon. The greater the
resistance, the fewer the electrons that can flow through it. The
symbol for a resistor is: -~

In Figure 15-14, you have the diagram of a receiving set using
a triode as a detector. The tube used is a type called 1H5-GT.*
This tube requires an A or filament battery of 114 volts. The B or
plate battery is 2214 or 45 volts. The capacitor used in the grid
circuit is called a grid capacitor. This capacitor usually uses mica
as a dielectric, and its value is 0.00025 uf.

Across this capacitor is the resistor which furnishes the path
by means of which the excess electrons leak off the grid. Quite
naturally, it is called a grid leak. The unit for measuring resistance
is the ohm. The value of the grid leak is 2,000,000 ohmns, or 2
megohms. the prefix megy meaning a million.

- = . 2 MEG
Fig. 15-14. Diagram of

the complele receiving sel,
using the triode as a de-
lector. The symbol 2 MEG.
over the grid leak slands
Sfor 2 megohms. The sym-
bol 30 Q@ over the rheostal
stands for 30 ohms. —l—

0.00025

15¢

e =
000035t %

Volume Control. In the filament circuit, belween the A bat-
tery and one end of the filament, you will notice a deviee shown
by the symbol ~y& or ~“Vyv-. This is the symbol for a vari-
able resistor, or a rheostat, which consists of a length of resistance
material, usually wire, over which slides a movable contact. This

* Filament-type triodes are fast becoming obsolete. The type 1H5-GT tube used
here actually contains a triode and a diode in the same envelope. (Multiunit tubes
are discussed further in Chapter 27.) Tlowever, only the triode unit is used here.
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rheostat controls the amount of current that can flow from the A
battery to the filament. The resistance offered by this rheostat can
be made greater or less by increasing or decreasing the length of
wire through which the current must pass. This variation in length
is produced by a sliding contact or by a switch moving over con-
tact points connected to various points on the wire. Since the more
current flowing through the filament, the hotter it gets, this rheo-
stat controls the heat of the filament. The hotter the filaiment, the
more clectrons it shoots off. The rheostat, therefore, controls the
quantity of electrons shot off by the filament.

The more electrons hit-
ting the plate, the greater
the plate current; the
greater the plate current,
the greater the current
through the phones and the
louder the volume of the
signal. So you see that this
rheostat finally controls the
volume of the signal. As

Ohmite Mfg. Co.  you have probably guessed,
Fig. 15-15. Rheostal. this rheostat is called a vol-
ume control. Its value is

about 30 ohms.

Qur receiving set, now, is quite an improvement over the one
shown in Figure 8-3. By means of an antenna coupler, we have im-
proved its selectivity — that is, the ability to select the radio station
desired and to reject all others. The use of the triode as a detector
has increased the set’s sensitivity. Now stations which were too weak
to be heard on a crystal or diode detector set are heard in the phones.

SUMMARY

1. Lec De Forest, an American, devised the triede tube.

2. The principle of the triode is that a third eclement, called a
grid, is placed in the vacuum tube between the filament and
plate.



The Vacuum-Tube Detector—The Triode 105

3. The grid, when charged positively, aids electrons to flow through
it to the plate, but retards the flow of electrons when it is
charged negatively.

4, By means of a C battery or by means of a capacitor and grid
leak, the grid may be given a negative charge of the right
amount.

5. For a detector, this right amount of negative charge is that
charge which will not prevent electrons going from the filament
to the plate during the positive half of an alternating-current
evele, but will prevent them during the negative half of the
alternating-current cycle.

6. The heat of the filament, and hence the volume of the signal,
is controlled by a variable resistor or rheastat.

GLOSSARY

A Battery: The battery used to heat the tube’s filament; also known
as the filament battery.

B Batiery: The battery used to place a positive charge on the plate
of the tube. Also known as the plate battery.

C Battery: The battery used to place a fixed negative charge or bias
on the grid of the tube. Also known as the grid-bias battery.
Circuit, Filament: The path of electrons from the A battery, through
the filament, and back to the A battery.

Circuit, Grid: The path of electrons from the filament to the grid of
the tube, through connecting wires and electrical apparatus, and
back to the filament.

Circuit, Plate: The path of electrons from the filament to the plate
of the tube, through connecting wires and electrical apparatus,
and back to the filament.

Grid: An open-mesh metal screen, placed between the plate and
the filament of the tube, that controls the strcam of electrons
going from the filament to the plate.

Grid bias: The fixed negative charge placed on the grid of the tube.
Grid Capacitor: A small fixed eapacitor placed in the grid circuit of
the tube and used to hand on the eclectrical energy from the
tuning circuit. This capacitor also blocks the flow of clectrons,
accumulated on the grid, through the grid circuit.

Grid Leak: A resistor placed across the grid capacitor to provide a
slight path, or leak, for the electrons accumulated on the grid
of the tube.

Meg-: A prefix meaning 1,000,000.

Ohm: The unit in which we measure the resistance to the flow of
electrons.

Rheostat: A variable resistor.
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Selectivity: The ability of a tuner to select one radio station signal
and reject all others.

Sensitivity: The ability of a radio receiver to respond to radio waves
of very low strength.

Triode: A three-electrode tube containing a filament, grid, and
plate.

Volume Control: A resistance device, usually a rheostat, which con-
trols the volume of the radio signal coming out of the earphones
or loudspeaker.

SYMBOLS

_®__ Meter.

A~ Tixed resistor.

A | Variable resistor, or rheostat.

@OT —@ Triode.

2 Ohm.

QUESTIONS AND PROBLEMS

1. Why may we not use a B battery with a diode detector to increase
plate current?

2. Describe the counstruction of the triode tube.

3. How does the grid control the current flowing from the filament
to the plate in a triode?

4. Copy the receiver shown in Figure 15-14 and indicate the filament
circuit, the grid circuit, and the plate circuit.

5. Explain the need for grid bias when using the triode as a detector.

6. Explain the operation of the C battery in making the triode
act as a detector.

7. Explain the operation of a grid leak and grid capacitor in making
the triode act as a detector.
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8. What is the function of a rheostat in the filament circuit? Ex-
plain how it carries out this function.
9. Draw the circuit of a one-tube receiver using a triode as a detector
and using a C battery for grid bias.
10. Repeat the above, using a grid leak and grid capacitor for grid
bias.
11. Define the terms selectivity and sensitivity as applied to a receiver.
12. What is the advantage of the triode over the diode as a detector?



[ {SY The Regenerative

Detector

S{OLINIV N  What are the principles of the regenera-
tive system in the detector?
U{OLINIVWWE How are the faults of this system cor-
rected?

ZHOL NI K  How can we build a practical receiving
set with a feedback system?

At this point in the development of the science of radio, there
arose a tremendous desire for increased sensitivity in the receiving
sets. The thrill of hearing a faraway radio station entranced ama-
teur and professional alike. The hue and cry was for more DX
(long-distance) reception.

The Feedback Circuit. This demand was satisfied by giving
a new twist to the triode detector receiving set. We now call this
device the regenerative, or feedba,ck‘, circuit. Here is how 1t works.

When we considered the tuning circuit, you learned that there
were two streams of electrons oscillating through that circuit in
step with each other. One was the stream set flowing by the dis-
charge of the tuning capacitor. The other was the stream set flow-
ing by mutual induction from the antenna-ground system.

Theoretically, the oscillations of the electrons in the tuning
circuit should have continued to build up, or gain, in strength
indefinitely. You may see this if you were to consider a man push-
ing a swing. The first push starts the swing going. Each successive
push, though no greater than the first, makes the swing travel
further and further, or, we may say, the swinging is built up. So
the successive pulses from the antenna-ground system should build
up the oscillations of the electrons in the tuning circuit.

108
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Actually, however, the resistance in the circuit limited the
degree to which these oscillations could be built up. So you see
there are two reasons for reducing the resistance against current
flow in the tuning eircuit. One reason, as you know, is to make our
set more selective. The other reason is to build up the oscillations
of electrons. With less resistance, a greater current will flow and
continue to oscillate in the tuning circuit for a longer time: and,
therefore, a weak impulse from a distant station will be built up
to the point where we can hear it in our phones.

Try as we may, however, we cannot completely climinate the
resistance from our circuit. A certain minimum will always remain.
This minimum can be made small enough so that it does not inter-
fere with the selectivity of the set, but it will always remain large
enough to limit the degree to which we can build up the oscilla-
tions in the tuning circuit.

An American geientist, Major E. H. Armstrong, conceived the
idea of causing a third stream of electrons to flow in the tuning
circuit in step with the other two. This third stream supplied the
electrical energy to overcome the resistance in the circuit, and now
the oscillations could build up to a very high degree.

He accomplished this by causing the plate current to flow
through a coil of wire, called a plate coil or tickler (Fig. 16-1).
This plate coil was placed in close proximity to the secondary of
the antenna coupler. When the plate current flowed through the
plate coil, a magnetic field was created around this coil. This field
cut across the turns of the secondary of the antenna coupler and

Y,

TICKLER COIL

3

p——— Q@

Fig. 16-1. This diagram
shows how plate current is
+ fed back to the tuning cir-
= cuil by means of the tickler
cotl.

PRIMARY

l“——<
SECONDARY
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set a stream of electrons flowing in the tuning circuit just as did
the primary of the antenna coupler.

So you see, encrgy from the plate circuit has been fed back
to the tuning circuit. The fluctuating direct current flowing
through the tickler coil sets up an alternating voltage that causes
current to flow in the secondary of the antenna coupler by trans-
former action, thereby building up the oscillations (Chap. 10).
Since the variations in the plate current were produced by the
variations of current flowing in the tuner, the two currents are in
step. This arrangement of the three coils is sometimes called a
three-circuit tuner. Ilowever, the oscillations of clectrons in the
tuning circuit now are built up so well that another problem pre-
sents itself.

The Receiver Becomes a Transmitter. It was stated in Chap-
ter 3 that if electrical pulses are sent through a circuit 10,000 times
or oftencr per second, a radio wave is created. Here, now, electrical
pulses are being sent through the tuning circuit tens of thousands
and perhaps millions of times per second. Under normal conditions,
the oscillations of electrons in the tuning circuit are too weak to
causc any damage. But now, because the resistance of the tuning
circuit has been overcome, these oscillations are built up to a point
where a strong radio wave is crealed, and our receiving set becomes
a transmitting station.

This radio wave interferes with the incoming signal and causcs
clicks, whistles, and howls 1o be heard in our phones. Some of you
may remember the early days of the regenerative receiver. You
may remember how frequently these howls and whistles oceurred.
And you may remember receiving these howls and whistles from
receiving sets as far away as several streets!

When the oscillations become too strong and the receiving
sct becomes a transmitter, we say the set oscillates, or spills over.
The trick, then, is to permit the oscillations in the tuning circuit
to build up to a point just before the set starts to oscillate. It is at
this point that we get our loudest, undistorted signal.

Controlling the Oscillations by Moving the Tickler Coil. This
limiting effect is usually obtained by one of three methods. First,
there is the method of controlling the cfficiency of the feedback
action. If we place the tickler coil further away from the secondary
of the antenna coupler, the electrical encrgy transmitted by mu-
tual induction becomes smaller. This means that a smaller stream
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of electrons is set flowing in the tuning circuit. The trick is to set
a stream of electrons flowing which will just fail to overcome the
resistance of the tuning circuit. It is this excess resistance that will
prevent the oscillations from being built up too much.

TICKLER COIL
Qo
_ 4
Fig. 16-2. Three-circuit T e
tuner showing the arrange-  Shorare”

ment fo vary the coupling  TICKLER con }
between the secondary coil
and the tickler coil.

The same effect is obtained by changing the angle which the
tickler coil makes with the secondary of the antenna coupler. When
the two coils are parallel. you get the maximum feedback. When
the two coils are at right angles. you get the minimum feedback.
By making the angle adjustable, vou are able to get the desired
amount of feedback. When we use these methods of controlling the

¥

ICKLER COIL R-F CHOKE

I

Fig. 16-3. Three-circuit tuner using the variable capacitator (C) to control
the amount of feedback. The inductor marked R-F Choke is a small coil of
wire used to force some of the plale energy through C.
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feedback we say that we vary the coupling between the two coils.

Controlling the Oscillations by Means of a Variable Capacitor.
Another method is to utilize a variable capacitor connected as
shown in Figure 16-3. Now some of the electrical energy flowing
in the plate circuit is used up to place a charge on this capacitor.
This means that there is less electrical energy left to be fed back
to the tuning circuit. By varying the size of the capacitor, you can
vary the amount of electrical energy drained away, and thus con-
trol the amount of energy to be fed back to the tuning circuit. The
variable capacitor used is usually the same size as the one used in
the tuning circuit. The inductor marked RB-# Choke (radio-fre-
queney choke coil) is a small coil of wire which hinders, or im-
pedes, the varying flow of electrons to the phones, and thus forces
some of these clectrons onto the variable capacitor used to control
the feedback.

Using a Fixed Capacitor
and a Rheostat to Control the
Feedback. The third method is
to substitute a fired capacitor,
whose value is usually about
0.00025 pf, for the variable ca-
pacitor described above. We now
control the amount of clectrical
energy fed back to the tuner by
placing our old friend, the rheo-
stat, in the plate circuit, as

Meisner Mig. Co. shown in Figure 16-5. This rheo-

Fig. 16-4. Radio-frequency choke stat, usually of about 50,000

ol ohms value, controls the total

amount of current flowing in the

plate circuit. Since a constant

amount of electrical energy is drained off by the fixed capacitor,

the variation in the total electrical energy in the plate circuit will

determine how mueh will be fed back to the tuner. Since, by means

of the rheostat, we can vary the current in the plate circuit, we
have a means for controlling the feedback current.

Another variation, using the rheostat to control the amount
of feedback, is merely to place a 50,000-ohm rheostat across the
tickler coil as in Figure 16-6. Now the current flowing in the plate
circuit has two paths to follow. Part of the current flows from the
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§7 R-F CHOKE

:

E

Fig. 16-5. Three-circuit tuner using a fized capacitor (C) of
about 0.00025 uf and a rheostat (R) of about 50,000 ohms to
control the amount of feedback.

plate, through the rheostat, and into the phones. None of this cur-
rent is fed back to the tuner. The rest goes through the tickler coil
and is fed back to the tuning circuit. The greater the resistance of
the rheostat. the less current can flow through it and the more cur-
rent flows through the tickler coil; and therefore, the more electri-
cal energy is fed back. Thus, by varying the resistance by means
of the rheostat, you can vary the amount of feedback.

Building a Regenerative Receiver. These three controls of
feedback—the coupling control (I™g. 16-2), the variable capacitor

\

7A

QAUSP

i

=

Fig. 16-6. Three-circuit tuner using a rheostat (R) of about
50,000 ohms to vary the amount of feedback.
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(Fig. 16-3), and the rheostat (Figs. 16-5 and 16-6), are called re-
generative, or feedback, controls.

If you wish to build a regenerative set, here is how to make
the coils, Obtain a cardboard mailing tube about 2 inches in di-
ameter and about 6 inches long. At about 14 inch from one end,
drill a fine hole with a pin or needle. Thread in about a foot of No.
28 gage double cotton-covered copper wire. This is to anchor the
winding. Now wind on 15 turns of this wire, placing the turns next
to one another. Anchor this end and all the ends of the other two
coils the same way as above. This is your tickler coil. Look at
Figure 16-7 to see that you have the right idea for winding the
coils.

70 R-F CHOKE
AND PHONES

N
70 VARIABLE }:\\ }TICKLER
q

CAPACITOR AND —y T——— | -TO PLATE
.\

GRID LEAK- . -
CAPACITOR Fig. 16-7. Diagram of the

— construction and connec-
S ——— Lions of the three-circuit
SECONDARY {uner

4
~e— e L__TO FILAMENT
-

A
:Q PRIMARY
]

~—__ , L>-T0 GROUND

TO ANTENNA

About 14 inch from the bottom of the tickler, start winding the
secondary of the antenna coupler. Note that all three coils must be
wound in the same direction. Wind on 90 turns of wire. About 14
inch from the bottom of the secondary coil, wind on 15 turns for
the primary of the antenna coupler.

Connecting the Parts. Now conncct the top of the tickler coil
to the r-f choke and phones, and the bottom of this coil to the
plate of the tube. Refer to Figures 16-3, 16-5, 16-6, and 16-7. The
top of the secondary of the antenna coupler goes to one end of the
variable tuning capacitor (usually the stationary plate terminal),
and to the grid leak and grid capacitor. The bottom of this coil
goes to the other end of the variable tuning capacitor (usually the
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rotary plate terminal) and the filament of the tube. The top of
the primary coil of the antenna coupler goes to the antenna; the
bottom goes to the ground.

Here is how you operate the regenerative receiver. First tune
in your station, just as you would on any other set. Now rotate
your regenerative control. The signal will get louder and louder
until a point is reached where you will hear clicks, whistles,
or howls. Now turn your regenerative control back to just before
that point is reached. Your set is now tuned in for most efficient
reception. If regeneration does not occur, reverse the connections
to the tickler coil. This coil may not have been connected correctly.

We have now traced the development of radio receivers to a
point where we have made a set that is both selective and sensi-
tive. The crystal detector has been replaced by the more stable
and efficient triode. Reception is not perfect yet, but millions of
radio enthusiasts throughout the world, sitting up into the small
hours of the night, have listened over such radio receivers to that
much desired DX station.

