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WHAT DOES THIS BOOK OFFER ?

Who May Study Radio? Radio sets have for years been
constructed of a simple assortment of parts by persons
handy with screwdriver, soldering iron, and drill. These
experimenters have proved that the field of radio is not
limited to mechanies or to persons who are already familiar
with electrical and radio principles. 'This means that you,
too, can have the fun of hearing distant stations on a set
that you have built or that you can have the satisfaction
of being able to operate intelligently equipment you have
purchased.

Whether you are a beginner in radio or an experimenter
who wishes to round out his radio background and gain
experience in the handling of radio apparatus, you will find
in this book necessary and valuable radio information.
The fundamental radio and electrical facts are explained
simply and clearly. In addition to explanations, each
chapter suggests and outlines practical experiences in
building, operating, and studying simple and practical
cquipment.

The Importance of Fundamentals. Radio is essentially
simple if its fundamental principles are learned in a logical
order. Such a learning order is followed in this book by
combining set construction, practice in. operating basic
radio circuits, and a thorough study of radio principles.

Many persons have enjoyed building and operating radio
sets without knowing the principles on which the operation
of the set depends. You can, of course, build and operate

sets by following instructions in radio magazines or other
v
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radio publications. But while you can do much experi-
menting without knowing the “whys” of a circuit, a
knowledge of the principles of radio and their underlying
electrical theory and practice is usually desirable for the
person who has a permanent interest in radio either as a
vocation or as a hobby.

The Selection and Arrangement of Material. The sub-
ject matter of the book is arranged in the order in which
vou will need it as you work with cach set. As far as
possible, each circuit is studied as a single lesson, which is
divided into the following parts:

1. The Purpose of the Lesson

2. How to Build and Wire Any Needed Apparatus

3. How to Operate the Set or Apparatus

4. Why the Set Works as It Does

The explanation in “Why the Set Works as It Does”
assumes that you have some understanding of common
electrical principles. But if you do not know or have for-
gotten these principles, you will find included in the chapter
experiments that demonstrate and help to explain them
to you.

The how of set operation is given in the operating instruc-
tions. The description of each set is followed by an expla-
nation of the theory involved. Every principle is proved
by experiments which use parts found in the average
laboratory or shop.

Inexpensive and casily secured parts are suggested for all
the sets described in the book. The authors, as teachers,
are more interested in circuits that are suited to the demon-
stration of certain basic radio or electrical principles than
in using the most modern equipment. For example, this
is the reason for using the type 01\ tube to present the
principles of the electron tube and to explain its operation.
Tubes of later design, which are more efficient, may be
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used in place of the type 01A tube, but their filaments are
easily burned out by a small increase in voltage over the
specified value. The rugged 01A tube is little affected
by such overloads.

Questions which serve as a checkup on understanding
are included in ezch lesson.

In the list of “Technical Terms” at the end of each
chapter, you will find explained tlte new words that are
used in that chapter.

How to Study Each Chapter. Follow a definite pro-
cedure as you work through cach chapter to produce the
best results. 'The following plan is suggested. You may
want to omit some steps, depending upon your previous
knowledge and work.

Step 1. Read the purpose of the lesson carefully.

Step 2. Then make a copy of each circuit diagram.
(This is an excellent way to learn the connections for each
circuit.)

Step 3. Build and wire any needed equipment. If you
are using completed equipment, follow. carefully the instruc-
tions for attaching the batteries or the power pack and the
aerial and ground. You will find there is a right and a
wrong way. (Do not omit any experimnent or hook-up,
because each is designed to teach you an important prin-
ciple in electricity or radio.)

Step 4. Test yourself on the checkup questions. They
are a good test of your understanding of the information
in the lesson.

Step 5. Work through the experiments on electrical
and radio principles. (Your understanding of radio is
based on your grasp of these principles.)

Step 6. Turn to the list of “Technical Terms” at the
end of the chapter for the meaning of any technical words
that are new to yvou.
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What to Expect from This Book. When you have com-
pleted the experiments outlined in this book, you will have
a working knowledge of the principles that underlie radio.
These principles do not change. They are the basis on
which all radio sets are built, from the lowliest crystal set
to the finest de luxe model. If you wish to keep up with
the latest developments in radio, the current radio maga-
zines are your best source of information. There are many
of them on the newsstands.

In them you may find many abbreviations which vou do
not recognize. The list of abbreviations at the back of the
book will furnish a handy place to find the meanings of
these abbreviations. This list includes the principle ones
used at the time it was compiled. However, radio is still
so new, and its terminology is changing so rapidly that you
probably will find from time to time abbreviations not
listed here.

The authors know that you can achieve a successful and
satisfying understanding of radio from your study of this
book. They have been developing and trying out the
manuscript in their classes for years, and have incorporated
in the book the explanations which their students have
found most helpful.  Some of these students have become
amateur radio operators, using equipment they have made
themselves; some have become marine and broadcast
operators; some have gone into radio sales and service.
Some other interesting applications you may make of vour
knowledge of radio are discussed in the last chapter of
this book.
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CHAPTER 1
RADIO WAVES AND WAVE TRAVEL

Wave-travel Characteristics. In this chapter we will
study about the way radio waves travel. Many people
think the radio music and programs sent out from a broad-
casting studio travel as air waves which the receiving set
picks up and in some mysterious way changes into music.

We will discuss the facts that are known about these
so-called waves and their action in as simple and nontechni-
cal a way as possible. We will use the latest generally
accepted explanations for these facts and will avoid the
explanations that are in dispute.

Mouch research is being done concerning the uses of radio
waves for industry, for pure science, and especially for the
electrical and chemical field. It is interesting to read the
results of this advanced research.

The Many Types of Waves. Radio waves are used in
many fields other than radio. They and their effects are
found in places unsuspected by those who have done little
reading on scientific topics. The concentrated research on
these waves is bringing out new uses for them and is reveal-
ing their existence in startling fashion. Few would suspect
that light, heat, the X ray, and many other common effects
are due to the same type of waves.

The Many Wave Bands. We are familiar with the
several wave bands used by the broadcast, police, and air-
craft radio services. e are not as well acquainted with
the amateur band of wave frequencies or with the higher

frequency or ultrashort radio waves. Neither are many of
1



2 UNDERSTANDING RADIO

us familiar with the very low frequencies nsed by the com-
mercial “ wireless ™ telegraph companies.

It is & highly fascinating chapter of science that deals with
the frequencies far higher than the highest radio frequency.
We must delve somewhat into these things in our study of
Waves and Wave Travel.

Wave Length and Frequency. The use of these two
terms is apt to be confusing at first but in reality they prove
to be easy to keep straight.

We must learn how each of the terms is used and how to
keep them straight in our thinking. We will discover the
common uses of the term ““wave length™ in the older radio
language and learn why its use was satisfactory at that
time. The newer use of the term “frequency,” which is
just another way of describing the size of a radio wave, is
discussed in this chapter.

!

Contents of This Chapter

1. What Are Radio Waves

2. The Heaviside Layer

3. The Heaviside Layer Heights
4. The Effect of Sunspots

5. Skip Distance

6. Reception at Sunrise and Sunset
7. Fading

8. Wave Length and Frequeney

9. How Radio Waves Are Measured
10. Other Types of Waves

11. How Radio Waves Are Produced
12. Static

1. WHAT ARE RADIO WAVES

These Waves Cannot Be Pictured. If you do not know
much about radio waves or do not understand how they
act, you need not feel bad about it, because no one at the
present time understands them fuliy. Also, do not think
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are embedded in trenches which radiate from the tower base.  This antenna
replices the old towers in the background.
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that all you have to do is to read an article on *‘Radio
Waves” and then expect to have a definite mental picture
of them.

Many ways are used to describe and to picture radio waves,
but all are inadequate and incomplete. If you have a definite
picture in your mind of radio waves, you may be sure that your
picture is wrong.

Electrical Effects Travel through Space. Many theories
have been advanced as a means of explaining the effects
that we know occur in radio. I'rom the early experiments
of Hertz, Maxwell, and Marconi in the eighteen hundreds,
there was evidence that something traveled from the
transmitter to the receiver. At first it was thought that
this effect was carried by the air, but later experiments
proved this not to be the case.

Only Mathematical Formulas Describe Radio Waves.
So-called radio waves are peculiar.  Scientists have found
mathematical forinulas which will predict every move and
twist the waves make, but the scientists so far have been
unable to form a reliable mental picture of them. 'These
waves behave like trained seals when they are caged in
mathematical formulas, but the instant they are removed
from the mathematical cage, they seem to vanish into utter
nothingness.

It is fortunate for the radio amateur that he can use and
enjoy radio waves without knowing much about them.
However, there are general points which the amateur should
know.

Questions

1. Is it possible to understand the action of radio waves withont
first having a mental picture of them?

2. What is the one sure means that scientists have for explaining
the action of the radio waves?
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2. THE HEAVISIDE LAYER

Wave Travel. Radio waves move, are carried, or pass
through space some way. No matter what the length or
frequency of the wave, it moves at the speed of light: 186,-
000 miles a second. The exact form or manner in which
this wave motion travels is a matter of much discussion
among advanced scientists, and we will not go into it in this
book. The speed of wave travel is so great that a wave
could flash seven times around the earth at the equator in
one second. Radio waves generally travel in a straight
line, but they may be bent or reflected like light. Metal
interferes with these waves.

The Heaviside Layer. For years an effect called
“fading” has interfered with reception of programs.
This effect is noticed in broadecast receivers, although it is
more pronounced in the amateur sets. 'The amateurs have
also known the effect of the waves skipping over their
stations. The explanation of fading and skipping is based
upon the Heaviside layer theory. This theory was
developed by an Englishman named Ieaviside and by an
American named Kennelly. These men reasoned that
there was a stratum or layer made up of electrified or
ionized particles of air, enveloping the earth at a con-
siderable height. They also reasoned that this layer
of ionized particles must have a reflecting effect similar

~to that of a mirror.

A beam of light that strikes a mirror at an angle is
reflected at the same angle. If radio waves acted like light
waves, it would be possible to explain fading and skipping
by saying that a layer of some sort in the sky reflected the
waves. It is generally accepted at the present time that
there is such a layer. It has been studied enough so we
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think that we understand its characteristies with reason-
able accuracy.
Questions

1. What effect does the Heaviside layer have upon radio waves?
2. Does a radio wave reflect at the same angle that it strikes the
Heaviside layer?

3. THE HEAVISIDE LAYER HEIGHTS

The Heaviside layer is formed as the ultraviolet rays from
the sun reach the upper layers of air and use their energy in

AbO

I16. 1. The Heaviside layer—day.

clectrifying or ionizing the air particles they meet. When
the sun is overhead, the ultraviolet rays penetrate farther
through the air layer surrounding the earth. As a result,
the ionization or charging of the air is heaviest and the layer
is thickest and lowest at noon. After sunset the layer not
only shrinks but rises and splits into two layers.

The constant change in strength of the flow of ultraviolet
rays from the sun causes the Heaviside layer to billow and
flow much as a cloud. TIts volume and height changes from
hour to hour as the strength of the ultraviolet rays changes.
Over the day side of the earth there is a low, dense, billowing
cloud of this layer about 60 miles above the earth (see
Fig. 1), while over the night side of the earth, there are two



RADIO WAVES AND WAVE TRAV'EL T

layers which have risen to a height of about 200 miles
(see Fig. 2).

Questions

1. What rays from the sun cause or produce the Heaviside layer?

2. What effect does the position of the sun have on the height of the
Heaviside layer?

3. Do all radio waves travel at the same speed? What is this speed ?

4. What bends the radio waves around the earth?

6. Of what is the Heaviside layer composed ?

6. The Heaviside layer is about how many miles above the surface
of the earth during the day? at night?

4. THE EFFECT OF SUNSPOTS

A sunpot is a huge hole torn in the surface of the sun by an
explosion of gas. An inner layer of the sun, exposed by the

Nig ht-double, *hinnes /a}./
~ . er

Fia. 2. The lleaviside layer—night.

explosion, is at a temperature of about 30,000°F., or 20,000°
hotter than the outer layer. A Luge blast of ultraviolet
rays rushes to the earth from the sunspot. They may
cause the thickness and the strength of the Heaviside layer
to increase as much as a third or more in an hour.
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The electrified air particles, called ions, drift or flow.
The negatively charged ions drift westward while the
positively charged ions drift eastward. This ion flow or
current of electricity is the Heaviside layer. Tt is not just
an electronic cloud: it is a “river” of electrical power flow-
ing above in the sky. The flow of this river of ions produces
a tremendous electrical current of about 30 million amperes
of electricity.

The ions of the Heaviside layer spiral around the earth
and accumulate at the north and south poles.  The positive
ions accumulate at one pole and the negative ions at the
other pole. \When the ion clouds become thick enough at
the north pole they are visible as the northern lights (aurora
borealis), or southern lights (aurora australis). Radio,
cable, and telegraph service in Alaska is often interrupted
by these displays of the aurora. The effect of the ion cloud
moving at the poles, seen as the aurora, creates a tremen-
dous field of magnetic force which causes this disturbance
in the radio and telegraph communication systems. Com-
pass magnets are also badly affected by the aurora.

Questions
1. Describe the motion of the Heaviside layer.
2. Describe the effect of sunspots on the Heaviside layer.

6. SKIP DISTANCE

The Heaviside layer acts like a mirror to reflect or bend
radio waves. .\ broadcasting station sends out a wave
which strikes the Heaviside layer, reflects back to the earth,
glances from the earth up to the Heaviside layer, then down
again, and so on until its energy dies out. This process
carries waves for great distances. (See Fig. 3 and Fig. 4.)

Waves Reflect over Your Receiver. Suppose your
receiver is too far from the transmitting station to pick up
its ground waves, which apparently travel for short dis-
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tances along the earth (see Fig. 3). Radio waves which
are reflecting back and forth between the earth and Heavi-
side layer may strike the earth 10 miles from your set, then
reflect up to the Ieaviside layer, and then strike the earth
again beyond your set. The set will be in a dead space
between the reflected waves, but listeners beyond and
behind you will receive the program. The distance
between points where the reflected wave reaches the earth
is called the skip distance.  The wave that is sent from the

/ N
J 16round\

/ | wave

I1G. 3.  Skip distance—day.

transmitting station to the ITeaviside layer is called the sky
wave to distinguish it from the ground wave.

Waves Reflect between the Two Heaviside Layers. At
night two Heaviside layers affect reception (see Fig. +).
Sometimes these sky waves penetrate the first Heaviside
layer, reflect from the next one, glance back to the first
one, and then bounce along between the two layers.  These
sky waves may travel great distances before they finally
break through and get back to the carth. This is the
cause of many freak broadcasts where transmitters com-
monly rated at consistent ranges up to 400 or 500 miles are
heard thousands of miles away at night. TFreak trans-
missions also take place in cold weather, during which
listeners far beyond the normal distance of a station hear
it with ease.
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This reflection of waves is one reason for the varying
difference in volume of signals received from nearby stations
and stations located great distances from the receiver. It
is not always possible to judge the distance between the
transmitting station and the receiving station by the volume
of signals. In many cases listeners have noticed that
stations located thousands of miles away come in stronger
than stations located only a few hundred miles distant.

o \
/ . \
S long skip S\ \
et // \\\’ . A_,’, . x? -\\\\\
- -I/’.Sklp d/'sfance \\ > ’/ 5/(’/,0 O//Sfance \\¥ - \X’\ -
/ - Ground Mlave NS \ ] A
Aty b RN
X - . \ | s

Farth

Fia. 4. Skip distance— -night.

The shorter the wave length, the greater the skip dis-
tance. The skip distance for a 33-meter wave during the
day is about 100 miles, and at night about 4000 miles.

The diagrams show why certain angles of sky waves pro-
duce fading and loss of programs, It has been proved for
certain wave lengths that this angle of reflection is sharp
enough so that the wave is lost to the receiving station in
a very short distance.  LExperiments made by a well-known
western broadeasting  station showed that a portable
receiving set placed on a truck would pick up strong signals
at certain places, but when the truck was moved forward a
distance equal to its own length, the signals would be lost
cntirely.
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Questions
1. What is skip distance?
2. Describe two causes for skipping.

3. What is the relation between wave length and skip distance ?
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Fia. 5. Skip distance—dusk.

4. What is likely to happen to radio waves which are sent nearly
straight up?

5. What is likely to happen to waves which are sent out in nearly a
horizontal direction?

6. RECEPTION AT SUNRISE AND SUNSET

Twilight Zone. Radio waves that travel over long dis-
tances often must pass through zones of sunrise or of sun-
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set. In these zones the two high Heaviside night layers
change to one low day layer.

The reception of short-wave signals and short-wave pro-
grams becomes weak or is lost entirely during the sunrise
or sunset period.

AR e Py
" ar?
Bz

Fra. 6, Lost signals—dusk.

Let us examine the wave action across the sunrise and
sunset zones more carefully. When a wave travels from
daylight to darkness as in IMig. 5. the wave has skipped the
twilight area by reflection between the carth and the Heavi-
side layers. Or perhaps, the dawn or twilight area was
closer to the transmitting station so the wave travel was




RADIO WAVES AND WAVE TRAVEL 13
as shown in Fig. 6. Here the waves are weakened, dis-
torted, or lost in the change between layers.

Now, if the wave starts in a night zone so it enters the
twilight zone, as in Fig. 7, it will be lost in the disturbed
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Fig. 7. lLost signats—dawn,

conditions between the different levels of the Heaviside
layers.

Night Reception. Broadcast reception is greatly im-
proved at night. Greater distances are covered, and the
music is stronger. Short-wave reception above 20 meters
also works better at night. Below 20 meters or there-

abouts the night reception is poorer than day reception,
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The amateur uses the 160-meter band for comparatively
local work both for day and night operation. The 80-meter
band reaches out farther. Operations at 40 meters cover
great distances. The 20-meter band covers good distance
during the day, but it is very poor at night, while the other
wave-length bands scem much improved after dark.

Questions

1. Make a drawing showing the positions of the Heaviside layers
whieh are east of you shortly before sunset.

2. Show the type of Heaviside layer which is west of you shortly
before sunset.

3. Make another drawing to show the types of Heaviside layers
east of you shortly before sunrise.

4. Show the type of leaviside layer which is west of you shortly
before sunrise.

5. In what direction is it usnally casicr to send radio messages
shortly before sunset: cast? or west ?

6. In which direetion is it usually easier to send shortly after sunset:
cast? or west?

7. In which direction is it usually casier to send before sunrise: east?
or west?

8. In which direction after sunrise: east? or west?

9. Name the amateur bands which are often best for daylight recep-
tion and those which are best for night reeeption.

7. FADING

Of the many interesting explanations for fading we will
discuss but threc.

Interference between Ground Wave and Sky Wave
Causes Fading. Assume that you are close enough to a
broadcasting station for the ground wave to reach your set.
[t could be possible for the sky wave to reflect up about 200
miles to the Heaviside layer and back down 200 miles to
your set so that you would be able to get waves from either
the ground wave or the sky wave (see Fig. 8). But the
sky wave has traveled a greater distance than the ground
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wave, and, consequently, the waves that come to you over
the sky wave arrive a little later than the ground wave.
A radio engineer would say the two waves are “out of
phase.” The result is that two sets of waves interfere and
the waves are weakened or completely stopped.

The height of the Heaviside layer constantly changes:
and when the Heaviside layer rises, it increases the reflec-
tion distance, and the sky wave goes beyond your set.
When the Heaviside layer drops, the wave reflects on the
near side of your set.  Both times you hear the signal over

rd
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I'1g. 8. Cause of fading—day.

the ground wave, but when the sky wave and the ground
wave reach yvour set together, the signal is stopped or
distorted. .

Interference between Two Sky Waves Causes Fading.
Another possible type of fading may occur if the set is
beyond the ground wave and is receiving signals from two
sky waves (sce Fig. 9). One wave is reflected directly
from the Heaviside layer to your set.  Another set of waves
from this station may have been reflected back and forth
between the two Heaviside layers. If the upper wave
should break through and travel to your set, you might
receive signals from two different sets of sky waves. 'The
one traveling between the two Heaviside layers may have
traveled a shorter or longer distance than the other, and as
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aresult it brings the signal sooner or later than the first wave.
These two waves are out of phase and weaken the signal.
Billowing of Heaviside Layer Causes Fading. Another
cause of fading is the billowing of the Heaviside layer.
Suppose you are a long distance from the transmitter
and in just the right position for the sky wave to reflect
down from the Heaviside layer and hit your set. You are
far enough away to receive no ground wave. As the

-
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Fig. 9. Cause of fading—night.

Heaviside layer rises or billows upward the wave hits the
ground beyond your set and the station fades out. Then
as the Heaviside layer comes down again, the wave drops
back and the wave falls on the other side of your set.

The Heaviside layer may billow up and down so rapidly
that it is possible for the wave to come in and disappear
several times in a few minutes, or sometimes the fading may
be very slow.

Questions

1. Describe three causes of fading.
2. What canuses a station to fade in and out gnite rapidly ?
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8. WAVE LENGTH AND FREQUENCY

A Way to Compare High and Low Frequencies. Let us
compare high and low frequencies by the speed of vibration
of two sticks. If we fasten the lower end of a yardstick in
a vise, then pull back the upper end and release it, the stick
will vibrate back and forth several times at a low frequency.
Now, if we move the stick down so that it extends only 1
foot above the vise, pull it back and release it, it will
vibrate very much faster or at a higher frequency than the
long stick. From this we see that frequency refers to the-
number of times the stick vibrates in a second.

Suppose that when the yardstick moves to the right, it
sends out a wave crest through space. Now, such waves
travel at a certain fixed speed.  So when the frequency of
vibration of the stick is low, the wave crests started by
the motion of the stick are far apart. But if the stick is
shortened in length, its frequency of vibration is very much
higher (faster) and the distance between waves—which
travel at the same speed as before—very much less.  The
wave length is shorter, but the frequency is increased.

In a 40-meter wave, or one in which the wave parts of
greatest strength are only 130 feet apart, we find that
nearly 7,500,000 wave crests (7500 kiloeyeles) strike the
aerial in a second.

We cannot count the number of waves striking the aerial
cach second, but we can figure out the number from the
speed of electron flow and the length of the acrial-ground
wire.

Broadcast and Short-wave Bands. Most amateurs are
familiar with the difference in the length of short waves
and of long waves, but few realize the extreme differences
in the lengths of other waves. They do not realize that
the radio wave lengths are only a small part of the many
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SHORT-WAVE Rav1o CoNNECTIONS BETWEEN NORTH AMERICA AND ASIA
The short-wave radio telephone channel shown here is 5130 miles long. Telephones in the United States, Canada, Cuba,
and Mexico are interconnected with telephones in Hondo, the principal island of the Japanese Archipelago. 1)ixon and Nazaki
arc sending stations.  Point Reyes and Komuro are receiving stations.
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possible wave lengths. Also, they do not realize their very
interesting uses and applications.

Let us discuss some other commonly used wave lengths.
Certain naval services use waves up to 25 miles or about
40,000 meters in length. These are very low-frequency
waves. The ordinary broadcast band uses waves of lengths
between 550 meters and 200 meters (500 kilocycles to 1500
kilocycles in frequency). The short-wave amateur sets
operate on several wave bands. It is possible to use radio
waves of any length for radio purposes. The reason they
are not all used is that interference is produced between
sets if the bands are too close together.

Experiments show that the wave lengths from 20 meters
up penetrate buildings, trees, and into the earth or water a
certain distance. This fact is interesting here, since we find
that the shorter wave lengths act in a very different manner.

Ultrashort-wave Bands. 'The wave lengths below about
10 meters (the ultrahigh frequencies) act much like light
waves. 'These waves do not seem to penetrate objects as
do the longer waves, but are reflected from buildings and
hills as light is reflected from a mirror. Certain objects
stop the waves entirely. Tt is not always possible to send
or receive messages with these waves, unless the stations
are in sight of each other, or unless a system can be devel-
oped that will permit the wave to be reflected from one
station to the other, because the ultrahigh-frequency sky
wave is not reflected back by the Heaviside layers in the
same manner as ordinary radio waves.

Questions

1. What do we mean by saying a radio wave is 400 meters in length?

2. Explain the meaning of the term frequency.

3. What is the meaning of the word kilo?

4. What is the wave length of a radio wave that has a frequency
of 1500 kilocycles?
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5. What is the frequency of a radio wave 500 meters in length?

6. What is the range in meters for the broadcast band? in kilocyeles?

7. What is the range in meters for the short-wave sets? in kilocycles?

8. What is one striking difference between a 3-meter wave and a
200-meter wave?

9. HOW RADIO WAVES ARE MEASURED

Wave Lengths or Spacing. Water waves vary in size
or strength and so do radio waves. The size of a water
wave is measured by the distance from the crest of one
wave to the crest of the next wave. We can measure the

Waove
cres *

300 mefers
(about 984 fee)‘)

-— Mof/'on ofwave
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IF16. 10. Wave length.

length of a radio wave by measuring the distance from one
point of great intensity to the next point of similar great
intensity (see Fig. 10). This distance is called the wave
length. But no amateur should ever make the mistake of
believing that radio waves look like a water wave traveling
through the air.

Wave length is a term used to describe the spacing
between like parts of waves, such as shown in the diagram.
This distance is generally given in meters. A meter is
about 392 inches or a little over a yard in length. When
we say that a wave is 300 meters in length, for example,
we mean that the distance between the like parts of the
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wave is 300 meters. This is about 984 feet. A 300-
meter wave is used In broadcasting. An amateur wave
that is very popular is one around 40 meters in length.
The strongest part of the 40-meter wave is about 130 feet,
between corresponding points.

Another Way to Measure Wave Lengths. Radio waves
may be measured by counting the number of like changes in
intensity which strike an aerial in a second. There are no
radio waves in a wire. When radio waves strike a wire,
they cause electric currents to flow in the wire.

Frequency as applied to these waves means the number
of waves which will strike the acrial each second. A radio
wave is more commonly described by giving its frequency
than by giving its wave length.

We know that radio waves move at a speed of 186,000
miles a second.  Now, if the crests of a wave are 300 meters
(about 984 feet) apart and are traveling at this terrific
speed, approximately 1,000,000 wave crests will strike the
aerial in one second. The frequency of this 300-meter
wave is 1,000,000 cycles per sccond. Instead of saying
1,000,000 cycles, we usually shorten it to 1000 kilocycles, or
sometimes 1000 ke.

Questions

1. Explain the term frequency.

2. Tune your home broadcast receiver to a station of known wave
length. Then estimate how far down the street a wave crest is at the
instant when a like crest strikes your set.

10. OTHER TYPES OF WAVES

Heat Waves. When the wave length is shortened to
about an inch or less, it is no longer called a radio wave but
is known as a heat wave. The heat waves are shorter and
their frequency is greater. lIleat waves vary greatly in
length. The shorter they are the hotter they feel.  When
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you feel the heat from a stove on your hands. the stove is
“*hroadecasting ™ to ycu on an extremely short wave length.
During the World War, heat waves were generated, focused.
and controlled so that it was possible to send messages on
them.

Light Waves or Rays. Short waves are known as rays.
When the heat rays get quite short, they are no longer
known as heat rays but are called infrared rays. If the
wave length of these rays is shortened just a little more
until their length is 81 millionths of a centimeter, they are
visible to the eye and are seen as red light.  As the rays get
still shorter, they are scen as orange light, then vellow,
green, blue, indigo, and violet. The violet light 1s the
shortest ray visible to our eyes and is 31 millionths of a
centimeter long. The length of light rays can be pictured
easily by imagining an ordinary human hair which has been
split lengthwise into 100 picees.  The thickness of one of
these picces is approximately the length of a light wave.

In other words, the light waves which we see are just the
same as radio waves, but they are shorter. The radio
recciver, then, is a machine for ““seeing ™ waves that are too
long for our eves to “tune in*” or for the nerves in the skin
to feel. The receiver changes these waves into sound.

As the waves become shorter than 31 millionths of a
centimeter, they again beeome invisible and are known as
ultraviolet light. These rays play a powerful part in
making possible long distance reception by short waves, as
we have seen.

X Rays. The next shorter wave that is interesting to us
is called the X ray. It has a wave length of 1 billionth of a
centimeter; or it is about one g5 as long as visible light
rays. 'The X ray has a property similar to that of the radio
wave and different from that of the light waves, in that it
can pass through wood and other opaque or nontransparent



RADIO WAVES AND WAVE TRAVEL 23

objects. Dense objects like iron and lead, however, will
stop the X rays.

Cosmic Rays. The shortest wave known is the cosmic
ray. Its wave length, about g5 the length of the X ray,
produces such enormous power that it will penetrate over
14 feet of lead. The cosmic ray is the ‘“headliner” at
present among the different waves when it comes to getting
into the newspapers.

There are many other rays which we have not mentioned,
because too little is known about them or they are not
commonly used. There seem to be but few breaks or gaps
in the wave bands between the shortest (cosmic) waves and
the longest (radio) waves.

Questions

1. What are the wave lengths of light rays?

2, Can radio waves pass through a wooden building? Can light
waves? Can X rays?

3. Discuss some newspaper article which you have read on cosmic
rays.

4. What are waves a fraction of an inch in length called?

6. Can messages be sent on waves which are a fraction of an inch
in length?

11. HOW RADIO WAVES ARE PRODUCED

Electron Motion Starts Radio Waves. Electrons are set
in motion in a wire by a generator, a battery, or a magnetic
field. Vacuum tubes may also cause electrons to be set in
motion in a wire. The transmitter causes electrons to flow
back and forth in the aerial thousands or millions of times a
second. The motion of electrons flowing in the aerial
produces a magnetic field around the wire (see Fig. 11).
This magnetic field of force is the direct result of the motion
of the electrons, and it is formed regardless of whether the
electrons are moving in a wire or through air. The more
electrons in motion, the greater the magnetic field.
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The magnetic force surrounds the moving electrons and
never gets far from them, but it produces a new kind of
energy which flies off into space and leaves the electrons

forever (see Iig. 12). This new energy is popularly known
as radio waves, and is easily thought of as a ** wave ” because
it does not move with a steady flow, but seems to be pulsat-
ing. 'That is, if we examine
the effect created by a radio
wave, we find that parts of
the wave seemn to possess
much energy and other parts
little energy.

Questions
1. What determnines the strength
of a magnetic force in a wire?
2. In order for an aerial to throw
off radio waves, what must be
moving in the wire?

Fia. 12. Magnetic field starts radio 3. Do all parts of a radio wav'e
waves. possess equal amounts of energy?
12, STATIC

Cause of Static. Static is a term that is usually applied
to disagreeable hissing, crackling, or popping noises in the
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receiver caused by atmospheric electricity. Static may be
caused by a running motor, or by a leaky insulator on a
power line from which current is leaking off to the pole.
These send out radio waves, or static, most of which
cover a wide band of frequencies and cannot easily be tuned
out.

The radio waves from a spark jumping across an insulator
to the power pole may be picked up on neighboring sets
regardless of what station is tuned in. This spark will
cover the whole band of long and short waves. Sets have
been developed, however, with tuning adjustments that cut
out most of this interference. Static is no longer the
problemn it used to be because it can be eliminated in most
good receivers at present. Tt is only strong static from the
nearby arcing of current across a leaky insulator, or
something of that nature, that interferes with these sets.
So-called “light” waves or **strays,” invisible to the eye,

rander around through the sky and IHeaviside layer at
night and give much trouble to the older types of sets in the
form of static, but most of these can be screened out in
new receivers. .

Shielding against Static. Lightning and northern lights
send out powerful waves which interfere with programs.
Diathermy machines are considered a serious offender in
sending out statie.

Sparking at the brushes of washing machine motors
causes static. Static is eliminated on a noisy motor by
putting grounded condensers across the wires to the base
plug or power outlet. A good illustration of this is in auto
radios. Each spark plug is shielded and grounded and the
car can run with little or no interference to the radio
reception.  Amateurs operating receivers on the higher
frequencies can hear the static from the ignition system on
unshiclded cars passing their stations.
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Questions

1. Make a list of causes of static.
2. List some ways by which static may be overcome.

Technical Terms

aurora borealis—A\ beautiful colored display of streamers and lights
caused by a thick ion cloud in the sky over the north pole. A
similar display at the south pole is called aurora australis.

broadcast bands—\ave lengths from 5350 meters to 200 meters (500 ke.
to 1500 ke.).

fading—The decrease in strength or total loss of a received signal. '

frequency—See wave length and frequency.

ground wave—The radio wave which travels along the carth for com-
paratively short distances.

heat—Waves from 1 inch to about 81 millionths of an inch in length.
These waves cause the sensation of warmth when they fall on the
skin.

Heaviside—An English scicntist who developed the theory of the
Heaviside layer al the same time Kennelly developed a like
theory in Ancrica.

Heaviside layer—.\ stratum or layer of clectrified particles of air that
blankets the earth at from 60 to 200 miles in height.

high frequency—Short waves oscillate at high frequency.

ionization—The partial breaking up of atoms or molecules into electri-
cal charges. At the instant of ionization the atoms or molecules
either gain or lose clectrons.

in phase—Waves coming together so as to add like effects.

light—\Waves of the correct length to affect the eye. Light waves
are from 81 millionths of a centimeter to 31 millionths of a centi-
meter long.

low frequencies—Long waves oscillate at low frequency.  Short
waves oscillate at high frequencies.

Marconi—The Italian scientist and inventor who made the first prac-
tical application of the principles of telegraphy without wires.

out of phase—Waves coming together so as to oppose cach other in
effect.

radio waves—An effect that travels through space at the speed of light
(186,000 miles a second).

short-wave band—Waves between 200 meters and 10 meters in length.
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skip distance—The distance between the points where the reflected
sky wave returns to earth.

skipping—Billowing or raising and lowering of the Heaviside layer
causes reflected waves to strike the earth over certain areas and to
miss or skip other arcas.

sky wave—The radio wave which travels to the Heaviside layer and is
reflected back to earth.

sunspots—Huge holes torn in the sun’s surface by explosions of gas.

twilight zone—The part of the earth and the sky between daylight and
darkness.

ultrashort waves—Waves shorter than 10 meters and longer than about
an inch.

ultraviolet rays—Waves just too short to be scen; waves shorter than
31 millionths of a centimeter and longer than 1 billionth of a
centimeter.

wave bands—A group of frequencies or wave lengths. Light wave
lengths cover a narrow band of frequencies, as do amatenr wave
lengths, the police wave lengths, and the broadcast wave lengths.

wave distortion—Changes in the form of the sky wave in passing
through the twilight zone.

wave length and frequency—As the frequency of a wave increases,
its length gets shorter, provided it continues to travel at uniform
speed. Contrariwise, a lower-frequency wave has a longer length.
Short waves vibrate at high frequencies.

wireless—A word commonly used when referring to radio telegraphy.

X ray—\Waves abont a billionth of a centimeter long. X rays penetrate
wood, metal, and many other materials through which light or
heat will not pass.



CHAPTER II
WAVE-FORM PICTURES

3

The action of alternating-current surges and the “flow’
of direct currents in even simple radio circuits is exceedingly
difficult to explain. But we can draw line pictures which
show the action of currents that would take many words to
explain.

In this chapter we shall learn the appearance of the wave-
form pictures of the simple alternating and direct currents
and also learn how to read their meaning.

If a cathode-ray oscillograph is available, you can see the
actual instantaneous wave shape of a current by a moving
colored line. This makes the study of the simple wave
forms much more vivid and clear.

We can now study the radio transmitting and receiving
process clearly by using wave pictures.

Contents of This Chapter

A Way to Study Electron Flow
Symbols Used in Wave Pictures
The Electron Flow in an Alternating Current
A 60-cycle Alternating-current Wave on the Oscillograph
The Construction of the Wave-form Pictures
Current Strength or Amplitude Shown on the Oscillograph
Amplitude—Strong and Weak Current Pictures
High and Low Frequency Shown on the Oscillograph
Wave Shapes of High- and Low-frequency Currents
A Pulsating Direct Current Shown on the Oscillograph
Wave Forms of Rectified Alternating Current—Alternating-current
Component—a Pure Direct Current
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1. A WAY TO STUDY ELECTRON FLOW

What Are Wave-form Pictures? It is often extremely
difficult if not impossible to explain in words the action of
the alternating currents flowing in even the simpler radio
circuits.

In some cases this action can be shown clearly by means of
electron-flow arrows on a diagram. But to show the action
of these currents, it is customary in clectrical and radio

I1c. 13. Cathode-ray oscillograph and wave-form image.

discussions to draw diagrams called “ wave-form pictures.”
An informed student or amateur must be able to read many
kinds of diagrams and to understand their meaning.

How Can the Wave-form Pictures Be Seen? Of the
many explanations used to introduce the nature of electrie-
ity to a student none has been as clear and as valuable as the
recently perfected cathode-ray tube used in the cathode-ray
oscillograph (see Fig. 13). 'The wave forms shown by the
oscillograph make clear the action of clectricity as it flows
in radio circuits and through the simple circuits of ordinary
clectrical apparatus used in the home or elsewhere,
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In the oscillograph a stream of electrons traces a glowing
path on the coated interior of the cathode-ray tube. The
stream of electrons is shot from the cathode of the tube ata
terrific speed against the coated portion, called the screen,
inside the end of the tube. Here the electron stream causes
a greenish glow as it strikes the chemical on the inside of the
glass. This glow can be seen from the front of the oscillo-
graph. Connections are made from the circuit which is to
be studied to the oscillograph.  Electrons from the currents
flowing in this circuit are led into the cathode-ray tube,

I/maginary window

Z DB I B

FF1G. 14.  Electron flow.

where they affect the strcam of clectrons flashing off the
tube cathode.

When the oscillograph is properly adjusted, the electron
stream traces on the screen of the tube lines or curves that
show in clear form the action of the electrons as they flow
in the circuit that is being studied.

How much simpler than the use of diagrains that have
been drawn or the use of wordy explanations! The trace
of the line or the curve can be seen and studied at the
pleasure of the student.

How the Oscillograph Wave Pictures Are Used. The
diagrams in this chapter show the actions of electrons
flowing in different types of circuits, and also both the
direct-current wave shape and the wave shape of the flow
of an alternating current traced on the tube screen.

These diagrams are made from the traces of the cathode-
ray oscillograph. The traces have been taken apart for study
and have been simplified. We shall study, then, parts of
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wave-form pictures redrawn from the curves traced on the
oscillograph screen by the millions of dancing electrons.

2. SYMBOLS USED IN WAVE PICTURES

A symbol is an abbreviation used to show a piece of
apparatus in a drawing.
Accurate pictures of each
piece of apparatus needed
incircuit diagrams (hook-
ups) would be hard to
rcad and hard to draw.
The symbols used here are
drawn so as to look some-
what like the part they
describe.
electrons —Electrons

flowing in a wire are
shown by dots (see +
Fig. 14). The
strength or ampli-
tude of the current
is shown by the
thickness of the

I'1. 15. 'The sine curve.

_» Amplitude or current-

~* strength measuring line

dots. A strongcur- /Time liree
rent is one in which g ¥

many electrons flow.
The arrow shows the
direction of the flow
of the electrons.

sine curve—A curve of
the shape shown in
Fig. 15 is very com-
monin mathematics, -
ﬁll(lillg many uses in Fi¢. 16.  Base lines for wave pictures.
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algebra, trigonometry, calculus, ete.  This curve shape
is much used in the mathematical treatment of electrical
and engineering problems.  The sine curve is useful in
showing variations of current flow in radio and electri-
cal circuits. The word sine has no special radio mean-
ing. It simply is the name of curves of this shape.

wave-picture base lines—The sine curve width is measured
on the time line and the height of the loops is measured
on the amplitude line (sce Fig. 16). These two lines
are the base lines. '

3. THE ELECTRON FLOW IN AN ALTERNATING CURRENT

What Is Electricity? All atoms are complicated struc-
tures composed of positive, negative, and neutral particles.
The negative particles are called clectrons. Some of these
negative particles can be temporarily driven away from the
rest of the atom.

Let us assume that a current of electricity is some kind of
motion, or surge, of these electrons in a wire.

The individual electron may travel only a short distance’
in the wire. Tt causes other clectrons to move.

A direct current is a steady motion of electrons along the
wire in one direction. This progressive motion of electrons
in the atoms occurs without any individual electron moving
more than a fraction of an inch.

This is a commonly accepted explanation of the nature of
clectricity.

Compare Electrons to Shot. Let us compare the elec-
trons of an alternating current flowing in a wire to something
with which we are familiar. An alternating current is
made up of surges, or pulsations, of electrons flowing first
in one direction, then in the opposite direction.  Tf we could
see electrons flowing back and forth in u wire, we should
find that cach pulsation looked much like a slow-motion
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picture of a charge of shot flying through the air after it had
been fired from a shotgun (see Fig. 17).

In the shot picture a few scattered pellets fly ahead of the
main group of shot. They break the way through the air
for the rest of the group, as it were. The number of shot
rapidly increases, until at the middle of the group the shot
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The equipment shown was all built “on the spot.”

are thickly bunched together. Then the shot group tapers
out until only a few scattered pellets are seen at the end of
the group. ,

An Imaginary Window. Think of an imaginary window
through which we can look into the wire and see the motion
of the tiny electrons which make up the current of electricity
(see Fig. 17). We see each pulsation of alternating current
led by a few scattered electrons rushing through the wire.
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As in the shot picture, this vanguard of electrons is followed
by a gradually increasing group, until at the center of the
surge many electrons are closely packed together. The
group then tapers out to a few stragglers, after which no
electrons flow. The flow now starts in the opposite direc-
tion, gradually increases, then dies away. This process is
repeated 120 times a second in the house lighting circuit.

Electrons flowing in a wire

Slow-motion picture of electrons as seen through imaginary windows

I'16. 17. Electron motions in an alternating current compared to grouping of a
charge of shot.

Electron Speed. It is interesting here to ask: “Tow far
could one surge of these electrons flow through a wire in 14
of a second?”

'The electrons in a wire travel at the speed of light, which
is slightly over 186,000 miles a second. If this surge of
electricity traveled in a long, straight wire, in 130 of a
second (the time it takes for each pulsation to pass the
imaginary window through which we are looking) the first
electron disturbance would have time to travel 1550 miles
before the last part of the pulsation is seen through the
window.
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A pulsation travels fast enough to go from Salt Lake City
to Chicago and back in ¢ of a second.

Questions

1. Is there a steady flow of eleetrons in an alternating current ?

2. Do the cleetrons in an alternating current always flow in the same
direction?

3. How does the speed of an eleetrie current compare with the speed of
light ?

4. Arc the electrons closely bunched in an alternating current?

6. A current starts flowing through a wire stretched around the
carth at the cquator. How many times could this current flow aronnd
the earth in one second ?

4. A 60-CYCLE ALTERNATING-CURRENT WAVE
ON THE OSCILLOGRAPH

Step 1. Plug the cord from the oscillograph into an
alternating-current outlet. Turn the intensity switch a
quarter turn to the right. Set gain 1 at zero.

2)

Intensity- P
— o, ol
o
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Goin/ ~6ain 2
Toy transformer Oscillograph

Fig. 18, A 60-cycle wave on the oscillograph.

Step 2. Connect wire from the bell or toy transformer to
the vertical posts of the oscillograph (sce Fig. 18).

Step 3. Turn up the intensity until a green line is clearly
visible on the sereen.  Set gain 1 half on.

Cauticn! Set gain 2 full on (turn to left) so a line will
show on the screen.  If a small dot appears turn gain 2 to
spread the dot into a line. A dot will burn the sereen and



36 UNDERSTANDING RADIO

destroy the sensitivity of the chemical coating over a small
area.

Step 4. Turn gain 1 until a moving green line shows on
the oscillograph.

Step 5. Adjust the focus control and the intensity
control together until a sharply defined narrow line is seen
on the screen. Adjust the two gain controls until a sine
curve with an amplitude of an inch (the curve 1 inch high)
shows on the screen.

This is the wave picture of the 60-cycle alternating
current. This is the sort of current delivered by many
electric light plants.

6. THE CONSTRUCTION OF THE WAVE-FORM PICTURES

Let us describe a practical method of picturing an alter-
nating current by making a drawing called a wave-form
picture. Let us sce first what each part of the picture
means.

The Time-measuring Line. e will draw a horizontal
line called the time line (see Fig. 19).  On the time line we
will mark off equal spaces which show the time required
for cach pulsation of the alternating current.  In a 60-cycle
current, the first point marked off would be 145 of asecond
from the zero mark for the first half-cycle.

The Current-strength Line—Amplitude. Now we need
a line to use for measuring the strength of the current surges.
We will draw a vertical line for this purpose (sce Fig. 19).
It is called the amplitude or current-strength line. and it
too is marked off in equal spaces.

Let us draw a line that will show the number of electrons
flowing in the wire at any instant.  We will place this line
close to the time line when few electrons flow and move it
away from the time line when many electrons flow (see
Fig. 20).
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A curving linc shows a changing current.  When the line
slopes away from the time line, the current is getting
stronger. When the line is drawn foward the time line the
current Is getting weaker.

The Current Loops. While watching a surge of current
through the imaginary window in the wire, at first we see
only a few electrons passing. The number increases
rapidly until at the center of the surge a great nany
electrons flash past. They then thin out until only a few
and finally no electrons are seen. 'The wave-form picture
of this current flow is a curved line. The strength or
amplitude of the current is shown by the height of the
current-strength curve and is measured on the vertical
amplitude line.

The picture of our alternating current is drawn as a curve
which crosses the time line at regular intervals.  When no
current flows, the curve touches the time line (see A, Fig.
20). As the current strengthens, the curve is drawn
farther away from the time line (at B, Fig. 20). As the
current decrcases in strength, the curve draws nearer (/
(Fig. 20). Each curve is called a current loop.

Positive and Negative Loops. Let us agree that electron
flow in one direction in a wire will be called positive, and a
flow in the opposite direction negative. A loop is drawn
above the time line to represent a positive direction of
clectron motion, and a loop below for a negative motion.

It has become standard practice to draw the positive
loops above and the ncgative loops below the time line.
This is done only as a matter of convenience.

The Positive Loops. The wave picture in Fig. 20 shows
a positive loop of current. At point .1 the electron flow has
just begun. At point B, the peak of the curve, the greatest
number of electrons are flowing. At point A on the curve
the current has almost stopped flowing.
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The Node—a Point of No Current. At the 3g-second
point on the time line, no current curve can be drawn on
the wave-form picture, since the current flow has momen-
tarily stopped. This is shown in Fig. 21. The action of
the electrons here is somewhat similar to that of a pendulum
at the end of its swing. It stops for just an instant before
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Fig. 21. The node; no current is flowing.

starting the back swing. The electrons, too, stop for just
an instant before starting their return journey in the oppo-
site direction. The point on the time line where no
electrons are flowing is called a node.

The Negative Current Loop. Now, in the wave picture
in Fig. 22, we see the same electron travel occurring as we
saw in Fig. 19. But here the current flow is in the opposite
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direction. We draw the curve as in Fig. 19, but the loop is
now below the time line instead of above. This curve is
called a negative loop. or a negative alternation of current
(see Fig. 22).

+ —
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20 Second %(_) Second %) Second 742;0 Second
{ | |
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-3
_4_

_5_

Fig. 22. The negative loop; the second alternation of current.

The Cycle. In the wave picture shown in Fig. 23, we
will combine a positive loop of current, where the electrons
flow in one direction; a node, point where no current flows:
and a negative loop, where the current flows in the oppositc
direction. The three parts combine to form a picture of
one complete cycle of alternating current.

Two alternations, which make one complete electron-
surge round trip, are called a cycle.
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The mathematical name of this curve is a sine wave.
The sine wave shape happens to follow the average shape
of the curve drawn to show the electron flow in a wire.

Questions

1. What is the purpose of the straight horizontal line in a wave-form
picture?

2. What is the purpose of the straight vertical line in a wave-form
picture?

3. Is a positive current represented above or below the horizontal
line?

4. Where is the negative part of the eycle represented ?

6. One loop above the line represents what part of an alternating
current?

6. A wave-form picture including a loop above a line connected to
one loop below the line represents what part of an alternating-current
wave picture?

7. What are electrons doing at the instant shown by the node in a
wave-formn picture?

-

°0°°°°'/\- 0/6
0\/ OJQO' __©

Toy transformor Oscillograph

(¢]

o°<°o o

I1g. 24.  Current strength on the oscillograph.

6. CURRENT STRENGTH OR AMPLITUDE SHOWN
ON THE OSCILLOGRAPH

The amplitude or current strength is shown by the height
of the curve on the tube. This is shown by the following
experiment.

Step 1. Connect the 6-volt terminals of a toy transformer
to the vertical posts on the oscillograph, as shown in Fig.
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24, Plug the cord from the transformer into an alternating-
current outlet.

Step 2. Adjust the height of the sine wave to § inch by
the vertical gain control.

Step 3. Reset the toy transformer to 12 volts.  Measure
the height of the loops. They should be exactly twice as
high. (Do not change the setting of the gain control.)

Step 4. Repeat for different voltages. Check the height
of the loops for cach voltage.

7. AMPLITUDE—STRONG AND WEAK CURRENT PICTURES

Current-strength Line—Amplitude Line. Let us try out
our wave-form picture now and see if we can use it to show

d
' Current -strong.
Electrons - many flowing.
| Loops - drawn FAR from
time line.
0

Fic. 25. Strong current, high amplitude.

current flow of different strengths. In Fig. 25, we can
show a strong current by the use of this wave diagram.

What Does a High Loop Mean? Let us go back to our
imaginary window in the wire. As we look through the
window when a strong current is flowing, we find that
many electrons are flowing through the wire. A high loop
shows many electrons.
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Now, the same scheme is used for showing a weak
eurrent.  We find that the sine wave of a weak current
. Current -weak.

+| Electrons - few flowing.
Loops = drawn NEAR +the +ime line.

1'1a. 26, Weak current, low amplitude.
may be drawn as easily as for a strong current by making
the loop low (see Fig. 26). Looking through our imaginary
window again, we see that now only a few electrons flow.
Apparently our wave-form picture will be very useful.

l

+

~
Current- steadily repeated surges of the
same strength.
Electrons-same number of electrons per
surge.
Loops - all the same height.

Fig. 27. A 60-cycle alternating current of even amplitude.

Now, let us turn on the light in the room in which we
are sitting and use our imaginary window to look into the
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wires leading to the light. We can now watch the current
flow that lights the lamp overhead. We see the current
surging back and forth rapidly. If we could time each
surge, we would find that it moved past us and stopped,
then returned. The rate would be 120 surges per second,
or 60 round trips or cycles per second. We would notice
that the strength of each surge was the same. Figure 27
shows the wave-form diagram for the 60-cycle alternating
current.

8. HIGH AND LOW FREQUENCY SHOWN ON THE OSCILLOGRAPH

The frequency of a wave can be shown by the circuit
given in Fig. 28. The frequency is shown by the space

Telephone
transmitter @
(o) (o)
— % ©°
0
v -/_G
P S '6 o
Cbattery Auvdlio Oscillograph
fransformer

Fig. 28. lligh and low frequency on the oscillograph.

between the loops on the time line. (No time line shows
on the oscillograph.)

Step 1. Connect a microphone, a C battery, and an
audio or microphone transformer as shown in Fig. 28.
Connect the secondary of the transformer to the vertical
posts on the oscillograph.

Step 2. Hum, whistle, or sound a sustained note into the
microphone. Adjust the two gain controls until the wave
is about 14 inches high and well spread on the imaginary
time line.
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Step 3. Whistle into the microphone, starting at a very
low pitch and gradually increasing the pitch as high as you
can. Watch the spacing of the loops along the time line.

Step 4. Repeat with the voice.

9. WAVE SHAPES OF HIGH- AND LOW-FREQUENCY CURRENTS

Frequency. Now, let us try a new thing with the wave-
form picture. Let us slow up the time required for each
surge and see how this current picture will be drawn. If
we keep the same space on the time line for each hundredth
of a sccond and we use a current changing direction or
surging at only 10 cycles a second, we shall find that the

vl
Current - weaok.

Electrons ~ few flowing. L
Loops = drown far apart on the time line.

l{f) sec. % sec.

= L—--One cycle ---»

I1G. 29. 'Fen eycles a second; low frequeney.

loops are much flatter and the distance between the nodes
much greater.

The frequency of an alternating current is the number of
cycles, or clectron round trips, that occur in one second.

Low-frequency Picture. The picture in Fig. 29 shows a
current having a frequeney of 10 cycles a second. Ten
round trips or cycles have occurred in 1 second. One
surge of current has taken only {5 of a second. This is
known as a low-frequency current.

High-frequency Picture. It is casy then to sce that a
current having a frequency of 20 cycles a second would be
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drawn as in Fig. 30, where we must bunch the number of
cycles more closely together along the time line to show
that many round trips occur each second. [ITigh as used
here means fast—high rate of speed.

Current- weak.

Electrons-few flowing,

Loops - twice as many each second

+ as in 10-cycle wave, closer
together.

l<- One -
cycle

Fig. 30. Twenty cycles a second; higher frequency.

Current- twice as strong as shown in Fig.30.

Electrons-twice as many flowing.

Loops- drawn twice as far from time line,

| same spacing as for any 20-cycle wave.
+

l
Fic. 81. Twenty cycles a sccond; higher frequency, stronger current.

Frequency has nothing to do with the current strength.
We may draw the loops either high or low depending upon
the current strength for cither high- or low-frequency
currents. A 20-cycle alternating current is shown in Fig.
31. This current has the same frequency as the current in
Fig. 30 but it is stronger, as is shown by the higher ampli-



48 UNDERSTANDING RADIO

tude of the current loops above and below the time line.
The current must build up and die out very quickly in high
frequency surges.
Questions
1. There are two wave pictures in Fig. 32. Which represents the

stronger current?
A B( \ 2. Explain in terms of direc-
/ \ tion of electron flow the meaning

of the terms plus and minus in
an alternating current.
3. What is the frequency of
the current the power companies
use for ordinary lighting and power circuits?

4. If this line represents a wire in your
house circuit, how many times per second do the clectrons flow from
left to right? How many times A B
per second do they flow from % %%%
right to left? .

e . I16. 33.

6. There are two wave pictures
in Fig. 33. Which represents the current with the higher frequency?

6. On what line is current strength measured ?

I16. 32.

10. A PULSATING DIRECT CURRENT SHOWN
ON THE OSCILLOGRAPH

Step 1. Set up the oscillograph and turn on the intensity
control.

Step 2. Connect a tungar bulb to a battery cell as shown
in Fig. 34. Plug in the cord from the rectifier.

Step 3. Connect the test point to the V binding posts on
the oscillograph.

Step 4. Connect a toy transformer to an alternating-
current outlet.

Step 5. Attach the test points to the output of the toy
transformer, set for 6 volts.

Step 6. Adjust the gain controls until the sine wave
shows about 2 inches high. Attach the test points to the
terminals of the battery which is being charged
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The sine curve you see when the test points are on
transformer terminals shows a 60-cycle alternating current.
When you change the test points to the output of the
tungar rectifier, half of the current has been stopped by
the rectifier tube, and you see remaining a pulsating direct
current. By connecting the test points to the output of a
receiving circuit across the phones or the primnary of an
audio transforimer, you can see a pulsating direct current

Test
poin f\s
\

N

'\
[D

Lr ©___9
Tungar Storage To ;
rectifier cel/ g frar%former Oscillograph

1. 34, A pulsating direct current.

which is in the form of an alternating current (called the
A.C. component of a direct current).

Inside of the oscillograph, a condenser is connected to the
I” binding post. This condenser charges and discharges
with the pulsations of direct current, producing a sine wave
on the screen which looks like an alternating current.

When you attach the test points to 6-volt battery, this
condenser charges, and you see the green line jump sharply
upward. Then it settles back to zero again when the
charging current flow stops.

11, WAVE FORMS OF RECTIFIED ALTERNATING CURRENT -
ALTERNATING-CURRENT COMPONENT—A PURE DIRECT
CURRENT

Pulsating Direct Current. All of the wave-form pictures
we have seen so far have been used to show the pulsations
of alternating current which flows in opposite directions in
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the wire. Now, let us see if we can use the wave-form
picture to show a dircet current, in which the direction of
electron flow does not change.

We shall study the use of the vacuum-tube rectifier to
change an alternating current to a current where the
clectrons move in separate, spaced surges along a wire,
always moving in the same direction. 'This is called a
pulsating direct current. Its wave shape is shown in Fig.

[ANARATA

—_
Pulsating flow

1. 35. .\ pulsating direct current.

35. This wave is like an alternating-current picture show-
ing only the loops above the time line. It is evident that
the rectifier has cut off the current flow or the loops below
the time line.

Below the wave picture in Fig. 35 is the current flow we
would see through our imaginary window in the wire. We
would see electrons flowing in one direction during one
alternation. During the next alternation no electrons
would flow at all. But, during the third pulse we would
again see the electron stream rush by the window.
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Alternating-current Component of a Direct Current. In
a direct current the electrons always flow in the same
direction. The wave form picture of the direct current
flowing in a detector plate circuit is drawn as if it were an
alternating current. That is, the sine wave which shows
the increase and decrease of current strength is drawn
above the time line as was the pure direct-current wave
picture.

NN\ N Y

_—
Weak and sfrong flow

i s
Fig. 86. A dircet current with an alternating-current component.

It is possible to have a direet current which changes in
strength at regular intervals.  Its wave form is shown in
Fig. 36. The direct-current surges are shown below the
wave-form picture.

Note. 'The lines shown are not scen on the osciilograph
as ordinarily connected.  The alternating-current-com-
ponent wave shape appears above and below the zero line
like an alternating current. When a direct current is
connected to the oscillograph terminals, the green line
on the screen jumps sharply upward, then returns to a
straight line as the direct current charges a condenser
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in the oscillograph. The sharp upward motion of the
line is seen as the condenser charges.

The whole curve form is drawn above the time line since
the current flow in this circuit is assumed to be in a positive
direction. We know now that this is a direct current.  We
call this type of current flow the alternating-current com-
ponent of a direct current.

+

_—
Steadly flow

F16. 87. A pure direct current.

An alternating-current component of a direct current i
drawn as a direct-current wave which looks and acts like
an alternating-current wave.

Pure Direct Current. Now, we can readily understand
what the wave picture of a pure direct current would be.
Dry batteries, storage batteries, B batteries, and the
filtered output from power packs deliver a current in
which the strength remains the same and in which the flow
is always in the same direction.

The picture of a pure direct current is shown in Fig. 37,
as a straight line that remains the same distance from the
zero line,
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Questions

1. Is the motion of electrons in one pulsation of a pulsating direct.
current any different from the motion of electrons in one pulsation of
an alternating current?

2. Is anything happening in the wire hetween pulsations of a pulsating
direct current?

3. State in your own words the meaning of the term pulsating direct
current. Does the electron flow in a pulsating direct current change
direction?

4. Doces the flow of clectrons ever stop in a direct current which
has an alternating-current component ?

5. Is it ever correct to draw the alternating-current component so
that the bottoms of the curves toueh the time line? Try drawing it.

6. Does the quantity of clectrons ever increase or decrcase when a
pure direct current is flowing through a wire ?

7. Isit possible to picture a pure direct current cither above or below
the time line? Do you draw both a plus and a minus direct current
above the time line?

8. Can the curve representing a pure direct current ever cross the
time line?

Technical Terms

alternating-current csmponent—A direct current which acts like an
alternating current.  The current strength increases and decreases,
making the wave picture look like that of an alternating current,
vet electrons flow in only one direction.

alternation—An clectron surge in one direction: half of an alternating-
current cyele,

amplitude—The strength of a current is called its amplitude. Ampli-
tude is shown by the distance of the current loop above or helow
the time line.

audio transformer—A small transformer used to couple receiving
detector and amplifier circuits.

current loops—The curved line which shows how the strength of the
current surge grows and then dies away.

cycle—Two alternations, which make one complete clectron-surge
round trip.

clectrons—The negatively charged particles in an atom. :

frequency—The number of clectron round trips that occur each second.
The frequency of the house lighting current is 60 cyeles.
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intensity—A control which increases or decreases the brilliance of the
line on the oscillograph sereen.

kilocycle—1000 cycles.

meter—A little over a yard (about 393 inches).  The length of radio
waves is measured in meters.

negative loops—Loops drawn below the time line.

oscillograph—An instriment that uses a cathode-ray tube to make
visible the flow of current in clectrical circuits.

positive loops—Loops above the time line are called positive.  Loops
below the time line are called negative.

pulsating direct current—A\ direct current flowing in one direction
in regular pulses. Between pulses no current flows. A pulsating
direct current may be thought cf as half of an alternating current,
the other half having been stopped by a rectifier.

pulsation—The surge or rush of clectrons in one direction during an
alternation of an alternating current.

sine wave—A curve of the form ~~~ is known in mathematics as a
sine curve,

60-cycle alternating current—An alternating current that changes
dircction 120 times a second or 60 cycles a second.

surges—\ disturbance of the clectrons in an atom. This disturbance
affects ncarby atoms. The effect or surge travels rapidly along a
wire or other conductor. The electrons may move only a fraction
of an inch. but at extremely high speed, while the surge travels
along the wire at the speed of light.

tungar bulb—A commercial form of vacuum tube used to reetify an
alternating current for charging storage batteries.

wave-form picture—\ diagram showing changes of direct and alter-
nating current flow. A line used to show the action of the current.



CHAPTER 111
PRINCIPLES OF THE VACUUM TUBE

The tests and experiments in this chapter are made with
an carly type of three-clement direct-current vacuum tube
which is simple for the student to use while he learns the
theory and actions of the electron tube.  If no type 01.A
tubes are available, other direct current tubes of similar
characteristics may be used. 'The theory and the opera-
tion of these tubes is the same.

Tube History and Construction. Ouly cnough history
is presented to familiarize the student with the develop-
ment of the vacuum tube. Its internal appearance and
construction are studied by breaking up burned out tubes.
Get some discarded tubes from the local radio store.
Break off the glass. Examine their construction thor-
oughly.  Cut the different clements off with nippers and
examine the metal of cach.  Diginto the tube base.  Learn
about the parts of as many different makes of tubes as you
‘an obtain.  Knowing the construction of the tube helps to
explain its operation.

Electron Flow in a Vacuum Tube. We shall run tests
with the three-element tube to show how a current of
cleetricity may be made to flow through a vacwun.  This
makes it necessary to study electrons again and to learn new
facts about them especially their action in a vacuum.
After this, we shall study the effect of the grid on the flow of
clectrons and learn how the grid can control the action of
the tube.

The amplifying effect of the tube will be studied in
Chapter V when the audio-frequency amplifier is studied.

55
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Tube Tests. We shall learn a simple form of the
standard methods used in laboratories for running tube tests
and keeping records of each test. After the test has been
performed, we shall learn to gather up what we have found in
the tests and to show our conclusions in the form of a

" e o

|

Courtesy Lee De Forest Laboratories
Lee DE Forest
He added the grid to the vacuum tube and made possible modern broadcasting.

graph, or curve, which tells certain things about the tube.
We shall learn how to read these curves as well as how to
make them. Curves show the action of the electrons
flowing through particular kinds of tubes under different
conditions of operation.

Electrical Principles. At the end of the chapter, in parts
6 to 9, are grouped the explanations of the electrical princi-
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ples used in explanations of the vacuum tube and its action.
There are many suggested experiments you may perform to
give more meaning to the explanations. Or you may find
it more convenient simply to read the explanations.

As you study radio circuits, you are constantly dealing
with the surge and flow of clectrons. You will find the

974}

Courtesy Lee De Forest Labomlar:"u.
TweENTY YEars oF Vacrvsm TuvBe DEVELOPMENT
As the tube developed, it became more rugged and more effieient.
radio information much clearer if you understand the
way direct and alternating currents act under standard
conditions.

This action of electrons in radio eircuits follows laws well
known to electrical engincers. We have selected the
clectrical facts and principles you should know in order to
gain a working knowledge of radio from this chapter.
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Conrtesy Pacific Telephone and Telegraph Co.
Vacvum Tves USEp 1N TRANSPACIFIC RADIOTELEPHONE TRANSMISSION
The tubes shown in this picture are used in Dixon, California, at the sending

station which communicates with points such as Nazaki, Komuro, and Tokio.

The girl is holding a 10,000-watt water-cooled output amplifier tube and a

75-watt harmonic generator.  Lying on the table in the foreground are, left to

right, 250-watt radio-frequency stage: 250-watt-nudio-frequency stage: 3-watt

crystal oscillator: 10-watt crystal amplifier; 50-watt speech amplifier; 10,000-

watt reetifier tube, used in 10,000-volt wuter-cooled six-phase reetifier,
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Refer to this eleetrical information as you need it while
vou are studying the radio part of the chapteny  Take time
to set up and work the experiments suggested here. You
will understand the principle more clearly by working the
experiment than by reading about it.

Contents of This Chapter

1. New Symbols Used in this Chapter

2. The History and Development of the Early Dircet-current Tubes
3. Electron Flow Through a Vacuum Tube

4. The Filament-cmission Curve

5. The Purpose of the Grid in a Vacuum Tube

6. Amperage and Voltage

Voltmeters and Ammeters

Resistance

. Series and Parallel

~?

s

1. NEW SYMBOLS USED IN THIS CHAPTER

These symbols are illustrated in Fig. 88 (pages 60-61).

vacuum tube—The symbol for a threc-element tube such as
the type O1A is shown at the top of Fig. 88. The
shapes of the grid, filament, and plate used in the
symbol are roughly those of these parts in the tube.

meters—A meter is drawn as a cirele inside of which is a
letter to show the kind of meter.  The milliammeter is
lettered M.1. The voltmeter is indicated by 1. An
ammeter would be shown by an 4. Numbers and
initials are sometimes shown under the symbols to
tell the meter range and whether the meter is used
on alternating current or direct current.

rheostat—The rheostat or adjustable resistor is shown by
zigzag straight lines with an arrow. .\ resistor whose
resistance may not be changed or adjusted has no
arrow.
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PICTURE SYMBOL

‘\ Vacuum tube

Milliommeter

Vo ltmeter

Ammeter

Rheostat

Yoo

Test points

Fic. 88. Symbols used in Chapter 111.
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61

PICTURE SYMBOL

— +
A Battery —1|||IM—

B Battery Llllllllllll\lllllllllll‘—i—

@ Binding posts ©c ©

Headphones

Fia. 38 (~on’inued). Symbols used in Chapter UL
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test points—Test points are much used for testing circuits
and apparatus where only a good touch conneetion is
needed. The connecting wire runs through the insu-
lating handle to a sharp needle point that is pushed
into the metal or the binding post to make a temporary
yet satisfactory contact.

batteries—The A battery is either a G-volt storage battery
or several dry cells in series.  The B battery is a block
battery of 435 volts. A power supply may be used
instead.

binding posts—.\ screw or spring attachment on a picce of
apparatus to which connecting wires are attached.

phone receivers, headphones—A pair of telephone receivers
or headphones; phones attached to a spring headband
which holds the phones on the head, thus leaving the
hands free,

2. THE HISTORY AND DEVELOPMENT OF THE EARLY
DIRECT-CURRENT TUBES

Tubes Used in Early Broadcast Sets

The Type 01A—a Good All-around Tube. The type
UV 01A tube was once widely used as a general purpose
tube (sce Fig. 89). It was also used as a detector and as an
amplifier tube.  The type 01A filament used 3 volts and
1 ampere of current. A storage battery was needed for
its operation. Charging storage batteries was quite an
expense, since the operation of the set depended upon
having the correet battery voltage. The low filament
current used by these tubes made for economy of batteries,

Early Direct-current Power Tubes. The demand for
greater volume of signals caused the development of the
type 7T1A tubes that were used in the last stages of the audio
amplifier. A large increase in the volume of the signals
could be had by using these tubes 1o amplify them before
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delivering them to the speaker.  The type 71A was used
to supply amplification to operate the speaker. If enough
power was put on the type 01\ tube to get the same
volume, the music was unpleasant. This effect was called
distortion and was caused by the type 01A tube being
loaded beyond its working capacity.

These tubes are in use in only the older sets at the present
time, but we shall study them since their
construetion is simple.  Their operation is
casy to understand, and the circuits in
which they are used are convenient to wire.

The Construction of Direct-current Tubes

Secure a half dozen or so type 01\ and
tvpe 71\ tubes from a local radio store or
from discarded sets.  We shall study
these tubes first by examining their
construetion,

The Glass Bulb. Break off the glass
bulb, and try to rub off the silver coating
on the inside of the glass. The bulbs in
carly tubes were of a soda glass, used since
it was quite common in clectric lamps.
This glass did not prove satisfactory
because it broke easily, and later tubes were made of a better
quality glass.

Cut off the tube elements with nippers or a pair of tin
suips.

The Tube Base. Now, examine the tube base.  Molded
bakelite, which is a good insulator is used for the tube
bases.  The four prongs are of different sizes and arve
molded into the tube base (see Fig. 40). The two small
prongs are connected to the grid and plate respectively.
The glass bulb is cemented into the tube base.  Wires from

Fig. 39. An early
tube,
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the eclements pass through the hollow prongs and are
fastened at their lower ends with a drop of solder. Wiping
contact is made on the sides of the prongs by contact
springs in the sockets. Poor contact between the spring
and the tube-base prong causes much noise in the signal.
The wiping contact cleans both the springs
and the prongs as the tube is put into the
socket.

The Tube Parts or Elements

Triodes or Three-element Tubes. Each
of the tubes that we are studying, the type
01A and the type 71A has three parts or
clements sealed in a glass bulb (see Fig. 41).
These tubes are known as three-element
tubes or as triodes. What are the three
clementsorelectrodes? ThereisaV-shaped
Silament, a grid of light wire surrounding the
filament, and a solid metal plate which
surrounds both the grid and the filament.

O Kinds of Filaments. The Type 01 Fila-
© ments—Pure Tungsten. Theearly filaments
o O were made of tungsten. The filament is

used only as a source to supply electrons.
The tungsten filament which was first used
gave off electrons only at a brilliant white heat, used much
current, and was short lived. These tubes were called the
UX01 series. They were replaced by the UX 01A series.

The 01.4 Filaments—Thoriated Tungsten. Later a tube
was developed with a filament which threw off a good
supply of electrons at a lower temperature. IHow Dr.
Langmuir of the General Electric Company discovered this,
quite by accident, is one of the romantie stories of science.
A filament. supposed to be of pure tungsten, had apparently

1. 40.  Tube base.
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been spoiled, since it contained traces of thorium. In test-
ing this tube Langmuir found to his amazement that a
very high clectron emission oceurred at much lower temper-
atures than in the old-type tubes.

He knew, of course, that the tungsten filament had to
be operated at white heat in order to produce a sufficient

Plate . N
~-Grid-fine wire
Filarment- - _ _ _
VWARKS
~\)- o 7
Supports ———-=" L[ - Glass stemn
q _}—~ 7
l __--Cement
Base seq/ ————~"" U
=] ' -~ --Tube base
| 1
Contact prongs --—--

Fig. 41.  Tube elements.

supply of clectrons. e found that the thoriated filament
would supply more electrons at a dull red heat. At the
same temperatures, a thoriated filament gives off hundreds
of times as many clectrons as tungsten. This means a
great saving in the current demand on the .\ battery
This in turn means that batteries last longer and that they
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will run longer between chargings, two very desirable
improvements for the many users of direct-current sets.
S0 the thoriated tungsten filament was used, sinee it
operated at a lower temperature, a bright yellow heat, and
gave off more electrons than the pure tungsten filament.
Tubes that use the thoriated filaments include the types
01\ and 7T1A.

Oxide-coated Filaments. At the present time many tubes
are made with some form of thorium-coated filaments.  In
rural districts not supplied with electric power, receivers
are cquipped with modern and more efficient forms of the
carly direct-current tube. These tubes have a very low
current drain, and permit the use of dry cells for A power.

We know that if too low a filament voltage is used,
especially with a high B voltage, the filament must supply
too many electrons and it wears out rapidly. The B plate
voltage tends to force electrons out of the filament.  \When
we study transmitters later in the book, we shall find that
sparks may be scen in a tube as the electrons are pulled off
the oxide-coated filament by too high a plate voltage.

The tube manufacturer recommends a certain filament
and plate voltage which has been found by extended tests
to be best for this particular tube.  When either the A- or
B-battery voltage drops, the action of the set will become
poor.

The Grid and Plate. 'The grid is a spiral coil of fine wire
surrounding the filament: it is supported by wires fastened
in the glass stem.  The plate is a round or rectangular
tube, formed cither of a fine mesh or of sheet metal, sur-
rounding both the grid and filament. The metal used in
the grid and plate is molybdenum, nickel, or tungsten,
sometimes coated with chromium or magnesium oxide to fill
the pores of the metal and keep out air during manufacture.
These coatings also act as getters to absorb any free gases
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boiled out of the metal or glass during the operation of the
tube.

Questions

1. What was a cause for distortion in type 01 A tubes?
2. For what eould the type 01\ tube be used?
3. What was the main purpose of the type 7T1A tube?
4. What cffect does poor contact between the prongs and the
sockets have upon the operation of a set?
6. Where is the filament placed in a three-clement tube?
6. Which clement is placed around the filament and next to it?
7. Which element is placed around the other two elements?
8. What is the shape of the grid?
9. What is the shape of the plate?
10. What two kinds of material were used in the filaments of the
type 01\ series tubes?
11. What are some advantages of the material used in the filaments
of type 01\ tubes?

Removing the Air from the Tube

No Gas May Remain in the Tube. The operation of
the tube depends upon a very high degree of vacuum and
upon this degree of vacuum remaining
unchanged. If any air or gas remains in the
tube, its operation becomes so poor that the
tube must be discarded. (as may some-
times be noticed in the power tubes by a
purplish glow around the clements.  This
glow results from ionization of the air
molecules by the cleetrons thrown off from  Fre. 2. Now gases
the filament. are removed.

How Air Is Removed. 'The early method of exhausting
or removing the air from a tube was by means of a mercury
suction pump. When the tube was exhausted to the
highest degree possible, it was scaled at the tip. The
casily broken tip seal was soon discarded for a safer base
seal (see Fig. 42).  Any air enclosed in the glass or adhering
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to the surface of the metal elements of the tube was driven
off gradually by the heat of the filament. This caused the
tube to become gassy and faulty in its operation.

The Action of the Getter. Tn modern practice, after the
tube is exhausted and sealed, the remaining air is driven off
hy placing the tube in a high-frequency furnace, consisting
of coils of wire carrying a high-frequency alternating
current.  All remaining air is driven off the surface of the
tube clements by the heat generated in the metal while it
is in the field of the coils. At the end of the heating or
degassing process, the heat is increased enough to ignite or
flash a getter: this is a small quantity of magnesium in a
small metal cup attached to the grid or plate supports.
The magnesium, in burning, takes up all the remaining air
in the tube and deposits a silverlike coating on the inside
of the glass.

Questions

1. How do gassy power tubes appear in operation ?
2. What steps arc used by mannfacturers in removing gases from
radio tubes?

3. ELECTRON FLOW THROUGH A VACUUM TUBE

In this part of Chapter TIT we shall begin the study of the
action of clectrons in a vacuum tube. Modern radio theory
and practice is based on this principle, which we are now
taking up. You will need a clear and vivid understanding
of the ways and habits of the electrons under different
conditions in order to operate the sets you will study later
in the book. '

We shall now learn more about the strength of the
currents flowing through the tube.  We shall learn how to
operate the tube to get the best results from our circuit.
We shall learn under what conditions the electron current
will flow.
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Then we shall draw a graph or curve which will show the
number of electrons that flow through the tube under
normal operating conditions.

How to Build and Wire the Set

The Parts Needed for this Test. 7/he Tube. Use a type
01\ direct-current tube for this test.  If it will not give a

G QCP
o po OF . Rheostat 'l
l _fl 0 %030 ohms
? — 1 0-10 O.C.

A B
- +O—d -0- +0—

Fig. 43.  Board layout for electron-flow tests,

h
0-10 Q@
D.C.
A=Al
6 volts 222 volts

Fia. 44. Circuit diagram for clectron-flow tests.

good reading on the meter you have, substitute a type 71A
tube. Any of these tubes will fit in the four-prong tube
socket.

The Socket. Use any four-prong tube socket. The
various forms of molded sockets are easier to mount than a
wafer socket, but the wafer will work satisfactorily.
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The Rheostat.  Use a rheostat that has a resistance of
from 0 to 30 ohms.