SUMMARY

1. The regenerative principle was added to radio receiving sets to
provide greater sensitivity in radio receivers, and hence the
possibility of reeeiving more distant stations.

2. This regenerative, or feedback, principle depends upon a third
coil, the fickler, connected in the plate cireuit, but coupled in-
ductively to the sccondary of the tuning circuit.

3. The clectron stream in the secondary of the antenna coupler
set flowing by the tickler coil oscillates in step with the incoming
impulses and builds up their strength.

4. The fault of the regenerative system is its tendency to produce
whistles in the phones by oscillating like a transmitting station.

5. This tendency to oscillate may be controlled by (a) a movable
tickler coil, (b) by connecting the tickler coil in parallel with a
variable capacitor, (¢c) by using a fixed capacitor in combination
with a rheostat, (d) by using a rheostat across the tickler coil.



116

The Regenerative Detector

GLOSSARY

Coupling: The degree to which electrical energy is handed on from
one circuit to another.

Grid Coil: The coil which is connected in the grid eircuit of the
tube. As discussed in this chapter, the grid coil is the secondary of
the antenna coupler.

Grid Return: The wire connecting the end of the grid coil with the
ground connection of the receiver.

Oscillate: The condition under which the electrons flowing in the
tuning circuit of the receiver cause it to become a transmitter of
radio waves.

Plate Coil or Tickler: The coil whieh is connected in the plate circuit
of the tube.

Radio-Frequency Choke Coil: A small inductor, usually with an air
core, placed in a circuit to impede a varying flow of electrons
through that circuit. Tt is called a radio-frequency choke coil be-
cause its impeding effect, or impedance, is greater as the frequency
of the current increases. Thus, the impedance is greatest at radio
frequencies,

Regeneration: The action whereby electrical energy in the plate ecir-
cuit is fed back to the grid circuit to be amplified again, and thus
produce a louder signal in the earphones or loudspeaker.
Regenerative Control: The device by which the amount of electrical
energy fed back to the grid cireuit is controlled, thus preventing
the receiver from oscillating.

Three-Circuit Tuner: A tuner coupled to the plate circuit as well as
to the antenna-ground system.

SYMBOLS

E g The three-circuit tuner.

OO Radio-frequency choke coil.

QUESTIONS AND PROBLEMS

1. Explain why oscillations in a tuning circuit usually fail to build
up to a point where the receiver becomes a transmitter.

2. Where does the tickler obtain the cnergy to feed back to the
tuned circuit?
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3.

Explain how direct current flowing in the tickler reinforces the
alternating currents oscillating in the tuning ecircuit of a re-
generative receiver.

. Under what circumstance will a regenerative receiver act as a

transmitter?

. What is the purpose of a regeneration control? Describe three

methods of regeneration control.

. What is the procedure in tuning a regenerative receiver?
. Draw the schematic diagram of a regenerative receiver with a

variable capacitor as a regeneration control.



I WAl The Audio-F requency
Amplifier

QORI Why is an audio-frequency amplifier
needed?

USRI W How does an audio-frequency amplifier
work?

ORI WK What are the practical applications of
audio-frequency amplifiers?

Although our radio set has been developed to the point where
it can bring in weak or distant stations and separate out the un-
wanted ones, it still has a serious drawback. We still have to use
earphones. Not only is it a nuisance to wear them but, moreover,
only the person who has them on his head can hear the radio pro-
gram.

The Audio-Frequency (A-F) Amplifier. To meet this objection
the audio-frequency amplifier was developed.

You already know how we can attach a large paper cone to the
diaphragm of the earphone, and thus get a louder sound. But in
order to move this large cone, we must have more electrical power
than ordinarily comes out of the detector. It becomes necessary to
amplify, or build up, the electrical current flowing out of the de-
tector before it can properly operate the loudspeaker.

The triode furnishes us with the means for this building up.
You know that a small current, placing electrical charges on the
grid of the tube, will control a much larger plate current. This
plate current closely follows the fluctuations and variations of the
current being fed into the grid, and thus we get out of the tube a
much greater eurrent than was put into it, while all the fluctua-
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FROM
O e —= LOUDSPEAKER Fig. 17-1. A—Audio am-
plifier showing how signal
from lhe detector tube is fed
to the grid of the audio-
amplifier tube.
B—Graph showing
relationship between cur-
rent flowing in the plale
circuil of the delector lube
and current in plale cir-

‘_/\/\/ cuit of amplifier tube.

CURRENT IN PLATE CIRCUIT CURRENT [N PLATE CIRCUIT
OF DETECTOR TUBE OF AMPLIFIER TUBE

= 8 BATTERY

tions are retained in their proper proportions. The signal coming
out of the tube will, accordingly, be the same as the signal fed into
it except that it will be much stronger. Of course, you know that
the B battery supplies the extra power.

All we have to do, therefore, is to feed the plate current from
our detector tube into the grid of another tube. The plate current
flowing from this second tube will then be our amplified signal
(Fig. 17-1).

This second tube is called the amplifier tube. Theoretically,
all we need is one such amplifier tube to give us the additional
power required to operate the loudspeaker. In practice, however,
we find that there are certain factors which limit the amplification
possible with one tube. We, therefore, usually repeat the whole
process, using a second amplifier tube to build the signal up still
more to a point where the current will be strong enough to operate
the loudspeaker. Each timne we amplify the signal by the use of an
additional tube, we say that we add one stage of amplification.
Usually, two stages of amplification are required.

The electrical current flowing in the antenna-ground system
and the tuning circuit is radio-frequency current. That is, it alter-
nates millions of times per second. When this current comes out of
the detector, it consists of a series of pulses. These pulses, too, oc-
cur millions of times per second—that is, at radio frequency. But
when you examine Figure 13-4, you see that the current flowing
through the phones is fluctuating at a much slower rate. A series,
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or train, of the fast pulses or fluctuations has combined to make
one slow fluctuation, or pulse.

AULAVAY

DETECTOR 1st A-F AMPLIFIER 2nd A-F AMPLIFIER
PLATE CURRENT PLATE CURRENT PLATE CURRENT

Fig. 17-2. Graphs showing plate current in the delector, the first audio ampli-
Sier, and the second audio amplifier.

It is this slow fluctuation which moves the diaphragm, and
thus produces the sound we hear. We, therefore, say that this slow
fluctuation is at audio frequency. The range of audio frequency is
from about 30 to 15,000 cycles per second. Inasmuch as we are
now amplifying our signal after it passes out of our detector (after
it is changed from radio frequency to audio frequency), we call the
amplifier tubes audio-frequency amplifiers. See Figure 17-2.

Coupling the Detector to the Audio-Frequency Amplifier
Tube. The next thing to consider is how to feed the current flow-
ing in the plate circuit of the detector tube into the amplifier tube.
This is called coupling. Look at Figure 17-3 and you will see that

DETECTOR A-F AMPLIFIER
TUBE TUBE

B
BATTERY

Fig. 17-3. Diagram showing plale of detector tube connected to the grid of the
amplifier tube. The filament circuits are omilted for the sake of simplicity.
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the grid of the amplifier tube is connected to the plate of the detec-
tor tube.

A difficulty will immediately be noticed. The large B battery
of the detector tube, connected directly to the grid of the amplifier
tube, will place a large positive charge on that grid, and thus the
fluctuations of plate current will be blanketed out, and no signal
will pass. A method must be devised that will pass on the audio-
frequency fluctuations of plate current and yet be able to keep
out the large positive charge of the B battery.

A-F
DETECTOR AMPLIFIER
C‘RANSFORMER

LS

Fig. 17-4. Diagram showing how the deleclor is coupled to the a-f amplifier
by means of a transformer.

Here, again, we call upon our old friend, the transformer. We
connect the primary in the plate circuit of the detector tube and
the secondary in the grid circuit of the amplifier tube (Fig. 17-4).
Now the fluctuating plate current in the primary will set up an
alternating voltage, or electrical pressure, in the secondary. This
voltage will fluctuate in step with the fluctuations of plate current
(Fig. 10-3A).

This fluctuating voltage will place fluctuating positive and
negative charges on the grid of the amplifier tube and this, in
turn, will control the plate current flowing in the plate circuit of
the amplifier. The plate current in the amplifier tube will have
the same form as the plate current in the detector tube, but will
have a greater amplitude, indicating greater power (Fig. 17-5).

Step-Up and Step-Down Transformers. In addition to acting
as a coupling device, the transformer may perform another function.
As you know, an alternating current or a fluctuating direct current
flowing through the primary winding sets up a corresponding
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CURRENT IN PRIMARY \/ \/ CURRENT FLOWING IN PLATE
OF TRANSFORMER CIRCUIT OF AF AMPLIFIER

CURRENT IN SECONDARY
OF TRANSFORMER

Fig. 17-5. Graphs showing current flowing in primary and secondary of the
transformer and in the plate circuit of the a-f amplifier. Nole thal the shape
of all three curves is the same although the amplitudes vary.

fluctuating magnetic field around this winding. As this fluctuating
magnetic field cuts across the turns of the secondary winding, a
voltage is induced in that winding.

Since we are dealing here with relatively lower frequencies
(that is, audio frequencies), an iron core may be used to couple the
primary and secondary windings. If there are more turns in the
secondary winding than in the primary, the voltage induced in the
secondary is greater than the voltage in the primary. Such a trans-
former is called a step-up transformer.

If there are fewer turns in the secondary winding than in the
primary, the voltage induced in the secondary is less than the voltage
in the primary. Such a transformer is called a step-down transformer.

Thus, by varying the ratio between the number of turns in the
primary and secondary windings, we can get a greater or smaller
voltage output from the secondary winding. For example, if the
secondary winding has twice the number of turns in the primary
winding, the voltage output of the secondary will be twice the voltage
of the primary. If, on the other hand, the secondary has half the
turns of the primary, the secondary voltage will be half that of
the primary.

Thus the audio-frequency transformer used to couple the output
of the detector stage to the input of the a-f amplifier stage may be
a step-up type having an iron core. Not only do we gain from the
greater efficiency of the iron core, but the step-up produces an addi-
tional amplification of the signal. In practice, it has been found that
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the maximum step-up permissible is about 1 to 5 — that is, the
secondary has about five times as many turns as the primary. Any
greater step-up results in distortion and other losses.

Avoiding Distortion by Grid Bias. We must keep in mind that
the amplifier must not only magnify the signal, but must repro-
duce it in its original form. In other words, there must be a mini-
mum of distortion. One serious objection to our amplifier, as shown
in Figure 17-4, is that when the grid of our amplifier tube becomes
positively charged by the signal, it will attract some of the elec-
trons streaming from the heated filament, and a current will flow
in the grid circuit of the tube. This will produce distortion.

To overcome this defect, a C battery is placed in the grid cir-
cuit. This battery places a negative charge, or bias, on the grid
of the amplifier tube, and thus prevents the flow of grid current.

This grid bias keeps the grid negative at all times, and the
negative and positive charges placed on the grid by the alternating

A-F
DETECTOR AMPLIFIER

Fig. 17-6. Diagram show-
” ing how a C batlery is
=i s connecled in the grid cir-
C

cuit of the amplifier tube.
&+  BATTERY o+

voltage across the secondary of the coupling transformer make the
grid more or less negative (Chaps. 38 and 39).

Another precaution must be taken. In the amplifier tube,
unlike the detector tube, the negative charges placed on the grid
by the signal and C battery must be prevented from driving the grid
so far negative as to cut off the flow of plate current. Such a situa-
tion would lop off part of the bottom loop of our curve and distor-
tion would arise (Fig. 17-7D).

Standard Tubes and Grid Bias. Manufacturers of tubes furnish
charts showing the proper value of grid bias to be used with their
tubes. Thus, if we use a type 1H5-GT tube as an audio-frequency
amplifier with a plate battery of 90 volts, the C battery, or bias,
must be 1% volts negative—that is, a C battery of 114 volts is
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Fig. 17-7. Graphs showing effects of grid bias.

A—Graph of current flowing in primary of transformer.

B—Graph of current flowing in secondary of {ransformer.

C—Gragph of current flowing in plale circuil of amplifier tube when grid
bias is too low. A large positive signal charge on the grid drives it positive,
and it atlracts electrons which would normally flow to the plate. A grid current
flows, and this causes distorlion of the waveform.

D—Graph of plate current when grid bias ts oo negative. A large negative
signal charge drives the grid so far negatize that all the electrons are repelled
and no plate current flows. This, loo, causes distortion of the waveform.

E—Graph of current flowing in the plale circuil of amplifier tube when
grid bias is just right. Nole thal the wareform corresponds to that of graph A.

used with the negative terminal connected to the secondary of the
audio-frequency transformer, and the positive terminal going to
the filament of the tube (Iig. 17-6).

You may see from the above data that we can use B batteries
of much greater voltage than are used in the detector circuit. Thus
greater plate current, with enough power to operate the loud-
speaker, will be possible.

How to Couple the Audio-Frequency Transformer. This
method of coupling one tube to another is called transformer cou-
pling. The transformer used is called an audio-frequency trans-
former (Fig. 17-8). The primary winding has two terminals
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marked P and B+. The P
terminal is connected to the
plate of the detector tube,
whereas the B4 goes to the
positive terminal of the B
battery. The secondary wind-
ing also has two terminals
marked G and F—. The G ter-
minal is connected to the grid

‘\y ‘ . SR
b j

. . Thardareon Electric Mig. Div.,
of the amplifier tube while Maguis Dostes
the F— goes to the negative Fig. 17-8. The audio-frequency

post of the C battery. transformer.

A Different Coupling
Method. There is another
method used to couple one tube with another. A fixed capacitor is
inserted between the plate of the detector tube and the grid of the
amplifier tube (Fig. 17-9).

Now, the stream of electrons flowing in the plate circuit of
the detector tube divides at point X. Some flow to the positive
post of the B battery, while others pile up on plate #1 of the ca-
pacitor. Thus, a negative charge is placed on this plate. This negative
charge drives electrons away from plate #2 of the capacitor, leaving
a positive charge there. The electrons thus driven away pile up on
the grid of the amplifier tube, making that grid negative. When
detector plate current decreases, some electrons leak off plate #1 of
the capacitor. As a result, electrons from the grid of the amplifier
leak back to plate #2, and the amplifier grid becomes less negative.
Fluctuations in the plate current of the detector tube thus cause a
fluctuating charge to be placed upon the grid of the amplifier
tube. This, in turn, causes a fluctuating current to flow in the plate
circuit of the amplifier tube. This fixed capacitor is called a coupling
capacttor. Its value is usually about 0.006.f.

A-F
DETECTOR AMPLIFIER

€ —— X e—i\

Fig. 17-9. Diagram show-
ing how a fixed capacitor
is used to couple the ampli-
fier tube o the detector.
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DETECTOR X I A-F AMPLIFIER

= s Fig. 17-10. Diagram showing how
T BATTERY plale resistor () is placed in the
circuil.

We Need a Resistor in the Detector Plate Circuit. But we have
the B battery in the plate circuit of the detector tube to contend
with. Because of its large voltage, the positive post has a very
large deficiency of electrons. Thus, unless some means is found to
prevent it, all the electrons flowing in the plate circuit of the de-
tector tube will be attracted to the positive post, and none will
be left to place a negative charge on the capacitor.

To meet this difficulty, a resistor (Fig. 17-10) is placed be-
tween the positive post of the B battery and point X. This resistor
(R) retards the flow of electrons to the positive post of the B
battery, and thus forces some of the electrons flowing in the plate
circuit to flow to plate #1 of the capacitor. This resistor is called a
plate resistor and is usually about 100,000 ohms.

As in the case of transformer coupling, a C battery is placed
in the grid circuit of the amplifier tube to prevent the flow of grid
current which would cause distortion.

A Grid Resistor Is Used in the Audio-Frequency Amplifier.
But there is still another difficulty to overcome. The signal coming
from the plate circuit of the detector may be large cnough to over-
come the bias placed by the C battery on the grid of the amplifier
tube and distortion of the signal may result. To meet this difliculty,
a resistor is placed in the grid circuit between the C battery and the
grid. (See Fig. 17-12.) This resistor impedes the flow of electrons

DETECTOR °-°\°lef" A-F AMPLIFIER
i

L
. 100,0000
Fig. 17-11. Diagram

showing how the C batlery
is connecled in the grid
circuil of the amplifier
tube.

A AAN—

= parTery L‘.4||| +
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through the C battery, forcing more of them onto the grid of the
tube. As a result, the grid of the amplifier tube will receive the full
signal variation from the detector and will amplify without distor-
tion. On the other hand, this resistor must not be so large as to
prevent excess electrons from leaking off the grid. For this reason, it
iz called a grid resistor or grid leak. 1ts value usually is about 2,000,000
ohms (2 megohms).

This method of coupling is called resistance coupling. As in
the case of the transformer-coupled amplifier stage described
above, this amplification is at audio frequency and it is, therefore,
described as a stage of resistance-coupled audio-frequency ampli-
fication

Transformer vs Resistance Coupling. Each of the two methods
of coupling has certain advantages and disadvantages. The trans-
former method of coupling has the advantage that, stage for stage.
it will give a greater amplification than does the resistance method
of coupling. Two stages of transformer-coupled audio-frequency
amplification are about equal to three stages of resistance-coupled
audio-frequency amplification. The need for fewer stages with the
transformers than with the resistors is due to the amplification re-
sulting from the use of step-up transformers.