The Meter. Use a direct-current milliammeter with a
range of from 0 to 10 milliamperes.

The Position of the Parts.  Mount the parts on a board,
as shown in Fig. 43. .\ convenient size for this baseboard
is 9% inches by 12 inches, since sufficient space is available
so that the wiring will not be erowded. When the parts
are well spaced, the wiring of the cir-
cuit is plain and is easier to under-
stand. You will notice that the parts
are arranged so the wiring looks like
the circuit diagram shown in Fig. 44.

Mount the rheostat on a bracket
made from a heavy piece of aluminuin
or brass. The binding posts at the left
end of the board, marked G and A nega-

6 volts tive are used in later experiments.
Fig. 45. Filament cir- How to Wire the Parts. The File-
cuit.

ment Circuit. The filament circuit
consists of the tube filament, some kind of battery for heat-
ing the filament, and a rheostat which controls the battery
voltage across the filament (see Fig. 43).  The rheostat can
be uscd as an on-and-off switch.  The battery, the rheostat,
and the filament are connected in series, as shown in Fig. 45.

When you have finished, check the wiring of the board
with the sketch of the board layout.

The Plate Cirenit. The plate eircuit includes the fila-
ment, the plate, the meter, and the B battery (see Fig. 46).

Run a wire from the P’ post of the tube socket to the
milliammeter. Connect a wire from the positive terminal
of the meter to the positive 22%-volt connector on the B
battery. Use either a B battery or a B eliminator for B
power. A\ better curve will be obtained from a B battery
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sinee the voltage does not change.  The eliminator voltage
will drop as the filament heat is increased.

B ecliminators may be used by adjusting the voltage
before taking each read-
ing. Conneet a direct-
current 0-30 voltmeter
across the B positive and
the B negative terminals 0-10 @A\
of the B eliminator. Set
the B voltage at 22}
before taking each read-
ing of the milliammeter

for each change of fila- —ii |'I|||I'I'||||M_

Fic. 46.  Plate circuit.

ment voltage.

Be Careful with Your Meters. Conneet the voltmeter
in parallel across the two F socket terminals. Tap wires
to the meter connections to test polarity and to sce if
the right size of meter is being used. If the hand swings
backward, the conneccting wires must be reversed. If
the hand swings violently across the scale, a meter with a
higher range must be used. Cheap meters may be used for
this test. Better meters must be used if highly accurate
resnlts are wanted.

Questions

1. How should the voltmeter be connected for this experiment ?

2. How do you test to see if the conneetions to a meter are correct ?

3. What is the advantage of B hatteries over B eliminators for the
tube-test experiments?

How to Operate the Test

Test 1. The Electron Flow with the Filament Cold.
How to Run the Test. 'Turn the rheostat so the arm is off
the resistance wire. This turns off the filament-heating
current. :
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Plug the type 01\ tube in the socket. The B battery is
on when the tube is plugged into the socket.

Does the milliammeter hand move?

Why It Works. Why does the milliammeter hawd not
move?  Read part 7 of this chapter on meters.

You learn in Part 7 that a current must flow through the
coils of the meter to make the hand move.  The hand of this
milliammeter does not move because no current flows
through the meter.

Why does no current flow through this eircuit?

This test shows that even with the strong B battery onno
clectrons flow through the circuit. Why is this?

When the A battery is off, the filament is cold. The
purpose of the A battery is only to heat the filament.  Cold
metals do not give off electrons under these conditions.
Therefore, no current flows through the tube.

Test 2. The Electron Flow with the Filament Hot.

How to Run the Test. Turn the rheostat arm to about
two-thirds full on. The current from the A battery now
flows through the filainent. What happens?

Notice that the filament heat increases as the voltage
from the A battery is increased by moving the rheostat
arm. How can you tell that the heat of the filament
increases?

Watch the milliammeter hand as you change the filament
heat. What does the meter hand do as the filament heat
increases ?

Why It Works. 'The filament lights or glows when a
current from the A battery flows through it. We can tell
how hot the filament is from the intensity of the glow. As’
the voltage across the filament is increased by moving the
theostat arm, the heat of the filament increases.

As the heat of the filament increases, the meter hand
moves farther over the scale, showing that more current is
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flowing through the circnit.  Where does the current come
from?

The filament gives off electrons when heated. 1t gives
off more electrons as its heat increases. A flow of clectrons
Is called an electric current, so the filament is the source of
the electrons causing the meter hand to move.

But how do the electrons get from the filament to the
meter?

Test 3. The Electron Flow with the Plate Positive.
How to Run the Test. 'There is no change in the wiring of
the board. 'The plate of the tube is connected to the posi-
tive side of the B battery throngh the meter.

Move the rheostat arm and watch the meter hand.
What happens?

Why It Works. 'The meter hand moves farther as the fila-
ment voltage is increased, as it did in Test 2 for a hot fila-
ment. We know that the filament gives off eleetrons when
heated. We also know that the clectrons are negative.

Now the B battery acts as an electrie pump and pulls the
clectrons from the plate. When there are not enough
clectrons on the surface, we say it is positive. Unlike
charges attract, so the positive plate, which wants clectrons,
attracts the electrons thrown off by the hot filament.

The electrons reaching the plate flow through the meter
to the BB battery. causing the meter hand to move. The
clectrons are returned by the B battery to the filament
through the plate return wire.

Test 4. The Electron Flow with the Plate Negative.
How to Run the Test.  Turn off the tube filament.

Reverse the two wires in the plate cirenit connected to the
B battery. The negative terminal is now connected to the
plate.

Read the plate milliammeter with the filament cold.  Isa
plate current flowing?
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Heat the filament gradually and again read the milliam-
meter. Does the meter hand move? Do electrons flow
from the plate to the filament?

" Why It Works. 'There is no meter reading either with the
filament cold or hot. No electrons flow through the tube
either time.  Why is this so?

We expeet no meter reading with a cold filament. No
cleetrons are attracted to the plate.

Perhaps we expect a meter reading when the filament is
heated.  But there should be no reading because the plate
is now negative. :

The plate is negative because it has too many electrons.
The electrons on the plate repel the electrons in the space
charge around the filament. No current will flow under
these conditions.

The current will not flow from the plate to the filament
beeause no electrons are thrown off the cold plate.

Now Summarize the Tube Action.  Let us now collect the
facts we have just learned about the action of the tube in
a brief summary.

1. A cold filament will not throw off clectrons and a hot
filament will,

2. Electrons will flow from the filament to the plate only
when the plate is positive and the filament is hot.

8. The plate is made positive by the action of the B
battery in “pumping ” off the eleetrons.

4. Electrons will flow through the tube in only one
direction.

4. THE FILAMENT-EMISSION CURVE
How to Wire the Apparatus

Wire the Filament Circuit First. The board layout is
the same as that shown in Fig. 43, Add a direct-current
0-10 voltmeter as shown in Fig. 47.
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Connect the negative post of the 6-volt .\ storage battery
1o one F post of the tube socket.

Conneet a 30-ohm rheostat lo the positive post of the A
hattery.

Run a wire from the other
connection of the rheostat
to the other F post of the
tube socket.

Connect the voltmeter
across the two F terminals
of the tube socket to read

0-/0 D.C.
the voltage drop across the _
filament. - i||||}+ ' {Illlllllllllllllp—
Tubes to Use. Use a 6 volts 224 volfs
type 01A tube. Fia. 47.  Cireuit diagram for filament-

emission tests,

B Power. Use either
several blocks of B batteries, a B eliminator, or a power-
supply unit.

6 volts

B Eliminator
Fig. 48. Filament-emission test circuit with B eliminator.

Caution! B Eliminator Ioltages Change. The voltage
of many B climinators drops as the load caused by increas-
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ing the filament voltage becomes larger. More electrons
from the filament put a greater load on the source of B
power.

Connect a direct-current 0-250 voltmeter across the
terminals of the B eliminator.  Adjust the B voltage each
time you change the filament voltage before you take the
meter reading (see Fig. 48).

No meter is needed if a B battery is used. The voltage
of a B battery does not change as the load changes. Test
the A voltage before each reading.

How to Operate It

Draw a Record-sheet Form. Figure 49 shows a sample
of the record-sheet form. It is a place to write down the
plate current which is read on the

22} Volts milliammeter for each change in
Filament | Plate filament voltage as you run this test.
V%”S Milliomperes| |, e readings are used later in pre-
5 paring a characteristic curve for the
1 tube being tested. Prepare a form
U5 like the one shown before running
g% the test.
3, The plate voltage is not changed
zi in this test. Write the B voltage
43 used above the top of the two col-
g% umns. This is done because you
6 may want to make several tests

Fic. 39, with different B voltages.
NowRunthe Tests. Step1. Set

the filament voltage to zero.

First, turn the rheostat to the off position. The filament
voltmeter should read 0 volts.

Second, read the milliammeter. Write the reading in
the Plate Milliamperes column opposite the zero filament
voltage.
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Step 2. Set the filament voltage to § volt.

First, adjust the filament rheostat until the meter reads
% volt.

Second, read the milliammeter. Write down the plate
current flowing in the Plate Milliamperes column.

Step 3.  For the other filament-voltage readings, continue
as in Step 2. Increase the filament voltage ¥ volt for each
test. Write the milliamperes of current flowing in the
plate circuit for each voltage increase.

You may get no current readings in the milliammeter for
the first two or three settings of filament voltage. There
probably is a very small amount of current flowing, but it is
not great enough to operate an inexpensive meter. A
sensitive meter would give a reading. You should get
plate-current readings for settings of over 1 volt on the
filament.

When you complete this test, step up the B voltage from
221 to 45, 673, 90, 185, and 180 volts. Run a test for each
voltage. The results will be interesting and will furnish
information for several curves. The same tests may be
made with the type 71A tubes. Compare their results
with those for the type 01A tube.

Graphs or Curves—What They Are and How to Draw Them

What a Curve Is and What It Shows. It is hard to
describe in words what has been happening in the tube
during the test we have just completed. Some other method
to show the action is helpful. The standard method in
radio testing, as well as in engineering analysis, is to use a
graph, or curve. An old Chinese proverb has it that *a
picture tells more than a thousand words.” We shall find
that the curve does just this.

You will recall in the filament-emission test that only two
things were allowed to change. When the filament voltage
was changed. the plate current changed.  Everything else
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was carefully watched to keep any other changes from
occurring. The curve will show this resulting plate current
change.

How to Draw a Curve. Step 1. Draw the base lines.
Draw the curve on a piece of cross-section paper (10 squares

60 v ) T |
Fila- |Plate Current in Milliamperes B-135 volts
e for Various B Voltages .
Volts | 225v.] 45v. [675v. [ 135w,
1.0 0.0 0.0 0.0 0.0
1.5 0.0 0.0 0.0 0.0 |
501 20 | 025 | 0.25| 025| 050 |
2.5 2.50 2.50 4.00 3.50
3.0 7.00 7.00 | 10.00 | 11.25
3.5 7.50 | 15.00 | 20.00 | 30.50
4.0 7.50 15.60 | 24.00 | 47.50
o 4.5 750 | 15.60 | 24.50 | 52.50
® ol 50 [ 750 | 1575 | 24.85 | 56125 | [
o 5.5 7.50 15.75 | 24.00 | 57.50
g— 6.0 750 | 15.75 | 23.00 | 57.50
44 ] I T
=
*E- 30} — f {
8 I
5 B-67.5 volts
)
L
320 —_
¢ ’ 8- 45 volts |
—
10— i - 8-22.5 volts <'
0 \\ i L 1 J
NG 1 2 3 4 5] 6
. Base lne Filament Voltage

Fia. 50.  Sample eurves of filament emission for type O1A tube.

¢o the inch).  Praw a heavy base line ncar the bottom of
the sheet (see Fig. 50). Measure the changes in filament
voltage on this base line. Mark off the line in equal divi-
sions.  Number each division below the line, one division
for cach volt,
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Draw the other base line upward from the zero mark on
the filament-voltage base line. Measure the changes in
plate current on this base line. Mark it off also into equal
divisions, starting at the lower end of the line for zero
current. Use one division for each milliampere of current.

The number of squares for 1 volt may be different from
the number used for 1 milliampere,

Step 2. Locate points for the curve.  We now use the
numbers we kept on the record sheets (Fig. 49).  Reading
the sheet, we see that for zero filament voltage, no plate
current was flowing. Make a heavy dot at zero-zero at the
corner where the base lines met.

At § volt and also at 1 volt on the filament, still no plate
current flowed. Make a heavy dot at 1 on the voltage
base line.

At 13 volts there was a slight movement of the meter
needle.  Make a dot just above the base line at 13.

At 2 volts the current was §{ milliampere. Make a
heavy dot as high above the base line as ¥ milliampere is
on the current base line,

At 23 volts the current was 23 milliamperes. Make the
heavy dot 2% squares above the 24-volt mark.

Repeat this process for every reading shown on the record
sheet.

The curves shown in Fig. 50 are samples prepared by the
authors from a test run on an old type 01\ tube. The
reader should run a test on his own tubes, then plot curves
for each tube.

Step 3. Now draw the curve. First sketch a light line
connecting the heavy dots together in a smooth curve.
There should be no uneven bumps in this line if the test
was run carefully and if the curve was drawn as directed.
After the curve has been checked over and found to be
correct, it should he drawn in heavier.  If several curves
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are drawn, as shown in Fig. 50, the plate voltage should he
lettered near each curve.

Questions

1. What were the two varying quantities in the filament-emission
tests?

2. What quantity is represented on the horizontal base line of the
graph?

3. Does a movement to the right on the base line indicate an increase
in filament voltage or in plate current?

4. What quantity is represented on the vertical base line?

5. Does a movement up this line indicate an increase in filament
voltage or in plate current?

6. In Fig. 50 why did we draw the curve so as to miss several dots?

The Story Told by the Filament-emission Curve

How Is the Curve Read? 'There are several things to
look for when you wish to read the story told by this curve.
The steepness means something; where the curve starts
and where it stops are important; how high it rises and
what it does at the top of the rise are important. Now,
how may we interpret these things?

The Steepness of the Curve. The steepness of the curve
tells the ease with which the filament may be caused to
give off electrons. It would be better to call the filament-
voltage base line a filament-heat line, for we increase the
voltage only to increase the heat of the filament and so to
drive off more cleetrons.  There is no easy way to measure
the filament heat, so we measure instead the voltage across
the ends of the filament. This will do, because the heat
increases as the voltage gets higher. A steep curve shows
that we only nced to increase the filament heat a part of a
volt to get, say, an increase of 10 milliamperes of plate
current. A flat curve means that we may have to increase
the heat by more than a volt to get the same amount of
plate-current inerease. The tube with a steep curve is a
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better electron emitter. It will use less A-battery power
and will be cheaper to operate. .

Saturation—the Top of the Curve. We know that the
hotter the filament gets the more eleetrons are thrown off.
This is shown by a rising curve. But we notice that the
curve stops rising and runs parallel to the voltage base
line at from 4 to 5 volts. 'This means that even when the
filament temperature is raised by increasing the voltage
we get no more clectrons through the tube and through
the meter.  The tube has reached its saturation point. The
sharp bend at the saturation point is called the knce of the
curve. There is also a knee at the lower end of the curve.

At the saturation point the filament is emitting electrons
faster than the pull of the positive plate can take them
away. The electrons crowd around the filament. Some
of the electrons that have been forced off return to the
filament, since the plate voltage is too weak to draw the
whole supply of electrons to the plate. There is a certain
saturation point for each plate voltage and filament heat.

The Space Charge. When the filament is heated, clee-
trons boil off its surface, instantly forming an invisible
clectron cloud around the wire. This clectron cloud is
called the space charge. These eleetrons dart about inside
the tube at a speed of many miles a seccond.  Some elee-
trons strike other electrons, then fall back to the filament,
which is negative. Others fly farther away from the
filament.  The number of clectrons in the space charge
depends on the heat of the filament. A hot filament
throws off more electrons than one which is cooler. When
the clectrons are being drawn from the space charge by
the positive plate, other electrons must come from the
filament to the space charge to replace those that have
been taken away. Few clectrons return to the filament
under this condition.
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At the time the tube was made, an eflicient type of
vacuum pump removed as much air as possible.  When
tubes were being developed, it was soon discovered that
any tube in which some gas or air was left by the then
imperfect vacuum pumps was very uneven in its action.
A high degree of vacuum is necessary in the vacuum tube
for good operation. If any air is left in the tube, electrons
leaving the filament bump into the air molecules, and the
operation of the tube is poor. The electrons bhoiled off
the filament must not be hindered as they fly about inside
the tube. Moreover, the oxygen in air would combine
with the hot filament and would rapidly burn it in two.

The Effect of Higher Plate Voltages. If you increasc
the voltage on the plate, the plate is more positive and so
has a stronger attraction for the electrons in the space
charge and for those given off by the filament. Fewer
electrons return to the filament, and the space charge is
lessened. Fewer electrons wander around in the space
between the filament and the plate. The result is that more
electrons reach the plate and flow through the plate circuit.
A higher plate-current reading is indicated on the meter.

The saturation point is raised, and the curve rises higher
before flattening out beyond the saturation point. With
higher plate voltages the curve is steeper due to the greater
pulling power of the plate.

How Can We Use These Facts on Our Set? We would
not use a tube with a very flat characteristic curve. It
would use far too much A-battery power for its operation.
We would look for a tube with a steeper curve and a higher
saturation point. This curve would give us louder and
better signals for the amount of storage-battery charge it
used up.

The curve shows that in using the tube tested we should

-

set the filament rheostat at from 4 to 5 volts. Tt should
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be set at the filament voltage where the saturation begins.
If we had a new tube, we would set this voltage at the
-alue recommended by the tube manufacturer.

Questions

1. What does the sicep part of the curve indicate abonut the electron
emitting power of a tube?

2. What does a flat curve tell you?

3. What is the meaning of the term saturation point?

4. After a given number of volts have been put on the filament.
is there any advantage in turning on more volts?

6. What is a space charge?

6. What determines the number of electrons in the space charge?

7. What two harmful effects do traces of air in a tube have upon
the action of the tube?

8. What cffect does an increase in plate voltage have upon the space
charge?

9. What is meant by the expression the knee of the curve?

10. What use can be made of a filament-emission curve in the opera-

tion of a radio set?

6. THE PURPOSE OF THE GRID IN A VACUUM TUBE

The Purpose of This Test. So far we have not used the
third clement, the grid, in any way. The grid did not
affect the results of the filament-emission tests because
nothing was connected to it. But the grid can change the
flow of electrons from the filament to the plate. It can
increase the flow, or it can entirely shut off the flow.

In this test we shall learn how the grid can have such a
powerful influence on the plate current.  We shall use a
battery of flashlight cells to force electrons on the grid or
to draw electrons off the grid while we study the resulting
effects on the plate current.

This test is run to secure data for drawing a curve which
gives us a sort of slow-motion picture of what occurs in
the tube when an alternating current makes the grid nega-
tive and positive.
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Then we will see how use is made of this curve in studying
the action of a tube when connected in a radio circuit.

The Board Layout

Use the same circuit board that was used in parts 3 and 4.
You will need a direct-current 0-10 voltmeter for reading

/ Test point
\ G
10 ,,
A- F 3
I‘_J“I g o-lo
= oc.
0-00c Mo oBo-
6 vo/ts See fext
for vo/tage
FiG. 51.  Board layout for grid tests.
MA
C-bc;ffery,
177 [*]
38 volts 0-7100.C.
i
Hi—— SR —
6-volts Jee fex?
A bottery for voltage

I16. 52. Circuit diagram for grid tests.

filament voltage and a direct-current 0-150 voltmeter for
B voltage readings (sce Fig. 51).

Connect the 0-10 voltmeter as in Fig. 51.  See that the
positive side of the meter is connected to the positive board
terminal, or the meter will redd backwards. :
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There is no change in the filament eircuit on the board.

Wire the Plate Circuit. Connect the 0-150 voltmeter to
the B positive and the B negative binding posts on the
hascboard only if a B climinator is used (see Fig. 52).  No
voltmeter is needed if B batteries are used.

Check to sce that the B positive wire is connected to the
positive post.

Wire the Grid Circuit. Attach the end of the wire from
a test point to the grid post of the tube socket.

Connect a wire from the F negative post to the negative
end of the C or bias battery. It may be necessary to
leave this wire disconnected to take the zero reading.

The C or Grid-bias Battery. Connect enough dry cells,
flashlight cells, or storage cells in series to make a 20-volt
battery. If convenient, wire up cnough cells to produce
30 volts.

Place this battery near the circuit board so the test
point can be handled casily when running the test.

Check over the Circuit. Check the board wiring to see
that it is the same as shown in the circuit diagram in Fig. 52.

Gio over the connections to sce that none are loose or
broken. Soldered connections sometimes break on account
of handling. Test the binding posts to sce that they are
screwed down tight. Loose connections will spoil the
results of this test.

Check the meters. Be sure the polarity of the con-
nections is right so the meter hand does not swing back-
ward and ruin the meter.

Connect the A and B Batteries. Connect the .\ battery
to the A binding posts. Turn the rheostat to heat the
filament and test the voltage with the 0-10 voltmeter.

Run the first test with a 22§ volt B supply. Then
run other tests with 45 volts, 67§ volts, and on up to
250 volts.
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Touelh the wire from the B battery to the B binding
posts.  Check the reading of the plate milliammeter to see
that the hand moves in the correct direction. If correet,
fasten the wire to the binding post.

How to Run the Test

Step 1. 'Take readings with grid positive.

Touch the test point to the positive post of the first C
battery. There should now be 14 volts on the grid. If a
storage battery is used, there should be 2 volts on the grid
for each cell in the circuit.

Read the current flowing in the plate circuit on the
milliammeter.  Write this reading on the record sheet
opposite 1% (or 2) grid voltage. See Fig. 53 for sample
curves of a test in which grid bias was increased in steps
of 1.4 volts.

Now move the test point to the next C-battery cell.
Touch the positive post.  There are now 3 volts on the grid.

Write the reading of the milliammeter opposite 3 volts
in the Plate Milliamperes column on the record sheet.

Take a reading for each cell added to the € battery as
the test point is touched to its positive terminal.

What effect does increasing the positive voltage on the
grid have on the plate current?

Step 2. 'Take readings with grid negative or negative bias.

Conncet the wire from the F negative post on the tube
socket to the positive terminal of the C battery.

Touch the test point to the negative terminal of the first
cell from the positive end of the C battery. Write the
plate-current reading in the Positive section on the record
sheet.

Take readings, one cell at a time, until a C voltage is
reached where no current flows in the plate circuit.  This
is the cutolf point.
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Plate Current in Mitliomperes
Grid Bias for Various B-Voltages a
22.5v. 45 v. 67.5v. [ 90w
14.0 10.50 t4.10
126 9.25 12.75
11.2 8.00 11.50 14.50
9.8 0.90 10.00 13.00
8.4 5.50 8.15 11.50 15.00
7.0 4.50 7.00 10.00 13.25
5.6 3.50 5.75 8.50 11.50
4.2 250 4.50 7.00 10.00
2.8 1.50 2.25 5.75 8.25
B 050 | 2.10 450 | 7.00 |
0.0 | 050 [ 200 | 400 | 650 |
1.4 0.10 0.60 2.00 4.00
2.8 0.00 0.10 1.10 3.00
4.2 0.00 0.50 2.00
56 0.05 1.00
7.0 0.00 0.25
8.4 0.05
9.8 | 0.00
20 T T - \ / T
18—+ —1T 11 — s A
/ /
6 —1— - / —
(%]
2 / /
gl4 T / —
€ /
§|2 /
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o 8 6 4 2 0 2 4 6 8 10 12 14
Negative —sle—— Positive
C-Battery Voltage on the Grid

Fi:. 53.  Sample curves showing grid control of plate current for Type 01\ tube.
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Does the plate current deercase an equal amount for
cvery volt of negative bias added to the grid?

Step 3. Take the zero reading.

Disconnect both the wires from the C battery.  Lay the
wires and the test points on the table.

Read the milliammeter to get the zero grid-voltage
reading.  If either wire is connected to the C battery or
if the hands are touching either wire, the reading will he
inaccurate.

Step 4. Draw the curve.

Draw the base line for the grid voltages at the bottom
of the graph paper (see Fig. 53). Draw the zero grid-
voltage line as shown.

Draw the plate-current base line at the left of the graph
paper.  Locate the points and complete the curve as you
did for the filament-emission curve.

Draw a separate curve for each plate voltage.

Why It Works

We Allow Only One Voltage to Change. During this
test we have carefully kept the same filament voltage.
We did this so the supply of electrons would be the same
all through the test. We also kept the same plate voltage.
This mcant that the pulling power on the plate did not
change.

The only voltage we allowed to change was the voltage
on the grid.  This we changed in even increases, adding
1% volts between each reading.

In this way we were able to watch the effect on the action
of the tube as each change of grid voltage occurred.

Any changes of plate or filament voltage during the test
would bhe very confusing because we would not be able to
tell what had caused any certain resnlt.
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How a Positive Grid Affects the Electron Flow. \What
effect will making the grid positive have on the electrons
flowing from the filament to the plate?

When we say that the grid is positive, we mean that the
clectrons on the grid have been pumped away by the C
battery. 'The grid has too few clectrons. But the grid is
placed between the filament and the plate in the path of
the streams of electrons.

The positive grid then will attract electrons from the
filament and will add its pull to that of the plate. The
pull of the grid is weak, since the C voltage is small, but
it is enough to attract electrons. This adds to the speed
of electrons in the space charge so that more fly toward
the plate.

The fine wires of which the grid is made allow many of
the electrons it attracts to fly onward and reach the plate.
We know this is so because the reading of the plate milli-
ammeter shows more current in the plate circuit as the pull
of the grid is made stronger by the positive C battery.

The curve in Fig. 53 shows that 5 milliamperes of current
flowed through the tube with no voltage on the grid (see
the curve with 90 volts on the plate). But when you
make the grid 5 volts positive, the plate current increases
to 104 milliamperes. As you make the grid more positive,
the plate current becomes stronger.

This part of the curve is nearly straight. A straight-line
curve shows that cach volt added to the grid inereases the
plate current the same amount. A\ tube with a straight-
line curve is a good amplifier. If the line is not straight,
signals will be distorted.

The Effect of Making the Grid Negative. \When we
change the connection of the grid circuit so the negative
side of the C battery is connected to the grid, electrons are
pumped on the grid from the C bhattery.
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Electrons are negative charges of eleetricity.  The clee-
trons on the grid now repel the electrons from the filament.
Not as many electrons can reach the plate on account of
the pushing-back or shutting-off action of the clectrons on
the grid.

The curve shows that as the grid becomes 3 volts negative
only 14 milliamperes of current are flowing.

In fact, we find that when enough electrons are foreed
on the grid by the C battery, no more electrons from the
filament are able to pass through the grid. The pushing-
back action of the grid stops them entirely. This is the
cut-off point where the grid is negative enough to stop
the action of the tube. Eight volts on this grid stopped
the current flow with 90 volts on the plate.

Questions
1. Why do most of the clectrons fly on past the positive grid ?
2. What effect will making the grid negative have upon the flow
of clectrons to the plate?
3. What is meant by the term grid cutoff point?

Other Effects of the Grid on Tube Action

The Saturation Point. We find, when we take more and
more clectrons off the grid by making it more positive, that
the flow of electrons from the filament to the plate increases.
The attraction of the grid adds to the pull of the plate, so
more electrons are drawn through the tube.

Perhaps this plate-current flow can be increased if we
can make the grid still more positive by adding to the
number of cells in the C battery.  T'ry doing this.

More plate current flows up to a certain point, but the
increase is less for each cell added until finally there is no
increase in plate current even when we add several cells,
making the grid highly positive.  We have reached the
saturation point,
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The pull of the positive grid added to the pull of the
positive plate takes all of the electrons possible from the
space charge around the filament.  The only way to pull
more eleetrons across is to add to the pulling power of the
plate. You can do this by inereasing the plate voltage.

The Effect of Higher Plate Voltage. When we connect
a B battery to the plate circuit so the voltage is raised, we
find at once that the amount of current flowing through
the plate milliammeter has increased.  The higher voltage
on the plate makes a stronger pull on the electrons. More
clectrons are swept away from the whirling cloud of the
space charge and from the filament.

The upper knee of the curve is higher, and more plate
current is flowing at saturation. More current is flowing
for the same C bias.

~We also find that more negative bias is needed to over-
come the stronger plate pull and to stop the electron flow.
More negative voltage is required to cut off the flow.

Tube Action with an Alternating Current on the Grid.
In the test just run we have placed both positive and
negative charges on the grid, but the changes from positive
to negative have occurred very slowly. The changes in
polarity of the grid have an important effect on the plate
current.

When the grid was positive, the plate current was
stronger. When the grid was negative, the plate current
was weaker.

Suppose you insert a 5-volt 60-cycle current source
between the grid and filament of our circuit board, as in
Fig. 54. Let us see how this will affect the plate current.

Draw the zero grid-voltage line downward (see Fig. 53).
We shall use this line as the time line for the 60-cycle
alternating current. Draw vertical lines through each
1-volt mark on the grid base line until five lines are drawn.



92 UNDERSTANDING RADIO

Draw cachi line up to where each line touches the curve,
and from this point draw a line to the right, parallel to the
grid voltage base line.

Draw a plate-current half wave on these lines. The time
lrom O to .Y on the grid curve is the same as the time from
()" to X’ on the plate-current wave.

Figure 56 shows how the second half wave is drawn.

S-volts
A.C

3 step-down
transformer

oo fofy———

6 volts

Fia. 54, Alternaling current on grid.

How to Read the Curve. An alternating current on the
grid simply increases and decreases the strength of the
direct plate current. This is amplification. The ampli-
tude of the plate curve is higher. When the zero grid-
voltage line is at the center of the straight part of the curve,
the plate-current wave will be of the same shape as the
grid wave. 'There is no distortion of signals.

When the curve is steep, the tube is a better amplifier
than when its curve is flat. Some types of tubes have a
steeper curve. Iigh B voltages increase the steepness of
the curve.

Some Uses of This Grid-control Effect. An interesting
and useful effect is the grid’s controlling action on the plate
current. A few electrons at low voltage on the grid can
control a very strong electron flow on the plate. An
alternating current on the grid increases and decreases
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the amplitude of the plate current.  If the grid becomes
negative enough, the plate current will be stopped.  This
offect is used in audio amplifiers as well as in oscillator
circuits described later in the book. Only a few volts
on the grid are needed to control the flow of the plate
current at 250 volts. 'This is the amplifving or leverage
action of the vacuum tube.  We shall study the amplifying
action in the chapters on alternating-current and direet-
current receiving sets. The same principle is used in
nearly all radio circuits in some way or other.

Current Flow in the Grid Circuit. We have found that
the current in the plate circuit was a pulsating direct
current.  What happens when the polarity of the grid is
changed?

When electrons have been pumped on it by the C battery,
the grid is negative.  These clectrons repel the electrons
from the filament and in the space charge.

But when the electrons have been pumped off the grid
by the C battery, the grid is positive. There are too few
clectrons on the grid so it attracts electrons from the space
charge around the filament and a current will flow through
the C battery and back to the filament. The result is a
weak direct current flowing from the grid to the filament
only when the grid is positive. This is a pulsating direct
current. We shall learn in Chapter V how this grid current
is used to make the receiving set more sensitive and better
able to receive weak signals.

Other principles of tube operation, such as radio fre-
quency, amplification, and oscillation, are taken up in the
later chapters of the book.

Questions

1. What is meant by the term saturation point?
2. Why cannot an inerease in grid voltage continue to inerease the
plate eurrent ?
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3. When you have reached the grid saturation point, how can you
increase the plate current?

4. How does the voltage on the grid compare with the plate voltage ?

5. What effect does an alternating current on the grid have upon the
vlate current?

6. When does an clectric current flow from the filament to the grid?

6. AMPERAGE AND VOLTAGE
An Explanation of Amperage

Definition of Ampere. Awmpere is the word used to
Jdescribe a flow of electricity.  An ampere is the amount of
zurrent which will flow through a resistance of 1 ohm under
a pressure of 1 volt. A\ more practical definition of an
ampere is used by students of physies or chemistry.  They
know that in electroplating under standard conditions,
one ampere of current always deposits exactly 001118 grams
of silver per second. The amount of silver deposited in
the clectroplating process is an exact measurement of the
number of clectrons flowing through the plating solution
per second. It has been computed that one ampere of
clectricity consists of 100,000,000,000,000,000,000 electrons
flowing per second.

We find that we are unable to measure conven-
iently the number of electrons flowing each second in a
wire, s0 we measure the effect of large groups of clectrons
as amperes of current. We can check the amount of
current flowing or amperes flowing cither by observing a
meter or by measuring the amount of silver that is deposited
each sccond on the metal. A wire carrving a current is
somewhat similar to a pipe carrving water. The flow of
water per second is measured in gallons. 'The quantity of
electricity flowing per second in the conductor is measured
in amperes. VWhen we measure the quantity of water, we
do not count the number of water molecules. but instead
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we measure the space occupied by an enormous number of
water molecules and call this quantity gallons.

Definition of Milliampere. M illiampere is a term used to
indicate the output of B batteries and B eliminators where the
current deliveredis very small.  Milli means one-thousandth,
so the word milliampere means one-thousandth of an ampere.

Electrical Circuits Compared to Water Pipes. The clec-
trical circuits can be compared to water pipes in other
ways. Suppose we have five 1 inch water pipes 3 feet long.

~Joints
Five pipes .7

connected - [‘
end tfoena-..__ N

Drscharge,
)

Fig. 57.  Water pipes in series.

To connect them in series, we attach one pipe to the source
of water, connect the end of the second pipe to the first,
and the other end of the second pipe to the third pipe, until
the five pipes are connected to make one 15-foot continuous
pipe to carry water. 'This is shown in Fig. 57,
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If we connect them in parallel, we attach one end of
cach of these five pipes to the source of our water supply
as in Fig. 58.  These pipes will all discharge into the outlet.

The amount of water that can flow cach minute through
the pipes when connected in series will be determined by
the size of the first pipe, and the total amount of water
delivered per minute will be the same as though none of the
other pipes were connected to it.  (If these five pipes are
extremely long, friction in the pipes will reduce the total

Discharge

116, 58, Water pipes in parallel.

amount of water flowing through them per minute.) The
total amount of water per minute flowing through the pipes
when connected to the source in parallel will be five times
as great as the amount flowing through one pipe alone. A
parallel connection will carry a greater quantity of water,
as measured in gallons, than will a series connection.
Current Used by Radio Tubes. Connect several direct-
current tubes in series with a 6 volt A battery and an
ammeter. Try the type 01\, and the type 71\ tubes to see
how many amperes of current flow through the filaments.
The Amperes of Current Delivered by Various Power
Sources. 'The current output of a storage battery is very
great. A 100-ampere-hour storage battery will deliver a
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current of 1 ampere for 100 hours. Or it will deliver 50
amperes for 2 hours. Dry cells will deliver about 30
amperes at 13 volts for a short period of time. B elimi-
nators will deliver about 60 milliamperes of current. But
if you draw heavy currents from any kind of battery or
other source of power, so much heat is generated that the
batteries, the wires, or the eliminator burn up.

Small Wires Cannot Carry as Much Current as Large
Wires. A small pipe will carry less water than a large pipe of
the same length.  Since water and electricity act somewhat
alike, a small wire should carry less current than a large wire.

To test this out, we shall conneet several sizes of wire
to a G-volt battery and read the amount of current flowing.

An Explanation of Voltage

Voltage Is Pressure. A volt is the pressure of electricity
required to force 1 ampere of current through a resistance
of 1 ohm. Voltage in electrieity corresponds to pressure in
water.  The wire carrying the current of clectricity corre-
sponds somewhat to the pipe carrying the water. Quantity
in water is measured in gallons. The quantity of elec-
tricity, or the number of electrons flowing per second, is
measured in amperes.

Water pressure, or the pressure exerted by the molecules
of water flowing in the pipe, is measured as so many pounds
per square inch.  In eleetricity the pressure exerted by
clectrons flowing through a wire is measured in volts.  The
number of volts has nothing to do with the number of
electrons in the wire. A Tesla coil causes an extremely
high pressure on very few eleetrons.  In other words, we
have a low-amperage current at a pressure of many volts.
A Tesla coil generates an extremely high voltage, but the
amount of current flowing is so small that the current is
not dangerous if taken through the body.
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We may also have very heavy currents flowing in circuits
under very low pressure. An example of this is in the step-
down transformers used for arc welding. In this kind of
circuit, the 110-volt alternating current is stepped down to
about 16 volts. The currents, or the amounts of electrons
itowing, run over 100 amperes.

Current through a Resistor Increases as Voltage
Tncreases. In this experiment we shall show that an
mcrease in voltage will force more current through a fixed
resistance. Connect a rheostat across the secondary of a
toy transformer in series with an alternating-current 0-10

Sois /.1{.9.—.
-O’\_[:'

Transformer 0-10A.C.

F1G. 59.  Circuit diagram for voltage-current tests.

ammeter (see Fig. 39). Turn the arm of the rheostat so
that all the resistance is conneeted in the circuit. Do not
change the resistance in this test.

Read the voltage across the resistor. Connect to the
6-volt tap on the transformer sccondary and read the
current flowing through the ammeter. Now connect to
the 12-volt tap. Read the current flowing through the
resistance as indicated on the ammeter.  Continue making
tests for each voltage tap on the transformer, running up
to about 50 volts if possible.

Did you find that the amount of current flowing through
the resistance increased when there was more pressure, or
voltage?

Voltage Drop--How the Voltage Drops through a Resist-
ance. Every wire or conductor has a resistance to current
flow. Voltage or pressure is required to force the electrons
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through a wire. Heat is generated as the voltage or pressure
forces the electrons through the resistance of the wire.

Try an experiment with a rheostat having from 30 to 50
ohms resistanec.  Make the conneetions in the way that is
shown in Fig. 539.  Move the contact arm to vary the volt-
age drop across the resistor,  Now, take the rheostat apart
and stretch the wire out to see how many feet of wire you
had in this resistance element.  This is a way to get some
idea of the number of volts used up for each foot of wire.
'The rheostat is just a handy arrangement for sliding the
contact along the wire and thus lengthening the amount of
wire in the circuit.

“Vacuun ,"
tubes~

.

Gt

6-volt battery

Fig. 60.  Voltage drop through tube filaments.

Voltage Needed to Light Tubes in Series. Connect the
filaments of five 01\ tubes in serics.  Connect the tubes,
voltineter, and battery as shown in Fig. 60 to see what
voltage has been used (the voltage drop) after the elec
tricity has flowed through one or more tubes. Will one
G-volt battery be large enough to supply the voltage needea
to light several tubes connected in series?

Connect the negative side of the voltmeter to the negative
battery post. Conneet a test point to the other side of the
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meter.  Touch the test point to the positive side of cach
tube so as to measure the voltage drop up to that point.
Note the voltage. Touch it to the F positive post on the
second tube. Note the voltage. Touch it beyond the
third tube, and read the voltage.  Continue until you have
taken the reading for all of the tubes. This experiment
shows that several tubes cannot be connected in series when
using only a 6-volt battery. Many more volts of pressure
are needed to force the flow of electrons through several
tubes connected in series than through one tube. This
would require a battery of higher voltage. This is not
/ practical, so the parallel
/ circuit is used. If one
@ﬁ/ tube in a series circuit

burns out, all go out.
The current in a series
circuit is the current

necded by one tube.
7. VOLTMETERS AND
AMMETERS

The Field of Force
around a Coil. Make
two holes with a pencil
through a piece of card-
board about 4 inches by
6 inches in size. Space
the holes about 2% inches
apart. Thread 50 to 75
turns of enameled or cotton-covered wire, about size 22,
through these holes to form a round coil (see Fig. 61).
Sprinkle iron filings on the card around and inside the coil.
Attach the ends of the wire from the coil to a 6-volt
battery. Tap the edge of the card with a pencil. The
iron filings will form parallel lines showing the path of the

(-

6-volt battery
Fia. 61, Coil to study ficld of foree.



PRINCIPLES OF THE VACUUM TUBE 103

magnetic lines of force through and around the coil.
The lines of force are strongest inside the coil, and they
gradually weaken near the ends of the coil.

You can sec from the appearance of the lines of force on
the cardboard around the coil that the strength of the
magnetism is increased by coiling the wire up so that many
turns of wire are close together.

Turning Effect of a Coil in a Magnetic Field. We know
that a wire carrving a current will move when placed in

Threod

Maagnet
¢ ITHAE

Ll 5

>

Fic. 62. The coil turns.

\

“Coul

.'-\\\

6-volt battery

the field of a permanent magnet. Let us see what will
happen when we wrap the wire into a coil having many
turns and pass the same amount of current through the coil.

We know that like magnetic poles repel each other when
we are using bar magnets and horseshoe magnets. Let us
see if this same thing will occur with an clectromagnet.
We shall test this by hanging the coil between the poles of
a magnet as in Fig. 62.  Suspend the coil by a long thread
so that it may turn easily. ITave the connccting wires
arranged so that they will not hinder the motion of the coil.
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Touch the ends of the wire leading to the coil to a 6-voll
hattery and notice the direction in which the coil turns.
Now reverse the connections to the battery and notice what.
happens to the coll.

It is apparent that if the lines of force created by the
current flowing in one direction cause the coil to turn one
way, then when the current flows in the other direction
through the coil, the magnetic force changes its direction
and causes the coll to turn the opposite way.

Connect the ends of the wires leading from the coil to
test points and try the same experiment on 2 volts, + volts,
and 6 wvolts. Notice that the more current used, the
stronger and more rapid the motion of the coil. Now, we
can use this device as a means of testing the strength of
different currents. 'This combination of a coil and magnet
we have worked out is a simple form of meter for measuring
the strength of electricity flowing in a coil.

Construction and Operation of Direct-current Voltmeters

Types of Meters. Almost all meters consist of a combi-
nation of some form of coil and a magnet. The magnet
sometimes is a permanent magnet and sometimes is an
clectromagnet. The coil is suspended in various ways. A
pointer, connected to the coil, moves over a card on which
is a scale indicating the amount of current flowing through
the coil. 'The motion of the coil is usually opposed by some
form of a spring. In the more expensive meters the coil is
suspended on jeweled bearings.  The meter is covered by a
protecting case with a glass cover, which keeps out dust
and dirt and keeps drafts from influencing the extremely
light moving parts of the meter.

The simple meter that we constructed is called a galva-
nometer, and measures the electricity flowing through the
coll. For our purpose we shall want a meter which
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measures the pressure of the electrons moving in the wire.
This kind of meter is called a voltmeter. Later, we shall
deseribe a meter which measures the amount or quantity
of electrons flowing in the wire. This is called an ammeter.
Direct-current Voltmeter. The direct-current voltmeter
is a sensitive galvanomecter; that is, a coil suspended
between the poles of a permanent magnet.  See IFig. 63 for
the arrangement of the coil and the different parts of the
meter. Notice that the ends of the pole picees are curved.
The magnetic force will remain the same between the two
poles as the coil turns, since the coil is always the same
distance from the pole pieces.  The coil is wound on a form
around a soft iron core.
The purpose of this core is to
furnish a more even mag-
netic path between the pole
pieces. This means that
the meter is more sensitive
and will measure weaker cur-
rents accurately. The ‘
clectricity flows into the
meter and through the coil. Crevlar ]}
0 o o core “~+4-3
I'rom the coil the electricity
flows to a high resistance
made of resistance wire which
prevents all but a few cleetrons from flowing through the
very fine wires of the moving coil. I too much current
flows through the meter, the meter coil will be burned out.
This arrangement gives us a mecans of measuring the
pressure of electrons without allowing many of them to
flow through the coil. Voltage in electricity, as we know,
is the pressure forcing the clectrons along the wire.
Experiments with the Voltmeter.  Test 'oltage of Various
Batteries.  Connect test points to the voltmeter and tonch

116. 63.  Dircet-current voltmeter,
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the points to the terminals of several kinds of batteries to
test their voltage. Test a dry cell, an air cell, a storage
battery, a flashlight cell, a new battery, and an old battery
to see what voltage each shows on the meter. It is impor-
tant to see that the positive terminal of a dircct-current
voltmeter is connected to the positive terminal of the cell.
If this is not done, the current flowing through the coils of
the meter causes the needle to swing backwards.  The best
way to test the meter for correct polarity is to tap the test
points on the terminals of the battery while watching the
meter hand to sce in which direction it moves. This is
better than making a permanent connection, which could
probably cause the meter to burn out before the connection
could be changed.
Voltage Drop across Rheostat. 'Take measurements of
voltage across several kinds of resistors or rheostats that
are used in receiving sets.
Connect a rheostat across the
battery. Tap the test points
200hms ©Of the meter to the two termi-
nals of the rheostat. 'The
voltmeter will measure the
voltage drop, or the pressure

F+

1l 0 3
'|I||' 6-vorts 0.c used up in f-or(~n-1g the current
battery  through this high-resistance
wire.
0-/0 D.C. Conneet a radio tube to a

Fic. 64, Circuit diagram for testing l);lttery to make the tube light
rheostal voltage control. and test the drop of voltage
across the filament terminals.
Rheostat Controls oltage.  Connect the type 01A tube to
a 20-ohm rheostat and a $-volt storage battery, as shown in
Iig. 64, Clip the test points to the voltmeter.  Touch the
points to the battery terminals.  The meter should read
G volts.
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Touch the points to the tube F positive and F negative
binding posts. The voltage now should be less than 6 volts.

Touch the points to the opposite ends of the rheostat.
The voltage drop in the rheostat should be about 1 volt.

Move the rheostat control while the points are connected

to the rheostat ends. 'The voltmeter measures the loss of

electrical pressure in the tube and in the rheostat. This
loss of electrical pressure is called voltage drop.

Vary the setting of the rheostat to see what the change
in the voltage drop in the rheostat will be.

length of the resistance wire in the rheostat is increased by

moving the contact arm, the resistance becomes greater

and either less current can
flow through the wire or
more pressure is required to
force the current through,
and thus more pressure is
used up. Another way of
saying thisis that the voltage
dropincreases as thelength of
resistance wire is increased.

Construction of the Direct-
current Ammeter

The construction of the
direct-current ammeter is
the same as that of the di-
rect-current voltmeter (see
Fig. 65). A delicate suspend-
ing staff carries a coil of fine

-Magnre?t

Copper bar shunt

FiG. 65.

Dircet-current ammeter.

wire. A spring is used to return the pointer to zero. The
better type of meter has a permanent magnet and a core
inside the coil. A high resistance in series with the winding
prevents too much current from flewing through the fine
wire. Now, the direct-current ammeter is connected so that

When the
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any current flowing in the circuit flows through the meter.
We know that the fine wire used in winding the coil will not
carry heavy currents which we may wish to measure, so a
strip of copper is connected in shunt across the meter
terminals, as is shown in Fig. 65. 'The bar is called a
shunt. The size of this bar is accurately measured. Since
we know the current-carrying capacity of copper, we can
work out the amount of cur-
rent this length of bar will
carry. From this we can
work out the drop in voltage
across the bar. This deter-
mines the size of the shunt
needed for a meter scale
which will read from 0 to 5
amperes or from 0 to 50
amperes, and so on. The
range of the meter may be
changed by attaching differ-
Series res/stor ent shunts and by using
or multiplier different scale cards in the
meter. Many meters have
(L several scales drawn on the
card.

The Milliammeter. An ordinary ammeter can be
arranged so that it measures very small values of current.
An ammeter which measures currents of a few thousandths
of an ampere is called a milliammeter. A milliampere is

.a thousandth of an ampere. The milliammeter is used to
measure the current flowing in the plate circuits of receiving
sets, for laboratory measuring purposes, and for measuring
the plate-supply current in transmitting sets. The milliam-
meter is easier to damage than the ammeters of ordinary
range.

Fia. 66. Voltmeter.
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Milliammeter as a Voltmeter. The milliammeter may
be converted into a voltmeter by the addition of a high
resistance in series with the moving coil (see Fig. 66). A
direct-current milliam-
meter of 0-1 range is used.
An accurate meter will have
1000 ohms in the series
resistance to every volt on

Resistance wire

the scale. This type of A&2824>1 o-200c
meter, with a special scale, T | 6-vort 5

J 6- #
can be used to measure g OTverr bariery

resistance in ohms and is Fu;. o1
then called an ohmmeter.
Milliammeter Measures Plate Current. Connect a
milliammeter in the plate circuit of several standard tubes
to test the plate current of each type of tube. Check these
plate currents with the rated
current shown on a standard
tube chart. Compare the
plate current in different
F-] LF+ IWTWV detector and amplifier cir-

Wire size and current flow.

cuits when different B volt-
ages are used in each circuit.
0-10 D.C. Experiments with the
Ammeter. Amperes Carried
9-5 A> by Different Kinds of Wire.
o Connect 5 feet of wire taken
from a 30-ohm rheostat in
series with an ammeter and a
G-volt storage battery as in
Iig. 67. (Check the polarity of the meter connections.)
See how much current flows through this wire. Measure
the size of the wire with the gauge. Now, connect in the
same size copper wire. Make a tap connection to the

.
11t

Fic. 68. Current flow in a tube.
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meter to prevent damage if too much current flows. Tap
the connection to the meter and see whether the same size
copper wire carries as much or more current than the
resistance wire.

Current Used by Common Tubes. Connect an ammeter,
tube socket, rheostat, and battery with a voltmeter across
the F positive and F negative socket posts, as in Fig. 68.

Place a type 01A tube in the socket. Adjust the rheostat
for 5 volts, and read the ammeter. Make the same test
with the type 12A and the type 71A tube.

The proper battery voltage can be found from any stand-
ard tube table. Can you see why certain kinds of tubes
were used when battery charging was found to be expensive?

Alternating-current Meters

Three types of alternating-current meters are discussed
in the next few pages. Each meter can be made into an
ammeter by adding a shunt or into a voltmeter by adding
a resistor, as is shown later in the text.

The Moving-vane Alternating-current Meter. The prin-
ciple of magnetic repulsion is used in the construction of a
moving-vane meter for alternating currents. A fixed coil is
used in this meter. A curved iron core is fixed permanently
inside of the coil (see Fig. 69). The moving pointer is
attached to a small curved iron vane, or moving core, about
the same size as the fixed core in the coil. Both the moving
core and the fixed core are curved. These two pieces are
machined so they can be placed very close together. The
alternating current flowing in the coil magnetizes the core
picces.  The corresponding ends of the cores have the same
polarity and are forced apart. As the strength of the
current increases, the strength of the magnetism of the cores
increases, and they are forced farther apart by the magnetic
repulsion.  The strength of the current flowing through the
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coil may be measured by the motion of the pointer con-
nected to the moving core. \When a known current flows
through the coil it produces a certain amount of motion
of the arm. This point is marked on the meter card.
inough points are marked so that the meter will read in
amperes or volts, or parts of amperes or of volts.

Fig. 69. Moving-vane alternating-current meter.

The Solenoid Gravity Alternating-current Meter. The
form upon which the coil of this type of meter is wound,
we notice, is bent in the arc of a circle (see Fig. 70). The
moving core of the meter is a piece of soft iron hung from
a knife edge placed above the coil. The magnetism caused
when a current flows through the coil pulls the soft iron
core into the coil, or solenoid. A small weight counter-
balances and opposes the motion of the core and returns it
to zero when no current is flowing.  The magnetism created
in the coil pulls the core against the action of gravity on
the small counterweight. This type of meter can only be
used in a vertical position. The markings of the scale are
crowded at either end.
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Construction of the Inclined-coil Meter. The coil in
this meter is set at an angle to the shaft, as shown in Fig.
.71.  The moving magnetic vane, or core, is set on the shaft

ZZ
-~
! m
Scale
1'16. 70, Solenoid gravity alternating-current meter.

Supports

~Position
of corl

Boase
Frua. 71, Inclined-eoil meter.,

al an angle to the coil. Hair springs are connected at each
end of the shaft to opposc and control the motion of the
vane and to return the pointer to zero reading.  The oper
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ation of this type of instrument depends on the fact that
when a current flows through the coil it magnetizes the
vane. The vane, which is
set at an angle to the coil,
tends to turn and line up
with the magnetic lines of
force produced by the coil.
The motion of the vane
depends upon the strength of
the current flowing in the
coil. The stronger the cur-
rent, the greater is the
turning force on the vane. Shunt

Construction of an Alter- Fig. 72. Alternating-current ammeter.
nating-current Ammeter. We can make an alternating-
current ammeter by connecting a shunt across one of our
alternating-current meters
(see Fig.72). 'The resistance
which is connected in series
with the coil of the alternat-
ing-current ammeter is of
different value from that
used for the alternating-cur-
rent voltmeter.

How to Connect the
Alternating-current Volt-
meter. The connections of
the alternating-current volt-
meter and the direct-current
voltmeter are the same (see
Fig. 73). A voltmeter is
Fic. 73. Meusuring voltage at tube always shunted across the

flament. piece of apparatus whose
loss in voltage is to be measured. Try out the meter

Coil

Resistor fo limit current
flow through the cor/

Corl in meter
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we have just constructed by measuring the voltage drop
across tube filaments, rheostats, and B batteries. Measurce
the voltages of the secondary of a bell transformer, of
storage batteries, or of dry cells. Test the voltage of a B
eliminator.

Care of Meters

Meters must be handled with care. They will not stand
rough handling, jars, or being dropped, since their con-
struction is similar to that of a good watch. Care should
be taken to see that voltages and currents larger than those
for which the scale reads are never allowed to flow through
the coil. Either the coil or the shunt will be burned out.
Damaged meters of average or good quality can be repaired
either at the factory or through your nearest dealer. Often
the expense of such repairs is as great or greater than the
price of a new meter. It pays to take care of a good
meter.

No meter should be connected to a power source with a
voltage greater than the highest reading in the meter scale.
For example, no meter with a scale for 0~10 volts is used
when the voltage to be measured is over 10. If a meter
which is designed to handle 10 volts is used on a 50-volt
supply, the resistance will be burned out, and also the coil
in the meter may be burned out. It is possible, however,
to use the same meter for several voltage ranges, such as
0-10 volts, 0-50 volts, 0-150 volts, by having different
resistors called multipliers connected as shown in Fig. 66.
These resistors change the range of the meter. Meters
may be protected by placing a coil or a fuse in the circuit
which will burn out before the current is great enough to
damage the meter. The meter will also be damaged if it
is connected so the current flows in the wrong direction
through the coil.
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Heavy jars will damage the jeweled bearings or the parts
which carry the moving coil. Some meters are designed so
that they must be used in either a flat position or an upright
position.

Alternating- and Direct-current Meters Compared.
The alternating-current meter will read on direct current,
but the reading is not accurate. .\ direct current will cause
the hand to move. When a direct-current meter is con-
nected to an alternating current, we see no reading and the
meter may be damaged.

8. RESISTANCE

Resistance and Current Flow. The resistance of a metal
to the flow of electrons that make up an electric current is
due to the arrangement of the electrons in the atoms of
metal of which the wire is made. An atom, we know, has
central protons or positive electric charges, around which
are several levels of eclectron energy or motion. These
levels were originally thought of as rings in which electrons
moved. When few clectrons are in the outer level or ring
of the metal, then the metal is generally a good conductor
and has a low resistance; but when many electrons are in
the outer ring or level of the atom, the material is a poor
conductor of electricity.

Apparently when there are many electrons in the outer
ring of atoms, the electrons in the atom are not casily dis-
turbed and offer more resistance to that flow of electrons
from atom to atom which we call an electric current.  The
best scientific thought does not agree on exactly what a flow
or current of electricity is. The only satisfactory expla-
nation of electron current flow is by means of differential
equations, a branch of higher mathematics. An expla-
nation using mathematics is much too complicated to be
of interest to a student of elementary electricity.
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Electron Explanation of Resistance. When electrons
flow through a wire, they collide with electrons in the outer
levels of the atoms of the wire and their passage is interfered
with. This interference, or obstruction, is called resistance.
The atoms in a copper wire offer very little obstruction to
the electrons flowing through them, but in metals like
iron the atoms offer great resistance to the flow of electrons.
The atoms in molecules of some substances like bakelite,
isolantite, glass, and wood offer so much obstruction or
interference that the flow of electrons is almost completely
stopped. Electrons can flow through them only when
thousands of volts pressure is used to drive the electrons.

Resistance Increases with Length of Wire. Resistance
is measured in ohms. A resistance of 1 ohm requires a
pressure of 1 volt to force 1 ampere of current through it.

A No. 14 copper wire 1 foot long has .0025 ohms resist-
ance. A No. 24 copper wire 1 foot long has .0262 ohms
resistance.  The bigger the wire the less resistance it has.
Copper-wire tables show the resistance per thousand fect
of the standard sizes of wire.

A rheostat is a coil of resistance wire on which a contact
arm slides. As the arm is moved to put more wire in the
circuit, the resistance is increased.

Resistance Causes Heat. Resistance may be caused by
several things. A wire or metal that is a poor conductor
has high resistance. Electrons cannot flow through this
metal easily.  The wire may be small; even copper or silver
wire, both with good electron-carrying ability, have much
resistance to large currents if the wire is small.

This is easy to understand if we compare a wire carrying
a current to a pipe carrying water. For example, if a large
pipe delivers a gallon of water in 10 seconds, a smaller pipe
will deliver a smaller quantity of water in the same time
provided the pressure is the same. In order to force a
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gallon of water through the smaller pipe in 10 seconds, more
pressure must be applied to the water in the small pipe.

Similarly, large wire can carry a current with little or no
heating, but if we try to force the same amount of current
through a small wire of the same kind of metal, there is
more resistance to the flow of current. Heat is generated
by this resistance of the atoms in the wire to the electrons
forcing their way through the metal.

Resistance of Wires of Different Composition. It has
been found that different metals have different resistance.
In other words, one metal will allow currents of electricity
to flow through it quite easily. We say that this metal
has a low resistance. Silver has probably the least resist-
ance of any metal, but it is too expensive for use in wires
and in other parts. Copper, which has a resistance a little
higher than that of silver, is cheap enough to find general
use. Aluminum has a low enough resistance to find some
use in radio, but it is not as widely used as copper. Tron
and steel have too high resistance for use in radio circuits.
Carbon and other high-resistance materials are used for
grid leaks and as fixed bias resistors. Among the high
resistance metals are nickel, chromium, and manganese
alloys. Nichrome is a trade name of an alloy used quite
extensively for resistance wires in rheostats, voltage
dividers, and many of the small resistors used in modern
sets.

9. SERIES AND PARALLEL

In part 5 we have already had an explanation of the
terms series and parallel, by comparing electric circuits with
water pipes. Now we shall study the behavior of various
electric appliances when connected in series and in parallel.

How to Connect in Series. Batteries, phones, tubes,
resistors and other apparatus may be connected in series
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or in parallel. In the series conneetion, a wire is connected
hetween each picce of apparatus, linking each piece together

F1G. 74.  Cells wired in series.

Tubes

W @ W W

6-volt battery

IF16. 75. Tubes wired in series.

as in a chain, with one linked to the other to form the
circuit.

In the sketch in Fig. 74 five cells are connected in series.
A wire runs from the negative post of the first cell to the
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positive post of the second; from the negative of the second
cell to the positive post of the third, and so on.

Tube filaments are connected in series in the same way
(see Fig. 75). A wire runs from the positive binding post

F1a. 76, Cells wired in parallel.

of the first tube to the negative binding post of the second
tube, to the positive binding post of the third tube, and
SO on.

Tubes

IEIEIEIED
C Battery

Fre. 77. Tubes wired in parallel.

How to Connect in Parallel. To connect five cells in
parallel, attach the positive terminals of all of the cells to
one wire, and the negative terminals of all the cells to
another wire (see Fig. 76).
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When tubes are connected in parallel, the leads from the
battery supply may come in at either end of the combina-
tion (see Fig. 77).

Voltage Delivered by Batteries in Series. .\ dry cell has
a pressure of 13 volts and a current of 28 amperes when
new. Measure the voltage of five cells connected in series
to find the effect a series connection will have on the total
battery voltage. Measure the voltage with a direct-current
0-10 voltmeter. The first cell exerts a pressure of 1% volts
on the second cell. The second adds 13 volts, making the
total pressure of the two cells 3 volts. This pressure is
exerted on the third cell which also has a pressure of 1%
volts, making a total of 4% volts.

The total voltage of cells in series is equal to the sum of
the volts pressure of each cell. In this battery of five cells
it is five times 1% volts, or 7§ volts. Check the voltage
after each cell to prove the accuracy of these facts.

Each cell is like a bucket full of electrons. When the
five buckets are connected in series, it is like piling the
buckets on each other to make a tank that is five buckets
high. When electrons are drawn out of the bottom of the
tank, the pressure is equal to the pressure of each bucket
added on top of the first. The deeper the tank the greater
the pressure.

Current Delivered by Batteries in Series. Now let us
see what happens to the total amperage, or number of
clectrons, when cells are connected in series. The first cell
can deliver enough electrons to make a quantity of 28
amperes. This amount of current flows to the next cell,
but since it can let through only 28 amperes, the total
amperage from the second cell is 28. 'The same is true
with each added cell. 'The result is that five cells connected
in series will deliver the same amperage that one cell alone
will deliver.
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Voltage and Amperage of Cells Connected in Parallel.
Connect five dry cells in parallel. What will happen to
the voltage? FEach cell can deliver a pressure of 13 volts.
Now think of these cells as pipes of the same size carrying

-ater from a tank (see Fig. 58).

We have a water reservoir, and there are five 1-inch
pipes coming out of it on the same levels. Each pipe
can deliver a pressure of 13 pounds. Now the pressure
on the lower tank will be 1% pounds regardless of how
many pipes you put through, but the quantity of water
flowing will be the sum of the water flowing out of each
pipe.

Prove this by testing cells connected .in parallel with a
voltmeter, 0-10 volts range. Check the voltage of the first
cell, that of the second cell, then check the total voltage
across the terminals of both cells. Add a third cell in
parallel, check the voltage, and so on until five cells have
been connected in parallel.  The total pressure or voltage
across the five eells conneeted in parallel remains 1% volts,
the same as the voltage of one cell alone.

Now test the amperage of these cells when connected in
parallel.  The first cell can deliver 28 amperes. The
amperage measures the number of electrons per second
flowing to the terminals. The next cell when connected in
parallel adds 28 amperes, or an equal number of clectrons,
to these terminals, and the total number of electrons, or
the total amperage, is double the amperage of the one cell.
Sach cell adds to the total of electrons delivered so the
amperage of the combination of five in parallel is equal to
the sum of the amperages of each cell.

Tubes in Parallel and Series. Should five type 01A
radio tubes uscd in a battery set be connected in series or
in parallel?> We have a 6-volt storage battery capable of
delivering from 100 to 150 amperes. This is far more than
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we need. Each type 01A tube requires 1 ampere of current
at 5 volts pressure to heat the filament.

Now, if we connect these tubes in series as in Fig. 75,
the battery exerts a pressure of 6 volts on the first one. It
takes about 5 volts to push the electrons through that tube.
There is only about 1 volt left to force the electrons through

the second tube filament.

@ @ ITowever, it takes 5 volts to
heat a 01A filament to the

2000 ohms 20000hms Operating temperature.

The result is that while some
current will flow through the
whole series of filaments,
there is not enough current
to light the filaments to
working heat. You can tell
this by the brilliance of the
tube filaments. You will
need a 23-volt battery if the
tubes are to be operated in
series (3 X 5 volts = 25
— volts). Five batteries are
_ Total- 4000 ohms too expensive and impracti-
Fig. 78. Phones in series,
cal, so let us seec what can
be done with a parallel circuit.

The 6-volt battery can force § ampere of electrons to the
first tube filament and have enough amperage left to oper-
ate many other tubes.  In the parallel eircuit of Fig. 77 the
hattery can also deliver 6 volts to the second tube and to
all other tubes in the circuit. In other words, in a parallel
circuit the voltage between the wires coming from the
hattery is the same at each tube. When a 6-volt battery
is connected in parallel to five tubes, it can deliver 6 volts
to each of the five tubes. 'This connection is more satis-
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factory than the series circuit. Each tube requires only
volts of pressure. A rhcostat is connected in one lead of
the circuit to drop the pressure 1 volt.

Phones in Series and Parallel. WWhen phones are con-
nected in series, the total resistance is increased. Two
2000-ohm headphones connected in series have a total
resistance of 4000 ohms (see
Fig. 78). [t is possible in
this way to increase the re-
sistance so much that the [
receiving set will not work
satisfactorily. The in-
creased resistance uses up
the cnergy in the signal and
weakens it. If you wish to
connect several phones to the
receiver to hear faint signals
and yet receive the program
fairly loud, connect these
phones in parallel (see Fig.
79). From three to five
phones in series will begin to —
weaken the signal. Total-1000 ohms

When phones are con- Fig. 79. Phones in parallel.
nected in parallel, the resistance is decreased. When you
connect two phones in parallel, the resistance is one-half of
the total resistance or the sum of the reciprocals.  Suppose
the resistance of each phone is 2000 ohms:

2000 ohms 2000 ohms

singl sistance, ohms 2000
single resistal (. s _ B
number of resistors 2

T'ry connecting three or four phones on your radio set in
series and in parallel to see the difference in the strength
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of the signal. From three to five pairs of phones in parallel
have little effect on the signal.

Resistors in Series. Resistors connected in series or in
parallel will give exactly the same result as when we conneet
Christmas-tree lights in series or in parallel.  The filament
of a Christmas-tree lamp is a small resistance wire, enclosed
in the glass vacuum bulb to prevent it from burning out.
The small lamp filament has a resistance of about 15 ohms.
When connected across the 110-volt line, this low resistance
will allow so many electrons to flow that the lamp will burn
out.

But by connecting several lamps in series, the resistance
of each is added to that of the others until only a safe

AW WA AW —————— AW
300bhrrs 30 ohms 300hms 30 0hms 300hms
CA—jip

\J
0-10D.C.  6-volt battery

FiG. 80. Resistors in series,

amount of current can flow. The lamps now light brightly
but do not burn out. If one lamp is removed and the
socket shorted out, too much current will flow, and the
lamp having the lowest resistance will burn out.

If we connect five 30-ohm rheostats in series with a
storage battery or with dry cells, the effect would be the
same as if we used five 30-ohm light-bulb resistors in series.

Think of electricity as electron flow. Suppose we con-
nect resistors in series as in Fig. 80. The first resistor will
let through only a given number of electrons when a given
pressure is applied. The second resistor gets its supply of
electrons from the first, and since the second also has great
resistance, it will not even let through as many electrons
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as the first supplied it. The third resistor stops more
clectrons. The result is that the total amount of clectrons
that get through the resistors connected in series is much
less than the amount that could flow through a single
resistor. (The electrons are not lost in going through each
resistor, but each resistor holds back some. Some electron
effect is lost in each resistor and appears as heat.) The
total resistance of five 80-ohm resistors connected in series
is the sum of the separate resistances.

Tube filaments are connected in series in the same way.
If we have a set using a type 24 and a type 27 and a type

0-10 O.C.
()
N

30
ohms

-volt
30 30 30 30
attery ohms ohms ohms< ohms

—ilij;
>0

MV~

FiG. 81. Resistors in parallel.

80 rectifier tube, (3-volt filament), we can use a 10-volt
transformer by connecting the tubes in series.

Resistors in Parallel. Now, suppose we connect these
five 30-ohm resistors in parallel as in Fig. 81. 'The first
resistor allows a given number of electrons to flow from one
wire to the other. The second resistor also allows the same
number of electrons to pass through.

More electrons flow through the two resistors than flow
through one resistor. The resistance of two resistors in
parallel is less than the resistance of one alone, and the
resistance of five resistors is less than that of two and also
less than that of one.
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The total resistance can be figured out by the following
method: Divide the size of a single resistance by the number
of resistors connected in parallel.

30 ohms .
5 =6 ohms.

Fuses. Certain metals have low melting points.  They
will get hot enough to melt when small currents flow
through them.  We can use a metal which has a resistance
higher than that of copper and which melts at a lower
temperature than copper to act as a fuse for the purpose of

Qe =)

Carries much current

Carries little current

Carries little current

Iig. 82. [Fuses.

protecting apparatus and circuits from danger of overload
of current. The fuse melts and opens the circuit when
more than a certain desired amount of current flows in that
circuit,

The fuse is either a strip of metal or a small wire (see
Fig. 82). The current-carrying capacity of this metal is
known quite accurately, and a sheet or strip of measured
thickness can be put to definite widths so that it will carry
a specified amount of current.

When electrons flow through these wires or metal strips,
they find it difficult to force their way from atom to atom,
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and in doing so create heat which melts the wire. The
fusc has a melting point about the same as that of wax.
The fuse melts when the heat is far below that required to
ignite clothes or paper, so there is little danger of fire from
a melting fuse. The fuse wire is mounted in a guard which
prevents even this slight danger from occurring.

The fuse is connected in series with the tubes or meters
and other apparatus so that the metal strip will melt when
more than a specificd number of amperes of current flows
through it. If a tube will carry 1 ampere of current safely
with a 509, overload, a 15-ampere fuse is put in the circuit.
Any surges of current of more than 13 amperes will melt
the fuse wire and so will proteet the tube.

Technical Terms

A battery—Either dry cells or a storage battery used to heat the filament.

ammeter—An instrument which measures the amount of current
flowing through a circuit.

amperage—The current. either alternating or direct, flowing through
a wire.

ampere—A word used to describe the amount of flow of electrieity.

amplify—To make stronger. A weak voltage on the grid of a vacoum
tube makes changes in the plate current that are much stronger
than the changes of the grid voltage.

audio amplifier—A tube circuit used to amplify the audio-frequency
output of the detector cireuit,

bakelite—An insulating material.

bar magnet—.\ bar of steel that has been magnetized.

base prongs—Small brass tubes set in the tube base. The prongs
are arranged so they will fit into the tube socket only in the correet
way. Wires from the tube elements pass through the prongs and
are soldered to the tips of the prongs.

B battery—A high-voltage battery used in the plate circuit to make the
plate positive.

B eliminator—\ unit which is attached to the alternating-current
supply and which furnishes a dircet-enrrent output; used to replace
or to climinate the nse of a B battery.  The unit has a transformer,
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a rectifier, and a filter to change the alternating current to a pure
direct current.

conductor—A wire, metal, or a solution through which a current of
electricity will flow.

dielectric—The material, gencrally some form of insulator, placed
between the plates of condensers.

electromagnet—A\ coil of wire through which a current flows becomes
an clectromagnet.

galvanometer—A sensitive instrument that indicates a flow of current.

gassy tubes—A tubc in which some gas has been left during manu-
facture. Gassy tubes are very uneven and critical in action.

getter—A small metal cup filled with magnesium and welded to the
plate support, used after the air is exhausted from the tube to
get or absorb all remaining air or gas driven out of the glass and
metal by heating.

glass stem—'The part of the glass in a vacuum tube that supports the
tube clements.

grid—A coil of fine wire supported between the filament and the plate
of the tube. 'The grid controls the flow of eleetrons through the
tube.

grid circuit—The grid of the tube, the tuning circuit, and the grid
return wire attached to one filament lead. The input circuit of
the tube.

milliammeter—A sensitive ammeter which mecasures thousandths
of an ampere. Used to measure the current flowing in the plate
circuits of tubes.

milliampere—A current of a thousandth of an ampcre.

nichrome—A high resistance wire made of alloy metal. ‘“Nichrome™
is a trade name.

ohm—A word used to describe the unit of resistance. A resistance
through which 1 volt can force 1 amperc of current. This is

" known as Ohm’s law.

parallel—A connection in which all negatives arc connected together
and all positives are connected together.

plate circuit—The output circuit of the tube, which consists of the
plate, the phones, speaker or amplifying transformer, the B battery,
and the plate return wire connected to the tube filament.

plate current—The current, generally a few milliamperes, flowing in
the plate circuit.

plate return—The wire eonnecting the plate cirenit to the tube filament.
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resistance—The opposition of a wire or a conductor to the flow of an
electron surge.

rheostat—A variable resistor of from 10 to 30 ohms to control the heat
of the filament by controlling the current flowing throngh it.

series—A connection in which the negative of one cell or appliance is
connected to the positive of the next cell or appliance, and so on.

shunt—To connect in parallel. Also, the bar that carries the current
in an ammeter.

solenoid—A hollow coil of wire which forms an electromagnet. A soft
iron plunger moves inside the coil.

step-down transformer—A transformer used to reduce or step down
the voltage of a source of current. Bell transformers and toy-train
transformers are used for reducing house lighting circuits to from
1 to 50 volts.

thoriated filament—Filaments of tungsten to which traces of thorium
have been added during manufacture.

thorium—A metal used in filaments to produce a more plentiful supply
of electrons.

tip seal—The point on the older glass tubes where the air was removed
from the tube. This seal broke easily and was replaced by the
base seal.

tungsten—A hard metal of high resistance used in tube filaments.

vacuum—The absence of gas. As much gas as possible has been re-
moved from vacuum tubes.

volt—The unit of electrical pressure.

voltage—The pressure exerted on electrons.

voltage drop—The loss in voltage, or the voltage used in forcing a
current of electrons through a resistance.

voltmeter—An instrument used to measure the pressure on the elec-
trons in a circuit.

watt—The unit of power. WWatts of power are found by multiplying
the amperes of current by the voltage.



CHAPTER 1V
TUNING

When an aerial and ground system is connected to a
recciving sct, many radio waves are brought to the set.
Sach wave sets up a set of electron surges in the circuits
of the receiver. Each set of surges is at a different fre-
quency. If all of these different currents were to operate
the phones, all we could hear would be a jumnble of sounds.

But it is possible to select one set of surges and to
concentrate the operation of our set on this one frequency.
We shall learn how it is done in this chapter on tuning.

Parts 8 through 11 are concerned with electricz] princinles
and with methods of work. 'These parts may be studied
before or at the same time with the other parts of the
chapter.

Contents of This Chapter

New Symbols Used in This Chapter

The Aerial and Ground Needed for the First Experiments
. Tuning by Changing the Length of the Aerial

. Tuning by a Loading Coil in the Aerial Cireuit

. Tuning by the Use of a Transformer

3. Tuning by a Variable Condenser Across the Secondary

- Resonance—The Electrical Explanation of Tuning

8. The Use of Tools

9. Condensers

10. Inductance and Reactance
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11. Transformers
1. NEW SYMBOLS USED IN THIS CHAPTER

These symbols are illustrated in Fig. 83 (pages 132-133).

aerial or antenna—.\ wire used to pick up radio waves.
This wire is generally suspended as high as possible on

poles, towers, from trees or buildings, etc.
130
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ground or ground connection—The place where a con-
nection is made to permanently moist earth. This
may be either a clamp connected to a water pipe, a
rod driven in the ground, or buried metal.

coil—Wire wound on a cardboard or bakelite tube.

receiving transformer—In a radio-frequency receiving
transformer, the two coils are wound on a bakelite
form. :

variable condenser—A\ receiving-type condenser.  Two
sets of metal plates are mounted so one set can be
turned between the other set.  All of the plates in
each set are connected together, but the sets are insu-
lated from each other.  The set that turns is called the
rotor (). The stationary set is called the stator (S).

fixed condenser—'Two scts of tinfoil sheets separated by
thin sheets of mica all enclosed in molded bakelite
insulation. Sometimes made of tinfoil and paper
rolled into a small cartridge with connecting wires
extending from cach end.

lamp—An ordinary eleetrie lamp.

choke coil—A coil used in the filter system of a power
supply.

electron flow—Arrows show direction of flow of electrons
in a wire.

2. THE AERIAL AND GROUND NEEDED
FOR THE FIRST EXPERIMENTS
Metal Picks Up Radio Waves. Radio waves act con-

stantly upon any wire fence, metal roof, or other body of

metal. All you have to do is to hook the proper instru-

ments between the fence and the ground, and you will be

able to transform the millions of invisible radio waves

into music.