Further, we may use a B battery of less voltage with trans-
former coupling than is needed with resistance coupling to obtain
the same plate current. This difference is due to the fact that the
large resistor used for a plate resistor in the resistance-coupled
audio-frequency amplifier cuts down the amount of positive charge
that the B battery can place on the plate of the tube.

Still another advantage is the simplicity of the transformer-
coupled stage. Only one component is needed for the coupling, the
audio-frequency transformer.

DETECTOR 0.008 uf A-F AMPLIFIER
1)

100,000
Fig. 17-12. Diagram + R
showing how grid resistor EBAT?ERY -|

(R) is placed in the cir- A
cuil. BATTERY
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The resistance-coupled amplifier has the advantage that it
reproduces the signal more faithfully. The audio-frequency trans-
former usually introduces a certain amount of distortion. Another
advantage is that resistance coupling is cheaper and lighter than
the audio-frequency transformer.

The Audio-Frequency Amplifier Unit. In considering the radio
receiving set as a whole, the several stages of audio-frequency am-
plification are usually treated together as a separate unit. In
fact, in some receivers, this unit is built separately and apart from
the rest of the set. It may consist of several stages of either trans-
former- or resistance-coupled amplification. Sometimes a stage
of resistance-coupled amplification may be followed by a trans-
former-coupled one.

It is impractical to use more than two stages of transformer-
coupled or three stages of resistance-coupled amplification. If we
do, we may encounter serious distortion of the signal. Besides, for
normal use, more amplification is not necessary.

In Figure 17-13, we have a detector followed by two stages of
transformer-coupled amplification. The tubes used are triodes of
a type known as 1H5-GT. Instead of using separate A batteries
for each tube, the filaments of the tubes are hooked together in
parallel and connected to a single battery supplying 114 volts. The

DETECTOR 1st A-F AMPLIFIER 2nd A-F AMPLIFIER
{H5-GT 1HS5-GT 1H5-GT

AN

B B g

Fig. 17-13. Diagram showing detector and two stages of transformer-coupled
audio-frequency amplification.
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MICROPHONE ist A-F AMPLIFIER 2nd A-F AMPLIFIER
]

1H5-GT
MICROPHONE
TRANSFORMER

U

X
e/ N |
TRANSAF-OFRMER
> 104 I
l o]
A— A+ C- B+
B- 172V 112V sov

c+
Fig. 17-14. Diagram showing circuit of the public-address system.

rheostat used as a volume control now limits the amount of cur-
rent flowing in the filaments of all three tubes. For this purpose,
we use a rheostat of 10 ohms.

To obtain the B battery of 90 volts, we connect two 45-volt
batteries in series. That is, we connect the positive terminal of one
to the negative terminal of the other. To obtain the 45 volts
needed for the detector tube, we make our conneetions between the
negative terminal of the first battery and the positive terminal of
this same battery. If, however, we connect between the negative
terminal of the first battery and the positive terminal of the sec-
ond battery, we obtain the 90 volts needed for our amplifier tubes.

The C-battery connections of the two amplifier tubes are like-
wise connected, and we now can use a single C battery of 114 volts.

The Public-Address System. We can use the audio-frequency
amplifier for other purposes than amplifying a radio signal. Sup-
pose you were to feed an alternating voltage set up by a micro-
phone into the grid of your amplifier tube. You would now have
the public address system used by speakers in addressing large
audiences. (See Fig. 17-14.)

The microphone is similar to the telephone transmitter of
Figure 4-2. Speaking into the microphone varies its resistance, and
thus causes the direct current flowing through the primary of the
transformer to vary. The direct current varies in step with the
variations of the sound waves created hy the speaker.

This fluctuating direct current flowing through the primary
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of the transformer sets up a varying, alternating voltage across the
secondary. This alternating voltage places varying charges upon
the grid of the amplifier tube, and this variation in turn causes a
large, fluctuating direct current to flow in the plate circuit of the
tube. After another stage of amplification, the current is strong
enough to operate the powerful loudspeaker.
The transformer used in a microphone circuit is similar to
the audio-frequency transformer used in the
(0, radio receiver. However, in connection with
it, note in Figure 17-14 a device that looks
like a rheostat across the secondary. This is
known as a potentiometer. Its use is to di-
vide the voltage output from the secondary
of the microphone transformer, and thus
control the amount of charge placed on the
grid of the tube. This, in turn, controls the
volume of the amplifier. Its value in this case
is about 500,000 ohms. The symbol for a
potentiometer is: -~

The Electrical Phonograph. Still another
use for the audio-frequency amplifier is the
clectrical phonograph. Use is made of the
peculiar properties of crystals of a chemical
compound known as Rochelle salts. When
one of these crystalx is squeezed, 1t generates
a minute electrical voltage. This voltage va-
ries with the variations in pressure upon the erystal. This phenom-
enon is known as the piezoelectrical effect.

Such a crystal is mounted so that the vibrations of a phono-
graph needle, traveling in the grooves of a phonograph record.
place a varying pressure upon it. In the erystal, a voltage is generated
that varies in step with this pressure. This voltage is fed to the grid
of the amplifier tube, placing a varying electrical charge upon it.
This charge, in turn, causes a fluctuating direct current to flow in

T'he Turner Company

Fig. 17-15. Micro-
phone.

Fig. 17-16. Potentiometer.

.
.y {

P. R. Mallory & Co. v 25 i
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15t A-F AMPLIFIER 2nd A-F AMPLIFIER
1H5-GT

H5-GT

CRYSTAL 9
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Fig. 17-17. Diagram showing circuit of the electrical phonograph.

the plate circuit of the tube. After another stage of amplification,
the current is strong enough to operate the loudspeaker (Fig. 17-17).
The crystal and its mounting are known as a crystal phono-

graph pickup. The symbol for such a pickup is: W Note that

no transformer is necessary here to couple the crysal pickup with
the tube. The reason is that the resistance of the pickup is large
and it may be applied directly to the grid of the tube. A 500,000-
ohm potentiometer acts as a volume control, just as in the case of
the public-address system.

This suggests some uses to which the audio-frequency ampli-
fier can be put. It can be used anywhere that a very small electri-
cal voltage is to be amplified. It has been used successfully with
photoelectric cells, as in sound motion pictures, in electrocardio-
graph machines, and the like. Each day brings forth new uses for
this wonderful device.

Fig. 17-18. Phonograph
pickup.

Webster Electric Co.
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The Audio-Frequency Amplifier
SUMMARY

1. The purpose of the oudio-frequency omplifier is to increase the
intensity (loudness) of the signals so that a loudspeaker may
be used instead of earphones.

2. In the audio-frequency amplifier, an audio-frequency signal
is fed to the grid of the tube. The waveform of the plate current
of this amplifier will then be an amplified reproduction of the
signal fed to its grid.

3. By coupling a second audio-frequency amplifier tube to the
plate circuit of the first a-f amplifier tube, a second stage of
amplification may be had.

4. Distortion in the amplifying system is prevented by proper
values of grid bias.

5. Audio-frequency amplifiers are used for public-address sys-
tems, to increase the loudness of phonograph records, for am-
plifying signals of photoelectric cells, and for many other
purposes.

GLOSSARY

Amplifier, Audio-Frequency: A circuit to amplify a-f signals such
as those flowing out of the detector, thereby enabling us to use
a loudspeaker.

Amplification, Stage of: The tube and its accompanying electrical
devices serving as an amplifier.

Audio Frequency (AF): A frequency in the range between 30 and
15,000 cveles per second.

Audio-Frequency Transformer: An iron-core transformer used to trans-
fer electrical energy at audio frequencies from one tube to another.
Coupling Capacitor: A fixed capacitor used in a resistance-coupled
amplifier to transfer clectrical energy from one tube to another.
Grid Resistor: A resistor connected in the grid circuit of a tube.
Microphone: A device used to change sound waves to a fluctuating
electrical current.

Phonograph Pickup: A device used to change variations in a phono-
graph-record sound-track to a fluctuating electric current.
Piezoelectric Effect: The effect whereby pressure on certain tvpes
of erystals produces an electric voltage.

Plate Resistor: A resistor connected in the plate circuit of a tube.
Potentiometer: A resistance deviee enabling us to tap off portions
of the entire voltage placed across it.

Resistance Coupling: Coupling between the plate cireuit of one tube
and the grid cireuit of the next by means of resistors and a coupling
capacitor.

Transformer Coupling: Coupling between the plate circuit of one
tube and the grid circuit of the next by means of a transformer.
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SYMBOLS

r—y

-

g _ Audio-frequency transformer.

-’\/\1{\/\- Potentiometer.

@[—__ Crystal pickup.

D{): Mierophone.

QUESTIONS AND PROBLEMS

hWN =~

00 N O

10.
1.
12.

13.

. What purpose does an audio-frequency amplifier serve?

. What 1s the range of audio frequencies?

. Describe two methods to couple one stage to another.

. Give the advantages and disadvantages of transformer and

resistance coupling.

. Explain the statement: The power to drive the loudspeaker

comes from the B battery.

. What is the function of a coupling capacitor between two stages?
. What is the function of a plate resistor in an amplifier tube?
. Why should we avoid the use of many audio-frequency amplifier

stages?

Draw the schematic diagram of a simple public-address system.
Draw the schematic diagram of a simple phonograph player.
What is the piezoelectrical effect?

Draw a circuit containing a regenerative detector and two
stages of audio-frequency amplification, having one stage
transformer-coupled to the detector and in turn resistance-
coupled to another stage of audio-frequency amplification.
Identify the numbered parts.




1B Eliminating the
B Battery

JNOLIRI" IR  What are the disadvantages of A and B
batteries?

J{O NI "W How is the common alternating current
converted into a steady direct current?
YOIV How is the common alternating current
made to deliver higher voltage for the
plate and lower voltage for the filament?
1O LIRIYW- M  What are the essential parts of a B elim-
inator and how does it work?

Some Faults of Batteries. Having eliminated the nuisance of
the headphones, the next problem to be tackled is that of getting
rid of the various batteries required. These batteries have several
serious drawbacks. They have a limited life, even though the radio
receiver be used infrequently. This means periodic replacements
which are not only troublesome but costly. Besides, as the batteries
start to wear out, the voltage delivered starts to fall off. This
deterioration means uneven performance. Furthermore, the bat-
teries are quite bulky, especially those of the high-voltage type
used as plate batteries for the amplifier tubes, some of which may
require as much as 250 volts.

In the early days of radio, storage batteries were frequently
used to heat the filaments of the tubes. These batteries have to be
recharged periodically as the current is used up. Besides this nui-
sance, the storage battery is heavy, bulky, and contains an acid
which can be spilled easily with disastrous results to clothing, rugs,
and woodwork. Since the use of house current for lighting purposes

134
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-A- _B_

|
RADIO RECEIVER . /\ /\
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Fig. 18-1. A—The diode as a rectifier tube.

B—Wareform showing alternaling current flowing in house line
before rectification.

C—Waveform showing the allernating current after it has been
rectified by the rectifier tube. The bottom half of the loop (dotted line) has been
cut off, and the current now becomes a pulsating direct current.

-

is fairly universal, it was only natural to seck a means of using this
house current to replace the batieries.

The Diode as a Rectifier. The first battery to be eliminated
was the plate or B battery. The house current most widely used
in our country is alternating current with a voltage, or electrical
pressure, of 117 volts. This alternating current usually has a fre-
quency of 60 cveles per second.

Such an alternating current cannot be applied direetly to the
plate of the tube because this plate must always have a steady
positive charge. Any fluctuations of the positive charge on the
plate due to variations in the plate battery voltage would result in
distortion of the signal. It becomes necessary, therefore, to change
the alternating current of the house line to a steady direct cur-
rent before it ean be fed to the plate of the tube.

You will recall that the diode tube changes alternating cur-
rent into pulsating direct current. So we feed the alternating cur-
rent of the house line into a diode tube as in Figure 18-1.

When the plate of the diode has a positive charge on it, cur-
rent will flow from the house line to the plate circuits of the radio
receiver. When a negative charge is placed on the plate of the di-
ode, no current will flow. A diode used as indicated here is ecalled a
rectifier tube. Thus, we often say that we have rectified the alter-
nating current.
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The Filter System. But it is not enough to change the house
current from alternating current to pulsating dircet current. We
must change it to a steady direct current. To do this, we must pass
the pulsating direct current through a filter.

RADIO RECEIVER

FILTER B—- B+
CHOKE
cotL
ELECTRONS ELECTRONS
—  ELECTRONS l ELECYRONS’ -
FROM . 1
RECTIFIER X , Y
TUBE
4 _ELECTRONS | ELECTRONS +

ELECTRONS

Fig. 18-2. Hookup showing the filler system.

In Figure 18-2, you will notice that the pulsating direct cur-
rent from the rectifier tube is fed into a network consisting of two
capacitors (X and Y) and an iron-core inductor. This inductor
contains many turns of wire, and is called a filter choke coil. An
induetor having an inductance of 30 henrys is usually used.

United Transformer Corp.

Fig. 18-3. Filter choke coil.

As the electrons rush
up to the choke coil, they
encounter a very great op-
position resulting from the
inductance of the coil. As a
result, they are forced to
pile up on plate #1 of
capacitor X. Here they ac-
cumulate until the result-
ing voltage 1s equal to the
amplitude of the applied
pulse. Thus capacitor X
acts as a sort of reservoir,
or storage tank, for these
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electrons. Meanwhile, many electrons get through the choke coil.
Here they encounter the opposition offered by the receiver and are
forced onto the plates of capacitor Y. This capacitor is often known
as the smoothing filter capacitor.

A result of the action of the choke coil is to level off the peaks
of the pulses. Between pulses, when the voltage and current from
the rectifier tend to drop, these capacitors discharge towards the
receiver, tending to maintain the current and voltage output. The
result is a steady direct current and voltage fed to the plates of
the receiver tubes. This action is shown in the graph of Figure
18-4.

TOP LEVELLED HOLLOW FILLED IN
OFF

Fig. 18-4. Waveform
showing how the filler sys- . >|
tem changes pulsating di- BEFORE FILT[RING l AFTER FILTERING —- —-

rect current to steady direct \
current. /\ /\ \

PULSATING DIRECT CURRENT M—STEADY DIRECT CURRENT —-!

The action of the filter is to hold back the pulsating electron
flow until a steady average flow is reached and maintained, When
this steady flow results, we say we have filtered the current flowing
from the rectifier tube.

It makes no difference whether the filter ehoke coil is placed
in the negative or positive side of the filter circuit. The action is
the same. In practice it usually appears in the positive side be-
tween the two filter capacitors.

The Step-up Power Transformer. The voltage of the current
flowing out of the filter is about the same as the voltage of the
house current — namely, 117 volts. Since this does not place a very
high charge on the plate, someone thought of using a step-up
transformer to increase the house-current voltage to about 300
volts. Thus, a steady direct current of about 300 volts flows out of
the filter, and we are able to place a higher positive charge on the
plates of the tubes in the receiver; a greater plate current flows
and a louder sound comes out of the loudspeaker.
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STEP-UP B+
TRANSFORMER

HOUSE
CURRENT ooV
17V AC é)

8_
Fig. 18-5. B-batlery eliminalor using a step-up transformer.

In practice, the primary of the step-up transformer is con-
nected to the 117-volt alternating current of the house line. The
secondary is connected to the rectifier tube and filter (Fig. 18-5).
The step-up transformer used here is called a power transformer.

A Step-down Transformer for the Rectifier Filament. To elimi-
nate the necessity for using a filament battery for the rectifier
tube, a step-down transformer is used to step down the 117-voli
house alternating current to a value that the rectifier tube re-
quires. If we use a type 81 reetifier tuhe, the transformer steps
down the 117-volt alternating current to 7%4-volt alternating cur-
rent. Using alternating current on the filament of the rectifier tube
does not cause any interference with the signal.

The primary of the step-
down transformer is conneected
to the 117-volt alternating-cur-
rent line, and the secondary is
connected across the filament of
the rectifier tube in place of the
filament battery. The step-down TSRT,E;S}%%VJER
transformer used here is called a

81 TUBE
RECTIFIER

HOUSE
filament transformer. The wiring ﬁf;‘ﬁ%’g
diagram is shown in Figure 18-6. P

For cpnvenienee, the two sec- Fig. 18-6. Step-down transformer
ondaries, the step-up to the used fo heal the filament of the rec-
plate of the rectifier tube, and  (tifier tube.

the step-down to the filament
may, by suitable winding, be
made to operate from the same primary (Fig. 18-7).

Still another improvement was made to utilize the half-cycle
of alternating current blocked out by the action of the rectifier
tube (Fig. 18-1). By connecting up two rectifier tubes as shown
in Figure 18-8, this half-cycle could be put to use.
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Full-Wave Rectification.
The high-voltage secondary of
the transformer is center-tapped,

o— that is, a connection is made to
[~

H7VAC 3 the mid-point of its winding.
When point X of this secondary

g 7.5V AC has a positive charge on it (Fig.
18-8A), point 7Z has a negative

Fig. 18-7. Transformer with two  charge. This means that the

secondaries lo step up the voltage late of rectifier tube #1 is posi-
for the plate supply and to step p #lisp

down the voltage for the filament of tive, and' the pla.te of jrectlﬁer
the rectifier tube. tube #2 is negative. Llectrons

then stream from the filament

of tube #1 to the plate and
through the secondary to point Y, the electrical mid-point of the
secondary. Since Z is negative, it repels these electrons, and they
are forced to stream through the wire connecting Y to the filter
circuit. Tube #2 does not operate. During the next half-cycle (Fig.
18-8B), the charges on the secondary are reversed. Now, tube #1
does not operate while electrons from tube #2 stream to point Y
and to the filter circuit.

300V AC

BEFORE RECTIFICATION AFTER RECTIFICATION

Fig. 18-8. Full-wave rectification using two rectifier tubes. For the sake of
simplicily, the complete filament circuils are omilled.

A—Electron flow during one half-cycle.

B—Electron flow during the next half-cycle.

C—Waveform showing full-wave rectification.
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Since only one half of the secondary winding is used at a
time, the turns of the winding are increased to produce a voltage
of about 600 volts, or about 300 volts for each half-winding. Thus
the output from the filter circuit still is about 300 volts.

Uhnited Transformer Corp.

Fig. 18-9. Pouwer transformer.

This method of rectifi-
cation, using both halves
of the alternating-current
cycle, 1s called full-wave
rectification. The method
previously deseribed, using
only one-half of the cycle,
is called half-wave rectifi-
cation. The output of the
full-wave rectifier is fed to
a filter circuit similar to the
one previously described.
Full-wave rectification is
easler to filter hecause the
hollows between the direct-
currect pulses are smaller
(Fig. 18-8C).

A logical development

was to combine the two rectifier tubes into one, using two plates
and one filament. In this double tube, the filament is constantly
emitting eleetrons, which are attracted first to one plate and then

to the other as the charges
on these plates are alter-
nately positive and nega-
tive. An example of a full-
wave rectifier tube is the
type 5Y3-GT which re-
quires five volts for its fila-
ment.

Using a Voltage Di-
vider. After full-wave ree-
tification was perfected. one
more thing remained to be
done. The steady direct cur-
rent flowing out of the filter
circuit is at an eleetrical

"7 v
AC

5Y3-6T
70

TUBE £ 7ER

CIRCUIT

Fig. 18-10. Type 5Y3-GT rectifier tube
with one filament and two plates. This
tube is used for full-wave rectification.
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pressure of about 300 volts. This voltage
1s suitable for the plates of the amplifier
tubes, but it i1s too high for the plate of
a detector tube, where a maximum of
about 100 volts is needed. A means had
to be devised to enable us to tap off a
lower voltage for the detector tube. This
object was accomplished by connecting
a potentiometer across the output ter-
minals of the filter circuit.

Here is how the potentiometer
works. Assume that the electrical pres-
Fig. 18-11. Culaway view sure gt the output terminal's of the filter
of full-wave rectifier tube. circuit is 300 volts. This statement

means that the electrons piled up on

the negative terminal are seeking to
get to the positive terminal with a force which is equal to this elec-
trical pressure of 300 volts. Electricians call this a drop of 300 volts.
Now we connect a resistor from the negative terminal to the posi-
tive terminal. The electrons use up the 300-volt pressure in travel-
ing the entire length of the resistor to the positive terminal. But the
drop, or fall in pressure (technically, the drop in potential) is pro-
portional at any point to the fraction of the total resistor which has
been traversed by the current.

Suppose we take a point one-third of the way down the re-
sistor. At this point, the electrons have used up one-third the pres-
sure, and the pressure of the electrons at that point seeking to
reach the positive terminal is 200 volts. At a point two-thirds of
the way down the resistor, two-thirds of the original total voltage

Radio Corporation of America

— O
|

100V
Fig. 18-12. Diagram FROM
showing how a polenliom-  FILTER 300V
eler is hooked up as a volt-  ©'RCYUIT 200v

age divider.

+
4

mgg_fo

+ O
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(or pressure) has been used, and the pressure between that point
and the positive terminal is only 100 volts. So by moving the
slider of the potentiometer from point to point on the resistor, we
can get any desired voltage out of the filter cireuit. The potenti-
ometer, hooked up in this circuit, is called a voltage divider.

The size of the voltage
divider varics with the
number of tubes used in the
receiver. Generally, the re-
sistance is about 50,000
ohms. The resistance wire
must also be heavy enough
to stand the current that
flows through it without
burning out. The amount
of current a resistor can
Otionite M. Ca; safely pass at a given volt-
age is expressed by its rat-
ing in watts. A watt is a
unit of eleetrical power
measured by the product of
the current and the voltage
(pressure). Hence, with a given voltage, as the current increases
the rated number of watts must increase. It follows that the more
current needed for the plate currents in the radio receiver, the
heavier this resistor must be. In the present case, with an assumed
pressure of 300 volts, the resistor must be rated at about 5 watts.

The Dropping Resistor. There is another way by which we
can get the lower voltage needed for the plate of the detector
tube. Instead of connecting the positive output terminal directly
to the B+ terminal of the audio-frequency transformer in the
plate circuit of the detector tube, we insert a resistor of about
5,000 ohms betwecen the two points (Fig. 18-14). This plan in-
volves the same principle of drop or fall in potential, because some
of the electrical pressure is used up in forcing current through this
resistor. As a result, a smaller positive charge is placed on the
plate of the detector tube. This resistor is called a dropping re-
sistor,

Here, now, in Figure 18-15, is the plan for our completed B-
battery eliminator.

Fig. 18-13. Variable resistor used as a
voltage divider.
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DETECTOR A-F
TRANSFORMER

e

TO
DROPPING
RESISTOR [ AMPLIFIER

Fig. 18-14. Circuit shou-
ing use of a dropping re-
sislor to obtain the lower
B vollage required for the
plate of the detector tube.

B+

TO FILTER
CIRCUIT

8- A J

How the B Eliminator Works. The primary of the power
transformer is connecled to the house line which supplies 117-volt
alternating current. The step-up secondary increases this voltage
to 600 volts. The ends of this seccondary are connected to the
plates of the full-wave rectifier tube.

The step-down secondary reduces the voltages to 5 volts. The
ends of this secondary are connected to the filament of the rectifier
tube. The negative line of the B-battery eliminator comes from
the mid-point, or center tap, of the step-up secondary and is con-
nected to one end of the filter input. The positive line comes from
the filament of the rectifier tube and goes to the other end of the

o
nrv
AC

<———— B ELIMINATOR RECEIVER —Mm™

Fig.‘ 18-15. Completed B eliminator, showing how il is connected to the radio
recetver.
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filter input. At this point, the current is pulsating direet current
which, after it passes through the filter, comes out as a steady
direct current at about 300 volts.

Across the negative and positive terminals of the B-battery
eliminator the electrical pressure is 300 volts. The negative termi-
nal is connected to the filaments of the tubes in the radio receiver,
just as is the negative post of the B batteries when there is no
eliminator. Similarly, the positive terminal of the eliminator is
connected to the B- terminal of the second audio-frequency
transformer and the loudspeaker. In most receivers, the B minus
terminal is connected to ground, thus furnishing a common point
to which the plate, grid, and filament circuits are connected. This
ground connection usually is the chassis of the receiver.

Across the terminals of the climinator, a potentiometer is
connected. The sliding tap is adjusted to a point where the elec-
trical pressure, or voltage, is of the desired value, about 100 volts.
A connection is made from this sliding tap to the B+ terminal of
the first audio-frequency transformer.

Electrolytic Capacitors in the
Filter Circuit. The capacitors used
in the filter circuits arc vary large,
about 8 to 50 uf cach. For this pur-
pose, we use electrolytic capacilors.
These capacitors have onc electrode
made of an aluminum plate. The
other electrode is a paste or liquid
known as an electrolyte. The dielec-
tric between the two electrodes is a
very thin layer of aluminum oxide on

P.R. Mallory & Co-  the aluminum plate. In using these

Fig. 18-16. Elecirolylic capacilor.  electrolytic capacitors, care must
be taken that the terminal marked

POSITIVE or + is connected to the positive line, and the terminal
marked NEGATIVE or — is connected to the negative line of the filter
circuit. Failure to ohserve this precaution will destroy the capacitor.

The capacitors used in the filter circuit are called filter ca-
pacitors. Care must be taken that the dielectric 1s strong enough
to withstand the eleetrical pressure—in this instance, at least 300
volts. This rating is usually marked on the side of the capacitor.
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SUMMARY

1. Batteries became such a nuisance in radio sets that means were
sought to eliminate them.

2. The ordinary current delivered to the home is alternating current
of 60 cyeles at a pressure of 117 volts.

3. By passing an alternating current through a diode tube, the
current is rectified to pulsating direct current.

4. By the use of coils having high inductance, called filter choke
coils, together with filter capacitors, the pulsating current is
changed to steady current. This system of chokes and capacitors
is called a filter system.

5. Full-wave rectifying tubes (such as type 5Y3-GT) are made with
one filament and two plates. This design makes use of the half-
cycle of alternating current that is blocked off during rectifica-
tion by a single diode.

6. Voltage dividers are resistors with sliders, or taps, by the use of
which we may obtain any desired voltage through the principle
that drop in electrical pressure, or voltage, is proporticnal to
resistance through which the current passes.

7. The B-battery eliminator consists of a full-wave rectifier tube
with filters and resistors so connected that all the functions of
the B battery are performed by energy from house alternating
current.

GLOSSARY

B-Battery Eliminator: A device used to eliminate the need for B

hatteries hy supplying plate voltage from the house mains.

Dropping Resistor: A resistor connected in a circuit which uses up a

part of the electrical pressure, thus leaving less voltage for the

remainder of the circuit.

Electrolytic Capacitor: A fixed capacitor of high capacitance whose

clectrodes consist of an aluminum plate and an electrolyte with a

dielectric of aluminum oxide.

Filament Transformer: A step-down transformer used to supply fila-

ment current from the house mains,

Filter: An electrical network used to smooth out, or eliminate varia-

tions from, a pulsating direct current, thus changing it to a steady

direct current.

anii!fer Capacitor: A fixed capacitor of high capacitance, used in a
lter.

Filter Choke Coil: A coil of many turns wound on an iron core, used

in a filter circuit.
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FulllWave Rectification: Rectification which uses both halves of the
alternating-current cycle.

Half-Waove Rectification:  Reetification which uses only one-half of
the alternating-current cyele.

Power Transformer: A transformer used to step up the 117-volt
alternating current from the house mains to a higher voltage. It
may have several step-down seeondaries, which are used to supply
current to heat the filaments of the tubes.

Rectified Current: An alternating current that has been changed to
direct current by a rectifier tube or other rectifier device.

Rectifier Tube: A tube whose sole function is that of changing alter-
nating current to direct current.

Voltage Divider: A resistor, placed across the output of the filter
system, from which we may obtain various voltages by tapping
off at points along its length.

Watt: The unit of electrical power.

SYMBOLS
—gooooo—  Filter choke.

HIGH
YOLTAGE

nrv %HE Power transformer.
aw

g L
VOLTAGE

@ Full-wave rectifier.

|+ Electrolytic capacitor.

’T:

QUESTIONS AND PROBLEMS

1. Why is it normally desirable to eliminate batteries from a receiver?

2. Iixplain how a diode may be made to act as a reetifier. Draw the
waveforms of the input and output voltages.

3. What is the function of the filter system after rectification?

4. Draw the schematic diagram and explain the operation of a
half-wave rectifier.

5. Draw the schematic diagram aud explain the operation of a
full-wave rectifier.

6. Why is a full-wave rectifier easier to filter than a half-wave
rectifier?

7. How may we sceure various voltage levels from the power supply?
Explain in detail.
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8. A resistor is rated at 3 watts and 300 volts is dropped across it.

What is the maximum current that may be carried safely by the
- resistor?

9. Explain the construction of an electrolytic capacitor. What
precaution, not required with other fixed capacitors, must be
taken with the electrolytic capacitor?

10. Identify the numbered parts.
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19 Eliminating the
A Battery

ORI\ What attempts were made to use alter-
nating current directly on the filament?

ZHOLIRI VWM  How does the cathode of a tube work?

Attempts to Use Alternating Current for the Filament. The
next battery to be eliminated was the A or filament battery. It is
simple enough to use a step-down filament transformer to reduce
the voltage from the 117-volt alternating current to 1l4-volt alter-
nating current. But alternating current is unsatisfactory for heat-
ing the filament of the radio tube even at this reduced voltage.

The reason is that any fluctuations in the stream of electrons
shot out by the heated filament cause a hum or distortion of the
signal. The plate current is the current produced by the stream of
electrons from the filament to the plate. Examine the waveform
picture of the alternating current used to heat the filament in
Figure 19-1.

When the alternating-current cycle reaches its peak (whether
the positive or negative peak makes no difference here), the elec-

+
W
g 0 /\ /\ Tig. 19-1. Wareform of
3 Z lt {ing current used {
I} alternaling ent used to
> \/ \/Cb:iNREEST 280“, heat the filament of the

tube.
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trons are streaming through the filament at their maximum rate,
and the filament is being heated to maximum temperature. The
electrons being emitted by the heated filament are shooting out
at the maximum rate. When the alternating-current cycle reaches
the line of no-current flow, however, the filament starts to cool
off. and the number of clectrons emitted starts to drop off. The
result is a fluctuation in the number of the electrons reaching
the plate, not caused by variation of the signal charge on the tube
grid, with resulting distortion of the signal.

First Experiments with Ribbons. One method that has been
used to combat this undesirable condition was to make the mass
of the filament greater. Instead of using a thin wire, a ribbon type
of filament was used. Because of its greater mass, the temperature
in such a filament does not fluctuate as much as in the thinner
ones during the changes in the alternating-current cycle.

But the ribbon filament was not wholly successful for two
reasons: (1) some fluctuations still remained and (2) to heat this
massive filament required great amounts of electric current.

Attempts to Use Rectifiers. Another method used to overcome
the difficulty was to convert the 114-volt alternating current to
direct current, using a rectifier consisting of plates of copper and
copper oxide. The action of this rectifier is similar to that of the
crystal detector.

Still another method of rectifying the alternating current was
to use a chemical rectifier. Plates of lead and aluminum were sus-
pended in a solution of borax. This chemical rectifier passes cur-
rent only in one direction.

The diode tube also was used as a rectifier, following the
method described in the previous chapter.

All these methods of rectification were not very practical.
They require special apparatus for the rectification and filter sys-
tems. The chemical rectifier had the additional drawback of being
spilled easily.

Further Attempts to Use Alternating Current for Heating. The
use of alternating current directly on the filament of the radio tube
was tried in a number of ways, but one difficulty always remained.
The grid of the tube, as you know, must be connected to the fila-
ment as shown in Figure 19-2. So if alternating current is sent
through the filament, then during one-half of the cyele, a positive
charge is placed on the grid (Figure 19-2A). During the next half
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Fig. 19-2. Circuils showing how allernating current flowing through the fila-
men! places an alternaling charge on the grid of the lube.

of the cycle, a negative charge is placed on the grid (Fig. 19-2B).
Thus, an alternating charge is placed on the grid by the alternating
current flowing in the filament. This charge interferes with the flow
of electrons to the plate, and distortion results.

To help correct this fault, a resistor of 20 to 40 ohms was
connected across the filament. At the electrical center of this re-
sistor, a tap was placed. To this tap was connected the wire going

to the grid ecircuit (Fig.
19-3). It can be scen that
whichever side of the fila-
ment is positive or nega-
tive, the center tap, being
halfway between them, is
always at the same electri-
cal pressure. Thus, a con-
stant charge is placed on
the grid, and there are no
unwanted fluctuations in
the plate current.

This scheme, together
with the use of the heavy
ribbon-type filament, gave
fairly good results.

The Cathode Sleeve.
But a better method, per-
mitting the use of alternat-
ing current directly on the

Fig. 19-3. Circuits showing the use of a
20- to 40-ohm center-tapped resistor (R)
{o reduce hum.
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Raytheon Mfg. Co.
Fig. 19-4. Culaway view
of tube with a cathode
sleeve used as an emitter
of electrons.
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filament, was subsequently worked out.
Around the filament, but not touch-
ing it, was slipped a sleeve of metal.
Now the filament was used as a stove
to heat this sleeve. As the sleeve became
hot, it emitted the stream of electrons
which reached the plate (See Fig.
19-4).

This sleeve is now the surface
which gives off the electrons and is,
therefore, called the cathode. Because it
1s Quite massive, the temperature of the
cathode does not change with the alter-
nating-current cycle of the current flow-
ing through the filament. Thus the
stream of electrons it emits is steady.
The symbol for the cathode is: ™

The wire going to the grid, which
is called the grid return, is connected
to the cathode instead of to the filament
(Fig. 19-5). The filament is thus re-
moved from the circuit bearing the radio

signals. Hence. the current used to heat the filament may be either
alternating or direct current without causing distortion of signals.
The filament in such a tube is now called the heater.

In modern tubes, the cathode is usually coated with special
chemicals that make it a more efficient emitter of electrons. We
shall discuss this matter more fully later.

The Complete A-Battery

Eliminator. The use of the cath-
ode simplifies things a great deal.
The only extra piece of appara-
tus for this new type of tube is
the step-down filament trans-
former. An example of a tube
using this cathode is the type
6C5.