The sky is filled with myriads of invisible radio waves
which are moving about in all directions. Tt is not known
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PICTURE

Aerial

Ground

Cail

Receiving
transformer

Fic. 83. New symbols used in Chapter IV.
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PICTURE SYMBoOL
_l_ Stator(S
Variable poio",rﬂp))
condensers ,r
“Stotor plotes
Molded
bakelite,
24 mica .
dielectric Fixed
condensers
Paper dielectric
Lamp @
Choke
coil
- e -

Electron flow
{arrows show direction)

Fia. 83 (continued). New symbois used in Chapter 1V,
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exactly what these waves are or what they are made of.
but it is known that they are present in untold numbers.
How to Build the Aerial. For the first sets only a simple
form of aerial and ground will be needed.  The acrial may
he made of bare wire, enameled wire, or of cotton- or silk-
covered wire. The aerial may be in one piece or may be
twisted together from several pieces of wire. It should be
from 50 to 100 feet long. A suitable aerial is shown in

~Insulator _Aerial wire
/= )

7 :
\ /,-’ Insulator=-"
//“‘Leazi-/h wire ‘

~

=

-

oy

s
S wer o

e

M
el

Iic. 84, Aerial and lead-in.

Fig. 84. If the wire has been twisted together, the joints
must be scraped with a knife until all the insulation is
removed and the copper is bright and clean.

Most of the current from the radio waves can be lost in
loose or dirty wire joints. Make several tight twists for
cach joint as shown in Fig. 85.  Good workmanship in the
instailation of apparatus and care in making joints as well
as possible are repaid by better results in the operation of
the set.
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How to Hang the Aerial. Ilang the aerial as high above
the ground as possible. A vertical wire is best, but it is
hard to put up clear of buildings and trecs. For the first
set, the aerial may be thrown over any kind of support with
no special insulation in dry weather. The wire from the
aerial to the set is called the lead-in.  The programs will
be stronger and clearer if the aerial is high and well insu-
lated. 'The construction of aerials is covered fully in the
Chapter XII.

The aerial and ground wires may be unwound from a
burned out transformer or from any coil taken from an old
set. 'The larger sizes of wire work better, but radio waves
can be reccived on nearly any size of wire.

P— 0

16, 85.  Good splicing.

The Radio Ground Connections. 'The ground connection
is made in several ways. You can wrap a bare wire around
a water pipe, or you can bury a piece of metal about a foot
or more square, or you can drive a metal rod or pipe 4 or 5
feet long far enough into the earth to reach permanently
moist soil. You can attach the ground wire to a water
pipe by using a ground clamp. The ground wire needs no
insulation. If a pipe ground is used, the pipe should be
scraped clean where the wire is attached.

Insulators and Aerial Insulation. Glass, mica, bakelite,
hard rubber are all good insulators. An insulator is a
substance that offers a very high resistance, or opposition,
to a flow of electricity.

No insulation is necessary in dry weather, but for wet
weather the aerial must be well insulated, or the electric
currents in the wire will flow to the ground through the
water on the buildings or on the wood support. DPlace
insulators as shown in Fig. 84. Use the cheap insulators
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that can be purchased for a few cents, or any of the above
insulating materials which are handy in your shop.

Questions

1. Are radio waves visible?

2. What substances will intereept radio waves?

3. Will insulation on a wire prevent the wire from being acted nupon
by radio waves?

4. If the aerial is made of several short picees of wire loosely twisted
together, can the radio currents flow casily from one wire connection to
another? Why?

6. Try twisting two wires together in the approved manner for a
splice.

6. Would this connection be improved by covering it with solder?
Why?

7. What effect does the height of the aerial have on the received
radio waves?

8. Suggest some simple cheap insulators for your first acrial.

9. What are satisfactory ground connections?

10. If your only chance for a gronnd connection is to drive a short
rod into dry soil, wonld you have a better ground if you poured several
buckets of water over the rod?

11. If yon pass the ground wire out of the window, is it nccessary
to insulate the wire from the window ledge?

Wave Pictures of Current Flow in Aerial-ground Circuit

Radio Waves Produce Aerial-ground Current. When
an aerial wire is connected to the ground, as shown in Fig.
86, radio waves will be intercepted by the aerial and will
cause a very weak current of electricity to flow between the
aerial and the ground. This current is so weak that it
cannot be measured by the ordinary millivoltmeter or
milliammeter. This alternating current changes direction,
in the case of a 300-meter wave length at the rate of about
1,000,000 cycles per second.

What Is an Alternating Current? An alternating current
is one which is constantly changing its direction of flow.
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Batteries deliver a direct current which flows steadily in
the same direction through the wires. Certain types of
generators deliver alternating currents which change the
direction of flow rapidly. Most of the current delivered
for lighting the home is an alternating current (abbreviated
A.C.). The house lighting system uses what is known as a
60-cycle alternating-current, which means that the current
changes direction 120 times a second. The Ny Aeriat
cvele is made up of two alternations. When 7

the current flow builds up in one direction and
dies out, it is called an alternation. Alternat-
ing currents have been explained in greater
detail in Chapter IT of this book.

Radio Frequency and Audio Frequency.
Currents that change direction of flow at a fre-
quency of less that 20,000 cycles a second are
called audio-frequency currents. (Audio means

hearable.) Frequencies of over 20,000 cycles == Ground
per second are called radio frequencies. This =, = .
current varies in strength or intensity. Radio’s basic

We have no workshop ntethod to indicate crevit:
that this radio frequency current is flowing in the aerial-
ground hookup shown in Fig. 86. A method of hearing this
radio-frequency current will be given in a later discussion.

The Wave-form Picture of the Aerial Current. In show-
ing the wave form of the current flowing in the aerial-
ground circuit, vou will notice that the amplitude of the
waves changes constantly and seems to increase or decrease,
according to some regular form. We shall explain in
Chapter XTI how the transmitting station generates a radio-
frequency carrier wave which is modulatéd or changed by
the voice wave. 'The modulated carrier waves are radiated
or sent out from the transmitting station and picked up by
our receiving acrial.
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Aerial Current Has Same Wave-form Pictures as Radio
Wave. The radio wave that was sent out from the trans-
mitting station strikes our aerial and sets up the weak
currents shown in Fig. 87. The wave form of the current

flowing in our aerial-

ground circuit, therefore,

‘ is exactly the same as the
: ~ wave form flowing in the
aerial-ground circuit of

the transmitting station.

Notice that the modu-
Fie. 87. Aerial current. lated wave is made up of
groups of radio-frequency waves.

In a transmitter, electrons moving in the aerial send out
radio waves, while in a receiver the process is reversed.
Radio waves strike the aerial and cause electrons to move
in the aerial wire. This sets up the radio- <7 Aeriol
frequency currents flowing or oscillating to
the ground from the aerial.

Will Earphones Produce Sound from
Aerial Currents? Telephone: receivers or
earphones are sensitive indicators of ex-
tremely weak currents. But when we con-
nect phones to the aerial-ground circuit, as in Phones
Fig. 88, we hear no signals as the radio-fre-
quency alternating current flows through the
phones. Why is this true? == Ground

An alternation of high-frequency current T—Fm. 88, Can
will cause two sets of opposing magnetism in  you hear sound
the phones, which cancel each other so that in this hookup?
no sound is heard when a radio-frequency current passes
through the phones. Low- or audio-frequency alternating
currents flow through the windings of the receivers easily
and will produce sound.
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The Picture of the Phone Current. Only the amplitude
and the time lines are shown in Fig. 89 to represent the
current flow through the coils of the receivers.  No diagram

of the current can be
drawn, since nonce flows.
The resistance of the
colls in the receivers is so
great that alternating
currents of high fre-
quency are choked out.
The reason for this is
that the magnetism of
the coils and core can-

I'1G. 89, No current is flowing,.

not be reversed so rapidly.
Much of the radio-frequency alternating current is

N4

{l
1

Fic. 90,
Aerial, con-
denser, and
ground in
series.

by-passed to the ground by the condenser action
of the phone cord and thus never reaches the
phones.

No current can flow in the phones so no sound
is heard.

Surges Can Flow through a Condenser.
When a condenser is connected in the circuit,
as in Fig. 90, clectron surges can still travel
through the aerial-ground circuit.  (Read part
9 of this chapter for an explanation of the princi-
ples on which condensers operate.)

When the surge from the acrial reaches the
condenser, it fills one set of plates and forees
electrons from the other plates so the surge con-
tinues. This process repeats as the surge returns
to the aerial.

In the next hookup we shall learn how this current can
be made to produce sound.
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Questions

1. Are high-frequency currents continually flowing in every wire fenee
or metallic object which happens to be conneeted to the ground?

2. Are these radio-produced cleetric enrrents strong enough to give
vou a shock if you touch a wire feuce and an iron rod which is struck
in the ground? '

3. If you conneet a voltmeter between a fence and the ground. will
vou get a reading on the meter?

4. If no sound can be heard in the hookup (Fig. 88), would you expect
to get signals from a regular set if the aerial and ground should acei-
dently get shorted together?

5. What is meant by the term radio frequency?

6. What is meant by the term audio frequency?

3. TUNING BY CHANGING THE LENGTH OF THE AERIAL

How to Build and Wire the Set

The Set Board. 'Thisis shownin Fig. 91. It is the tube-
test board, but notice the changes that have been made in
the board to adapt it to use as a simple receiving set.

The Meter. Remove the meter.  In this experiment the
meter, which produced the seeable effect in the motion of
the hand across the dial, is replaced by a pair of phones
which will produce a hearable effect.  You can leave the
meter in the circuit if you wish, but the sounds will be
weaker if you do.

Connect a grid leak of 2 to 10 megohms between the fila-
ment and grid, as shown in Fig. 92.

The Phones. Conncct the phones in place of the meter,
as in IFig. 92. Use a pair of 2000-ohm phones. 'There are
no other changes in this set board.

How to Make the Aerial Reel. Make the mast of a
picce of pine about 6 feet long by 1 inch by 2 inches. To
this attach a reel made of three pieces of wood nailed or
screwed together; the reel needs a deep groove (see Fig. 93).
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Attach a handle to the reel so that you can turn it as you
reel the wire in or out.

At the top of the mast attach a wooden block through
which a hole has been drilled. Round the upper end of
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leak !
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Fhones
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Fig. 91.  Board layout for a simple radio receiver.
Ao
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5 i i
6-volts 224 to 45 volts
I'ta. $2.  Circuit diagram for a simple radio recciver.

the hole so the wire will run smoothly through it. Attach
the reel to the mast with a stove bolt, about 18 inches
from the lower end.
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How to Operate the First Hookup

How to Wire the Set. Connect up
the tube board as shown in the hookup
(see Tig. 94 and Fig. 95). Attach the
aerial reel of bare copper wire to the
grid binding post. Connect the ground
wire to the A negative post.

How to Operate the Set. 'I'wo per-
sons should work together on this test.
One unreels the aerial and the other
masy  Operates the set.  The one operating

the set should put on the earphones
and listen for stations.

This set tunes very broadly. Tt will
pick up much hum and will be very
noisy. You will find the correct size of
grid leak by experiment. This will
improve the operation of the set
somewhat.

-Reel The grid leak must be used, because
the grid will colleet electrons on each
positive surge until it becomes so nega-
tivethat the tube will nolongeroperate.

Turn the rheostat to heat the fila-
ment. Then turn on the B power.

The reel carrier should slowly un-
wind the aerial as he walks away from
the building, holding the wire so that it
will not touch the ground. When a
station is heard, the listener should

Mg, 93, Aerial reel. write down the number of steps the
reel carrier has taken from the set.
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I'1ig. 94. Board layout showing acrial, phones, and ground connected to the
simple radio receiver.
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I'ig. 95,  Cireuit diagram showing aerial, phones, and ground connecled to the
simple radio receiver,
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'The reel carrier now goes farther away. When the first
station fades, the set operator should again call out to find
the number of steps. Keep a record of the lengths of
aerial needed to tune in several nearby stations.

Check the person’s steps as the aerial is wound in to see
if the various stations reappear on the same lengths of wire
where they were first heard. This®et is too inefficient to
separate different stations completely, but it shows nicely
a very simple method of tuning. It will pick up consider-
able hum if it is near power wires or lighting circuits, but
the signals will be heard through the hum.

Questions

1. Why must the acrial be prevented from touching the ground?

2. How far from the set was the person unwinding the aerial when
the first station was heard ?

3. Did the station increase in volume for a while as the aerial was
unwound ?

4. How many steps long was the aerial when this station faded out ?

5. Could any other stations be heard at the same time that the first
one was heard ?

6. Record the lengths of aerial for each station when it comes in and
when it fades out. Graph these figures on a straight line on a piece of
paper in order that you may see just how much the stations overlap.

Why It Works—the Theory of Tuning Explained

Length of Aerial Affects Tuning. When one part of a
radio wave strikes the aerial, it causes a current to surge
from the aerial to the ground (see Fig. 96). There is
enough capacity between the tube elements to allow the
passage of these surges. 'The aerial and ground wire
must be of exactly the right length for the electrons to
return to the end of the aerial before the next wave arrives.
When the next wave arrives, it gives the electrons a push
ind starts another surge down the aerial. This acrial-
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Aerial Length Corredt Aerial Poo Loug

A wave crest starts a radio-fre- The wave crest starts a radio-fre-
quency current flowing in the aerial quency current flowing, but it has
toward the ground. farther to travel and has not

reached the ground.

The first wave's current returns to The first wave's current is only
the reel end of the aerial when the part way back toward the reel when
second wave arrives. the second wave arrives.

A second wave arrives and starts The second wave's current going
a second current toward the ground toward the ground is opposed by the
just as the first wave’s current starts returning current from the first
toward the ground a second time. wave. These currents oppose cach
The strengths of the two currents other and reduce the strength of the
reinforce each other and build up total current flowing in the circuit.
greater strength.

Fig. 96.  How the length of the aerial affects tuning.
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ground wire will pick up the strongest current possible from
cach passing wave.

Effect of Too Long or Too Short an Aerial. When the
aerial is too long, as in Fig. 96, the eleetrons do not have
time to surge to the ground and return to the end of the
aerial before the next radio wave arrives.  This wave again
starts clectrons down the aerial.  The two surges meet and
their motion is killed. The result is that weak signals or
no signals are heard. Also, if the aerial is too short, the
incoming wave and the aerial current will likewise be out
of step and the current will be reduced.

An Aerial Length for Each Transmitter. Each broad-
-asting station transmits on a definite wave length or fre-
quency; that is, it sends out a number of pulsations, or
waves, per second. This number of waves is different for
each station. So it is possible to tune roughly to some
particular broadcast station by changing the length of the
aerial to fit the timing or frequeney of the waves it sends
out.

When you do this, you are adjusting your aerial to the
same electrical length as the length of the broadcasting
station’s acrial. '

Questions

1. If the first radio wave or impulse which strikes the aerial happens
to eause the current to flow from the ground to the aerlal, in what
direction will the next impulse cause the current to flow?

2. Suppose the aerial is too long. If the current flows from the
aerial to the ground and has time to get just halfway back when the
next corresponding radio wave arrives and sends another current down
the aerial, will the currents oppose each other, or will they add and
produce a greater volume of signals?

3. Suppose the aerial is too short. If the current flows from the
aerial to the ground and has time to get back to the end of the aerial
long before the next corresponding radio wave strikes, will you get
maximum efficieney and loud signals?
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4. Suppose the aerial is of such a length that the current which flows
from the aeriai to the ground has time to get back just to the end of the
aerial when the next wave strikes. Will there be any interference
among the following radio-frequency currents? How will the volume
of the signals compare with that in questions 2 and 8?

5. A transmitting station is heard loudest when the receiving acrial
is 200 feet long. Draw a diagram to show the positions of the radio
waves and the radio-frequency currents for this station when you are
using a receiving acrial 50 fect in leugth.

4. TUNING BY A LOADING COIL IN THE AERIAL CIRCUIT

In this hookup we use the same electrical principle in
tuning, but we make the mechanical tuning operation much
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Fra. 97.  Aerial loading coil.

simpler.  Here we wind part of the long aerial on a tube
along which runs a contact. We can change the length of
aerial wire in the circuit by moving the contact instead of
by reeling and unreeling the acrial.

Tuning is further simplified by using an aerial of fixed
length built permanently in place.

How to Build the Loading Coil

The Coil Form. 'The coil form is a cardboard or bakelite
tube about 8 inches in diameter and about 8 inches long
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(see Fig. 97). Square wooden ends support the tube and
carry the slider rod. 'The slider runs on a j-inch-square
brass rod and makes contact with the bared wire by means
of a spring or ball bearing.

If you use cardboard, boil it in paraffin for 20 minutes.
This fills the pores with paraftin and keeps the form from
swelling and shrinking with weather changes. If the tube
shrinks, the wire loosens.  Shellac painted on the form will
also prevent moisture from affecting the cardboard.  Cover
the inside, outside, and the ends thoroughly. If you use a
bakelite tube, no shrinkage will oceur.

The Winding. TUse 265 turns of enameled wire, size 22,
for winding the coil. Fasten the wire in place with shellac
or clear lacquer.

Other Wire and Tube Sizes. If a smaller tube is used,
wind on more wire. If a larger tube is used, less wire will
be needed. Again, small wire requires fewer turns and
large wire more turns on acconnt of the spacing. The tube
may be a cleanser can or an ice-cream carton, but a heavier
piece of tubing is to be preferred. The wire may be
unwound from a burned-out transformer formerly used in
a radio set.  The wire may be spliced if necessary, provided
that the splice is soldered.  If no slider can be had casily,
a bare wire held in the hand and moved over the coil will
act as a slider.

Questions

1. Describe a handy means of turning the coil while you are winding
on the wire.

2. Would this be a satisfactory method of winding the coil: Give the
wire one wrap around your leg to hold it tight, then turn the coil slowly
by hand?

3. What are the advantages of tight winding?

4, What are the advantages of using an insulated wire for the coil ?

6. If a fine insulated wire is used. what is a handy method for making
contact with the slider?
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How to Operate the Set

Hook Up the Set. .\ttach the coil in scries with the
aerial as shown in Fig. 98.  Connect the aerial to the slider
and connect the end of the coil to the aerial post on the
tube board.

Operate the Set. Start with the slider near point 0,
I'ig. 99, moving it until you hear a station. At this point

>

i— -

6 volts 222—/ tfo 45 volts

IF1g. 98. Circuit diagram for loading-coil tuning.

little wire in the coil is in the circuit, and the etfect is
similar to using a short aerial.

Now, set the slider near point M, and adjust as before
until a station is heard. Here the effect is the same as
when using a longer aerial.

Wave Lengths of Different Stations. The wave lengths
of the different stations in your locality can be determined
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from the radio programs published in your local newspager
or from lists of stations that can be obtained from your
radio dealer.  Station wave lengths are listed also in radio
magazines and call books.  When frequencies are given, the
high frequencies are for the short wave lengths and the low
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battery battery

FF16. 99. Board layout for loading-coil tuning.

frequencies are for the long wave lengths. That is, the
short aerial tunes to a high frequency and a long aerial to
a low frequency.

Conclusion. It can be seen from this experiment that
the coil may be used as a simple way to change the effective
length of the aerial and so to simplify tuning. It has not
been necessary to go outside and work with the aerial at
all; but it has been possible to make any adjustment for
tuning right on the set itself.
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Questions

1. Does the coil tune sharply? That is. does a small motion of the
slider bring the station to greatest volume and then a small motion
farther tune out this station entirely?

2. Is it possible entirely to separate one station from another?

3. Compare the sharpness of tuning by means of a eoil with the
sharpness of tuning in the preceding set. which you tuned by unrolling
the aerial.

4, Does a long aerial tunc in stations with long or short wave lengths?
with high or low frequencies?

5. What stations are heard when the slider is set to use only a little
of the wire on the eoil? Is the wave length long or short ?

6. What stations are heard with much of the coil in use? Is the
wave length long or short?

5. TUNING BY THE USE OF A TRANSFORMER

In this hookup we no longer tune the acrial itself. We
shall try a new method for tuning, in which we use two coils
in the ferm of an air-core radio-frequency transformer for
tuning. One coil of wire is connected in series with the
aerial and ground. We shall call this the primary coil. A
second coil, called the secondary, is wound on the same tube
but spaced about § inch from the primary. The twco coils
are not connected together. These coils form a tuning trans-
former, which operates on the .same principle as trans-
formers used for doorbells, toy transformers, and power
transformers. (See part 11 of this chapter for principles
of transformers.) 'The primary is connected to the aerial,
and the sccondary is connected in what is called the grid
circuit. 'The secondary, or grid, circuit consists of the
secondary coil, a slider for adjusting the coil’s length, and
the detector tube.

The use of the transformer produces much better signals
and much better selectivity, allowing stations to be sepa-
rated much easier than with the loading coil.
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Construction of a Tuning Transformer

How to Build the Coil. Wind two coils on a 3-inck
hakelite tube taken out of an old broadecast set (sce Fig.
100). The cardboard carton of a cleanser can with the
metal ends cut off will do. The metal must be removed,
since it would absorb energy from the coils of a transformer.
The wire may be of any size from No. 20 to No. 28, cotton-
covered, silk-covered, or enameled. If cardboard is used,
Primory, ,3-inch form
/5 =20 turnss_ /
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IF16. 100,  Tuning transformer.

cither boil the tube in paraffin or shellac it thoroughly to
keep out moisture.

Drill or punch two fg-inch or smaller holes about f inch
apart through the tube for the ends of both coils. Loop
the wire at the ends of the winding through these holes
tightly to prevent the coil from unwinding. Wind 15 to 20
turns for the primary and 45 to 60 turns of wire of the same
size for the secondary. Space the coils T inch apart.

Tune the secondary by a slider on a -inch square brass
rod, as in Fig. 97, which makes contact with the wire under
the bar where the insulation has been scraped off. If no
slider is handy, the wire may be scraped, and the end of a
loose wire may be moved over the coil by hand. Any
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other handy scheme may be used. If cotton- or silk-
covered wire is used for the winding, it will be necessary
to substitute a switch for the slider.

Questions

1. If a pasteboard cleanser carton is used for the tube, why is it
necessary to remove the metal ends?

2. Should the slider run on the primary or secondary coil ?

3. Show one outstanding difference between this transformer and. for
example. a toy-train transformer.

4. Why use insulated wire on the coil ?

How to Hook Up the Set. (onnect a wire from one end
of the primary coil to the aerial post, and a wire from the
other end of the coil to the ground post (see Fig. 101).
Connect a wire from one end of the secondary to the F
positive post, and a wire from the slider to the grid post
on the tube socket. Check your wiring with the hookup
shown in the circuit diagram (see Fig. 102).

Use no grid leak, since the wire from the secondary
connected to the positive A filament wire sets the bias on
the grid.  Try moving this wire to the negative filament
wire.  You may find the signals stronger.

How to Operate the Set

Connect the A\ and B batteries and turn the filament
rheostat. Connect 22§ volts to the B positive terminal.
Start at one end of the coil and move the slider across the
secondary coil slowly to tune from station to station.
Several stations probably will be heard.

Perhaps you will find that two stations come in at one
point on the coil. By moving the slider in one direction
vou gradually tune out one station and bring in the other
more strongly.

Notice how far the slider must be moved before it cuts
out either station. Several turns of the coil may be
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occupied by two overlapping stations. Sometimes the
station is heard best by setting the slider so that it touches
two wires at a time.

N2

.. ,

AL B
Battery Bottery

Fig. 101.  Board layout with tuning transformer.

Questions

1. Does it make any difference which end of the primary is con-
nected to the ground post and which to the aerial?

2. Isit necessary to use soldered joints in all of the above connections?

3. Make a list of the stations yon can hear on this set.

4. Compare the sharpness of tuning of this set with the loading-coil
set. and with the variable-length acrial used in the first hooknp.

Why It Works

How the Set Is Tuned by the Slider on the Secondary.
We find that we tune the set when the slider is moved
across the secondary of the transformer. Tuning the
secondary seems as satisfactory as tuning the primary or
aerial in the carlier experiments. This test shows that



TUNING 155

secondary tuning has the same effect as primary and aerial
circuit tuning.

Tuning the secondary now also tunes the aerial circuit.
Let us sce why this is possible.

A Radio-frequency Alternating Current Flows through
the Primary Coil. The primary coil is part of the aerial
circuit. 'The aerial eircuit now consists of the aerial, the

. i i —
6 volts 224 to 45 volts

F1a. 102, Circuit diagram showing tuning transformer.

lead-in, the prinmary coil, and the ground lead. The radio-
frequency currents flowing in the aerial flow through the
primary coil.

The Radio-frequency Current Builds Up a Magnetic
Field around the Primary Coil. The radio-frequency cur-
rents flowing in the acerial circuit flow through the primary
of the tuning transformer and build up a magnetic field
through and around the coil. The magnetic field changes
polarity as the radio-frequency current changes direction.

Part of the Magnetic Field Energy Is Used to Induce a
Current in the Secondary. The primary magnetic field
surrounds the secondary coil and induces a current in it.
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The induced current flowing in the sccondary creates a
magnetic field around the secondary coll.

More Power Is Drawn from the Primary Radio-fre-
quency Current to Maintain the Magnetic Field. The pri-
mary coil furnishes the power which builds the magnetic
field in the secondary, and anything affecting the second-
ary will, therefore, affect the primary, since the secondary
draws its power from the primary.

/ N \' ‘/;7—\\\

Primary Secondary Primary

Seconolary

J7 N\
\ £ / ¥
= - e —
I'1c. 103.  Power from a transformer I16. 104. Power from a transformer

secondary. Many turns draw much secondary. Few turnsdraw little power
power from the magnetie ficld. from the magnetie ficld.

More Secondary Turns Take More Power from the Pri-
mary and So from the Radio-frequency Current. Tt is
more difficult to change the directions of the lines of force
of the magnetic field in the long coil of Fig. 103 than it is
to change this field for the short coil of Fig. 104, So we sce
that a change in the length of the secondary has the same
effect indirectly as a change in the length of the aerial.

Since more energy is drawn from the primary by more
turns in the secondary, it will take longer for the primary
to build up to full strength. Therefore, a change in the
length of the secondary will tune the primary coil.
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Questions

1. Is the current indneed in the secondary coil of the same frequency
as the radio-frequency current in the primary?

2. Docs changing the length of the secondary have the same effect
on tuning as changing the length of the primary coil?

3. Is it more difficult for an alternating current to flow through a
transformer when the sccondary has many turns or few turns of wire?

4. What wvould be the effeet on the signals if the secondary were
moved farther away from the primary ?

6. TUNING BY A VARIABLE CONDENSER ACROSS THE SECONDARY

Tuning the secondary of the transfermer by means of a
slider, as in part 3, is inconvenient and is a source of noise
in the operation of the set. This method is inefficient
clectrically also, since the turns short easily and do not
permit close tuning. .\ most efficient and simple scheme
for tuning the onc-tube set is by means of a variable con-
denser shunted across the secondary coil.  Much sharper
and more convenient tuning is possible by means of
condensers.

How to Wire the Set

Make the Baseboard. Make the baschoard of 3-inch
pine, 93 inches wide and 20 inches long. Screw two $-inch
by 9-inch cleats 1 inch from the ends on the under side of
the board. Paint or lacquer the board.  This will prevent
the board from soiling and will show up the wiring better.

Use Some Definite System When Wiring. Some system
must be used when wiring a set, or wires will be left out
of the circuit and the set will not work. It is casy to burn
out tubes and to ruin parts by incorreet connections.
Here is a simple system of wiring that you can follow on
all of your sets. Wire each part of the circuit separately,
completing it before you start another part. This will he
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casy to do, since each part has been placed on the set
board in the position shown in the circuit diagram.

Wire the Aecrial-ground Circuit. Connect a wire from
the aerial binding post to one end of the primary coil (see

Aerial O | |

| A Phongs

I16. 105. Condenser across the secondary.

Type O1 A
l Grio g)
return
wire --
T
' re—
6volts 224 fo 45 volts

Fi6. 106.  Condenser across the secondary.

Fig. 105). Connect & wire from the other end of the pri-
mary to the ground post.

Solder the wire in place. Bend the wires to form corners
its shown in the circuit diagram in Fig. 106.
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Wire the Secondary-grid Circuit. Run a wire from the
secondary to the G post on the tube socket.

Connect a wire from the other end of the secondary to
the A positive binding post. This wire is called the grid
return and is connected to the F positive side of the fila-
ment when the type 01A tube is used.

Now connect a wire from the stator, or fixed plates of the
condenser, to the grid end of the secondary.

Connect a wire from the rotor, or movable plates of the
condenser, to the grid-return wire. Connect the condenser
this way to cut down squealing when the hand comes near
the knob in tuning. Squealing is more noticeable in the
sets described later in Chapter V.

Wire the Filament Circuit. Connect a wire from the A
negative binding post to the F terminal on the tube socket.

Connect a wire from the A positive post to one connection
of the rheostat.

Connect a wire from the other rheostat connection to
the other F post of the socket.

Wire the Plate Circuit. Connect a wire from the P post
of the socket to one of the phone binding posts.

Run a wire from the other phone post to the B positive
post.

Connect a wire from the B negative post to the A positive
post.

Wiring Hints. Soldering. Solder every joint. If a
joint cannot be soldered conveniently, it should be scraped
clean and screwed down tight under a binding post. Most
noisy set operation is caused by loose joints.

Kind of Wire. Use size 18 tinned wire for the experi-
mental sets. It is much easier to handle than insulated wire.

Neat Wiring Methods or ““Haywire.” 'The sets in this
chapter should be ncatly wired, since we want to become
familiar with the circuits and to avoid mistakes in wiring.
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Fasten the wires to the baseboard with small staples.

How to Operate the Set

Step 1. Connect the aerial and ground lead-in wires to
the aerial and ground posts on the set. The aerial lead-in
must be insulated.

Step 2. Connect the A battery. («) First, turn the
rheostat to the off position. (b) Put a type 01A tube in
the socket. (c) Connect two insulated \-battery wires to
the connectors on the set. (Do this before you attach
them to the battery. This is to prevent the wire ends
from touching and shorting the A battery.) (d) Conncct
the A-battery wires to a 6-volt storage battery. Be snre
that the connections are correctly made. This makes a
difference in the operation of the set. (The large post is
the positive on a storage battery. Tt is generally marked
inred.  The inner or carbon post of a dry cell is positive.)
(e) Turn up the filament rheostat to light the tube.  If the
tube does not light, check the wiring of the filament circuit
or try another tube.

Step 3. Connect the B battery and the phones. ()
Connect two insulated wires to the B positive and B
negative posts on the set. Connect these wires to the set
first to avoid shorting the B battery. (b) Connect the
wires to a 45-volt B battery. Check to see that the positive
and negative connections are correct. The set will not
work if these connections are reversed. (¢) PPut the head-
phones on.  Connect one tip of the phone cord to the phone
connection on the set. A loud noise will be heard in the
phones when the other tip is touched to the connection.
The filament must be heated, or no sound will be heard.

Operating Ilints. The B battery will burn out the tube
filament if it is connected across the A connections.  This
mistake will not happen if the A battery is connected
first.
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Hissing, frying, and popping sounds heard in the phones
are caused by the chemical action of the B battery or by
the internal action of the tube.

Loose connections are noisy since the resistances of the
connections change as the set
or table is jarred. Small
changes of resistance may be e
heard in the phones as a \ U‘Sff"‘or”
noise. /

Tube sets are quiet either
when all connections are Fic. 107.  Condenser has full capacity
soldered or when the wires R
are scraped clean and bright, then twisted tightly together
for several turns.

-

v

2z
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How the Setting of the Condenser Affects Tuning

We found in the last experiment, where a slider was used
to tune the secondary of the transformer, that it was hard
to tune out stations that
were close together. It
seemed that if we could
only tune “between the
turns” in some way, or
could tune “part of a
turn,” our tuning would
' be much sharper and
Fig. 108, Condenser has very small capac- 1) gpe satisfactorv. We

ity when plates are separated. v
: could then separate sta-
tions more easily and reach the hard-to-get weak ones.

The variable condenser does just this. It allows us to
tune “between the turns,” and the tuning is much sharper.
It is possible to tune out stations that were too close
together to be tuned out with only a slider.

When the rotor (the movable plates) of the variable con-
denser is turned so as to mesh with the fixed plates of the
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stator, the capacity is increased (see Fig. 107). When the
rotor is turned so the plates move out from the plates of
the stator, the capacity is reduced (see Fig. 108).

When the condenser is shunted across the coil, an increasc
in the capacity of the condenscr increases the wave length
(decrcases the frequency) to which a set will tune; when
the plates are turned out or the capacity decreased, the set
will tune to stations having shorter wave lengths (higher
frequencies).

Questions

1. Count the number of stations you can hear on the new set as you
slowly turn the rotor of the condenser.

2. Compare the sharpness of tuning with that in the previouns sets.

3. Compare the loudness of the signals.

4. Give a reason why it was not as simple or easy to tune with the
coil as sharply as it is with the condenser.

6. As you move the plates of the rotor in between the fixed plates, do
you increase or decrease the capacity of the condenser?

6. Do you then increase or decrease the wave length to which the set
will tune?

7. Can the set be operated or tuned if a proper-sized condenser is
shunted around a primary instead of around the sccondary? Try this.

Why It Works

Tuning Is Timing. Tuning, as we learned before, is
entirely a matter of controlling the time required for a radio-
frequency current to surge from one end of the circuit to
the other and back. The longer the circuit is, the longer
the time required to complete one cycle, or one complete
round trip through the circuit. The shorter the circuit is,
the shorter the time required to complete the round trip.
Each round trip is called one osctllation.

Frequency. H a surge takes a long time to make one
round trip, few trips will occur in a second. If each round
trip occurs quickly, there are more round trips each second.
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The number of round trips occurring each second is called
the frequency of oscillation. Iigh frequency means many
trips a second; low frequency means fewer trips in a second.

What a Condenser Is. .\ condenser is made of two sets
of metal plates set close together but separated by some
kind of an insulator. (See part 9 of this chapter for expla-
nation of condenser action.) A condenser can be thought
of as a large “clectrical dishpan™ or reservoir which will
hold a great many elec-
trons. A large number of
clectrons flows into one set
of condenser plates and '
shoves an cqual number of [—IL__L__IJI_I
electrons off the other set of
plates. A condenser then
is a convenient device for
temporarily storing large Fie. 109. Condenser with large arca
quantities of eclectrons. has great capacity.

The bigger the plates, the more they can hold.

How a Condenser Affects Frequency. A condenser in a
circuit has the effect of increasing the electrical length of
the circuit, since it takes
time for the electrons flow-
ing in that part of the cir-
cuit to fill the condenser
|—I|__L_LJ|| I plates. Condenser plates
of large area connected in
the circuit will fill slowly,
and the frequency of oscilla-
Fia, 110, h‘l:"l‘l‘t‘;l'("‘("! ‘:i!t'" small areation will be slower (see Fig.

" Apaety 109). This will make the
coil and large condenser tune to a lower-frequency station.

A condenser of small area will fill more rapidly (see Tig.
110). The round trips of clectrons will be more rapid (the




164 UNDERSTANDING RADIO

frequency will be higher), and the circuit will tune to a
higher-frequency station.

A condenser shunted across a coil adds to its wave length
and decreases the frequency. Another way of explaining
this would be to say that a small condenser tends to add
but little to the effective length of the coil, and a large
condenser tends to add much to the effective length of the
coil.

Vernier Condensers—Fine Adjustment. 'The condenser
can be adjusted quite easily and tuned accurately to any
wave length possible with this coil. The condenser gives
an easy way to tune ‘““between the turns™ on a coil. It
acts much as if the slider could roll around the coil, making
contact with the wire all the way around each turn instead
of jumping a complete turn at a time. 'The tuning is
smoother and more even. When a condenser is used for
tuning, no loose contacts are in the circuit.

If the tuning needs to be still finer, a gear or friction drive
is used which slows the motion of the dial and of the moving
plates. Later we shall take up other methods of fine tuning.

Questions

1. Does a large condenser increase or decrease the effective length of a
coil?

2. Explain why a small condenser will cause the set to tune in stations
operating on a high frequeney.

3. What is a vernier? Can you describe two or more types nsed on
sets?

4. Assume that the electrons at a given instant are flowing from the
ground to the acrial in the primary circuit. Tell how the electrons
flow through the secondary and condenser of the set.

Coupling Affects Tuning. In many older receiving sets
transformers were built so the coils could be moved apart,
twisted, or turned at an angle. Early in radio experi-
menting it was learned that this change of position, or
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coupling, affeeted tuning.  Many ingenious schemes were
used to control coupling.  Soon it was found that few of
these controls were used regularly. so a “hest ™ position for
the coil was built in the set and a few dials were made to
do the work of many.

What Is Coupling? Any change in the spacing between
coils affects the amount of clectrical energy that can be
transferred from one coil to the other. This degree of the
transfer of energy between coils by induction is called
coupling. When the wires are closely coupled, much
energy is transferred from one coil to the other. When
the coils are spaced apart or turned so that little energy is
transferred, the coupling is said to be loose.

Close Coupling. More current is induced in the sec-
ondary when it is closely coupled to the primary. A
stronger signal is heard in the phones. But the tuning is
so broad on account of the closeness of the coupling that
it is hard to tune to any one station. The aerial currents
are strong cnough to overcome the tuning cffect of the
secondary circuit.

When the coils are close together, much energy is trans-
ferred to the secondary, and all frequencies picked up by
the acrial get through, strong and weak alike.

Loose Coupling. When the coils are loosely coupled, all
of the currents of different frequencies picked up by the
acrial are weaker in the secondary circuit. Loose coupling
results in sharper tuning but weaker signals. But the
strength of the signal frequency that you want to hear is
built up by tuning the coil and condenser to resonance with
it. At resonance, the impedance to that frequency s
practically zero; hence that frequency surges casily in the
secondary circuit.

With all of the signal cnergy of one station concentrated
by sharp tuning. you can hear the station and understand
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it even if it is weak. You can get a stronger signal by
closer coupling, but this causes broad tuning with inter.
ference from other stations.

Close coupling gives a big transfer of energy to the see-
ondary, and all stations come in loudly. Loose coupling
gives smaller transfer of energy, and all stations come in
weakly.

Tuning by Changing Impedance. When you tune a set,
you adjust it to select one frequency. Theoretically, every
station on earth that happens to be transmitting sets up a
signal current in the aerial of your receiver. Actually, only

Close coupling Signal strengths
Station A
#,
Primary Secondlary Srien

Station CpF———

Strongest 2 r———
impedance

possible for

this circurt

Fig. 111, Close coupling produces strong signals with poor tuning.

a few of the station frequencies arc strong enough to be
heard. We shall find this is truec as we build the more
sensitive sets later in the book. These sets will pick up
many more stations than will the set you are now using.
A Current Picture to Illustrate Tuning. The diagrams
in Figures 111 and 112 show lines whose length indicates
the strength of the signal from three different station fre-
quencies transferred to the secondary when coupling is
close. The line Z is the amount of impedance in ohms
that the tuning circuit, condenser, and coil can build up to
stop or tune out any frequency in the tuning range of the
coil and condenser. This circuit can set up only a certain
amount of impedance to the flow of any of these frequencies.
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When the coupling is close, as shown in Fig. 111, you
can tune out station .1 but not station B or (. You can
reduce the strength of .4 and B by tuning, but you can still
hear both of them. You cannot cut them out. This is
known as broad tuning.

Now loosen the coupling so the transfer of energy to the
secondary is somewhat less (see Fig. 112). This will not
change the impedance of the secondary, but the strength

Loose coupling Signal strengths

Stotion A r—

b g’ Station BpF————

3 3 |

£ S s o —

N o atron C

Q J)) l
IMPEAINICE 7 i
of tuning l
crrcurt

Fig. 112. Loose coupling produces weaker signals, but the tuning is betier.

of any of the signals is less than the possible impedance.
Now you can tune out any of the stations and allow only
the station you want to get through.

Set the secondary tuning condenser so the impedance for
the station frequency you want to hear is very low. Now,
the impedance for the other frequencies is so great that
both frequencies are killed. Only the signal current of the
desired frequency flows in the secondary circuit and is
heard in the phones.

Questions

. What is conpling?

. What is the difference between loose coupling and close conpling?
. What bad cffect does close coupling have upon tuning?

. What is meant by broad tuning?

w N
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7. RESONANCE—~THE ELECTRICAL EXPLANATION OF TUNING

Lot us compare the action of the electrical tuning circuit
to some common thing with which we are familiar. Let ns
compare tuning to a person in a swing. It is casy to show
that a weak push repeated at the proper instants will cause
a heavy person to swing gradually higher and higher, while
if the push is given at the wrong instant a person swinging
very high will soon be stopped.

Now, we shall take an example that is more like the
radio circuit in its action. Suppose you have a heavy ball
rolling on an ideal billiard table, one which is perfectly
level, built so it is practically frictionless to the rolling ball.
At the ends of the table are rubber cushions. When the
ball is shot across the table with considerable force, it will
rebound many times before stopping. Now, if we arrange
a device in each cushion to give the ball a push at the instant
it bounces away from the cushion at the end of each trip,
the ball will continue rolling back and forth across the
table. Perfect timing is necessary, or the push will kill
the motion of the ball instead of building up the motion
enough to overcome the slight rolling friction. If the dis-
tance between the end cushions is changed, the push must
be retimed to fit the new distance.  Or if the timing of the
push is changed, the distance between cushions will have
to be changed to fit the new time between pushes.

This arrangement is quite similar to the radio tuning
circuit. The push on the electrons traveling back and
forth in the circuit is timed by the oscillator tubes in the
transmitter.  In the receiving circuit the push comes from
the currents set up in the aerial by the radio waves. The
condenser acts as the cushion which stores up energy as
the electrons fill one set of plates, and the rebound comes
when the electrons rush back through the coil to the other
set of condenser plates,
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The size of the condenser plates and the number of turns
in the coil determine the length of the path the electrons
must travel through the circuit during each round trip.
When the size of the condenser or of the coil is made larger,
the elcctrons need more time for each round trip, or oscil-
lation. If the coil or the condenser is made smaller, the
electron round trips need less time and more oscillations
occur each second. The frequency is higher.

You can change the length of the aerial-ground system
by moving the slider on the loading coil, or by adjusting
the condenser setting which, in each circuit, adjusts the
length of the circuit to meet the tiny push given by the
radio waves striking the aerial. The strongest current will
build up from the radio waves and will flow when the circuit
is just the right length. This circuit is then in tune or
in resonance with the transmitting circuit and with the
incoming wave.

Now if the aerial is too short or too long, or if the tuned
circuit is too short or too long, this push from one radio
wave will generate a current which will oppose the current
from the preceding wave. The cireuit is now out of reso-
nance with the transmitter, and little or no current flows in
the circuit and no sound is heard in the phone.

So the process of tuning is one of adjusting the length of
the path over which the ball rolls, or of adjusting the
clectrical length of the receiving circuit to resonance by
adjusting the tuning coil or the condenser so the current
may built up to its greatest strength.  We know when the
current is strongest by the volume of the sound in the
receiver.

It is plain at this point to see that good connections in
the joints in the wire of the aerial or of the set wiring must
be tight and clean.  These wires should be large and short
so that the flow of clectrons through the circuit is not
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impeded or hindered. Poor connections slow up the flow
of current on account of the resistance and make tuning
less accurate and sharp. The clectrons cannot get through
the circuit in time.

In the one-tube circuits you will notice the difference in
signal volume resulting from good or poor connections
hecause you are supplied with so little current by the aerial.
But in the sets with several tubes (which you will study
later), you can amplify the current, and this loss is not
noticed as much in volume as it is in the sharpness of the
tuning.

Questions

1. What is the source of energy which keeps the oscillation going in
the tuning circuit?

2. What determines the length of the path the eleetrons must travel
in a tuning circuit?

3. When the condenser and coil are made Yarger, what effcet does this
have upon the frequency at which the set tunes?

4. What is meant by the term resonance?

8. THE USE OF TOOLS
How to Tin a Soldering Iron

A soldering “iron”’ is not made of iron at the point or
tip; this is made of copper, since it conducts heat very well
and is convenient to handle.  The tip is filed to one of the
shapes shown in Tig. 113. As the “iron” heats, the hot
copper surface at the end of the “iron’” oxidizes, and solder
will not stick to it. To prevent this oxide from forming,
it is customary to file the “iron” clean while it is hot and
to tin it. .\ coating of tin is melted onto the surface of
the clean, hot copper so it will readily conduct heat.  This
process is called tinning the “iron.”

Step 1. Heat the iron to the proper soldering tempera-
ture. With an eleetrie iron, all that needs to be done is to
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turn it on, and it will reach the proper heat in about two
minutes.

Step 2. File the tip until the bright copper shows over
the entire surface. This should require just a few strokes
of a clean file. The heated copper will rapidly discolor
again, but this discoloration will be cleaned off by the flux.

Step 3. Either dip the hot tip of the soldering iron into
some form of flux or touch rosin-core solder to the hot tip

Fie. 113, lHow to file a soldering iron.

of the soldering iron. The flux will clean off this oxide and
permit the solder to flow onto the copper and cover it.
If rosin-core solder is used, do not dip your iron in flux.
'The purpose of the flux is to combine with the impurities
and to clean them off.

How to Splice Wires

Step 1. Cut the insulation off the wire for about 38 inches.
Scrape till clean and bright. Slice off the insulation as
shown in Fig. 114, moving the knife along the wire so as
not to cut the wire. Copper breaks easily where it is
scratched or marked with a knife or pliers. In making an
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acrial this is very important, since the acrial wire will
break at such a cut and will fall after it has been in the air
a short time. Make a light cut on a piece of scrap wire
and then hend the wire to see how quickly a very small

F16. 114, Stripping a wire.

mark on the wire wili make it break. Now try the same
experiment where the wire has not been marked.
Step 2. Hold the wires together as shown in Fig. 115,
Step 3. Twist one wire around the other for several
twists: then start with the second wire and twist it around

1. 115, Wires ready for splicing.

the first. Keep the first few twists very tight. Make at
least four twists with each wire, bending it almest at right
angles to the other wire (sce Fig. 116). Do not wrap the
turns of the joint too closely together as this will prevent



TUNING 173

the solder from flowing into and around all parts of the
joint. This splice will be sufficiently strong to join parts
of an aerial together where there is considerable strain.

Step 4. The wire, which was scraped clean before the
joint was made, is now soldered. The solder helps make
the joint more solid and also keeps out any corrosion from
the air or the sun.

Fra. 116, Splice ready for soldering.

Soldering Fluxes

There are several kinds of soldering fluxes on the market,
almost any of which may be used satisfactorily for soldering
by the amateur on his set.  Select a soldering flux that will
not corrode the metal after the joint has been made.  Any
electrician can tell you a number of good commercial fluxes
to use. The local radio man can give you this information.

Many fluxes are good conduetors of eleetricity at high
frequencies. Amateurs who have made a set carcfully and
well often wonder why the set does not operate better.
Often the answer is that the soldering flux has flowed not
only on the joint but over the bakelite or other insulation
in such a way as to furnish a path through which the high-
frequency currents flow to parts of the circuit where they
do not belong. This cuts down the efficiency of the set.

Many amateurs prefer to use rosin-core solder, since
rosin is not a conductor of electricity. Rosin is a good
flux for clean new copper or brass. But the rosin some-
times flows into a joint and hardens between the turns
of the joint. Such a joint will not carry clectricity, sinee
the rosin prevents the two metals from making contact.
Take such a joint apart, scrape it clean and bright, then
resolder.
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Acid-core solder and acid soldering flux, which is called
cut acid (hydrochloric acid and zinc), are not suitable for
radio soldering, since this acid corrodes copper badly.

How to Solder a Wire Splice or Wire Joint

Soldering may be done easily if three rules are followed

Rule 1. The joint first must be clean.

This means that all surfaces of the two pieces of metal
that are to be held together by the solder must be scraped

Soldering lug--"

Fig. 117.  Soldering to a binding post.

clean or must be cleaned with some chemical. In radio
work we scrape wires with a knife, being careful to see that
all parts of the joint are clean and bright.

Rule 2. The iron must be clean, hot, and well tinned.

An iron that has been overheated or left on for a long
time gradually burns. The hot solder combines with the
oxygen in the air to form a hard oxide surface which will
not conduct the heat fromn the iron to the joint to be
soldered. If this has, happened, the iron must be filed
and retinned.

Rule 3. Have the iron and the joint hot (see Fig. 117).

If the iron feels quite hot when held near the face or
hand, it should solder the joint nicely. Use very little flux
on the joint. The flux melts and flows through the whole
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joint, cleaning the surface of the metal by chemical action.
The joint must be scraped clean first unless the wire is new
and bright. Special solders and fluxes must be used when
soldering aluminum.

When the joint and the iron are thoroughly hot and
clean, the solder will flow into the joint quickly and make
a smooth joint. If the solder seems to be rough and follows
the iron away from the joint and forms a small sharp point,
that is a sure indication that the iron or the joint or both
are not hot enough.

9: CONDENSERS
Construction and Uses of Condensers

The Simplest Condenser. Essentially speaking, the
simple condenser consists of two metal plates separated by
Condlenser /’L

Air
d/b/ecf\r/b i
Rt 2|

=)

I'1g. 118. The simplest condenser.

air or some other insulating material (see Fig. 118). The
separating material is called the dielectric. The two con-
denser plates are not connected to each other.

Condensers are rated as having a certain electronic
holding ability or capacity. The terms capacity or capact-
tance are used to mean the quantity of electricity that any
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condenser can hold. Capacity is measured in farads or
microfarads. The kind of dielectric used and the thickness
of the dielectric as well as the area of the plates of foil or
metal determine the capacity of the condenser.

Dielectrics. Glass is a fair dielectric but breaks easily
at high voltages. The dielectric between the plates of a
variable condenser is air. Air is a good insulator and is
self-healing. Cheap condensers have paper dielectrics
which often are leaky and affected by moisture. The
better-quality condensers use paper treated to stand higher
voltages. In the better-quality small precision condensers,
mica or a high quality of standard glass is used for the
dielectric. Cheap condensers are not entirely accurate.

You may hear the expression a dielectric constant and
wonder what this neans. Laboratory technicians have
carefully tested many materials to see how they compare
with air when used for dielectric. They start with.a con-
denser that has air as the dielectric. They say the dielectric
constant for air is 1. Then they find a different dielcctric
material and use it with the same size or area of conductor
for plates. TIts thickness must be the same as the spacing
between the plates of the air condenser. If this condenser
has twice the capacity of the first, the new dielectric is
given the constant number 2. Its dielectric constant is 2,
which means that it gives a condenser the ability to hold
twice as many electrons as an air-dielectric condenser will
hold.

Some of the common materials used for dielectries are
listed below with their constants. The values given arc
approximate.

Nieo oo 1.00
Treated paper................. .. .. 2to 3
Glass............... ... . ... ... .. 3to9

Miea. ..o 4+ to 8
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Common Forms of Condensers Now Used

By-pass Condensers. Condensers are used in sets today
to by-pass radio-frequency currents in the radio amplifier
and in the detector circuit, and for by-passing audio-fre-
quency currents in both the detector circuit and in the audio
amplifier. Small paper-dielectric condensers are used for
this purpose for voltages up to 600; mica-dielectrie con-

7in foil-,
Poper;

24 4 %/ ’
& e T—‘é—j/ ;:,07/\

Loyers of tinfoil
and paper /

——

e nr=Paper
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Fic. 119, Paper condenser.

densers are used for the higher voltages.  The capacity of
adio-frequency by-pass condensers ranges from .1 micro-
farad to .006 microfarad, depending on the frequency to be
by -passed.

The capacity of audio-frequency by-pass condensers is
higher, ranging from } microfarad to 1 or 2 microfarads.
These are generally paper-dielectric condensers.

Power-supply Condensers. The capacity of condensers
used in power-supply filters is large, ranging from 2 to 8
microfarads. These must have higher voltage ratings than
the smaller receiving-type condensers.

These condensers use a high-quality treated paper for
the dielectrie, with thin sheets of tinfoil for the conductors.
The paper condenser is either pressed flat or rolled into
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tubular form and sealed with some kind of wax (see Fig.
119).

Variable Condensers. These are usually the well-known
air condensers used for tuning, regeneration control, neu-
tralizing transmitters, etc.

Transmitter condensers are used for tuning and by-pass-
ing in much the same way that they are used in the receiver.
They must be better insulated to prevent leakage, and the
dielectric must be able to stand high voltages.

Electrolytic Condensers. The electrolytic condenser
consists of aluminum sheets separated by chemically treated
materials. The dielectric is a chemical film that forms on
the surface of the plates. The electrolytic condenser has
many desirable features. Paper or mica condensers are
destroyed and must be replaced when the voltage has
become great enough to burn through the diclectric.  The
electrolytic condenser is self-healing.  The dielectric of an
clectrolytic condenser renews itself after a surge of current
has jumped through betwecen plates. 'The condenser then
is as good as new. .

Electrolytic condensers must be correclly connected in
the circuit. The positive conneetion is marked.

The Theory of the Action of the Condenser

Construction of the Condenser. Ifor our experiments
we shall build a simple condenser of two flat sheets of tin
or any other convenient metal, about 4 inches by 6 inches
in size. Fasten each of these two shects to a block of wood
large enough to hold them in an.upright position. Solder
a connecting clip to the condenser plates (sce Fig. 120).

Connect one of the two metal plates of the simple con-
denser to an clectroscope (see Fig. 121). An electroscope
can be made by hanging a strip of gold leaf or silk or very
thin tinfoil across a wire as shown in the diagram. The
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electroscope is a sensitive device which will show the
presence of a charge of electrons by the action of the gold
leaf or tinfoil.

) —

I'1c. 120.  Condenser made in the laboratory.

, Closed fountain pen

Electroscope Electroscope

Part A Part B
Fig. 121, In Part A, at the left, a sensitive clectroscope shows the charge
on the condenser.  In Part B, clectrons increase the charge on the condenser
and force the electroscope leaves apart.

Then rub a fountain pen on some wool cloth, or rub a
glass rod on some sort of fur or on a coat sleeve. This will
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charge the rod with static electricity (collect electrons on
the rod). Touch the rod to the condenser plaie connected
to the electroscope (see Fig. 121). The surplus electrons
will flow off the rod onto the condenser plate and thus
distribute themsclves over the circuit. A lot of them
will flow onto the electroscope leaves, and the leaves will
fly apart. The clectrons make both leaves negative, and
the two negative leaves repel each other.

The Effect of Grounding One Plate. Now if we ground
the other condenser plate to a water pipe, as shown in Fig.

(
é £/ectroscope

)

\. =

Fia. 122, Aetion of a condenser.

122, the leaves of the electroscope will fall together. The
ground acts as a big neutral substance, and the electrons
crowded on the first plate rush over to the surface next to
the grounded plate.  They repel the eleetrons on the other
plate and shove them off the grounded plate into the ground.
The electrons on the first plate try to get across the air
to that second plate and will no longer crowd electrons on
the gold leaves.  The clectrons that were on the leaves flow
hack to the condenser plate, and the leaves fall together.
The Condenser Is a Reservoir. The condenser can then
be thought of as a big clectrical dishpan or reservoir,  Like
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a dishpan, it will hold or collect many more electrons thamn
could be placed on a flat piece of metal of the same size.

When the charged rod is touched to a condenser plate.
the rod holds a certain number of electrons and it can force
only a given number of electrons to the condenser plate.
But when the other condenser plate is moved close to the
first one, this second plate attracts electrons and makes
room so more electrons can flow from the rod onto the first
plate. In other words, the greater the pressure is on the
clectrons, the more you can shove onto the plate. The
more electrons you put on, the more pressure will be
required to force them on.

It is like pumping up a bicycle tire. The first few strokes
of the pump force air into the tire without much effort; as
air fills the tire, more pressure is needed to force in more air.
Each stroke is harder to shove down than the one before.

This is true of a condenser. A pressure of 10 volts will
put only so many electrons on a condenser. After the
10-volt power has put on all it can, 100 volts can add more
electrons.

The Effect of Size on a Condenser. Now think of two
sets of condenser plates the same distance apart. The
plates of the first condenser each have an area of 12 square
inches. The plates of the second condenser each have
24 square inches. WWhen the voltage on each condenser
is the same, the big condenser will hold more electrons.

It would be the same as pumping up a car tire and a
bicycle tire. The bicycle tire fills quickly and it takes much
pressure to add more air to it, while the big tire has lots
of room and not much pressure is needed to put air into it.
The automobile tire will hold many times the number of
cubic inches of air that the bicycle tire will hold, even when
both are under the same pressure. We say that the bigger
car tire has more capacity. We say the same thing about
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condensers; the one with more capacity or surface will take
more electrons.

Here is a simple way to see that a condenser does store
electrons. 'Touch the terminals of a large condenser to the
terminals of a B battery. Now touch a screw driver across
the terminals of the condenser. Just before the connection
is made across the condenser a spark will snap across,
showing that the electrons have jumped from one plate to
the other through the screw driver, thus balancing up the
electrons on the two plates.

If we connect a condenser made of two plates of tinfoil
with paper in between to a 20-volt alternating current, the
surge of the electrons flows through the wire and onto one
of ‘the plates. Since electrons repel other electrons (like
charges repel), the surge repels electrons off the second plate
into the circuit. The first electrons to reach the first plate
find the plate not crowded at all, and they can go on to
the plate together. Then as the electrons get closer and
closer together it takes more pressure (voltage) to force on
electrons. So, in each surge of alternating current, the
first electrons of the surge to reach the plate will flow on
easily, and the later ones will go on with great difficulty.

Current and Voltage Lead or Lag. e say when
charging a condenser that the current leads the voltage;
that is, current leads and voltage lags. A large number,
or current, of electrons rushes on the plates at first, and
then the voltage has to be high later to force on electrons.

Summary of Condenser Principles. Now let us summa-
rize the operation of a condenser in an alternating-current
circuit, Electrons surge onto one plate and drive the
electrons off the other plate. Then, when the current
reverses, the electrons flow back onto the second plate and
drive off the electrons on the first plate. No electrons
travel through the condenser dielectric.
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Uses of Condensers

Condensers may be used to stop a direct current from
Howing in a given circuit and to let an alternating current
flow through without interruption. This stops the audio-
frequency currents in a ‘given radio circuit and lets the
radio-frequency currents get through. 'This type of con-
denser has a very low capacity.

If you connect a condenser of certain capacity to a
current of 60 cycles frequency, the condenser will hold a
given amount of electrons for cach alternation. Now,
suppose that you connect a radio-frequency current of the
same voltage to the condenser instead of a 60-cycle current.
The condenser will now hold more electrons per alternation
than it would formerly. In other words, a condenser of a
given size will increase its capacity as the frequency
increases. A condenser which will pass a radio-frequency
current will be too small to handle an audio-frequency cur-
rent. So it is possible by controlling the size of your con-
denser to permit a given circuit to pass a radio-frequency
current and stop an audio-frequency that tries to flow on
the same wire.

Small condensers pass radio-frequency currents but stop
audio-frequency alternating currents and direct current.
Large condensers pass radio-frequency and audio-frequency
currents and stop only direct current.

Condensers are used in many places in radio circuits to
stop sparking across contacts. This occurs across the key
in a transmitting set. Sometilnes a condenser is used
across a switch. In the old sets a condenser was often
connected across the vibrator contacts of the spark coil.

Condenser and Lamp in Series. Connect an 8-micro-
farad condenser in series with a 20-watt lamp. Connect to
the 110-volt alternating-current circuit (see Fig. 123).
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The light will burn about as brightly as if there were no
condenser in the circuit. There is no flow of electrons
completely through the circuit as in a direct current. The
electrons surge into the plate of the condenser and are
stopped by the dielectric. 'The electrons are driven off the
other plate through the light. The result is the same as if
the electrons had flowed clear through the original circuit

without having been stopped
11 (~) .
L in the condenser.
] \ . e -
Lamp Tuning Oscillating Circuit
by Means of Condensers.
An oscillating circuit always

110 volts consns_ts of a re_s1stance, a
A.C. capacity, and inductance.
Fia. 123, Condenser and lamp in - The resistance may be the

series,

resistance of the wire of
which the cci! is wound, as well as the resistance of the
connecting wires and the wire wound into the coil. The
capacity is concentrated in the condenser, or is distributed
along the length of the wire. Oscillating currents will
flow either in an open circuit consisting of an aerial and
ground in series, or in a closed system where a coil is shunted
by a condenser. Both the open oscillating circuit or the
closed oscillating circuit may be tuned by means of variable
condensers or by changing the size of the coil.

The Effect of Series or Shunt Condenser. \When we
tune a coil by shunting a variable condenser across it, the
effect is to increase the wave length of the coil. If we wish
to decrease the wave length of the coil, we connect the con-
denser in series with the coil.

Shunt or Series Aerial Condenser. When an aerial has
been built and is found to be too long to tune to the stations
which we wish to receive, we connect a condenser in series
with the aerial, coil, and ground to reduce the wave length
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of the circuit. The wave length of the circuit can be
reduced to only about half the fundamental wave length
of the aerial.

The aerial will oscillate at a certain frequency which is
called its fundamental.  But if we find that the aerial is too
short to receive stations of certain wave lengths, we shunt
a condenser around the coil to increase the wave length.

The Measurement of Capacity

The unit of capacity is called a farad. A condenser that
has a capacity of 1 farad will take up enough electricity at
1 volt pressure to cause a current of 1 ampere to flow for 1
second. .\ condenser with a capacity of 1 farad would be
enormous. In practice the unit of capacity commonly used
is a l-millionth of a farad or 1 microfarad. An air con-
denser which has 10 square yards of surface has a capacity
of about 1 microfarad when the condenser plates are 1
millimeter apart.  The arca of the plates is not a good way
by which to picture the capacity of the condenser, because
so many other factors determine capacity—for example, the
distance between the plates and the insulation used. It is
much better to speak of condensers in terms of microfarads,
sather than in terms of the number and area of the plates.

A microfarad equals 1,000,000 micromicrofarads. .\
variable condenser which is listed in a circuit description
as .0005 microfarad is 300 micromicrofarads.  Also 350
micromicrofarads is written as .00035 microfarad.

The ordinary 23-plate, 17-plate, and other standard vari-
able condensers range from 250 to 350 micromicrofarads.
The midget variable condensers used for tuning in short-
wave sets have the following capacities: 23-plate midget,
.0001 microfarad; 13-plate, .00005; 9-plate, .000025; and 5
plate, .000015. Condensers made by different manufac-
turers vary from the capacities given here,
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Others that are used are grid condensers, for detector
tube, which have a capacity of either .00025 or .0001 micro-
farad. By-pass condensers have a capacity of 1, %, 1, and
2 microfarads. Condensers used in filter circuits range
from ¥ to 8 microfarads.

Electromagnets

Strength of Electromagnets. An electromagnet may be
made by winding a nmnber of turns of wire into a coil on
a spool, a cardboard tube, or on any other convenient form
(sce Fig. 124). A handy way of making an electromagnet
is to wind about 50
turns of enameled or
cotton-covered magnet
wire on a small nail.

Fi1g. 124.  Electromagnet. When the ends of the
eoil are commected to a battery, we find that the coil has
become an electromaguet and will lift small pieces of iron or
steel, such as tacks or filings.

The strength of a mmagnet may be inereased in three ways:
(1) by putting a core such as a nail or a picce of soft iron
inside the coil; (2) by wrapping more turns of wire around
the coil; (3) by passing more current through the same
number of turns of wire.

Like Poles Repel and Unlike Attract. Now to show that
the lines of force actually represent attraction between the
two magnets, let us hang a bar magnet in a horizontal
position and bring another magnet near its poles. Hang
the magnet so it is free to swing, using a double loop of
thread or light string to keep it level.

Hold the south pole of another magnet near the south
pole of the hanging bar magnet. The swinging magnet s
south pole will swing away from the south pole of the
magnet in the hand.

Winding

Norit
= = I
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Now, hold the south pole near the north pole of the
swinging magnet. The two opposite poles swing together.
From these results we can write a rule for magnetic
repulsion and attraction: The same or like poles repel each
other, and different or unlike poles attract each other.

Penetration of Magnetic Lines of Force. Lines of mag-
netic force penctrate paper, wood, and some metals.  We
find that the lines of force penetrate metals which the
magnet will not pick up, such as copper and brass. We
call these metals nonmagnetic, since they are not attracted
by a magnet. The lines of force penetrate these metals,
but magnetic metals stop the lines of force.

10. INDUCTANCE AND REACTANCE

The Effect of Inductance. You can see the effect of
inductance in a simple experiment.  Connect a B battery

—_—— Lamp
A
a2 &)
Choke corl
1/0 volts A.C. 110 volts DC.
—{( ) J| |
‘ o= [

G, 125, Inductance of a coil.

of about 110 volts or a B eliminator in series with a choke
coil and a 10-watt lamp. (Sec Fig. 125.) Notice the bril-
liance of the lamp. Leave the lamp connccted to the B
battery for only a few seconds, since this is too heavy a
load and will quickly ruin a B battery. Then disconnect
the B battery and conncet the house lighting circuit to it.
Notice that the light burns very much dimmer when an
alternating-current tries to flow through this choke coil.
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The light is dim when the alternating current flows through
because of the inductance of the coil.

What Is Alternating-current Resistance? The inter-
ference with the flow of eleetrons in an alternating current.
through a coil is not due only to one property or condition
of the coil. Ordinarily one may use the terms alternating-
current resistance or alternating-current opposition to current
flow, but technically each particular factor which deter-
mines part of that interference must be named. We shall
now take this alternating-current resistance which the
experiment demonstrated, name the various factors, and
show what each does.

Impedance. 'The total alternating-current resistance is
called impedance. Tmpedance is not the sum of all the
interferences to the current, but it is the total effect of
them all.  If electrons flow along a straight wire, there will
be a certain amount of interference to the electron flow,
called direct-current resistance. But if that wire is rolled
up into a coil and an alternating-current is again sent
through, it will have a new resistance in addition to the
direct-current resistance.

The total effect of this new resistance and the direct-
current resistance is called impedance.  This new resistance
is due to several different factors. Part of it is thought of
as inductance or self-inductance.

Inductance and Self-inductance. Inductance is the
cffect of magnetism in opposing the flow of clectrons in an
alternating-current through a coil. When a current begins
to flow through a coil, the magnetic lines of force around
cach turn of wire will cross the turns next to it. The
magnetism makes the electrons in the nearby turns flow in
the opposite direction to that of the original current and
produces a back voltage in them. This opposition is called
self-inductance.
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The amount of self-inductance is determined by the
number of turns of wire in the coil, the average diameter
of the coil, the length of the coil, and the magnetic perme-
ability of the core on which the coil is wound. Some
substances are ecasier to magnetize than others. They

IR
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TesTiNG Rap10 FQUIPMENT
A fuctory technician is checking on the inductance of a group of coils.

magnetize casily and lose their magnetism easily. They
have high permeability. Soft iron, such as stovepipe iron
and wire, has more permeability than hard steel.

We say when 1 ampere change in current per second in a
coil builds up 1 volt in the opposite direction the coil has
1 henry of inductance. If the current changes at the rate
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of 2 amperes per second, the opposition voltage would be
2 volts. The inductance voltage in opposition to flow
depends not only on the actual current that flows but also
on the rate of change of current. It requires a changing
magnetic field to cause this opposition.

Suppose the coil we used in this experiment has a resist-
ance of 10 ohms when you test it with an ohmmeter using
a direct current. If you attach a 60-cycle alternating-
current source of the same voltage, the coil will now have
more than 10 ohms of resistance. Suppose that at this
particular frequency there are 100 ohms of resistance.  This
would be the same as a straight wire with 100 ohms of
resistance.  In other words, this coil gained 90 ohms of
resistance by changing the current from direct to alter-
nating. The 90 ohms is inductive reactance caused not
only by the direct-current resistance of the wire but also
by the back voltage caused by the inductance of the coil.
The total 100 ohms of resistance to an alternating-current
is the impedance of the coil. a

The opposition to the flow of electrons in a condenser is
called capacitive reactance and is measured in ohms, the
same as ordinary resistance in a straight wire.

The alternating-current resistance of a coil is not the sum
of the direct-current resistance plus the reactance. The
reason for this is that one cause creates a resistance that
tends to oppose or partly kill the effect of another
cause.

The inductance of a coil is a fixed quantity, but the total
interference to the flow of current will change if either the
frequency or rate of change of the current is increased or is
cut down. Suppose we have a coil which possesses 1 henry
of inductance for a given alternating current. We can
change the opposition the coil has to the flow of current
by changing only the frequeney.  As we increase the fre-
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(uency, we increase the total resistance until finally little
current flows.

Reactance is a term that includes the effect of both the
inductance of a given coil and the frequency. The oppo-
sition which the coil offers to the flow of current depends
upon a given number of henrys of inductance. The greater
the number of henrys, the greater is the opposition to a
change of direction. If the magnetic field changes more
rapidly, the opposing voltage or self-inductance will be
greater.  Therefore, the greater the frequency, the greater
the opposition to a current by the coil. Doubling the
inductance of a coil doubles the reactance or doubling the
frequency doubles the reactance. Now, if both the induc-
tance and frequency are doubled, the reactance will be four
times as great. Recactance is a much more usceful term than
inductance, because we can measure it in terms of ohms.

The Henry Unit of Inductance. This unit of inductance
sometimes is written as the letter L. The henry can be
defined as the inductance of a circuit in which a change of
1 ampere per second produces an induced pressure in the
opposite direction of 1 volt. Inductance in a circuit
opposes the flow of alternating currents. .\ microhenry is
onc millionth of a henry. One onec-thousandth of a henry
is a millihenry. There are certain conditions of a coil that
determine the number of henrvs of inductance. For
instance, a coil of large diameter will have more henrys of
inductance than a smaller coil with the same number of
turns or loops. If you have two coils of the same diameter,
and they have the same number of turns, but one has the
loops very close together and the other has the loops ¥ inch
apart, the close-looped coil will have more henrys of induc-
tance. Another thing that determines the number of
henrys in a coil is its type and use. A coil of many turns
of wire has more henrys of indnctance than one of few turns,
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An iron core in the coil also increases the inductance. A
soft iron core of a given size will cause the coil to have
more henrys of inductance than a steel core of the same
size. 'The filter circuit of a
"_ B eliminator generally in-
cludes two 30-henry chokes,

but sometimes a 15-henry

choke is used. The radio-

<"\_,> frequency choke used in the
receiving circuit has an

I'16. 126,  Coil and condenser in series.

inductance of about 83
millihenrys.  The impedance-coupled amplifier, which is «
combination condenser and choke coil, uses a choke coil
which has about 700 henrys inductances.

Coil and Condenser in Series. In a 60-cycle Alternating-
current ('irenit.  The coil and condenser
in series, shown in Fig. 126, can be ad-
justed so the lamp will glow brightly.

When an electron surge starts, the coil
retards the surge. But at the start of U
the surge, the effect of the condenser is (-
X_D

to speed up the surge. These two lx‘:>
effects cancel when the coil and con- >
denser are of the right size and allow x>
the light to glow brightly. K2

In the Radio Circuit.  When we have l\<">
the coil in the aerial circuit, as shown -
in Fig. 127, it has a certain amount

of interference to the radio-frequency
current flowing and can be tuned to
certain frequencies. Now, when we
connect a condenser in series in the aerial or ground lead,
it will cancel out the effect of the coil the same as in the
eleetrical experiment.  The result is the same as if we cut.

]

1G. 127. Condenser
and coil in radio circuit.
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off a part of the coil. Now when the coil was in the
circuit alone, it had a certain retarding effect, or slowing-up
cffect, on the electrons surging back and forth in the circuit.
But when the condenser at resonance to the certain fre-
quency canceled out other effects of the coil, it was the
same as if the length of the circuit had been cut down.
Thus, the wave length of the signal to which the circuit
would respond was cut down; or to say it in another way,
the wave length was shorter and the frequency could be
higher.

Condensers in Parallel. In a 60-cycle Circuit. When
a 1-microfarad condenser and a 3-microfarad condenser are

& @

3mt| i e
T I
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Fig. 128. Condensers in parallel.

connected in parallel, as in Fig. 128, the lamp will burn just
as brightly as when a single +-microfarad condenser is used
in place of the 1-microfarad and the 3-microfarad condenser
in parallel.

The capacities of condensers add when they are connected
in parallel. If you connect two 1-microfarad condensers in
parallel, there is twice the tin foil surface connected to each
wire for the electrons to fill. Two 1-microfarad condensers
connected in parallel have a capacity equal to one 2-micro-
farad condenser. When you connect a group of condensers
in parallel, you will get the effect of one large condenser with
a capacity equal to the capacities of all the single condensers
added together.
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In « Radio (‘ircutt. Wire two 23-plate condensers in
parallel or in shunt, as shown in Fig. 129. Disconnect one
condenser so that it is out of the ¢ircuit.  Tune condenser 1
until a station is heard with the rotor plates set in about
one-third to one-quarter.

Set the position of the rotor plates of condenser 2 at the
same position as the plates of condenser 1 and close the
switch.

You will have to move the rotors slowly back, reducing
the total capacity of the two condensers to hear the same

= Q] @
\> oy =
= r
T

y a

ﬁ Switch

I'1G. 129,  Condensers in parallel.

station when both condensers are in the circuit. This must
be done since the capacities of two condensers connected in
parallel add together.  If the capacity of each condenser is
.00025 microfarad, the two in parallel will have a capacity
of .00050 microfarad. This capacity will make the coil
tune to a much longer wave length than when only .00025
microfarad was used.

Two Coils in Series. In a Radio Circuit. If you connect
two coils, each wound with 25 turns on a 3-inch tube, in
series, as shown in Fig. 130, and use them for the secondary
of the receiving transformer, you will find that they will
tune to almost the same frequency as will a secondary
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wound on a 3-inch tube but having 50 turns of wire, as
shown in Fig. 131.

We find when two coils in series were in the circuit that
we have to tune to a certain point with the variable con-

% 50 %
turns

Fig. 130, Fia. 131,

denser to get any certain station. We find when we substi-
tute another coil of the same number of turns that but
slight change is necessary in the setting of the condenser
to get the same station. . i Bt
Two Condensers in é
Series. In a 60-cycle Cir-
cutt. When one condenser
of 8 microfarads is con-
nected in the ecircuit, the
light will glow (see I'ig. 132).
But when two 8-microfarad
condensers are connected in
series, the light is very much
dimmer. The capacity of two condensers of the same size
connected in series is less than the capacity of one, and less
current gets through.

8mf

Emf ==

—

8mf¥

.

Fig. 182. Condensers in series.
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When condensers are connected in series, the effect on the
capacity is the same as when the plates are pulled apart.
The effect, then, of adding a group of condensers in series,
will be to cut down the capacity. The total capacity of a
group of condensers in series will be less than that of any
one. The capacity of a group of condensers connected in
series is found by using the following formula. C stands for
the capacity of the group. (), C2, and (', each stand for
the capacity of a separate condenser.

1 1 1 1
centaTe
or it can be written
i
(= —
1 1 1
[1] + '(_72 + (T:;
In a Radio Circuit. Short out one of the two 23-plate
variable condensers with a wire, as shown in Fig. 133.

~-Shorting
wire

I'1G. 183. Condensers in series in a radio circuit.

Tune the condenser left in the circuit until some station is
heard clearly. Select a station that can be heard with
vour rotor plates set in about a quarter to a third. Set
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the rotor of the second condenser at the same position as
the rotor of the first condenser. Remove the shorting wire.
You will find that you must turn the rotors of both con-
densers to add capacity in order to hear the same station
again.

When two condensers are in series, the capacity of both
is less than the capacity of either. So when you connect
both condensers in the circuit by removing the shorting

Lamp
(~)
—/

Choke corl

Lamp

—O —

Lamp Condenser
11
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I16. 134, Coil and condenser in parallel.

wire, you must turn the plates farther in to increase the
capacity so that you can again tune to the same station.
Two condensers in series cut down the wave length to which
the set will tune.

Coil and Condenser in Parallel. In the 60-cycle Circuat.
When the coil and condenser are in resonance, the lamps
in each leg of the circuit light up brightly, but the feeder-
wire lamp is dim (see Fig. 134). This indicates that at
resonance electrons are surging back and forth in the con-
denser and coil, a closed circuit, and require very little
energy from the feeder circuit to keep the surges going.
The electrons surge back and forth in the closed circuit
much as water surges occur in a tank. From this we get
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the name of the tank circuit.  Very high voltages are built
up at the ends of the tank coil.

The Use of This Prineiple in the Radio Circurt.  In Fig.
135, the aerial coil is the driving circuit. It furnishes a
very weak radio-frequency current to drive this circuit.
Our purpose in arranging the circuit in this way is to make
this very small amount of current from the aerial control a
much larger current flowing through the tube. So we feed
this very weak current into the receiving tank circuit, which

~— —VWWA

Fi1G. 135, Tank circuit.

A |
L

consists of a coil and a condenser in parallel.  When we set
the condenser to resonance with the coil for a certain fre-
quency, a much stronger voltage builds up at the ends of
the tank circuit.