We have now eliminated
the need for the A, or filament,
battery. A typieal hookup using

\

(BB
N
N

6.3VAC

Fig. 19-5. Circuit showing how the
cathode is connected to the grid re-
turn.
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1st 2nd
DETECTOR A-F AMPLIFIER A-F AMPLIFIER
6C5 6L5 6C5

'li-i'—\ﬂ.o.Q/——Q

1H7v
AC

B_
gx L
TO HEATERS =

X

Fig. 19-6. Radio circuil showing the use of a B-ballery eliminalor and
cathode-type tubes.

the cathode-type tube is shown in Figure 19-6. In studying this
wiring diagram, you should notice that the B minus terminal of
the B-battery elirninator is now connected to the cathode instead
of the filament. Notice, also, that a third secondary winding has
been added to the power transformer. This is a step-down secondary
giving the 6.3 volts needed for the filament of the type 6C5 tube.

SUMMARY

1. The alternating current is usually unsatisfactory for heating
the filaments of radio tubes directly becausc of the resulting
uneven flow of electrons to the plate.

2. Various means of correcting the faults of the alternating cur-
rent as a substitute for the A battery were tried before a suc-
cessful method was found.

3. The device which was most successful is the cathode sleeve.
The prineiple in this is that the filament bearing the alternating
current does not touch the cathode, but merely heats it because
it is close to it. The cathode, therefore, emits the electrons used
in the plate circuit to carry the radio signals.
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4. The type 6C5 tube has this cathode sleeve and needs to be
operated at 6.3 volts alternating current furnished to the heater
or filament by a step-down transformer.

GLOSSARY

A-Baitery Eliminator: A device used to serve the purpose of the
A battery by supplying the current nceded to heat the filament
of the tube from the house mains.

Cothode: A metal sleeve surrounding the filament in a tube and
coated with chemicals that shoot off electrons when heated by
the filament.

Heafer: The filament of a cathode-type tube.

SYMBOLS

r—| Cathode in a tube.

@ or @ A triode employing a cathode.

QUESTIONS AND PROBLEMS

1. What undesirable action results when alternating current is fed
directly to the filaments of a noncathode-type triode tube?

2. What carly attempts were made to overcome the effect of the
alternating current in Question 1?7

3. Explain how the use of a center-tapped filament resistor helps
to stabilize grid voltage when an alternating current is fed to
the filament.

4. What are the advantages of the type 6C5 tube over a tube like
the type 1H5-GT?

5. If we are using tubes with cathodes, to what circuit is alternating
current delivered?

6. Describe the chief features of the A-battery eliminator. Tllustrate
by means of a diagram.



20 Eliminating the
C Battery

PROBLEM. How is the grid bias maintained without a
C battery?

Keeping the Grid Negatively Charged. Having succeeded in
eliminating the A and B batteries, radio engineers next tried to
get rid of the C battery. It proved to be a simple matter to do
away with this battery. Let us recall the function of the C battery.

Figure 20-1 shows the C battery connected in the grid circuit
of the triode. Since the C battery (or grid-bias battery) is con-
nected with the negative post to the grid return and the positive
post to the cathode, the grid is more negative than the cathode.
So all we have to do is to work outl a system that makes the grid
slightly more negative than the cathode, and our C battery is
eliminated. One method for doing this is the grid-leak and capaci-
tor method discussed in Chapter 15. There are other methods
which are more widely used.

A-F AMPLIFIER

- Fig. 20-1. Circuit shou-
ing a C batlery connecled
~ i+ in the grid circuit of an
|' amplifying tube.
C
BATTERY

B+
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Using a Voltage Divider. Turn back to Figure 18-15. The most
negative point of the B eliminator is the negative terminal. Note
that the filaments of the radio tubes are connected to that point.
Now consider a point on the voltage divider a little distance away
from the negative terminal and toward the positive terminal. As
you now know, this point is a little more positive than the nega-
tive terminal.

Now, as illustrated in Figure 20-2, connect the cathode to this
new point, which is called B— and is grounded, and connect the
grid return to the negative terminal of the eliminator. The grid in
this hookup is slightly more negative than the cathode, and we have
eliminated the necessity for a C battery. This method, as well as
the one using the C battery, is called fized bias.

Fig. 20-2. Circuit showing how a cathode-
{vpe lube is connected to obtain the grid
bias from the voltage divider.

Self Bias. Other methods are used to eliminate the C hattery.
For example, it has already been stated that the most negative
point of the B eliminator is the negative terminal. Hence, when
the grid return is connected to this terminal, the grid, too, is most
negative.

The cathode, however, iz not connected directly to the nega-
tive terminal of the B eliminator, but through a resistor (R), as in
Figure 20-3. To understand this hookup, compare the pathways of
electrons from the B-battery eliminator to the grid and to the
cathode, respectively. As the cathode shoots off electrons, other
electrons are drawn up from the large supply on the negative ter-
minal of the B eliminator. But some of the electrical pressure is
lost in pushing these electrons through the resistor, and a voltage
drop occurs across the resistor. In this hookup, then, the cathode is
slightly less negative than the negative terminal of the B eliminator.

The grid of the tube, connected to this negative terminal
without the resistor between it and the terminal, is therefore
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A-F AMPLIFIER

B+ <

3/

TO0 B
ELIMINATOR

B—

—_—

Fig. 20-3. Circuil showing how a cathode resistor (R) is used to gef grid bias

slightly more negative than the cathode. So now again there is no
need for the C battery, which created exactly the same effect.

This method of grid bias is known as self bias, or cathode bias.
The resistor we connected to the cathode of the tube is called a
cathode-bias resistor or, simply, a cathode resistor. Different types of
tubes use different values of cathode resistors. For the type 6C5
tube a cathode resistor of about 1,000 ohms is suitable.

Preventing Amplification Loss with a Bypass Capacitor.  If
you exarmine Figure 20-3, you will notice that the cathode resistor is in
the plate circuit. The electrons stream up from the negative termi-
nal of the B eliminator, through the cathode resistor to the cathode,
across to the plate and through the primary winding of the second
transformer, and back to the positive terminal of the B eliminator.

The incoming signal, you will recall, causes the plate current
to fluctuate. Thus the voltage drop across resistor R, the bias
voltage for the tube, will also fluctuate. If the signal makes the
grid more positive, more plate current will flow. Hence the voltage
drop across R becomes greater and the negative charge it places
on the grid, too, becomes greater. This, you see, works against the
signal which is trying to make the grid more positive.

This condition is not desirable because it reduces the am-
plification. We should eliminate, somehow, the fluctuations in the
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A-F
AMPLIFIER

I 6

1

B+ « >
TO
B ELIMINATOR [
T 1
Fig. 20-4. Circuil showing cathode resistor (R) and bvpass capacitor. (C).

voltage drop across R. To do this, a fixed capacitor, called a cath-
ode bypass capacttor, is connected across the cathode resistor (Iig.
20-4). This capacitor smooths out the fluetuations on the same
principle as the filter capacitor in the filter circuit of the B elimi-
nator.*

Contact Bias. There is still another method for obtaining grid
bias which frequently is used in the first stage of audio-frequency
amplification. This is the contact-bias method illustrated in the
circuit shown in Figure 20-5.

As the electrons stream from the cathode to the plate, some
of them strike and are trapped on the wires of the grid. These
electrons accumulate in sufficient quantity to make the grid
slightly negative with respect to the cathode. This, you will recall,
is the effect created by grid bias and, once again, there is no need
for the C battery.

Although the bias voltage is small (only about a half volt), it
is sufficient for the first stage of audio-frequency amplification.
This bias voltage remains fairly constant. Excess electrons are
permitted to leak off through the resistor R, which generally is
from five to ten megohms. When the bias voltage on the grid

*However, when we discuss dnverse feedback (Chap. 39), you will note that under
certain eircumstances we deliberately omit the cathode bypass capacitor.
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1st
A-F AMPLIFIER

Fig. 20-5. Confact-bias
circuit.

reaches its proper negative value, further clectrons are repelled by
the negative charge. When the bias voltage drops, more electrons
are encouraged to strike the wires of the grid, thus raising the
voltage to normal. Note that this method for obtaining a grid
bias is very much like the grid-leak and capacitor method.

The Complete No-Battery Receiver. Having succeeded in elim-
inating all batteries, we are now ready to present our no-battery
radio receiving set. This is shown in Figure 20-6. In this diagram,
the wires connecting the filaments of the tubes to the step-down

DETECTOR ist A-F AMPLIFIER 2nd A-F AMPLIFIER
6C5 TUBE 6C5 TUBE 6C5 TUBE

2 MEGOHM

=(

LS

0.00025t

00—
*

\

30H
' »— 000 —¢ B+
RECTIFIER
5Y3-GT TUBE
+ 1+
8uf ~ 8uf
"7 Vv e St
AC
B_
Ex L
6.3V AC -
X

Fig. 20-6. Diagram showing the circuil of an all-electric receiving set.
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secondary, which gives the 6.3 volts of alternating current needed
to heat these filaments, are omitted for the sake of simplicity. In
wiring this set, however, a certain precaution must be taken. These
wires, carrying alternating current, have a fluctuating magnetic
field around them. If this field cuts across any other conductor
near them, currents will be indueced which will interfere with the
reception of the signal.

To overcome this unwanted effect, the wires carrying alter-
nating current to the filaments are twisted around one another
in such a way that the magnetic fields of these wires neutralize
one another.

SUMMARY

1. To have the grid of a tube function properly it must have a small
negative charge or bias with respect to the cathode at all times.

2. The C battery which supplies a negative bias to the grid may be
eliminated by various circuits.

3. Four methods of connecting the grid so as to obtain the suitable
negative bias are: (a) fixed bias, using a C battery, (b) fixed bias,
using a tap on the voltage divider, (¢) self bias, using a resistor in
parallel with a bypass capacitor in the supply line to the cathode,
(d) contact bias.

4. Wires bearing alternating current to the filament should be
twisted together to ncutralize the magnetic fields produced in
single wires by the eurrent.

GLOSSARY

Cathode Bypass Capacitor: A fixed capacitor placed across the cathode
resistor which serves to smooth out the voltage variations across
that resistor and thereby supply the grid with a constant negative
charge.

Cathode Resistor: A\ resistor between the B— terminal and the
cathode of the tube, which gives the grid a negative bias with respeet
to the cathode.

C-Bottery Eliminator: A device used to eliminate the need for the
C battery by obtaining the necessary voltage from the B-battery
eliminator.

Contact Bias: Grid bias obtained by trapping electrons on the grid
of the tube and permitting them to leak off slowly through a very
large resistance.



160

Eliminating the C Battery

Fixed Bios: Grid bias obtained by a C battery or a tap on the power-
supply voltage divider.

Grid-leak and Copacitor Bios: Grid bias obtained by means of a
grid-leak resistor and capacitor in the grid circuit.

Self Bias: Grid bias obtained from the voltage drop across a resistor
common to the plate and grid eircuits.

QUESTIONS AND PROBLEMS

—

. What is the purpose of a negative bias on the grid?
. By means of simple circuit diagrams, explain two methods for

obtaining fixed grid bias.

. By means of simple diagrams, explain two methods for obtaining

self grid bias.

. How does the use of a cathode bypass capacitor help to produce

greater amplification from an amplifier?

. Why are the wires leading to the heater of a cathode-type tube

usually twisted together?

. Make a diagram of a receiver using an A-, B-, and C-battery

eliminator, a detector, and an audio-frequency amplifier coupled
by resistance coupling to the detector.
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PROBLEM. How are radio receivers adapted to operate
on either alternating- or direct-current
power supply?

The battery eliminators described in the previous chapters
all assume the use of 117-volt alternating current. In some locali-
ties, however, the house mains supply 117-volt direct current. Since
a transformer will not operate on steady direct current, it becomes
obvious that the A- and B-battery eliminators previously described
will not work in these direct-current localities.

There are other reasons for not using the power transformer,
even 1n alternating-current localities. The innovation of the midget
receiving set has placed a premium upon small, light receivers that
can be built cheaply. Since the power transformer is bulky, heavy,
and expensive, its elinination was desired by the receiving-set
manufacturers. Let us see how the problem was solved.

The Transformerless Power Supply. The answer is in our
half-wave rectifier system (Fig. 18-5). If we eliminate the step-up
transformer and feed the 117-volt alternating current directly to
the plate of the rectifier tube and filter system, we can change the
house current to a steady direct current. True, we can only get
about 117 volts output, hut with the invention of the new and
more eflicient tubes, this voltage suffices for ordinary purposes.

Using this scheme and applying 117-volt direct current so
that the positive lead goes to the plate of the rectifier tube, we
get the same result as with the alternating current. So here we
have a B-battery eliminator that works equally well on alter-
nating or direct current and uses no power transformer.

161
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Using House Current for the Filaments. Now let us plan for
the heater (filament) current. When the house mains supply 117-
volt alternating current, we can get the small voltage required to
heat the filaments by one of two methods. We can use a step-down
transformer as described in Chapter 19. Or else we can force the
117-volt alternating current to go through a resistor before it goes
through the filaments. When current goes through this resistor, its
electrical pressure is reduced to (that is, drops to) the small amount
that is necessary to force the proper current through the filaments
(Fig. 21-1).

m— 111 VOLTS — BV
Fig. 21-1. Diagram show-
/\ ing how a resistor is used
RESISTOR FILAMENT to cuf down the 117-voll

house curreni to a value
suitable for use on the fila-
ment of the tube.

? 117 voLTS

This second method is not as desirable as the step-down
transformer method, because it wastes most of the current going
through the resistor. But in a direct-current locality, only the re-
sistor method of obtaining the filament current can be used. We,
therefore, are compelled to use this method if the receiving set is
to be operated in both types of localities.

An increase in efficiency is gained if we connect our filaments
in series. Assume that the rectifier tube requires 5 volts to force

94V 16V 16V 6V 6V,
’ . N N N
' ! ' [ ‘ ' ' '
A AN NN
SaniAVAVAVAVAVAVAVS
RECT. 2nd AF Ist AF DET.
DROPPING
% RESISTOR l TUBE TUBE TUBE TUBE
14 e FILAMENTS
>
=
L

Fig. 21-2. Diagram showing how the dropping resistor and the filaments of
the reclifier, delector, and first and second audio-frequency amplifier tubes are
connecled in series across the 117-voll house line.
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the current through its filament, and that the detector tube, the
first audio-frequency amplifier tube, and the second audio-fre-
quency amplifier tube each require 6 volts.

When any electrical conductors are connected in series (Fig.
21-2), the resistance of the circuit is the sum of the resistances of
all the parts. Hence, 23 volts are required for the filaments of the
tubes and only 94 volts are wasted in the resistor (23 + 94 =
117 volts).

Modern tubes are being manufactured that require even
greater voltage for their filaments, and when they are used there
is still smaller waste. As a matter of fact, many modern sets use
tubes with such heater voltages that the total heater voltage re-
quired for all the tubes connected in series is 117 volts, and no
dropping resistor is necessary.

Line-Cord Resistor. The resistor used in these circuits is called
a dropping resistor. Its value obviously must vary with the type
and number of tubes used. One variety of dropping resistor is the
line-cord resistor. This resembles a common two-wire extension
cord attached to a plug of the type used in the ordinary type of
electrical outlet. But in addition to the two wires of this electric
cord, and attached to one of the terminals of the plug, is a wire
resistor of the proper size (Fig. 21-3). Voltage drop in this resistor
is enough to give the correct filament voltage to the tubes.

RESISTOR

0 2} 117 voLts
S QUTLET PLUG

Fig. 21-3. Diagram showing a line cord with a buill-in resistor. The electric
cord and resistor are covered with an asbeslos and colfon casing, and the
assembly looks very much like the electric cord used to connect an eleciric iron.

This arrangement furnishes a convenient method for attaching
the set to the house current and gives the additional advantage of
having the resistor outside the set. Since the dropping resistor
heats up somewhat because of the resistance to the current passing
through it, it is advantageous to have it outside the set. Needless
to say, you must not shorten or cut this cord or else you will reduce
the value of the dropping resistor.
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Another voltage-dropping device that performs a function
similar to that of the dropping resistor or line-cord resistor is the
ballast tube, which is merely a resistor within a tube envelope. It,
too, is connected in series with the tube heaters.

Other Features of AC-DC Sets. Figure 21-4 shows the com-
plete ac-de power supply. The filaments are connected in series
and are supplied by the 117-volt line. Where necessary, a dropping
resistor is used. For this circuit, it is immaterial whether alter-
nating or direct current is used.

Note that the 117-volt line feeds the rectifier tube. When
direct current is used and the positive () side of the line is on
the rectifier plate, the rectifier tube passes current at all times,
with a resulting B voltage from the power supply. When the plug
1s so inserted in the outlet that the negative side of the line is on
the rectifier plate, current will not pass through the rectifier and
there will be no B-voltage output from the power supply. The
remedy then would be to reverse the plug in the outlet.

*0

RECTIFIER
TUBE
DROPPING
RESISTOR
150
> B+
M7y
AC-DC 2nd A-F TUBE
HEATERS >1st A-F TUBE
| DETECTOR T ‘J\
O L

Fig. 21-4. Diagram showing the circuit of the complele ac-dc power supply.
The symbol 15k stands for a filter choke coil of 15 henrys.

When alternating current is used in the house mains, the
rectifier will pass current only when the main line connected to
the plate becomes positive. This results in half-wave rectification.
Reversing the plug will not affect the power supply.

Practically any radio tube can be used as a rectifier. Some
tubes, however, like the type 3575, are more efficient for this
purpose. Once the B supply is developed, grid bias may be ob-
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tained in the usual manner de-
scribed in Chapter 20.

The type 35Z5 tube has a
portion of its heater -circuit
tapped so that there is a voltage
drop of 714 volts between the
tap and one end of the heater.
(Figure 21-5). We can utilize
this voltage drop to supply cur-
rent to a small 6-volt pilot lamp
that indicates when the receiver
is turned on.

Modern sets, especially the
smaller ones, tend to substitute a
resistor of about 1,000 ohms for
the choke coil for filtering. The
filter capacitors, then, generally
are about 20 to SO uf each. The
filtering action of such an ar-
rangement 1s sufficient and the
cost is considerably less.

SUMMARY

3525
TUBE

PILOT
LAMP

165

Fig. 21-5. How the lap on lhe
heater of the type 35Z5 rectifier
lube is used to supply current to

the pilot lamp.

1. B-battery eliminators made to opcrate by the use of step-up

and step-down transformers cannot be used on direct-current
house mains.

. The principle involved in the modern ac-de receivers is to counect
tube heaters in series across the 117-volt house line, using a
dropping resistor where nceessary, and to use half-wave rectifiers
for the B voltage.

. Ac-dc sets operate by plugging in to any outlet carrying house
current. The extension cord may contain a line-cord resistor to
provide the correct voltage for the filaments.

. On direct-current circuits it is sometimes nccessary to turn a
plug around in the outlet fixture so that the proper polarity may
be obtained.
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The AC-DC Power Supply

GLOSSARY

AC-DC Power Supply: A battery eliminator that operates without a
power transformer from 117-volt alternating or direct current.
Ballast Tube: A resistor within a tube, having the same function as
a dropping resistor.

Line-Cord Resistor: A resistor in the power-line cord which uses up most
of the 117 volts, leaving a small portion for the filaments.

SYMBOLS

ﬂ—% Line-cord resistor.

QUESTIONS AND PROBLEMS

1. What are the advantages of an ac-de power supply over a trans-
former-type power supply?

2. How do we obtain the correct voltages for the tube heaters in an
ac-de power supply?

3. Why do all tubes go out when the heater of one tube burns out in

an ac-de type receiver?
4. Explain the function of the series dropping resistor in an ac-de

sct.

5. If a receiver with an ac-de power supply fails to operate in a
direct-current district, after being tested and no faults found,
what would you examine in hunting for a possible eause of no
operation?

6. Identify the numbered parts.

®

10008
"7V
AC-DC @

SOt

\I®

1y




po¥”d The Dynamic Speaker

O LINI VMM [Iow is the dynamic speaker constructed?

ORI\ [How is the dynamic speaker connected
in the receiver?

Faults of the Paper-Cone Speaker. Turn back to Figure 7-7.
Although we have greatly improved our radio receiver since we
built the ecrystal detector set, our loudspeaker has remained a
paper cone fastened to the diaphragm of the earphone. Now let
us give it some attention.

The loudspeaker, as shown, has one very bad fault. Qur am-
plified signal is carried by a large current. This current from the
plate circuit of the last amplifier tube passes through the coil of
the speaker. When the resulting strong pull is exerted on the dia-
phragm, it is bent back until it touches the end of the permanent
magnet. The effect is that the speaker rattles on loud signals.

The Electromagnetic Dynamic Speaker. An ingenious device
was evolved to overcome this defect. A speaker coil, called a voice
coil, is wound on a small tube of bakelite. This tube is mounted
so that it can slide back and forth over a soft-iron pole piece. To
this tube, the paper cone is attached. Also attached to this tube,
to keep it in place, is a thin springy sheet of bakelite, called a
spider. (See Figure 22-1.)

An electromagnet of many turns of fine wire is also mounted
on the pole piece. This electromagnet, called the field coil, is con-
nected to a source of steady direct current. The field coil sets up a
strong, steady magnetic field as long as the current flows through
it.

The fluctuating current in the final audio-frequency amplifier
stage is made to flow through the voice coil. As a result, a fluc-
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SOFT- 0N CASE-~

4%

7

Fig. 22-1. Diagram of an
electromagnetic  dynamic
s PECE  speaker.

m\
SPIDER

oe— TO FIELD SUPPLY -—

D77

FIELD COIr

tuating magnetic field surrounds this coil. This fluctuating field,
reacting with the strong, stcady magnetic field of the field coil,
causes the voice coil to move back and forth on the pole piece
in step with the fluctuations of the plate current.

The thin, springy spider permits the voice coil to move, but
forces it to come back once the pull ceases. The paper cone, con-
nected to the voice coil, moves with it. Of necessity, the voice coil,
and the tube upon which it is wound, must be very light. The
coil consists of a few turns of fine copper wire, and the tube is
made of very thin bakelite. Now, large plate currents can move the
paper cone quite vigorously withcut the danger of a diaphragm
striking the end of the magnet and thus causing rattling.

This type of speaker is called a dynamic speaker. Since it has
an electromagnetic field coil, we call it an electromagnetic dynamic
speaker. The symbol for this type of speaker is lﬁjiq .

Supplying Current for the Field Coil. Several means exist for
obtaining the steady direct current needed for the field coil of
this speaker. In the early days of radio a separate storage battery
of 6 or 12 volts was used. This method is still used in some port-
able outdoor loudspeaker systems where very loud sound and,
accordingly, a very strong field is needed.

Another method is to rectify and filter the house current,
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using the systems deseribed
in Chapters 18 and 21. The
field coil then must be de-
signed to operate on the
higher voltages obtained.
This method of obtaining
a field-coil current is used
for auditoriums or outdoor
purposes where very loud
sound is desired.

Still  another method
used for supplying current
to the field coil is to pass
the steady direct current
flowing out of the B elim-
inator through the field coil
before it passes onto the radio receiver (Figure 22-3). Not only does
this system eliminate the need for a separate storage battery or
power supply for the speaker, but the field coil acts as a second
choke coil, and thus helps further to filter the plate current supplied
to the radio receiver. In some receivers, the speaker field coil is the
only filter choke coil. In other cases, the speaker field coil may be
connected so as to form a portion of the voltage-divider system. In
each case, it is energized by relatively smooth direct current.

The Output Transformer. The voice coil cannot be connected
directly in the plate circuit of the last amplifier tube. It has been
found that the most efficient transfer of power takes place when
the resistance of the voice coil equals the resistance of the am-

Oxford Components, Inc.

Fig. 22-2. Eleclromagnelic dynamic
speaker.

TO FINAL
FIELD A-F AMP
coiL
= ~
Fig. 22-3. Diagram show-
ing how current is ob- CHOKE volce
tained from the power SolL co
supply to operale the field = IR —oB+
coil of the electromagnetic FROM
dynamic speaker_ RECTIFIER 7~ T T
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STEP-DOWN
FINAL A-F TRONSPORMER Fig. 22-4. Diagram show-
AMP { ing how a step-down trans-
former (output transform-
_ er) is used to couple the
é CFﬁ: voice coil of the electro-
magnelic dynamic speaker
© SSgRCE to the plale circuit of the
FIELD CURRENT| final audio-frequency tube.

8+

plifier tube (Chap. 39). The tube resistance is quite high, about
10,000 ohms for the type 6C5 tube. But since the voice coil must
be kept light, it is wound with a few turns of wire, and its resist-
ance usually is from 2 to 30 ohms.

Here our old friend, the step-down transformer, comes to the
rescue. The primary, which is connected in the plate circuit, has a
great many turns, and its resistance equals the tube resistance,
thus insuring the maximum transfer of power. The secondary has
few turns, and its resistance is made to equal the resistance of the
voice coil, thus again insuring the maximum power transfer. The
circuit is shown in Figure 22-4.

The step-down transformer, used in connection with the dy-
namic speaker, is called an output transformer. Since different

/ / e
: POLE PIECE .. .
// i Fig. 22-5. Diagram of a
. permanent-magnet dy-
/ VOICE —> SPIDER namic speaker.
PERMANENT ¥

MAGNET
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tubes have different resistances and the voice coils of differ-
rent speakers, too, may have different resistances, an output trans-
former of different design must be used to match each new
combination of amplifier-tube and voice-coil resistance.

The Permanent-Magnet Dynamic Speaker. The electromag-
netic dynamic speaker suffers from a number of defects. The need
for a field coil makes the speaker expensive and heavy. Even
worse, it requires a source of steady direct current. This makes it
practically prohibitive for use in portable receivers that operate
from small batteries.

Fig. 22-6. Permanent-
magnet dynamic speaker.

Oxiord Components, Inc.

Accordingly, the field coil has been replaced by a powerful
permanent magnet, usually made of an alloy known as Alnico.
This magnet is cheaper and lighter than the field coil and, above
all, requires no current for its magnetic field. A speaker using such
a magnet is known as a permanent-magnet dynamic speaker (Fig-
ure 22-5). Its symbol is

The development of the permanent-magnet type of speaker
has largely eliminated the use of electromagnetic dynamic speakers
for ordinary home use. Small portable receivers use the permanent-
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magnet type exclusively. Even for outdoor and auditorium use,
this type is widely employed.

SUMMARY

1. In the permanent-magnet dynomic speoker, a vaice coil, consisting
of a small, light coil of a few turns of fine wire, is mounted so
that it may slide back and forth on a permanent magnet. This
voice coil is connected to the output of the final audio-frequency
amplifier tube. The fluctuating plate current flowing through
this coil sets up a fluctuating magnetic field around the coil. This
fluctuating magnetic field reacts with the constant magnetic field
around the permanent magnet and, as a result, the voice coil is
forced to move back and forth on the permanent magnet. At-
tached to the voice coil is a large paper cone and, as it moves
with the voice coil, it sets large volumes of air in motion, thus
producing loud sounds. A thin, springy bakelite strip, called a
spider, tends to keep the voice coil in its original position.

2. In the electromagnetic dynamic speaker, an electromagnet replaces
the permanent magnet for producing the constant magnetic
field. Because the electromagnet may have a more powerful field
than does the permanent magnet, the interaction with the mag-
netic field around the voice coil may be greater, and a louder
sound may result.

3. An output transformer is used to match the voice coil to the final
audio-frequency amplifier tube.

4, The electromagnet of the electromagnetic dynamie speaker,
often called the field coil, may be used as a filter choke coil in
the B power supply.

GLOSSARY

Dynamic Speaker: A type of loudspeaker that depends for its opera-
tion upon the reaction between a steady magnetic field and the
fluctuating magnetic fleld produced around the voice coil.
Electromagnetic Dynamic Speaker: A dynamic speaker that uses an
electromagnet to produce the steady magnetic field.

Field Coil: The clectromagnet that furnishes the steady magnetic
field for an electromagnetic dynamic speaker.

Output Transfarmer: A step-down transformer that couples the
electrical cnergy from the plate circuit of the last audio-frequency
amplifier tube to the voice coil.

Permanent Magnef: A magnet that retains its magnetism after the
magnetizing force which produced it is removed.
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Permanent-Magnet Dynamic Speaker: A dynamic speaker that uses a
permanent magnet to produce the steady magnetic field.

Spider: A piece of elastic material that constantly tends to return
the voice coil to its normal position.

Voice Coil: The small coil of the dynamic speaker through which
clectrical energy from the plate circuit of the last audio-frequency
amplifier tube is fed, setting up a fluctuating magnetic field that
reacts with the steady magnetic field to drive a cone, thus pro-
ducing sound.

SYMBOLS

C‘rﬁf‘m Electromagnetic dynamic speaker.

mﬁ(] Permanent-magnet dynamic speaker.
QUESTIONS AND PROBLEMS

1. What is the advantage of a dynamic-type loudspeaker over a
diaphragm-type loudspeaker?

2. Explain how the voice coil of a dynamic loudspeaker obtains
the energy to move.

3. Explain why the voice coil of a dynamic loudspeaker may not be
counected directly in the plate circuit of the last amplifier tube.

4. Draw the schematic diagram of a permanent-magnet dynamic
speaker coupled to the final amplifier tube.

5. Describe the structural difference between an electromagnetic
and a permanent-magnet dynamic loudspeaker.

6. What are the advantages of a permanent-magnet dynamic speaker
over the electromagnetic type?



p28C ] The Radio-F requency

Amplifier

QAR W What is the purpose of the radio-fre-
quency amplifier?

IO N WM What are the parts of a tuned radio-
frequency amplifier?

QUL IKN  What precautions are necessary with a
tuned radio-frequency amplifier?
RO W [low are radio- and audio-frequency
amplifying systems connected in a five-
tube receiving set?

When future historians record the achievements of the first
half of the twentieth century, the most outstanding accomplish-
ment, perhaps, will be the conquest of time and space. The inven-
tion of the airplane destroyed distance. Oceans were spanned and
continents crossed in a matter of a few hours.

But fast though the airplane is, it cannot compare with the
speed of radio, which can figuratively flash the spoken word seven
times around the world in one second!

More Power Needed. To utilize fully the magical powers of
radio, the receiver must be made much more sensitive than the
set we have just described. True, the audio amplifier can build
up the signal from a whisper in the earphones to a volume loud
enough to fill a large auditorium, but in order to function, it has
to receive this signal from the detector. The radio-frequency cur-
rent in the antenna-ground system must be powerful enough to
operate the detector.

Now, a very powerful transmitting station, operating a few
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miles from the receiver, can set currents flowing in the antenna-
ground system large enough to give satisfactory results. But weak
stations, many miles away, are unable to emit a wave with suf-
ficient energy to build up a signal that can be passed on to the
audio amplifier.

The problem, therefore, is to devise a system that will build
up the signal before it reaches the detector.

The Radio-Frequency Amplifier. When radio development en-
countered this problem, the three-element electron tube once again
was called on to act as an amplifier. In this case, the current flow-
ing into the amplifier alternates at a frequency of hundreds of
thousands or even millions of cycles per second. It alternates, that
is, at radio frequency. For this reason, the amplifier is called a
radio-frequency amplifier to distinguish it from the audio-fre-
quency amplifier in whose circuit the current is alternating at
audio frequency—that is, between 30 and 15,000 cycles per second.

The radio-frequency amplifier works in the same way as does
the audio-frequency amplifier. A small alternating voltage places
an alternating charge upon the grid of the electron tube. This grid
charge, in turn, controls the large plate current supplied by the B
battery or B power supply (Chap. 17).

The methods for coupling one radio-frequency amplifier tube
to another are likewise the same methods used in the audio-fre-
quency amplifier: either transformer or resistance coupling. But
resistance coupling in radio-frequency amplifiers is seldom used,
and we need not discuss it here.

The method of coupling most commonly used is transformer
coupling. The transformer used for radio-frequency amplification
differs from the audio transformer in that it is usually an air-core
transformer and has fewer turns.*

The Tuned Radio-Frequency Transformer. If you examine
Figure 23-1, you will see that the radio-frequency transformer
resembles the antenna coupler. The only difference is that the
secondary winding of the antenna coupler is in a tuning or “tuned”’
circuit, whereas the secondary of the radio-frequency transformer
is not. However, it was soon discovered that certain advantages
could be gained if the secondary of the radio-frequency trans-
former was made a part of a tuned circuit by connecting it with a

. * Many modern radio-frequency transformers are constructed with powdered-
iron cores. These differ from the audio-frequency cores which are built up of sheets
of iron and cannot be used in radio-frequency coils.
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Ist R-F AMPLIFIER 2nd R-F AMPLIFIER DETECTOR
ANTENNA
COUPLER
By R-F
7 TRANSFORMER
l g\TRANSFORMER g

B+

Fig. 23-1. Diagram showing the circuil of two transformer-coupled radio-
frequency amplifier stages.

variable capacitor similar to the one used to tune the secondary
of the antenna coupler.

Advantages of Tuned Radio-Frequency Amplification. You al-
ready have learned how the tuning circuit permits the signal from
the station of the desired frequency to flow through it and tends
to stop all others. However, some unwanted frequencies do man-
age to get through the tuner. If the signal is forced to pass through
a series of such tuning circuits, however, the chances for the un-
wanted frequencies to leak through become proportionately less.
In this way, our set becomes more selective.

A radio-frequency transformer whose secondary is tuned is
called a tuned radio-frequency transformer. The tuned radio-frequency
transformer is practically the same as the antenna coupler, and the
variable capacitor used for tuning is similar in size to that in the

Ist R-F AMPLIFIER 2nd R-F AMPLIFIER DETECTOR

R-F
ANTENNA TRANSFORMER

COUPLER

—
s

7

it

_L' - l ) l l\;RANSF:;O’;MER

8+ B+

Fig. 23-2. Diagram showing the circuit of two tuned radio-frequency amplifier
stages.
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antenna tuning circuit. The secondaries of the transformers are all
tuned to the same frequency as the secondary of the antenna
coupler. A stage of radio-frequency amplification using a tuned
radio-frequency transformer i= called a stage of tuned radio-frequency
amplification.

When we use two stages of tuned radio frequency amplifica-
tion (Fig. 23-2), we have three tuned circuits. Thus, our set is
much more selective than if we had only one tuned circuit. See
Figure 23-3.

TN

Y4 S I %‘Umsyj

990 1000 1010 990 1000 1010 990 1000 1610
KC KC KC KC KC KC KC KC KC

Fig. 23-3. A—Tuning curve with one tuned circuil. Notice thal stations al
990 kc and 1,010 ke are heard when the set is tuned to 1,000 ke.