When the coil and condenser are in resonance, a very
small amount of current is drawn from the aerial. The
voltage is highest at the ends of the tank circuit. 'These
voltages are led to the tube grid; or in other words, we
connect the grid of the tube to the point of highest voltage
in the tank circuit. Now, this tube is operated by the
voltage on the grid; or in other words, a very weak voltage
on the grid will control the flow of a very much heavier
current on the plate circuit. If we had hooked the aerial
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directly to the grid, the extremely weak current flowing in
the acerial circuit would have produced little effect in the
phones; but now a larger effeet is produced by first passing
the weak acrial current through the tank circuit, which
builds up a much higher voltage, and the result is to get
a very much increased strength of signal in the phones.

11. TRANSFORMERS

Probably the simplest transformer that you can make is
one formed by winding two coils of wire on a nail (see Fig.
136).  Wind 300 turns of size 24 or 26 cotton-covered

i

ARy ‘

i el
Nail  Primary Seconalary

Fig. 136,  Simple iron-core transformer.

magnet wire near one end of an ordinary wire nail.  Now
wind another coil of about 100 turns at the other end of
the nail.

You can use this simple transformer by attaching the
larger winding, which is called the primary or the first
winding, either to the low-voltage side of a small toy trans-
former or to some other source from which we can get
about 6 volts of alternating current. Now if we attach
a voltmeter across the ends of the second winding, or
sccondary, we will find that there is a current flowing through
this coil which will cause the meter hand to move. It is
possible to show the current flowing through the secondary
by connecting a flashlight bulb to the ends of the winding,
This is a crude step-down transformer.

Names of the Parts of the Transformer. The parts of a
transformer are: a core, a primary winding, a sccondary
winding, and any necessary insulation (see Fig. 137).
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The core is formed of thin layers of sheet iron insulated
from cach other by shellac or by insulating paint (see Fig.
138). The core laminations are of Swedish silicon steel
(a low-carbon steel) or some kind of soft iron which allows
Secondery. _ the magnetisin  generated
) by the current flowing
through the coils to change
direction rapidly. Cur-
rents set up in the iron,
which is a conductor, by the
I'té. 187. Laminated iron-core trans- Ch“ngi“g magnetic field are

former. called eddy currents.
These currents cause the core to heat. 'The laminations
-arry the magnetism yet are thin enough so that eddy cur-
rents are cut down as low p

as possible and the power \
loss is kept small. ‘\

The winding through
which the incoming or in-
put current flows is called
the primary, perhaps be-
*ause it is the first winding
through which current
flows. This coil is wound
on a cardboard form
which slips over the core.
This form also serves as
insulation between the core
and coil.

The output coil is generally known as the secondary,
since this is the second coil. The sccondary is wound
over the primary. The secondary is insulated from the
primary by several layers of treated linen cloth. The

Fi1G. 138, Core laminations.
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layers of fine secondary wire are separated by treated-paper
insulation.

Size of the Core. The size of the core is determined by
the intensity of the magnetisin to be generated by the coil
and by the power requirements on the output winding. A
core size depends somewhat on the permeability of the iron,
whether it allows magnetism to change rapidly or whether
it has high reluctance.

Step-up and Step-down Transformers. 'T'ransformers
are known as step-up when the secondary voltage is higher
than the primary voltage, as step-down when the voltage
of the secondary is lower than the primary voltage. For
cxample, if 100 volts is connected to the primary coil of 10
turns of wire, we would expect to find an output across the
20-turn secondary of 200 volts. You would say that the
step-up ratio of this transformer is 1:2, since the voltage
was stepped up from 100 to 200 volts. If we had ten times
as many turns on the secondary as on the primary, we would
cxpect ten times the voltage in the secondary. Actually,
we shall get a little less than 200 volts, for transformers
are never perfect.

Size of Wire on Transformer Winding. \Wire sizes used
in winding the coils depend on several factors. Among
these are the amount of current the wire must carry. A
step-down transformer such as is used for heating filaments
has a primary of fine wire which carries the 110 alternating-
current line voltage and low current in that coil, and a
secondary with few turns of much heavier wire to give the
2%, 5, 7 or 10 volts and the much higher current required
for the heaters of several tubes. When there are many
tubes in the set, the wire must be heavy enough to carry
up to about 10 amperes of current.

The step-up transformer used for the B supply in the
power pack has a heavier wire in the primary and many
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hundreds of turns of very fine wire for the secondary, which
delivers a high-voltage, low-amperage current. Many
transformers used on receiving sets today are provided
with several secondary windings: one winding for the high
B voltages and several windings for the different heater
voltages.

Power from a Transformer. No machine yet invented
will give back more energy than is put into it.

Power is measured in watts. 'To find the power used by
the primary or the power delivered by the secondary, you
multiply the current flowing in the coil by the voltage
across the coil.  Watts of power equals the volts times the
amperes.

If 10 volts of pressure forces 5 amperes of current through
the transformer primary, we would say that 10 times 5 or
50 watts of power is drawn, or is the input of the trans-
former. The transformer makes no power. If 50 watts of
. power go into the primary, we can expect to get 50 watts
of power out of the transformer secondary, minus a small
loss. A well-designed transformer has very little loss. In
our explanation we shall assume that this transformer is
1009, efficient which is, of course, not possible.

Now, if we changed the turns ratio so that we have a
step-up ratio of 1:2, the output of the transformer should
be 20 volts and 2% amperes.  We find that by multiplying
20 by 2% we shall still receive 50 watts of power output.
By the same reasoning, if we make the secondary of the
transformer step-up 1:10, we should receive 500 volts and
1o of an ampere, which when multiplied out would produce
the same 50 watts of power. Now, if we made the trans-
former step-down 2:1, we should receive § the voltage or 5
volts and 2 times the amperage or 10 amperes.  Here again
we have 50 watts output.
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When a step-up transformer is used, you will get higher
voltage but less current. When you use a step-down trans-
former, you get lower voltage and higher current.

Transformer Action. If a bar magnet is passed through
a copper ring, the effect of the magnetic field surrounding
the bar magnet causes the electrons in the copper to flow
around and around like a merry-go-round through the
copper ring. In eleetrical language, a current of clectrieity
is generated in a wire when the wire is in a moving field of
magnetic force. When the magnet moves through the
copper ring, the magnetic ficld around the magnet moves
and generates or induces a current in a wire.  When the
magnet is held stationary inside of the copper ring, no
current flows; but when the bar magnet is pulled out of the
ring, the magnetic field moves and again we find that a
current is flowing. When the magnetic field moves in the
opposite direction to the original motion, the current in
the bar flows in the opposite direction.

When a current flows through the transformer primary,
it makes the coil an clectromagnet. The magnetic field
around the coil is concentrated and is strongest in the iron
core. All of the core is magnetized by the current flowing
in the primary coil. The space around the core will be
surrounded by a magnetic field. Now, as this magnetic
field gets stronger or weaker, the effect is the sume as if
the field were moving. The current induced in the sec-
ondary coil flows in the opposite direction from the current
in the primary coil.

When the alternating-current flow in the primary coil
reverses direction, the magnetic ficld reverses direction,
which induces a current in the secondary coil in the reverse
direction. So the change of direction of current flow in
the primary coil induces a current in the secondary which



204 UNDERSTANDING RADIO

is the same as if a permanent magnet had been thrust into
or pulled out of the coil.

The changing magnetic field strength which induces an
alternating current in the secondary coil may be produced
in several different ways. It may be obtained by passing
a direct current interrupted by a vibrator through the
primary coil, as is the case with the spark coil. A constant
rise and fall of magnetic strength in the core may be pro-
duced by starting, then stopping the current flow in the
primary coil. When the current flow is cut off, the mag-
netic field strength decreases around the core, weakens, and
disappears. The effect is the same as if the core were a
permanent magnet, moved rapidly in and out of the sec-
ondary. Tt is interesting to note that sensitive meters
show that the current flow created by the dying out of the
magnetic field is stronger than that crcated when the
magnetic field is building up.

Technical Terms

aerial or antenna—.\ wire supported above ground, insulated from its
supports and from the ground throughout its entire length. The
acrial is connected to the receiving apparatus by a lead-in wire.

broad tuning—Tuning so the set will respond to a group of frequencies.
Close coupling produces broad tuning.

capacity—The ability of the condenser to store electrons. Capacity
is measured in microfarads.

circuit—A circuit is a pathway from the negative pole of the battery
through which electrons flow back to the positive battery pole.
Various pieces of electrical apparatus may be connceted in this
pathway. The pathway must be complete before the eclectrons
will flow.

close coupling—Coils placed closely together so that much energy is
transferred between coils.

close tuning—Tuning so only one frequency is heard. Also called
sharp tuning.

condenser—Two sets of metal plates separated by air or by an insulator.
The condenser can store a charge of electricity.
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core—The soft iron center upon which coils of electromagnets are
wound. Cores are also used in many other pieces of electrical
apparatus.

coupling—Two coils so placed together that the field of one coil affects
the other coil are said to be coupled together.

electrolytic condenser—A condenser that uses a chemical which forms a
film of dielectric on metal plates or foil.

electrons—The smallest division of matter is known as the atom. The
atom is believed to be made up of eleetric charges, positive and
negative. The positive charges are called protons, and the nega-
tive charges are called electrons. The different elements familiar
to students of chemistry are thonght to be different arrangements
in the combination of clectrons and protons.

farad—The unit used in measuring the capacity of condensers.

generator—A rotary machine, similar to a motor, that delivers an alter-
nating or direct current.

ground or ground connection—Some arrangement, such as a water pipe,
buried metal. or a long pipe driven into the ground, by which a
radio set makes conncetion with permanently moist earth.

headphones—Two watchcase-type receivers attached to a spring
headband so the phones can be worn on the head, leaving the hands

free.

impedance or alternating-current resistance—The combined effect of
resistance and reactance.

insulation—Material which docs not conduct electricity; glass, bakelite,
mica, certain paints or lacquers, asphaltum, etc., are quite common
insulators. Silk, cotton, or enamel covering over wire to prevent
it from touching other metal in the circuit.

lead-in—Insulated wire connecting the acrial to the receiving set.

loading coil—A single-layer radio-frequency air-core coil connected in a
circuit to add to its electrical length.

loose coupling—Coils placed apart so the magnetic transfer is weak.

microfarad—A millionth of a farad: the standard unit used for measuring
the capacity of condensers.

millivolt—A thousandth of a volt.

oscillating currents—An alternating curreut is an oscillating current,
one that surges back and forth in a circuit. The current flowing
in a tuning coil and condenser oscillate through the circuit.

reactance—The resistance of a coil or a condenser to the surging flow
of an alternating current,
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receiving transformer—A radio-frequency transformer wound on a
cardboard or bakelite tube. There gencraliy are two or three coils
on the transformer.

resonance—.A\ setting of capacity and inductance that allows an alter-
nating current of a certain frequency to oscillate with very little
resistance.

secondary—The output coil of a transformer.

selectivity—The ability of a set or circuit to tune to only the frequencies
wanted.

self-inductance—The back voltage caused by the first rush of current
through the turns of a coil.

signal—A word used to mean music, speech, code, or other forms of
controlled wave coming into the recciving sct.

stator—The fixed set of plates in a condenser.

tuning—The process of adjusting a circuit to the same clectrical length
with another circuit or to a wave of certain frequency, so a certain
signal or program may be heard as loudly and as clearly as possible.

tuning coil—A\ single-layer coil wound on a bakelite or cardboard form.
Some tuning coils use switches or sliders to change the number of
turns connected in the circuit.

tuning transformer—An air-core radio-frequency transformer used in
receiving circuits.

variable condenser—A\ condenser designed to permit its capacity to be
changed at will. The commonest type is the rotary variable con-
denser, which consists of two scts of metal plates built so one set
can be moved between the other to change or vary the capacity.

vernier—A fine adjustment. As used on tuning condensers, a gear
or a small shunt condenser furnishes the vernier effect.



CHAPTER V
RECEIVING SETS USING DIRECT-CURRENT TUBES

We Take Up More Efficient Sets. We found many
interesting facts about radio in our study of vacuum tubes.
Later, in studying tuning, we learned how to make the
receiving set selective. Still, the signals from this set are
very poor. We must learn how to blend the facts we have
learned about the tube and the facts about tuning into more
efficient fundamental receiving circuits.

Other Possibilities of the Vacuum Tube. In our study
of the vacuum tube, we found that weak currents on the
grid of the tube had the ability to control the strength of a
much stronger current in the plate circuit. In Chapter IV
we used the tube in a circuit to make radio-frequency cur-
rents from the aerial-ground circuits produce sound in the
headphones. Yhen used for this purpose, the tube is called
a detector. *

In this chapter on receiving sets, we shall study the
applications of the tube in detector circuits, and also
the use of the tube as an amplifier. We shall amplify
the radio-frequency signals before they reach the tuning sys-
tem, and we shall also amplify the signals by means of
audio amplifiers after it has gone through the detector.

We shall study another interesting application of the
amplifying properties of the tube in regenerative circuits,
where we make one tube act at one time as a remarkably
good amplifier and detector combined in a quite simple
circuit,

207
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PICTURE SyMBoL

P - G
Audio
transformer
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resistor
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resistor

F16. 139, New symbols used in Chapter V,



RECEIVING SETS USING DIRECT-CURRENT TUBES 209

Contents of This Chapter

New Symbols Used in This Chapter

. The One-tube Detector Set

. The Regenerative Detector Set-—Condenser Controlled
. The Regenerative Detector Set—Resistance Controlled
. Audio-frequency Amplifying Circuits

. The Tuned Radio-frequency Amplifier

Neutralizing Radio-frequency Amplifiers
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1. NEW SYMBOLS USED IN THIS CHAPTER

These symbols are shown in Fig. 139,

audio transformer —A\ step-up transformer designed for use
in coupling.

grid condenser—.\ small fixed condenser, usually with mica
dielectric.

grid leak—A small fixed carbon resistor.

resistor—Small fixed resistors used for grid leaks or to drop
voltage in other parts of the circuit.

T 9
o—4 o
- % -‘ +
A B

I1G. 140. One-tube detector set. The 13 negative is generally conneeted
to ground as shown here. For convenience only the B negative symbol will he
shown in diagrams, the ground being omitted.
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2. THE ONE-TUBE DETECTOR SET

How to Build and Wire the Set

The construction and operation of the set shown in Fig.

140 was deseribed in Chapter TV,

Why It Works

We tune this set with the variable condenser, as was

explained in Chapter TV,

Radio-frequency Pulsations Cannot Operate the Phones.
The radio-frequency plate-current pulsations cannot flow

+
Griod wave
i 3 5
N
0 ~_" N
2 4 6
*| Plate current wave
| 3 5
| 7 7 6
ol R _

Fig. 141, Wave forms of current in the plate
circuit; no bias is on the grid.,

through the many turns
of the phone windings
because the coils and
iron core act as choke
coils. Even if the cur-
rent could flow through
the coils, the minute
energy in each current
pulsation could not
possibly move the dia-
phragms. Further-
more, we cannot hear
vibrations of such a

‘rapid frequency, for our

ears will respond to no
frequencies higher than
about 20,000 cycles a
second.

No signals will be heard until something is done to make
the radio-frequency pulses operate the phones. But when
we connect a wire from the grid circuit to the positive
filament wire, the A-battery pressure pushes electrons on
the grid through the wires of the grid circuit. This steady
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electron pressure which keeps the grid slightly negative is
called a negative grid bias. We can now hear signals.
Plate Current with No Grid Bias. 'The shape of the
plate-current wave with no bias in the grid is shown in
Fig. 141, When the grid becomes negative, the plate cur-
rent is weaker (see loop 2).  When the grid is positive, the
plate current becomes
stronger (see loop 3). |
This process contin- o

+
3 5 Grid wave

ues.  The plate wave L L 1
follows the grid-wave Grio
bias

shape but is stronger. 1

Plate Current with
Grid Bias. \When the *|

q 3 . Plate-current wave
grid swings negative, ! 3 5
the bias makes it more
negative. This de-
creases the plate current
more than when no bias
was on the grd (see 2 6
loop 2 of Fig. 142). 0

The l)ositive signu] Fic. 142, Wave forms of current in plate
circuit with grid bias.

surge makes the grid
less negative.  Loop 3 shows that the plate current does not
increase as much as it did when no bias was on the grid.

The effect on the plate current is the same as if the top
part of the signal wave had been cut off,  The result is a
pulsating direct current of a wave shape that shows most
of the upward swings killed and the downward swings made
stronger.

Questions

1. Compare the wave shape of the plate current with that of the
acrial current when there is no hias on the grid.  Compare the ampli-
tudes of the two currents,
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2. Compare the wave shape of the plate cenrrent with the acrial
current when there is a negative bias on the grid.

The Action of the Pulsating Direct Current on the Phone
Diaphragms. Let us study in detail the action of the phone
diaphragms when the pulsating plate current flows through

+
|~
ctval current ,
Radlio-Frequency & ;fo";gg s
pulse
0 - -

16, 148, Pulsating direet current in phones.

the phone coils. The wave-form diagram in Fig. 143 shows
several loops of the pulsating plate current. These pul-
sations flow through the magnets of the phones and set up
sound waves.

Loop 2. The first radio-frequency pulsation, (2) in Fig.
143, will create a weak magnetisin in the phone magnets,
which bends the diaphragms
inward slightly. The mo-
tion of the diaphragm is
shown in Fig. 144.

Space 3. In Fig. 143 the
space between loops (3) in
Phone magnets the wave-form picture
shows the time when less
current is flowing.  Now the magnets begin to lose some of
their magnetism, but before the diaphragms have time to
bend back, loop 4 arrives.

Loop 4. The next radio-frequency pulsation (), which is
stronger than the first pulsation, adds to the pull of the

i 3. 5 7 ,~Diaphragm

i, 1, Motion of diaphragm.
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magnet again. Since some magnetism remains in the mag-
nets, the second pull will be greater than that created by
the first pulsation that went through the coils.  As a result
the diaphragms bend down still more.

Space 5. Then there is again a space (5) in the wave-form
picture where less current is flowing, and the magnets again
lose some of their magnetism.

Loop 6. The current in loop 6 once more increases the
magnetisin, and the diaphragm bends down the greatest
distance possible for this group of waves.

Space 7. During the time (7) between radio-frequency
loops the strength of the magnetism weakens a little.

Loop 8. The next loop (8) is smaller than the preceding
one, and as a result not quite all of the magnetism that
was lost is regained. The diaphragm begins to move back
toward the rest position.

Space 9. Then during the next break (9) in the wave-
form picture, still more magnetism is lost. Then, as each
succeeding loop is weaker, the diaphragm gradually falls
back to its original position.

Summary. The average effect from a group of radio-fre-
quency pulsations of the plate current is to exert a single
pull on the diaphragms of the phones. The drawing in
Fig. 144 shows the effect several groups of pulses will
have on the phone diaphragms. The radio-frequency
pulses are blended into a motion of the diaphragms that
reproduces the sounds “carried” by the radio-frequency
pulsations.

The heavy dotted line in Fig. 143 shows the wave picture
of an imaginary current which represents the average of the
amplitude of the radio-frequency current loops and the
spaces between loops.

Notice especially that for the whole group of radio-fre-
quency loops there is only one loop of the “average current.”
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Questions

1. Which line in the wave-form picture (Fig. 143) represents the
current actnally flowing through the phones?

2. Would the sound be the same in the receivers if, instead of the
pulsating dircet current, a current represented by the dotted line should
flow through the phones?

3. llow does the frequency of the “average current ” represented by
the dotted line compare with the number of loops in the pulsating
direct current?

4. Explain how cach succeeding loop, in the group of loops in Fig. 143,
adds to the pull of the one just before it.

A Summary of the Circuit Operation. The purpose of
each section in a radio receiver is shown diagrammatically
in Fig. 145.

Cireuit A—the Source of the Radio-frequency Alternating
('urrent. Radio waves, picked up by the aerial, cause weak
radio-frequency alternating currents to flow in the aerial-
ground circuits. Many different wave frequencies are
picked up by the aerial. These currents flow through the
primary of the receiving transformer.

Cirewit B—the Tuning System: One Frequency Is Selected
Ilere. The radio-frequency alternating currents flowing
through the primary induce radio-frequency currents in
the secondary. By adjusting the condenser, one frequency
is allowed to flow casily in the tuning circuit formed by the
condenser and the secondary coil. The condenser and coil
are in resonance with this frequency. At resonance a
strong current flow builds up (see experiments on react-
ance and impedance in Chapter IV).  The other frequencies
picked up by the aerial are tuned out by the high imped-
ance of the condenser and coil for their frequencies.

Tuning is a process of selecting frequencies by setting up
high impedance to unwanted station frequencies while at
the same time making the impedance to a wanted fre-
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quency very low. 'The unwanted frequencies are killed
and the wanted frequency flows easily.

Cirenit ('—the Detector; the Selected Alternating-current
Frequency Controls o Direct Current. 'The alternating-
current flowing in the tuning circuit sends electrons to the
grid during the negative part of the cycle, then takes them
off the grid during the positive part of the cycle. We say
that one instant the grid is positive, when electrons surge
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F1. 146, Audio and radio frequencies.

off the grid; and the next instant it is negative, when the
clectrons surge to it.

When the grid is positive, electrons flow through the
tube, from the filament to the plate. WWhen the grid is
negative, the electron flow through the tube is greatly
reduced, and the plate current is much weaker. The plate-
current wave shape is an alternating-current component of
a direct current, or a direct current of increasing and
decreasing strength (see Fig. 146).
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Circuit D—the Tube Power Supply. All of the power
supplied to the tube comes froni the B battery, as a steady
direct current.

The strength of the steady direct-current ‘““pull”” on the
plate by the B battery determines how many electrons will
be drawn through the tube.  Did you notice in the detector

|
|
i | —
6 volts 224 to 45 volts

Fig. 147, One-tube detector set with grid condenser and grid leak.

M
7

that the grid acted as a faucet or cutoff, turning on and oft
the electron stream flowing through the tube?

The plate-current wave picture shows a direct current
with an alternating-current component of the same wave
shape as the radio-frequency alternating current flowing in
the acrial, but much stronger. The detector tube amplifies
as well as deteets.

Improvements—Add a Grid Condenser and a Grid Leak

How to Wire the Set. The (ircuit. 'This is the same
circuit as used in the one-tube detector set (see Fig, 147).
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The Changes. Cut the wire between the secondary and
the (7 post of the sockel. Attach a .00025-microfarad fixed
grid condenser (see Fig. 148) in series with the secondary
and grid of the tube as shown in Fig. 147, Fit a 2-megohm
grid leak into the clips on the grid condenser.

How to Operate It. The sct is operated the same as is
the one-tube detector set.

How It Works. (‘urrent Changes roduce Sound. \When
a steady direct current flows through the coils in the phones,
it causes them to become electromagnets and to add to the
pull of the permanent mag-
net cores.  The diaphragm,
already under a slight pull,
is pulled closer to the cores.
The diaphragm will stay in
this position as long as the
direct current flows through
the coils.  We hear a sound
Iig. 148. Grid leak and condenser, when the current flow starts

assembled. .
and when it stops.

Sound is produced when the diaphragm is jerked rapidly
back and forth by changes in the strength of the pulsating
direct current. Anything that will change the strength of
the current flowing through the phones will produce sound.
If we wish the sound to be louder, we must make the
changes in curreut strength quite strong.  In the one-tube
detector set the changes in current strength are caused by
the changes of voltage in the tuning coil which forces
clectrons on or off the grid.  We must find a way to ineréase
these changes.

Effect with No Grid Condenser.  ‘The electron surges in
the tuning circuit are strong enough to produce signals in
the phones.  Only a certain number of electrons are avail-
able from the tuning circuit; we must find a way to make

condenser
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them work more efficiently.

219

If we can get more electrons

on the grid during each surge. we can get the stronger

effect  we  want. We
can use a condenser {o
store the electrons we
collect.  Let us see how
a condenser can be used
in the one-tube circuit.

How the Grid (on-
denser Collects Ilectrons.
The circuit shown in
Fig. 149 shows a con-

Gridl conaoenser
¥
AB
I
~

FiG.

149,

Grid condenser in the detector
circuit.

denser connected in the lead {romn the tuning circuit to the

tube grid.

=

_'/>
7

Fia. 150,
denser to tube grid,

Electron flow through grid con-

When a surge of electrons flows to the grid, it

fills side A of the grid
condenser (see Fig. 150)
and forces clectrons to
flow off side B to the
grid of the tube (see
Fig. 150). The grid,

now negative, repels

electrons moving toward the plate; and the curvent to the
plate and through the phones is cut down.
When the alternating-current surge reverses direction, as

m Fig. 151, electrons
flow off side .1, which is
now positive. FElec-

trons are attracted to II

side B, which draws the
electrons off the grid
and makes it positive.
The positive grid at-

-

A

B

i, 151,

)

Electron flow through grid con-

HITI

denser when flow reverses,

tracts clectrons from the space charge around the fila-

ment.

There are now more electrons on condenser side B
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than were originally there. When the alternating surge
reverses again and forces clectrons on side A, it forces
cleetrons from side B to the grid as before. But the grid
wire is cold. and no eleetrons can leave the grid.

This process continues, and each reversal of current that
makes side .1 positive makes the grid collect a few more
clectrons. 'This process would continue only for a few
surges, until there were enough electrons on side B of the
grid condenser and on the grid to build up enough pressure
to cut off entirely the flow of electrons from the filament to
the plate. Then no sound would be heard in the phones
because no current was flowing.

The Purpose of the (irid Leak—IIow the Pressure Is Used.
This whole operation takes place during a few millionths

Grid leak of a second. A perfect
condenser with perfect
insulation would cut off
the flow of current
through the tube almost
instantly. But this is
not wanted. Many
6. 152, Surplus clectrons flow through Imore electrons have

grid leak. been collected on the
grid by putting the grid condenser in the circuit. The
greater supply of electrons has greatly reduced the flow of
current to the plate. The strength of the current has
changed much more with the grid condenser than before it
was in the circuit.

It is now necessary to remove the electrons on the grid
hefore cutoft oceurs so that the process can continue and
large changes of current strength can occur instead of being
stopped.

We can connect a grid leak across the plates of the grid
condenser, as shown in Fig. 152. Electrons can flow

-~/
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through this high resistance (1 to 2 million ohms) after
cnough pressure builds up on the grid and on plate B of
the grid condenser. The resistor acts as an automatic
valve which holds some electrons on the grid. Then, when
the first set of surges has passed, the electrons flow or
leak through the resistance and past the condenser, so
the grid is ready for the next set of surges. .\ grid con-
denser and a grid leak of the proper size increase the
londness of the signals.  This eircuit is good for faint or
distant signals. Electrons that the grid collects from the
filament flow through the grid leak as a weak direct
current.

The Action of the Plate C'urrent. 1 you will examine the
tube action, you will notice that the plate current decreases
as more electrons are stored on the grid.  You may have
thought that the plate current should become stronger to
produce louder signals. It is the amount of change in plate
current which produces signal loudness. Iere the current
strength drops from the normal strength with no electrons
on the grid to a much weaker current when the greatest
number of electrons are on the grid. You get the same
effect in the phones as if an equal change in strength had
occurred in the plate current.

Questions

1. What is the size of a grid condenser?

2. What is the size of a grid leak?

3. What causes a change of voltage on the grid?

4. Explain how a condenser in the grid eircuit can cause clectrons to
accumulate on the grid?

5. Where do these extra clectrons come from?

6. What is the effect on the signals when the condenser causes a large
quantity of electrons to collect on the grid?

7. What must be added to the grid circuit in order slowly to remove
the excess of electrons from the grid?
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3. THE REGENERATIVE DETECTOR SET—CONDENSER
CONTROLLED

The One-tube Set Is Not Sensitive Enough. As you
experiment with this one-tube set, you will hear many
stations faintly. You will want to bring in these stations
loud enough to get their call letters and to enjoy their
programs.” Tuning will not bring them in.  To reach these
stations, you must make the set more sensitive. To make
the one-tube set more sensitive and to make the signals in
the phones louder, more current must be delivered to the
grid.

Power supplied by a B battery may be added to the
power of the incoming signals. The circuit which does this
is called a regenerative hookup. In this discussion we will
study two of the most effective regenerative circuits in
common use.

In both circuits, the current flowing in the plate circuit
is fed back to the grid circuit by a new coil, called the plate
coil, wound near the grid coil.

Regeneration is a form of amplification. When you use
the regenerative circuit, your detector set will be as effective
as if you had added two stages of radio-frequency amplifi-

cation, yet you will not have the expense of adding tubes
and other apparatus needed in the amplifier.

The most important feature about your new regenerative
set is that it will respond to extremely weak signals without
the complication of many stages of amplification. You
will find regenerative receivers are generally used by ama-
teurs in short-wave work.

Regeneration-control Methods. Regeneration is con-
trolled in three-element-tube circuits either by a variable
condenser or by a variable resistor in the plate circuit.

The variable condenser tunes very smoothly and quietly.
The resistor is somewhat more noisy and affects the setting



224 UNDERSTANDING RADIO

of the tuning condenser as it is adjusted. The set will
operate better with the condenser control.

How to Build and Wire It

Use the One-tube Set Board. The baseboard of the one-
tube receiving set is designed for several receiving circuits.
Wind a new coil and add a variable condenser at the right
of the board between the rheostat and the phone binding
posts for the condenser-control regencrative hookup. See
Fig. 153 for the arrangement of the parts. The dotted

 — —
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Y I16. 153.  Regenerative deteetor set, condenser controlled.

line shows the position of the shield mentioned in How to
Operate the Set.

Wind a New Receiving Coil. The Tube. Use a 3-inch
bakelite tube or pasteboard carton.

The Windings. Wind three coils on the tube for the
regenerative circuit.

The Wire to Use. Use wire between size 22 and size 28
for the three coils. The larger size is preferred. The insu-
lation may be cotton, silk, or enamel. More turns will be
needed if the wire is larger, and fewer turns if the wire is
smaller than size 28.

The Primary or Aerial Coil. Fifteen turns of size 22
double cotton-covered wire. Start & inch from one end of
the tube,
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The Secondary or Grid Cotl. Forty-five turns of size 22
double cotton-covered wire. Space this coil 1 inch from
the aerial coil.

The Plate Coil.  Fifteen to twenty turns of size 22 double
cotton-covered wire. Wind at the end opposite the aerial
coil. Start 1 inch from the end of the grid coil.

Rodlio- frequency
Plate coil choke
. J I 1
I ——
A
| | R
Grid - 3 =
. coril A y +
6 volts 90 volts

N
~erial corl

I16. 154. Regencrative detector set, condenser controlled.

The corvect number of turns in this coil must be found
by trial. Wind too many turns on the coil and cut off
turns until the proper number is found. This will be
explained in How to Operate the Set.

Winding Instructions. 1t is very important in this set
that the fields of each coil add together. If the field
of the plate coil opposes the grid-coil field, the set will not
oscillate. By starting at one end of the tube and winding
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all coils, turning the tube in the same direction all of the
time, the coils will be wound so the fields add.

Mount the Regeneration-control Condenser. Screw a
17- or 23-plate condenser in the space between the rheostat
and the phone binding posts (see Fig. 153). 'The regener-
ation-control condenser should be the same size or a few
plates larger than the condenser used for tuning the grid
circuit.

How to Wire the Set. The Aertal Circuit. 'There is no
change in this circuit (see Fig. 154).

The Grid Circuit. 'There is no change in this circuit (see
Fig. 154).

The Plate Circuit. Run a wire from the P post of the
tube socket to the plate coil. From the other end of the
plate coil run a wire to the radio-frequency choke. From
the other end of the choke run a wire to one of the phone
binding posts. From the B negative post a wire connects
to the A positive post.

The Regeneration-control Condenser. Run a wire from the
end of the radio-frequency choke nearest the plate coil to
the stator of the condenser. From the rotor a wire connects
to the same F post as the grid-return wire.

"How to Operate the Set

Step 1. Connect the aerial and ground wires to the set.

Step 2. Test the filament circuit. Put an 01\ tube in
the socket. Connect the A battery. Connect the leads
to the set before connecting to the battery, in order to
prevent shorts. Set the rheostat to the off position. Turn
the rheostat knob slowly. If the tube lights up full, the
connection is all right. Set the rheostat for 5 volts across
the filament.

Step 3. Connect the B battery and phones. Connect the
B battery to the B positive and B negative posts on the set.
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Attach the phone tips to the phone posts on the set. There
should be a noise in the phones when the tips are connected
when the tube filament is hot, if this circuit is correctly
wired.

Step 4. Make the sct oscillate. Turn the regeneration-
control condenser partly in. If the set has been correctly
wired and if the B-battery voltage is correct, the set will
oscillate at once. When oscillation starts, a “rushing”
sound or a soft hiss may be heard in the phones. Test for
oscillation by touching the wire between the secondary and
the grid condenser. .\ pop or thud should be heard if the
set is oscillating.  The same test may be made by touching
the plates of the stator of the tuning condenser.

Step 5. Tune ina station.  Turn the regeneration-control
condenser back slowly until the set goes out of oscillation.
Stations will be heard with most volume with the condenser
set as near the oscillation point as possible yet without
having the set oscillate. The set is the most sensitive at
this point.

To Tune in Stations We Use a Different Process. Step 1.
We set the regeneration-control condenser so the receiver is
oscillating.

Step 2. 'Then we swing the tuning condenser slowly across
the dial until a high-pitched whistle is heard.  This whistle
is caused by the carrier wave of a broadeast or transmitting
station mixing with a radio-frequency oscillation built up
in the receiving set.

Step 3. Now tune slowly until the carrier whistle drops
gradually to a low-pitched note and then stops.  If the dial
is turned still farther, the whistle will start again at a low
pitch and rise in pitch until it can no longer be heard.

The station you wish to hear should be found with the
tuning condenser set at zero beat just between the two
whistles. 'Tuning by the zero beat method is much more
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rapid and more sensitive than by the method we used on
the one-tube set. But the signal is mushy and distorted
n tone.

Step 4. Now turn back the regeneration-control con-
denser dial until the set just goes out of oscillation. Adjust
as close as possible to the oscillation point. You will notice
that the sensitiveness of the set increases very rapidly as
the oscillation point is approached, and that just below the
point where the set goes into oscillation the signals are
strongest and clearest. After the set goes into oscillation,
the signals are distorted and are not clear.

The tuning of the set is affected somewhat by the changes
of the regeneration-control condenser. After a little prac-
tice you will find that
by following the motion

e ¥ .
i of the tuning condenser
r with the regeneration-

control condenser you
can keep the two nearly
i together. The motion
l of the regeneration-con-
e = “\*" trol condenser is much
Spot for N less. than that of the
1G. IC:: e("?mu,l.:lsjr shield plate, g condenser.

Hand Capacity and
Shielding. 1f the set goes out of adjustment and starts to
whistle or squeal when you remove your hand from the con-

denser knobs, the set is being affected by hand capacity.
Set a tin or aluminum shield plate between the tuning-
condenser dial and the condenser frame. Sce sketch, Fig.
155.  'The shield plate should cut down the capacity effect,
Fasten a wire from the shield plate to the ground. This

will completely stop the hand-capacity effect.
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Questions

1. How can you recognize by the sound of a regenerative set when it
is in oscillation ?
2. Give a quick way to test a set for oscillation.
Should the set be in oscillation to receive a station the best ?
. What is the cause of the whistling in a regenerative set?
. Explain how to tune by the zero-beat method.
. How do you recognize hand capacity in a set?
. Explain how to stop hand-capacity effects.

N IO

Why It Works

Current Flow in a Simple Detector Circuit. e can
understand how the variable condenser controls regener-
ation by first thinking of the set as a simple one-tube
receiver with no plate coil.

Electron surges that flow to the grid from the tuning
circuit in this set are very weak. If we could get more
electrons on the grid from the weak signals picked up by
the aerial, we could get a louder signal in the phones.

Power from the Plate Circuit Helps the Grid. We can
feed the strong current surges in the plate circuit back to
the grid through a new coil wound near the grid coil. The
power in the plate-current surges induces current surges in
the grid coil. The surges reaching the tube grid are now
much stronger than when the energy all came from the
aerial coil.

The Set Goes into Oscillation. The resistance of the
wiring in the grid circuit, the alternating-current resistance
of the grid coil to the flow of electron surges, and the small
alternating-current resistance of the tuning condenser all
combine into the alternating-current resistance of the grid
circuit that opposes the oscillation or surging of electrons.

nergy must be added continually by the aerial coil to
keep up this surging.  With no circuit resistance to hinder
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Courtesy Pacific Telephone and Teiegraph Co.
Corprer-stiELDED TErRMINAL Room
"Fhis room contains the control and monitoring equipment in the transpacific
sending station at Dixon, California, Notice the copper-shielded ceiling.
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their flow, the surges would be tremendously stronger and
the signals would be louder.  But since it is impossible to
make a circuit of no resistance, we must find another way
to get the same result.

We add power from the plate cireuit to do this. The
grid circuit now receives energy from two circuits, the
acrial circuit and the plate circuit.  When the energy added
by the plate circuit is just equal to the energy used up by the
alternating-current resistance of the grid circuit, then a
steady surging or oscillation begins in the grid circuit, and
we say the set is in oscillation.

During oscillation the electrons surge back and forth
through the grid coil, first into one set of condenser plates,
then into the other set of plates. The rate of surging or
the frequency of oscillation is the frequency to which the
tank circuit is tuned.

Oscillation Distorts the Signal. This onc frequency will
be very strong, far stronger than the other frequencies of
the signal.  This will make the signal sound badly dis-
torted. Some method is needed for controlling the amount
of energy fed back from the plate coil to the grid coil, so
that the grid circuit can be brought just to the point of
oscillation. This will allow the signal to be made tre-
mendously stronger without being distorted.

How the Condenser Controls Regeneration. Theamount
of energy fed back to the grid coil from the plate circuit
must be accurately controlled so that the grid circuit can
be brought just below the oscillation point where the signal
is loudest and clearest. This is done by a variable con-
denser shunted across the radio frequency choke, the
phones, and the B battery. This condenser acts as a
by-pass for part of the energy in the plate circuit, and by
changing the setting of the condenser the amount of energy
that is by-passed is controlled.
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The radio-frequency choke in the plate circuit stops the
radio-frequeney pulses of electrons but allows the slower
adio-frequency pulses to reach the phones. Without a
choke, the volume of the signal will be reduced and the
set may not regenerate.

The size of the grid leak has an effect on regeneration.
A high-resistance leak causes the grid to collect so many
clectrons on strong signals that the tube will cut off.  'The
grid becomes so negative that the plate current is stopped.
Too small a leak will make the music weaker.

Question

1. Describe how the primary coil and the plate coil can act as two
primaries which induee a current in the secondary (the grid coil) which
is stronger than cither primary alone could induce.

4. THE REGENERATIVE DETECTOR SET—RESISTANCE
CONTROLLED

How to Build and Wire the Set

Set Changes. Mount a variable resistor of 0-50,000
ohms and a 1-microfarad by-pass condenser in place of
the regeneration control condenser.  See Ifig. 156 for the
position of these parts.  Space them so the wiring is easy
to solder in place.

Make no other changes in the circuit.

How to Wire the Set. The Aerial Circuit. 'This circuit
is the same as in the condenser controlled regenerative set
(see Fig. 157).

The Grid Cireuit.  Make no change in this circuit.

The Plate Circuit. Run a wire to the radio-frequency
choke from the end of the plate coil opposite to the end
connected to the plate. Connect the radio-frequency choke
to one phone terminal.

Connect the variable resistor in series with the other
phone terminal and the B positive post.
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Shunt a 1-microfarad audio by-pass condenser across the
variable resistor and the B battery.
— _
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FiGg. 156. Regenerative detector set, resistance controlled.
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FiG. 157,  Regenerative detector set, resistunce controlled.

Connect a radio-frequency by-pass condenser of 00025
microfarad between the radio-frequency choke and the
positive side of the filament, as shown in Fig. 157.



234 UNDERSTANDING RADIO

Wiring Check. Go over the set one wire at a time to
see that no mistakes have been made. The set, if carefully
wired, should operate the first time it is hooked up.

How to Operate the Set

Step 1. Connect the aerial and ground lead-in wires to
the aerial and ground set posts.

Step 2. Test the filament circuit. Connect the A battery
to the terminals. TPut a type 01A tube in the socket.
Turn the filament rheostat to the off position.

Step 3. Connect the B battery and phones. Connect the
B battery to the plate terminals on the set. Connect a
wire from the positive post of the battery to the positive
post on the set.  When this is done, the battery will be
correctly connected. Attach the phone tips to the phone
posts on the set.

Step 4. Make the set oscillate. Set the variable resistor
at about half. It may be necessary to change the number
of turns in the plate coil to get the oscillation point just
right.

Check the plate voltage and the filament voltage. They
both affect the oscillation point.

Test oscillation by touching your finger to the condenser
wire or the stator plates of the tuning condenser, as in the
first set we studied. 'The oscillation point will be heard as
a soft thud.

Step 5. 'Tune the set.

Adjust the variable resistor until the set oscillates.

Turn the tuning condenser slowly. Listen for the carrier-
wave whistle of a station.

Set the tuning condenser for zero beat on the carrier
wave of the station to which you wish to listen.

Back up the variable resistor until the set just goes out
of oscillation in order to clear up the signals.
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Readjust the tuning and the regeneration control until
the music is as loud and clear as possible.

Troubles and Their Remedies

The Set Will Not Oscillate. Cause. The plate coil is
wired backwards. Tts field opposes that of the grid coil.
Remedy. Reverse the wires leading to the plate coil at the
coil. '

Cause. Not enough turns on the plate coil. Remedy.
Add 10 more turns. This may be too many, but you can
cut down the number until the set operates correctly.

Cause. Loose or broken wire joints. Remedy. Go over
the joints of the set to see if one looks good but is not well
soldered. This may be caused by dirty wires that have
not been carefully scraped. Solder will not stick to a dirty
wire. Flux will not clean wires. The wire must be scraped
bright before putting on the flux. Another cause of poor
joints is due to the soldering iron or the joint being too cold.
When the joint is hot enough, the solder runs into the joint
quickly. Very little solder is needed to make a perfect
joint.

Cause. Reversed A- or B-battery connections. Remedy.
Check both A and B leads. The plate must be connected
to the positive side of the B battery through the plate coil,
the choke, and the phones. Trace this connection out
carefully.

Cause. No radio-frequency choke or a shorted choke.
Remedy. Hook a choke in the circuit or put in a newchoke.

The Set Will Not Stop Oscillating. The regeneration
point is just before the set starts to oscillate. Here the
set is more sensitive. If it will not stop oscillating, signals
are not as loud as they might be.

Cause. 'Too much B voltage. Remedy. Reduce the B
voltage.
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(‘ause. "Too many turns on plate coil. Remedy. Take
off turns, a turn at a time.

The Set Oscillates Too Strongly. Ceuse. 'Too much B
battery. Remedy. Reduce the B voltage to 45 volts.

Cause. Grid leak too large. The set goes into oscil-
lation with a heavy thud. Remedy. 'Try a grid leak with
less resistance.

Cause. "Moo many turns on the plate coil. Remedy.
Remove turns, one turn at a time.

The Set Screeches and Howls. Cause. B voltage too
high. Remedy. Reduce the B voltage.

Cause. 'Too many turns on the plate coil. Remedy.
The number of turns on the plate coil should be such that
the set will go into oscillation with the condenser control
half in. Set the regeneration control half in, put 45 volts
on the plate, and take off turns on the plate coil a turn at a
time until the set oscillates smoothly. Test the set after
each turn has been removed.

Cause. TFilament voltage too high. Remedy. Cut down
the voltage as much as possible. Tt will often be found
that the voltage may be cut almost in half and better
signals will be heard. Refer back to the filament-emission
tests for this reason.

The Set Is Noisy or Scratchy in Operation. Cause.
Defective or old tubes; loose tube elements or loose wires
in the tube base. Remedy. Get a new tube. Try another
tube.

Cause. Loose connections in the set wiring. This is
noticed as a pop or as scratching when the set is jarred.
Poorly soldered joints may be the cause. Remedy.
Tighten all connections at the binding posts. Move the
soldered joints with the fingers while the set is operating
to see if the joint is broken. A wire may be broken with
the ends touching and scratching together. Scrape and
resolder the joint.
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Cause. 'The regencration-control resistor may be old or
defective. 'The noise then is caused by the small changes
in resistance which cause voltage changes in the plate
circuit. Remedy. Tighten the screw holding the resistor
parts together. 'Try a better resistor. If a better resistor
tried in the circuit stops the noise, a new ‘one should be
used.

Questions

1. Give a list of reasons why a sct will not operate.

2. Make a list of reasons why a set will not stop oscillating.

3. Give reasons why sets may oscillate too strongly.

4. Give a list of reasons why a set sereeches and howls or is too noisy
in operation.

Why It Works

The control used in this regenerative receiver set is a
50,000-ohm resistor wired in series in the plate circuit.

The series resistor connection cuts down the voltage in
the plate circuit and in this way controls the amount of
fecdback possible through the .00025-microfarad fixed
by-pass condenser. The resistance-controlled circuit is
essentially the same as the condenser-controlled circuit.
In the resistance-controlled circuit the condenser is fixed
and feedback is controlled by changing the voltage through
a series resistor. As the voltage is changed, the amount
of current flowing in the plate coil is changed, due to the
inereased or deereased pull of the B battery.  When there
is much resistance in the circuit, the voltage or the pull of
the B battery is cut down and there is little feedback.
When there is little resistance in the circuit, the voltage or
the pull is stronger and there is more feedback.

Questions

1. How is the resistor connected in a circuit for resistance-controlled

regeneration ?
2. Eeplain how the resistor controls regeneration.
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6. AUDIO-FREQUENCY AMPLIFYING CIRCUITS

Early Set Limitations. Radio was confined to the labo-
ratory for years while the circuits were being perfected and
simplified. Only an electrician, an engineer, or a skillful
amateur was able to operate the sets, which were very
complicated and had many controls. Amateurs sat for
hours wearing headphores, straining their ears for the faint
sounds and signals coming into their sets, The sets had
many controls. They overflowed from the table to the
floor. This was not a type of radio that would appeal to
the average family who wanted music or other forms of
entertainment in the home. After the operation of the
sets became simplified, amateurs began to experiment with
the different circuits, to design their own crude variations
of the laboratory apparatus used by the engineers, and
to simplify radio circuits and apparatus greatly. They
demonstrated that it was possible for an ordinary person
to operate a set.

Vacuum Tube Made Amplification Possible. Until the
radio tube made its appearance, amplification was an
impossibility. There was no way to amplify the signals
from the crystal detector. In working with the vacuum
tube, it was soon discovered that the ordinary tube had
two characteristics: it could be used as a detector, and it
also had the property of amplifying. Weak currents flow-
ing on the grid of the tube were able to control strong
currents in the plate circuit.  This made a stronger signal,
of the same wave shape, in the plate circuit.

A new line of development was possible.  From then on
the radio science spread from the laboratory and amateur
fields into the home as a source of amusement and enjoy-
ment. We shall study the simpler standard amplifying
cirenits that were developed during these vears of research
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and experiment and are used for amplifying the output of
the detector set.

We Shall Add Audio Amplification. Now, we are ready
to improve the performance of our set still further by
increasing its volume by means of an amplifier. We shall
use the amplifier in the audio circuit first. More than three
stages of audio amplification are too difficult for us to
handle in these hookups.

Coupling between Detector and Amplifier Stages. The
changes in strength of the pulsating direct current in the
detector plate circuit must be transferred to the grid circuit
of the amplifier tube in some way.

If we were to connect the plate circuit of the detector
tube directly to the grid circuit of the audio-amplifier tube,
we would find that the amplifier would not operate. The
B-battery voltage used in the plate circuit of the detector
tube is so high that it would pull most of the electrons off
the grid of the amplifier tube, and the tube would not
amplify. The circuit must be separated in some way so
that the plate voltage of the detector tube does not exert
this pull on the grid of the audio-amplifier tube.

Transformer Coupling. By far the most common way
is to connect between the circuits a small audio transformer
with a turn ratio of from 1:2 to 1:6. It is wound with
many thousands of turns of fine wire so as to give a good
transfer of energy to the secondary. The direct-current
detector tubes use about 22% volts and about 3 milliamperes
of current.

The primary on the transformer is wound so it has
approxinately the same impedance to the flow of current
that a pair of phones or a speaker would have. The audio
transformer steps up the voltage change in the secondary.
That is, if the plate voltage changes 10 volts, a 3:1 trans-
former will give about 30 volts change in the secondary.
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Resistance Coupling. This is an inexpensive form of
coupling which uses a small resistor and a coupling con-
denser in place of the audio transformers used in trans-
former coupling. '

Signals heard through the resistance-coupled set are of
better quality than those from the transformer-coupled set.

Impedance Coupling. Impedance coupling, which is
similar to resistance coupling, will be described in Chapter
VIIIL.

Questions

1. Why cannot the grid of the amplifier tube be connected directly
in the plate circuit of the detector tube?

2. What determines the amount of resistance to be put in the primary
of the audio transformer?

3. Compare the connections of a resistance-coupled set with those of
a transformer-coupled set.

4. What is the purpose of the fixed condenser in the resistance
coupling?

A Transformer-coupled Audio Amplifier

How to Wire the Set. Use a Small Baseboard. Mount
the audio-frequency amplifier parts as shown in Fig. 158
and Fig. 1539. Use 2 2:1 or a 3:1 audio transformer.

The Filament Circuit. Plug a type 01A tube in tke
socket.

Connect the A battery wires to the A negative and the
A positive binding posts.

Test the filament circuit by turning the rheostat. If the
tube lights, the circuit is correctly wired.

The Plate Circuit. Conncct the wires from the B posts
on the set board to the B battery. Conncct the B negative
wire first to get these connections correct. The plate of
the tube must be connected to the positive terminal of the
hattery.
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Connect the phones or the loud-speaker to the output
terminals of the board. Connect the phone tip marked by
the colored insulation on the cord to the positive side of
the battery. This is to prevent the direction of the current
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l"m. 158.  Audio amplifier, transformer coupled.
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I'ie. 159.  Audio amphﬁer, transforiner coupled.

flowing in the windings from gradually weakening the
magnetism of the phones’ permanent magnets.

Connect the Amplifier to the Set. Connect two wires
between the output or phone posts on the detector board
and the input posts on the amplifier board. The amplifier
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set is now ready to operate. If it is connected correctly,
the signal should be much louder than for the detector set
alone.

How to Operate the Set. B I oltages to Use on the
Amplifier. Try several different values of the B voltage.
Start with 45 volts on the plate. Notice the volume of the
signals; then step up the voltage to 90. Again try the
volume. Continue up to the highest B voltage you have
available from your B batteries or power pack.

These voltages run as follows:

B negative.......... ... .. ... .. .. 0 volts
B detector........... ... ... ... .. 15 volts
B amplifier. ....... ... .. . ... .. 90 volts
Bpower......... ... ... 135 volts

C Bias to Use. Each different plate voltage will require
a different C bias voltage on the amplifier stage to cause
the tube to operate correctly.

Refer to the following charts to find the correct C bias
voltage for the type 01A tube and the type 71A tube with
different plate voltages. 'I'ry the set with no C bias and
with more than 4.5 volts. There should be a difference in
the quality of the signals. As the B voltage is raised
higher, the bias must be increased. When the B voltage
and the bias are changed, as shown in the chart for the
Type 71A tube, the volume will be increased considerably
and the quality improved.

TyBe Tyre 01A TuBe TypE 71A
B Voltage C Voltage B Voltage C Voltage
90 —4.5 90 —16.5
185 -9 135 -27

180 180 —40.5
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Courtesy General Radio Co,
Avunio TranNsrORMERS UNDER TEST
To produce musie of fine quality, a transformer must perform cqually well at
many different frequencies.
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Several Stuges of Amplifiers. 1f you want still louder
signals from the set, add more stages of amplification. We
shall use two stages, one of which may be a power stage
using a type 71\ tube. The higher voltage will be used
on the last or power stage which drives the loud-speaker.

Each stage of amplification is made by constructing
several boards and connecting them one after the other.
The connections of the board are the same as for the
amplifier just deseribed.

Why It Works. FEach Tube .dds Energy. Signals
received on a one-tube set are weak. Energy in the B
battery is controlled by current on the grid of the tube.

When we want to make the signals louder, we must add
more energy from another B battery controlled by another
tube. This is the audio amplifier. We now connect the
primary of the audio transformer to the detector circuit in
place of the headphones. The pulsating direet current
flowing through the primary of the transformer induces an
alternating current in the secondary. This alternating
current on the grid of the amplifier tube controls the flow
of a stronger plate current supplied by a B battery.

Changes of plate current in the amplifier are much
stronger than the current changes in the detector plate
circuit. The audio amplifier produces much louder signals
than those heard with the one-tube detector.

The Audio Transformer—IWhy Used. The detector B
voltage must not contact the grid of the amplifier tube.
By the use of a transforiner, the plate circuit of the detector
with its high voltage is separated from the grid circuit of
the audio amplifier.

When the pulsating direct current from the plate of the
tube flows through the primary of the transformer, it
induces an alternating current in the transfermer secondary.
All of these currents, both in the primary and in the sce-




RECENING SETS USING DIRECT-CURRENT TUBES 245

ondary, are at audible or hearable frequency. The voltage
changes on the grid of the amplifier tube are much stronger
than those on the grid of the detector tube. Changes in
the plate current of the amplifier tube will be much stronger
than the changes in the plate of the detectoron account of the
amplifying ability of the tube. The signals will be louder.

The Reason for the C Baltery. \s the amplifier grid
vecomnes positive and negative, it controls the flow of the
current through the plate circuit. The performance curve
we drew in the tube tests shows that when no signal or
electrons are on the grid a certain amount of current is
flowing in the plate circuit of the tube.

But to produce efficient amplification, the surges on the
amplifier grid must have the same wave shape as the surges
picked up by the acrial.  If this amplifier grid ever becomes
positive, say on strong incoming signals, it will draw elec-
trons from the filament, and the positive part of the signal
wave will be too strong. This produces distortion in the
signals.

If a C battery is connected in the grid circuit, the grid
-annot become positive, and the signals are free from dis-
tortion. This effect is very noticeable when two or more
audio stages are used.

The surges in the audio-amplifier circuit are all at audio
frequency.  'The audio amplifier increases the strength or
amplitude of the surges without changing their wave shape.

Questions

1. What is the source of power in the audio-amplifier set ?

2. Can a pulsating direct current in the primary of a transformer
induce an alternating current in the secoudary ?

3. Compare the voltage changes on the grid of the detector tube with
the voltage changes on the grid of the audio-amplifier tube.

4. Are the currents in the secondary of the audio transformer at
audio frequency or radio frequency?

6. Explain how a C battery prevents distortion in the audio amplifier.
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A Resistance-coupled Audio Amplifier

How to Build the Set. Mount the parts on a small
baseboard as shown in Fig. 160.

How to Wire the Set. The Input (‘ircuil. No trans-
former is used in this circuit.  In its place are two resistors,

S . S S =
0.006 to 0.0]l mf.
S

st01 |
Input megohm l_

F1G. 160.  Audio amplifier, resistance coupled.

Couplin e
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Loy be 2 Speake
5 (e} a r
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B+ ¢t At g *
180 volts Battery Bottery 90 fo /80 volts

Fic. 161. Audio amplificr, resistance coupled. See any standard tube chart
for C bias voltage. -

one a fixed resistor of 50,000 to 100,000 ohms and the other
a 2-megohm grid leak (sce Fig. 161). The fixed coupling
condenser has from .006 to .01 microfarad capacity.
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Filament Circuit and Plate Circuit. Wire the filament,
and plate circuits, as shown in Fig. 161.

How to Operate the Set. This amplifier is in operation
when the A battery and B batteries are connected.  There
are no adjustments to make on this set. Use a type 01A
tube when earphones are connected to the amplifier. Use
type 71A for a speaker. Find the proper bias voltage from
any standard tube chart.

Advantages and Disadvantages. The high resistance
used in the detector plate circuit of this amplifier makes
it necessary to have a high B voltage. For a type 01A
tube you need 180 volts on the detector plate for resistance
coupling, where 45 volts would do with transformer
coupling.

No audio howls occur in the resistance-coupled amplifier,
since there is no feedback from the transformer. The
greatest advantage of this type of amplifier is that signals
of a very good quality are obtained when it is used.
There are no transformer losses in this circuit. However,
the amplification is not high, being about 1%, while with
the transformer coupling a high amplification may be had.

Three resistance-coupled stages are needed to equal the
output of two transformer-coupled stages.

Noninductive resistors must be used in this amplifier.
Carbon resistors are satisfactory. The coupling resistance
should be twice the plate impedance of the tube. If the
coupling condenser is too small, below .006 microfarad, the
bass notes will be weakened or cut out. A larger size may
be used if several stages of resistance coupling are to be
used; the same size condenser will do for each stage. This
condenser must have good insulation, since leakage will
destroy its efticiency. Current leaks through the condenser
will affect the bias of the amplifier tube and will cause
distortion.
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“Motorboating” in a resistance-coupled amplifier is
caused by a power supply with poor voltage regulation.
This means that the power supply is overloaded, causing a
fluctuating plate voltage. Motorboating is not noticeable
with a one-stage amplifier but is bothersome when several
stages are used. A B battery will stop the trouble, or a
power supply which has very good regulation will stop it.

Why It Works. The Coupling Resistor. Electrons on
the way from the detector plate in Fig. 162 to the B battery

Detect: A B Audlio
ectar, _~ —» — ~_ |l _ amplifier
¥

megohm
resistor

e noninductive
0.000257 resistor
mf =l
|| I—

- +
C battery

L

B

Fig. 162. Operation of resistance-coupled amplifier.

are held back by the high resistance of the coupling resistor.
The resistance here is steady. Surges from the detector
tube, which cannot rush through the resistor, instead collect
on the coupling condenser and the by-pass condenser.
Surges on side A of the coupling condenser drive surges
from side B to the amplifier-tube grid. The condenser
capacity is large enough to allow all audio frequencies to
get to the amplifier-tube grid.

This type of coupling produces signals of good fidelity,
since the back pressure caused by the resistor is steady.
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Questions

1. Compare the quality of signals from a transformer-coupled
amplifier with that from a resistance-coupled unit.

2. Compare the amount of amplification in the two types of amplifiers.

3. Compare the size of the coupling resistance with the plate imped-
ance of the tube.

4. What effect does a coupling condenser which is too small have
upon the quality of signals?

5. What is the cause of motorboating in these amplifiers?

6. THE TUNED RADIO-FREQUENCY AMPLIFIER

The Limits of Audio Amplification. In the effort to get
louder signals we have added audio amplifier stages. We
could use not more than three or four stages of audio-
frequency amplification because the tube, battery, and
circuit noises are amplified as well as the signals. 'This
background of noise that cannot be tuned out and through
which we cannot hear signals is called the noise level.

There are stations that we would like to hear that are
still beyond our reach with all of this audio amplification.
We can increase volume of sound in the audio stages, but
we cannot increase the sensitivity of the set, nor can we
change the selectivity by audio amplification.

Why Not Amplify the Aerial Currents? Let us turn our
attention to the weak radio-frequency aerial currents that
are fed into the detector set. If we could build up the
strength of these signals before they reach the detector, we
would increase the sensitivity of the set. We could hear
and use the signals that had been too weak to understand.

From our study of the detector set we know that the
vacuum tube will amplify signals fed into the grid circuit.
We know that if we adjust a tube correctly the signal in
the plate circuit is increased in strength but not changed
in wave shape. This is the amplifving property of the
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tube.  We know that this is true with audio-frequency
signals going through the tube.

Now we shall build one or two stages of radio-frequency
amplification to amplify the weak signal voltages picked up
by the aerial. These greatly strengthened signals now go
through the detector and are again greatly amplified in the
audio stages. By properly adjusting the voltages of the
tube circuits we get an amplified signal that has not been
distorted or changed in shape in passing through the radio-
frequency amplifier circuits.

One stage of radio-frequency amplification amplifies the
signal strength about as much as the regenerative detector.
Two radio-frequency stages will increase the signal about
as much as one audio stage.

Advantages of Tuning Radio-frequency Stages. By
tuning the amplifier circuit, we not only can increase the
strength of the signal but we can pick out the signal we
want to get. 'This kills the unwanted signals where they
are weakest in the circuit. We not only get better selec-
tivity but also better volume of the signal that does get
through. Untuned radio-frequency amplifiers build up
atmospheric, tube, and circuit noises with little gain in the
strength of the signal. They are not as desirable as the
tuned amplifier.

One or two radio-frequency amplifier stages improve
reception from both distant and local stations. It is easier
to select the signals from several local stations. These
signals are often strong enough to foree their way through
a detector tuning circuit. The radio-frequency stages help
to tune out these stations. Distant stations of extreme
weakness are amplified until they are strong enough to he
heard clearly.

Disadvantages of the Radio-frequency Amplifier. T'herc
are more tubes to get out of order, more batteries to canse
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noises, and more wiring to cause feedback troubles. More
B battery power is needed. This is another disadvantage
although the same hatterics may be used for the whole
circuit. There are one or two added sets of controls to,
adjust. Tuning is somewhat more critical.

More care in wiring is necessary since any noise from
loose connections is amplified and adds to the noise level.

Two stages of radio-frequency amplification are enough
for ordinary purposes using type 01\ tubes. More than
this are too difficult to neutralize.

How to Build the Set

Fasten the parts to the base as shown in Fig. 163.

The transformer has 20 turns on the primary and 60
turns on the secondary. This is the same coil we have
used in the detector set.

The variable condenser is a 23-plate 500-micromicro-
farad condenser.

How to Wire the Set

The Aerial Circuit. Wire the set as shown in the circuit
diagram in Fig. 164. '

Connect the rotor of the condenser to the A negative
wire. Keep all wires of the tuning and the grid circuits
under 4 inches in length to keep the set from oscillating
and howling or squealing.

How to Operate the Set

Wire the Battery Circuits. The Filament Circuit. Put
a type 01A tube in the socket. Attach the wires for the
A battery to the A binding posts.

The Plate Circuit. Use 90 volts from the B battery.
Connect wires from the B posts to the B battery.
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Connect the output posts of the board to the aerial and
ground posts of the detector set.

Aerial

Ground Output

!
-+

I'ig. 163, Tuned radio-frequency amplificr.
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To detectfor
Q
. o—
-+ -+
A B
90 volts

Fia. 164.  Tuned radio-frequency amplifier.

Check to see that the B positive battery post connects
to the plate of the tube through the primary of the coil on
the detector set.

How to Tune the Radio-frequency Amplifier. Light
both tubes. Adjust the filament voltages.
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Tune the detector and the amplifier together for the first
rough tuning. The settings for any station should be about
the same on both dials. It will be found that the amplifier
dial will turn somewhat faster than the detector dial.
When the station is first heard, adjust the detector set for
the loudest and best signal.

Now tune the radio-frequency amplifier for the loudest
signal. Retune both the detector and the amplifier by
making a last fine adjustment. This must be done since
tuning one set affects the other somewhat.

The rheostats will be found to have some influence on
the tuning of both sets since their setting affects the heat
of the filament and changes the position of the signal on
the characteristic curve.

Why It Works

When a radio wave strikes the aerial, it sets up a current
in the aerial-ground circuit which flows through the pri-
mary of the radio-frequency transformer. The many
different frequencies flowing in the aerial circuit are trans-
ferred to the secondary tuning circuit by induction. These
currents are extremely weak. Only a few microamperes or
millionths of an ampere flow in the tuning circuit.

When you tune the secondary circuit, you select one
radio-frequency current flowing in the aerial circuit, and it
is amplified and passed on to the detector circuit much
stronger than the original aerial current.

If the tube and circuit are correctly wired and the volt-
ages are adjusted correctly, the wave form of the current
in the plate circuit is the same as the wave form of the
current in the grid circuit, but the plate wave is much
stronger than the wave on the grid.

Amplification occurs only at radio frequency in the radio-
frequency amplifier tube.
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The increase in signal strength comes from the power
supplied by the B batteries in both the radio-frequency
amplifier stage and in the detector plate circuit.

Questions

1. Compare the voltage changes on the grid of the detector tube
when it is operated by the acrial and when it is operated by one stage
of radio-frequency amplification.

2. Compare the voltage changes on the grid of the radio-frequency
amplifier with the changes on the grid of the detector tube which is
connected to this amplificr.

3. Compare the size and wave shape of the radio-frequency currents
which flow in the acrial with those of the currents which flow in the
plate circuit of the radio-frequency amplificr.

7. NEUTRALIZING RADIO-FREQUENCY AMPLIFIERS

Radio-frequency Stages Cause the Set to Squeal. In
operating the direct-current receiving set with one stage of
radio-frequency amplification ahead of the detector, trouble
may be noticed from squealing which is difficult to control.
The squeal will sometimes be heard when tuning the radio-
frequency and detector stages to resonance with some
desired station. At other times this squeal builds up with
no apparent reason.

But when two or more stages of radio-frequency amplifi-
cation are added ahead of this detector, the problem of
controlling this squealing becomes acute, and something
must be done about it.  This squeal is often so bad that
signals cannot be received at all.

Reasons for the Squeal. There are several causes for
this audio-frequency squealing. 'The wires in the radio-
frequency amplifier circuit may be long enough to pick up
the magnetic fields set up by radio-frequency currents
flowing in other parts of the circnit.  If this coupling
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between the two circuits is strong enough it will set up
the audio oscillation or feedback which causes the squealing.

Another reason for squealing is the capacity between the
plate and grid of the type 01\ tube. This capacity is
extremely small (8 micromicrofarads), yet it is enough so
that changes of voltage in the plate circuit influence the
grid of the tube. The feedback from the plate to the grid
causes the audio oscillation or howl that is so annoying.

Methods of Stopping the Squeal. 'This squeal cannot
be tuned out. Good circuit arrangement and placing of
wires helps to cut it down. Shiclding will not stop this
audio-frequency squeal in the radio-frequency stages. .\
small suppressor resistor placed in the grid circuit of the
offending tube will stop the radio-frequency squealing.
But the resistor cuts down the gain in signal strength from
that radio-frequency stage.

The only satisfactory way to kill the squeal is to neu-
tralize the effect of the voltage fed back from the plate to
the grid circuit with an opposing voltage of equal strength,
using one of several methods.

Neutralizing Methods. The fundamental feature of
each of the three methods that we shall use depends on
picking up electron surges from either the plate circuit or
the grid circuit which are traveling in opposite direction to
surges in the other circuit. 'The surge is wired back to the
other circuit so as to oppose and ncutralize the surge fed
back through the tube. A small variable condenser con-
trols the amount of neutralizing voltage accurately. 'The
small condenser in effect is the same size as the plate-grid
**condenser”’ in the tube, but is opposed to it.

Circuits shown here are used not only for neutralizing
tubes in the radio-frequency stages of receiving circuits but
also later in neutralizing tubes used in transmitting circuits
and in phone cirenits,



256 UNDERSTANDING RADIO

Construction and Wiring of the Neutralizing Circuits

Circuit A. The Grid-circuit Method—End Tap (Fig. 165).
This circuit probably is the handiest to build and the easiest

x--Neufralizing condenser
. 5 to /3-plate midget or
Primary Secondary compression fypée
->~— €
dletector
- Ve
h = e
A B
6 vol/ts 90 volts

Fi. 165. Circuit A; neutralizing radio-frequency amplifier by end tap on

grid coil.

to make work. Add from 10 to 20 turns of wire on the
ground end of the grid coil of the tube to be neutralized.

I/ Neutralizing condenser

1 1d3 E

- + —_
6 volts 90 volts
Fic. 166, Circuit B; neutralizing radio-frequency amplifier by center tap on
grid coil.

Fromn the end of this added coil, run a wire to the neu-
tralizing condenser, then to the plate of the tube.
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Circuit B. .Another Grid-circuit Method—Center Tap
(Ifig. 166). In this circuit the grid return wire is connected
to the center tap of the grid coil of the radio-frequency tube
to be neutralized. 'The neutralizing condenser is connected
in series with the ground end of the secondary coil and the
plate of the tube. No change is made in the rest of the
circuit.

Circuit C. The Plate Method—End Tap (Fig. 167). In
this circuit the neutralizing voltage is taken from the plate
coil of the tube to be neutralized.

Neuvtralizing
IE condenser
9 * 1
Input ~ Output
-oB 6volts +08
90 volts

Fic. 167. Circuit (; neutralizing radio-frequency amplifier by tap on plate coil.

Run a wire from the end of the plate coil to the neu-
tralizing condenser and on to the grid of the radio-frequency
tube. Connect the B positive lead to a center tap on the
plate coil. 'The neutralizing condenser is a midget con-
denser of from 3 to 13 plates.

Kinds of Neutralizing Condensers. Several kinds of
neutralizing condensers are used. For experimental sets
where many adjustments are to be made, the 3- to 13-plate
midget is used. The small coinpression-type condensers
used for neutralizing commercial broadcast receivers are
better for a set where few changes are to be made. 'These
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condensers are made of two small curved metal plates
separated by a sheet of mica. They are adjusted by «
screw which puils the plates together.

Still another type of condenser is made of a piece of
No. 14 wire over which about a 3-inch piece of spaghetti
tubing has been slipped. A\ copper or brass tube is pushed
over the spaghetti to form the other plate of a small con-
denser. The capacity of this condenser is adjusted by
moving wire in or out of the tube.

Wiring the Circuit. Wires connecting the neutralizing
condenser to other parts of the circuit carry radio-frequency
currents and should be placed so as to have the least
amount of feedback to the circuit. Keep the wires away
from other circuit wires, condensers, coils, and tubes.
Place the wires at right angles to the other parts of the
circuit.

Questions

1. Give two reasons why radio-frequency amplifiers often squeal
while being tuned.

2. Make a list of possible methods for stopping this squeal.

3. Examine the diagram for the end-tap—input-circuit method of
neutralizing the condenser effect of the grid and the plate. Show how
the end-tap method picks up surges which oppose and kill surges fed
back to the grid circuit by the capacity of the grid-plate condenser.
(See Fig. 165.)

4. Examine the center-tap method and show how it picks up a current
that opposes the grid-plate current.

5. Examine the end-tap-output circuit to find out how it picks up a
current to oppose the grid-plate current.

6. In all of these methods how do you control the nentralizing current
to make it the same as the capacity of the grid-plate condenser ?

How to Neutralize a Radio-frequency Amplifier

When there are several stages of radio-frequency amplifi-
cation, each stage must be neutralized separately. The set
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is tuned to the highest frequency it will receive. This is
the station having the shortest wave length that will be
received on this sct.

Ilere are the steps in neutralizing a radio-frequency cir-
cuit. Each tube is neutralized separately by this process:

Step 1. Turn on the filaments of both amplifier tubes
and the detector tube.  Tune in a station that is weak but
clear.

Step 2. Pull out the radio-frequencey tube to be nentral-
ized and place a piece of paper under the filament prong.
If the type of socket used will not allow this to be done,
turn off the filament rheostat. 'This will produce the same
result. Push the tube back in the socket.

Step 3. 'Turn the neutralizing condenser slowly back and
forth. Listen for a sudden drop or decrease in the strength
of the program or signal in the phones.  Tune slowly on
hoth sides of this point until the position where the lowest
volume of signal heard is accurately found.

Step 4. Remove the paper under the filament prongs or
turn up the rheostat to light the tubes.  The station will
now be heard without the squeal.  The adjustment of the
neutralizing condenser is now correet.  This radio-fre-
quency tube is said to have been neutralized.

Question

1. Explain briefly how to neutralize a radio-frequeney amplifier.

Technical Terms

aerial coil—The coil conneeted in the acrial-gronud eircuit.

amplification—The process of increasing the strength of signals.

audio transformer—A\ step-up transformer used to couple detector and
audio-amplifier circuits.

detector—.\s used here, a vacuun-tube circuit used to convert radio-
frequency pulsations into audio-frequency pulsations which will
produce sound in the phones.

gain—A\ word used to mean amplification.
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grid bias—A steady pressure of electrons kept on the grid.

grid return—A wire connecting the end of the grid coil to the filament
cireuit.

grid coil—The coil connected to the grid of the tube.

grid condenser—A .00025-microfarad fixed condenser connected in the
grid wire.

wand capacity—There is enough capacity or condenser effect in the body
to change the tuning of a regenerative set.

impedance coupling—Transferring energy between circuits through a
condenser—choke-coil cireuit.

neutralization—The process of balancing the capacity of a small con.
denser to equal the grid-plate capacity of a tube in order to prevent
oscillation and squealing.

oscillation—The surging of a current back and forth in a circuit.
Generally refers to a condenser-coil circuit,

plate coil—The coil connected in the plate eircuit.

pulses—Changes in strength of a direct current, as in a pulsating
direet current or as in the alternating-current component of a
direct-current.

regeneration—.\ process of feeding energy from the plate circuit back
to the grid circuit to increase the volume of the signals.

resistance coupling—Transferring energy between circuits through a
resistor-condenser circnit.

shielding—.\ grounded piece of metal placed between the control knob
and the set in order to prevent hand capacity from affecting
tuning.

surges—The progressive electron motion along the wire cansed by an
alternating current.

transformer coupling—Transferring cnergy from one circuit to another
by means of a transformer.

voltage regulation—A\ power supply whose voltage drops when con-
neeted to the plate circuit has poor regulation.  When the voltage
remains nearly steady, the regulation is good.

zero beat—.\ point where an oscillating receiver is adjusted to resonance
with an incoming signal. At this point no carrier whistle is heard.



CHAPTER VI
PHONES AND SPEAKERS

In all of the radio sets we have studied so far, we have
used carphones to hear the music or other signals picked
up by the set.  We have used earphones because in many
of these sets the sounds were weak and earphones fit snugly
on our ears and keep out unwanted noises.

But now that we are acquainted with eircuits and under-
stand how to assemble and operate more powerful sets, we
are ready to discard the phones for speakers.  We cannot
use the phones in sets having much over three tubes,
because the phones will not handle the current. The
sounds will be unpleasantly loud.

So now we shall learn the principles of the operation of
both the magnetic and the dynamic speakers and how to
use them.

Contents of This Chaptes

. New Symbols Used in This Chapter
. Earphones Used for Radio Reeeption
. Magnetic Speakers

. The Dynamie Speaker

& =
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1. NEW SYMBOLS USED IN THIS CHAPTER
These symbols are shown in Fig. 168 (page 262).

type 80 tube—A\ rectifier tube used in the powersupply.
output transformer—A step-down transformer used to

couple a power tube to a speaker.
261
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FICTURF SYMBOL

Type 80 tube

Freld
cor/

Vorce
cor/ |

Cross Section

F1G. 168. New symbols used in Chapter VI.




PHONES (IND SPEAKERS 263

dynamic speaker—'This shows the cone, the field coil, and
the voice coil of the dynamic speaker.

2. EARPHONES USED FOR RADIO RECEPTION

Steel-diaphragm Earphones

The metal-diaphragm type of earphone is used more for
reception of code than for receiving voice or music. The
quality of voice and music produced by an earphone is not
as good as that pro-
duced by a speaker.

Rochelle-salts crys-
tals make high-fidelity
earphones used to test
the quallty of 51gr-1als at Cose 2 K eorseshoe
broadcasting stations. magnef core

Construction of the
Earphone. Take the
receiver apart to find
out how it is made (sec
Fig. 169). The hard-
rubber cap comes off
first. Next you take
off the thin steel dia-
phragm. Inside the case you will notice two small spools
of very fine wire wound on steel cores or pole pieces.

The diaphragm is held on the case with considerable
force by the magnetism of the steel poles on which the
coils are wound (Fig. 169). The pole pieces are permanent
magnets made of hardened steel. Their purpose is to keep
the diaphragm under a light steady pull. The curved metal
piece in the bottom of the case connects the pole pieces to
form a U-shaped magnet which acts more uniformly than
two single magnets.

Diaphragm

I'16. 169. LEarphone.
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Small electromagnet coils wound with hundreds of turns
of very fine wire are mounted on the ends of the iron core.
The space between the diaphragm and the core ends is
‘about .002 inch. The closer the diaphragm can be placed
to the poles without touching them, the greater is the
response of the diaphragm.

Fine modern phones use a permanent magnet made of a
metal that collects many more lines of magnetic force than
other metals before reaching the saturation point.

Questions

Name cach part of the headphone as you take it apart.