B—Tuning curve with two tuned circuits. Note that the two un-
wanied stations are just at the audibilily level.

C—Tuning curve with three tuned circuils. The two unwanted
stations cannot be heard.

Tuned radio-frequency amplification has another advantage
over an untuned stage. Since the natural frequency of the tuned
circuits is the same as the frequency of the incoming signal, the
oscillations of the electrons in the tuned circuits are permitted to
build up, and this building up results in a louder signal. Of course,
one disadvantage of the tuned stage is that it requires an addi-
tional variable capacitor, and an additional dial or knob accord-
ingly must be manipulated.

Eliminating the Effect of Stray Magnetic Fields. One of the
difficulties encountered in the manufacture of the radio-frequency
amplifier is the fact that the magnetic field around one radio-
frequency transformer may be large enough to cut across the ooils
of another such transformer. This action sets an unwanted cur-
rent flowing in the second transformer, and oscillations and dis-
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tortion of the signal result. This evil is remedied in several ways.

Of course, we may space these transformers far enough apart
to prevent this unwanted cffect. But this plan is not practical,
especially since we do not want our receiving set to be too large.

Setting the Transformers at Right Angles to Each Other. An-
other solution is to mount our transformers so that the windings,
and hence the magnetic fields, are at right angles to each other
(Fig. 23-4B). In such an arrangement, the transfer of energy from
one transformer to another is at a minimum. (See the discussion
of coupling in the regenerative receiver in Chapter 16.)
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Fig. 23-4. Tuned radio-frequency lransformers mounted near one another.
The dotted lines around each coil represent its magnelic field.

A—The radio-frequency transformers are mounled parallel lo one an-
other. Nole how the magnelic fields couple the coils {o one another. The iransfer
of electrical energy from one coil to the olher is fairly large.

B—The radio-frequency {ransformers are mounied al right angles lo one
another. Note that the lransfer of electrical energy from one coil lo the others
is al @ minimum.

Coils with Smaller Diameters. Another way is to design our
transformer so that its magnetic field is kept close to it. A short
coil of large diameter has a wider magnetic field around it than a
long coil of smaller diameter (Fig. 23-5). We now make our trans-
formers an inch or less in diameter and use more turns of wire.



The Radio-Frequency Amplifier 179

A I
AN P
PN VPSRN

AT/, Y

|

~— o

b mmm————
——
1

MAGNETIC
FIELD N\

-

)

TTT o
NJirti \“\‘\/ /
AL AN S

AR
/1 \

Fig. 23-5. A—Magnetic field around a short coil of large diameter. Note how
the field spreads oud.

B—Magnetic field around a long cotl of small diameler. Note
that the magnelic field remains close to the coil.

Shielding. Another solution is to surround the transformer
with a metal shield, or case. This shield absorbs the magnetic
field and very little of it gets through.

This method is called shielding, and radio receivers use this
device together with the narrower coil. The symbol signifying a
shielded coil consists of a dotted line placed around this coil. The
metals most commonly used for shielding are aluminum and cop-
per.

Shielding is often used also to protect the radio-frequency
amplifier tube from the effects of stray magnetic fields. Less fre-
quently, the entire radio-frequency amplifier stage, consisting of

\,
N

MAGNETIC  “ho

FIELD s =70
.

= SHIELD

coiL

Fig. 23-6. Coil shielded
by a melallic can. Nole
that very little of the mag-
nelic field peneirates the
shield.
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the transformer, the variable capacitor, the radio tube, and the
wiring, is enclosed in a shielding case. Such complete shielding is
rarely necessary. It is usually enough to shield the radio-frequency
transformer and tube. All metal used for shielding must be con-
nected to the ground of the receiver. Thus, any voltages induced
in the shield by the magnetic fields are grounded out, and so will
not affect any component part within the receiver.
Audio-frequency amplifiers are less subject to the effects of
these stray magnetic fields. Nevertheless, the audio transformers
are usually shielded and mounted so that the windings of one
transformer are at right angles to the windings of the other.

Fig. 23-7. Radio-
frequency transformer and
its shield.

Meissner Mfg. Co.

Feedback in a Radio-Frequency Amplifier Tube. In designing
radio-frequency amplifiers, means must be taken to avoid feed-
back. In the regenerative detector circuit, we deliberately caused
some of the plate current to be fed back to the grid eircuit (see Chap.
16). This feedback was carcfully controlled and made the set more
sensitive.

In the radio-frequency amplifier, however, such feedback is
undesirable, because it results in oscillation and other distortions
of the signal. Such feedback may come from several sources, and
all of it must be eliminated.
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The chief source of feedback lies in the tube itself. Any two
conductors, separated by a dielectric, will form a capacitor. The
electrodes of the tube are such conductors. The dielectric is the
vacuum between them.

Capacitance Effects in the Tube. Thus, a capacitance exists
between the cathode and the grid, the grid and the plate, and the
cathode and the plate (Fig. 23-8). Because of the small area of the
conductors, these capacitors have
small capacitance. But small
though it 1s, the capacitance pro-
vided by the combination of the
grid and the plate causes consid-
erable trouble. By means of this
small eapacitive effect, the out-
put circuit (the plate circuit)
and the input circuit (the grid
circuit) are linked, and feedback
occurs.

Examine the circuit of the
stage of radio-frequency ampli-

. i . fication shown in Figure 23-9.
Fig. 23-8. Diagram showing the The B battery places a positive
capacilive effect existing between
the electrodes of the triode. The re- charge on the plate of the tube.

sult is the same as if small capaci- ~ Fluctuations of the plate cur-
tors were connected befween the rent, resulting from the signal,
elecirodes.

will cause this positive charge on
the plate to fluctuate.

Now, consider the plate and grid as two conductors forming a
capacitor. The plate of the tube, being charged positively, causes a
certain number of electrons to gather on the grid. The grid, that is,
gets a negative charge. The more positively charged the plate, the

Fig. 23-9. How the charge @
on the plate causes an op-

posie charge to be placed
on the grid of the {ube. %

|
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Fig. 23-10. The losser
method of prevenling oscil-
lations in the radio-fre-
quency amplifier. The re-

% 7! % l sistor R dissipates the un-

T wanted flow of electrons.

more electrons are pulled over to the opposite electrode of the
capacitor, the grid.

The more highly positive the plate, then, the more electrons
flow through the secondary of the radio-frequency transformer to
the grid. As the plate loses some of its positive charge, some elec-
trons are forced to flow from the grid back through the secondary
of the radio-frequency transformer.

Thus, the fluctuating charge on the plate of the tube sets up a
corresponding oscillation of the electrons in the grid cireuit. This
oscillation causes distortion, and must be eliminated.

Correcting the Influence of the Capacitance Within the Tube.
Several methods exist for overcoming this undesirable effect of tube
capacitance. One is to connect a 500 to 1,000-ohm resistor in the
grid circuit (Ifig. 23-10).

This resistor uses up the electrical pressure of the electrons
set oscillating in the grid circuit described above, and the distor-
tion is, therefore, eliminated. This method of eliminating feedback
is called the losser method. It suffers from the disadvantage that
it dissipates not only the unwanted flow of electrons caused by

—

Fig. 23-11. How a neu-
tralizing capacitor (NC)

is employed o eliminale

the feedback due lo the in- E
lernal capacilance between

the grid and plale of the

tube.

N

B+
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feedback, but also some of the desired signal voltage. The result
is a loss of amplification.

Another method for preventing feedback is the neutraliza-
tion method. A small capacitor, as shown in Figure 23-11, is con-
nected across the grid and plate of the tube in such a way as to
neutralize the plate-to-grid capacitance. This eliminates the feed-
back without a resulting loss of amplification. This small fixed
capacitor is called the neutralizing capacitor.

One end of the neutralizing eapacitor i1s connected to the grid
of the tube, and the other end is connected to the bottom of the
primary of the radio-frequency transformer. The B-- is brought
to a tap on this primary near the bottom of the coil.

This neutralizing capacitor acts as a storage tank, and elec-
trons which without it would have been sent oscillating in the
grid ecireuit, are stored instead on itz negative plate. The action is
as though a flow of cleetrons equal to the feedback, but opposite
in direction, were taking place. The opposing streams of electrons
cancel out and there is no feedback.

Feedback due to ca-
pacitance within the tube
is eliminated in modern re-
ceiving sets by using tubes
of the screen-grid class. We
will discuss this more fully
in the chapter dealing with
types of tubes.

Decoupling  Filters.
Undesirable feedback may
occur from one stage to an-
other through the power
supply. which is common Fig. 23-12. How a decoupling filter is

to all. This difficulty is rem- used lo bypass any radio-frequency cur-
- rent leaking across the B supply.

edied by providing a sep-
arate path to ground for
any radio-frequency current which finds itself headed toward the
B+ terminal of the power supply.

A fixed resistor of about 1,000 ohms is connected between the
bottom of the primary of the radio-frequency transformer and the
B+ line. A fixed capacitor of about 0.1 microfarad is connected
between this junction and ground. (See Figure 23-12.)
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Then, any radio-frequency current flowing in the plate circuit
will pass through the capacitor to the ground (which is an easy
path for radio-frequency current), rather than through the resistor
to the power supply (which presents a larger opposition to radio-
frequency currents) and then to the other tubes. We call such a
fixed capacitor and resistor a decoupling filter.

We may use a slightly different device to prevent any radio-
frequency current that finds itself in the plate circuit of the de-
tector tube from going into the power supply and the audio-
frequency amplifier, where it can cause some distortion.

RFC

- A-F
l TRANSFORMER
10001p.f g

B+

DETECTOR

Fig. 23-13. How a radio-frequency choke coil (RFC) and bypass capacitor
are used fo keep stray radio-frequency currents from leaking inlo the audio-
frequency amplifier and power supply.

Between the plate and the primary of the first audio-fre-
quency transformer, we connect a small coil whose inductance
is about 214 millihenrys. We call this coil a radio-frequency choke
coil. This choke coil offers a high opposition to the radio-frequency
current, but not to the fluctuating direct current fed to the audio-
frequency transformer. To permit the radio-frequency current to
escape, we connect a small fixed capacitor of about 0.001 pf from a
point between the plate and the choke coil to the ground.

Bias for the Radio-Frequency Amplifier. As in the case of
audio-frequency amplification, a negative bias is placed on the
grid of the radio-frequency amplifier tube to prevent distortion.
Here, too, care must be taken not to make this negative bias too
great, else detection will take place (see Chap. 17).

Ganging of the Variable Tuning Capacitors. It is customary
to use two stages of tuned radio-frequency amplification before
the detector of the receiving set. Using fewer than two stages
means not enough amplification, whereas using more makes it
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extremely difficult to control oscillations. If you examine Figure
23-2, you will see that such a receiver, using two stages of tuned
radio-frequency amplification, has three variable capacitors which
must be manipulated to bring in the desired station. Since all
three tuned circuits are very nearly alike, the variable capacitors,
too, will be meshed or unmeshed to about the same degree for
receiving any given station.

It becomes logical, therefore, to connect all three variable
capacitors so that they may be operated simultancously by turning
one dial. This process of connecting the variable capacitors is called
ganging.

Early methods of ganging the variable capacitors consisted
of hooking them up with gears or a belt. This soon gave way to
the simpler method of mounting all three variable capacitors on
one shaft. We now speak of a three-gang variable capacitor.

Fig. 23-14. Three-gang
variable capacitor.

Use of Trimmers with Variable Capacitors. Tt is quite obvious
that all three tuning circuits must be identical if the set is to
funetion properly with ganged capacitors. It is impossible, how-
ever, to make two coils or two variable capacitors that are ab-
solutely identical. Small variations are bound to creep in.

To overcome these slight discrepancies, a very small capaci-
tor, called a trimmer, is connected across each variable capacitor
of the tuning circuits. This trimmer usually consists of two metal
plates, about 14 inch square, that are separated by a sheet of mica.
Turning a screw separates the plates or brings them closer to-
gether, thus varying the capacitance of the trimmer. This small
capacitor is usually mounted at the side of the variable capacitor.
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Fig. 23-15. A—Trimmer capacilor used to align the radio-frequency ampli-
fier stages.

B—Circuit showing how the trimmer is connected across the main
tuning capacilor.

These trimmers are adjusted to compensate for the discrep-
ancies in the various tuning circuits. Their action is to vary slightly
the amount of capacitanee in the tuning cireuit to make the natu-
ral frequency of that circuit equal to that of all the other tuning
circuits. Once adjusted, the trimmers are left in those positions.
This process of matching up the various tuning circuits of a radio
receiver is called aligning the set.

Use of Trimmers on Antennas. While on the subject of the
trimmer capacitor, it should be noted here that one of these trim-
mers, called the antenna trimmer, is sometimes connected in series
with the antenna-ground system (Fig. 23-16). The effect of this
small capacitor is to lengthen or shorten the antenna electrically.

This change in the antenna is desirable because each set will
work most efficiently with an antenna of a certain length. Of
course, you may go up on the roof and snip off some of the wire
from the antenna, but it is much simpler to adjust the antenna
trimmer until the signals are at their loudest. Once set, the trim-
mer is left alone until a new antenna is put up.

Radio-Frequency Amplification Compared with Audio-Fre-
quency Amplification. In comparing our two types of amplifi-
cation, we must remember that they complement each other. We
cannot use too many stages of cither radio-frequency or audio-
frequency amplification without running into ozcillations, noises, or
distortion of signals. Receivers of this type, therefore, usually consist
of two stages of radio-frequency amplification, the detector, and
two stages of audio-frequency amplification.
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A stage of tuned radio-frequency amplification has certain ad-
vantages over a stage of audio-frequency amplification. First of all,
the sensitivity of the set is increased by radio-frequency amplifi-
cation. In addition, the selectivity of the receiver is improved.
Further, stage for stage, radio-frequency amplification gives greater
gain than audio-frequency amplification.

On the other hand, the power output of the audio-frequency
amplifier is greater than that of the radio-frequency amplifier. Un-
der normal conditions, the radio-frequency amplifier and detector
cannot operate a loudspeaker. Currents large enough for this pur-
pose do not flow in their plate circuits.

Another feature of the audio-frequency amplifier is that it is
normally more stable than the radio-frequency amplifier. If the
set is properly designed, we have no oscillations in the audio-fre-
quency stages and need not neutralize the internal capacitance of
the tube. Since the audio-frequency stage does not require any
controls that need be manipulated, we are not troubled with such
things as ganging or alignment of circuits.

The Five-Tube Set. Figure 23-17 shows the circuit of a five-
tube receiver with two stages of neutralized tuned radio-frequency
amplification, a detector, and two stages of transformer-coupled

N

s

TRIMMER

Fig. 23-16. Use of frimmer capacitor to
adjust the anlenna to the radio receiver.
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audio-frequency amplification. This set is known as a tuned radio-
frequency (TRF) receiver.

The dotted lines connecting the three variable capacitors show
that they are ganged together. For the sake of simplicity, the dia-
gram does not show the connections of the filaments of the tubes,
or the dotted lines indicating shielding around the antenna cou-
pler, the radio-frequency transformers, and the radio-frequency
and detector tubes.

SUMMARY

1. It has been found neccessary to amplify the radio-frequency
signals before transforming them into audio frequencies in order
to obtain reception from distant radio stations.

2. The system developed to produee amplification of the radio-
frequency currents is called the radio-frequency amplifier.

3. The tuned radio-frequency amplifier emplays a transformer
whose secondary is tuned by means of a variable capacitor,
similar to that of the antenna coupler.

4. Two stages of tuned radio-frequeney amplification, together
with the tuner connected to the antenna-ground system, provide
three tuned ecircuits. This arrangement gives great sensitivity as
well as selectivity,

5. To avoid feedback from the radio-frequency amplifying sys-
tem, several precautions must be taken—namely: use of narrow
coils; setting coils at right angles to one another; shielding coils
and tubes by metal covers; correcting influence of capacitance
in tubes by resistors, capacitors, or choke coils.

6. Many five-tube sets have two stages of tuned radio-frequency
amplification, a detector, and two stages of audio-frequency
amplification.

GLOSSARY

Antenna Trimmer: A small variable eapacitor in the antenna circuit
used to adjust the length of the antenna electrically.

Alignment: The process of adjusting the tuned circuits of a TRF
receiver so that all of them have the same natural frequency.
Bypass Capacitor: A fixed capacitor that shunts to the ground any
unwanted radio-frequency currents.

Feedback: The transfer of electrical energy from the plate circuit
of a tube to a preceding grid circuit. This is usually undesirable,
and produces distortion of the signal. (But see Regeneration, Chap. 16.)
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Ganged Capacitors: Variable capacitors, so hooked up that they
turn simultaneously from a common shaft.

Neutralization: The elimination of the feedback due to the inter-
electrode capacitance between the plate and grid of the tube.
Neutralizing Capacitor: A small capacitor connected in such a way
as to ncutralize the capacitance between the plate and grid of
a tube.

Radio Frequency: The frequency of the radio wave. Those in the
broadcast band range between 535 and 1,605 ke per second.
Radio-Frequency Amplifier: An amplifier that amplifies the radio-
frequency current from the tuning circuit before feeding it into
the detector.

Radio-Frequency Choke Coil (RFC): A coil of many turns offering a
high resistance to radio-frequency currents, but not to low-fre-
quency currents.

Radio-Frequency Transformer: A transformer, usually wound with
an air core, used to couple radio-frequency electrical energy from
one cireuit to another.

Shielding: The act of surrounding a current-carrying device by a
metal container to keep magnetic fields in or out.

Trimmer: A small variable capacitor connected across the large
tuning capacitor used to adjust the latter (see Alignment, above).
Tuned Radio-Frequency (TRF) Receiver: A receiver using one or more
tuned radio-frequency amplifier stages, a detector, and one or
more audio-frequency amplifier stages.

Tuned Radio-Frequency Transformer: A radio-frequency transformer
whose secondary is tuned by a variable capacitor.

SYMBOLS

% E Radio-frequency transformer.
é ég Tuned radio-frequency transformer.

Fom—————
(2]
e
e,
o,
<@
a.
(]
e



The Radio-Frequency Amplifier 191

QUESTIONS AND PROBLEMS

W N

10.

11,

12.

13.

14.

15.
16.

17.
18.
19.

. What is the chief fault of a receiver using a regenerative

detector and two stages of audio amplification?

. HHow may we overcome the weakness discussed in Question 1?7
. What is meant by a radio-frequency amplifier?
. How do we usually couple radio-frequency amplifiers to each

other and to the detector?

. In what way does a radio-frequency transformer differ from

an audio-frequency transformer?

. Why do we gain more selectivity by using several stages of

tuned radio-frequency amplification?

. Draw a sketch of a eireuit from the antenna and ground system

to the detector, using two stages of tuned radio-frequency
amplification.

. List several advantages of tuned radio-frequency stages over

untuned radio-frequency amplifier stages.

. How do we prevent the stray magnetic fields developed by

our radio-frequency transformers from producing unwanted
voltages in other parts of our receivers? Mention three deviees
used.

What is the source of feedback or regeneration in a radio-
frequency amplifier stage, and whatl does such feedback cause?
Explain the capacitor action or capacitance effect between the
plate and grid of the triode radio-frequency amplifier stage.
Explain the losser methaod of oscillation control of a radio-
frequency triode amplifier.

Explain the necutralization method of oscillation control in
a radio-frequency triode amplifier.

How do we prevent unwanted radio-frequency currents from
getting into the B battery or B eliminator?

What is the purpose of ganging tuning capacitors?

Why do variable capacitors in tuned radio-frequency amplifiers
have trimmers on them?

What is meant by “aligning the receiver”?

What is the purpose of an antenna trimmer?

Draw a schematic diagram of a TRI' (tuned radio-frequency)
recciver.
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RO 15w is volume controlled in battery setsP
NOLINIAWM  \Vhat problems arise in controlling the

volume in line-powered sets?

SNOLIRI WK What devices are used to control the

volume automatically?

QUOLINI WM How are modern sets wired for automatic

volume control?

Every radio receiving set must have some method for con-
trolling volume, or loudness, of the sounds from the speaker.
Otherwise, nearby powerful stations would blast through the
loudspeaker with uncomfortable loudness and less powerful sta-

tions would be heard very faintly.

Volume Control in Battery Sets. Volume control for battery-

RHEOSTAT
10 TO 304

—Hi}=

A BATTERY

Fig. 24-1. Rheostat in the filament
circuil used to conlrol volume.

operated sets is a relatively sim-
ple matter. A simple device is a
rheostat of from 10 to 30 ohms
connected in series with the A
battery and the filament of the
clectron tube, as in Figure 24-1.

This rheostat controls the
temperature of the filament, and
in this way, controls the quan-
tity of electrons emitted by the
filament and, therefore, the plate
current flowing in the plate cir-
cuit. This current, in turn, con-
trols the loudness of the signal
coming out of the loudspcaker.

192
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Another method that is less frequently used is to connect a
rheostat of about 250,000 ohms in the plate circuit of the tube
(Fig. 24-2). This rheostat controls the positive charge placed on
the plate by the B battery, and in this way, controls the plate
current, and thus the loudness of the sound.

TO A-F
”E AMPLIFIER

250,000 Q

Fig. 24-2. Circuit show-
ing how a rheoslal in the
plate circuit is used to con-
frol volume. This device is

unsalisfactory. O-opt T

B+

This rheostat must be bypassed by a fixed capacitor of about
0.5 pf to filter off any radio-frequency currents that may leak
through. This method is rarely used, since it has a tendency to
upset the tuning of the set unless the value of the rheostat is kept
very high, and then it does not permit a large positive charge to be
placed on the plate.

Volume Control on House-Current Sets. In the nonbattery set,
it 1s desirable to keep the filament current constant. This rules out

Y

ANTENNA
COUPLER

25,0000 g

il
i

Fig. 24-3. Circuil showing how a polenliomeler across the primary of the
antenna coupler is used as a volume conlrol.
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the rheostat in the filament circuit. Other methods of volume con-
trol were developed.

One method is to connect a 25,000-ohm potentiometer across
the primary of the antenna coupler and to conneect the antenna
to the sliding arm, as in Figure 24-3.

This hookup econtrols the amount of current fed into the tuner,
and thus controls the sound ultimately coming from the loud-
speaker. This method suffers from the disadvantage that although
it cuts down the amount of electrical energy picked up by the
antenna and, therefore, the amount of outside static or outside
electrical interference, 1t does not reduce the amount of electrical
interference created inside the set itself. These latter interferences
come through and are amplified within the set. The result is that
the set is quite noisy.

Another method, shown in Figure 24-4, is to connect a 5,000-
ohm rheostat across the primary of the transformer in the plate
circuit of the second radio-frequency tube.

ngo DETECTOR
5,0008

8+

Fig. 24-4. Circuil showing how a rheoslal connecled across the primary of the
last radio-frequency Iransformer is used as a volume conirol.

This method has the advantage of cutting down the electrical
interference in the radio-frequency stages within the set simul-
taneously with cutting down the signal strength by dissipating a
part of the plate current of the second radio-frequency stage.

Still another method of volume control, shown in Figure 24-5,
is to connect a 500,000-ohm potentiometer across the secondary
of the first audio-frequency transformer. The grid of the first
audio-frequency tube is connected to the sliding arm. The poten-
tiometer then controls the charge placed on the grid of the tube.

Sometimes the method shown in Figure 24-5 is combined
with that shown in Figure 24-4. The 500,000-ohm potentiometer
and 5,000-ohm rheostat are mounted on the same shaft, so that,
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1st A-F 1st A-F

DETECTOR TRANSFORMER TUBE
— 10 2nd

( A-F STAGE

i

B+ c

Fig. 24-5. Circuil showing how a potentiometer is connected across the sec-
ondary of the first audio-frequency transformer to act as a volume control.

although they are insulated from each other, they are rotated
together by the same control knob.

Control of Volume when a Cathode-Type Tube Is Used. The
use of a cathode and a cathode resistor furnishes us with a simple
and effective means of controlling the volume. Hooked up in series
with the cathode resistor is a rheostat, as in Iigure 24-6.

By varying the rheostat, the resistance used to place a nega-
tive charge on the grid of the amplifier tube is made larger or
smaller. (This resistance now consists of the cathode resistor plus the
resistance of the rheostat.) This variation in turn makes the grid
more negative or less negative. The more negative the grid, the
smaller the number of electrons flowing to the plate and the less
the amplification.

This rheostat may be connected to the cathode resistors of one

TQ DETECTCR

Fig. 24-6. Circuit show-
ing how a rheostat (R} is g ;ﬁ'
placed in series with the

cathode resistor loacl as a
volume control.

CATHODE
RESISTOR

A
}
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or more tubes, and thus be made to control the amount of amplifica-
tion supplied by these tubes. The value of this rheostat varies from
about 5,000 to 50,000 ohms, depending upon the number of tubes
controlled. The more tubes so controlled, the lower the value of the
rheostat.

1st R-F TUBE 2nd R-F TUBE

T0
OETECTOR

E

10,0009

59}

Fig. 24-7. Circuil showing how the rheostal used as a volume conirol varies
the grid bias of both radio-frequency lubes.

The Need for Automatic Volume Control. While on the sub-
ject of the voluine of the sound coming out of the radio receiver, let
us consider two problems which must be solved for the greater en-
joyment of radio reception.

First, having tuned in a fairly weak station, you have turned
the volume control up to give a loud sound. Now, you tune in
another station. As you turn the dial, you happen to pass a power-
ful station. Since the volume control is turned up to loud, the new
station comes in with an earsplitting blast.

Second, you will soon become acquainted with the nuisance of
fading. The signal will rise and fall, grow louder and softer. We say
the signal fades in and fades out. This is the more serious prob-
lem.

Just why a radio wave behaves in this manner is not fully
known, although we have theories that tend to explain it. We think
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it is due to the shifting of a layer of electrified air particles, called
the Heaviside layer, far above the surface of the earth. It is not
our purpose at this point to discuss this phenomenon, except to
recognize that it exists and that it tends to spoil our enjoyment of
the radio program (Chap. 36).

If we had a method of automatically turning our volume con-
trol to loud when the signal became weaker, and to soft when the
signal became stronger, both of these problems would be solved.
This task is accomplished by the automatic volume control (ab-
breviated AVC). It sometimes is called automatic gain control (AGC).

Automatic Volume Control by Varying the Grid Bias. How
automatic volume control operates is fairly easy to understand.
What is required of AVC is a negative grid bias on the grids of the
radio-frequency amplifier tubes which will vary with the strength
of the signal at the antenna. That is, if the signal is strong, we wish
to have a greater negative bias to reduce the amplification. If the
signal is weak, we wish to have a smaller negative bias to increase
the amplification.

To obtain this bias, we tap off a portion of the signal cur-
rent (at the detector), rectify and filter it, and apply it to the
grids of the radio-frequency amplifier tubes, where it increases the
negative bias normally present on these grids. The greater the sig-
nal strength, the greater the increase in negative bias, and the
lower the amplification. The smaller the signal, the less the in-
crease in negative bias, and the greater the amplification.

DIODE DETECTOR
@ AND AVC TUBE

AVC = > +@
Fig. 24-8. Circuil showing how the diode acls as a defeclor and aulomatic-
volume-conirol tube.
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The net effect is that the greater the signal strength, the less
the tubes will amplify it; and the less the signal strength, the more
the tubes will amplify it. This arrangement tends to keep the
volume of sound coming out of the loudspeaker at a constant level
and helps to eliminate blasting and fading.

Details of the AVC System. Modern receivers generally em-
ploy a diode detector to produce the necessary AVC voltage. Ex-
amine the diode detector circuit of Figure 24-8.

As in the case of the ordinary diode detector (Chap. 14), the
signal is impressed on the plate of the diode. When the plate is
negative, no electrons are attracted from the cathode. When the
plate is positive, eleetrons are attracted and are set flowing around
the plate circuit from the plate to points 1, 2, 3, 4, 5, and back to
the cathode. The more positive the plate, the greater the plate
current.

As the current flows through the 500,000-ohm resistor, a volt-
age drop occurs across 1t, making point 4 negative with respect to
point 5. The greater this eurrent flow, the more negative point 4
becomes—that is, the stronger the signal on the detector plate, the
more negative is point 4.

0

Fig. 24-9. A—Waveform of current flowing from the plale of the detector.
This current conlains direct, audio-frequency, and radio-frequency components.

B—Wazveform of current and wollage across the 500,000-ohm
resistor. The radio-frequency component has been fillered out by the 0.00025-uf
capacttor (Fig. 24-10).

C—Steady direct voltage produced by filtering out the audio-fre-
quency component by means of the 2-megohm resislor and the 0.1-uf capacitor.
This vollage is suitable for biasing the radio-frequency tubes.

The waveform of the current flowing in the detector circuit is
shown in Figure 24-9A. Note that there are two main components
—the rectified radio-frequency component (really a pulsating di-
rect current) and the audio-frequency component (as shown by
the envelope). The voltage drop across the 500,000-ohm resistor has
the same waveform as the current and, therefore, is not suitable
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as bias for the grids of the radio-frequency tubes, where a steady
bias is required. Therefore, we must filter out the radio- and audio-
frequency components, leaving a steady direct voltage which may
be applied to the grids.

We eliminate the radio-frequency component by offering it an
easy path to ground through a small eapacitor connected to point
4, as indicated in Figure 24-10. This is usually a 0.00025-pf capaci-
tor which offers little opposition to the radio-frequency currents,
but blocks the passage of the direct and audio-frequency currents.
If the audio-frequency current could flow through this capacitor,
it would escape to the ground, and there would be no signal left
to pass on to the audio-frequency amplifiers. The waveform of the
remaining current appears as in Figure 24-9B. This is a direct cur-
rent whose strength varies at the audio frequency, and is the audio
signal.

2nd R-F
TUBE

' ®

@KZ@
|

OE TECTOR
) AVC TUBE

0.005f
TO 1st
Ave 2 MEGOHM @ - AMPLIFIER
AR '@
VOLTAGE _L 1 s00,0000
Tkt T 0.00025,¢

Fig. 24-10. The complete AVC circuil.

This audio-frequency current produces a voltage drop across
the 500,000-ohm resistor which still is unsuitable for biasing the
tubes. The next step is to eliminate the audio component. To do
this, we use a filter somewhat similar to that used in the power
supply, consisting of the 2-megohm resistor and the 0.1-xf capaci-
or. This filter smoothes out the audio wvariations, producing a
steady direct voltage (shown in Fig. 24-9C) which is suitable for
the AVC biasing.

Another point should be noted. Since the voltage across the
500,000-ohm resistor varies at audio frequency, it may be coupled
through the 0.005-uf capacitor to the first audio-frequency ampli-
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Fig. 24-11. Circuil showing how the type 6SQ7 lube is used as a detector,
aulomatic volume control, and first audio-frequency amplifier.

fier grid to give the audio response which will finally drive the
speaker. If the voltage taken from the resistor is made variable by
means of the sliding arm (potentiometer), the audio-frequency
component may be made greater or less in strength at the first
audio-frequency amplifier. The potentiometer is thus our manual
volume control.

Detector, AVC, and First A-F Amplifier in One Tube. Tube
manufacturers soon came out with a tube that combined the diode
and triode in one envelope (glass bulb). Such a tube is the type
6SQ7. This tube has a single cathode, one surface of which emits
electrons to the diode plate, while the other surface sends electrons
to the grid and plate of the triode. Actually, there are two diode
plates in this tube, but for our purpose, we connect them together
and treat them as one plate. The advantage of such a tube is that
in one envelope we have the diode detector, the automatic-velume-
control tube, and the first audio-frequency amplifying tube. Figure
24-11 shows how it is connected.

Other automatic-volume-control circuits have been developed,
but the principle upon which they work is the same as that
deseribed here.

SUMMARY

1. The loudness of the signals coming from the speaker is known
as volume.
2. In battery sets, volume is easily controlled by a rheostat that
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regulates the current in the filament and hence the temperature
and the number of electrons emitted.

3. Control of volume by a potentiometer across the primary of
the antenna coupler is less satisfactory than the use of a rheo-
stat across the primary of the transformer in the plate circuit
of the second radio-frequency amplifier.

4. Another method, sometimes combined with the last method
mentioned in (3), is to use a high resistance (500,000-ohm)
potentiometer across the secondary of the first audio trans-
former.

5. A cathode-type tube with a grid-bias resistor and a rheostat
is a good practical method for manual volume control.

6. Automatic volume conirol is achieved by devices which give a
greater negative grid bias when greater signals come through,
and conversely. This negative bias in turn controls directly the
amplification in the radio-frequency amplifiers.

GLOSSARY

Avutomotic Yolume Control (AVC): An automatic control of volume
in the radio receiver which operates by making the receiver more
sensitive to weak radio signals and less sensitive to powerful radio
signals.

Foding: An undesired weakening of the radio signal.

Heaviside Layer: A layer of electrified air, consisting of charged
particles called ions, from 60 to 200 miles above the surface of
the earth, which acts as a reflector for radio waves. Changes in
this layer are believed to be the chief cause of fading. The layer
is also known as the Kennelly-Heaviside layer, or ionosphere.
Manual Volume Control: A control of volume, usually a variable
resistor or potentiometer, which can be manipulated by the person
operating the radio receiver.

QUESTIONS AND PROBLEMS

—_—

. How is the volume of a battery receiver usually controlled?
2. What are the methods of manual volume control used in modern
a-c or ac-de power-supply receivers?

3. Why is it desirable to have automatic volume control in a
receiver?

. What is one possible cause of fading?

. How is automatic volume control accomplished in a receiver?

6. Draw the diagram of a diode detector with automatic volume

control. Explain the function of each of the components.

(S N
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ORI [ow is the tone of sound waves related
to the frequency?

GO LINL WM What factors in radio receiving sets af-
fect tone?

LIOLINI WK Fow do methods of tone control separate
high-pitched tones from low-pitched
tones?

What Is Meant by Tone? In the last chapter, you learned how
the volume of sound coming out of the loudspeaker may be con-
trolled. In this chapter, you will learn how we control the tone of
the radio receiving set.

As you know, sound is caused by air waves that strike our ear-
drums and produce the sensation we call hearing. To describe a
sound, we say not merely that it is loud or soft, but we also de-
scribe its tone. The tone depends upon the frequency of the sound
wave. The human ear can detect frequencies from about 30 to
15,000 cycles per second.

Those sound waves whos