. What is the cap or earpicce made of?

. What is the composition of the diaphragm?

. Why wouldn’'t a hard rubber diaphragm be just as good ?

. What is the composition of the magnet?

Is the magnet a temporary or a permanent magnet ?

Is the diaphragm bent or pulled in slightly when no signals are
being sent through the phones?

8. Make a drawing of a phone showing the wiring or path of the
electricity as it flows from the cord through the phones and back to the
cord again.

9. Make a list of things that might go wrong with a sct of head-
phones.

10. Touch the tips of the phone cord together or tap the tips against
the tongue; a sound will be heard. The phones are sensitive enough to
produce a sound from the very weak current produced by the contact
of the tips with each other or with the tongue.

IR R

How to Operate the Earphone. Conncct the earphone
to the phone posts of a set. When the set is turned on,
the phones are in operation.

Connect the tip of the red or striped cord to the B
positive side of the circuit. This will prevent B-battery
current from gradually demagnetizing and shortening the
nseful life of the phone magnets.
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Check to see if the phones are connected correctly when
used on the detector or audio circuits. 1f reversed, the
magnetism from the plate current opposes -the magnetism
of the permanent magnet cores and weakens the signals.

You can use carphones on any onc-tube detector set or
on a set using a detector and one stage of audio amplifi-
:aation.  The phones should not be used on any set in
which the tube in the last amplifier stage draws over 10
milliamperes of current.  The current through the phones
is the plate current flowing through the tube to which the
phones are connected.  You can find this current on a tube
characteristic chart.  More plate current flows through the
phones when the plate voltage is increased.

Why Earphones Work. The changes of strength of plate
current flowing in the detector or the amplifier circuit
sause the motion of the diaphragm which produces sound.

The diaphragm must bend rapidly in and out near the
pole picces to force air out of the hole in the cap in the form
of sound waves. The plate current from the receiving set
flows throngh the coils of fine wire around the poles and
makes the coil an electromagnet.

The pull on the diaphragm will be stronger when many
turns are used or when a greater current flows.

Small wire is used to get many turns in a small space.
Many turns of wire are needed in order to use all of the
weak plate current to move the diaphragms.

The number of turns of wire which can be used effectively
to produce sound is more important than the resistance of
the magnets. A current will generate more magnetism
when it flows through a coil of many turns of wire than
when it flows through a coil having a few turns of wire.

When a strong current flows through the coils, it pro-
duces a strong pull on the diaphragm. When a weak
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current flows, it pulls the diaphragm only a little way
toward the poles.

The rapidly pulsating direct current that flows through
the coils moves the diaphragm. The rapidly changing
vibrations of the air are what we hear as sound. These
air vibrations are as slow as about 20 cycles a second and as
fast as from 15,000 to 20,000 cycles a second.

Phones receiving code signals operate best at a frequency
of 1000 eycles a second.  Other unwanted noises and sounds
have a frequency of around 200 cycles a second. The
phones operating at 1000 cycles a second bring out the code
and diminish the static and unwanted noises, The noise
background is reduced in this way.

The permanent magnet cores are used in phones to cause
the diaphragm to respond faithfully to the electrical surges
flowing through the magnet coils. The permanent steel
magnet keeps the diaphragm under a steady pull. The
effeet of these permanent magnets is to make the phones
more sensitive.

Poor-quality or old receivers lose the magnetisin of the
pole pieces and are no longer sensitive.  The poles may be
remagnetized to restore sensitivity to the phone.

Receivers used for ordinary telephone serviece in the home
or office respond to frequencies of from 200 to 400 cycles,

Questions

1, Which are more satisfactory for the reception of code signals,
carphones or speakers?

2. Should the diaphragm be placed close to the poles of the eleetro-
magnet ?

3. What harmful c¢ffect comes from connecting the striped phone
cord to the B negative side of the set?

4. What is the maximum number of milliamperes of current which
should be put on a sct of carphones?

6, Most static and unwanted noises in a code set have a frequeney of
about how mauy cycles per second?
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6. What is the advantage of having earphones which operate best at
ahout 1000 cycles a second?

7. Why are permanent magnets used for the eores of the electro
magnets in earphones instead of temporary magnets?

Balanced-armature Earphones

An improved type of phone which overcomes some of
the difficulties of the common earphones uses a mica dia-
phragm operated by a balanced armature in place of the
steel diaphragm of the common type of earphone.

Mica ~=~a—"
draphragm 7

Connecting link. ‘

s
ul{"“ | Armature
/‘/ / ""'\' o
~— / Coils

— —%-==Crrcvlar core
I'1c. 170.  Balanced-armature earphone.

Construction of the Magnet and the Armature. 7%e
Cores. A heavy circular core is used in this phone. Two
U-shaped cores are attached to the ends of the main core
(see Fig. 170). 'This arrangement provides two magnetic
paths between the ends of the U-shaped core.

The electromagnet coils are wound inside the U-shaped
pole pieces attached to the ends of the heavy circular perma-
nent magnet (see Fig. 171).

The Armature. A magnetic armature is balanced on a
pivot between the pole pieces inside the coil. 'The ends of
the armature are in the two magnetic paths between the
ends of the U-shaped cores.
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The Diaphragm. The diaphragm in this phone is a thin
sheet of mica. A wire connecting rod runs from one end of
the balanced armature to the center of the mica diaphragm.

Fia. 171, Enlarged view of armature, winding and magnet poles.

How to Use the Phones. Use the balanced-armature
phones in the same way you would use a magnetic earphone.
Connect these phones to a one-, two-, or three-tube set.

s Direction of These phones should not
N I——[]N current be used on sets that have a

s l j*' ) J Motionor  POWET aud-io-amplifior

i armature stage, as this overloads the

Sl IS windings. If overloaded,

I'ig. 172.  Motion of a balanced arma- the windings of the phones

ture. will either be burned out

or excessive vibration will damage the moving parts of the
phone.

How It Works. When a current flows through the
armature coll it makes one end of the armature magnetically
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north and one south. This causes the diaphragm to move
as shown in Fig. 172. When current flows through the
magnet coils, it produces a double motion of the armature.
This moves the mica diaphragm and produces louder signals
from the same amount of encrgy flowing through the coils
than does a steel-diaphragm earphone.

Mica is used for the diaphragm because it has a low
resonant frequency.  The resonant frequency of an iron dia-
phragm is near 1000 cycles. Whenever a current surging
at 1000 cycles a second flows through the coils, the iron dia-
phragm is just heavy enough and large enough to vibrate
strongest at this frequency. This means that the loudest
sounds are produced at or around 1000 cycles per second.
But sounds produced at frequencies above or below the
resonant 1000-cvcle frequency are not as loud.  This pro-
duces music or speech that does not sound true; or, as radio
technicians say, “The music has poor fidelity.”

The resonant point of mica diaphragms is at a lower fre-
quency than for iron diaphragms. This resonant frequency
seldom occurs in musical sounds.  Therefore, the mica-dia-
phragm phones produce music of better fidelity over a larger
range of frequencies than do iron-diaphragm phones.

Questions

1. Describe the core in a balanced-armature earphone.
2. Should these carphones be used on a power audio amplifier?
3. Why is mica used for the diaphragm in this type of carphone?

3. MAGNETIC SPEAKERS

Simple Type of Magnetic Speaker. A simple kind of
loud-speaker is one made by placing a horn on a metal-
diaphragm earphone to increase the loudness of the signals.
In old radio catalogues vou will sece phones of this type
offered for sale. Such earphones make the poorest kind
of speakers.  They prodnee signals of poor quality.
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Horns were attached to the carphones in an effort to
make them produce sounds of greater volume. Many
interesting types of horns were developed. It was found,
however, that a paper cone would produce better and louder
music than a good horn.

Harmonics of the resonant frequency common in metal-
diaphragm carphones are done away with in the cone
speaker.  Pressure be-
tween  the diaphragm
and the inside of the cap
in the phones, which
affects the signal quali-
ty, does not occur.
Present-type magnetic
speakers are only a re-
finement of this basic
type of speaker.

Construction of Mag-
netic Speakers

7 The Magnets.

ITeavy horseshoe mag-

nets are used in the

magnetic speaker. The

Fic. 173, Magnetie speaker with balanced magnets can be large

armature. because they need not

be built into a small space as in a watchease type of ear-
phone (see Fig. 173).

The Armature. .\ balanced armature is used as in the
balanced-armature phones.  The armature is connected to
a bar to which the cone is also attached.

The Cone. A paper cone is suspended in a metal frame.
The rim of the cone is cemented to the frame. Corru-
gations pressed into the vim of the cone permit the cone to
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move freely and prevent any vibrations from the frame
reaching the cone.

Chamois edges, used in some speakers, allow too much
motion of the cone. This blends high and low frequencies
and produces music of poor quality. Rubber compounds
used for this flexible edge deteriorate, stiffen, and retard
the motion of the cone. A leather edge is better. It does
not age, and the speaker tone remains good.  High-fidelity
speakers used corrugated edges.

Holes are punched in the metal frame to allow free
passage of air waves set up by the back of the cone.

How to Use Magnetic Speakers

Connect a magnetic speaker as you would connect a pair
of carphones. Connect it dircetly to a type 014, and a
type 71A tube.  The plate current of none of these tubes
is over 10 milliamperes in the power amplifier stage. If
the amplifier-tube plate current is over 10 milliamperes in
the power amplifier stage, the current will damage the
speaker. An output transformer must be connected
between the amplifier and the speaker when over 10 milli-
amperes of current flows in the plate circuit of the power
audio-amplifier tube. Use an output transformer after «
type 43 or a type 47 tube.

How It Works

How Motion Is Produced. 'The operation of the bal-
anced armature is the same as in the operation of the
balanced-armature phones. Current flowing through the
coils of the magnets moves the armature.  Every motion
of the armature produces a greater motion of the cone
hecause of the lever to which the link the armature and the
cone are connected (see Fig, 173).
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How the Cone Produces Sound. When the cone moves
outward, it pushes the air near the cone outward. This
produces a compression in the air which travels away from
the cone.  When the cone is pulled back, the air is momen-
tarily rarefied. The alternate compression and rarefaction
of the air produces a sound wave.

The Speaker Baffle

The horns once used on speakers were to concentrate
and to direct sound waves so as to get the greatest effect
from them. You can notice this effect by cupping your
hands over a phone receiver. The sound is louder. TUse
a cardboard horn in place of your hands; and the sound
will be still louder.

In the cone speaker the vibrations of the paper cone set
air in front and in back of the cone in motion. Air waves
started by the back of the cone mix with those from the
front of the cone. The air waves from the back of the
speaker cone may be absorbed and killed by a thick padding
of felt or other sound-absorbent material, .as is often done
in speakers used in public address outfits where tremendous
power is available to produce the sound. But in most
receiving sets it is more cconomical to use the energy in
the air waves from the back of the cone to build up the
volume of the sound from the speaker. The sound waves
that travel around the cone from the back and meet those
from the front of the cone must be “in phase” when they
mix so they will add and produce stronger sounds than
could be produced by either wave alone. To be in phase
the compressed part of the air wave from the front of the
cone and the compressed part of the wave from the back
of the cone must meet and mix at the same instant.  Such
a combined or mixed sound wave will be stronger than the
original wave from ecither the front or from the back of
the cone.  If, instead. the air in one of the waves is rarefied,
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then the combined sound will be weak. I we can make
the distance from the back of the cone to the front of the
cone correct, air waves from the front and from the back
will mix in phase and will produce strong clear signals.  We
san do this with a baffle (see Fig. 174).

A baffle is a flat board or an open-backed box (often the
-adio cabinet) to which
the speaker is attached.
The speaker, operating
in the open air with no
baffle does not produce \ !
good signals, because
thelow-frequency sound
waves mix too soon.
The distance between

~Baffle
-

the front and back of %ggzm‘:}s

the cone is too short. this far,
The wave length of | )

low-frequency sound H

waves is quite long, so
the air waves must
travel several feet be- -
tween beats. A\ +-foot /’
baffle will permit sounds TN

as low as 300 cyclos o FF1G. 174.  Baflle used on loudspeaker.

be produced without distortion. Baffles used in theaters are
as wide as 13 feet.

High-frequency sound waves are little affected by the
baffle. They travel such a short distance between beats
that the distance around the cone itself may be sufficient
to prevent distortion.

\

Qualities of Good Speakers

A good speaker must deliver signals as near as possible
to the same frequency as the signals picked up by the
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microphone at the broadcasting station. The loudness or
vohmie of any certain frequency must not be stressed over
that of any other frequency. A speaker that will produce
the overtones in music has better quality than one that kills
the overtones. Overtones (a tone “over the fundamental
tone””) and harmonics are much the same. The overtones
and the harmonies give music its quality or richness. The
fundamental is the basic tone that is produced. The over-
tones are harmonics produced by the fundamental tone.
A\ violin, the voice, good pianos, are all rich in overtones.

As reproduced music approaches perfect reproduction of
pitch and of overtones, with neither high or low frequencies
stressed, the music sounds more real. A speaker that does
this is said to reproduce music of high fidelity or of fine
quality. .\ good magnetic speaker will reproduce equally
well all frequencies from 200 to 5000 cycles. No frequency
will be stressed, nor will the volume, or loudness, of any
frequency be stressed.

Questions

1. Compare the construction of present-type magnetic speakers with
balanced-armature carphones.

2. What cffeet did the long horns have upon high notes in music?

3. Describe the construction of a paper conc for loud-speakers.

4. Explain how a cone produces sound.

6. Explain how to conneet a speaker to an amplifier which carries
over 10 milliamperes of current in the plate circuit.

6. Explain how to construet a speaker so that the sound waves from
the back of the cone will reinforee the sound waves coming off the front
of it.

7. What is meant by saying a speaker has high fidelity ?

4. THE DYNAMIC SPEAKER

Neither earphones nor magnetic speakers produce signals,
especially music, of better than medium fidelity or quality.
The development of the cone improved the quality of the
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Courtesy General Electric Co.
Cuester W. Rice ano Epwarp W. KeLvoce
These two men developed the dynamic speaker which brought new quality into
music, Here they are adjusting one of their early models,
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music; but the high notes were prominent and were often
quite “tinny.” The low notes were missing or were weak.
The volume was not great enough for large rooms or for
auditoriums.

A new type of speaker, called the dynamic speaker, was
developed which supplied the low tones and which was
capable of producing music of great volume. It operates
on an electrical principle different from that of either the
carphones or the magnetic speaker. It operates as does a
meter or a motor, on the fact that a wire carrying a current
will move when placed in a magnetic field.

The dynamic speaker is essentially a cone moved by a
small coil of wire suspended in a powerful magnetic field.
The dynamic speaker produces music of fine quality. It
produces the deep low tones of the organ as well as the
high tones of the violin.

Construction of a Dynamic Speaker

The Field Coil and Shell. A powerful magnetic field is
produced by a field coil of thousands of turns of fine wire.
A metal case /A is a cup or shell with the main core B at its
center (see Fig. 175 and Fig. 176). The field coil slips into
the shell around the central iron core. The core, shell,
and winding form an electromagnet.

An iron disk C fits over the field coil on the top of the
shell.  The central core B fits through the hole in the dise
C, with space for the voice coil D to fit between the core
and the iron disk.

The Speaker Cone. 'The cone, made of a light durable
paper, is supported by an open metal frame. The edges
of the cone are cemented to the frame (sce Fig. 176).
Corrugations are pressed into the paper around the rim of
the cone. 'These corrugations on the rim of the cone have
several purposes.  They allow the cone to move freely and
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Fig. 175. Yield coil and magnet.

Corrugofed ring., - ®
Frame\'

. Vorce coil ¥
Core Field coil  Disk a/?alrsp/q’

Lshera

7o plate
circult

cor

transformer

I1a. 176. Parts of a dynamic speaker.
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to follow the motion produced by the weak currents flowing
through the voice coil.  They must transmit no vibrations
into the paper from the supporting frame.

The resonant frequeney of the cone is lowered by the
corrugations. A stiff, tight supporting ring stresses the
high notes.

The Voice Coil. A few turns of wire, called the voice
coil, are wound on a small eylinder attached to the small
end of the cone. 'The
voice coil must be very
light, so small wire
wound closely is used
for the winding. A
heavy coil will have a
certain resonant fre-
(uency at which signals
will be extremely loud,
as was the case in the

metal-diaphragm ear-

Fic. 177.  Spider and voice coil for dynamic phone. Yet from 1 to
speaker.

50 turns of wire must be
wound on this coil to carry the current from the amplifier
stage of the set.  The voice coil in one good make of speaker
is a thin flat ribbon wound layer on layer instead of wire.
Sometimes the voice coil is a single turn of copper con-
ductor. Aluminum wire is sometimes used to keep the
weight of the coil low.

Between the cone and the voice coil is attached a center-
ing device called the spider. Tt is a disk of fiber or thin
micarta punched to the shape shown in Fig. 177. It is
made of a material that has a low frequency response.

Metal spiders are used because they do not change in
stiffness.  Rubberized spiders, once used, were poor. As
the rubber hardened with age, it hindered the freedom of
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cone vibration and spoiled the tone of the music produced
by the speaker. A great improvement in tonc was noticed
when a new cone and spider were installed.

The spider is adjusted by three serews to center the
voice coil accurately, so that.it will move freely without
rubbing on the core or the disk. There is only a few
thousandths of an inch clearance between the voice coil

Power. Outpyt
amplifier transformer
Field
= |
A
\
J Vorce
3 cor/
. o
B+ freld current
supply

Fig. 178. Wiring diagram of dynamie speaker.

and the core, and between the voice coil and the outside
iron disk.
Questions

1. What effect does a stiff supporting ring on the cone have upon the

quality of music or other signals?
2. What effect does a heavy voice coil have upon the quality of signals

reproduced ?
3. What was the objection to using hard-rubber spiders in dynamic

speakers?
4. Abonut how much clearance is there hetween the voice coil and the

core?

How to Wire the Speaker

Connect the speaker in the circuit as shown in Fig. 178.
Connect the wires from the voice coil to the proper termi-
nals on the output-transformer secondary. TInstructions



280 UNDERSTANDING RADIO

for making these connections come with the speaker or witl
the output transformer. The output transformer generally
is mounted ou the speaker.

The Source of Field Current. Storage Battery Field
Supply.  Speaker field coils wound to operate on 6 volts
have a resistance of about 20 ohms. The field winding
requires about 300 milliamperes of current. They are
designed to operate from a
storage battery (see Fig. 179).
Y. . e Speakers Built for Use with
:%: ; ﬂ Alternating-current Sets. The
field coil for use on alternating-
§ current sets has a resistance of
about 2500 ohms. This coil is
designed to operate on 90 volts

—\

Switch from the B supply. The
oy I ! | " speaker field coil is connected as
6 volts shown in Fig. 180. It takes

Fig. 179, Direct-current field sup-

ply. the place of one choke coil in

the power supply. This is a
popular circuit for midget receiving sets where space is
small. The speaker field winding can be used as a choke
coil when the current used by the set is not too great.

Question

1. Is the field coil supplied with alternating current or direct current ?

How It Works

The Field Coil Produces a Powerful Magnetic Field.
When a direct current flows through the thousands of turns
of the field coil, it produces a powerful magnetic field in
and around the coil. This field is concentrated by putting
a core through the coil. A core in the shape of a horseshoe
magnet will have an intense magnetic field across the small
gap between the poles. If the voice coil were placed
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between the ends of the cores, only part of the coil would
be in this intense field.

The speaker will be more efficient if all of the voice coil
is in a strong field. The core inside the coil, the shell
around the coil, and the iron disk on top of the coil form a
continuous horseshoe magnet entirely surrounding the field
coil. A very small gap or space is left between the hole in

Speaker field

I

TGUUL B+
1o ‘ = 'J"
volt .
A.C. ‘
: o B-

Filter

n

Rectrfier
I1G. 180. Speaker ficld supply from the power pack; speaker field nsed as a
choke coil.

the disk and the top of the central core.  The magnetic
lines of force produced by the field coil are concentrated
across this small gap. The voiee coil, placed in this gap,
is in a powerful magnetic field, evenly distributed around
all of the coll.

What Causes the Voice Coil to Move? \When a current
from the power-amplifier stages of the set flows through the
turns of the voice coil, a magnetic field is produced aronud
the voice coil.
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A strong current flow will create magnetism that will

Cone

| Motion
of cone

FiGg. 181.  Voice coil, action.

force the voice coil
either in or out of the
field across the gap,
depending on the direc-
tion of the current flow-
ing through the colil.
See Fig. 181 and Fig.
182.

The Source of the
Voice-coil Driving Cur-
rent. The power tube
in the set can be con-
nected directly to the

voice coil. But not enough current flows in the tube plate

circuit to operate the voice coil.

speaker would work
very inefficiently if it
would work atall.  The
reason for this is that
the resistance between
the filament and the
plate of the power tube
is around 8000 ohms.
The resistance of the
voice coil is from 3 to 20
ohms. To work effi-
ciently the plate resist-
ance of the tube and the
resistance of the coil to

Connected this way, the

Core
Motion
1ofcone E?rrenf
| Vorce cor/
S wrres
N
LSS S i
N
Core
2

I'1G. 182, Voice coil, action,

which it is connected must be the same.

We can make the speaker operate efficiently if we connect
a step-down transformer having a ratio of about 30:1
between the plate of the tube and the voice coil.
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The primary of the transformer is wound so that it has
the same impedance as the plate of the tube.  The second-
ary of the transformer is wound so that it has the same’
impedancee as the voiee coil. This transformer is called an
output transformer. .\ special output transformer must
be used which fits the voice coil and the plate of the tube in
the circuit in which it works.

Why the Tube and Transformer Resistance Must Be
the Same. Condition 1. When the Primary Has a Low
Resistance. A low-resistance primary cannot use much of
this varying current to induce a current in the secondary,
because a low-resistance primary has few ampere turns.

Energy in the pulsating current flowing through the pri-
mary is used to induce a current in the secondary. Sinee
there are few turns in the primary, little energy is trans-
ferred from the tube to the secondary, and the voice coll
receives but little current.  The signal is weak.

Much energy is available in the B battery and under
control of the tube, but this type of transformer is not using
the energy. The maximum current possible flows through
the tube, but the transformer primary cannot use it at all
to produce a current in the secondary.

Condition 2. When the Primary Has More Resistance
Than the Resistance of the Tube. A given B voltage can
only pull so much current through the tube. TIn the case
of a type 45 amplifier tube, 250 volts can pull 30 milli-
amperes of current through the tube. But the resistance
of the primary, which is higher than the resistance of the
tube, limits the flow of current so that only a part of the
30 milliamperes of current can flow through the tube and
the primary coil. Now, not enough current flows through
the primary to get the maximum transfer of energy
through the transformer. Again, the speaker does not
receive all of the energy that the tube can control.
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The current which can be delivered by the tube will not

o through the coil, so the maximum transfer of energy to
" the voice coil does not occur in this case.

Condition 3. Primary Resistance Is Equal to the Tube
Resistance. Al of the current that flows through the tube
is used by the transformer. When the primary has a
resistance equal to the tube plate resistance, the greatest
amount of useful current flows in the plate circuit.

Power Delivered by the Tube and the Speaker. You
have learned that clectrical power is found by multiplying
volts (pressure) times the current in the circuit.  The power
is expressed in watts. Volts times amperes equals watts.
The type 45 power tube requires 250 volts on the plate
and uses a plate current of 30 milliamperes. PPower used
by the type 43 tube will be equal to 250 volts times 30
milliamperes which would equal 7500 milliwatts. The
milliwatt is a thousandth of a watt. Dividing 7500 milli-
watts by 1000 gives 73 watts of power used by the power
tube.

If the step-down transformer has a ratio of 50:1, it will
reduce the voltage from 250 on the primary to 5 on the
secondary. 'The power delivered by the sccondary will
be practically the same as the power delivered to the
primary.

Divide 7500 milliwatts by 5 volts to find the current
delivered by the secondary; this gives 1500 milliamperes of
current. It is plain, therefore, that the wires in the voice
coil must be heavy enough to carry 1500 milliamperes or
13 amperes of current.  Yet they must be small enough so
that the central core and the shell can be very close, in
order to get the greatest effect and motion in the speaker.
But since the tube as used in this experiment is only 209
cfficient, the current will be reduced.
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Questions

1. Explain what causes the voice coil to move back and forth?

2. Is a weak or strong current needed in the voice coil?

3. Why is the plate of the tube not connected directly to the voice
coil?

4. In order to show why the resistance of the tube and the trans-
former must be carefully matched, explain the result on the power
output: (1) when the primnary has a low resistance: (2) when the primary
has more resistance than the resistance of the tube; and (3) when the
primary resistance is equal to the tube resistance.

Technical Terms

acoustic— Referring to sound.

baffle—A flat board or an open-backed box to which the speaker is
attached.

cone—The paper cone-shaped clement of a speaker which sets air in
motion to produce sound.

cord tips—DMetal tips at the ends of the phone cords for making con-
nection to binding posts or other terminals.

diaphragm—"T'he thin metal picce in a receiver which sends ont sound
waves as it is caused to move by the current flowing through the
windings in the phone receivers.

dynamic—DMoving.

fidelity—Aceuracy. A signal has high fidelity when most of the
original frequencies are reprodueed by the phones or speaker.

field coil—A\ coil of many thousands of turns of wire used to produce :
powerful maguetic field in a speaker.

fundamental—The original or basic frequency.

harmonics—Multiples of the basic frequency.  When the basie fre-
quency is 1000 eycles, the first (X1) harmonic is 1000 cycles, the
second (X2) harmonic is 2000 eyeles, the third (X3) 3000, and
S0 on.

in phase—The condition when like surges join at the same instant.

micarta—A\ phenol insulating material.

milliwatt—A thousandth of a watt.

output transformer—A small step-down transformer connceted between
the power tnbe and the speaker.



286 UVDERSTANDING RADIO

overtone--Same as Harmonic, except that it refers usually to musical

tones.
phone cord—The insulated flexible wires used to connect the earphones
to the set.

pole pieces—Steel cores used in earphones.

quality—See Fidelity.

resonant frequency—A frequency at which a diaphragm vibrates most
easily. .

saturation—When the core of a magnet cannot be magnetized further,
it is said to be saturated.

spider—A device used to adjust and to center the voice coil in the gap
between the cores of the dynamic speaker field magnet.

voice coil—A coil of a few turns of wire through which the current from
the last stage of the receiver flows.



CHAPTER VII
POWER SUPPLY

Source of Power for Alternating-current Sets. The
alternating-current set, as its name suggests, is designed to
operate entirely from the alternating-current house lighting
supply, so as to do away with any form of batteries. An
alternating-current set receives power for heating filaments
from step-down sccondaries on the power transformer.
Several secondaries are used because different voltages are
needed to operate different tubes in the set. The B voltage
for the different amplifier and detector stages is obtained
from a special power pack built into the receiver. In this
chapter we shall examine a separate power-supply unit
which is casy to study.

The Power-supply Unit. The power-supply unit con-
sists of a transformer one secondary of which steps up the
voltage, a rectifying tube which converts the high-voltage
alternating current into a pulsating direct current, a filter
system which smooths out the pulsations of direct current
and delivers a steady flowing direct current to the voltage-
distributing system. Here the high voltage delivered by
the filter is reduced to the proper value for each B positive
connection. In the alternating current set this is all built
in the one unit.

Sources of Power for Direct-current Sets. We have
used storage batteries and B batteries for supplying A
and B power to direct-current-tube sets.

Contents of This Chapter

1. How the Vacuum Tube Reetifies an Alternating Current
2. Construction of the Type 80 Reetifier Tube
287
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3. Alternating-current Receiver Power Supply Using a Type 80 Tube
. Power Supply for Low-powered T'ransmitters
. The Voltage Divider

'

Cr

1. HOW THE VACUUM TUBE RECTIFIES AN ALTERNATING
CURRENT

A vacuum tube not ouly controls and amplifies, but it
also has the ability to convert an alternating current into
a pulsating direct current.  We shall now use the vacuum
tube as a rectifier.

We shall study the use of the familiar type 01A tube or
of the type 71A tube in a circuit which shows how the
tube rectifies.  This is the same circuit that we used on
the direct-current tube-test board, which can be used
instead of building a new board.

How to Build and Wire the Set

The Board Layout. Use the circuit board and the appa-
ratus that was used in part 3 of Chapter ITT without change
(see IMig. 43).  Try the type 01\ tube first and then substi-
tute the type 71A if the plate current is not high enough
to read on your meter.

Other Apparatus Needed. You will also need a step-
down transformer that will deliver a 80- to 43-volt alter-
nating current from the sccondary. You can get a higher
reading by using a 110-volt alternating current.

Two meters will be needed to test the step-down trans-
former output voltage. One meter is a direet current
0-150 voltmeter.  The other meter is an alternating-cur-
rent 0-150 voltmeter. You will also need a direet-current
0-50 milliammeter.

Test points with spring clips are useful for making the
connections to the meters.

The Plate Circuit. We shall use alternating current
from the step-down transformers for B power.  Measure
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the amount of current flowing in the plate circuit with a
direct-current 0-30 milliammeter connected in the plate
circuit, as shown in I'ig. 183.

Check to see that the B positive post on the sel is
connected to the positive post on the meter.

0-/50 A.C.

A baffery

170 volts A.C. l I

F16. 183.  Simple rectifier circuil.

The Grid Circuit. Make no connection to the (7 binding
post. The grid is not used in this test.

How to Operate the Set

Test 1. Will a Direct-current Meter Read an Alter-
nating Current? [Ilow to Run the Test. Plug the cord for
the step-down transformer into the light socket.

Clip the wires from the test points to the meter posts.

Touch the test points to the transformer-secondary
terminals.

Is the output of the transformer an alternating current
or a direct current?

Does the meter hand move? Why?

IWhy It Does Not Work. The current from the secondary
of the transformer is an alternating current.
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A\ direct-current meter will not operate on an allernating
current.  The same meter will give a reading at once on
435-volt B battery, which delivers a direct current.

Courtesy Pacific Telephone and Telegraph Co.
Power SurpLy
This girl is holding a 10,000-watt reetifier tube. The cage in which she stands
is part of the sending equipment in the transpacific radiotelephone station. The
cage encloses the 10,000 volts six-phase reetifier for supplying direct current to
the transmitter.

Test 2. Substitute an Alternating Current on the Plate
for a Direct Current. Ilow to Run the Test. Connect the
45-volt secondary of the transformer to the B positive and
the B negative posts on the set board. Is the current
supplied to the plate now an alternating current or a direct
current?
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Leave the direct-current milliammeter in the circuit to
read current flowing in the plate circuit.
Light the tube; then plug in the transformer. Does the
direct-current milliammeter show a
reading when the filament is heated?
Why It Works. The hand on the
direct-current milliammeter now
moves. This shows that a direct cur-
rent is flowing in the plate circuit
because we just found in Test 1 that a
direct-current meter would not operate
on an alternating current.

P@P
F F

Why does a direct-current flow
through the meter when an alternating
current from the transformer is flow-
ing in the plate circuit?

The tube has changed the alternat-
ing current from the transformer into

a direct current.  We know that elec-
trons can flow only from the filament
to the plate in a vacuum tube. When
the current tries to flow from the plate
to the filament, it is stopped. So cur-
rent only flows through the tube during
half of the alternating-current ¢yele.

P/ o o\?

2. CONSTRUCTION OF THE TYPE 80
RECTIFIER TUBE

o o
Description of the Tube. Tube PN

Base. A four-prong tube base is used. % H‘uullh‘f.: 80 tube
Connections are shown in Fig. 184,

Tube Elements. .\ heavy coated filament is built inside
of each of the two plates. 'The filaments, which are in
series, operate at 5 volts, alternating current.
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How the Tube Operates. For a description of how the
tube operates, see Ilow It Works in part 3 of this chapter.

Questions

1. Are the filaments in type 80 tube connected in series or in paraliel ?
2. How many volts are used on the filaments of this tube?

3. ALTERNATING-CURRENT RECEIVER POWER SUPPLY USING A
TYPE 80 TUBE

How to Build and Wire the Set

The Power Transformer. Use a power transformer with
a high-voltage secondary capable of delivering 350 volts or
more on cach side of the center tap. There should be a
secondary delivering 5 volts for the heater of the type 80
tube and either one or two secondaries, each delivering 2%
volts, for the filaments of the detector and amplifier tubes.
One 2§-volt seccondary should be center tapped.  Separate
sccondaries are used so each winding will need to carry but
little current. )

Transformers taken from old B eliminators have only a
center-tapped high-voltage secondary. They have no fila-
ment windings. A rewound burned-out power transformer
can be used for the 3-volt filament winding for the type 80
and for the 2§-volt tubes in the receiving set.  This power
supply may be used for a small set having up to 4 tubes.
If you wish to use it on a larger set, you should purchase
a power transformer capable of supplying the current
demanded by more tubes.

The Rectifier Tube. Usc a type 80 rectifier tube.  Place
a four-prong socket in the position shown in Fig. 185. The
method you use in mounting the different parts on the
board will depend on the parts which vou use.
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Condensers. Use three dry electrolytic condeusers, one
of 4 microfarads capacity and two of 8 microfarads capacity,
with a working voltage of at least 600 volts. Condensers
with lower voltage rating will burn out too quickly.

The Choke Coils. Use two 30-henry choke coils. The
choke coils must carry from 60 to 120 milliamperes of
current, depending on the number of tubes in the set that
will be used with this power supply. Use a choke colil
taken from an old B eliminator. Use one which has two
30-henry units on the same core.

" Choke corls
-

T 2fvolts 2fvolts AC.
A.C. Center tfapped

Itg. 185.  Power-supply board.

The Bleeder Resistor. A power supply to be used for
experimental work should have several high-voltage direct-
current terminals. The bleeder resistor may be made up
of several variable carbon-pile resistors if the voltages are
to be variable. If several fixed direct-current voltages are
needed, the bleeder may be several 5-watt fixed resistors of
25,000-50,000 ohms resistance, connected in series across
the output of the filters. If no bleeder resistor is used, the
filter condensers are apt to burn out easily when no load is
connected to the power supply.

Arrangement of the Parts. Arrange the parts for an
experimental power supply, as shown in Fig. 185, bread-
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hoard style; but if the power supply is for use in a set,
mount the parts on a metal chassis inany convenient fashion.

How to Wire the Circuit. Figure 186 shows the wiring
of the various parts of this power-supply unit.  Wires from

Choke co/ls
30 henry 30 henry

4mf (N A
8 mf s
T
110 ype80
volts
.- ’ ¢ _ ¢ —O

A.C .
Switch

—
Switch

—0

2;' volts A.C

©

O

125 vorts A.c.
Center fapped

F1G. 186. [Power-supply circuit.

the ends of the high-voltage secondary to the plates of the
type 80 tube must be well insulated. They carry about
300 volts. Connect an off-and-on switch in the primary
leads to the transformer and also one in the negative lead
to the filter.
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Questions

How many condensers should be used in the power supply ?
What size condensers should be used?

How many volts should they be able to carry?

How many choke coils should be used?

. How many milliamperes of current should they be able to carry?

How It Works

The Power Transformer. The 110-volt alternating cur-
rent surging through the primary of the power transformer

o e

For rectifier-tube
% Svolts filaments
|
: )
350 volts
Center High voltage
o > 700 vol*s sgcondarg
350 volts
S )
Y For
% 25 volts heating filaments
Center 1 For
Fop 25 volts power tubes

Fia. 187. Use of secondaries in power transformers.

induces an alternating current in each secondary winding
(see Fig. 187). An alternating current of 5 volts induced
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in the one primary heats the filaments of the type 80 tube,
causing them 1o give off ¢lectrons.

]

3

o

N

‘ 2 D\\\
\“&\

—/

Electron  flow  through
secondary and throngh

Fia. 188,
high-voltage
type 80 tube.

Fig. 189. Wave form of
direct current to each plate.

—

An alternating current
of 2% volts or of 6 volls
mduced in the other two
low-voltage secondaries
is used to heat the detec-
tor- and amplifier-tube
filaments on the radio
set.

An alternating current
of 700 volts is induced
in the high-voltage sec-
ondary (sce TFig. 187).
The many thousands of
turns of fine wire in the
high-voltage secondary
set up a high pressure
forcing  the electron
surges back and forth
through this winding.

How the Type 80
Tube Rectifies the Alter-
nating Current. When
the secondary draws the
clectrons off plate 1 of
the rectifier tube, plate
1 becomes highly posi-
tive. Plate 1 now at-
tracts electrons from the
space charge around the
filament and current
flows from the filament
of the rectifier tube to
plate 1 (see Fig. 188).
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~

At the next instant the sccondary current reverses and
draws electrons off plate 2, which becomes positive. Elec-
trons now rush from the space charge around the filament

g

116, 190, Electrons flow to set from sccondary center-tap connection.

‘o plate 2. No clectrons flow to plate 1, which now is
1:egative.

The resulting clectron flow, as shown in Fig. 189, is a
pulsating direct current.  Eleetrons alternately flow from
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the space charge around the filament to plate 2, then to
plate 1, as first one plate and then the other becomes
positive.

But the electrons which flow to the secondary of the
power transformer from the tube must have some place to
go. Electrons surge to the receiving set from the center

tap of the secondary winding as
shown at €, Fig. 190. This is
the negative connection. Elee-
trons from the receiving set come
back through the wire D to the rec-
tifier tube filament. This is the
positive terminal.

The pulsating direct current
delivered by the rectifier tube and

Fi. 191. Wave form of the secondary of the power trans-
direct current from a full- former is shown in the wave picture
wave rectifier. g g

in Fig. 191.

The output of the rectifier tube cannot be conneccted
directly to the receiving set because nothing would be
heard but a terrific roar caused by the rapid changes in
the strength of the plate voltage.

The pulsating direct current from the rectifier tube must
pass through a filter (which consists of two choke coils and
three dry electrolytic condensers) before it can be used in
the plaie circuits of the receiving-set tubes.

The purpose of the filter is to smooth out the pulsations
of the current delivered by the rectifier tube so that a
steady flowing direct current will be delivered to the set.

Questions

1. Is the type 80 a full-wave or a half-wave rectifier ?

2. How are the two plates connected to the transformer?

3. Why do the electrons flow only one-half of the time to each
plate?
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4. Why is the negative lead conneeted to the center of the secondary
coil of the transformer?

5. Electrons from the receiving set return to what terminal in the
rectifier tube?

6. What is the objection to connecting the rectifier tube directly to
the radio?

The Action of the Filter. The standard connection for
the power-supply filter is as shown in Fig. 186, with the
chokes in the positive side of the circuit. No difference
will be found in the operation of this circuit if connected
as shown in Fig. 192 with the chokes in the negative lead.
We will show it this way for ease in explanation.

. ® - e +
From _]_ _‘_ J_
rectifrerX I' \ I z I

—_— >

A K L
Fia. 192. Filter action.

When a surge of electrons from the rectifier tube and the
high-voltage secondary flows as shown by the arrow at 4,
it will meet the opposition of the choke K. Since the back
voltage set up by the choke coil K opposes the surge, the
electrons will flow into side 1 of condenser X. As the surge
overcomes the back resistance of the choke coil, the current
flow starts through the coil. When this surge dies down,
the flywheel action of the choke coil tries to keep the cur-
rent flowing, but there is no current remaining in this surge
of electrons.

Now the electrons in side 1 of the condenser flow out
and through the choke coil. The result of the action of
the condenser and the coil on the first surge of electrons is
to reduce the strength of the current somewhat but to
deliver a more even flow. This action repeats in condenser
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V" and choke coil L, which
cvens the flow further and
reduces the pulsation. Any
remaining pulsations are killed
by the action of condenser Z,
leaving a steady flow of direct
current.

Electron Flow Compared to
Water Flow. Electrons surg-
ing through the filter act like
a flow of water. In Fig. 193
is shown a reservoir R from
which water flows into the
svstem  of glass tubing in
surges.  T'wo flexible dams
through which there is a small
opening are in the glass tube
at N and L. These represent
the choke coils which hinder
current surges but which tend
to allow the current to flow
as soon as it starts. The
three large bulbs at .Y, 1, and
7 represent the condensers.
They act as storage space.

When a surge of water from
the reservoir at R flows into
the main pipe at .{ the dam
at K opposes its flow. This
stops the surge; so the water,
which is retarded in its flow
through the system, fills bulb
Fic. 193, Filter action shown hy X until it can force its way

water flow., through the dam at K.




POWER SUPPLY 301

Now as soon as the water begins to flow through K the
pressure on it at X forces the water in X out and assists
the flow through the first dam. There still is some surge
effect to the water flowing between K and 1. The first
surge travels on and meets the opposition of the second
dam L and flows into the bulb ¥ until the flow builds up
through the second dam I, when the reservoir 17 empties.
Bulb Z will still further smooth out any remaining pul-
sations. Nozzle 0, which represents the resistance of the
set, now receives a steady flow of water.

A second surge begins to flow from the source of supply
at R just as the first surge flows out of X through K. The
offect of this system is to produce a smooth, steady flow of
water through the resistance at 0. This system operates
in a manner similar to the action of the filter used in the
power supply for a radio set.

Questions

1. Trace a path of the clectrons through the chokes and condensers of
the filter.

2. Trace the path of the water from the reservoir to show how the
clectron surges through the filter are similar to the surges of water
through the pipe.

4. POWER SUPPLY FOR LOW-POWERED TRANSMITTERS

Parts for the Power Supply. Use a heavy-duty power
transformer, one capable of delivering 150 milliamperes of
current or more at 350 volts, 500 volts, or 750 volts. 'The
higher voltages will give you a greater power output in
vour transmitter or power oscillator. If you wish to use
the set for experimenting, use either a 350-volt or a 500-
volt transformer.

Rectifier Tube. Use a type 80 tube for the 350- or 500-
volt transformer.

The Filter. Use a heavy-duty filter. The condensers
must have a voltage rating a ¢uarter to one-half, higher
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than the rated voltage of the high-voltage secondary of the
power transformer. Select choke coils that have a current
rating of 509 higher than the current rating of the trans-
former, to allow for surges, accidental incorrect connections,

Choke
73000\ P—oB+
Type
80
L2t _me 59000
—_ ohms
== 16 wartss
10
volts
A.C. Y, — ‘ —0B—-
—o
% 24 volts A.C.
o
—0
—o p 2 volts A.C.
Center tap

-0
I'i. 194, Cireuit of power pack.

and adjnstments.  Use two 4-microfarad condensers in the
filter.

How to Wire the Set

Wire the circuit as shown in Fig. 194. Allow sufficient
insulation on the high-voltage leads from the secondary of
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the power transformer and all through the filter. Mount
the condensers and choke coils so that they will be insulated
from the metal chassis if one is used. Not as much care is
needed if you mount the parts on a breadboard.

Be sure that the dry electrolytic condensers are correctly
connected. If these condensers are reversed, they will be
destroyed when the current
flows into them.

Connect a 50,000-ohm C
10-watt resistor across the B D
output of the power supply
as a bleeder resistor.

Questions

1. Why should the choke coils
have a higher current rating than
the power supply usually delivers?

2. Does it make any difference
in which direction the current
flows through an electrolytic con-
denser? 050 O.C.

(<]

5. THE VOLTAGE DIVIDER 45t

Potentiometer Used to Fie. 1{)5.' P’otentiometer use'd'to show
Reduce Voltage. Connect principle of the voltage divider.
a 5000-ohm potentiometer across a 45-volt B battery (see
Fig. 195). Connect a direct-current 0-50 voltmeter and
two test points to read the drop in voltage across the ends
of the potentiometer resistance element, 4 to E. When
vou touch one of the test points at B, you will find only a
fourth of the drop in voltage that you found between .{
and E. Step the test point along the resistance to find the
drop between the different points on the resistor.

Voltage Divider. A voltage divider is a resistor large
cnough to carry the entire current that will be used by the
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set. By connecting to points along the resistor, the approx-
imate voltage needed for each B connection can be had
(see Fig. 196).

Another method of getting different B voltages is to use
several small resistors in series. See part 7 of Chapter 1X
for an example.

Vo/tage
drvider

B-~Batteries

1. 196.  Method of testing different voltages along voltage divider.

Technical Terms

bleeder resistor—A resistor connected across the power supply to
discharge the condensers in the filter and to act as a load when the
power supply is temporarily disconnected from the set.

center tap—.\ connection made to the center of a transformer winding.
Also a connection made to the center point of a resistor.

filter—A combination of choke coils and condensers which changes a
pulsating direct-current into a steady or pure direct current.

full-wave rectifier—\ vacuum-tube rectifier which delivers a pulsating
direct current from both loops of the alternating-current cycle.

metal chassis—A basc made of heavy sheet metal on which the parts
of the power supply are mounted.

power pack—.\ unit which consists of a transformer, a rectifier, and a
filter which supplies both low voltage alternating current to heat
filaments and high voltage direct current to operate plate circuits.

power supply—See power pack.

rectifier—A vacuum tube which changes an alternating current into a
pulsating direct current.
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ALTERNATING-CURRENT TUBES AND
RECEIVING SETS

In this chapter we study the changes which the use of
tubes heated by alternating currents made necessary in
recelving circuits.

We shall first learn the changes in tube construction made
necessary by the use of an alternating-current heater circuit.
Then we shall study the new-type tubes developed for other
classes of service as sets and circuits improved.

The alternating-current detector and amplifier circuits
are casily recognized as the same circuits used in the direct-
current sets (chapter V). But the circuits for the screen-
grid tube, both when used as a radio-frequency amplifier
and when used as a detector, are new. You will be
delighted with the increased sensitiveness of the screen-grid
tube and its possibilities in these circuits.  If you want to
hear distant stations, its use is recommended.

The advanced audio and power amplifiers bring signal
volume that was beyond the possibilities of the first direct-
current tubes. These audio circuits can later be used to
develop simple basie circuits for public-address systems
which, however, are not taken up in this text.

A simple superheterodyne circuit is developed out of
units used in earlier circuits.

Contents of This Chapter

1. New Symbols Used in This Chapter
2. Changes in Tubes for Alternating-eurrent Circuits
3. The Alternating-eurrent Detector Circuit
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PICTURE
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FrG. 197. New symbols used in Chapter VIII.
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PICTURE SyMBoL
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Push-pull tronsformers

input Output
Primary Secondary Primary Secondary
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|
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Fia. 197 (continued). Symbols used in Chapter VI,
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4. The One-tube Alternating-current Detector Set Using the Type 27
Tube

5. The Center-tapped Resistor
6. The Alternating-current Audio Amplifier
. The Power Amplifier Circuits

8. Coupling Between the Power Tube and a Magnetic Speaker

9. The Alternating-current Radio-frequency Amplifier Using the Type

24A Screen-grid Tube

10. The Alternating-current Detector Set Using the Type 24A Tube
I1. The Superheterodyne Receiver

1. NEW SYMBOLS USED IN THIS CHAPTER

These symbols are shown in Fig. 197 (pages 306-307).

cathode-type tube—The symbol shows the type 27 tube.
The cathode is shown by a curved line placed near the
heater filament.

screen-grid tube—The symbol is for the type 24\ tube.
The new grid is drawn between the control grid and
the plate.

pentode tube—The symbol shows a type 47 five-element
tube. 'The third grid, the suppressor, is shown between
the screen grid and the plate.  The suppressor grid is
connected to the filament.

center-tapped resistor—The resistor in use is connected
across the leads to the filament with a wire from the
center of the resistor to the negative B lead.

potentiometer—.A\ variable resistor which has a connection
at each end of the resistance element.

push-pull transformer—The audio transformers used for
push-pull circuits are center-tapped. The input trans-
former secondary has a center-tap connection, and the
primary of the output transformer has a center-tap
connection.

2. CHANGES IN TUBES FOR ALTERNATING-CURRENT CIRCUITS

Early Alternating-current Tubes. The alternating-cur-
rent tube was developed to replace the direct-current tube
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and to eliminate the nuisance of batteries.  You will under-
stand the difficulties the tube designer had if you attach a
6-volt alternating current to the battery terminals of a sct
using the type 01\ for the detector tube. 'The tube fila-
ment will heat properly, but the resulting roar is enough to
discourage any person from using such an alternating-

ﬁ/‘
4 f
/ \ |
N
/f |A‘
"i\
0( / \
g ~ -
’ N\ / 'ﬁ
/ }
\ / \ /
Fine wire filament Ribbon Fi|ame’nf
for direct current for alternating current

Ira. 198, Directly heaiea hlaments.

current heater supply on a direct-current tube. The early
attempts at designing an alternating-current tube were
centered around some way to avoid this terrific hum or
roar caused when an alternating-current was used for heat-
ing the filament.

The type 01A filament for direct current is a fine wire
(see Fig. 198). You learned in Chapter V that the hotter
the filament the more clectrons it will give off.  When you
connect an alternating current to the type 01A filament, a
pulsation of alternating current flows through the wire in
one direction and heats the wire. Many clectrons are
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thrown off the wire. 'Then for an instant the current stops
and the fine wire cools. Now few electrons are thrown off
the filament.  When the current reverses, another pulsation
flows through the fine wire. The wire again becomes hot,
and many electrons are thrown off.

As the fine-wire filament heats and cools, the quantity
of electrons thrown off the wire is constantly changing.
T'his increase and decrease of the plate current occurs at a
steady rate, 120 times a second, the frequency of the alter-
nating-current supply. The first alternating-current tubes
overcame the tendency of the filament to heat and cool too
rapidly by using a filament wire that was very much
heavier than the light 01\ filament wire.

The heavy filament used in the early alternating-current
tubes was a ribbon about as wide as the narrow end of a
toothpick (see Fig. 198). The type 26 tube used an alter-
nating current on the filament successfully only because
the filament was so heavy. This filament is heavy enough
to remain at the same heat during the time the alternating
current is reversing. 1t has a high thermal inertia, or heat
laziness. The filament is so heavy it refuses to change
heat rapidly. Tt is not sensitive to quick heat changes.
The electron surges of the 60-cycle alternating-current are
too rapid to affect the heat of the heavy filament. The
roar you heard in the type 01\ tube when 13 volts was
used on the filament is reduced to a low hum in the type
26 tube.

The filament heat remains steady enough for the tube
to be used in the radio-frequency or audio amplifier stages.
But there is still enough hum left in this tube to bar its use
as a detector. The hum can be reduced by connecting a
Q0- to 40-ohm rheostat across the filament leads of the
tube and grounding its center point to the B negative
connection.
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Questions

1. What is the effect of putting an alternating current on the filament
of a direct-current tube? )

2. Why is it that a direct-current tube does not emit a steady stream
of electrons when the filament is heated by an alternating current?

3. What was the first successful method used to get a filament to
emit a steady stream of electrons when it was heated by an alternating
current?

4, Was the type 26 tube free enough from hum to be used as a
detector?

5. What additional method could be used further to remove hum
from the type 26 tube?

The Cathode-type Tube

A\ detector tube must be entirely hum free.  The fila-
ment-type tube still left some hum in the signals, so another
kind of eleetron source was needed that would deliver a
perfectly steady stream of electrons.  This problem was
solved by separating the two jobs of the filament. The
filament no longer was used both as a stove or heater and
as an electron emitter.

What the New Tubes Will Do. The first alternating-
current tube you will use is the type 27 tube.  You can
use it either in the detector or in the audio amplifier circuit.
If used in the radio-frequency amplifier cirenits, it will
oscillate or squeal and must be neutralized, as was the
type 01\ tube.

The Type 27 Tube

How It Is Used. 'The type 27 tube is a general-purpose
threc-clement tube used in alternating-current sets to
replace the type 01\ tubes.

The characteristics of the type 27 and the type 01\
tubes are nearly the same. The type 27 tube may be used
in the type 01A cirenits with no changes in B voltage.  The
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difference in the circuit is the cathode wire and wiring for
the heater current now supplied by a filament transformer.
The type 27 tube has a five-prong base and must be supplied

with a 24-volt alternating
Heater .= -- Porcelainlke
ﬁyamenf;@ Filer current for the heater.

Caﬂwdg" How It Works. The
sleeve Source of Electrons. 'The
F -Oxicte filament in this tubeisa tiny
coating stove. It now heats the
cathode.
The cathode is a small
metal sleeve coated with
~———1 alkaline-carth oxides, rich
Support . Heater filameny 1M Materials that give off

/ leadstobase  electrons when heated (see
ik Fig. 199). The cathode
fitsover the heater filament.
There are several methods
G0 of fitting the filament in the
cathode. In some tubes
the filament is run through
tiny holes in a ceramic, or porcelain-like, substance; in others
the filament is twisted and is suspended tightly in place.

The hairpin filament must be insulated from the metal
cathode sleeve.  The metal sleeve shields the other tube
elements from the alternating-current magnetic field around
the filament wires. This prevents hum in the tube.

Iow the Alternating-current ITum Is Killed. When the
current is turned on, the light filament heats quickly and
acts as a stove or heater for the cathode, which is so much
heavier than the filament that it heats slowly. The heat
changes of the filament occur as rapidly as the surges of
the alternating current change, but they do not affect the
slow, steady heat of the cathode. Tt is too heavy and

I1e. 199.  Cathode and heater.
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large to heat up or to cool off that fast. Its thermal inertia
is very high.

The steady heat of the cathode drives off a stream of
electrons sufficiently steady that the type 27 tube can be
used as a detector as well as an amplifier.  The hum has
been cut out by substituting the cathode for the filament
as the source of electrons.  See Fig. 197 for its connections.

Plug in a type 27 tube and watch the filament heat up
when the current is first turned on.  You can see the effect
of the high thermal inertia of the cathode.  Watch the fila-
ment heat and notice how long it takes the tube to get into
operation so signals can be heard in the earphones.  Com-
pare the time of heating in a type 014, type 26, and type
27 tube.

A Transformer Supplies Filament Current. A step-down
power transformer heats the filaments: no storage battery
is used. Several secondaries on the transformer deliver
the alternating current to the heaters or filaments of
the different tubes in the circuit.  In a set that has several
stages of radio-frequency and audio-frequency amplifi-
cation, different heater windings are sometimes used for
each set of tubes. This reduces feedback from amplifier
to deteetor or audio circuits by induction.

Questions

What is the cathode like in a type 27 tube?

What is the purpose of the cathode?

Explain why it is that the cathode remains at an even temperature.
4, Why are separate heater windings gencrally used for each set of

P PE

tubes?

The Type 24A Screen-grid Tube

Neutrodyne circuits, which were quite popular before the
alternating-current tubes were developed, stopped oscil-
lation and squealing by means of small balancing or neu-
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tralizing condensers.  This circuit was patented. In order
to avoid paying royalty for the use of it, other companies
developed a new type of tube of which the type 24\ and
type 35 are common examples. In these tubes a second
grid or screen was placed between the grid and the plate.
as well as outside of the plate (see Fig. 197). No neu-
tralizing circuit is necessary when the screen-grid tube is
used. 'The construction of the tube prevents oscillation.
Incidentally, this type of tube makes possible a set of
greatly increased sensitivity, since the amplification with
the type 24 tube is very much higher than when the type
OTA and the type 27 tubes are used.

Question

1. Is it necessary to neutralize a set when type 27 tubes are nsed in
the radio-frequencey amplifier ¥

The Type 24A Tube

Used as a Detector. 'The type 24\ tube is a sensitive
detector. Tt is stable and efficient in operation.  Sensi-
tivity and regeneration are controlled by changing the
screen voltage by a variable resistor.

Used as an Audio Amplifier. When the type 24A tebe
is used in audio circuits, resistance coupling must be used.
Impedance coupling produces signals of poor fidelity.
Transformer coupling is not used between a type 24\
detector tube and the audio stage because the plate resist-
ance of the type 24 tube is too high. The quality of the
signals produced would be very poor.

How It Works. The thorium-oxide—coated cathode
emits clectrons when heated by the heater filament. A
space charge forms around the cathode.

The positive plate attracts electrons from the space
charge. The control grid, which is close to the cathode.
controls the flow of electrons through the tube as in the
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other tubes we have discussed.  When the grid is positive,
it attracts and speeds up clectrons, resulting in more cur-
rent flowing through the tube; when the grid is negative, it
cuts down the plate-current flow by repelling space-charge
clectrons.  Few clectrons reach the plate because it is so
far from the cathode.

Electrons flying away from the cathode into the space
charge have too little speed to reach the part of the tube
where the plate pull is strong enough to draw them to the
plate (see Fig. 200). The instant the screen grid is made

+ +

[}
Screen Screen
i
Fra. 200, Screen neutral; few F1G. 201, Screen positive;
electrons reach the piate. many eleetrons  reach  the

plate.

positive it boosts the speed of the electrons enough for
them to reach the plate. Many more electrons now reach
the plate (see Fig. 201).

A few of the electrons are controlled by the screen grid.
This is shown by the screen current of 1.7 milliamperes
when there are 90 volts on the sereen. The more powerful
attraction (250 volts) of the plate colleets most of the elee-
trons, resulting in a plate current of about 5 milliamperes.
The surges in the direct current on the scereen grid are
by-passed to the cathode.  (For an explanation, see Why
It Works in part 6 of this chapter.) A .0l-microfarad
by-pass condenser is used in the radio-frequency circuits.
A\ 1- to 1-microfarad by-pass condenser is used in the audio
and deteetor eircuits.
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The Screen-grid Tube Used as a Radio-frequency Ampli-
fier. \When the screen-grid tube is used in the radio-fre-
quency circuit, its construction eliminates the necessity for
the neutralizing condensers to prevent oscillation (howling
and squealing), such as occurred in a set using the type
01\ tube in the radio-frequency amplifier stages.

The capacity between the plate and grid of the screen-
grid tube is very small because the plate is so far from the
grid. The grid is connected to a metal cap on top of
c6 p+ the tube by a short connection
) which further reduces the capacity

between the grid and the plate.
SG+ The screen grid, placed between
the grid and the plate, acts the
same as a series condenser to re-
duce the capacity between the grid
and the plate of the tube (see Fig.
—"——'"_"—— 202). We know that the clpaclty
Fig. 202.  Capacities of tube  of two condensers in series is less
clements are in series. than the capacity of either. The
result, in this tube, is to reduce the grid-to-plate capacity
to .01 micromicrofarad. This is 800 times less capacity

than that of the type 01A tube.

Neither the plate nor screen-grid voltages are critical.
Excessive screen voltage may cause hum.  Amplification is
controlled by changing the grid bias by a variable resistor.
Coils and tubes in the radio-frequency circuit must be
carefully shielded to get the full gain made possible by the
tube.  Unshielded sets work fairly well.

Questions

1. What cffect does the screen grid have upon the speed of the clec-
trons which travel from the filament to the plate?
2. Explain how the screen grid in the type 24A tube operates.
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Power Tubes

The type 71A power tube was used in the early alter-
nating-current circuits. It can be used with either alter-
nating- or direct-current filament supply. But the more
cfficient type 45 tube soon replaced it.  The type 45 is a
three-element filament-type tube which delivers much
power to the speaker with surprisingly small input voltage
on the grid. The type 47 is a power pentode or five-
clement tube.

The Type 45 Power-amplifier Tube

How It Is Used. The type 45 tube is a low-mu tube;
that is, its amplification factor is low—3.5. It delivers
much current but has low voltage amplification. It is
designed to deliver a large amount of undistorted power
to the speaker. It is used as a power tube in the last, or
power, stage of the set. If more power output is wanted,
two type 45 tubes are connected in a push-pull circuit.
One stage of audio amplification, such as a type 27 ampli-
fier, must be connected between the detector and the type
45 power audio amplifier. The voltage changes from the
detector circuit are too small to operate the power amplifier.
The voltage changes delivered to the grid are called the grid
excitation.

The output of the type 45 tube must not be connected
directly to the speaker. It must be coupled through an
output transformer or an impedance.

How It Works. The operation of the type 45 tube is
the same as that of other three-clement tubes.  The plate
current is nine times as great as the type 24\ or of the
type 27 tube.

The type 45 tube will heat somewhat in use on account
of the heavy current handled.  Mount the tube so the fila-
ment is in a vertical position.  Ventilation is necessary
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around the tube on account of the heat developed in oper-
ation. The filament is generally heated by an alternating
current.

The Type 47 Pentode Tube

How It Is Used. The pentode was developed to meet
the demand for a tube having a large power output with

3 e b ——
% .

Courteny General Electric (o,
Dr. Inving Laxgyuir
Dr. Langmuir is ¢xamining one of the vacuum tubes developed as the result of
his rescarches.
reasonably low distortion which would take the place of
two tubes in the audio stages of midget sets.
The control grid is placed next to the filameut. The
wires of the control grid are spaced more closely than the
grid wires of the type 43 tube,
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Around the plate is a sereen grid as in the type 244 tube.

A third grid, called the suppressor, is placed between the
screen grid and the plate. The spacing between the wires
of the suppressor grid is greater than the spacing between
the control grid wires. See conuections in Fig. 197.

In Audio Stages. The type 47 tube will give as much
output as the type 43 tube, but it has more distortion.

The type 47 tube is used as the last audio stage following
a power detector.  This is possible on account of the high
mt, 150, of this tube. When used following a grid-leak-
condenser detector, one stage of audio amplification is used
to build up the excitation voltage ahead of the type 47
amplifier stage.

How It Works. A heavy filament, heated by an alter-
nating current, supplies the electrons for the operation of
this tube. When the plate is made positive by the B
battery, it attracts clectrons from the space charge sur-
rounding the filament, causing a current of electrons to
flow through the tube.

Electrons, pulled toward the positive plate, are speeded
up by the grid pull when the control grid is positive. If
the grid is negative, the clectrons are slowed up. 'The
control grid, wound with closely spaced wires, is placed
near the filament. The close spacing of the grid wires
gives great voltage amplification.

The plate in this tube is so far from the filamient that
some of the cleetrons lose speed and never reach the plate.
The screen grid, which is next to the control grid, i1s made
positive by the B battery and pulls on the slowing-up elec-
trons. The sereen grid operates at as high voltage as the
plate in this tube. These clectrons, now speeded up, flash
onto the plate.

Secondary Emission. The eclectrons reach the plate
traveling so fast that they knock other electrons off the
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plate. This is called secondary emission (electrons leaving
a cold surface). These electrons would fly to the screen,
which is positive enough to attract them. The suppressor
grid prevents this from happening.

The Suppressor Grid. 'This grid, between the plate and
the inner scrcen grid, has its wires spaced farther apart
than cither the control grid or the screen grid.  The sup-
pressor, made negative by its connection to the filament
inside the tube, repels the electrons knocked off the plate
and so prevents secondary emission.  In this way the tube
will handle a heavy current for power and will have high
amplification as well.

Effects of Secondary Emission. Current will flow from
the plate to the screen (secondary emission) of a screen-
grid tube when the plate voltage becomes lower than the
screen voltage. This occurs only on strong signals. The
knocked-off electrons cut down the strength of plate voltage
changes and reduce the power output of the tube. With
secondary emission, stopped by the suppressor grid, high
gain is possible with a pentode tube.

Questions

1. In the pentode tube discuss the action of:

(@) The control grid, and state also the source of cleetricity for this
grid.

(b} The sereen grid. and state also the sourcee of cleetricity and charge
on it.

(¢) The suppressor grid.  Also state the source of cleetricity and
charge.

2. What is secondary emission and what canses it ?

What Is Plate Resistance?

The plate resistance of a tube is the opposition to the
flow of alternating-current eclectron surges from the fila-
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ment or cathode to the plate, measured when the grid is
neutral.  Plate resistance is also called plate impedance
because it is measured with an alternating enrrent instead
of a direct current. The plate resistance of a tube is fixed
when no voltage is on the grid. But when the tube is
operating with an alternating-current voltage on the grid,
the number of clectrons flowing to the
plate changes, and this changes the
internal or plate resistance of the tube.
The plate resistance depends on the size
of the tube elements and the distance
between them.

Tubes with Low DPlate Resistance.
The tube with low plate resistance has
a large cathode or filament which can
snpply many electrons, and has the plate
close to the cathode (see TFig. 203).
With this construction, the plate can
collect all of the electrons casily. The  pia. 203, A tube
type 2A3 tube has had the lowest resist-  with low plate resist-

. ance has the plate
ance of any tube made. Tt delivers from (o to the eathode.
40 to 60 milliamperes of plate current de-
pending on the circuit in which it is to be used. Tt handles
from 3 to 15 watts of power. The type 45 tube has very
high plate current and low plate resistance.  These tubes
are used in power audio-amplifier circuits.

Tubes with High Plate Resistance. .\ high plate resist-
ance comes from the fact that few electrons are able to
reach the plate from the cathode. 'There is a small supply
of electrons, and the plate is far from the cathode or fila-
ment in a tube that has high plate resistance (see Fig. 204).
The type 24A tube has very high plate resistance and low
plate current.

Cothode, Flafe,
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The Amplification Factor of a Tube

One valuable factor of a vacuum tube is the abil-
ity of a weak voltage on the grid to control the flow
of the much heavier enrrent between the filament and the
plate.

A small voltage change on the grid increases or decreases
the plate current as much as a large change in plate voltage
would change the plate cur-
rent. An  example will
make this clear. If you
make the grid of the famil-
iar type 01\ tube 1 volt
more positive, this will in-
crease the plate current as
much as if you were to in-
crease the plate voltage by
8 wvolts. This effect is
known as amplification.
The ability of the tube to
amplify is called the ampli-
us - fication factor (abbreviated

Fic. 204, A tube with high plate to mu) of a tube. The am-
("l:'}:""‘l"‘f" has the plate far from the  |lifeation factor, or mu, of

this tube is 8.

High-mu Tubes. A high-mu tube is one which has a
very high amplification factor. An example of this is the
type 24A tube, which has an amplification factor of from
400 to 600, depending on the plate voltage.  The type 24A
is 50 sensitive that a change of 400 volts is required on the
plate to equal the effect which a change of 1 volt in the
grid will prodnce. This type of tube is very sensitive when
used as a detector or as a radio-frequency amplifier, since
it is possible to opcrate well when the grid is driven or
excited by a very low voltage.

Cathode, Plate,
\

.
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The high amplification of this tube is obtained by build-
ing the tube with the grid wires very close to the cathode
and with the grid wires closely spaced together (sce Fig.
205).

With a mu of 400, a voltage amplification of 200 per stage
is possible. But such a set is so unstable that its use is not
practical. Eventhe sereen-
grid tubes will oscillate if
too high amplification is
nsed. Voltage amplifica-
tion of as high as 100 may
be used for one stage.  The
amplification  should  be
much less in each stage for
two- and three-stage radio-
frequeney amplifiers.

Low-mu Tubes. A low
mu tube is one which pro-
duces a comparatively smali
voltage increase but which
will handle much current.
The type 45 tube with a mu of 33 operates so that 1 volt
change on the grid needs 3% volts change on the plate to
keep the plate current the same. The grid wires are far-
ther from the filament or the cathode and are spaced farther
apart (sce Fig. 206). This is possible because more current
flows through the tube.  Low-mu tubes are generally used
as amplifiers.  An example of a low-mu tube is a type 45,
which handles about 80 milliamperes of current with an

FiG. 205. Grid-wire spacing in a high-
mu tube.

amplification factor of 33.

Coupling between Stages

You will find that the extremely high plate nnpedance
of the type 24\ tube, 400,000 ohms, makes necessary the
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use of either impedance or resistance coupling between the
detector and the audio amplifiers.  Impedance coupling
uses lower B voltage than resistance coupling, but resistance
coupling produces signals of better quality.  These coupling
methods will be explained in detail in part 7 of this chapter.

The type 24\ tube, used both as a radio-frequency
amplifier and as a detector, brings to your finger tips dis-
tances that were impossible
with the type 01A tubes.
When you use the type 24A
tube as a detector in regen-
erative circuits, its possibil-
ities are almost unlimited.
The type 24A tube operates
well as an audio-amplifier
tube.

Special-purpose Tubes

Fra. 206, '\\'i«l(-l_\' spaced grid  wires All of the tubes that we
in a low-mu tube, .
have mentioned are known
as general-purpose tubes.  Kach tube can be used as a detec-
tor or as an amplifier in the circuit with fair results. The
demand for a tube which could be used in small receiving
sets, but which was capable of high performance, brought
out the special-purpose tubes.  These tubes were developed
around the superheterodyne cireuits and for various special
uses.  They have several grids, and in some cases we find
two or three complete sets of elements- -of which one may
act as an oscillator, one as detector, and one as amplifier —
in the same glass envelope, serving in place of several tubes.
Questions
1. What is plate resistanee ?
2. Is the plate resistance constant in an alternating-current tube ?

3. How is the type 2A3 tube made so that it will have a low plate
resistance ?
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4, What types of circuits use tubes with low plate resistance?

6. Does the type 24\ tube have low plate resistance or high plate
resistance ?

6. Explain what is meant by the amplification factor of a tube.

7. How is a tube constructed so that it will have a high amplification
factor?

8. Is an amplification of 100 satisfactory for cach stage when several
stages of radio-frequency amplifiers are used ?

9. What types of coupling are necessary between the detector and
the audio amplifier when tubes with high plate impedance are used ?

3. THE ALTERNATING-CURRENT DETECTOR CIRCUIT

The direct-current-tube detector circuit and the alter-
nating-current-tube detector circuit are very similar.
Figure 207 shows circuits for the simple direct-current
detector set and for the corresponding detector set using
an alternating-current tube.

The acrial coil and the acrial-ground connections are the
same. The receiving transformer and the tuning condenser
used on each set are the same. 'The grid leaks and con-
densers are of the same size on both sets. There is no
difference in the tuning circuits.

The Tube and the Heater Circuit. The Socket. A\ five-
prong socket is used for the type 27 tube. The new prong
is for the cathode connection.

The Ieater Circuit. 'The alternating-current heater
wires run directly from the socket to the heater binding
posts. No rheostat is used. The heater current is obtained
from a 2%-volt transformer secondary on a power trans-
former. If the voltage is low at the socket, too few electrons
are thrown off the cathode and the signals are weak. For
this reason the wires from the filament-heating transformer
to the set generally are about size 14. These wires are kept
as short as possible.  The voltage drops in long heater wires.
The wires should be less than 24 inches long from the power
transformer to the tube so there will be 23 volts across the
filament wires at the terminals of the tube socket.
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The Plate Circuit. The plate circuit and the B supply
are the same in the direct-current. and alternating-current

sots.

Question
1. What changes are made in the circnit to convert a direet-current
detector into an alternating-current detector?

4. THE ONE-TUBE ALTERNATING-CURRENT DETECTOR SET
USING THE TYPE 27 TUBE

How to Build and Wire the Set

Parts for This Set. This is the same board and circuit
wsed for the direct-current detector set. The only new
parts needed for this set are a five-prong socket and a tyvpe
27 tube (sce Fig. 208).

Changes in Wiring from a Direct-current Set to the
Alternating-current Set. The .derial Circuif. Make no
changes (sce Fig. 209).

The Grid Circuit.  Connect the grid return to the cathode
terminal of the tube socket.

Cathode Wire. Conneet a wire from the grid-return and
B negative connections to the cathode terminal on the tube
base. Connect a wire from the cathode wire to one heater
wire if there is any hum. .

[eater Circuit. Use twisted drop-cord or rubber-insu-
lated wires, not smaller than size 16, long enough to reach
from the heater terminals on the tube socket to the board
binding posts.

How to Operate the Set

Connect the Aerial and Ground. Conmnect the acrial
and ground lead-in wires to the aerial and ground posts on
the set base.

Connect to the Filament Transformer. Connect a short
picce of twisted drop cord from the 24-volt alternating-
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current posts on the set to the 24-volt terminals on the
filament transformer. This drop cord should be not over
2 feet long.

Plug the transformer into a light socket to turn on the set,

Aerial
\er/a . {q G

a00025m¥* C/ OoN\P Type27
5 p—y

2megohms )

Phones

ot dp.

25 VolsAC 225 fo45volts

Fia. 208. Deteetor set.

f
B- B+
24 volts AC 45volts

I'ta. 209,  Detector set, circuit diagram.

Connect the B Battery and Phones. Connect the B
negative wire first.

Connect the B positive wire to the +5-volt tap on the
B battery.
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Connect the phones, and the set is ready to operate.

Tune in a Station. The type 27 tubce does not change
the operation of the set at all. The process of tuning is
the same as for the direct-current receiving sets. Adjust the
tuning condenser until the desired station is heard the
loudest. The tube is somewhat more efficient and the vol-
ume should be better.

Other Tubes that You May Use. You will find the type
56 a good detector tube. It may be used in the same
circuit as the type 27 tube. The type 56 tube will produce
slightly louder signals on account of its higher amplification
factor.

Why It Works

The explanation of the operation of this circuit is covered
in other circuits we have studied.

Tuning. Tuning was explained in Chapter 1V. Also,
see the explanation for tuning the one-tube detector set in
part 2 of Chapter V.

Cathode. 'The purpose of the cathode is explained in
part 2 of this chapter; see the explanation of alternating-
current tubes in alternating-current receiving sets.

6. THE CENTER-TAPPED RESISTOR

In the direct-current receiving sets, the grid-return wire
is connected to either the negative or positive side of the
filament at the tube socket. Connection is made at the
same point from the plate circuit.

The cathode, in alternating-current tubes, is the electron
emitter, so the connection from the grid and plate circuits
is made to the cathode lead instead of to the filament or
heater lead. TFor alternating-current tubes that have no
cathode the conmeetion is made to the center tap of a
resistor connected across the filament leads.
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How to Wire It
Connect the ends of a 20- to 30-olun rheostat to each
heater terminal on the type 45 tube socket (see Fig. 210).

2 8%

I'1c. 210, Filament-heater tube.
Conneet a wire from the rheostat arm to the ground or
P g =~ B negative wire.

How to Operate It

T Turn the set on. Set

| i the rheostat contact arm

—— near one end of the resist-

A T i v ance clement. Notice

I the hum in the phones.

v Move the contact ar to

N Ay B the otherend of the resist-

E/Gd,.'o,,s moy J)i ance element.  Set the
flow /n two

contact arm somewhere
near the center of the
resistance clement, until
vou find a point where you hear the least hum. Replace
this resistor with a standard make of center-tapped resistor.

How It Works
The filament shown in Fig. 211 is heated by a 24-voll
alternating current.  During one surge of the alternating

oirectrons fromA 2 2-' volts
AC.

I'1G. 211, This cirenit will hum.
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current the electrons flow into the filament in the direction
shown by the arrow at A. The resistance of the filament
causes a pressure of clectrons at /4. As a result clectrons
are forced on the grid through the wire connected to the
grid circuit at 1. "Vhis
makes the grid mmore neg-
ative and cuts down the
flow of current between
the filament and the
plate. When the fila-
ment current reverses

e

A |

and draws electrons from X Y
., the electron pressure M

on the grid is less and 4[ ol
more plate current flows. AD B
The alternating current 25 volts AL.

. . I'1G. 212, This circuit is quiet.
in the heater wires forces S s e

clectrons on and off the grid and causes the objectionable
60-cycle hum.

The Center-tapped Resistor Stops Hum. A 20- to
30-ohm resistor is connected across the filament, as shown
in Fig. 212. When a surge of electrons flows to the fila-
ment from -1, it causes a pressure of electrons at . Some
electrons flow through the resistor toward the center-tap
wire M. But at the same instant there is a demand for
electrons at 1™ as clectrons surge away toward B. 'The
electron pressure from .\ will try to push electrons on wire
M, and the electron demand from 1™ tries to pull electrons
off wire M. No electrons will flow from the resistor at .M
since there is no pressure there to force them to flow.
Instead, nearly all of the electrons will flow through the
low resistance of the filament. Now you can hear no hum
in the phones because the constant surging of electrons on
the filament does not affect the grid.
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Electrons, under pressure of the high B voltage, can flow
through the center-tapped resistor quite easily to reach the .
filament,

Questions

1. During one eyele of the alternating current, the clectrons will flow
onto the filament at .1 (sce Fig. 211).  When they reach point .1, they
will branch out and flow in two directions.  Show these two directions
by means of arrows.

2. When the alternating-current surge is on the .1 side of the filament
(Fig. 211), will the grid be made more positive or more negative?

3. When the surge enters on the B side of the filament (Fig. 211),
will the grid be made more positive or negative ?

4. When a center-tapped resistor is used, as in Fig. 212, the electrons
entering the filament on the A side will have a choice of flowing through
the filament from X to " or of flowing through the resistor from X to
Y. Which path will most of them take ? Explain why they choose this
particular path.

6. Explain why point ! on the resistor will always remain neutral,

6. THE ALTERNATING-CURRENT AUDIO AMPLIFIER

We shall now learn how to change the direct-current set
into an alternating-current amplifier using tvpe 27 tubes.

The Set Wiring Changes

Heater Wires. Leave off the rheostat. Run two twisted
wires to the IT posts on the tube socket (see Fig. 213).

Tube Socket. Use a five-prong wafer socket in place of
the four-prong socket used on the direct-current set.

Audio Transformer. The same as on the direct-current
board.

The Grid Bias. The bias is obtained by a resistor in the
cathode lead.  Each different B voltage requires a different
resistor size for best results. These sizes can be found in
any standard tube chart. A 2000-ohm resistor will give
fair results.
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Shunt the bias resistor with a fixed by-pass condenser of
from 3 to 2 microfarads capacity. If the bias resistor is not
shunted by a condenser, the set may squeal.

37 Avdiio
transformer l

o—10

Phonesor

P 6 speaker
et g+ f| Z102 2000
O—u mf ohms
- H H B- B+
Hearter

2% volts A.C.

Fia. 218, Alternating-current andio amplifier.

P G Type 27
w
|
Input
S l \ Output
1 | {to2mf SE
| 2 0 Z I,
|1I ng
N — : ’e) 0O
B+ F B- B+
135+0 /180

H H
24 volts AC. volts

F16. 214, Alternating-current audio-amplifier vircuit.

The Plate Circuit. Make no change.
Connect a bias resistor in the cathode lead (sce Fig.

214).
The Heater Circuit.

together parallel to reduce hum.

heater cirenit to the cathode lead to reduce hum,

Twist the heater wires or tie them
Conneet one side of the
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How to Operate the Amplifier

Connect the 2}-volt alternating-current heater wires to
the heater binding posts.

Connect the B battery to B binding posts. Use from
135 to 180 volts in the plate. Find this voltage on a tube
chart for the type 27 tube.

The B voltage on the amplifier plate depends on the
ahbility of the audio transfornier to carry current. See a
tube chart to find the plate current at the voltage you plan
to use on the amplifier plate.  Not over 10 milliamperes of
plate current should be used.

Higher plate voltage causes more plate current to flow.
Too much voltage causes distortion of the signals.

Conneet the amplifier input terminals to the output of
the detector set.

Connect the amplifier output either to phones or to a
speaker, and the set is ready to operate.

Turn on the heater current.  When the cathode heats,
the set is in operation.

Other Tubes that Can Be Used. The type 56 tube can
be used in this circuit. Tt uses the same plate voltage. It
has a higher amplification factor than has the type 27 tube
and so will give somewhat louder signals.

Why It Works

Grid Eias Prevents Distortion. Any cffect that changes
the wave form of signals that reach the grid is heard in the
phones or the speaker as distortion.  Distortion is caused
by unwanted frequencies in the signals.

When the grid becomes positive, it collects electrons from
the filament.  This means that during every positive cycle
the grid adds electrons to those the signal puts on the grid.
This makes the positive loops of the wave stronger than
the negative loops. and the signals are of poor quality.
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But if enough electrons are kept on the grid, even the
strongest positive surge of the signal wave cannot make
the grid positive. Now the plate-current wave will be
similar to the signal wave, and the signal will be without
distortion.

This steady electron pressure which keeps the grid
negative is called the grid bias.  The grid bias was pro-
duced by a C battery in the direct-current audio amplifier.

If the grid bias does not furnish a steady pressure, it
will cause variations in the signal which will also produce
distortion.

Purpose of the Cathode Resistor. In this circuit elec-
trons from the B battery reach the cathode through a
resistor, instead of running direct to the cathode as in the
detector circuit.  Its resistance helds back the flow of elee-
trons enough so that some are forced to flow through the
secondary of the tuning transformer to the grid.  The resis-
tor keeps a pressure of clectrons on the grid. The larger
the resistor the higher — —
the voltage of the grid G
bias. 'The negative grid z - Valre
bias on the tube causes
it to operate very effi- ¥
ciently.  Distortion  of ) Pump
the signal will occur if = <—-ﬁ§
no bias is used. o X\/Y'

Pul'pOSC of the By- FiG. 215, Pressure changes al 6.
pass Condenser. The current flow in the audio-amplifier
circuit is similar to the flow of water through a circuit, as
shown in Fig. 215, Water flows from X to 17 through the
system.  We want a steady pressure at . When the
valve at 7 is suddenly closed, there is a sharp jar caused
by the sudden stopping of the water flow.  This jar causes
an inerease in pressure at the dead end ¢ of the pipe. Bul
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(see Fig. 216) an air chamber at (° will act as a shock
absorber to absorb the jar. Now, the water can surge into
(', and the pressure at (¢ will be steady. The grid bias
must be steady. .\ by-
pass condenser is used
for this purpose.

The Current Flow in
the Radio Circuit.
When the grid becomes

positive, there is a surge

F16. 216.  Pressure constant at ;. of current to the plat(-.
The electrons from the B battery reach the resistor, where
they are held up. This throws a sudden pressure of elec-
trons on the grid. But the condenser across the resistor

E

O — F °, T_ — :
] sffo//c;'ger(: J B)
Fel ==
&b (&)
-~ . Y,

b

Fra. 217, Induced hum,

acts as a reservoir which absorbs the shock aud keeps the
pressure steady on the grid.

The Heater Wires. 'The G0-cycle alternating current in
the heater wires induces currents in the cathode wire which
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is connected to the grid circuit.  These currents reach the
grid and produce a 60-¢ycle hum in the phones.

If the heater wires lie parallel, as in Fig. 217, one wire is
farther from the cathode wire than the other and will
induce a weaker current in the cathode wire than does the
closer wire. The weaker current cancels out most of the
induced current from the near wire, but enough alternating

Fic. 218. Overcoming induced hunm by twisted heater wires.

current is left in the circuit to affect the grid. The result
is a hum.

If we cross, or transfer, the two wires, as shown in Fig.
218, each wire is near the cathode wire for an equal distance.

The field around one heater wire will now induce a cur-
rent in the cathode wire. But the field around the other
heater wire, where the current is flowing in the opposite
direction, will induce an opposing current in the cathode
wire. One current cancels the other current. The same
result may be had by twisting the wires, also shown in
Fig. 218.

Questions

1. Electrons from the B battery have a choice at point 4 (Fig. 211) of
flowing in two directions. Which path will most of them take? Give
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reasons for vour answer. Explain why any will flow in the other
direction.

2. Is the grid kept slightly positive or negative in this circuit?

3. If there is no condenser connected aronnd the cathode resistor.
where will the surge of electrons from the B negative try to go when the
grid suddenly decreases the current from the cathode to the plate?

4. When the by-pass condenser is in the circuit, show the two possible
paths for the clectrons when the grid suddenly decreases the current
from the cathode to the plate.

6. Explain why the electrons choose one of these paths in preference
to the other.

6. Explain why the wires earrving alternating current to the filament
are twisted.

7. THE POWER AMPLIFIER CIRCUITS

Overloading Produces Distortion. The type 27 tube is
overloaded when used as a power amplifier. TIncreasing
the plate current spoils the fidelity of the signals. A power
tube should be used.

Audio-amplifier tubes such as the type 714, type 43, and
type 47 power tubes deliver enough power to operate a
speaker with good fidelity.

Power Tubes Produce More Volume. A power tube,
which is designed to handle more current in the plate
circuit than a type 27, will produce much louder signals
without distortion. The type 27 tube will handle about 5
milliamperes of current, while the type 45 tube (a good
power tube) will handle around 30 to 35 milliamperes with-
out distortion. These tubes take the place of the type 7T1A
tube that was used in the direct-current sets. The type
47 power tube will handle even more current; but the
quality of the signals produced by the type 47 tube is not
as good as that produced by the type 45 tube. The Type
45 is a low-mu tube and the type 47 is a high-mu tube with
considerable current amplification.
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Courtesy Allen D. Cardwell Manufacturing Corp,
TRANSMITTER FOR A BYRD ExpEDITION TO LITTLE AMERICA
This view behind the pancl of the transmitter shows a close-up of the power
amplifier,
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Coupling of Speakers. The current output of either the
type 45 tube or the type 47 tube is so high that phones or
a speaker should not be connected directly in the plate
circuit of either. Neither phones nor speaker should carry
over 10 milliamperes of current.

The output of these tubes must be coupled to the speaker
so that the speaker or phones will not carry the full plate
current.

Two ways of coupling the power tubes to the speaker
are given in part 8 of this chapter. The impedance cou-
pling circuit uses a condenser and a choke coil. The more
common circuit uses an output transformer. The trans-
former secondary delivers the proper voltage to the speaker
coils.

Coupling to Detector or Amplifier Stage. The type 45
power amplifier follows a type 27 audio amplifier because
there is not enough power in the detector output to operate
the type 45 tube well.

The type 47 tube can be connected direct'y to the
detector, since the tyvpe 47 requires less grid voltage for
its operation.

You may couple both the type 45 and the type 47 power
tubes either to the detector or to the audio amplifier by
transformer coupling.

The Power Amplifier Using Type 45 Tube

The power audio amplifier using the type 45 tube pro-
duces signals of good quality at loud-speaker volume.  The
board layout is shown in Iig. 219 and the circuit in Fig. 220.

How to Operate It. \When the A and B voltage is turned
on, this set is in operation.

Why It Works. The operation of this set has been
covered in explanations earlier in this chapter.
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Push-pull Power Audio Amplifiers Using Type 45 Tubes

Advantage of Push-pull Audio Amplifiers. The push-
pull circuit shown in Fig. 221 is used as the power audio

PG G P
= o
O 0 Or— +O ) O
| [ @ 'Oufp;/ffo
| ' lcouplin,
I /npufI Avdlio . [ ‘un'/of 4
: | N— - lmf I
B+ P~l
].—j [ —
B- 1000 ohms : ‘g’ B
I -

Fra. 219, Power audio amplifier.

stage. Signals of greater volume can be had with much
less distortion by using power audio tubes with these
circuits than by using the straight single-tube power ampli-
fier circuit. Higher B voltage can be used on the plates.

Type 45

I )
|
Input % /fo8mf Output
o J WANV‘
B-

1000 ohms |

H , H B+
25 volts AL. 180+0 250
volts

FFrc. 220.  Power audio-amplifier circuit.

How to Wire the Circuit. Mount the parts on a small
board as shown in Fig. 221. T'wo special push-pull trans-
formers are needed with this circuit.
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The hias resistor has half the resistance used for the same
lube in a single-tube circuit.  The size of this resistor must
he correet. The same push-pull transformers can be used
with any tube combination. Distortion and loss of power
will oceur if the bias is incorrect.

How to Operate It. Turn on the heater and B power.
The set is in operation.  There are no adjustments for this
circuit,

—_— S
l SPe
@)
S
[ ] B/a;f Type 45
o—o res/stor oo
‘ 400/ohms 4 Center-
! % fopped
(o / ressstor
¥
? | lg_ o
A A
/ . ~O—h /
/nput O Outpu
tronsformer o—] fransf'ormer ‘
Type 45
YP p o8
g
H H
e S - |

FF16. 221, Push-pall audio amphiics.

How It Works. A coupling transformer is connectea
between the first audio-amplifier stage and the push-puli
amplifier stage, as shown in Fig. 222. KEach end of its
secondary is connected to the grid of one amplifier tube.

The input-transformer primary P, is connected in the
plate circuit of an audio-frequency amplifier. Let us {ollow
the effect which electron surges in the audio-amplifier plate
circuit have in the push-pull amplifier circuit.

The Grid Bias. The electron pressure put on both grids
by the grid-bias resistor makes both grids negative. 'The
grids must never become positive, or they will draw current
and will distort the signals.



ALTERN ATING-CURRENT TUBES 343

The Effect of a Surge of Increasing Strength.  When a
surge of clectrons flows through the primary I’y of the
coupling transformer (Fig. 223). it causes electrons to surge
through the secondary as shown by the arrows, while the
primary surge is growing in strength.  Electrons surge to
the grid of tube 1 and make it more negative.  The negative
grid shuts off most of the flow of electrons through tube 1
This causes a weak current to flow, as shown by the light
arrows in Fig. 223.

/nput
frgns- . Output
former A | Tt;be & f’,"' r"”’775;
| orme
I| Bios I
‘ resrstor (]
‘ 400 ohns
spezcie»('er
VVY VO
Audio ’ ‘ébe “ |
amplifier ‘ (]
pl \ ||* s2
Vi Pz
S )] J
I W 200hms
B-
22 vo/fs /80fo250
volts

I'16. 222.  Push-pull .mdm-.unphh( r ur(*ml.

The secondary has pulled some electrons off the grid of
tube 2 during this surge, making the grid less negative.
The less negative grid makes more current flow to the plate
of tube 2, and a strong surge of electrons from the plate
circuit of tube 2 flows through the primary of the output
transformer and back through the center-tap connection
to the B battery, as shown by the heavy arrows.

The Current in the Qutput-transformer Secondary S..
\When the current flow through tube 2 (Fig. 223) is increas-
ing in strength, it induces a current in secondary S,, as
shown by the heavy arrow.
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At the same instant the current through tube 1 is
decreasing in strength. Tt induces a current in S, that
adds to the first current.

When the surge of eleetrons through P, reverses, as
shown in Ifig. 224, the increasing current through tube 1
induces a enrrent in S, as shown by the heavy arrows. At
the same time the decreasing current through tube 2 induces
a helping current as shown by the light arrows. Again,

bhoth currents in S, add. a
Sy Tube | P,
/:’ —>-; — -
P - ﬁ Se
3
\ i ll
l |
-_ ) J
N ~—— Tube? l‘
B+

IF1G. 223, Current surge in push-pall circuit,

The Tubes Act as an Electric Switch.  The two tube grids
switch the plate current from one tube to the other so that
much current flows through one tube during one half cycle.
During the other half cycle the other tube works. A much
higher power output is possible with this circuit than with
a straight amplifier. IHigher B voltage can be used with-
out heating the tube plates. Ileavy plate current flows
only for a half cycle, and the plate cools during the other
half cycle. A half of each input surge cuts down the
current flow through one tube and allows much current to
flow to the plate of the other tube.
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The Second Harmonie. Harmonics are developed in the
transformers of all circuits. The second harmonic is twice
the fundamental frequency. 'The fundamental is called the
first harmonic. .\ 500-cycle note will have a second har-
monic of 1000 cycles. It will have many other harmonics
which are so weak that they are disregarded.

«—— Tubel

( —

L8
é (\.’ I
P \__’l —/} S
- ..

S >  Tube?2 1 F
|

Pa
Frs. 224, Currenl surge in push-pull circuit.

+4++

The second harmonic is the strongest. It stresses fre-
quencies double the frequency of the signal that is being
amplified.

In the push-pull amplifier the second harmonic is elimi-
nated by the circuit.

Questions

1. What causes the grids of the push-pull circuit to remain negatively
charged?

2. Does the current flow in the same dircetion all the time through the
secondary of the coupling transformer?

3. Does a strong current flow through both tubes at the same time?

4. Does the current always flow in the same direction through the
center tap of the primary of the output transformer?

5. Why can a much higher power output be uscd with a push-pull
circuit than with a single-tube amplifier?
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Power Audio Amplifier Using Type 47 Tube

The Circuit. This circuit is similar to the type 45 circuit
(see Fig. 225). Here both the screen grid and the plate
are attached to the same B positive post.

How to Operate It. Attach from 180 to 250 volts to the
plate.  When the set is turned on, this amplifier is in
operation.

Type 47
>
E {toImE
3to/mf£
g W —_—0
4500hms B+
/80 +0 250
200;_7ms volts
center-
8- H fapped H

116, 225, Type 47 power andis-amplifier circuit.
How It Works. Sec the explanation for the type 43
audio amplifier. See also the explanation of the operation
of the type 47 tube.

8. COUPLING BETWEEN THE POWER TUBE AND A MAGNETIC
SPEAKER

Output-transformer Coupling

The magnetic speaker must not be connected in the plate
circuit of a power tube when the plate current is over 10
milliamperes.  This much current will burn out the wind-
ings of the magnetic speaker. The plate currents of both
the type 45 and the type 47 power tubes are over 30
milliamperes.

Connect the speaker to these power tubes either by an
ontput transformer or by an impedance coupling.
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How to Wire the Transformer Circuit. Usc a special
output transformer wired as in Fig. 226 and Fig. 227.  An
audio transformer is not satisfactory.

s Tapped-output
'/ transformer

— | \
| . i
| 4o0hms l ’ ‘

—O 8ohms
2ohms
20000hms 4
B

Type 45

o o
50 |8
Cx &
3% (98¢
L Q §5¢
on Lo
W S Q€
Woq

+
Fig. 226. Speaker connections through universal-output transformer with
type 45 tube.

Type 47

1
| )]
To speaker
! or phones
, see Fig.226
]
| .
I

B+
Tic. 227. Speaker connections through universal-output transfarmer  with
type 47 tube.

"The resistance of the primary must be the same as the
plate resistance of the tube to which the transformer is to
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be comected. The impedance of the secondary must be
the same as the impedance of the voice coil for best volume
and quality of signals.  An output transformer for the type
45 tube can also he used for a type 12A or type 71A tube.

How It Works. Surges of plate current through the
primary induce an alternating current in the secondary of
the output transformer. This current flows through the
windings of the speaker and causes the diaphragm or the
cone of the speaker to move and to produce sound.

Question

1. What size ontput transformer should be used with the type 45 or
47 tubes?

Impedance Coupling

I you do not have the right output transformer for the
tube you wish to use, you may use a condenser and a choke
/ o8 mE coil to form an output
l__o - impedance coupling unit

which will take the place

of the transformer.
Magnetic Parts Needed. TUse a
[ speaker choke coil which has an
inductance of from 10 to
30  henrys. This coil

Type 45

Phones
may be one taken from
an old power supply.
2 LTS Use a coupling condenser

Fig. 228, Speaker conneetions through  of from 1 to 8 microfar-
impedance coupling with type 45 tube. il capacity rated at 400
volts or over. Connect the parts as shown in Fig. 228 and
Fig. 229.
How It Works. Electrons flowing from the plate of the
power tube reach the B battery through the windings of
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the choke coil. The choke coil must be wound with wire

large enough to carry the current handled by the tube.
When no signals are coming through the circuit, there is

a steady flow of current (direct) from the filament to the

Type 47

-

180 fo 250 volts

Fra. 229, Speaker connections through |mpt-d ince conpling with type 47 tube.

plate of the tube, through the choke coil, through the B

battery, and back to the filament of the tube.

But when

signals come through the circuit. the plate current becomes

a pulsating direct cur-
rent. Instead of letting
the surges flow directly
to the B battery, the
back pressure caused by
the inductance of the
choke coil resists the
sudden change in the
quantity of electrons try-
ing to flow through the
coil. So electrons are
forced to flow to side A

Audlio
amplifier

B+
Fia.

of the coupling condenser (see Fig. 230).
side .1 drive electrons off side B through the speaker coil.
This causes the speaker cone to move, which produces

sound,

230.

Speaker
cot

/8010 250 volts

Electrons from
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The capacity of the coupling condenser must be large to
allow the surges of the plate current to be transferred to the
speaker. The size of the choke coil must be selected so
the electrons can flow through the choke rapidly enough to
prevent distortion of the surges. Yet the choke must have
enough back pressure to drive eleetrons through the cou-
pling condenser to make the speaker operate well.

Questions

1. Trace the path of the clectrons through the choke and condenser
at the beginning of a surge from the plate,

2. Trace the path of the clectrons through the choke and condenser
at the end of a surge from the plate,

9. THE ALTERNATING-CURRENT RADIO-FREQUENCY AMPLIFIER
USING THE TYPE 24A SCREEN-GRID TUBE

Type 24A Tube. 'The screen-grid tube is a very sensi-
tive detector as well as an excellent amplifier tube in the
radio-frequency stages.  The sercen grid prevents oscil-
lation which eauses howling and other annoying effects.

By varying the voltage on the sereen, you can change
the sensitivity of the tube and thus control the gain in
signal strength of that stage of amplification. You can
also control the gain of the tube by changing the grid bias.
Since this tube is so sensitive it may be necessary to pro-
vide better than ordinary shicelding to prevent induction
from circuit wires from affecting its operation.

How to Wire the Set

The Tuning Circuit. Keep the grid wire leading from
the tuning coil or condenser to the cap on the tube as short
as possible and placed well away from the other wires to
prevent pickup.

The Bias Resistor. A fixed bias resistor is used in place
of 2 € battery.  Connect a noninductive 5300-ohm 1-watt,
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resistor in the cathode lead as shown in Fig. 231 and Fig.
232.

How t<; Operate the Set

Step 1. Tunc the amplifier. Turn on the heater cur-
r[\ 0 1 5 e 1 ati
rent. he amplifier and detector are in operation as soon

i

|
|

+

-

257 volts AC.

IM1c. 281, Radio-frequency amplifier with screen-grid tube,

0.0/
m¥

M
"
- 5000hms

B- B+, B+
4570675 9010/80
volts © volfs
Fig. 232.  Radio-frequeney amplifier circuit with screen-grid tube.

as the cathodes of the tubes are hot and the B voltage
turned on. There are no adjustments for the tubes,  Tune
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this set with the variable condenser as in the direct-current
radio-frequency amplifier.

Step 2. Tune the detector set. Tune in stationg on the
detector set. If a regenerative receiver is used, it should
be in oscillation while you tune in the station. Turn the
detector regeneration control back just helow the oscillating
point after the station is tuned in.

Tune the radio-frequency stage and the detector stage
together, since the tuning of one affects the tuning of the
other. A type 24A radio-frequency amplifier will give you
considerable gain in signal strength.

The Effect of Shielding. Shield the radio-frequency
amplifier from the sensitive detector set either by tube
shields or by a metal plate or box, if the set squeals or has
dead spots in tuning.  Conneet the shield to the ground.

How It Works

How This Circuit Is Tuned. The signal picked up by
the aerial flows through the primary of the tuning trans-
former and induces a current in the transformer secondary,
The electrons surging in the secondary are tuned by the
variable condenser to seleet the frequency desired by the
operator.

Action of the Grid Circuit and Plate Current. The radio-
frequency surges from the tuning circuit on the control grid
of the type 24\ tube cause the plate current to flow in
radio-frequeney pulses.  The plate-current wave shape is
the same as the wave shape of the radio-frequency surges
on the grid of the tube, but is much stronger.

The radio-frequency plate-current surges flow in the pri-
mary of the coupling transformer.  These surges induce a
radio-frequency alternating current in the secondary of the
radio-frequency coupling transformer which is connected to
the next radio-frequency stage or to the detector stage.
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These surges are still at radio frequency but are amplified
by the sereen-grid tube and by the voltage step-up of the
coupling transformer.

Inductive Resistors Cause Squeals or Hums. If you use
an inductive resistor in the cathode lead, your set may hum
or it may squeal.  An inductive resistor is made of resist-
ance wire wound on an insulating rod. The wire forms a
small coil. If the coil is of a size that has a resonant fre-
quency of oscillation at or near 60 cycles, an oscillating
current will build up in the resistor and will cause a vari-
ation in the grid bias that you hear as a 60-cycle hum.

If the resistor is wound so the resonant frequency is
higher, a squeal may result. The only remedy for this
condition is to replace the resistor with a noninductive
carbon resistor.

Questions

1. Compare the wave shape of the eurrent on the grid with the wave
shape of the current in the plate circuit.

2. Is the current on the grid an alternating current or a pulsating
direet current?

3. Is the current in the plate circuit an alternating current or a
pulsating direct current?

4, Is the current in the secondary of the coupling transformer an
alternating current or a pulsating direct current?

5. Comparc the amplitude of the current in the sccondary of the
coupling transformer with that of the current on the grid of the tube.

6. Explain how an inductive resistor in the cathode lead can canse
your set to squeal or hum.

{
Volume Control—How to Control the Amplification or Gain

For receiving distant stations as well as for bringing in
other weak signals, several stages of radio-frequency ampli-
fication are valuable. Some stations are farther from the
receiver than others, and some stations have more power
than others. If the set is inade sensitive enough to receive
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the distant stations well, some programs will be loud enough
to be unpleasant. .\ method of controlling the volume is
very desirable. Two volume-control cireuits are shown

here in Fig. 233 and Fig. 234. The control in Fig. 234 is
smoother in operation.
How to Wire the Circuit. Connect a 50,000- to 100,000-

ohm variable resistor in series with the cathode resistor as
shown in Fig. 234,

Type 24 A

O To second rodio-

frequency stage
?or‘eze*ec orfag

\
4l

59000 ohms

1
& oo}

B+ Bt
67t0/25 /8010250
volts volts

Fig. 233, Volume-control eircuit in radio-frequency stage.

J O
- ’ g )
QOIm¥f §
&
A
A B+ OB+
(L 50000 ohms 505700/‘7”73 \ 18040250
67510 125volts  volfs

B...

I'ie. 234.  Volume-control circuit in radio-frequency stage.



ALTERNATING-CURRENT TUBEN 355

Iiow to Operate the Set. Turn the set on. Set the
contact arm of the volume control at point .1 (see Fig. 234).
Here none of the resistance is in the circuit, and you
will receive the loudest signals. When you wish to cut
down the volume of signals, turn the arm toward point
B until you find the point where you get the desired
volume.

EHow It Works. 'The bias on the type 24\ radio-fre-
quency tube in this circuit is correct for normal operation
when the contact arm of the resistor is at point .{. A
negative bias of 8 volts is on the grid at this position. As
the contact arm on the volume control is turned toward
point B, the resistance in this circuit is increased. This
increases the voltage drop across the resistor and increases
the negative bias on the control grid, graduzlly bringing the
tube toward cutoff.  If the resistor is large enough, you can
move the contact arm to point B and entirely stop any
signals.  Ilere the tube is biased entirely to cutoff.

Question

1. Explain how making the grid more negative will decrease the
volume of music.

How to Couple Radio-frequency Stages to Other Circuits
Using the Type 24A Screen-grid Tube

Inductive Cougiing between Racio-frequency Stages.
The circuit boards we have buiit for the radio-frequency
stage may be coupled together by connecting the output of
the first radio-frequency stage and the aerizl-ground posts
of the sccond radio-frequencey stage.  The eircuit of this
combination is shown in Fig. 235. This is inductive cou-
pling between stages.  The acrial coil and the grid coil act
as a radio-frequency coupling coil here, as they do when
used for the coupling coil hetween the aerial eircuit and the
grid circuit.
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Inductive Coupling between the Radio-frequency Ampli-
fier and Detector Board. When the radio-frequency ampli-
fier is coupled directly to a detector, it may be coupled
inductively by connecting the output of the plate circuit

Type 24A

Type 27

Radio- frequency amplifier Radio- frequency amplnfuer " Detector )

Fie. 235. Inductive coupling hetween radio-frequeney amplifier stages.

Type24A

H

HHa—B+B+' HHB-B*L

Radio - frequency amplifier Detector

*—%Mf_

= S—

Fia. 236, Coupling hetween alternating-current detector set, type 27 tube, and
amplifier, (ype 24\ tube,

of the radio-frequency stage to the acrial coil of the detector

set. This circuit is shown in Fig, 236.  The plate current

flowing through the aerial coil of the detector set must not

get into the grid coil.
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10. THE ALTERNATING-CURRENT DETECTOR SET USING THE
TYPE 24A TUBE

How to Build and Wire the Set

New Parts Needed. A 25,000- to 100,000-ohm variable
resistor—the resistor may be wire-wound, carbon, or other
type——for controlling regencration.

A 3- to l-microfarad by-pass condenser—for by-passing
the radio-frequency surges from the screen grid to the
cathode.

2megohms

—
3 —-
‘ 5%000
l H H - onms gy B+
. 24volts 45voltsA  0to/35
= A.C. volfs

Iic. 287.  Detector cireuit with type 24\ tube.

Circuit Changes. A new B positive connection is added
to supply the screen-grid voltage (sce Fig. 237).

The screen-grid connection is made to the base terminal
that was used for the control grid on the type 27 tube.

The control grid on the type 24A tube is connected to
the metal cap on top of the tube.

Coupling. Impedance or resistance coupling must he
used between the detector and the amplifier tubes.

Wiring Changes. Make connection to the control grid
by a flexible wire between the grid condenser and the clip.
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Connect the center terminal of the variable resistor (o
the screen-grid post on the tube socket.

Connect the ends of the resistor to the B negative and
the B positive 43-volt terminal.  Connect the by-pass con-
denser between the sereen terminal on the tube socket and
the cathode or the B negative lead. Connect the by-pass
condenser as close to the socket terminal as possible.

How to Operate the Type 24A Detector Set

There is little difference in the operation of the type 24A
set and the type 27 set.  You now have a sensitivity controi
in the variable resistor.

This control also governs the volume of the signals.

You will find this tube to be very much more sensitive
than the type 27 tube, and you may expect to hear many
new stations. The volume will be much better than before.

Connect 45 volts to the B positive screen terminal.

Turn the variable resistor about half in.

Tune the set with the variable tuning condenser.  When
the desired station is tuned in, move the variable resistor
until the best volume and the clearest reception is had.

Use a .00025-microfarad grid condenser and a 2-megohm
grid leak for receiving broadeast stations.

Other Tubes That May Be used in This Circuit. The
Type 35 Tube. This tube can be used in the same circuit
with no change. It is a variable-mu tube which is more
stable than the 24A and is more sensitive.

The Type 36 and the Type 39 [4+.  Both tubes are more
sensitive than the type 24A and have higher amplification.
Both tubes must have the heater voltage increased to 6
volts.

How It Works

Sensitivity is controlled by the potentiometer in this
screen-grid circuit. When you move the arm of the poten-
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(necking U'r
Even the smallest part must be tested in order to give a set its maximum efliciency.
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tiometer, you increase or decrease the positive voltage on
the sereen.  As there is more positive pull from the B
battery, the clectrons rush to the plate faster, and more
current flows in the plate circuit.  This makes louder
signals in the phones.

Question

1. Explain how changing the voltage on the sereen grid will affect
the volume of signals,

Coupling between Screen-grid Detector Tube and the
Audio Amplifier

Impedance Coupling. Tmpedance coupling is used
between a screen-grid detector tube and an audio amplifier

Coupling
Sorts e o
2mf Auvdliio
Type 24A amplifier
]
x
e
K
3
& Bias
£ resistor

45volts 90fol35\
volts

_
Coupling unit

Fia. 288,  Impedance coupling between sereen-grid detector and andio-amplifier
cirenits,

because the impedance of the choke coil acts as a load that
is nearly the same as the plate resistance of the screen-grid
tube. Transformer coupling is not satisfactory, since the
transformer primary impedance is too low. Transformer
coupling produces distorted signals and low volume.
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An impedance-coupled set will produce loud signals, but
the quality of the music it produces will be only fair. This
circuit is popular with amateurs because it will bring in code
quite efficiently, producing loud signals from weak stations.

How to Build and Wire the Circuit. Connect a 30- to
200-henry audio choke coil in the detector plate circuit
(see Fig. 238). You may substitute an audio transformer

for the choke (see Fig. ‘ Tl
239). A transformer is 1R
not as efficient as a choke. o P Qortof mf
The coupling condenser —=

may be of any capacity Wire

between .01 and ¥ micro- I

farad.
The Action of the Q—]

Choke. When the grid , F G

of the type 24\ is posi-
tive, it causes clectrons B+

to surge to the [)Izlt(‘. I't. 239. Audio transformer used as a
choke.

This surge tries to reach
the positive terminal of the B battery, but the back pres-
sure of the choke coil holds up the surge of current and
causes the electrons to pile up on both the coupling con-
denser and by-pass condenser.

At the first of the surge only a few electrons can get
through the choke. As the surge grows in strength, the
back pressure of the choke becomes less and more electrons
get through. When the back pressure is gone, the electrons
“whiz" through.

When the electrons of this surge have reached the B
battery, the choke tries to pull more clectrons.

The alternating-current resistance to the flow of current
through the choke is never steady. Tt is very high at the
first of the surge and very low at the end of the surge.
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The Coupling Condenser. The coupling condenser stops
the flow of direct current and keeps the high plate voltage
off the grid of the amplifier tube.

Surges of electrouns on side A drive electrons from side B
to the amplifier-tube grid (see Fig. 238). The size of the
coupling condenser is selected to allow all audio-frequency
surges to get to the grid of the audio-amplifier tube.

The electrons on the by-pass condenser drive electrons
from the other plate and into the ground. The rapid radio-
frequency surges of the plate current can continue without
distortion since the by-pass condenser returns the surges to
the ground. If the surges were forced to go through the
choke, they would be slowed up so much that the radio-
frequency wave shape would be different from the wave on
the grid and the signals would be distorted.

11. THE SUPERHETERODYNE RECEIVER

The ultimate desire of the designer is to develop a receiver
which is so sensitive that it will pick up extremely faint
signals. This set must also be able to tune very sharply,
vet not so sharply that it will spoil the quality of the signals
it receives. It should be simple to tune and should be able
to produce signals of good volume. The superheterodyne
has these qualities.

The Superheterodyne Receiver Introduces a New Prin-
ciple. Amplification of the superheterodyne is unusually
good because it amplifies at one fixed frequency. This
makes it possible to develop an amplifying circuit of higher
efficiency than the usual audio- and radio-frequency circuits,
which must operate fairly well on many frequencies but not
perfectly on any one frequency. The audio- and radio-
frequency amplifiers we have studied had to amplify fre-
quencies ranging from 500 kilocycles to 1500 kilocycles.

We Must Build Two New Units. A new unit, called the
intermediate-frequency amplifier unit, is connected inta the
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set. This unit tunes all signals at one fixed frequeney of
465 kilocycles.  The intermediate-frequency  transformers
are set at 465 kilocycles because this frequency is free from
interference.  Frequencies as low as 150 kiloeyeles could be
used if it were not. for interference. The efficiency of this
circuit is due to the use of highly efficient coupling trans-
formers in the intermediate-frequency amplifying stages.

Another new unit, called the oscillator, **leads” incoming
signals into the intermediate-frequency unit. The inter-
mediate-frequency units amplify at a low radio frequency
where amplification is more efficient than at high radio
frequencies.  The effect of the use of the more efficient
amplifying circuit is to bring in stations that would not
otherwise be amplified enough to be heard.

We shall assemble a superheterodyne receiver by com-
bining several of our standard alternating-current circuits
with the new intermediate-frequency amplification unit and
the new oscillator unit to form a superheterodyne cireuit
(sce Fig. 240).

The high sensitivity of the superheterodyne receiver is
obtained by using beat-note tuning. The fine selectivity
of this recciver makes it popular for world-wide short-wave
reception of broadecast programs.  The superheterodyne is
widely used by amateurs where selectivity is of utmost
importance on account of the many amateur transmitting
stations which are grouped into very narrow operating

bands.
How to Build and Wire the Set

It will be necessary to build only two boards for this set,
the intermediate-frequency amplifier unit and a second unit
for the oscillator.  See Fig. 241 for the circuits.

Connect the wire shown in the circuit diagram (Fig. 241)
that runs from the plate of the oscillator tube to a point
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marked A on the first detector board. Make the coupling

condenser Cs by twisting together two 4-inch lengths of
drop cord.

diat /ntermediate
I ;gggzg;%ylgni Type 24A Frequency unit
P N\ G
e o T — @ @

Bro—_ B ,J;_ / l_“r B B-
£ me] |

Z—Imf

4

Volume control ] S
50000ckms —=1 0 Q. 3,

B+
" 45volts 135 volts

Tig. 242.  Intermediate-frequency amplifier unit.

1

T —
50,000 obrms

LI.
tgaa’lo-
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B ro—

- H H 90 volts

I16. 243, Oscillator unit.

Position of the Parts. Mount each new unit of the
superheterodyne on a small board. Place the parts as
shown in Fig. 242 and Fig. 243. Since the intermediate-
frequency transformers are well shielded, it is unnecessary

touseany special wiringarrangement on thisboard. Ground
the shields.
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Place the 23-plate variable tuning condenser at the front
of the oscillator board in a convenient position for tuning
(see Fig. 243). Place the oscillator coil a distance cqual to
its diameter from the condenser or the tube. Place the
gain-control resistor near Freimonss 3" aenn *
the front of the board for
ease in tuning.

How to Wind the Os-
cillator Coil. Wind 60
turns of size 22 wire on a
3-inch tube for the oscil-
lator coil. This coil is
the same size as the grid ,5;0 20
coil of the radio-fre- WS
quency board. Solder a
wire to the coil, about
one-third the distance
from the ground end of Frg. 244, Oscillator coil,
the coil, for the cathode tap (sce Fig. 244).

General Information. Usc heavy wire for the filament
heater supply. Keep the wire as short as possible.  The
detector in this case will be a type 27 detector using grid
leak and condenser.

S

’Mm

40turns

L

Y

How to Line Up the Set

Adjust the Intermediate-frequency Tuning Unit. Ilow
to Line Up the Intermediate-frequency Unif.  Each inter-
mediate-frequency amplifying unit must be accurately
tuned to the same frequency so the set will operate most
efficiently.  Each intermediate-frequency unit contains a
small radio-frequency transformer tuned with small vari-
able condensers, called trimmer condensers (see Fig. 245).
A small midget condenser or compression-type trimmer
condenser is conneeted across each radio-frequency coil
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(see Fig. 246). An aluminum shield can fits over the
unit.

Make a }-inch round dowel stick or bakelite rod 6 inches
long with one end sharpened to the shape of a screwdriver

- ———

~, Trimmer
condenser

)

Fi. 245. Intermediate-frequency unit removed from shield can to show coils
and trimmer tuning condensers.

for an adjusting tool (see Fig. 247). 'The small screw heads
on the top of the intermediate-frequency cans are the
adjustments for the trimmer condensers.

Step 1. Turn the power into the set.

Step 2. Tune in a fairly loud station. Tune the con-
denser on the oscillator board and the condenser on the
first detector board at the same time. Adjust the volume
control so that signals from the station are faint but clear.
It is easier to notice when a weak signal increases in strength
than when a strong signal increases,
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Step 8. Tune the second intermediate-frequency sec-
ondary to the station.  You can tell when the condenser
is set correctly by twisting the setting of the trimmer con-
denser hack and forth past the londest point of the signal,

~

¥
Trimmer
conaenser

Trirmmer
condenser;
v

I16. 246.  Wiring of the intermediate-frequency unit.

decreasing the swing each time until you have the condenser
set exactly on the loudest signal.

Caution! If you unscrew these adjustments too far, the
screw will slip out of the nut of the adjustable plate of
the trimmer condenser. Then you will have to take the
shield cans off the intermediate-frequency unit to fit the
screw back in place.

Fic. 247. Bakelite rod serewdriver used to adjust trimmer condensers.

Step 4. Now tune the first intermediate-frequency sec-
ondary to the loudest signal in the same way.

Step 5. Adjust the primary trimmers for the loudest
signal.  You will find the adjustment of the secondaries to
be much finer than for the primaries.

Step 6. Repeat the whole process to make a final
adjustment. The set now should be in proper operating
condition.

How to Operate the Set

Step 1. Turn on the set. Set the volume control full on.
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Step 2. Adjust the oscillator condenser and the first
detector condenser to find a station.

Step 3. Correct the tuning condenser setting for the
best signal strength. After you have tuned in the desired
station, set the volume control R, on the intermediate-
frequency board (see Fig. 241 and Fig. 242). No other
tuning adjustments are made in this receiver. The inter-
mediate-frequency adjustments remain fixed when once
adjusted.

How It Works

Beat Notes in Sound. When two piano wires, tuned to
exactly the same pitch, are set in vibration, you can hear
one tone. But if you stretch one of the wires more tightly,
its note will be higher in pitch than before. Now you will
hear not only the tone produced by the first wire and the
tone produced by the second wire, but you will also hear a
third tone.  The third tone is a slow, throbbing sound. It
is called the beat note. When the two wires are vibrating
at exactly the same rate, they are in resonance; no beat
note is produced. 'This is called zero beat.

Let us say that the first wire has been tuned to a fre-
quency of 236 cycles. 'This is the frequency of middle
C on the piano. If the second wire is tighter than
first one so that it produces a note of 300 cycles, which is a
little higher than middle C, the third tone we shall hear is
a low tone of 44 cycles or the difference between the vibrat-
ing frequency of each of the strings (300 — 256 = 44). It
sounds like a slow “m-m-M-m-in-m-m-M-ni-m-m”’ swell-
ing in loudness at regular intervals.

You Can Control the Pitch of the Beat Note. If you
tighten either wire its tone rises. 'The beat note changes.
You can thus change the rates of vibration until the beat
note sounds higher or until it can no longer be heard.
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Beat Notes in a Radio Circuit. 'T'he action of the two
strings in producing a beat note is similar to the action of
a radio circuit in which there are two oscillations, each of a
different frequency. The familiar whistle you hear when
tuning a regenerative receiver (with the set in oscillation)
is a beat note. It is caused by the carrier wave (to which
vou are tuning), “beating” with the oscillation produced
by your set, to form what is commonly alled the carrier
whistle.  This whistle is not the carrier; the carrier wave is
a radio-frequency oscillation far above hearing.

The beat note which you hear is equal to the difference
hetween the carrier frequency and the frequency at whick
vour set is oscillating. You cannot hear cither of the
original radio frequencies. If we have two radio  fre-
quencies, a carrier frequency of 100,000 cycles and a
receiver-oscillation frequency of 101,000 cycles, surging in
a circuit, we can hear neither of the two freguencies since
both are far above the hearable frequency. But the beat
note produced by these two frequencies should be at 1060
cycles a second (101,000 eycles — 100,000 cycles = 1000
cycles). We can hear a frequeney of 1000 cycles.

We also could produce a beat frequency of 1000 cycles
by using two other radio frequencies, one of 100,000 and
another of 99,000 cyeles.  Ilere the difference betweer the
two frequencies again would be 1000 ¢ycles and would pro-
duce a beat note of the same pitch as the beat note we just
heard.

You Can Control the Pitch of the Beat Note. Just as
with beat notes in sound, you can change the pitch of the
beat note in your receiver.  One of the frequencies comes
over the air to yourset.  You cannot change this frequency.
‘The other frequency is generated in your own set.  In the
superheterodyne receiver the second frequency is generated
by the oscillator, which you can control,
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You can tune the beat oscillator to get a beat note of
any frequency you want.

How the Oscillator Sets the Beat Note. WWhen a 1000-
kilocycle signal from a broadcasting station is received in
the aerial, you tune the oscillator of the superheterodyne
receiver to a frequency of 1465 kiloeycles.  These two fre-
quencies are now on the grid of the first detector tube.
Every so often these two frequencies blend and produce a
big surge of current (beat note) so one frequency is pro-
duced in the plate circuit. These big surges are the beat
note, but they still are at a radio frequency (463 kilocycles).
We could also tune our oscillator to 535 kilocycles and get
a beat note of 465 kilocycles (1000 kilocycles — 535 kilo-
cycles = 465 kilocycles).

The Intermediate-frequency Stages Amplify Only a
Narrow Frequency Band. The intermediate frequency
transformers can be tuned by the small trimmer condensers
to a narrow band of frequencies near 465,000 cycles (465
kilocycles). When you adjust the trimmer to line up the
set, you tune each coil and condenser to the same frequency
near 465 kilocycles. This is the frequency of the station
which you are using as a line-up frequency. If you had a
special oscillator, you would line up the set at exactly 465
kilocycles. This means that it would only allow a signal
to pass through the intermediate-frequency coils and tubes
that has a frequency of 465 kilocycles and would reject or
kill any other frequencies. The intermediate-frequency
stages are simply radio-frequency stages with fixed
tuning.

Suppose a station operating on 1500 kilocycles is picked
up by the radio-frequency part of the set. We then tune
the oseillator to 1965 kilocyeles to get a 465-kilocycle beat
note. This beat note feeds through the radio-frequency
intermediate-frequency amplifiers, to a second detector.
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If the station frequency is 700 kilocycles, you tune the
oscillator to 1165 kiloeycles. Again the beat note is at 465
kilocycles and will pass on through the intermediate-fre-
quency amplifier.

The oscillator is tuned to each station so the radio-fre-
quency beat note between the two will be at 465 kilocycles.
The oscillator is built to tune to a frequency above the
incoming signal frequency, for this permits the use of
smaller coils and condensers in the set.

Sharpness of Intermediate-frequency Tuning. If the
intermediate-frequency stages were built so they would
tune with extreme sharpness, they would cut off so many
of the high notes of music that you would not enjoy listening
to the set. Therefore they are designed to operate best at
465 kilocycles but to work well for 5000 cycles on either
side of this frequency. So they actually operate well over
a band of frequencies from 460,000 cycles to 470,000 cycles.
This set will receive the frequencies the average broad-
casting station sends out. Iligh-fidelity broadcasting sta-
tions operate over a 20-kilocycle band.

Amateur superheterodyne receivers, which are designed
to receive code, tune very much sharper than for programs.

The Detector and Audio Amplifier. This tube acts as
the ordinary detector tube. It makes the radio-frequency
pulsations which have been amplified by the radio-fre-
(uency stages into the audio-frequency pulses which can be
heard in the phones. If you desire, you can add power
audio stages to increase the volume of the signal. The
operation of these circuits has been described earlier in this
chapter.

Questions

1. Try striking various keys on a piano to listen for the beat notes.
Strike keys close together and keys farther apart to hear the difference
in pitch of the beat notes.
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2. Can you hear the carrier wave from a radio broadcasting station?

3. How can vou find the frequency of the beat note produced by the
two radio-frequency waves?

4. Suppose your set were reeeiving a station with a frequency of
900,000 cyeles. At what two frequencies could you set your beat
oscillator in order to produce a heal note of 465,000 cycles?

6. If you are receiving from a station with a frequeney of 1,000,000
cycles, what frequencies are applied to the grid of the first detector
tube? Would there be one, two. or three frequencies in the plate circuit
of the first detector tube?

6. If you are receiving from a station with a frequency of 120,000
éveles. is it better to tune the beat oscillator to a frequency above
120,000 cycles or below that frequency in order to get a beat note of
465,000 cveles?  Give reasons for your answer.

7. Explain why it is usually more satisfactory to have sets for receiv-
ing code tune more sharply than sets for receiving music?

How to Combine Sets Used in This Chapter into Practical
Sets

Set 1.. Type 27 Detector. This is a simple outfit, easy
to operate, and one which is ideal for beginners to experi-
ment with. This set is shown in Fig. 209.

Set2. Type?7 Detector—Type 27 Audio Amplifier. - With
this set you can get louder signals.

Set 3. Type 27 Detector-Type 27 Audio Amplifier=Type
45 Power  Audio Amplifier—Speaker. The power audio
amplifier makes possible the use of a speaker. This set
gives good quality signals but will not receive over much
distance. :

Setd4. Type?27 Delector-Type 47 Power Audio Amplifier—
Speaker. 'The type 47 power amplifier replaces both the
type 27 and the type +5 amplifiers. You will get good
volume, but the quality is much poorer than when you use
the type 45 tube.

Set 5. Type 24.1 Detector-Type 47 Power Audio Ampli-
fier—Speaker. When you replace the type 27 detector with
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a type 24A detector, you will have a much more sensitive
set which will receive over greater distances than the other
sets. 0

Set 6. Type 244 Radio-frequency Amplifier-Type 244
Detector—-Audio Amplifier (either the audio arrangement of
set 3 or of set 4) and Speaker. The radio-frequency ampli-
fier makes the set very much more sensitive so it will
receive over great distance.



CHAPTER IX
SHORT-WAVE SETS

The Early Use of Short Waves. The history of radio
shows a constant change in the wave lengths we have been
using for sending and receiving purposes. The first stations
were constructed with very long aerials which operated on
wave lengths as long as 20,000 meters. It was believed
for many years that the long wave lengths were best for
long-distance communication.

Amateurs were first given the wave lengths below 200
meters. It was thought that these short wave lengths
(waves of higher frequency) were useless commercially,
and the attitude was to *““give the boys something to play
with” that would be of no use to the commercial companies
or the military or naval services. But the amateurs began
to build up an enviable record by sending messages over
long distances on the short waves at times when the com-
mercial and even the government services could not get
through with their longer wave lengths and higher-power
apparatus.

The Short-wave Bands Come into Use. Investigation
soon showed that stations using the higher frequencies and
shorter wave lengths were able to operate over long
distances on quite low power. The development of
vacuum-tube transmitting equipment further assisted the
development of the short waves, and today it is common to
find many services, government and commercial and ama-

teur, in the short-wave bands.
376
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The amateurs now use several different bands of fre-
quencies whose wave lengths are 160 meters, 80 meters, 40
meters, 20 meters and 10 meters. Wave lengths shorter
than 10 meters were, until recently, believed to be useless.
Chapter XIII takes up a set for receiving these ultrashort
waves. Even the 10-meter band was considered doubtful.
Sets operating on 10 meters were cranky and hard to get in
operation.

But 20 meters and 10 meters proved to be capable of
carrying signals over unheard-of distances. At one time
the 160-meter and the 80-meter bands were occupied by
beginners and a few phone stations. These bands seem-
ingly did not operate well over long distance. But the
40-meter band seemed to be an all-around good band for
distance both day and night. Later, the 20-meter band
was found to be a marvelous daylight band for distance,
or “DX” operation.

Principles of Short-wave Sets. 'The short-wave receiver
is different from the long-wave receiver only in the size of
the coils used in the tuning circuits and the size of the
tuning condensers. The short-wave sets use the same
circuit that we used in the direct-current and alternating-
current receivers. Short-wave receivers used for continu-
ous-wave telegraphy use oscillating regenerative detector
circuits so. the broken carrier wave formed by the key at
the transmitting station may be made hearable in the
receiver. Code cannot be heard on the simple nonoscil-
lating detector. Refinements in the tuning system are
needed because the amateur bands and other short-wave
bands are narrow and require quite sharp tuning.

Short-wave Plug-in Coils. Since the amateur bands are
separated and are narrow, it is not convenient to wind a
coil which will cover all of the bands. Instead, small coils
are wound on forms which are fitted with prongs as on a
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tube base, so a coil which will tune over a narrow band of
frequencies may be connected into the tuning circuit and
may be easily exchanged for a coil of a different size. In
this way the same set will operate on many frequencies.
The same tuning condenser is used throughout. Vernier
tuning is accomplished by using small condensers parallel
to the main tuning condenser and by using a slow-motion
dial. A favorite circuit for beginners is a detector-amplifier
circuit which later may be improved by the addition of a
stage of tuned radio-frequency amplification.

This circuit is improved further by thorough shielding to
form a quite satisfactory communication-type receiver.
This circuit is used at the present time by many amateurs
for distance operation both on code and amateur telephone
work,

Aerials used for short-wave receivers are described in
Chapter XII. A favorite aerial for these receivers is the
doublet type. Many amateurs who have sufficient space
have a separate doublet for each band on which they expect
to operate.

Contents of This Chapter

. The One-tube Direct-current Detector Set

. The Construction of Short-wave Plug-in Coils

. The Dircct-current Detector Set with Panel Added

. The Electron-coupled Regenerative Receiver

. A Two-tube Short-wave Receiver

. Suggestions for Breadboard Circuit Arrangements

. The Alternating-current Short-wave Communication-type Receiver
8. The Tuned Radio-frequency Receiver

9. A Tuned Radio-frequency Receiver with Mectal Chassis and Panel
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1. THE ONE-TUBE DIRECT-CURRENT DETECTOR SET

The Six-prong Coil Circuit. In this set we shall use the
three-coil circuit with condenser-controlled regeneration.
We shall use a six-prong plug-in coil form on which to wind
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the aerial coil, the grid coil, and the plate coil. This makes
the circuit simple to study and to handle.

This circuit is useful later when we connect a tuned
radio-frequency amplifier to the detector circuit.

The Circuit. This is the familiar one-tube detector cir-
cuit studied in Chapter V. But in this chapter it is adapted
to use as a short-wave receiver.

The Coil and Condenser. In place of the large coil and
condenser we shall use a midget tuning condenser or a cut-
down broadcast condenser. The coil will be half the
diameter of the broadcast coil and will have less wire.
Otherwise the circuit and its handling is the same as for «
broadcast detector set.

How to Build and Wire the Set

Parts Needed. The new parts for this set will be a six-
prong wafer socket to be used as the base for the plug-in
coil; a 23-plate midget tuning condenser; a .0001-microfarad
grid condenser and a 2-megohm grid lecak. We shall use
the same tube, tube socket, rheostat, by-pass condenser,
and radio-frequency choke coil used in the long-wave sets.

Variable Condensers. The 17- to 23-plate midget vari-
able condenser called for in this set has a capacity of about
150 micromicrofarads. Condensers of this capacity manu-
factured by different companies have a different number of
plates. The stator plates of some midget condensers can
be removed to change capacity.

The regeneration-control condenser must be somewhatl
larger than the tuning condenser for the best results.

Grid Condenser and Leak. Use a grid condenser of
.0001-microfarad capacity. This size is most efficient on
short waves, but a condenser of .00025 microfarad or .0005
microfarad will work. The .0001-microfarad condenser
will bring distant or faint stations in more loudly. Try
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several grid leaks in the set. Use the one that brings in
the signals loudest.

The Radio-frequency Choke and Body Capacity. The
receiving set will work with no radio-frequency choke, but
the tuning of the set will be affected when your hands are
near the phone cords. This is caused by the radio-fre-
quency component in the cord. The radio-frequency choke
stops the radio-frequency surges in the phone cords and
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Fie. 248. Short-wave detector set using direct-current tube.

forces them to by-pass through the regeneration-control
condenser to the cathode.

When the hand touches or moves away from tuning dials,
the capacity of the body changes the tuning. The body
acts as a series condenser. Connect the rotary plates of
the tuning condenser to ground (B negative), where the
radio-frequency voltages are lowest and less effect is noticed
from hand capacity. .

How to Wire the Set. Wire as shown in the wiring
diagram in Fig. 249 and board layout in Fig. 248. Connect
the grid-return wire to the A positive wire. Motorboating
and poor regulation sometimes occur when the grid wire is
connected to the A negative wire.
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Wiring Cautions. Wire the short wave sets carefully.
Sets operating on the higher frequencies are more sensitive
to noise and to poor connections than are the long-wave sets.

Radlio-

- frequenc
choke 2/
.
1-\ 23, ,o/a fes
8 - o—
Plug in coils - A + - B w5
6 volts 45volts

Fic. 249. Circuit of direct-current short-wave detector set.

Solder all joints. Mount all parts solidly so no vibration
of any parts occurs in ordinary handling and tuning.

Questions

1. Compare the size of the regencration condenser with the tuning
condenser in short-wave sets.

2. Compare the size of the grid condenser in short-wave sets with this
condenser in broadcast sects.

3. Why is there body capacity in short-wave sets which use no
radio-frequency choke?

9. THE CONSTRUCTION OF SHORT-WAVE PLUG-IN COILS

Coils for the short-wave bands with wave lengths below
200 meters (frequencies above 1750 kilocycles) are smaller
than coils used for the long-wave sets. The tube on which
the short-wave coil is wound is smaller than the coil for the
broadcast sets.
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We shall build four coils so their tuning ranges overlap.
The tuning range will start at about 1500 kilocycles and
range up tv 15,000 kilocycles. We
shall show construction and wiring
for coils using five- and six-prong
tube bases and tube sockets.

How to Build and Wind a Set of
Plug-in Coils for a Six-prong
Base

Make the Coil Forms. Purchase
a 10-inch length of 1}-inch (outside
diameter) bakelite tubing with -
inch wall at a metal supply house.
Tubing of this size will just fit over
the standard four- and five-prong

SRR

P ————

s
$ ;Q : tube bases. It may be possible to
N é% ‘ find tubing of the correct size that
§\ § was used for a coil form in an old
N ’ set. Larger tubing may be used,

e57" but the number of turns must be
cut down if the same size of wire

l"l(.;. 250, ('utfu\'ay view 1s used.
;ll':’t‘;:;ﬁ ul)“":'becl‘)’;lsc'f"”" ®  Saw the tubing into four picces

cach 2% inches long. Use a fine

blade in the hacksaw and turn the tube while sawing to
prevent chipping. The saw chips the edges of the tube
where it leaves the cut. Smooth the ends of the tube with
a coarse file. Iinish by rubbing on a picce of sandpaper
laid flat on the workbench,

Fasten the Coil Form to a Tube Base. Slip the bakelite
tube over the tube base (see Fig. 250).

Mark the position of four holes about § inch from the
lower edges of the bakelite tubing with a sharp point.
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Drill %-inch holes at the
marks through both the
bakelite tubing and the tube
base.

Drive four hardwood pins
into the holes and cut them
off flush with the surface of
the tubing. These pins will
hold the tube base firmly in
position in the tubing.
Metal pins lower the effi-
ciency of the coil somewhat.

How to Arrange the Coils.
The grid coil is placed at
the top of the coil form as
far as possible from the metal
parts of the base. The
effect of metal near the grid
coil is very noticeable at high
frequencies. 'The efficiency
of the plug-in coil with the
grid coil at the lower end of
the form is much less than
when the grid coil is wound
at the top of the form. The
station volume is less, and
the tuning is not as sharp.

The position of the plate
and the aerial coils has less
effect on the operation of the
set than does the position of
the grid coil.

Wind the Grid Coil
Make a small hole in the tub-
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ing with a dental drill about - inch from the upper edge of
the coil and fasten the wire at the end of the grid coil by
passing it through the hole. Make this hole opposite the
prong to which the grid end of the coil is to be soldered
(see Fig. 251).

Slip the end of the wire through the hole in the tubing,
run it down through the hollow prong, and bend it back
over the end of the prong to hold it while you are winding
the coil. Fasten the other end of the wire in a vise or
around a nail to keep the wire tight while winding. Wind
on the number of turns shown in the coil winding table for
the grid coil (page 386). Keep the wire tight while
winding. Count the turns by slipping a screw-driver blade
over the coil lightly. You can hear a light tap as the blade
drops from wire to wire.

When the proper number of turns is wound on, cut off
about 6 inches more wire than the turns have required.
Hold the end of the winding in place. Mark the position
of the end of the grid coil in line with the prong shown in
Fig. 251, and drill a hole. Slip the wire through the hole
and pull tight, run through the base prong and bend over
to hold in place as before.

Small-sized wire on the grid coils is not desirable, as the
radio-frequency currents flowing in this circuit are very
weak, and wire resistance should be kept as low as possible
so the current can build up at resonance.

Wind the Plate and Aerial Coils. Now drill a hole to
start the plate-coil winding. Space the plate coil about §
inch away from the grid coil. See Fig. 251 for the position
of the hole.

The plate coil feeds back energy from the plate circuit
to the grid circuit so the set will oscillate.  Use size 28 or
30 wire on the plate coil to bunch the field around the
plate coil.
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Wind the aerial coil. Space it about % inch from the
grid coil.

Fasten the Coils in Place. When all of the coils have
been wound, scrape the wire ends sticking through the base
prongs and fasten them with a drop of solder.

Paint the coils with nail polish, clear lacquer, or collodion
to hold the winding in place so that the wire will not loosen
as the coils are handled when they are plugged in and out
of the socket.

The 20-meter Coil. The turns of the 20-meter coil are
spaced the diameter of the wire to keep down distributed
capacity. This is done by winding two wires of the same
size side by side. When the winding is finished, one wire
is removed and the winding fastened in place with collodion
or nail polish.

The insulation on spaced windings may be silk, cotton,
or enamel, since the spacing kills the capacity effect between
wires or reduces it until it is too small to consider. The
wires may be bare.

Use size 18 or 20 wire for the 20-meter coil.

Questions

1. Describe the most efficient method for fastening the bakelite
tubing onto the tube base.

2. Why is the grid coil placed at the top of the tube?

3. What is the disadvantage of using small-size wire for the grid coil ?

4. Explain how to “space wind” a 20-meter coil.

6. Why is spaced winding necessary?

6. What is the objection to using enamel wire on close-wound short-
wave coils?

Coil-winding Turns

The Grid Coil. The number of turns on this grid coil
controls the range over which the set will tune when
shunted with a midget condenser. Wind on too many
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turns at first, then cut off turns until the desired tuning
range is covered (see Fig. 251).

The Plate Coil. The number of turns on this coil controls
the fecdback and the regeneration. Wind on too many
turns. Then cut off a turn at a time until the set goes into
oscillation with the condenser or the variable resistor at
about the center of the dial.

The Aerial Coil. The number of turns on this coil is
not critical. Wind on cnough turns to give a good transfer
of energy to the grid and plate coils. Try adding to the
number of turns to see if the signals will be louder. "Too
many turns will cause broader tuning and may cause dead
spots where the set will not oscillate.

Space the coils about § inch apart. If there is too much
coupling between coils, increase the space to about 1 inch.

The connection of each coil to the base prongs is made in
such a way that crossing is avoided in the set wiring.

CoiL Wixping TaBLE

Wave-length | Grid Coil,  Plate Coil, | Aerial Coil, Wire Size
Range, Meters Turns Turns Turns for Grid Coil
160 70 20 10 #28 double silk cover
80 3540 10 6-8 #22 double silk cover
40 18 6 4-6 #22 double silk cover
20 5 3 5 #18 enameled cover
Questions

1. The range over which the set will tune is controlled by the number
of turns on which coil

2. The feedback and the regeneration are controlled by the number
of turns on which coil?

How to Wind a Set of Plug-in Coils on a Five-prong Base

Coil Arrangement. Wind the grid coil on the upper part
of the tube so it will be as far from the metal prongs as
possible.  Wind the plate coil below the grid coil. You will
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notice that the connection to
the grid is made at the top
of the coil as for the six-prong
base coil (see Fig. 252).

Use of the Five-prong Base
Coil. This coil is widely used
by amateurs and is very pop-
ular. In the two-tube short-
wave set the aerial coil is
grounded to the same prong
to which the ground of the
grid coil is connected. One
disadvantage in using this
type of coil is that transformer
coupling cannot be used be-
tween the radio-frequency
stage and the detector stage.
Impedance coupling must be
used instead.

Coil Winding Turns. Use
the same number of turns for
cach coil as was used for the
six-prong coil form.

Questions

1. When five-prong coils are used.
to which base prong is the aerial
coil grounded?

2. What type of coupling must be
used on sets which have five-prong
coil bases?

How to Adjust the Number of
Turns on Plug-in Coils

The Effect of Different
Sizes of Wire. We find the

Grid
cor

Plate
coll

Aerial
cofl

Bottom of
coi! base

Fic. 252. Plug-in coil and socket,
five-prong.
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number of turns for a coil by winding on too many turns.
Then we cut off turns till the set works well. If the wire
size given in the table is used, little adjusting will be neces-
sary. Perhaps the set will not oscillate or it will squall.

If smaller wire is used, wind on the number of turns
called for. The effect of using smaller wire will be the
same as if too many turns were on the coils. Turns can
then be cut off to balance the coils.

If the wire is too large, wind on two extra turns for every
ten turns called for in the coil-winding instructions. As the
wire gets farther from the correct size, add more turns.

The First Set of Coils. It is a good idea to wind test
coils with scrap wire. The first coils will then be an experi-
ment, and you will not feel particular about their appear-
ance and you will not be reluctant to add or cut off turns.

Fasten the ends of a short piece of wire with a drop of
solder. After the first coil is wound and balanced, a better
looking coil can be wound on the same form.

Adjust the Plate Coil First. The set must oscillate to
receive code and to locate the short-wave stations, especially
the distant ones. Reverse the connections to the plate
coll if the set will not oscillate.

B Voltage. Use the correct B voltage for the tube to be
used in this set. If the B voltage is too high the set will
squeal and will be hard to adjust for sensitivity., It will
go into oscillation too casily.

If too many turns are wound on the plate coil, the set
will oscillate too strongly and may squeal or ““pull over”
into oscillation. This is shown by ecither a bad audio
squall or howl or by too loud a pop in the phones when the
grid wires are touched.

Cut off turns, one turn at a time, until the set oscillates
gently with the condenser or resistor set half in. Too
large a grid leak will cause oscillation to start with a loud
bang instead of with a soft thud.
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Too Few Turns. When not enough turns are wound on
the coil, the set will not oscillate. Oscillation will not start
even when the condenser or resistor is turned full in or
when the B voltage is increased. The remedy is to add
about twice as many turns of wire as you think you will
need so that there will be extra turns to cut off.  Wind the
extra turns on top of the coil if necessary.

Now Adjust the Grid Coil. The number of turns on the
grid coil determines the width of the frequency band over
which the set will tune. The size of the tuning condenser
is fixed so the number of turns on the grid coil determines
the frequency band to which the set will tune when the coil
is plugged in.

Wind more turns on the grid coil if you want the coil to
reach higher wave lengths, Take off turns if it tunes too
high.

It will be found that changes in the number of grid coil
turns have some effect on regeneration. Adjust the
number of turns on the plate coil after changing the grid
coil if necessary.

Adjust the Aerial Coil. The aerial coil must have turns
cnough to induce currents in the grid and plate coils that
will operate the set.  Too few turns will not supply enough
energy to the set to hear the signals in the phones. The
set will not be sensitive.  Weak and distant signals will
not be heard.

But too many turns on the aerial coil make the coupling
so close that tuning is broad, and it is hard to separate
stations with the tuning condenser. The set will go out of
oscillation at different places on the dial. When this
happens, either remove turns from the aerial coil or space
the coil farther from the grid coil to loosen the coupling.
The aerial coil is the least sensitive of the three coils to
adjust.
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The 20-meter Coil. 'The 20-meter coil is the most
critical to adjust. At the higher frequencies feedback is
greater. 'The 20-meter coil often goes out of oscillation at.
one or more places on the condenser dial.  This is caused
when the aerial is in resonance with the grid coil. The
aerial circuit then draws cnough energy from the set to
stop oscillation.

Oscillation can be started again by increasing the plate
voltage or by adding to the turns on the plate coil.  Change
in plate voltage is not desirable. 'The plate voltage should
be the same for all coils. If adding to the turns does start
oscillation but also starts howling, some other method must
be found to keep the set oscillating.

The aerial may be shortened or lengthened a few feet.
When the length is right, the set will oscillate again over
the whole condenser range. A small variable condenser in
series with the aerial has the same affect but adds another
-adjustment which is not desirable. Change the number of
turns on the aerial coil.

Sometimes a radio-frequency choke in the plate circuit
between the phones and the plate coil will stop the trouble.
Wind 200 turns of size 36 wire scatter fashion on a 4-inch
dowel 2 inches long for the choke. Keep the winding not
over 1 inch long.

Questions

1. If you arc using smaller wire than is listed in the table, will it be
necessary to wind on more or fewer turns than are ealled for?

2. How is the operation of a set affected when not enough turns are
wound on the plate coil?

3. Is the frequency band over which a set will tune controlled by the
condenser or by the number of turns on the grid coil?

4. Explain why sets on the 20-meter band will often go out of oscil-
lation at certain places on the condenser dial.

5. Make a list of mecthods for correcting faulty oscillation on short-
wave sets,
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8. THE DIRECT-CURRENT DETECTOR SET WITH PANEL ADDED

The addition of the metal panel has several advantages
over the breadboard layout. The set can be made some-
what more compact. This does away with much con-
necting wire and makes the set a bit more efficient.  Shorter
wires in the tuning circuits increase set efficiency. 'The
smaller set takes less table room, if used for code practice,
and leaves space for paper and other equipment.

The metal panel shields the set parts and makes tuning
steadier. There is no hand capacity.

In this set we shall combine a breadboard circuit layout
with a metal panel or shield. Here we shall take up the
slight changes in wiring and set arrangement needed to
adapt the circuit to use with the panel.

This set is wired so it still follows the appearanee of the
circuit diagram (Fig. 249). The metal panel supports the
three controls used in the short-wave set. The panel also -
acts as a shield to prevent body capacity from interfering
with tuning.

How to Build and Wire the Set

Baseboard. Mount the set on a baseboard.

Panel. Screw a metal panel to the front of the set base.
Make the panel of brass, galvanized iron, or aluminum.
The metal should be between & and # inch thick and 6
inches high. Make the panel as long as your breadboard.
'The iron may be thin because it is fairly rigid; the brass
and aluminum should be thicker because of softness and a
greater tendency to bend.

Bore three holes through the panel 2% inches above the
baseboard, one for the tuning condenser, another for the
rheostat, and the last for either the volume-control con-
denser or variable resistor. The size of the hole depends
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on the size of the mounting screws on the condenser or the
rheostat.
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Fig. 254, Circuit of detector set.

The Position of the Parts. Place the parts as shown in
Fig. 253. Use either a .00025-microfarad grid condenser
or a .0001-microfarad condenser and a 2-megohm grid leak.

How to Wire the Set. Wire the set as shown in Fig.
254. The use of the panel makes it necessary to put the
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battery connections at the rear of the board. This makes
minor changes in the circuit.

How to Operate the Set

The operation of this set was described in Chapter V.

How It Works

The explanation of this circuit is the same as for the
corresponding direct-current receivers in Chapter V.

Question

1. Compare the advantages and disadvantages of resistance-con-
trolled regeneration with those of condenser-controlled regeneration.

Circuit with Regeneration Control by a Variable Resistor

A resistance regeneration control detunes the set less than
did a condenser control. But a poor resistor is apt to be
more noisy in operation and will break into oscillation more
easily. The set is not as stable in operation as is a con-
denser-controlled set. This set is a simple one to build
and to operate (see Fig. 255 and Fig. 256).

4. THE ELECTRON-COUPLED REGENERATIVE RECEIVER

A useful development in regenerative circuits is one using
a portion of the grid coil for feedback in place of using a
plate coil. This circuit is used with a screen-grid tube or
a cathode-type tube.

Examine the circuit shown in Fig. 257. This circuit .
shows that the cathode is connected to a point near the
ground end of the coil. The regeneration is controlled by
the amount of B voltage on the screen grid of the tube.
The benefit of using this type of circuit is that it is a stable
oscillator, being much better in this respect than any we
have used. This is of great advantage when using a set
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for receiving code signals. This circuit is often used for
monitors and in frequency meters for testing transmitters.

Aeriol
SO0 > =
Rad/ro-frequency
@ choke
7 3
) S[
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Fie. 255. Detector set with resistance regeneration control.
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Fig. 256. Resistance regeneration control circuit.

How to Build and Wire the Set
See Fig. 258 for the board layout.
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The Coil. Wind the coils on five-prong forms. You
will need an aerial coil and a grid coil. Use the same

l | 0.006 fo 0.0/ it
T 24A
H——" ——

Couplin
Cong’ensger

o

Radlio-
frequency
choke

€
~IFCathode
fap

I A

B+ B+
2744045 135volts
volts
Fic. 257. Electron-coupled regenerative detector circuit.
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Fig. 258. Electron-coupled regencrative recciver.

number of turns for these coils as for the other plug-in coils.
Connect a wire about an eighth of the number of turns
from the ground end of the grid coil (see Fig. 259). This
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is the cathode tap. Drill a hole through the form at this
point. Run the cathode wire to one prong of the tube hase.

a

__/i

2
3 I
S L
To grid
condenser
—> Cathode
= fap

I1g. 259.  Connections of five-prong coil for elect ron-coupled set.

\L
#

B battery
F16. 260. Regenerative detector circuit. The A-battery wiring is omitted for
greater simplicity.

The Circuit. When you use a screen-grid tube, you must
couple to the amplifier through either a resistance or an
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impedance coupling circuit. Regeneration is controlled by
the screen-grid resistor.

How to Operate It

This set is operated in the same manner as are other
short-wave receivers.  You will find that it is easy to adjust

]

i

1. 261.  Regenerative cireuit, with B wiring redrawn.

close to the oscillation point and that once adjusted it will
not break into oscillation casily.

How It Works

We can understand the operation of this circuit by com-
paring it to the familiar regenerative circuit we have studied
in Chapters V and VIII. This circuit is shown in Fig. 260.
Energy in this circuit is fed from the plate circuit back to
the grid circuit by means of a plate coil.

Let us redraw this circuit into a new form. In Fig. 261
we show the plate coil and its connecting wires drawn below
the grid coil instead of above as it was in Fig. 260.

To simplify this circuit, we shall move the position of
the B battery to the wire between the plate and the plate
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coil.  This leaves two wires M and N in Fig. 262 which are
connected together at X. The circuit will operate just as
well if this connection is made between the coils.

1
Cr
% _ M X C}/)

—I—
B battery

Fie. 262, Regenerative cireuil, with B battery moved to new position in circuit.

:

Fia. 263, Regenerative eircuit, plate coil connected to grid coil.

L
rl
“llllllll“?—Qp_

We can now draw one coil instead of two (see Fig. 263).
Instead of connecting the tuning condenser across the grid
part of the coil, we shall connect it across the whole coil.
This set, shown in Fig. 264, operates the same as did the
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original regenerative circuit (see Fig. 260). The plate part
of the coil feeds back energy to the grid part of the coil as
before.

6. A TWO-TUBE SHORT-WAVE RECEIVER

The two-tube set shown here is a breadboard unit with
a metal panel. It is a combined detector and audio ampli-
fier used to familiarize you with a more compact set and
the wiring problems that come from close spacing of parts.
This set is so easy to build and wire that it is a favorite
with many radio amateurs and experimenters as a set to

\l
vl

Or
o

N[

Iig. 264. Electron-coupled circuit is the regenerative circuit, with tuning
condenser across entire coil.

T\

use for learning the Morse code by listening to commercial
stations that send out press and news items.

After you build a set, you will find that you necd a week
or two to become familiar with its peculiarities of operation
so you can get the most out of it.

This set is sensitive enough to receive stations at a good
distance, yet it is not so sensitive that its tuning is critical
and hard to learn.

How to Build and Wire the Set

Tubes. Use the type 27 tubes in both the detector and
audio-amplifier circuits.
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Board Layout. Set the parts on the board as shown in
the board layout in Fig. 265. The detector tube socket
will be at the left near the plug-in coil. The grid leads
must be as short as possible. The coil must be at least
13 inches from the tube or the condenser on the panel.

Plate

B- Radio- , o
Qoopzs i frequency H i !
m¥F ! choke
S
?
3 - 5
o X Cor/ + ‘
S ? 6/2 S, H
f o L/H Phones
¢ 20000hms AN
J [ 027 of—Ao
~ \‘1 g
.8 .
< =caee
< S R Imf | |ImF
E = = ‘ ___1500000hms
) e — =

Fig. 265. Two-tube short-wave set.  The connections to the plug-in coil are
shown above.

Any convenient arrangement m.l\ be used for the parts of
the audio amplifier.

New Parts. (‘oils. Wind one or more plug-in coils to
cover the frequency bands on which you wish to receive.
Wind each coil on a five-prong form.

Condenser. Use a 23-plate midget cundensel for rough

tuning and a 3- to 7-plate midget for fine or “band- -spread ™’
tuning.
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Grid Condenser and Leak. Use a .0001-microfarad grid
condenser with a 2-megohm grid leak for a short-wave set.

Other Parts. The other apparatus is the same as that
used for detector and amplifier circuits.

The Tuning Circuit. Follow the circuit diagram in Fig.
266 carefully. Note the wires from the grid coil to the

g fRaa’/'o-
requenc
choz(e, 4

0.000/m*f » p

ohms L ‘l
L L X ==0eoo0zs XX
= T £
g [ 7me 2,000
B+ IF ohms

A4 50,000
| ohms
20 ohms i
= [

24 volts Ground B+ B+
AC. B- 90 volts 135 to 180
volts

Fig. 266.  Circuit for two-tube short-wave set.

grid condenser and grid leak, then to the grid of the type
27 detector tube; make these as short as possible both for
efficient operation and to prevent feedback from plate wires.
Keep wires from the grid coil to the tuning condensers as
short as possible. Use a vernier dial for fine tuning on the
3- to 5-plate midget tuning condenser.

Keep the plate leads short and as far as possible from the
grid leads. If it is possible to run the plate leads at an
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angle to the grid leads, there will be less chance of induction
from the plate leads to the grid wiring.

Run a wire from the B negative or ground connection to
the panel. Generally the variable condenser mounting to
the rotor plates grounds the set.

How to Operate the Set

Sce How to Operate the Set in part 4 of Chapter V.

Tune with the receiver adjusted so it is oscillating.

The two tuning condensers connected in parallel are new.
Tune first with the large condenser to the approximate
setting for the station you wish to receive. You will soon
learn where to set this dial for any group of stations. You
can mark these positions easily.

Tune accurately to the station with the vernier dial
attached to the small condenser, without changing the
setting of the large condenser.

Turn back the regencration control until the set just goes
out of oscillation. You will hear the stations best here.

Why It Works

See the explanation of Why It Works in part 4 of
Chapter V.

The Band-spread Condenser. The capacity of the 3- to
5-plate condenser connected in shunt across the 23-plate
midget tuning condenser adds to the capacity of the larger
condenser. The two condensers then tune to a lower
frequency.

Tuning with the small condenser makes a small change
in the total capacity of the two condensers and so permits
us to tune very closely. The effect is the same as if the
stations on the band to which we are tuning were “spread”
apart. We can now hear stations that we would otherwise
be unable to tune in.
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The vernier or slow-motion dial gears down the motion
of the knob so the condenser plates can be moved distances
much less than is possible by turning an ordinary dial with
the fingers.

6. SUGGESTIONS FOR BREADBOARD CIRCUIT ARRANGEMENTS

Here are several circuit combinations using the circuits
we have just studied as applied to short-wave sets mounted
breadboard panel style. It is worth while to build several
sets arranged in this fashion to become accustomed to
using these circuits before attempting to put the same
circuit on a metal chassis. ‘

Set 1. Direct-current Detector Set—Type 014 or Type 30
Tube. This is a direct-current one-tube detector circuit,
using a coil mounted on a six-prong tube socket. Use
cither resistance or condenser regeneration control.

Set 2. Direct-current Detector Set—=Type 014 or Type 30
Tube. 'This set is the same as set 1, but it uses the five-
prong coil socket in place of the six-prong socket. If you
wish to use a radio-frequency amplifier with this set, it is
desirable that the six-prong socket be used instead of the
five-prong.

Set 3. Direct-current Detector and Audio Amplifier on

"One Board-Two Type 014 or Two Type 30 Tubes. This set
is a combination of the two circuits mounted on the same
board, which makes a nice set for the beginner to use while
practicing code and learning the answers for amateur radio
license questions. This set works quite well. It is easy to
build and to get in operation. It is not so sensitive that
it is hard for the beginner to handle.

Set 4. Alternating-current Detector—Audio Amplifier Set.
This set is similar to set 3, but the type 27 tube is used in
place of the type 01A or type 30 tube.
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Set 5. Screen-grid Detector ('ircuit. 'The screen-grid
tube is used in the detector set with the standard circuit
using a six-prong coil socket.

Set 6. _.ludio Amplificr Added to the Screen-grid Detector.
In this sct we use a screen-grid detector with a type 27
audio amplifier. This is a very sensitive set which may
be used for communication work and is efficient and
inexpensive.

7. THE ALTERNATING-CURRENT SHORT-WAVE
COMMUNICATION-TYPE RECEIVER

How to Build and Wire the Set

The Breadboard Arrangement. Lay out the parts on
the board, as shown in Fig. 267.  'This circuit and the parts

Radio-fr
T B S  sovolts_iovols

000025t /' o g e

) P
T 24A %
CO// l l ype 4 2

ﬂ H St |

Lt 50,000 I ‘ \”"f
= ohms Wm = |

1. 267. (‘mnmunw.mnn receiver,

layout is the same as for the set using two type 27 tubes.
A tube shicld is placed over the screen-grid detector tube in
this set.  Use a type 24\ detector and a type 27 amplifier
tube.
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How to Wire It. Run the grid wire either from the coil
socket or directly from the top of the coil form (see Fig.
268). While this latter arrangement keeps the grid wires
short, yet a connection must be made to both ends of the
grid-condenser—grid-leak unit. One end runs to the tube
cap, and the other end runs to the coil.

One other change is the wire lead for the screen-grid
connection.

Grid Condenser and Leak. Use a .0001-microfarad grid
condenser and a 2-megohm grid leak. The .0001-micro-
farad condenser makes the set more sensitive for distant
and weak stations.

How to Operate It

Turn on the heater current. Use the plate voltage
shown in Fig. 268.

This tube is so sensitive that the circuit must be carefully
wired and adjusted to prevent feedback, squealing, and
dead spots where the set will not oscillate in tuning. You
will also find it necessary to get the screen voltage and the
plate voltage correct in order to get the best efficiency out
of this set. A direct-current voltmeter should be used to
test the plate voltages.

The operation of the tuning controls and the adjustment
for oscillation have been explained in Chapter VIII.

Question

1. Describe the characteristics of this set in comparison with the
other sets which did not use a screen-grid tube.

8. THE TUNED RADIO-FREQUENCY RECEIVER

The famous tuned radio-frequency set so greatly favored
by amateurs for a communication receiver is a simple and
most efficient circuit for short-wave sets. This set will be
made up of one stage of tuned radio-frequency amplifi-
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cation, a detector, and one stage of audio amplification,
using two type 24 tubes.

Tuned radio-frequency amplification stages are used to
build up the strength of very weak signals before they
reach the detector. 'This extends the range of the receiver
greatly, bringing in signals that could not be heard at all
with a detector set. For this reason a stage of radio-fre-
quency amplification is popular on amateur short-wave
receivers where distant reception is a chief object.

The addition of a radio-frequency stage to an amateur
set greatly sharpens the tuning and makes the set more
selective. A tuned radio-frequency receiver using three
tubes—a radio-frequency amplifier, a screen-grid detector,
and an audio amplifier—is very popular with amateur radio
operators where sensitivity and selectivity are important.
With these operators, volume is not important since most
of their reception is with earphones.

This set may be used not only for receiving amateur
signals but also may be adapted, by use of the proper-sized
coils, for a midget broadcast receiving set by adding a
power amplifier tube and a dynamic speaker. We shall
first build this set on a breadboard. Later it may be
rebuilt into a completely shielded metal chassis if a more
efficient set is desired.

While the set given here is not the last word in efficiency,
it is one with which you can experiment handily. It is
efficient enough for long-distance amateur telegraph and
telephone use, yet it is inexpensive and casy to tune. It
uses parts in its construction which can later be used for a
highly efficient set.

Baseboard. We shall mount the set on a wooden base-
board. After we have worked with the set enough to
become thoroughly familiar with its operation and its
hookup, we shall redesign it and place the parts on a metal
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subpanel and use additional shielding for the tubes and
coils.  We then place the wiring under the subpanel.
Band Spread. We shall want some form of band-
spreading device for finer tuning. Band spreading is
obtained by a number of methods; a common method is

—raa

Courtesy Western Electric Co,
Figurine Crime By MEeans oF Rapio

The mnodern short-wave radio is used in many cities as a means of communication
between headquarters and squad cars.

the use of a 3- to 5-plate midget condenser wired in parallel
with the main tuning condenser. By using a vernier dial
on this condenser, the tuning is made still finer. The main
tuning condenser is set approximately to the frequency

desired, and the band-spread condenser is used for the fine
tuning.
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This set is no longer the type of experimental set with
which we have been working so far in this book. Many of
the sets we have used have operated well over considerable
distance and have produced signals of quite good quality.
One reason for the efficiency of these sets has been their
simplicity. The parts were separated far enough so as to
avoid feedback from coupling between stray radio-fre-
quency fields or magnetic fields. None of these sets have
been built for beauty or appearance.

We are ready now to make up a set which is compact
and efficient and which will receive over greater distances
and will be easier to tune.

Shielding. Use a metal panel and arrange the set so
that it may be shielded. The set will work quite well with
individual shiclds over the radio-frequency tube and the
detector tube.

With the parts of this set laid out as shown in the board
layouts, the radio-frequency coil is placed at a considerable
distance from the detector coil.  This is done to prevent
feedback and poor tuning. By covering both the detector
tube and the radio-frequency tube with tube shields, this is
eliminated. Each tube shield must be grounded to the B
negative wire. A\ plate shicld may instead be set up
between the detector circuit and radio-frequency circuit.
This plate must be grounded.

The coils and tubes of one stage must be shiclded from
the coils and tubes of the next stage to prevent feedback,
which will cause squealing, dead spots in the tuning,
possible hum, and other annoying difficulties in operation.
Condensers need shields only on sets that have much
amplification.

A good type of shicld is made of sheet iron, stecl, or
copper, plated with chromium. The iron shields out any
magnetic effect between stages set up by audio frequencies,
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and the copper plating shields out all high-frequency cur-
rents which travel on the surface of the metal.

A copper or an aluminum shield is good for radio-fre-
quency shielding but is poor for audio-frequency shielding.
Tinned iron is better for audio-frequency shielding than
copper.

The power transformer, even when shielded, must be
kept as far away from the audio frequency stages as possible
to keep out 60-cycle hum. There is little feedback from
the power transformer into the radio-frequency circuits.

Individual Shielding and Box Shielding. Aluminum or
copper shields which fit over each tube are available on
the market. A coil shield-can must be about twice the
diameter of the coil and at least an inch or more from the
ends of the coil.  If the metal shield is too close to the coil,
it absorbs energy from the magnetic field of the coil and
cuts down on the strength of the signals. Individual shields
probably are better than box shields and are easier to install.

It is important in shielding to separate the side walls of
the metal box shiclds used between stages, because a single
wall between stages will have some coupling effect. It is
better to make two separate metal boxes with about 4 inch
of space between them, one box for cach stage.

Experimental Shielding. Place a metal plate between
stages or set a tomato can over parts of each stage to test
shielding. Each shield must be connected to the B negative
or ground lead. Try shiclding a set which squeals badly
and is hard to set close to the regeneration point.  Metal
panels used for shields against body capacity must be
grounded.

The Panels. The panel should be hcavy and rigid
cnough to support tuning condensers, resistor, and other
controls. Suitable materials for the panel are galvanized
iron or aluminum. Any of these materials will shield out
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body capacity when grounded to the B negative or to the
ground. Copper and aluminum must be between 1% inch
and } inch thick, depending on the size of the panel. Brass
or iron sheets 1% inch thick are stiff enough to support the
apparatus mounted on them. All of the shields, if used
on the breadboard set, must be connected together and
grounded.

675 volts I35volts
__B- _B+HH B+

Use 6-pron
cor/ f‘o/r)'m &

Type 24A detector |
Type 27 Audio

(see Fig. 267)

Fia. 269. Tuncd radio-frequency amplifier stage added to short-wave receiver.
Questions

1. To what must the tube shields be grounded?

2. Is the band-spread condenser connected in series or in parallel
with the main tuning condenser?

3. List the parts of one stage which must be shielded from certain
parts of the next stage.

4. Is a copper or an aluminum shield better for radio-frequency
shiclding? Which metal is best for audio-frequency shielding?

6. Is iron better than copper for audio- or for radio-frequency
shielding?

6. Why must the side walls of metal box shields be separated between
stages?

How to Build and Wire the Set

The Panel. Use a sheet of {g-inch aluminum, 7 inches
high and 12 inches long. Aluminum is pleasing in appear-
ance, easy to drill and cut, and not too expensive.
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Arrange the parts and study out the position of the
wiring before mounting the parts on the panel (see Fig.
269).  The kind of parts you use will determine the position
of the mounting holes.

Another arrangement is to put the radio-frequency ampli-
ficr on one board and the detector and the audio amplifier
on another board. In this way you use two smaller pieces
of aluminum.

Drill the Panel. Drill three §-inch holes near the lower
cdge of the panel for brass round-head wood screws to be
used for fastening the panel to the edge of the wood base.

The kind of dials you expect to use determines the
position of the mounting holes on the panel. TUse a small
knob and pointer for the band-set condenser. Use a vernier
or slow motion dial for the band-spread condenser. Place
this dial in the center of the panel.

Mount an on-and-off switch on the panel for the B
voltage.

Position of the Parts. Place the parts as shown in the
board layout (see Fig. 269).

Place the band-set condenser at the left of the panel.
Place the coil back of the band-set condenser so the tuning
circuit leads will be as short and direct as possible.

Place the detector socket near the coil socket so the grid
lead will be short.

How to Wire It. Wire this set by connecting the wires
from part to part as directly as possible (see Fig. 270).
The wires all are to be as short as is practical. In this set
vou will no longer be able to follow the appearance of the
circuit diagram.

How to Operate It

The operation of this set is no different from that of
other regenerative circuits we have studied.
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9. ATUNED RADIO-FREQUENCY RECEIVER WITH METAL CHASSIS
AND PANEL

How to Build the Panel and Chassis

The Front Panel. Make the panel of a sheet of alu-
minum or sheet iron. The panel must be rigid. An alu-
minum panel should be
A B about § inch thick. Iron,
____________ which is more rigid, may be
about 1% inch thick.

The Chassis or Base.
The chassis is made of
lighter material. Use alu-
minum 1% inch thick or iron

I1G. 271.  Sheet metal cut for chassis. thick enough toforma I’lgld

base. The chassis is an
open box. Mark the size of the sheet metal as shown in
Fig. 271.

| . Bend ___

Fic. 272.  Chassis ready for drilling.

Make the lines 23 inches from the edges of the metal.
This is the depth of the chassis. Cut out corners .4 and B
and bend on the dotted lines to form

the chassis as shown in Fig. 272. © [N
Cut, bend, and drill several angles
for fastening the panel to the chassis i 4

(see Fig. 273). Cut holes 1} inches in F1e. 273. Angles for
diameter through the chassis for the fastening.

sockets. These holes may be cut by a specially prepared
punch and die or with a circle cutter which is held in a brace,
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Both the punch set and the circle cutter are expensive. You
may scratch a circle for the hole, then drill closely spaced
}-inch holes just inside the circle. Cut through the metal
between the holes with a small cold chisel. Smooth up the
hole with a half-round file. Cut burrs off the aluminum
with a dull knife. Drill $-inch diameter holes for wires
which must run through the chassis. Mount the wafer
socket for the tubes under the chassis by means of two small
machine screws. *

Only the plug-in coils, the tubes, and the tuning con-
densers are placed on top of the chassis. In this way the
leads which carry radio frequencies are shielded from the
tubes and from the coils. The audio transformer is placed
below the chassis if there is room for it.

Any part in the circuit which is to be grounded is soldered
to soldering lugs bolted to the chassis.

Fasten the panel to the chassis with angles held in place
by brass machine screws -inch long.  Drill the panel and
the angles for the screws.

Shield each tube with a metal tube shield. Can shields
for the coils must be at least 3 inches in diameter.

Wire the set with “push-back” wire. This wire furnishes
good insulation and is very convenient to use.

Some constructors build the power supply in the same
set. You may do this by allowing room on the chassis for
the power transformer. Mount the filter parts under the
chassis. Select a well-shielded transformer for this set.
Cut a hole in the chassis for the connection lugs.

Complete details for constructing this type of set are
given in the many excellent publications and handbooks
on radio construction and opcration. Such information is
bevond the scope of this text.

Question

1. Why are such parts as the plug-in coils and tuning condensers
placed above the chassis?



CHAPTER X
OSCILLATORS AND TRANSMITTERS

In this chapter we shall study the different vacuum-tube
circuits used as power oscillator circuits.  We have already
studied receiving sets whichi can be made to oscillate. In
this chapter we shall study methods of developing powerful
oscillations in power oscillator circuits. .

Power Oscillator Circuits. We shall study and operate
several commonly used oscillator circuits. Some of these
circuits are the Ilartley oscillator, the tuned-plate-tuned-
grid oscillator, and the crystal oscillator. We shall work
with these circuits until we become familiar with their
operating peculiarities and the methods of adjusting them
for efficient operation.  We shall learn to test and adjust
the frequency at which the oscillator operates and shall
learn to develop and use simple testing equipment.

Uses for Power Oscillators. We shall study the oscil-
lator circuit in use as part of a radio telephone or radio
telegraph transmitter. We shall examine the use of the
amplifying advantage of a tube in a power amplifier circuit.
Here we shall take up not only Class A amplifiers but also
Class B and Class C.  We shall also study methods of key-
ing and adjustments of transmitters for efficient operation.

Contents of This Chapter

I. The Hartley Oscillator

2. Construction of a Dummy Antenna

3. The Absorption-type Frequency Meter

4. The Tuned-plate-"Tuned-grid Oscillator
416
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5. The TNT Oscillator

6. The Oscillating Quartz Crystal

7. The Crystal Oscillator Circuit

8. The Frequency-doubler Circuit

9. How to Neutralize an Amplifier Stage
10. The Power Amplifier

11. The Push-pull Power Amplifier

12. Class A, Class B, and Class C Amplifiers
13. Transmitter Circuits

14. The Construction of a Monitor

1. THE HARTLEY OSCILLATOR

How to Build and Wire the Set

Arrangement of Parts. Place a 23-plate variable con-
denser (.00025 microfarad capacity) at the left of the board
(see Fig. 274). This should be a low-loss type receiving
condenser with good insulation. The plates must be well
spaced to prevent sparking between plates. This is neces-
sary since high voltages are built up in the tank circuit.

See the instructions on How to Wind Oscillator Tank-
circuit Coils in this chapter.

Use a .00025-microfarad grid condenser and a 50,000-ohm
5-watt grid leak.

The radio-frequency choke is either a 3-inch dowel about
3 inches long on which is wound 2 inches of enameled wire
(No. 30 to No. 34), or a receiver-type choke.

How to Wire the Set. The tuning circuit, which con-
sists of the variable condenser and the coil, is called the
tank circuit (see Fig. 275). The heaviest currents in the
oscillator flow in the tank circuit. The wiring must be
heavy and direct.

The Tank Circuit. Connect the ends of the tank coil to
the tank tuning condenser with wires as short and direct
as possible. Use wire of the same size as that used on the
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coil. The rest of the circuit should be connected with
fairly heavy wire running as directly as possible from point
to point (see Fig. 275). Attach the clip to the center of
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the resistor connected to the B negative.

This clip is moved

along the coil to change the grid-excitation setting.

B Supply Connections.

The wiring diagram shows the

B supply connected in shunt across the heater and plate.



OSCILLATORS AND TRANSMITTERS 419

The B supply may also be connected in series. This is
shown in Iig. 278.

Connect a direct-current 0-100 milliammeter in the B
positive wire. Use a 0-300 milliammeter if the voltage is
over 250.

Connect a switch in the B negative lead if there is no
switch on the power supply. This switch should not cut

@ ke
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"d/ame r

43 "lon
N‘ 7

Fi1g. 276. Coil-winding details.

off the heater or filament voltage. It is used to shut off
B power while making adjustments to the set.

Connect two .005-microfarad filament by-pass condensers
and the .002-microfarad high-voltage mica blocking con-
denser, as shown in Fig. 275

Tubes to Use. Any of the tubes we have used can be
used in the oscillator circuit. The type 45 tube is the best
tube to experiment with. It isstable and a strongoscillator.

How to Wind the Oscillator Tank-circuit Coils. The
('otl Form. TUse bakelite tube of 3-inch diameter for the

coil form. Drill a hole for a small machine screw % inch
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from one end of the tube. Fasten the screw in place with
a nut.

The Wire. Use size 14 enameled or bare copper wire.
Wind on 85 turns. This coil will tune in the 160-meter
amateur band when shunted with a .00025 microfarad vari-
able condenser.

How to Wind the Coil. Scrape the insulation off the end
of the wire for about an inch. Make a loop in the end of
the wire (see Fig. 276). Slip this loop over the machine
screw and fasten in place with a nut.

Unreel about 30 feet of wire and fasten the end to some

solid object.
Wire
Fastened”” E

Loop on which
to hang weight

FiG. 277.  Coil-winding detail; how to space turns when winding coil.

Make a loop of wire of the same size as that used-in the
coil (see Fig. 277). Hang the loop over the coil form with
a weight hooked in the loop.

Pull the wire tight and wind the coil by rolling the tube
toward you. Keep the loop of wire between the turns.
This keeps the turns spaced evenly. Keep the wire tight
or it will slip, and you will have to start over.

How to Fasten the End of the Wire. Drill a second hole
at the end of the winding and place a machine screw as at
the other end of the coil.

If you are working alone, make a trial winding to find
the location of this hole. If you have assistance, hold the
wire tight while your helper drills the hole and fastens the
machine screw in place.
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Now scrape the wire and make a turn around the machine
screw. Keep the wire tight to prevent the coil from
slipping until the wire is fastened in place with the nut.
Now cut off the surplus wire.

Solder the ends of the wire to the machine serews.

Paint the whole coil with collodion or clear lacquer to
fasten the wire in place. Nail polish can also be used.

Serape the insulation off cach wire for } inch for the
length of the coil to make connections to the wires.

\
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Grid leak
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Ia. 278, 1lartley oscillator circuit using series feed.

Series and Parallel B Power Connection. Series Feed.
When series feed (see Fig. 278) is used, the voltage of the
power supply is connected to the tank circuit, and there is
danger of shocks when changing the adjustment of the
excitation tap. You need no radio-frequency choke in the
plate lead when series feed is used. Use series feed for
frequencies above 1500 kilocycles. Tt is so difficult to get
a choke to operate well at high frequencies that series feed
should be used.

Parallel Feed. Parallel feed (see Fig. 279) used with the
Hartley circuit is safe to handle. There is no plate voltage
on the tank circuit.
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Much power can be lost in an improperly built or selected
choke. A receiver-type choke may be used in the low-
power transmitter. A poor choke will lose all of the radio-
frequency power generated in the oscillator.

0.002m~
H T -
‘f/?a/a’/'o- R
requenc
chgke Y
- 180 10250
=T* volts
Two 0.005mf
—d\ I\ - ? 4{)
0.00025m% B-
. |
l M. 75 #0 100
ohms
50000 H H
0171775

Fia. 279. 1lartley oscillator using parallel or shunt feed.

Questions

1. What type of feed should be used for frequencies above 1500
kilocycles? Give the reason for your answer.

2. Which is the safer type of feed to use?

3. What is the disadvantage of a poor choke in the parallel-feed sets?

How to Operate the Oscillator

Turn the Set On. Turn on the heater current before
turning on the B voltage. Check the heater voltage at
the tube terminals. Incorrect voltage on the heater fila-
ment overloads the tube and shortens its life.

Turn On the Plate Voltage. This circuit will oscillate
with from 90 volts up to 250 volts on the plate. If you
use too high plate voltage, the electrons are pulled off the
filament too rapidly and the life of the tube is shortened.
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You can see small sparks on the filament when this
occurs. The remedy is to reduce the B voltage until
sparking stops.

A lamp and loop may be used to see if the set is oscillating.

Tuning. Tune with the condenser. Set the frequency
by monitor or frequency meter. This is explained in part
3 of this chapter.

Shocks. Shocks received on the low-powered oscillators
and transmitters using under 250 volts on the plate are
strong enough to be unpleasant.

In the Hartley circuit using shunt feed no direct-current
shocks will be gotten on the tank circuit. The direct cur-
rent is kept out of this circuit by the plate-blocking con-
denser. Shocks from the direct-current circuit are more
severe. :

Adjust Grid Excitation. Step 1. Set the clip at the
center of the tank coil. Be sure the B voltage is off.

Step 2. 'Turn on the B voltage. Read the milliammeter.
The current may be as high as 50 milliamperes. Now, set
the tank condenser near the center of the dial. The fre-
quency of the oscillator is changed by adjusting the tank
condenser. The set will oscillate over all of the condenser
range.

Step 8. Adjust for the lowest possible reading (about 10
milliamperes) on the milliammeter by moving the position
of the clip. The position of the clip controls grid excitation
by changing the feedback from the plate part of the coil
to the grid part of the coil.

Move the clip toward the plate end of the coil for more
excitation and toward the grid end for less excitation. This
setting is different for each tube.

The size of the grid leak also affects the excitation. Try
different sizes of grid leak to get the proper grid excitation.
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When the clip is too near the grid end of the coil, the set
will stop oscillating since there is not enough grid excitation.

The plate current goes up when the set stops oscillating.
Watch the milliammeter. The tube- will heat and may
burn out if it stops oscillating.

How to Check for Oscillation. 'T'ouch the grid leak.
The tube will stop oscillating and draw much power. This
method should be used only on low-power sets.

Touch the tank coil or condenser plates with a pencil.
The size of the spark shows the strength of the radio-fre-
quency flowing in the tank civcuit.

A small neon tube will glow when touched to any of the
tank-circuit wires if the set is oscillating.

Questions
1. When the elip is moved toward the plate end of the eoil. is the grid
excitation increased or is it decreased?
2. What happens to the plate current when the set stops oscillating ?
3. Describe several methods for testing to see whether the set is in
oscillation.
4. State where serious shocks may be encountered on this set.

Tuning with a Load. Step 1. Place the dummy antenna
(described in part 2 of this chapter) near the oscillator tank
coil.

Watch the lamp indicator on the dummy acrial. The
dummy aerial circuit absorbs the energy from the tank
circuit that would be absorbed by an aerial and its coupling
coil when the oscillator is used as a transmitter. The
dummy antenna is the “load” into which the oscillator is
operating. Current induced in the pickup coil by the tank
coil is used to light the lamp. The lamp is the actual load
on the oscillator. Here the current is changed to heat.

The lamp should burn brightly as the pickup coil is
brought nearer to the tank coil. The reading of the milli-
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ammeter should increase rapidly. This indicates that more
plate current is being used to drive the tank circuit.
Energy is being drawn from the tank coil by the dummy
aerial load.

Step 2. Adjust the “load” coupling. If the set stops
oscillating before the lamp burns brightly, either the
coupling is too close or there is too little grid excitation.

Loosen the coupling by moving the pickup coil away
from the tank coil.

Increase the grid excitation by moving the filament clip
toward the plate end of the tank coil. This causes more
current to flow in the grid part of the coil and increases
excitation. 'The lamp should now burn more brightly.
The lamp will go out when the set stops oscillating. Set
the coupling so the plate current doubles.

Method of Tuning to a Certain Frequency. Step 1.
Tune with no load on the circuit. Set an absorption wave-
meter (see part 3 of this chapter) to the desired frequency.
Place the meter pickup coil near the oscillator. Tune the
tank condenser so the meter lamp or indicator shows a
maximum glow. Remove the meter.

Do not set the meter too close to the tank coil or the
lamp will burn out.

Step 2. Couple the load to the circuit. Now, couple
the dummy antenna to the tank coil for a load and tune
the loaded circuit for the desired output. If you want 10
watts output from the oscillator, use a 10-watt lamp in the
dummy aerial. It will burn at full brilliance when the
oscillator is delivering 10 watts to the dummy aerial.

Step 3. Recheck the frequency. Bring the absorption
wavemeter near the load and retune. Sece if the added
dummy antenna load has changed the frequency of the
oscillator. If the frequency has changed, readjust the tank
condenser without taking away the load. Now adjust the
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load for maximum output. This process of adjusting the
tank condenser and the load is continued until the desired
output is obtained at the frequency at which the set is to
work.

Question

1. Explain several ways to adjust the set so that it will oscillate while
under a heavy load.

Power of a Hartley Transmitter

Measure the Power Input. Step 1. Couple a load to
the tank coil.

©

—0-B

L
"

Q [e}
H H

I1a. 280.  Connection of meters to measure power input to oscillator.

Step 2. Measure the plate voltage with a high-resistance
voltmeter. See Fig. 280 for its connection in the circuit.

Step 3. Measure the current in the plate circuit with a
milliammeter.

voltage X current in milliamperes = milliwatts input

Divide the product (in milliwatts) by 1000 to get the
watts input.
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Example:
500 volts X 30 milliamperes current =
15,000 milliwatts of power
15,000 = 1000 = 15 watts input

Questions

1. What is the power input in a Hartley circuit operated on 300 volts

and a plate current of 20 milliamperes?
2. When connected as shown in Fig. 280, does the milliamimeter

measure the current taken by the voltineter?
How the Hartley Oscillator Works

Electrons Surge Through the Tube. When the filament
is lighted, a space charge immediately builds up around the
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Fia. 281. Hartley oscillator, operation,

filament in the tube (see Fig. 281). Now, when you turn
the B battery on, the electrons are pulled to the plate out
of the space charge, and a current flows through the tube.
The electrons surge through the tube and the plate circuit
on their way to the B battery.
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The Radio-frequency Choke Coil Stops the Surge. 'The
surge is forced over to the by-pass condenser €, by the
back pressure or choking effeet of the radio-frequency
choke. The clectrons flow on side .1 of the condenser
and drive electrons off side 5.

The electrons from side B flow to the tank condenser
and fill the stator plates.  The electrons then overflow and
start through the plate part of the tank coil (marked P).
When this surge starts, it induces a current in the grid part
of the tank coil (marked G). 'This current in the G part of
the coil flows in the opposite direction to the current which
induced it or toward the center tap.

The induced current in the grid part of the coil draws
the clectrons off the grid of the tube, acting through the
grid condenser.  As the grid becomes positive by losing
electrons, it adds to the pull of the plate and more electrons
stream through the tube until the limit of the ability of the
tube to increase the current flow from filament to plate is
reached.

Now the stator plates of the tank condenser are highly
charged with electrons.  \s the first surge through the tube
begins to slow up, the electrons on the stator plates begin
to rush out through the tank coil and into the rotor plates
of the tank condenser.  The flow of current from the con-
denser comes at the peak of the current flow through the
tank coil. When a steady current is flowing, no electron
flow is induced in the grid part of the coil to oppose the
current flowing in the plate part of the coil. The flow of a
current in a coil must be increasing or decreasing to make
induction possible.

The clectrons fill the rotor plates of the tank condenser
and then rush on to the grid condenser, where they force
clectrons to the grid of the tube. As electrons collect on
the grid, they repel the electrons in the space charge and
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finally stop the flow through the tube. This completes one
half of the surge.

As the current flow through the tube stops, the pressure
of electrons on the rotor plates of the tank condenser forces
a surge back through the tank coil to the stator plates of
the tank condenser. No current is flowing from the plate
of the tube to oppose the return of the electrons through
the coil. The grid is kept negative by the grid condenser
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and the grid leak long enough for this surge to be com-
pleted. The sizes of the condenser and the grid leak are
selected to fit the frequencey at which the oscillator will
work.

As the current surge through the tank coil from the rotor
to the stator begins to dic out, the magnetic field built up
around the tank coil by the first surge tries to keep the
current flowing. This pull draws electrons from the grid.
making it positive. The enrrent flow through the tube,
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which was stopped by the negative grid, now begins again.
The pull of the positive grid helps the pull of the plate
and another surge begins.

Grid Excitation. The grid-return wire is connected near
the center of the tank coil. When moved toward the grid
end of this coil, less voltage is induced in this part of the
coil and the grid is not made so strongly positive., The set
oscillates with less power. The position of the grid return
thus controls the grid excitation.

This whole process occurs at lightning speed. The
Hartley oscillator circuit is capable of oscillating both at
the comparatively low frequencies used on the broadcast
bands and also at the extremely high frequencies, hundreds
of millions of cycles a second, of the ultrahigh frequencics
used in the 10-, 5-; and 23-meter sets.

Questions

1. Explain why the A side of the by-pass condenser is filled with elec-’
trons when a surge flows onto the plate of the tube.

2. When a surge starts down through the plate part of the tank coil,
will the grid end of the grid coil force clectrons onto the grid or draw
clectrons away from it?

3. Will this increase or decrease the flow of the plate current?

4. When the impedance or back pressure of the tank coil is overcome,
where do the clectrons go which were on the stator plate of the tuning
condenser ?

5. What cffect will this flow have upon the grid?

6. What holds the grid negative long cnough to keep the plate current
shut off while the condenser rotor plates unload baek through the tank
coil?

7. What effect will the tank coil have upon the grid when the current
upward through the tank eoil suddenly decreases?

2. CONSTRUCTION OF A DUMMY ANTENNA

Use the dummy antenna in place of the regular aerial
while yon are experimenting with oscillators or trans-
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mitters, and do not want to send out radio waves. The
dummy aerial is a coil-and-condenser tuning circuit. A
lamp is used as a resistance to absorb the clectrical energy
picked up by the coil from the oscillator tank circuit (see

P ig. 282) .
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F16. 282. Dummy antenna.

How to Build and Wire It

The Coil. Wind eight turns of size 14, 16, or 18 bare or
enameled wire on a 3-inch tube. The number of turns
should be about half that of the tank coil.

The Condenser. Use a 23-plate receiving condenser
similar to the one used for the tank-circuit condenser.

The Lamp Indicator. Wire a
lamp socket in series with the coil
(see Fig. 283).

How to Operate It

Screw a lamp in the socket large
enough to absorb the energy deliv-
ered by the oscillator. Fi. 283. Dummy antenna
Set the pickup coil near the creutt.
oscillator tank coil. Tune the dummy aerial condenser
until the lamp glows brightest. At this point the plate
milliammeter should show zn increase in the plate current.
Connect the 10-watt lamp to the 110-volt circuit to see
the full brilliance of the lamp before using it in the dummy

10 watts



432 UNDERSTANDING RADIO

circuit. The glow of the lamp shows the amount of current
the dummy antenna draws from the oscillator.

Power Output. The power output of the oscillator is
50% of its input power. The power output is the energy in
watts delivered to the aerial by the oscillator. The power
input is found by multiplying the oscillator plate voltage
by the plate current.

When 500 volts is used on the oscillator plate and the
plate current is 40 milliamperes:

500 volts X 40 milliamperes = 20,000 milliwatts
20,000 milliwatts + 1000 = 20 watts input to the oscillator
output = % input
3 X 20 watts = 10 watts delivered to the dummy aerial

Screw a 10-watt lamp in the socket. Tune the set and
compare the glow of the lamp in the dummy to the glow of
another 10-watt lamp connected to the lighting circuit.
The output of the oscillator can be judged by the glow of the
lamp in the dummy aerial.

3. THE ABSORPTION-TYPE FREQUENCY METER
How to Build the Meter

Make a base of wood 4 inches wide and 6 inches long.
Screw a piece of bakelite 6 inches square to the edge of the
wood (see Fig. 284).

The Condenser. Mount a .00025 microfarad broadcast
variable condenser on the bakelite panel. Mount a socket
for a flashlight lamp near the binding post so the wiring
can be short and direct.

Use a well-made variable condenser of the same size as
the one in the oscillator. The ordinary sized condensers
are used for the broadcast bands. Use an 11- to 13-plate
midget condenser for the short-wave bands.
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The Coil. Bore holes in the bakelite coil form so that
two pieces of size 14 bare copper supporting wire can be
hent through the holes (see Fig. 284). 'These wires are
used to keep the coil and meter wiring the same length at
all times. If these lengths are changed, the calibration
curve for the meter will be incorrect.

I1a. 284. Absorption-type frequency meter.

For the broadcast band, make a coil of eight turns of
size 22 double cotton-covered wire on a form 3 inches in
diameter. Make a coil for each band on which you expect
to test frequencies.

How to Operate the Meter

The absorption-type frequency meter is a tank tuning
circuit to which is attached a light, or detector, and phones
to show when the circuit is in resonance with the frequency
we are trying to measure (see Fig. 285). The flashlight
lamp is used to indicate resonance by the strength of the
glow. Sometimes a crystal detector and a pair of phones



434 UNDERSTANDING RADIO

are used. The loudness of the sound in the phones indi-
cates resonance.

The absorption-type meter is not highly accurate. Its
accuracy is from 20 to 30 kilocycles. It is used as a rough
check to show on which band the transmitter is tuned.
Use a monitor and a receiver for more accurate measure-

~ ments. Since it responds only to

—\ the fundamental frequency, the

Lamp absorption-type meter is valuable

for setting the frequency of the

‘l‘ transmitter to a definite frequency

band. A monitor will respond to
harmonics.

How to Calibrate the Meter

Tune the receiving set to a sta-

al

A tion on or near the 160-meter band.
_l_ 551;’0",5,',’, Adjust the receiver so that it is
-oscillating. You can find the fre-
: quency on which each station oper-
ates in a call book.
Now set the frequency-meter coil

F1a. 285. Absorption-type

frequeney moter, circuite, close to the detector coil but not

close enough to stop oscillation.
Tune the meter condenser to resonance with the receiver.
At resonance the receiver will stop oscillation.

For finer adjustment move the meter coil a few inches
away from the detector coil and retune to the most accu-
rate point of resonance. This is the exact resonance
point.

The Calibration Curve. You can draw a calibration
curve on squared cross-section paper. Draw two heavy
lines, as shown in Fig. 286. Label the one line condenser
setting and label the other frequency.
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Start with the station to which your receiver is tuned.
Make a dot which will be above the condenser setting for
this station and opposite the frequency for this station
(see Fig. 286). :

You want several points on your cross-section paper
representing the condenser setting and the frequency of
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I'1g. 286. Calibration curve.

different stations. Tune the receiver to several stations to
get a number of points on the paper.

Draw the Curve. Sketch a light line through the points.
This line may not hit each point exactly. But make the
line a smooth curve with no sudden jogs or bends. After
you have checked the points, draw in the curve as a heavy
line.

Iow to Use the Curve. Set the meter condenser to some
station whose frequency you want to know. Follow the
line above this condenser setting to the curve, then go
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straight across to the frequency base line (see Fig. 286).
Read the frequency on this line.

Questions

1. Will an absorption-type meter respond to the harmonics produced
by an oscillator?

2. How can you tell when the meter is set at the same frequency as
the receiving set?

4. THE TUNED-PLATE-TUNED-GRID OSCILLATOR

This oscillator circuit is fundamentally different from the
Hartley oscillator. In the tuned-plate-tuned-grid circuit,
energy is fed back between the grid and the plate of the
tube instead of through the coil. A tank circuit is built
into both the grid circuit and the plate circuit.

The tuned-plate-tuned-grid circuit will tune over a
wider range of frequencies than will the TNT circuit
studied in part 5 of this chapter.

How to Build and Wire the Set

The Baseboard. Mount this oscillator on a larger base-
board. A convenient size is 93 inches by 20 inches. 'This
allows sufficient space so that the wiring will not be crowded.

Arrangement of Parts. MMount the parts as shown in
Fig. 287.

Coils. Both the grid and plate tank coils must be the
same size and both must be wound with the same size and
number of turns of wire. See How to Wind Oscillator
Tank-circuit, Coils, described in part 1 of this chapter.

Condensers. 'The variable condensers in the tank cir-
cuits must have plates which are spaced far enough apart
to prevent sparking between plates. Use a molded mica
condenser of high voltage rating for the grid condenser and
the blocking condenser,
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How to Wire the Set. Wire the tank circuit, shown in
heavy lines in Fig. 288, with heavy wire. for example size

— E— -

B~ F _F
> . o 75 +o 100
[ [~ okms
" Two 0.005m¥f
condensers !

0.00025 m¥
10,000 ohms

Fia. 287. Tuncd-plate-tuned-grid oscillator.
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Fic. 288. Tuned-plate-tuned-grid oscillator circuit.

14. 'The other wiring of the set may be with pushback
wire or other convenient wire, about size 18.
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Tubes to Use. Any of the tubes suitable for the Hartley
oscillator may be used with this oscillator. The type 45 or
the type 26 make good oscillator tubes.

How to Operate the Set

Cautions! You must have a milliammeter in the plate
circuit while adjusting and using this set. An inexpensive
meter may be used for an indicator of oscillation and for
tuning. :

The tube, the meter, and the rectifying tube will burn
up if the set stops oscillating when coupled to a heavy load.
Turn the set off if the plate of the tube becomes red hot
or if the meter shows a sudden current increase.

Check the tuning of both the plate and grid circuits with
an absorption-type wavemeter. If one circuit is tuned to
40 meters and the other to 80 meters, the set will not
oscillate and the load on the tubes may be great enough to
burn them out. The size of the grid coil must be correct
or it will spoil the note of the oscillator when the oscillator
is used as a transmitter. To find the correct size of the
coil, either add or remove turns until the note is clear and
free from an alternating-current hum.

Step 1. Turn on the heater current first. After the
filament is heated up, you may turn on the B voltage.
When the plate voltage is below 250 volts, both filament
and plate power may be turned on together. But for
higher plate voltages the B voltage may jump between the
elements before the filament is hot and destroy the tube.
In many circuits the plate current is very high before the
set goes into oscillation.

Step 2. Turn the plate tank tuning condenser to the
desired frequency setting. If the plate current is high, the
circuit is not in oscillation. Swing the grid condenser until
the meter dips. This indicates the circuit is oscillating.
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Step 3. Adjust the grid tank condenser until the lowest
plate current is shown by the plate milliammeter.

Step 4. Tune the plate tank condenser.  Wateh the
meter and tune for the lowest plate current on the meter.
If the set stops oscillating, the plate current will rise. Now
give the grid condenser a final readjustment to provide
enough excitation at the correet frequency.  Check to see
that the plate condenser is set at the correct frequency.

How to Check for Oscillation. This was explained in
part 1 of this chapter.

Couple a Load to the Oscillator. Step 1. The load may
be either an aerial, a dummy aerial, or an amplifier circuit.
Bring the coupling coil of the load near the plate tank coil.
The plate milliammeter will show a rise in current as the
load draws power from the oscillator.

Step 2. Adjust the grid tuning condenser for the highest
current reading.

Step 3. Readjust the tank coil slightly to reach the
proper frequency. If the frequencey is correet, no adjust-
ment needs to be made and the set is tuned. 'Test the
frequency with an absorption-type wavemeter.

How It Works

Turn On the Set. When the filament is heated, it throws
off electrons which form a space charge around the fila-
ment.  When the B battery is turned on, it drains electrons
off the plate, making the plate highly positive. Klectrons
surge from the space charge to the positive plate (see Fig.
289). This causes a current of electrons from the plate to
surge through the tank coil to reach the B battery.

The Tank Coil Opposes the Surge. When the surge of
clectrons reaches the plate tank coil, the sudden rush of
current causes a back pressure to develop in the coil which
retards the free flow of electrons to the B battery. The
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clectrons which cannot flow through the coil casily flow
instead into side A of the tank tuning condenser (sce Fig.
290). This makes side 4 negative and drives electrons off
side B to the B battery.

The Surge Breaks through the
Tank Coil. When the pull of the B
battery overcomes the back pressure
of the tank coil, the first electron
surge flows through the tank coil.
The tank coil pull empties side .1 of
clectrons and loads them on side B
(see Fig. 291). Side .1 is now posi-
tive and side B negative. 1. 292. The grid now

Grid Shuts Off the Plate Current, e Mot
When the electron surge has reached side B, side .1 and the
tube plate are very positive. The plate and the grid of a
three-element tube have enough surface to act as a small
condenser.  The positive plate of the tube attracts clectrons

-

&= = B
Iic. 293.  When the grid is negative, no clectrons flow to the plate.

to the grid from the grid circuit (sce Fig. 292). The grid
now becomes negative.

During the second surge through the plate circuit, some
clectrons flow through the grid circuit and reach the grid
condenser. This drives more eclectrons to the grid (see
Fig. 203). The grid becomes negative enough to shut off
the flow of electrons to the plate.
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The Surge Returns to Side A.  When the grid is negative,
no current can flow through the tube. The grid leak holds
the electrons trapped on the grid until the heavy load of
clectrons on side B can surge back to side A. This makes
A negative.  Some electrons surge to the tube plate and
make it very negative.  This is the second surge (see Fig.
294).  The first and sccond surges are one cyele or one
oscillation.

The Grid Again Becomes Positive. By the time the
surge has reached side A, the electrons on the grid have
leaked off through the grid leak and the grid has become
positive (see Fig. 295). The grid is made more positive
by the negative plate helping to push the electrons off of
the grid.

The Grid Tank Circuit Oscillates. When the negative
plate drives electrons off the grid, cleetrons are driven to
the grid tank condenser, side (', and surges start through
the grid tank coil as in the plate tank coil (see Fig. 296).

The grid tank coil must he tuned to the same frequency
as the plate tank coil so that the surges in the grid coil
will occur in step with the kicks from the grid.

The grid tank circuit acts as a timing circuit.  Electron
surges from the grid tank coil oceur at the right time both
to make the grid more positive when the negative plate
makes the grid positive and to help the positive plate make
the grid more negative at the proper time.

The Third Surge Starts. 'The positive grid lets electrons
surge to the plate again.  This third surge fills plate -{ and
rushes through the tank coil.  This surging continues oseil-
lating back and forth through the tank coil until a powerful
radio-frequeney oscillating current is surging through the
tunk cireuit.

This surging is kept going by the pushes from the plate
of the tube,
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The Purpose of the Grid Condenser and Leak. The
grid leak has enough resistance to hold a considerable
quantity of electrons on the grid and on side C of the grid
condenser. 'This keeps the grid negative enough so that
during most of the cycle of the grid tank oscillation no
current flows in the plate tank circuit. This gives the
surge time to return from side B through the plate tank
coil to side A. This surge is ready to start back through
the tank coil just as the grid triggers the plate current and
shoots another surge to the plate circuit. The grid then
acts like an automatic on-and-off switch.

The plate current flows in jerks or spaced surges timed
by the grid, giving the electron surges oscillating between
side A and side B through the tank coil a boost or a kick
at just the proper instant to build up continuous oscillations
in the plate tank circuit.

The Plate-current Meter Readings. When the plate
tank circuit is properly tuned, very little current flows
through the tube because during part of each cycle this
current is shut off by the negative grid. These timed plate-
current surges build up a powerful tank-circuit oscillation.

But if the tank circuit is not properly tuned, the surges
in the plate circuit and in the grid circuit will be out of
step. The grid now does not become negative enough to
shut off the plate current during part of each cycle, so
much more plate current flows. The plate milliammeter
reading goes up and the plate of the tube gets hot.

Questions

1. When side B of the tuning condenser in Fig. 291 is negative, what
is the charge on the plate? What charge does the plate produce on the
grid?

2. Is the grid positive or negative when the clectrons flow from plate
D back to plate 4, as in Fig. 2947
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3. When plate 4 has a hecavy negative charge, as in Fig. 290, what
will be the charge on the plate? What charge does the plate produce on
the grid? What effect will the grid now have upon the plate current?

4. Show the current flow in the grid circuit when side B of the con-
denser in the plate circuit is negative, as in Fig. 291.

. Trace the current flow in the grid circuit when side A of the con-
denser in the plate circuit is negative.

6. What would be the effect on the operation of this set if the grid
leak did not have enough resistance?

6. THE TNT OSCILLATOR

How to Build and Wire the Set

Baseboard. Mount the parts for the TNT oscillator
on a larger baseboard, as shown in Fig. 297.

How to Wire the Set. Wire the tank circuit with size 14
wire. Use size 14 or smaller wire for the connections.
Wind the grid coil just like the plate tank coil. Use it in
place of the grid coil and condenser. You will have to add
turns or remove turns to adjust the coil to operate at the
desired frequency. Wind one more turn on the grid coil than
on the plate tank coil. For B power connections, series feed,
as shown in Fig. 298, is more efficient than shunt feed.

How to Operate the Set

The operation of the TN'T oscillator is the same as for
the tuned-plate-tuned-grid circuit. You must wind a
separate grid coil for each frequency. Change the grid-
coil and the tank-coil tuning to change frequency.

When a TNT sclf-excited oscillator is used as a trans-
mitter the grid coil must be the right size or the note of
the oscillator will sound bad.

How It Works

This circuit operates the same as does the tuned-plate-
tuned-grid oscillator. The size of the grid coil is changed
until it tunes to the desired frequency.
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6. THE OSCILLATING QUARTZ CRYSTAL

The self-excited oscillators that we have just studied have
one serious defect when used as part of a transmitting set.

g
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Fic. 298. I'NT oscillator circuit, series feed,

The frequency at which the oscillator operates Is not
steady. The frequency of self-excited oscillators changes
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when the plate voltage changes. Tt changes with the
swinging of the aerial in the wind and with other conditions.
These oscillators must be carefully adjusted to kecp the
frequency reasonably steady. The federal laws require
that a transmitting set be built and operated so that it
will send out only one frequency. This is done to prevent
interference between sets operating on near-by frequencies.
When the frequency of a transmitting sta-

tion shifts and changes, it interferes with

other stations and is hard to keep tuned

in at a receiver. ,

A type of oscillator that would operate I
constantly on only one frequency was long
needed. A method of frequency control
was found in the properties of crystals of i
pure quartz.

Question

1. Make a list of things which will cause the
frequency of a transmitter to vary.

T

Characteristics of Quartz Crystals. /
Quartz crystals occur in nature in the form
of six-sided crystals of different sizes that
terminate in a pointed end (sec Fig. 299). 4 //
The faces of the crystal are flat and w ﬁ)
smooth, and the crystals are often Fia. 209. One
transparent. end of a quartz

Quartz is a highly elastic but solid mate- st
rial.  If put under pressure, the molecules of the quartz will
be compressed very slightly and will tend to squeeze and flat-
ten as would a rectangular picce of rubber if put under pres-
sure. The thickness of the quartz may not change more than
a fraction of a thousandth of an inch.  'When the pressure is
removed, the quartz will spring back into shape and then
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will continue past its original shape just as a steel spring
will whip back and forth (oscillate) when it has been pulled
back and released. The molecules of the quartz crystal
will similarly continue to vibrate for a short time. The
pressure which presses the quartz slab slightly out of shape
produces a slight voltage drop or difference of electric
pressure between the two surfaces of the quartz slab or
plate. The harder the quartz slab is squeezed the higher
the voltage drop between the two surfaces.

If two metal plates are placed against the two surfaces
of the quartz plate and then connected to a battery, the
difference in voltage between the two plates, which is an
electric pressure, will squeeze the quartz slab and cause it
to flatten slightly as if it were squeezed mechanically.
When the voltage is shut off, the molecules of the crystal
will spring back into shape and will continue to oscillate.
This peculiar property of a slab of quartz crystal is called
the piezoelectrical effect. Tourmaline crystals also are
piezoelectric, but they are quite expensive. Quartz crys-
tals are more practical.

How the Quartz Crystals Are Prepared for Use in Radio
Circuits. Flat thin slabs are cut out of large quartz
crystals with special cutting equipment. The blanks from
which the finished radio “crystal” is made are cut with
their edges parallel to the long edges of the original crystal
(see Fig. 300). Blanks for use in radio circuits are cut in
several different ways. In Fig. 300 are shown the positions
of the X cut and the Y cut in the original crystal. The
X cut is taken at right angles to two flat faces or sides of
the crystal. The Y cut is taken so as to be cut between
the two corners of the crystals.

The X cut is thicker than the Y cut. Tt is used for
circuits where considerable power is to be developed. The
thicker X cut is popular with experimenters because it is
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less likely to be broken in handling and by use in experi-
mental circuits.

The Frequency of Vibration. KEach crystal will vibrate
at one fixed frequency. 'The thickness of the crystal slab
determines the frequency at which the erystal will oscillate.
Thick crystals vibrate slower than do thin crystals. The
Y-cut crystal will vibrate at a different frequency than an
X-cut crystal even if both are the same thickness.

Cr sfa/s \L /

wi’ h b/anks
cut out

Fig. 300. Crystal cuts.

A crystal which will oscillate at the rate of 1800 kilocycles
(1,800,000 cycles) per second is about the size and thick-
ness of a dime.

How Finished Crystals Are Prepared. After the rough
blank has been sawed out of the rock crystal, it must be
ground perfectly flat. A crystal which is not flat is not all
the same thickness. When set in vibration, each thickness
will vibrate at its own frequency. Such a crystal will
either not vibrate at all or will break. This ability of a
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crystal to vibrate at only one frequency is the thing that
makes it valuable in the radio circuit.

How the Crystal Is Connected in the Circuit. .\ finished
‘erystal blank is placed in a special holder.  There are
many types of holders on the markets.  Fundamentally a
holder consists of two metal plates placed on cach side of
the crystal. The plates are ground perfectly flat and
smooth. They are made of a metal that does not corrode
asily, such as copper,
brass, bronze, silver,
German silver, or nickel.

A commonly used
crystul holder is one in
which the erystal rests
between two metal
plates in an enclosed
holder (see Fig. 301).
The upper plate is laid
I1g. 801. The erystal is placed loosely loosely on the crystal_

between two metal plates. Connection to the two
metal plates is made by wires from each plate to a prong on
the crystal holder. A cover keeps out dust and dirt particles
(see Fig. 302). In some crystal holders the upper plate is
spaced away from the ciystal.  Still other crystal holders
are arranged so this spacing may be adjusted to make small
changes in frequency at which the crystal will operate.

How the Crystal Operates. The two plates between
which the crystal rests form a condenser with the crystal
as a dielectric.  When there is no current on the two plates,
there is no strain on the crystal. But when one plate is
made positive and the other is made negative by a battery
or by a current, the two plates are of opposite polarity
and they attract cach other.  This places the crystal under
an electrical strain or pressure and causes it to flatten out
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slightly. When the battery is disconnected, the crystal
springs back to its original shape and beyond it, oscillating
after the current is off. The speed at which it vibrates
depends both on its thickness and the way it was cut from
the blank.

Now if we connect an alternating current across the metal
plates that has the same frequency as the frequency at
which the crystal vibrates, the crystal will oscillate as long

Fig. 302, Crystal holder.

as this alternating current flows. If the current alternates
at any other frequency, the erystal will not oscillate. The
rock crystal has practically no internal resistance to vibra-
tion at one frequency, but for any other frequency the
internal resistance is extremely high.

The Crystal Will Produce an Alternating Current. If we
apply a pressure to the crystal at regular intervals, it will
produce an alternating current of the same frequency as
the frequeney of the pressure that we apply. But the
pressure must be applied at the frequency for which the
crystal is ground, or it will not oscillate.
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Heat Affects Frequency. A crystal cut on a certain axis
will oscillate at a higher frequency when the temperature is
higher and at lower frequency when cool. Crystals used in
broadcast sets are placed in crystal “ovens’ in which the
temperature is kept uniform by a thermostat. This pre-
vents any slight frequency changes due to changes in oper-
ating-room temperature.

Questions

1. Will a crystal oscillate if its sides are not parallel?

2. What effect does thickness have upon the rate of vibration of a
crystal?

3. Will the crystal oscillate if the impressed alternating-current has a
frequency different from the rate of vibration of the crystal?

4. What effect has temperature upon rate of vibration?

7. THE CRYSTAL OSCILLATOR CIRCUIT

How to Build and Wire the Set

Parts for the Set. Screw two sockets to the baseboard,
one for the crystal holder and one for the tube (see Fig.
303). TUse a carbon resistor in the grid circuit. The tank
coil and condenser in the plate circuit are the same as used
in the Hartley circuit. Use a carbon resistor in the crystal
oscillator circuits. This resistor must be noninductive. A
purchased choke is more efficient than one you make. A
poor choke lowers the power output of the oscillator.
Connect a direct-current 0-100 milliammeter in the positive
plate lead (see Fig. 304).

Tubes Used in Oscillator Circuits. The voltage pro-
duced by the crystal is weak. A type of oscillator tube
must be used which will develop the greatest output from
this weak grid voltage. The ecrystal operates best with
high-mu power tubes. You may use either the type 43
tube or the type 47 tube. Both make good crystal-oscil-
lator tubes. In both tubes small changes in grid voltage
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cause large changes in plate current.  The type 47 is pre-
ferred becanse it requires less grid current than does the
type 45 tube.  You ean get more power output with the
type 47 tube than with the type 43 tube.  If too much grid
current flows, the crystal will heat and will break.  The
crystal will heat more when the type 45 tube is used. It
requires more power from the erystal.  Keep the grid cur-
rent below 70 milliamperes.

Type 47 (filament 2§ volts alternating current), type 42
(filament 6.84 volts alternating or direct current), and type
2\5 (filament 2% volts alternating current) tubes are all
good oscillators.  These are the same tubes made for
different filament voltages.  The type 2A5 is a later type
of tube than the type 47.

How to Operate It

Step 1. Turn on the current to heat the tube filament.

Step 2. Connect from 180 to 250 volts to the plate
terminals. Use not over 800 volts on the plate of the
oscillator. Turn on the B voltage after the filaments are
heated.

Step 8. Test for oscillation by touching the tank circuit
with a pencil or with a neon tube. A spark will jump to
the pencil.  The neon tube will glow if the set is oscillating.

Step 4. Tune the tank circuit with the condenser to the
frequency of the crystal. This circuit will not oscillate
unless it is tuned to the same frequency as that of the
crystal. The plate current will drop sharply as the circuit
begins to oscillate. The plate current, before the set goes
into oscillation, is about 20 milliamperes with 300 volts on

,the plate.

Turn off the plate voltage if the circuit does not oscillate.
No damage will be done to the erystal when the set runs
without oscillating.
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The power output of a crystal oscillator is 85% of the
input power. This is much higher power output than for
the self-excited Hartley circuit where the output was only
half the input power.

Courtesy Allen D. Cardwell Manufacturing Corp.
AN AMatevr Transmitrer Usir
This unit is complete from crystal to amplifier. No power unit is shown.

Questions

1. Should high- or low-mu tubes be used with a crystal oscillator?
2. What is the disadvantage of using a high grid current on the
crystal oscillator?

How It Works

Turn the Set On.  When the filament is heated, it throws
off electrons. When the B battery is turned on, it makes
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the plate highly positive. The positive plates draw elec-
trons from the space charge around the filament, and plate
current flows.

The Plate Tank Circuit Oscillates. \When the surges of
electrons from the tube plate reach the tank coil, they
begin to oscillate through the tank circuit. See IHow It
Works in part + of this chapter for this explanation.

Feedback Starts the Crystal Oscillating. At the instant
the B battery makes the plate positive, the grid becomes
negative by condenser action (sce Fig. 304). The highly
positive plate draws electrons to the grid from plate .X' of
the crystal holder. This makes plate X very positive.
The condenser action between plate X and plate 1 of the
crystal holder causes electrons to be attracted to plate Y.

The unlike charges on X and 1 cause the two plates to

be attracted together. 'The different charges on plates X
and } exert an electrical pressure or force on the»erystal
which causes it to flatten out-slightly.
" The Crystal Vibrates or Oscillates. Once set into vibra-
tion, the crystal will continue to vibrate for some time but
at only one deﬁmtetfrequem:y Current fed back through
the capacity of thei tube from th(, plate tank circuit gives
the crystal these driving surges. These surges, coming at
regular intervals, though weak, can build up very strong
vibrations in the crystal, strong enough to shatter the
crystal,

As the crystal vibrates, it generates an alternating cur-
rent between plates X and V" much stronger than the weak
surges that generated it. This current is so powerful that
it takes control of the action of the grid.

How the Crystal Controls Frequency. The crystal will
oscillate at only one frequency. Electron surges generated
by the oscillation of the crystal reach the tube grid and
time the surges of plate current which keep the tank circuit
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oscillating. If the tank circuit is tuned so that it oscillates
at a frequency different from that of the crystal, the cur-
rent fed back through the tube will reach the crystal out
of time with the surges generated by the crystal. The two
sets of surges oppose each other and will stop the crystal
oscillating. The crystal, therefore, forces the circuit to
oscillate at only one frequency.

Purpose of the Radio-frequency Choke and Grid Leak.
When the grid becomes positive, it collects electrons from
the filament. 'These electrons flow back to the filament
through the radio-frequency choke and the grid leak. The
grid-leak resistance keeps enough electrons on the grid to
prevent plate current from flowing except at timed inter-
vals. The grid is negative during most of the plate-current
cycle. The radio-frequency choke prevents the rapid
surges of alternating current generated by the oscillation
of the crystal from shorting through the grid-leak resistor.
Tustead it forces the surges to flow on and off the grid.

Questions

1. Compare the strength of the current produced by a crystal with
the strength of the exciting current.

2. Where is the current produced that keeps the erystal in oseillation ?

3. Explain what happens if the plate tank circuit is tuned to a
frequeney different from that of the crystal.

4. What is the purpose of the radio-frequeney choke?

6. What is the purpose of the grid leak?

8. THE FREQUENCY-DOUBLER CIRCUIT

A crystal for the higher frequencies must be cut very
thin. Such a crystal is easy to break if it is handled, and it
is also easy to break if used in a circuit which is improperly
operated. Crystals ground for the 80-meter and 160-meter
bands are rugged and thick enough for ordinary experi-
mental and operating use.
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A transniitter can operate on the popular 40-meter band
by using a thick, sturdy 80-meter crystal in place of the
thin, easily broken, higher-frequency crystal in the oscil-

lator circuit.

This is done by feeding the output of the

oscillator into an amplifier circuit which doubles the fre-
quency of oscillation to 40 meters.
This 40-meter frequency can now be amplified just as

could the 80-meter frequency.

As many stages of amplification can be added as the

builder can afford.
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I16. 805, Frequency doubler board.
Question

1. What are some advantages to amateurs of using frequency-doubler

circuits?

How to Build and Wire the Set

Place the socket for the tube and the plate tank coil and

condenser in the position shown in Fig. 3035,

Use high-

voltage mica condensers for the coupling and the blocking

condensers in the plate circuit.

™ I
1c coupling condenser
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must stand the plate voltage of the preceding stage.  Its
voltage rating should be twice the plate voltage.

Tube. Use a type 43 or a type 47 power tube.

Bias. Use either a C battery or a 5000-ohm noninduc-
tive resistor connected to the grid through a radio-frequency
choke to get the proper bias. The bias voltage must be
twice the voltage needed for cutoff.

000/ o Q005
mF

l Doubler tube
//4 I* " To

~}Coupling = b
From oscjllator|condense, Coun 5,;‘2( gfe
G condenaer

=il

C battery

Type 45, 225 volts -
Type 47, 140 volts Cg/f*:ver 600

Fic. 306.  Frequency doubler cireuit.

Choke. Use a good radio-frequency choke in this circuit.
Hand-wound chokes are inefficient and much power is lost
through them. A receiver-type choke can be used in sets
up to 50 watts input.

Excitation. Excitation for the grid and doubler tube
comes from the oscillator stage, either through the small
.001- to .005-microfarad coupling condenser, as shown in
Fig. 305, or by means of a coupling coil.

Plate-current Meter. Place a phone jack on the board
s0 a direct-current 0-200 milliammeter can be connected in
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the circuit (see Fig. 305). One meter can be used for the
whole set—the oscillator, the buffer, the doubler, and the
final amplifier—Dby connecting a phone jack in the B positive
plate lead on each stage. When the phone plug which is
connected to the meter is out, the points on the jack close
the circuit so the plate current can flow. But when the
plug is pushed into the jack, the plate current for that
stage flows through the meter.

How to Operate It

Step 1. Turn on the oscillator and doubler filament-
heating current.

Step 2. 'Turn on the B voltage after the filaments have
had time to heat. .

Step 3. Plug the meter into the plate-circuit jack on
the oscillator. Adjust the tuning condenser until the
crystal stage is in oscillation. Check the frequency with
an absorption-type wavemeter.

Step 4. Tune the doubler circuit to twice the frequency
(half the wave length) of the oscillator with an absorption
type wavemeter. This meter is used because it will respond
only to the fundamental frequency and will not respond to
harmonics.

When tuned off frequency, the doubler will draw a heavy
plate current. If the plate of the tube begins to get red,
turn off the plate voltage until you find the reason for the
heating.

You can tune the set so that it doubles twice, say from
80 meters to 20 meters, in the same stage. But if this is
done, the output of the doubler is very low and its efficiency
very poor. Therefore only simple doubling, as from 80
meters to 40 meters or from 40 meters to 20 meters, is done
in each stage.

The Bias Supply. Use either a C battery or a noninduc-
live resistor in the doubler circuit to set the grid bias of
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the tube. This must be 225 volts for a type 45 tube and
140 volts for the type 47 tube.

Caution! The grid bias, when a resistor is used, is
caused by the current from the oscillator. (The excitation
voltage to the doubler grid.) If the oscillator is turned off,

\Current flows to plate only
vaduring the peaks of this grid waves
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Fig. 807.  Wave picture showing how the frequency doubler works,

the grid will become positive enough to draw current and
the doubler tube will burn out.
F8r this reason the oscillator stage is not keyed.

How It Works

The Source of Excitation. 'The grid of the doubler tube
is excited by eclectron surges from the oscillator circuit
through the coupling condenser (see Fig. 306). The
voltage applied to the grid of the tube is called the grid
excitation,
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The wave-form picture in Fig. 807 shows the current
from the previous stage that is on the grid of the doubler
tube. (The grid of the doubler tube is biased to about
twice cutoff.) Current will only flow in the plate circuit
of the doubler tube when the surges from the previous stage
become positive enough to overcome the grid bias (see .Y’
and ¥V, Fig. 307)..

The doubler tank circuit is tuned to twice the frequency
of the oscillator. When current flows through the doubler
plate circuit, it starts a surge in the tank circuit (see Fig.
308). 'This current
surges through the tank
coil to side B of the con-
A:— denser, then returns
B through the tank coil to

side 4. Tt then coasts
back again through the
coil to B, then back to
A.
B+ At the instant when
Fi16.308. How the frequency doubler works. the surges from A start
toward B again, the grid becomes positive (shown on the
wave picture at X, Fig. 307) and allows current to flow for an
instant through the tube and gives the current surge through
the tank circuit a push. Again the tank circuit coasts
through two complete oscillations before the grid becomes
positive encugh (at ¥, Fig. 307) to give the plate tanl\
another push.

The frequency of the doubler tank circuit is twice the
frequency of the surges of the grid on this circuit. This
doubles the oscillator frequency.

There is some loss of energy during this coasting. But
this loss is of far less importance than the expensive appa-
ratus this circuit replaces.  Any loss in the doubler eircuit
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is made up in the amplifying ecircuits which precede and
follow the doubler.

Questions

1. What is the disadvantage of doubling the frequency twice in the
same tube?

2. What might cause the plate of the tube to get red hot?

3. Why is the oscillator stage in a doubler circuit never keyed?

4. Tlow much of the time is current Howing in the plate circuit of
the doubler tube?

9. HOW TO NEUTRALIZE AN AMPLIFIER STAGE

Amplifier circuits which use a threc-element tube, such
as the type 45, type 10, or other tubes which do not have
a screen grid, must be neutralized as was the type 01\
tube when used as a radio-frequency amplifier in receiving
circuits.

When the oscillator is on, the amplifier will oscillate at
the frequency to which it is tuned.  But when the oscillator
is off, the amplifier will oscillate at a frequency that may be
the same as the crystal frequency but probably is slightly
different.

When the amplifier is a part of a radiophone set, the
unwanted frequency is present all of the time and causes
interference and broad tuning. It may affect the quality
of the signals.

Neutralization is explained before the amplifier stage is
studied because the amplifier circuit must be neutralized to
operate efficiently.

Neutralization Is Needed on the Amplifier. Neutrali-
zation must be used because the capacity between the plate
and grid of these tubes is great enough to feed back energy
from a plate circuit to the grid eircuit and set up oscillations
which are not controlled by the oseillations from the pre-
ceding stage.  The amplifier then acts somewhat like a
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self-excited tuned-plate -tuned-grid oscillator. It will prob-
ably oscillate at an unwanted frequency. Tf the crystal
oscillator is turned off, the amplifier will continue to
oscillate.,

How to Wire the Circuit

The standard amplifier ¢ireuit is shown in the diagram in
Fig. 309.

The heavy lines show the conneetion for the neutralizing
condenser.

i LN
(
Radio- Type 45
frequency
choke —_—
N
Bras | I
resistor Neutralizing
condensing - I
B
.00/
mf
H H B- B+
Not over 600 volts

Fig. 809, Standard amplifier cirenit with neutralizing condenser.

The Neutralizing Condenser. Use a 7-plate midget con-
denser or a 3-plate cut-down condenser for the neutralizing
condenser.  This condenser must have about twice the
:apacity between the grid and the plate of the tube you
are using.

There are several methods of picking up the neutralizing
voltage from the tank coil, but the method shown in the
diagram (Fig. 309) is the most practical. Make the B
positive connection a few turns from the end of the tank
coil with a clip so the connection can casily be changed.
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The Pickup Loop. Make a test loop 2 inches in diameter
of insulated wire soldered to the terminals of a flashlight
lamp.

How to Operate the Set

Step 1. Disconneet the B positive leads from all the
amplifier stages.

Step 2. Heat the filaments of the oscillator and ampli-
fier tubes.

Step 3. Connect the B positive tap a few turns from the
end of the plate tank coil opposite to the conncction to the
tube plate. Lind this point by trial. Disconnect the B
positive lead to the B supply.

Step +. Told the test loop near the tank coil of the
amplifier nearest the oscillator.  If the lamp lights, the tank
circuit is oscillating.  You may also test for oscillation with
a neon tube. The neon tube is very sensitive.

Step 5. Turn the neutralizing condenser N until the
lamp goes out even when the loop is held near or almost
touching the coil. At this condenser setting the capacity
of the neutralizing condenser and the capacity between the
grid and plate of the amplifier tube are equal and the set is
neutralized.

Step 6. Remove the test lamp. Attach the B positive
lead to the tank coil. .

Step 7. Neutralize the next amplifier or buffer stage.

Questions

1. Why must these radio-frequency amplifiers be neutralized?

2. How should the size of the neutralizing condenser compare with
the capacity between the grid and the plate of the tube?

3. How can you tell when a stage is neutralized ?

How the Unwanted Frequency Can Be Overcome.
When the set is in operation, a regular surging comes to
this circuit over wire D (Fig. 310) from the crystal oscillator
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or from an amplifier stage between the oscillator and this
amplifier circuit. The surges that are timed by the erystal
oscillator are the ones we want. The surges that feed back
through the tube from the plate to the grid interfere with
the surges from the oscillator and set up unwanted surges
at another frequency. We can prevent these unwanted
surges by neutralizing the amplifier stage.

D M o
” al I
+]x
-
N
%
It
+]\-

B+
FiG. 810.  Simplified circuit used to explain neutralization of amplifier circuit.

The actual steps in neutralizing, or overcoming, the effect
of the tube capacity can better be shown by using a simpli-
fied circuit (see Fig. 310). Since the tube elements act as
a condenser of a definite capacity, let us substitute a con-
denser A-B of this same capacity in this new circuit in
place of the tube.

In Fig. 309 is shown the amplifier circuit. In Fig. 310 is
shown a part of the same circuit with a condenser drawn
at 4-B in place of the tube. Condenser A-B has the same
capacity as the capacity between the grid and the plate of
the tube.

We have learned that the voltages at opposite ends of a
tank coil are equal but of an opposite charge. That is,
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when one end is positive (has too few electrons), the other
is negative (has too many clectrons).

Now, when the end of the coil at X (Fig. 310) is positive,
it draws electrons from side B of the condenser which then
hecomes positive. But the electrons drawn to side . when
side B is posilive interfere with the regular surging from D.
We can run a wire from the end of the coil ¥ to M, where
clectrons from 1 will rush to A to supply the demand
created by the positive plate B.

When just enough electrons from 1 reach side .1 to equal
the demand from side B, there will be no interference with
the surges from D, and the cffect will be the same as if no
extra electrons were brought to M. But the current from
the Y end of the coil must be exactly the same as the
current demanded by B.  We can control this current by
a small variable condenser N in the wire from 1 to M,
We can set the condenser so it has the same capacity as
condenser A-B. Tt will then supply just as many electrons
as are attracted through A-B.

Position of the B Positive Tap. Since the voltage
developed at .1-B is very small, we need only a smalt
portion of the voltage developed at 1 to equal the voltage
on .1-B. Therefore, we hook our B positive lead back
along the coil a few turns instead of at the end V, and we
convert the coil into a sort of transformer in which the
turns from 7 to 1" act as the secondary. The voltage pro-
duced in this small secondary then is used to neutralize the
effect of the condenser at A-B. Tt is theoretically possible
to adjust the length of this secondary by moving the tap 7
so that its voltage just equals the voltage across the con-
denser A-B. TFor actual practice, it is handier to try
several coil lengths until a spot is reached where the
voltages are just about equal and then to adjust the

ariable condenser N to exactly the right size to make
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the voltage from T to } cqual to the voltage across con-
denser .1-B.

The B positive lead is connected to the ground by means
of a small condenser. The point on the coil where B
positive taps in is always at zero or ground potential as far
as the radio-frequency current is concerned, because any
voltage which tends to develop here is by-passed through
the condenser to the ground. The condenser, however,
keeps the direct current of the B positive and B negative
separated (sce Fig. 309).

Questions

1. What effect does the eapacity between the grid and the plate have
upon the operation of a radio-frequency amplifier

2. When the X end of the tank coil is positive. what effeet wonld the
grid have upon the feed line D if the amplifier were not neutralized (see
Fig. 310)*

3. If plate .1 of the condenser had a ready supply of electrons, would
it also try to pull electrons from line D¥

4. Explain how the 1 end of the tank coil could supply the necded
cleetrons to plate .1.

6. What is the purpose of the neutralizing condenser ?

6. Why is the B positive lead not attached dircetly to the ¥ end of
the tank coil?

10. THE POWER AMPLIFIER

Used as a Final Power Amplification Stage. 'T'his is the
power amplifier circuit which has several uses in the trans-
mitter. Tt may be used for the final amplifier stage to
build up the carrier wave to its maximum power before
delivery to the aerial.  This circuit is also used in the radio-
phone circuits.

Used as a Buffer Amplifier. When used as a buffer
amplifier it is placed between the oscillator tube and the
final anplifier to prevent any variations in voltage or power
in the final stage from affecting the frequency of the oseil-
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lation. This is especially important when a self-exeited
oscillator is used, beeause changes in plate voltage or
coupling from the final amplifier will often change the fre-
quency of the oscillator. It is of less importance hetween
a. crystal oscillator and the final amplifier, because the fre-
quency of the crystal oscillator changes very little. A
buffer is not a necessity with a crystal-controlled oscillator
but it steadies the frequency. .\ buffer must be used with
a self-excited oscillator.

A buffer amplifier is used also both ahead of and following
a doubler amplifier in radiophone circuits.

The strong negative C bias must be used in the buffer
amplifier. This will be explained in part 12 of this chapter.

Tubes That Are Good Amplifiers. The type 45 is a
good amplifier tube. Tt is a steady oscillator and is easy
to neutralize. .\ type 47 is a poor tube to use, as it is very
hard to neutralize.

Question

1. What is the purpose of the buffer in a set?
How to Build and Wire the Set

Set Board. Use the small-sized sct board. Place the
parts as shown in Fig. 311.

Condenser Ratings. 'The coupling condenser, the block-
ing condenser, and the tank condenser must be rated at
about half more voltage than you will use on the plate.

Use a 13-plate midget condenser or a cut-down broad-
cast condenser for neutralizing the set.

How to Operate It

Step 1. Neutralize the amplifier as explained in part 9 of
this chapter.

Step 2. Tunc the tank circuit to the frequency to which
the oscillator is tuned. Tune the amplifier to the doubler
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frequency if a doubler is connected ahead of the amplifier.
Series feed, as shown in Fig. 312, is better than parallel

feed since no choke is needed.

—

0.00/mf
O {1}

‘ 7fm:»’/o-- =
requency =
cho%e ==

[" 0.001mf
| N
| ool ®. ik
H H Mot over 600 volts
Fic. 311. Power amplifier.
0.00/mf
|l | P,
]| )
;r?aa'/'o -
requenc
cho?(e / J
;1’- —l—
ool "r‘
Neuvtralizing
condenser
000/mf
H H p- 299m
Not over 600volts
F16. 812. Power amplifier with series feed.
Why It Works

Grid excitation. Surges from the stage ahead of the
amplifier (either the oscillator, an amplifier, or a doubler)

reach the grid through the coupling condenser.
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The grid bias is set by the grid leak. The radio-fre-
quency choke prevents the radio-frequency surges from the
previous stage from shorting to the ground.

The Tank Circuit. Oscillation builds up in the tank
circuit just as in the oscillator. 'The grid lets surges reach
the plate often enough to keep the tank circuit oscillating.

Question
1. What is the purpose of the radio-frequency choke in this amplifier?
11. THE PUSH-PULL POWER AMPLIFIER
The single-tube amplifier is used in both buffer ecircuits
and sometimes in the final amplifier stage of the transmitter.

)
l 1 )

=¥

\l
S
y
A\
o

M—AVWWW—6— ‘——l
Bios resistor
5 watts

AAAAA
YV

2500 0hrms 2 J
J ). l P
F:
180 to 250

e

B- B+t
Fia. 313. Push-pull power amplifier circuit.

But if much power is applied to this circuit by using high
B voltage, the tube heats and does not operate efficiently.
An improved circuit which uses two tubes operates in
“push-pull.” The push-pull circuit has many advantages.
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It can use much higher B voltage and more power than can
a single tube, yet the two tubes will not heat.

Some power is lost in a one-tube amplifier by energy
which by-passes to the ground through the capacity
between the grid and the filament.  The capacities between
the grid and the filament of the two tubes in this circuit
are in series (sec Fig. 313), which cuts down the capacity
to ground so the loss of radio-frequency energy is low.
The second harmonic which is generated in single-tube
amplifier circuits is canceled out in the push-pull circuit.
Other advantages of the push-pull amplifier circuit when
used at high frequency will be taken up later.

The push-pull circuit is used in the final amplifier stage.
[t is more effective in developing high power output in the
final stage than in the stages ahead of the final amplifier.

Question
1. Make a list of advantages of the push-pull circuits over the one-

tnbe amplificr.

How to Build and Wire the Set

Build this amplifier on a larger board. Build two tank
coils, both alike (sec Fig. 314). This circuit is a tuned-
plate-tuncd-grid circuit so there must be a grid tank circuit
and a plate tank circuit. Provide two sockets for tubes of
the type you wish to use.

The circuit shown in Fig. 313 is for a three-element power
tube, such as the type 45 or the type 10. Series feed is
used in this circuit.

The plate blocking condenser must be rated at twice the
plate voltage. TUse a 5-watt bias resistor.

How to Operate It

Step 1. Turn on the filament. Disconnect the B posi-
tive wire. When the filament is heated, you are ready to
neutralize the circuit.
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Step 2. When the oscillator is tuned to the proper fre-
quency, enough current reaches the grid of the power
amplifier tube from the previous amplifier stage to provide
excitation so we can neutralize the amplifier.

Step 3. Neutralize each tube scparately, setting one
condenser at a time.  You will find the push-pull amplifier
easy to neutralize since it is stable and well balanced in its
operation.

[l
HULUL

( ) (o)
F F B B+

I1G. 814, Push-pull power amplifier.

Tune the first grid tank coil, then the plate tank coil to
the desired frequency. Check the frequency with the
absorption tyvpe wavemeter. The plate voltage must
be off.

Set the neutralizing condensers wide open (at their mini-
mum capacity). Enough energy will get through the tube
so that you will get a good indication on the wavemeter
tuning lamp.

Step 4. Now connect the B positive wire, tarn on the
plate voltage and the circuit is ready to operate,
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Why It Works

Current surges from the oscillator or from the amplifier
stage set the grid tank coil in oscillation.  When the elec-
trons surge to the grid of tube 1, they make the grid so

Courtesy Allen D. Cardwell Manufacturing Corp.
A Prsu-renn Powsr AspLIFIER
This is one form of a push-pull power amplifier which is used by radio amateurs
to commnnicate with distant stations.

negative that no current flows. At the same instant the
grid of tube 2 becomes positive enough to allow current to
How through the tube at the peak of the surge.

In class € amplifiers the grid is biased by means of a bias
resistor to twice cutoff. This means that the grid is so
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negative that it will only allow current to flow through the
tube at the peak of the excitation wave or surge.

In class B amplifiers the tube bias is adjusted to the
point where plate current just stops flowing.

In class C amplifiers the tube bias is adjusted to twice
this value.

Let us examine the plate tank circuit (see Fig. 313). A
plate is connected at each end of the push-pull tank circuit,
while in the single-tube amplifier a plate is connected only
at-one end of the tank circuit. The single-tube tank circuit
gets a push from the plate once during each two surges,
while the push-pull tank circuit receives a push from the
plate at each end of the circuit during each surge. It is
easy to see why the push-pull circuit develops so much more
power than a single-tube amplifier without overloading the
tubes.

The Efficiency of the Power Oscillator. The push-pull
circuit we have just described is very efficient because the
tube plates remain cool. This is because the average cur-
rent between the filament and the plate is low. The
current flows through the plate circuit of each tube only
at the instant when the maximum current of the positive
surge is on the grid. This means that during most of the
cycle the tube is coasting; that is, no current is flowing
through the tubes.

When we operate the two tubes as a class C amplifier,
we can obtain from ten to twenty times the power that can
be obtained from the same tubes operated as a class A
amplifier.

Class A, B, and C Amplifiers. The difference between
these three classes of amplification is simply the difference
in the grid bias in each type of amplifier. See part 12 of
this chapter.
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Questions

1. How does the push-pull amplifier resemble the push-pull eireuit
which was used as an audio amplifier?

2. How does the operation of this eircuit difier from the push-pull
audio amplifier?

3. Does the push-pull audio amplifier have a plate tank circuit?

12. CLASS A, CLASS B, AND CLASS C AMPLIFIERS

The Class A Amplifier. The audio amplifier that we
used in the receiving circuits was operated so that the grid
had enough negative bias to prevent the grid from drawing
current from the filament during any part of the cycle.
The grid was biased so that it operated on the straight part
of the characteristic curve. This type of amplification,
which increases the strength of a signal without changing
the wave shape, is called class A amplification.

The Class B Amplifier. By using a push-pull circuit and
biasing the tube to cutoff, it is possible to get more power
out of the tube than was possible with one tube.

In this arrangement, each tube delivers one half wave to
the output transformer and rests during the other half
cycle; thus it is possible to use much more power on the
plates of these tubes than in the class A amplifiers. About
four times the power can be handled in class B amplifi-
cation. See How It Works in The Push-pull Power Audio
Amplifier in part 7 of Chapter VIII. Class B amplifiers
can be used as both audio-amplifier and radio-frequency
circuits.

The Class C Amplifier. In class C amplification the tube
1s biased to twice its cutoff voltage. Plate current flows
only at the peak of the exciting grid wave. The average
current through the tube is less than for either class A or
class B amplifiers. The tube runs cooler than in either of
the other two classes of amplification. Class C amplifiers
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have very high efficiency when used as radio-frequency
power amplifiers. The class A amplifier is not used in
radio-frequency circuits because it is very inefficient and
heats badly.

Power in Each Class of Amplification. The efficiency of
the amplifier depends upon the bias and upon the amount
of energy which can be put through the tube into the tank
circuit or into the output circuit. If this energy is used in
heating the elements of the tube, little energy will get into
the output circuit, and the set will not be as efficient as it
should be. When continuous current flows in the plate
circuit, as in the class A amplifier, the plates heat and the
efficiency, especially at radio frequency, is very low. But
in class B amplifiers, where the current only flows during
half the grid-excitation cycle, less heating occurs, and the
tube operates more efficiently.

A class C amplifier is by far the most efficient of the three
for radio-frequency use. A class C amplifier can handle a
great deal more power than can a class A amplifier.  There
is longer cooling time between current surges. The table
given below shows an approximate power output for cach
class of amplification operated in push-pull.

Am‘phher Tubes Approximate
Type Output
Class A | Two Type 45 5 watts

Class B | Two Type 45 20 watts
Class C | Two Type 45 | 60-100 watts

Tube heating is the limiting factor in determining the
power output. When energy from the B supply is used in
heating the tube plate instead of being transferred to the
output circuit, the circuit is inefficient. If the tube over-
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heats and the plate gets red enough, gas is driven out of
the metal of the elements and ruins the tube.

An amplifier may be changed from class A to class B or
to class C by changing the grid bias. There is no change
in the circuit diagram. See also Fig. 315.

Class A—audio amplifier. Never used in
radio-frequency stages; too inefficient.

‘Blas -grid draws no current

fﬂ /\
Class B-—push-pull audio amplifier. Each
— tube delivers half of the wave; can be used for
Tube 2 \/ \/— radio frequency.

Bros-~ to cutoff

f
1
1
\
v

~~

_ LN _
\\\ / \‘\
- - Class (—power amplifier. Radio fre-
\_/ unency.

Bias - past cutoff
Fic. 315. Classes of amplifiers shown by output wave shape.

Questions

1. What is meant by class C amplification?

2. How much bias is used on a class A amplifier?

3. Does current flow through the plate circuit all of the time in a
class A amplifier?

4. Compare the wave shape of the plate current with the wave
shape of the incoming signal in class A amplification.

5. How much bias is used on a class B amplifier?

6. How much of the time is current flowing in the plate circuit of a
class B amplifier?

7. Compare the wave shape of the plate current with the wave shape
of the incoming signal in class B amplification,
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8. How much bias is used on the elass C amplifier?

9. How much of the time is the current flowing through the plate
circuit of a class C amplifier?

10. Compare the wave shape of the plate current with the wave shape
of the incoming signal in class C amplification.

11. Which type of amplifier is the most efficient for radio-frequency
amplification?

13. TRANSMITTER CIRCUITS

We have studied a number of oscillator eircuits and their
operating characteristics and peculiarities.  We have also
learned how to use power amplifiers and doublers.  We
have learned how to get a fixed frequency with the crystal
oscillator, and we have learned methods of setting a fre-
quency with the absorption-type frequency meter. Now,
we may use this information to assemble these circuits
into transmitters. Several circuits are studied in this
part, showing how to arrange circuits we have studied as
transmitters.

Notice how these circuits are keved, which stages are
neutralized, and the hints for refining these circuits to make
them better transmitters.  Notice in the operating cautions
how the note of the transmitter may be heard by the use of
a monitor and how the poor note may be corrected.  When
vou study the keying circuits, notice where keying is
properly done and how to prevent key clicks by the use of
suitable filters.

License Requirements. Figure 316 shows the fre-
(uencies set for amateur use by the Federal Government.
Your transmitter may operate in one of these frequencies
only after you have passed the govermmnent license exami-
nation consisting of uestions selected at random from
the list of questions which cover quite fully the prin-
ciples and operations of amateur transmitting equipment,
as well as its operation and the laws which you must know
and observe while operating.
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Transmitter Circuit Combinations

Oscillator Used as Transmitter. Any of the oscillators
given in this chapter may be used as a transmitter by
comnecting a key in the power leads as explained in the
keying instrnctions later in this chapter.  Any of the self-
excited oseillators. such as the Hartley, tuned-plate-tuned-
grid, the TN'T, or the electron-coupled circuit may be used
as oscillators and as transmitters, but they are so hard to
adjust and to keep from changing frequency that we do
not advise their use in a transmitter.

Swinging of the aerial or of the feeders in the wind will
change their frequency.  Slight changes in voltage in the
power supply affect their frequency. Such frequeney
shifting will promptly bring a warning ticket from the
Federal Communications Commission.

The Oscillator-amplifier Transmitter. A Crystal Oscil-
lator Connected to a Neutralized Amplifier, Then to the Aerial.
Key the amplifier.  With this type of transmitter you may
use any of the sclf-excited oscillators or the crystal oscil-
lator described in this chapter. 'The amplifier acts as a
buffer between the aerial and the oscillator, and there is
less likelihood of frequency shifting than if you use a single
oscillator. This circuit has the advantage of putting a
stronger signzi on the air than the single oscillator stage,
with the reduction of possible key clicks. If the crystal
oscillator is used, this makes a fine transmitter. The
amplifier stage must be neutralized.

Swinging of the aerial here has little effect on the fre-
quency, since voltage variations in the amplifier plate cir-
cuit do not change frequency as they do in the self-excited
oscillator tank circuit.

A More Powerful Three-tube Transmitter. A Crystal
Oscillator Connected to a Neutralized Push-pull Amplifier,
Then to the Aerial. Key the amplifier. In this two-tube
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transmitter we replace the single-tube amplifier with the
push-pull amplifier. The advantages of this circuit are still
greater output in power and little difficulty with frequency.

A Four-tube Transmitter. A Crystal Oscillator Connected
to a Neutralized Buffer Am plifier and a Neutralized Push-pull
Final Amplifier, Then to the Aerial. This circuit puts a
strong, steady signal on the air. The push-pull final ampli-
fier stage is keyed. Both amplifiers must be neutralized.

A Doubler Circuit. A Crystal Oscillator (80 Meters), a
Doubler Amplifier (40 Meters), and a Push-pull Final Ampli-
fier into the Aerial. This circuit allows you to use a heavier
crystal.

All amplifiers except the doubler must be neutralized.
The final amplifier stage is keyed.

Other circuit combinations are possible, using as many
tubes as the constructor wishes and can afford. The
limiting factor in building transmitters is in the amplifier
circuits, which are expensive, especially at high power.
The power supply for such units becomes a problem, par-
ticularly when high voltage is used. High-voltage trans-
mitting condensers are expensive, as are high-voltage
transformers.

Question

1. What are some of the purposes of the amplifier in the oscillator-
amplifier transmitter ?

Coupling Between Transmitter Units

Several methods of coupling oscillators to amplifiers or
amplifiers to amplifiers are explained.

Method 1—Capacity Coupling. Coupling through a
condenser, as in Fig. 317, has been studied in several other
circuits already described. This method is simple and
quite effective. The size of the condenser should be from
.001 to .005 microfarad. The condensers should be rated
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well above the voltage of the plate circuits to which they
are connected.

Method 2 Link Coupling. The link coupling is
arranged as shown in Fig. 318. The plate tank coil and

0.00{ 10 0005 m*£

F1s. 317.  Capacity coupling between transmitter units.

the grid coil of the amplifier must be over 6 inches apart.
The link is a single turn of wire about each coil, connected
by two twisted wires.

The wires are placed near the ground end of the coil.
Excitation of the amplifier grid is adjusted by moving the

\
¢l
\l
H

Link

F1G. 318, Link coupling,

link upward to increase excitation.  Use a milliammeter in
the amplifier grid circuit to find the highest exciting cur-
rent possible without overloading the previous stage.
Overloading occurs when the tube plate begins to turn red.,
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Keying

Purpose of Keying. An oscillator becomes a transmitter
when it is connected to an aerial. But such a transmitter
would send out a steady radio-frequency oscillation that
would be heard only as a steady whistle in the oscillating
recciving set. The radio-frequency carrier waves are
broken by a telegraph key into the dots and dashes of the
radio code so that you can “talk’” with amateurs over
the air. 'This is done by putting the key in the leads that
supply B power to the set.

Keying, or starting and stopping oscillation in the set,
must be done so the receiving operator will hear accurate,
clear-cut dots and dashes.

Experience shows that when the key is inserted directly
in either the B positive or the B negative wires of a self-
excited oscillator the keying is poor. Annoying key clicks
or thumps are produced.

What Are Key Clicks? Key clicks are caused by the
sudden rush of current from the power supply through
the circuit which causes a spark at the key contacts. The
spark causes a wave to radiate which interferes badly with
nearby broadcast recciving sets. This wave is so broad it
cannot be tuned. This click, if bad, will be heard over
considerable distances. Key clicks can be prevented by
using a suitable filter system when the oscillator must be
keyed. If the keying is done in the amplifier stages, part
of this trouble is avoided.

The key-click filter is a system which will absorb the
rush of energy when the key is closed or when it is opened
so that no spark occurs at the key.

Center-tap Keying. The crystal oscillator should not
be keyed when two or more tubes are used.  When the
oscillator is keved, small changes in frequency occur as
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the key is opened and closed. These frequency changes go
on to the final amplifier and onto the air.

A simple and convenient keying circuit for an oscillator
is shown in Fig. 319. Here the key is placed in the lead
from the center-tap resistor to the B negative wire.

Operation. When the key is closed, current from the
power supply rushes through the plate circuit. If this
surge is too strong or too sudden, a thump or key click will

1l|l - 0000 @ OB+

A .
‘Radio-

frequency
choke 180 40250
volts
€ OB~
~Key
wall
1

~1—-7wo 0.005mfF

F F
I'1a. 819.  Center-tap keying circuit.

be heard. The key click is more pronounced when the key
is raised because the spark between the key contacts is
stronger than when the key was closed. Center-tap keying
eliminates this thump because, when the key is raised, cur-
rent surges to the grid, which becomes very negative and
cuts off the plate current quite sharply, thus reducing or
preventing the thump.

Key-click Filters. If the keying method of the circuit,
shown in Fig. 319, still has key thumps, a 5000-ohm vari-
able resistor such as the Bradleystat is connected in series
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to a .0l-microfarad condenser across the key contacts (see
Fig. 320).

The rush of current through the key is absorbed by the
condenser. The resistor slows down the rush of current as
the condenser charges and discharges.

S —
0.0/m¥f
_| 5000
ohms

Fia. 820, Key-click filter circuit.

A bell-transformer primary or other small choke coil is
connected in place of the Bradleystat in series with a
3-microfarad condenser in Fig. 321. You will have to

RN

I—fWD'GU\—J -
2—/mf.‘ Choke

Fic. 821. Key-click filter circuit.

experiment with the size of the condenser and the choke
coil until you get best results. If the parts of the filter are

too large or too small, the set operates as poorly as though
no filter were used.



OSCILLATORS AND TRANSMITTERS 487

The circuit in Fig. 322 shows a more satisfactory filter
with the resistor and condenser and choke coil. The choke
coil may be one taken from an old A eliminator. This

S —
Choki
L]W :

Fia. 322. Key-click filter circuit.

circuit is probably the best key-click filter, yet it is hard
to adjust.
See Fig. 323 for a keying circuit for a push-pull amplifier.

i
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Fia. 323. 'Keying a push-pull amplifier.
How It Works

If the choke coil is too large, it will not prevent oscil-
lations. The energy stored in the choke coil when the key
is raised will be dispelled as a heavy spark across the con-
tacts of the key. This will soon destroy the key contacts,
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so a condenser is connected across the contacts to help
absorb this spark. The variable resistor prevents sudden
discharge of the condenser as the key is raised.

Questions

. How is the exeitation of the amplifier grid adjusted in link coupling?
What causes key clicks?
How are key clicks prevented?
. When should the crystal oscillator not be keyed?

6. Where is one of the simplest places to put the key in a circuit to
give satisfactory results?

6. Explain how the mnethod of keying prevents key clicks.

14. THE CONSTRUCTION OF A MONITOR

What Is a Monitor? When a transmitter is in operation,
it must be adjusted so the radio wave it puts on the air
will produce a clear, steady note in the receiver. The
operator at the key cannot hear the carrier wave produced
by the oscillator. This wave is at radio frequency. All
the operator can hear while sending is the clicking as he
opens and closes his key. A monitor is an oscillating
circuit arranged so that phones can be coupled in the plate
circuit. The monitor is shielded so it will pick up only a
small part of the energy put out by the transmitter. By

_tuning the monitor to get a beat note with the transmitter
frequency, an operator can hear a whistle as he keys the
transmitter. This is desirable since it is very hard to key
clearly unless you can hear the signals you are producing.
If anything affects the transmitter causing a change in its
note, you can hear it at once.

The monitor has another use. It may be used in setting
the transmitter to a desired frequency.

How to Build and Wire a Monitor

Mount a type 30 or a type 99 tube, plug-in coil, and a
midget variable condenser in a completely enclosed metal
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box. Also mount a phone jack in the plate circuit (see
Fig. 324). This metal box or shield may be a cracker tin
or a built up aluminum box large cnough to contain a
flashlight-cell A battery and a small 43-volt B battery.

Coupling
condenser - ||

cells

Fig. 324.  Cutaway view of monitor in can.

Connect a condenser made of brass or aluminum sheets
inch square, spaced about | inch apart (see Fig. 324 and
Fig. 425) to one end of the grid coil and the other side of
the condenser to a binding post insulated from the shield
can.  Mount the tuning condenser with the shaft projecting
through the can.  Set an on-and-off switch in the filament
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circuit of this tube. You can arrange a phone jack to turn
on the filament circuit only when the phones are plugged in.

How to Operate It

To hear your keying, plug the phones into the circuit
and turn on the filament current. Set the monitor near
cnough to the transmitter to pick up a fairly strong signal
in the phones. Tune the monitor until you hear a note

o
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See fext 0002 ==
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__l_ Ground fo Jacks
= shield can

I'16. 8235.  Monitor circuit.

put out by the transmitter. When a transmitting con-
denser burns out, when trouble arises in the power supply
or the tube breaks down, in fact when anything occurs,
which will cause a change in the transmitter note, you will
hear it at once in the monitor.

Some amateurs build a relay operated by the key.
Contacts on this relay switch the headphones from the
receiving set to the monitor cach time the key is closed.
Otherwise, you will have to plug vour phones into the
receiver when you wish to listen over the air and plug them
into the monitor when you operate the transmitter.
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The Monitor Used to Set Transmitter Frequency. You
will learn the locations on your receiver dials of certain
stations whose frequency you know. You can use these
dial settings to set the frequency on which your transmitter
operates. You do this by tuning the monitor to your
receiver, then tuning the transmitter to the monitor.

If you have a well-shielded receiver, it can be used
directly as a monitor. A simpler method of setting your
transmitter to a known frequency is to use a crystal
oscillator.

Step 1. Turn on the receiver. Tune the receiver to a
station in the frequency band on which you wish the trans-
mitter to operate.

Step 2. Turn on the monitor. Tune the monitor to
zero beat with the receiver. Turn off the receiver.

Step 3. Turn on the transmitter. Set the monitor near
the transmitter. Tune the transmitter until you hear
the transmitter note in the monitor. The transmitter
now is set at the frequency on which your receiver was
adjusted.

The Note Put Out by the Transmitter. Oscillators, if
operated properly, will put out a steady radio-frequency
wave. This wave, when picked up by the receiver, will
produce a clear whistle in the phones. This whistle is
called the note of the transmitter. Anything which inter-
feres with the smooth operation of the oscillator will cause
the pitch of this whistle to change.

Some conditions which arise in self-excited oscillators
which cause them to produce a ragged or poor note follow.

Condition 1. The plate current must be a pure direct
current. Any variation in the plate current affects the
grid and introduces what is called amplitude modulation,
or changes in the strength of the carrier wave. This causes
the note to have a 60-cycle hum instead of a pure whistle-
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like note.  'This means that the strength of the carrier wave
changes at the frequency of the hum in the plate voltage.

Condition 2.  Any variations in plate voltage on the self-
excited oscillators also produce slight. variations in the fre-
queney of the plate tank eircuit.  This produces a broad
wave which is hard to tune and which is illegal.  By-pass
condensers from the filument leads to the center tap are
often used to clear up this note. If these condensers are
leaky, they will add to the trouble. Tf you have a poor
note, check these condensers.

Condition 3. A radio-frequency choke in both the B
positive and B negative leads sometimes will stop this
defect.

Condation 4. Jars caused by operating the key cause
vibration of the tube elements and the wiring of the plate
circuit in the oscillator. These vibrations cause slight
changes of spacing of tube elements and of wiring, which
affect the frequency of oscillation. Vibrations from the
transformer or the choke in the power supply sometimes
reach the oscillator and affect the note. The remedy for
this is to set the oscillator base on rubber, which will stop
the vibration.

Condition 5. 1If the coupling to the aerial is too tight,
the aerial will draw too much energy from the tank circuit,
which will affect the frequency of oscillation.

Condition 6. Poor insulation in either the tube, the
socket, the wiring of the tank circuit, or the tuning con-
densers causes leakage that effects the transmitter note.
Leaky by-pass condensers also cause a poor note. Look
for blisters on the surface of the insulation where the radio-
frequency current is creeping through.

Condition 7. Poor tubes are another cause which make
a poor note.
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Condition 8. 'The crystal-controlled oscillator is less
likely to have a poor note than is a self-excited oscillator,
although variations in the voltage of the power supply will
also affect the oscillation note.

Condition 9. A tank circuit with high C, that is, one
which has a large capacity and a small coil, is more stable
than one which has less capacity (low () in the circuit.

A low C set will have more power output, but the note
will be poor and the frequency will not be stable.

Use low C for an amplifier. 'This will improve the power
output.

Questions

1. Give some reasons for a transmitter produeing a poor note.
2. What is meant by the term amplitude modulation?



CHAPTER XI
RADIOTELEPHONE TRANSMITTERS

The radiotelephone is becoming very popular among
amateurs and experimenters. The radiotelephone has
undergone tremendous development in the last few years.

The apparatus is now available so that many experi-
menters are building radiophone transmitters. There is
much fascination for the experimenter who can talk directly
to his friends “over the air.” Basically the radiophone
transmitter consists of oscillator-amplifier combinations we
studied in Chapter X, to which are connected a micro-
phone, speech amplifiers, and a modulator unit.

In this chapter we discuss the use of microphones that
change sound waves into pulsating direct currents, how
these currents are amplified in a speech amplifier, and how
the amplified speech currents modulate the radio-frequency
carrier waves.

The sets we describe in this chapter are casy to build.
They operate with reasonable efficiency. Their design is
such as to show the principles of operation rather than to
be cfficiently equipped for use on the air. We couple to a
dummy aerial to absorb the power developed by the trans-
mitter. On a typical circuit, an oscillator generates a
radio-frequency wave which is used as a carrier for the
voice waves. Speech currents, amplified by the modulator
circuit, modulate the carrier wave. Tt then goes to the
aerial. A more powerful circuit is shown in Fig. 326, where
the carrier frequency is generated by an 80-meter crystal

oscillator, goes through a doubler-amplifier at 40 meters,
494
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to a buffer-amplifier at 40 meters, to the modulated ampli-
fier, and through a final amplifier to the aerial.

Speech currents from the microphone pass through the
inodulator to the modulated amplifier (see Fig. 326). You
can see from this set-up that many of the units we have
made and studied in the oscillator and transmitter chapter
ure used in this circuit. We shall study modulators and
microphones in this chapter. A low-powered efficient set is
more likely to cover great distances than a poorly adjusted
high-powered set.  The sooner the carrier wave is modu-
lated, that is, the less amplification ahead of the modulator
tube, the less power vou need in the modulator itself and
the less speech amplification will be needed.  You must
have as much power in the modulator as in the tube to be
modulated. Notice the units which are to be neutralized.
They are marked with an NV in Fig. 326. The buffer circuit
is an amplifier connected between the oscillator and the
modulator tube to prevent current changes in the modulator
circuit from reaching the oscillator. Changes in the plate
voltage in the oscillator cause changes in the frequency of
the carrier wave.

Contents of This Chapter

1. Microphones

2. The Two-tube Radiophone Set

3. Modulation

4. Methods of Controlling Modulation

1. MICROPHONES

The common transmitter used on the telephone in your
home is a single-button carbon microphone designed for
rugged service in the hands of persons who are not accus-
tomed to handling sensitive instruments.  This type of
microphone is used in experimental radio cireuits; but when
vou wish to build a radiotelephone transmitter which
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delivers clear, accurate speech or music, you will need a
microphone which is well constructed and which will
respond better to all of the voice frequencies than will the
ordinary telephone transmitter.

Carbon Microphones

Carbon microphones are used quite extensively on ama-
teur sets because they are less expensive than other types,
can be used for experimental work, and will produce music
of reasonable quality. Iigh-quality carbon microphones
reproduce voice and music with excellent quality. Another
reason why the experimenter prefers the carbon microphone
is that it uses and requires less amplification between the
microphone and the modulator tube than other types of
transmitters. It needs the equivalent of about three stages
of audio amplification using type 27 tubes. This micro-
phone is not directional.

How Made. A double-button microphone uses a sheet
of duralumin about .001 inch thick stretched between two
heavy metal rings (see Fig. 327). The metal rings form a
frame which not only supports the diaphragm but which is
also used for attaching the complete microphone to the
supporting stand. A\ small spot in the center of the dia-
phragm is plated with gold to make contact with the carbon
grains which are held against the diaphragm in a small
insulating cup. The carbon grains are prevented from
spilling out of the cup by a felt ring placed around the
insulating cup against the diaphragm. A\ single-button
microphone has only one carbon cup or button. The
double-button microphone—which has two buttons, one
placed on each side of the diaphragm—is more sensitive
than a single-button microphone.

Carbon microphones are hung in a ring about 5 inches
in diameter by springs. Each spring is connected between
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the frame of the microphone and the mounting ring. The
springs support the microphone, yet prevent jars from the
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Fia. 327. l)oul)lo-])ulhm carbon microphone, and symbols.

floor from being transmitted to the carbon grains through
the stand and the frame of the instrument,
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Circuits. The circuit shown in Fig. 328 is used for the
single-button microphone, and the circuit shown in Fig.
329 is used for the double-button microphone. The

|

& Microphone
|
\
i

Fia. 328, Carbon-microphone circuit, single button.

external voltage required is from 13 to 43 volts, with a
current drain of from 10 to 20 milliamperes. Dry cells
furnish this voltage.

(—' i
LL |
T |

{Micraphone l !

Ny U

Modulation
transformers:

F16. 329, Carbou-tnicrophone circuit, donble button.

N

How the Single-button Microphone Works. Direct cur-
rent from the battery, as shown in Fig. 328, flows to the
diaphragm through the carbon grains and the microphone-
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transformer primary back to the battery. Sound waves
cause the diaphragm to move.  The compression part of
the sound wave pushes the diaphragm in one direction, and
when the rarefied part of the sound wave arrives, the dia-
phragm moves in the other direction. Suppose that during
the compression part of the sound wave the diaphragm
moves so that the carbon granules in the insulating cup
are pushed together. This reduces the resistance of the
granules to the passage of the battery current. Current
can flow more easily through closely packed grains than
through grains which are loosely packed. At this instant
more current flows through the microphone.

How the Double-button Microphone Works. When an
air wave hits the diaphragm and pushes it in one direction,
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1. 830.  Carbon-microphone cireuit, donble button.
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the carbon grains in one button are compressed.  Much
current now flows through the button in which the grains
are compressed, as shown by the heavy arrows in Fig. $29.
At this same instant the carbon grains in the other button
are separated, and a weak current flows, as shown by the
dotted arrow. The strong current induces a surge in the
microphone-transformer secondary as shown by the arrow
in Fig. 329 The collapsing ficld produced by the weaker
current induces a helping surge in the secondary.
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Now when the air wave moves the diaphragin in the
other direction, it compresses the carbon grains in the other
button. A strong current now flows as shown by the
arrows in Iig. 330. This current induces a current in
the secondary of the transformer, as shown, which is in the
opposite direction to the surge caused by the first part of
the sound wave. 'This current makes the grid positive.

Then when the diaphragm springs outward during the
rarefied part of the sound wave, there is more space between
the carbon granules. They lie together more loosely and
less current flows through them.

In this way, the freely moving diaphragm follows the
air-wave variations caused by the voice or musical instru-
ments and produces a pulsating direct current which is
called a speech current. Speech currents have a wave
shape which follows the variations of the sound wave almost
exactly.

Questions

1. Are the carbon button microphones casily injured ?

2. Does jarring have any cffect upon the operation of a double
button microphone?

3. Give some reasons why heginning amatenrs prefer the carbon-
button microphones.

4. Docs the current increase or decrease when a sound wave com-
presses the earbon granules?

6. Show how movements of the diaphragm back and forth cause the
current to flow in opposite directions through the primary of the
transformer,

6. Are the carbon mierophones directional ?

The Condenser Microphone

The condenser microphone is a good all-purpose instru-
ment which produces very fine quality speech or music.
This instrument is delicate, however, and will not stand
jars; neither can it stand extreme volume of sound. It is
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quite expensive, which limits its use in the amateur and
experimental field. 1t is not especially directional. Tt has
a disadvantage of requiring more amplification than the

carbon-button mlcr-()phonc. .ll r’a"/nswm‘/'ng
needs about the equivalent of five spacer
stages of amplification correspond- Z\
. = |
ing to type 27 tubes. Back .
o . . = wDuralumm
How Made. A\ stretching ring (b3 | diaphrogm

similar to that used in the carbon Al
microphone stretches or supports
the .001-inch thick duralumin dia-
phragm at a distance of about .001
inch from a heavy metal back plate.
The duralumin sheet is spaced and  ¥Fig. 331, Condenser micro-
is insulated from the metal plate by phone.

an insulating ring to form a condenser (see Fig. 331). No
dust or moisture must get between the two condenser
plates. The mounting for this instrument must be care-
fully made to prevent any jars or shocks from reaching the

diaphragm.
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I16. 332, Condenser microphone cireuit.

Circuits. The wiring diagram (Fig. 332) shows that 180
volts must be connected across the plates of the condenser
microphone.
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How It Works. Air waves strike the diaphragm and
causc it to move nearer or to spring away from the back
plate.  \When the diaphragm is near the back plate, the
capacity of the condenser is increased and more current
flows through the circuit from the B battery. When the
diaphragm springs away from the back plate, the capacity
of the condenser is reduced and it will hold less current.
These variations in current reach the grid of the first tube
of the speech amplifier through the .01-microfarad coupling
condenser.

Questions

. Is the condenser microphone a rugged instrument?

. Is it a very expensive type of microphone?

. Is it directional ?

4, Iow many volts must be used across the condenser?

6. Does the current increase or decrease when the diaphragm bends

W N

toward the other plate?

6. Is the capacity of the condenser greater or smaller when the
diaphragm springs away from the other plate?

7. How does the tone quality of the condenser microphone compare
with the double-button type?

The Crystal Microphone

'This is one of the best types of microphones. It is very
rugged and can be dropped while in use without serious
damage. Severe jars, of

N AR course, will break the
ool . mounting or the crystal.
\ TV . - No external power is re-
N - - ‘R quired for this microphone;

Fie. 333. Crystal mierophone sound and since it is fairly inex-

cells, magnified. pensive, it makes a fine
instrument for general use. It has very good tone quality.
It requires four stages of speech amplification.
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How Made. Two crystsl slabs about .01 inch thick with
foil cemented on both faces are clamped together to form a
tiny sound cell (see Fig. 333).

Two sets of sound cells, separated by a spacer and
covered by a light membrane which keeps dust and dirt
out are shown in Fig. 833. Several of these units are
connected in series parallel in the microphone.

Circuits. As shown in the circuit in Fig. 334, a crystal
microphone is connected to the grid of the first speech
amplifier stage through a coupling condenser.  No external

Il
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CMicrophone 5rhegohms

F1a. 884, Crystal microphone cireuil.

voltage is needed with this circuit.  Four stages of speech
amplification are needed.

How It Works. Sound waves cause the slabs to vibrate
and to bend apart in the center.  This vibration sets up o
weak voltage.  Several of the sound units are connected in
series parallel to put out more voltage than one unit would
deliver.

Coupling between speech amplification stages should be
of the resistance type. Resistance coupling between the
stages produces music of good quality, and there is no
pickup as with transformer coupling. 'I'ransformer cou-
pling will pick up enough hum to make a hum in the output
of the transmitter. This occurs on account of the very
high amplification used in the speech-amplifier circuit.
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Impedance coupling is not desirable because there is too
much distortion in this type of coupling.

Questions

1. Is the crystal microphone very rugged?

2. Compare its expense with that of the other types.

3. Is it directional ?

4. How much amplification is necded ?

6. Docs this microphone have good tone quality?

6. Do you need a battery connected in the erystal eircuit?

7. What type of coupling is best between the amplifier stages for
this microphone ?

Velocity Microphones

The velocity microphone is a very rugged instrument

which produces speech or musie of good ¢uality. It is
K { D

77772 _-Corrugated —__
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Fra, 835, Veloeit s microphone,

about as expensive as a crystal microphone. It has the
advantage that no external voltage is needed. Tt needs
five stages of speech amplification. Tt has the advantage
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that you must talk directly into it; it is very dircctional.
This is particularly desirable for some classes of work.

How Made. 'The velocity microphone is essentially a
thin corrugated duralumin ribbon suspended in a strong
magnetic field.

The field is supplied by a heavy permanent magnet
arranged so the ends of the cores form a long narrow
opening (sce Fig. 833).

The corrugated ribbon is stretched between the core ends
so it can vibrate back and forth as sound waves strike it.
Connection is made to the ends of the ribbon.

1

Dg l] Microphore

F16. 836, Velocity microphone cireuit.

Circuits. Asshown in the circuit in Fig. 336, the velocity
microphone is connected directly to the primary of the
microphone transformer. No battery is needed.

How It Works. Sound waves cause the long duralumin
ribbon to move back and forth. s you already know,
when a wire or other conductor moves in a magnetic field,
a current is generated in the wire. The movement of the
duralumin as it follows the compressed and rarefied parts
of the sound waves produces currents of varying strength.
These currents reach the first stage of the speech amplifier
through the microphone transformer

Questions

1. Is the velocity microphone a rugged instrument ?
2. Compare its cost with that of the other types.
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3. Is it directional

4. How much amplification is nceded?

6. Do you need a battery connected in the circuit ?

6. Compare its tone quality with that of the other microphones.

7. Compare the action of duralumin ribbon to an eleetric generator.

Dynamic Microphones

The dynamic microphone is a rugged and not too expen-
sive instrument. It has excellent tone quality. It is about
as expensive as a crystal microphone. It uses four stages
of amplification.

How Made. This microphone is similar in many ways
to the dynamic speaker. A coil is mounted on the dia-

Diophragm, » Protecting
\ case

+Voice cor/<
7 S

~/Perrnanent
magnret

FiG. 837. Dynamic microphone.

phragm as in a dynamic speaker (sec Fig. 337). The
powerful magnetie field in which the small coil moves is
supplied by a heavy permanent magnet instead of by an
clectromagnet, as is done in a dynamic speaker.

Circuits. The voice coil, as shown in I'ig. 838, is con-
nected to the primary of the modulation transformer. The
use of the permanent magnet makes unnecessary a field-
supply current.

How It Works. Air waves cause the diaphragm to move
back and forth. This causes the coil to move in the
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powerful magnetic field of the permanent magnet. The
variations in the motion of the moving coil follow the vari-
ations in the sound waves and produce pulsating direct
currents in the primary of the microphone transformer. A
current is produced in the wires attached to the diaphragm
as the coil moves in the magnetic field.

514)
s\

Vorce coil
Fig. 338. Dynamic microphone circuit,

Questions

Is the dynamic microphone a rugged instrument?
Compare its cost with that of the other types.

. Is it directional?

. IHow much amplification is needed ?

. Do you need a battery in the circuit?

. Compare its tone quality with that of the other types.
. Compare its operation with the dynamic speaker.

- Y= ORI

2. THE TWO-TUBE RADIOPHONE SET

How to Build and Wire the Set

The Oscillator. Use the Hartley oscillator that you
built in Chapter X for this phone transmitter.

The Modulator Board. Mount the parts for the modu-
lator on a small-sized baseboard as shown in TFig. 339.

Wire the Modulator Circuit. This circuit is the Ieissing
modulator circuit (see Fig. 339 and Fig. 340).
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All of the wiring of this circuit handles audio frequency.
No special care is necessary in placing the wiring, since
little feedback occurs at audio frequencies.

The Microphone Transformer. Get either a new or a
burned-out audio transformer, any ratio. Remove the
burned-out winding (usually the primary). Wind about
15 to 20 turns for the primary next to the core. Then slip
the secondary over the primary. Use wood or cardboard
to hold it in place. Later you may want to try changing
the number of turns on this winding.

Hook Up the Batteries. Put a type 01A tube in each
socket.

Connect a 6-volt .\ battery to the leads on both the
modulator and oscillator boards.

Connect 135 volts to the B positive binding posts on the
modulator board.

Connect a +}-volt C battery to the C binding posts.

Conncet 4 volts to the microphone battery posts.

The sct is now ready to test.

How to Operate It

Step 1. Turn on the power to heat the oscillator- and
modulator-tube filaments.

Step 2. When the filaments are hot, turn on the I3 power.

Step 3. Place a broadeast receiving set in the same room
to test the operation of your phone set.

Step 4. Tune the oscillator so the set is in oscillation.

Caution! [Interference. Usc not over 180 volts on the
plate of your oscillator to prevent interference with nearby
broadeast receivers.

Step 5. Tune the broadeast receiver until you hear a
thump or hiss. The volume control must be set at high.
Retune the oscillator if the sound cannot be heard in the
broadcast receiver,
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Step 6. 1old down the push button in the microphone
circuit. Speak into the microphone. This is a *“push-to-
talk” conncction. IZold the mierophone at the side of the
mouth so that you “talk past™ it..

Test the effect on the quality of the sound the set
transmits by speaking loudly, then softly. Test the modu-
lation by speaking in a high-pitched voice, then in a deep
voice. Make the same test by whistling.

This microphone and modulator circuit are not highly
efficient, and you will find that the voice heard in the
broadcast receiver is not like the natural voice; neither is
it as good as when heard over the telephone. The move-
ment of the plate meter hand shows the modulation of ‘the
set as you speak into the microphone.

How to Control Power. The power output of the
Hartley oscillator can be increased or decreased both by
the B voltage and by the voltage on the grid of the tube
(the grid excitation). Adjust the grid excitation on the
Hartley oscillator by moving the tap on the tank coil.
Move the tap toward the plate end of the coil to increase
the power output.

Why It Works

The Oscillator Board. The explanation of how the
oscillator board operates has been covered in Chapter X.

The purpose of the oscillator in this circuit is to gencrate
a strong, steady radio-frequency oscillating current. This
current is called the carrier wave. The frequency of the
carrier wave is the frequency to which you tune your
receiving set when you wish to hear a broadcast station or
other radiophone transmitting station.

What Are Sound Waves? Sound waves produced by
the voice, by musical instruments, or by other means are
complex and complicated combinations of air waves. But

K
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explained simply, a sound wave is an air vibration by which
the air is compressed, then rarcfied (see Fig. 341). The
sound wave is explained in Chapter VI, where the sound
wave is caused by the repeated vibration of the speaker
cone.  Sound waves travel through the air at the rate of
1100 feet a second.  Sound waves dic out quickly. They
sarry only a few miles, so we find it necessary to transform
the sound waves into radio waves which will travel a tre-
mendous distance.

Compressed areas,
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Rarified areas
F1G. 341.  Sound waves.

Purpose of the Microphone. Sound waves that strike
the microphone diaphragin cause it to vibrate back and
forth, as explained in part 1 of this chapter. The vibrations
produce pulsating direct currents in the microphone circuit,
:alled speech currents,

These speech currents are faithful reproductions of the
variations in strength of the sound waves.

Examine the Modulator Circuit. The microphone cur-
rent flows through the primary of the microphone trans-
former, which steps up the voltage and produces an
alternating current of increased voltage in the secondary
circuit. These currents in the secondary circuit make the
modulator-tube grid alternately positive and negative.
The C battery keeps a negative bias on the grid to prevent
distortion of the audio-frequency voice current which would
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occur if the grid became positive enough to draw current
from the filament.

How the Modulator Tube Operates. \When the modu-
lator grid is positive, a swarm of electrons are pulled from
the filament to the plate. These electrons rush to the

Courtesy Weatern Electric Co.

Tue ExGiNeer 18 CHARGE
In the control roomn the engineer’s deft fingers blend musie and words from the
studio into a pleasing radio program.

30-henry choke on their way to the B battery. But the
inductance of the choke slows up the rush of electrons
toward the B battery and forees the electrons to flow into
other parts of the cirenit.  Some electrons flow to the plate
of the oscillator tube. The effect is the same as if the
oscillator plate voltage were cut down.  This cuts down
the flow of eclectrons through the oscillator tube and
weakens the carrier wave generated by this tube.
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But when the grid of the modulator tube becomes
negative, few electrons reach the plate, and the current is
weakened. The effect on the 50-henry choke is much the
same as if the circuit had been broken. When the current
flowing through the choke coil is suddenly stopped, the coil
makes a powerful effort to get electrons to keep the current
flowing. It now can only get electrons from the plate of
the oscillator tube. So it adds its pull to the pull of the B
battery. 'This has the effect of increasing the B voltage on
the plate of the oscillator tube and now the carrier wave is
much stronger.

The inductive pull from the 30-henry choke increases the
voltage much over the 135 volts on the plate side of the
choke.

'This is how the sound waves, striking the microphone,
strengthen and weaken the high-frequency carrier wave.
This increase and decrease of the strength or amplitude of
the carrier i1s called modulation. '

The radio-frequency choke is put into the circuit to pre-
vent the radio-frequency surges of the oscillator from
reaching the plate circuit of the modulator tube, where
they would interfere with the fidelity of the music or voice.

Questions

1. Does the oscillator in phone sets do the same work that it does in
code transmitters?

2. Describe the action of a sound wave as it travels through the
air.

3. Show how the choke coil causes clectrons from the modulator
tube to pile up on the plate circuit of the oscillator tube.

4. When the grid of the modulator tube is negative, show how the
choke coil will increase the voltage on the plate of the oscillator tube.

5. What is the meaning of the word modulation?

6. What is the purpose of the radio-frequency choke next to the
oscillator plate?
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3. MODULATION
The strong, steady radio-frequency wave set up by the
oscillator and the amplifier is shown in Fig. 842, This
wave, which is used in radio telegiaphy, carries for thou-
sands of miles. The speech currents control or modulate
the strength of the radio-frequency carrier wave. When

Fia. 342. Carrier wave.

the speech currents are strong, they make the radio-fre-
quency carrier strong, and when the speech currents are
weak they weaken the radio-frequency carrier,

Perfeet modulation occurs when the strong speech cur-
rent doubles the amplitude of the radio-frequency carrier
and the weak speech currents entirely cut off the carrier

1. 843,  Carrier wave, 100¢; modulated.

wave (see IFig. 343). This is called 1009, modulation.
Such a signal will be heard clearly at the recciver.

When the modulation is not complete, that is, when the
strong parts of the speech waves do not double the carrier
current and when the weak parts do not completely cut off
the carrier current, we have undermodulation (see Fig.
344). An undermodulated wave is of good tone quality,
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but the signal will not carry as far as the 1009, modulated
wave,

When the voice currents are so strong that they more
than double the strength of the carvier wave and when the
weak parts of the wave shut off the carrier wave for several

F16. 845, Carrier wave, undermodulated.

“ f

| U

1. 345, Carrier wave, overmodulated.

cycles, we have overmodulation (see Fig. 343).  This signal
will carry farther than will a 1009, modulated signal, but
it is hard to understand.

Overmodulation produces harmonics which distort the
music and produce interfering frequencies. It causes broad
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tuning and interferes with other stations.  Hiss, heard at
the receiver, is an indication of overmodnlation.

Side Bands. The voice and music frequencies of the
sound waves are combined with the carrier wave during
modulation to form a wave that covers a narrow band of
frequencies equal to the sound frequencies added to the
carrier and the sound frequencies subtracted from the
carrier. These frequencies added to and subtracted from
the carrier wave are called side-band frequencies.  The
modulated carrier wave must be broad c¢nough to include
the frequencies above and below the carrier if clear, accu-
rate musie is to be produced by the receiver.  Without side
bands of at least 5000 cycles width, the fidelity of music is
poor because the high frequencies of the music are cut off.

Questions

1. What is meant by 1005 modulation?

2. Is the voice distorted in a set which has 1009, modulation?

3. Can you broadeast satisfactory distances with a set which is
modulating 100¢;?

4, What is undermodulation?

5. Can you send as great distances when the set is undermodulating
as when it is modulating 100 ¥

6. Is there distortion in undermodulation?

7. What is overmodulation?

8. Can yvou send as great distances when the set is overmodulating®

9. Is the voice distorted when it is modulated over 100772

Coupling Methods. Methods of coupling a modulator
to an oscillator or to an amplifier circuit are shown here,
We shall show only the radio-frequency choke and the wire
from the modulation circuit. In Fig. 346 and Fig. 347 the
modulator is shown connected directly to the B positive
terminal on the oscillator or amplifier board.

The circuit shown in Fig. 348 has the wire from the
radio-frequency choke connected directly to the plate of
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Oscillator
Radlro -
frequency
choke Modulator
ToB+
F

1G. 346. Oscillator-modulator coupling; modulator connected to B positive
terminal.

0.00/m*~
I 0.0005 mf
}_
gzgg J) Heissing modulator

Final amplifier
8- fl?aa’/b-

requenc
choie b/

volfs
Fig. 347. Amplifier-modulator coupling; modulator connected to B positive
terminal.
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the oscillator tube. It is nccessary to insert a plate
blocking condenser of .0005-microfarad capacity between
the plate and the tank coil to prevent the direct current
from the power supply from shorting to the ground.

Modulator
fl?aa’/'o -
Oscillator T _ chode Y
I
20005 mf 7o B+

L

Fig. $48. Oscillator-modulator coupling; modulator conneeted directly to
oseillator plate.

4. METHODS OF CONTROLLING MODULATION

Method 1

When to Use This Circuit. A modulation transformer
is used in this circuit to match the plate impedance of the
tubes used (see Fig. 349). The alternating-current resist-
ance of the primary is selected to be the same as the plate
resistance of the modulator tube. The alternating-current
resistance of the secondary must be the same as the oscil-
lator plate resistance.

This transformer is more expensive than a choke but
produces better modulation.

How to Change the Circuit Wiring. Connect a 3:1
modulation transformer in place of the 30-henry choke on
the modulator board (see Fig. 349). This is a special
transformer to fit the tubes used.

Connect one end of the primary to the modulator plate.

Connect the other ends of the windings together.
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Why It Works. If neither the choke nor the transformer
were in this civcuit, the B battery would exert the sume
pull upon the clectrons ou bhoth the oscillator and the
modulator plates.  But the purpose of the modulator tube
is to control the pull upon the electrons on the oscillator
plate, modulating or controlling it to fit the variations of
the voice current. The eircuit must be arranged so the
changes in modulator pull can force the plate current to

Oscillator Modulator
IO
Radio-
frequency
choke
e A
T Modulation”
framsformer
S P
Q (0]

B+ B
90f0 /180 volts
Fra. 349, Plate modulation, method 1. This method is used to mateh tube
impedances.

change.  This can be done if the modulator voltage gains
an advantage in some way over the plate voltage.

When the 80-henry choke was used, its effect on the
current was added to the modulator plate voltage and
gave it the advantage over the oscillator voltage.

In this circuit the step-up in voltage through the modu-
lation transformer supplies the increase in voltage on the
modulator plate needed to control the oscillator plate
current.

When the modulator grid is positive, a large number of
clectrons are pulled to the plate.  On their way to the B
battevy they vush through the transformer primary.  These
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clectrons flowing through the primary induee a current of
clectrons in the sccondary but flowing in the opposite
direction toward the oscillator plate.

The secondary voltage has three times the drive of the
voltage in the primary.  But now the secondary drives
electrons toward the oscillator plate opposing the pull of
the B battery. At this instant the B battery pull is
weakened by the interference from the modulator voltage
that operates through the 3:1 transformer, and the strength
of the carrier wave is cut down.

But when the grid of the modulator tube is negative, the
flow of electrons through the tube is cut down and the plate
current is weaker. Less current flows through the trans-
former primary, and less current is induced in the secondary.

A sudden drop in current flowing in the transformer
primary will induce a current in the sccondary that flows
in an opposite direction to the flow when the grid was
positive. 'The secondary now tries to pull clectrons off the
plate of the oscillator. This makes the plate current
stronger, which will increase the amplitude of the carrier
at this instant.

The radio-frequency choke keeps the radio-frequency
surges in the oscillator circuit out of the modulator eircuit.
Radio-frequency surges in the modulator eircuit cause
tubes and other apparatus to burn out, as well as causing
distortion in the speech currents.

Questions

1. Explain the action of the modulation transformer.

2. In what direction does the current flow in the seeondary of the
modulation transformer when the current through the primary coil is
flowing down?

3. Compare the action of the modulation transformer with that of
the choke coil.
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Method 2

When to Use This Circuit. In this circuit (Fig. 850), a
resistor and a by-pass condenser are used when the modu-
lation tube is powerful enough to overmodulate the radio-
frequency oscillation of the carrier current.  The resistor
reduces the voltage changes that reach the oscillator plate.

. 1000 0hms

Oscillator
< SH0000>

f@aa’/’o = |

requenc, 2
choqke Y { | P
2m# 30-hen
Chokery
B+ B~
90 0 180 volts

Fic. 350. Plate modulation, method 2. 1lse when overmodulation occurs.

How to Change Circuit Wiring. Connect a 1000-ohm
carbon resistor and a 2-microfarad condenser between the
30-henry choke and the radio-frequency choke shown in the
circuit in I'ig. 350. Shunt the 2-microfarad condenser across
the resistor as an audio by-pass.

How It Works. We can use a resistor to reduce the
unmodulated plate voltage of the oscillator tube. This
in effect makes the modulator more powerful, giving it a
greater control over the oscillator. By reducing the d.c.
plate voltage on the radio-frequency tube we allow the
audio voltage produced by the modulator tube to swing
this d.c. voltage from normal to almost twice normal and
back to nearly zero. The condenser by-passes the audio
frequency surges. The correct resistor gives us 100 per
cent modulation.
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Another way to overcome this difficulty is to use either
a more powerful oscillator tube or a less powerful modu-
lator tube.

Questions

1. What is the purpose of the resistor and by-pass condenser in
this ecircuit?

resistor ?

Final amplifier
stage

2. Why is it necessary to place a by-pass condenser around the
000025m*f.

S LI, ﬁ

Radio-

Frequensy \ .
il ol

Modulator circuit

Fig. 851, Grid modulation used in final amplifier stages.

Method 3—Grid Modulation

Where to Use This Circuit. Grid modulation is used in
the final amplifier stages (see Fig. 351). It is an inexpen-
sive method of modulation used on high-power sets.
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New Coupling Method. By connecting the output of
the modulator plate circuit to the grid circuit of the ampli-
fier through a transformer, we control the excitation of
the last stage by controlling the flow of electrons on the
grid of the tube.

Plate modulation is more popular for small tubes, while
grid modulation is used almost exclusively for large tubes
and in the higher-powered sets.

The Modulator and Oscillator. This is the same modu-
lator hookup (Heissing) used in earlier experiments. The
final amplifier stage is the same as that described on pages
465 and 470, except that it must be neutralized. The
method of coupling the modulator to the final stage is new.

How to Wire the Set. Connect the primary of an audio
transformer in the plate eircuit of the modulator tube.
Connect the secondary in the grid circuit of the final
amplifier tube.  The secondary winding must be able to
carry the grid current of the amplifier stage.  Shunt the
secondary by a .00025-microfarad radio-frequency by-pass
condenser.  If it has too high resistance, it will change the
grid bias.  See Fig. 351,

A radio-frequencey choke is hooked in the B positive lead
to keep radio-frequency currents out of the power supply
and out of the modulator plate eircuit.

Several stages of amplification may be added to increase
the amplitude of the modulated carrier current before
coupling the output of the last stage to the aerial.  The C
bias is furnished by a € battery or by a small power supply.
A bias resistor cannot be used here.

Why It Works. \When many electrons flow in the modu-
lator circuit, a strong current flows through the coupling-
transformer primary. This current induces a current
in the opposite direction through the secondary of the
transformer,



RADIOTELEPIIONE TRANSMITTERS 527

The secondary current draws clectrons from the ampli-
fier-tube grid and makes it more positive. The positive or
electron-hungry grid attracts electrons from the filament
and thus adds to the flow of current through the amplifier
tube and strengthens the carrier current at this instant.
More carrier current now flows in the aerial.

When the modulator current is weak, few electrons flow,
the current through the transformer primary is weakened,
and the current induced in the transformer secondary flows
in the opposite direction. 'This forces more electrons on
the oscillator grid, and it becomes more negative. The
negative grid cuts down the flow of electrons through the
amplifier tube, and the plate or carrier current is weakened.

Let us trace the carrier current through this hookup. A
strong carrier current is surging into the circuit from the
amplifiers at the left of the circuit. The amplitude or
strength of the input carricr current is steady. But when
you talk into the microphone, it changes the modulator
plate current which interferes with the electron flow in the
grid circuit of the amplifier. This interference modulates
or changes the carrier strength, or amplitude, to fit the
amplitude and wave form of the voice wave,

Questions

1. Does the grid beeome positive or negative when a strong current
flows through the primary of the audio transformer?

2. When the current inereases in strength in the primary of the
audio transformer. does this increase or decrease the strength of the
carrier wave which is broadcast?



CHAPTER XII
AERIALS

The aerial has two important jobs to perform in radio
transmitting and receiving circuits. Energy from passing
radio waves sets up weak radio-frequencey currents in the
wire of the receiving aerial. These current surges flow
through the lead-in wire to the coil of the receiving set.
In transmitting equipmient the aerial absorbs energy from
the oscillating circuit of the transmitter. Tt then trans-
forms this energy into the effeet, which we have called radio
waves, that travels through space from the transmitter.

Types of Aerials. Many different kinds of aerials have
been designed and used both for receiving and for trans-
mitting.  We shall describe in this chapter only those
types of aerials which will be useful to the student or to
the experimenter.  All of these aerials are essentially the
type of aerial discovered and used by Hertz. The different
constructions of aerials and the methods used in suspending
them look different but in principle all are the same.  The
difference is in the method by which energy is fed from
the set to the acrial. - In this section are described the
different constructions for the Hertz aerial as well as the
different methods by which the acrial is fed.

Operation on Harmonics. Some types of aerials will
operate efficiently on only one frequency. 1If you want to
operate on several frequencies, you will have to have an
acrial for each frequency.  The doublet aerial is an example.

The Marconi aerial, the end-fed Hertz or Zeppelin aerial,
and the off-center-fed Hertz operate well on several fre-

528
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Courtesy Heintz and Kaufman, Ltd,

AIRCRAFT ANTENNA REEL
Part of the rear of the plane has been cut away 1o show how the clectrically

driven reel controls this aerial. It can be released while the plane is in motion.
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quencies.  So one aerial, built for a low frequency, is often
used. Such an aerial is then operated on higher frequencices,
which are harmonics of the low frequenC)

For the advanced experimenter the gain in efficiency by
using separate aerials more than offsets the inconvenience
of building and switching.

Contents of This Chapter

1. General Construction Information

2. The Fundamental Operating Theory of Aerials
8. The Marconi-type Aerial

4. The End-fed Hertz Half-wave Aecrial

5. The Hertz Off-center-fed Aerial

6. The Doublet Aecrial

1. GENERAL CONSTRUCTION INFORMATION

For Receiving Aerials. Make receiving aerials of size 14
enameled copper wire. (Iard-drawn copper wire will
stretch less than ordinary soft-drawn wire. Soft-drawn
wire will stretch enough in heavy wind or ice loads to
effect the operation of the aerial.) Bare copper wire, when
new, is as efficient as enameled wire; but bare wire will
corrode rapidly when exposed to the air. On the enameled
wire this corrosion is prevented, and the aerial will remain
in good condition for an indefinite length of time.

Many amateurs use separate receiving doublet aerials,
one for each frequency band on which they wish to receive.
A doublet is inexpensive. An 80-meter doublet may be
used for the 80-, 40-, 20-, and 10-meter bands, but it is not
as effective as separate aerials. There is too much loss in
signal volume.

Receiving aerials need insulators at the ends of the aerial
wire and where the lead-in is fastened to a support. Use
an insulator between the wire and the rope at the ends of
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the aerial. In general, the insulator should be long enough
to provide a long leakage path between the wire and the
support. A short corrugated insulator has as long a
leakage path as a longer straight insulator. Glazed
insulators are best. 'The common glass type of insulator
is satisfactory for receiving acrials,

For Transmitting Aerials. Aerials that carry much
power are made of size 12 or size 10 enameled copper wire.
Insnlation should be much better than for receiving aerials,
since much higher voltages are used. Either use larger
insulators or string several small insulators together.

Height of the Aerial. The aerial should be at least a
half wave length above ground for best efficiency. The
higher aerials are better radiators than the lower acrials.
If the aerial is lower than a half wave length above ground,
interference occurs between the aerial and trees, buildings,
and other surrounding objects.

Position of the Aerial. The aerial should be placed at
as great an angle as possible to power lines or wiring in the
honse or building near which it is erected.  This prevents
unwanted stray currents from being induced in the power
lines and also prevents the receiving aerial from picking up
hum from the power lines. The position in which the
aerial is built has some effeet on the direction from which
it will receive and transmit most cfficiently.

Questions

1. Which type of aerial will operate satisfactorily on only one fre-
quency ?

2. What types of insulators shonld be nsed?

3. What is the minimm distance above the ground that an acrial
should be placed?

4. Describe the best position of the aerial with respect to nearby
power lines.
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2. THE FUNDAMENTAL OPERATING THEORY OF AERIALS

Electron Surges in the Receiving Aerial. Let us follow
the surges of electrons through a receiving aerial like the
one that we used in Chapter IV (see Fig. 352). The

A

Wave

l Electron surges

~
<

.,,”l

R —= DA

e
Rebound

It 852, Klectron surges through a receiving aerial.

receiving set is at B, as near the ground as is convenient,
and tuned to radio waves of a certain frequency. When
a radio wave strikes the receiving aerial wire, it starts a
surge of electrons which flow from .f through the wire to
the receiving set at R and on to the ground.  The electron
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surge then reflects or rebounds from the ground to the set
at R, and surges back to the end of the aerial at 4. When
the electron surge arrives at .4, it again rebounds and
surges back through the aerial. At the instant of rebound
the next radio wave arrives and starts another surge which
gives the first surge a boost.

Some of the power of the first electron surge was lost
forcing its way through the aerial wire and against the
resistance of the ground, as well as in overcoming the
resistance of the receiving coil. This second surge replaces
the energy lost by the first surge and builds it up to its
former strength. A steady surging or oscillation of elec-
trons through the aerial circuit will continue as long as the
radio waves supply energy.

How Electrons Are Distributed in Each Surge. The
arrows used in this discussion show the direction in which
an electron surge travels through the wire.  In Chapter 11
an electron surge was compared to the grouping of a charge
of shot flying away from a shotgun (see Fig. 17). At the
front of the charge there are few shot.  Then the number
increases until at the center of the charge there are a great
many shot and the grouping tapers off to a few scattered
shot at the end of the charge. 'This is the way we believe
an electron surge acts.  Only a few electrons are disturbed
at the front of the surge, then the disturbance increases
until it is very strong, after which it tapers out gradually
to the end of the surge.

At the ends of the aerial, where the electrons in the
surge can go no further, they crowd together, and the
pressure at this point is very great. This is another way
of saying that at the ends of the aerial the voltage is greatest
and that here no current is flowing while in the center of
the aerial, where the clectron surges travel swiftly through
the wire, there is much current and little or no voltage.
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The Receiving Aerial and the Transmitting Aerial Oper-
ate in the Same Way. Now suppose we replace the
A receiving set at R with a power oscillator .Y

(sce Fig. 3533). The oscillator acts as an
clectron pump. When coupled to the aerial,
as explained in Chapter X, this electron
pump will set up powerful clectron surges
through the aerial.

Let us follow a surge through the aerial
wire. The aerial shown in Fig. 353 is
arranged so that its lower end is connected
to the ground and the upper end is free.
This aerial is generally seen in the form
shown in Fig. 854, since this construction is
more convenient to build than the straight
aerial.  Electrons surge from .X to the end
of the acrial at .{. At once a tremendous

i crowding of electrons occurs at .1; then
=__>,(,03C/”a*°r their energy forces electrons back through
= the wire to X. This is a half cycle.

Electrons now are forced into the ground
at G by the oscillator; they rebound and surge back to X
again, thus completing the full cyvele or one oscillation.

I'16. 853.

A

=

Fia. 854.

What Happens When an Aerial Is Too Long. Now
suppose we watch the action of electrons in an aerial that
is too long (see Fig. 355). The oscillator starts electrons
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through the acrial.  The surge reaches 4" and builds up a
pressure.  Then it reverses and surges back toward X’
again. But the surge reaches X’ too late to get the full
lielp of the oscillator, which has just forced a surge toward
the ground G’.  The surge will

AI

go to ground G and start back
toward X,

Just as it reflects back from

(1 . . N 1des
(/, the second surge C()“:('(h This aerial is

3 Al
with the first surge. The A #oo long

seccond surge is stronger than
the first surge, which has trav-
cled twice the length of the
aerial and has lost some of its
energy.  Both the first and
sccond surges lose energy in
trying to oppose cach other,
with the result that the total
current left is quite weak.
This, as you will remember,
is what happened when you
unwound the wire on the acrial
reel in Chapter TV, At one
certain length the wire was just ,

. q q X X
right to receive a station per-
feetly. But when you in- = '
7
creased the length a few feet, S G
Fig. 855.

the electron surges began to
mix up and oppose cach other as they surged through the
aerial. Finally you found a length where the surges were
traveling in opposite directions through the wire and
.anceled each other so that you lost this station entirely.

When the Aerial Length Is Increased Three Times. Let
us compare the electron surge through this longer aerial to
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an electron surging through the aerial in Fig. 333. We
will do this by diagram (sce Fig. 356).

Step 1. The oscillator drives a surge of electrons from
X toward A. We will call this surge 1.

Step 2. 'The current in the oscillator reverses direction
and starts pulling a new surge (surge 2) toward X. When
the oscillator has pulled surge 2 to X, surge 1 has reached B.

Step 3. The oscillator drives surge 2 to the ground.
By now surge 1 has coasted on and reached the end of the
aerial at C.

Step 4. Surge 1 rebounds from the end of the aerial
and starts back toward X. At the same instant surge 2
rebounds and is pulled from G by the oscillator. When
surge 2 reaches .Y, surge 1 has returned to B.

Step 5. The oscillator drives surge 2 towards .1, where
it meets surge 1. Surge 2 and surge 1 reach .1 at the same
instant, where they collide and repel each other since both
are negative.

Step 6. The surges rebound and surge 1 starts back
toward B. When surge 1 reaches B, surge 2 has coasted
back into the pull of the oscillator at X

Step 7. The oscillator now drives surge 2 past X into
the ground and surge 1 has reached the end of the aerial
at C.

The surging of electrons continues as outlined for as long
as the oscillator furnishes power to the aerial.

Where the Energy of the Oscillator Is Used. Energy
from the oscillator is used to drive surge 2 into the ground,
then on toward . 'The energy in surge 2 is used up in
driving surge 1 back toward the end of the aerial. The
energy in surge 2 also is used up in rebounding from the
ground.

The energy in surge 1, which travels back and forth
between A and € as a radio-frequency oscillation, is
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radiated in the form of radio waves into the space around
the aerial. Some of the energy in surge 2 is radiated as
radio waves. A small part of the energy in both surges is
used to overcome the resistance the wire of the aerial has
to the surging of electrons.

Most of the energy from the oscillator is used up in
causing surge 1 to radiate radio waves. The oscillator at
X replaces energy lost by surge 2 in oscillating between .4
and G, as well as in the transfer of energy to surge 1: surge
1, oscillating between .1 and ’, must have energy to replace
that lost by surge 1 in radiating waves into the space.

The Position of the Oscillator Can Be Shifted. The
position of the oscillator in the acrial wire can be shifted,
and the aerial will oscillate as it did in the acrial in Fig.
358. At certain positions of the oscillator the aerial will
operate most cfliciently: that is, it will both absorh much
energy from the oscillator and radiate the largest possible
amount of encergy as radio waves.  This will be explained
for each acrial type as we study it later.

Questions

1. Why is the voltage high at the end of an aerial?

2. Explain why there is much current at the center of the acrial
with little or no voltage.

3. When an electron surge is driven by the oscillator out to the end
of the aerial and back, what part of a cyele has it covered?

4. Trace the path of an clectron surge through a complete excle.

5. Explain why surges inlerfere with cach other when the acrial is a
little too long.

6. Explain why the surges reinforee cach other when the correct
length of the acrial has been increased three times.

7. When the correet acrial length has been increased three times,
does a given surge continue to oscillate hetween the extreme end of the
acrial and the ground?

8. What are the two diflerent ways in which the energy of surge 1
is used up?
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3. THE MARCONI-TYPE AERIAL

Advantages. This aerial is simple to build.  Neither its
length nor the length of its feeder (the lead-in) is as impor-
tant as in the Hertz-type aerial.  The Marconi is a quarter-
wave acrial used mainly on broadeast and ship stations.

- Receives and sends best inthis direction
Aerial
/nsu/afo'r Insulator’
Lead-in
Set
Ground wire

IF16. 857.  Marconi acrial.

When dry earth or the location of the station in a building
makes it impossible to reach a good ground, a wire called a
counterpoise is used to replace the ground. Tt is also used
when there is not enough space for a Ilertz-type aerial.
T'he counterpoise is a better conductor than most ground
connections and so is more efficient than the ground.
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Dis'advantages. The Marconi is not good as an acrial
for short-wave work since yon eannot always get it high
cnough in the air.  If you can get it up a half wave above
ground, you will find less interference from buildings and
other objects. This aerial needs a ground connection
which is not always convenient to make.

How to Build the Aerial

Build the aerial in the form of an inverted L, as in Fig.
357, or in the form of a T. DMake the aerial any odd
number of quarter wave lengths long.

Aerial

Set

Count se .
/ nterpoi -

Fia. 858.  Marconi aerial and counterpoise,

Count the ground as one quarter wave. Measure the
length of the aerial from the ground to the end of the aerial.
The wire from the set to the ground and the lead-in from
the aerial to the set are counted as part of the aerial.

Make the counterpoise the same length as the aerial (see
Fig. 358). Place it directly under the aerial and well above
the ground or other near-by objects.

The Ground Connection. A good ground connection
must be used with this aerial. Make the ground con-
nection to a ground clamp attached to a cold-water pipe.
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Scrape the pipe clean and bright where the clamp is
attached.

A 6-foot rod driven into the earth makes a fair ground.
This rod has not enough surface to be efficient.

Sheet metal or a copper boiler buried deep enough to be
in earth that is always damp makes a good ground. The
best ground has a large area in contact with moist earth.

Connect the set in the lead-in wire as near the ground
connection as possible.  Keep the wire from the set to the
ground short and direct. This aerial sends and receives
best in a direction opposite to the free end of the wire (see
Fig. 357). Build it with this end pointing away from the
group of stations you want to receive from and send to.

Transmitting Aerial. Use a loop of three turns of wire
the same size and diameter as the plate tank coil to couple
the aerial to the tank circuit. Arrange the coupling coil
at the plate end of the tank coil so it can be moved to
change the coupling.

How to Operate It

This aerial is cut to a convenient length as it is built.
So it is not tuned to a special frequency as are the Hertz-
type aerials.

It may be operated on a higher frequency by connecting
a variable condenser in series with the ground wire (sce
Fig. 859).

Connect a coil in the lead-in wire if you wish the aerial
to operate on a lower frequency (see Fig. 360). A con-
denser shunted across the aerial coil will also cut down the
frequency (see Fig. 361).

As a Transmitting Aerial. Read the plate milliammeter
before you couple the aerial to the set. Move the aerial
coil toward the tank coil to draw more energy from the set.
Watch the plate current,
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Move the coil toward the tank coil until the plate cur-
rent rises to about five times what it was before the aerial
was coupled to the set. By still closer coupling more cur-

4

= 000025 mf£ broodcast
T condenser

Loodin
corl 9

To set

Set
=

L

Fic. 859. Tuning marconi aerial to  Fig. 360. Tuning marconi acrial for
higher frequency. lower frequency.

rent will be drawn, but the plate of the tube will heat.

When the plate heats, the set is operating inefficiently.

How It Works
See part 2 of this chapter.

Questions

1. What wave length is the Marconi aerial ?
2. Is the Marconi aerial highly satisfactory for short-wave trans-
mission ?
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4. THE END-FED HERTZ HALF-WAVE AERIAL

Advantages. This aerial is used when lead-in feeders
must be at the end of the aerial on account of the location
of the operating room and of the available supports for the
ends of the aerial wire.

N

/

\l

ﬁr

FiG. 861, Another method of tuning marconi aerial to a lower frequency.

Disadvantages. The fecders must be tuned to each fre-
quency on which the sct operates.

How to Build the Aerial

The aerial proper is one half wave long (see Fig. 362).
Place the insulators as shown in the diagram,
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The feeders are each one quarter wave long.
1

They may also be any odd quarter wave length, as

three quarters long, five quarters long, ete.

must be parallel and both the same length.
The spreader insulators (see Fig. 362) may be purchased

or may be homemade.

e '"'“"'""-Ae/‘/b/,él- wave length long - -*

The feeders

Porcelain spreaders are best.
>

<o—

B
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e —
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s |
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< — —— - Feeder

R Spreader

Feeders, i wave length or
any odd ‘r‘nu/f/,'o/e of‘:;z'
wdve length

S~ Meters may be

J . inser ted hére

FiG. 362. llertz end-fed half-wave aerial.

Maple dowel boiled in paraffin inakes satisfactory spreaders.
The spreaders should be from 6 inches to 12 inches in
length. This length is not eritical.

How to Operate It

Couple the aerial to the tank coil by an aerial coil of
about four turns,
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Tune the feeders by means of two 23-plate broadcast
variable condensers connected as shown in Fig. 362.
Watch the plate milliammeter to see at what
the condenser the aerial takes the most power.

-

C C
8 4 B —
A 1 A
X
e X
Part i
G
Fia. 363,

Part 2

CT

|
| Part 3
|
|
|
[
|

L

llertz end-fed aerial.

setting of

A hot-wire radio-frequency ammeter or a thermocouple
milliammeter, placed in each feeder wire as shown in dots
in Fig. 362, is more accurate than the plate milliammeter
for tuning. These meters, however, are quite expensive.
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How It Works

Now, suppose we use the long aerial which was developed
in Iig. 356, but substitute a wire one quarter wave long
for the ground (sce part 1 and part 2, Fig. 363). s shown
in part 1, this acrial will operate efficiently with the oscil-
lator connected at .X'. Now suppose that we change the
construction of this aerial by folding the part of the wire
from .X to G back parallel to the wire from X to .1 (see

A
6 G ¢

00
X

Fic. 864, Uertz end-fed aerial.

part 3, Fig. 363). Now the part of the wire from A to ('
will be one half wave long, and we shall call this the
radiating part of the aerial. The two parallel wires from
X to G and from X to .1 we shall call feeders.  The clec-
trons will surge through this aerial as showu in Fig. 364.
When the oscillator at .\ drives a surge of electrons
through the wire, it is drawing electrons out of GX and
forcing them to XYA. Electron surges build up and con-
tinue to surge between .1 and (" as was explained in part 2
of this chapter. Now when the two wires (X and X .1 are
placed side by side, waves set up by one wire oppose and
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kill waves from the other wire. The condensers shown in
Fig. 362 adjust the timing of the surges in the feeders so
they are exactly 180° out of phase. 'This leaves the “flat
top ™’ part of the aerial AC to radiate waves without inter-
ference from feeder wires.

Questions

1. Explain why the seetions of wire G.X and .YA do not radiate radio
Waves.

6. THE HERTZ OFF-CENTER-FED AERIAL

Advantages. 'This aerial can be built a half wave above
ground conveniently because the length of the feeder is not
important.  When placed this high, it will be more efficient
than if it is lower.  The angle of radiation of this aerial at
this height is low. When it is used as a transmitting
acerial, the radio waves travel over great distances. The
low angle of radiation means greater skip distance, and
therefore more range for a given amount of transmitting
input power.

The feeder is a single wire which is very simple to
insulate.  This acrial probably is the best all-around aerial
for general use.

This aerial is directional at right angles to the length of
the wire.  This aerial may be used both with the trans-
mitter and with the receiver. It works well on harmonics,
so the length of the top is cut for the lowest frequency on
which you expeet to operate. Then, tuning the trans-
mitter to the different harmonic frequencies gives efficient
operation, using only the one aerial,

How to Build the Aerial

Use good insulators at both ends of this aerial where the
voltage is highest to prevent losses by leakage. Connect
the feeder exactly 149, of the total length of the aerial
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from the center (see Fig. 365). The feeder must run at
least one quarter wave length away from the aerial at right
angles to the wire. This must be done or the feeder will
radiate, and the efficicney of the aerial will be reduced.

, g Center of aerial
| e SRRRRELEREE EE LR R 5 wave RS o

RV o
//
/14 %0 of fotal ~

length from
center

x| et

I'1G. 865. Hertz off-center-fed aerial.

How It Works

This aerial is connected to the oscillator or amplifier
tank coil by means of a small series condenser.  The .006-
to .0l-microfarad condenser must have a high voltage
rating.

Couple the tap from the condenser to the tank coil about
two turns off the current node on the tank coil.  Move
the tap toward the plate end of the coil to increase the
current which the aerial draws from the set.  The current
node 1s at the ground or the filainent connection on the
tank coil. )

Step 1. Tune the set with the acrial disconnected.  See
Chapter X for tuning methods.  Read the plate current.
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Step 2. Then comncet the acrial and retune the plate
condenser until the plate milliammeter shows the aerial is
drawing the highest possible current. This should be
about five times the current before the aerial was con-
nected. If the tube plate gets red, the acrial is drawing
too much current, and the tap must be moved back to
decreasc the current.

Why It Works

Let us compare the action of the electron surge in the
aerial to the action of a swing. The swing will repre-

Fic. 866.  Off-center feed: uerial action compared to a swing.

sent the aerial, and the person pushing the swing will
represent the oscillator (see Fig. 366). The person can
stand at .4 and push the swing, or he can stand at any
point between .1 and B and give the swing a push as it
goes by him.

In the acrial shown in Fig. 362 we studied the condition
where the driving surges reached the aerial at point . as
in the swing. We can apply the surges anywhere between
<1 and B or at any other position along the aerial wire.
But we find that there is a point 149, of the length of the
aerial from the center point where the aerial operates most
efficiently. With the feeder connected at this point, the
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acrial will draw the most power from the transmitter and
will oscillate most efficiently.
Questions

1. Is this a good acrial for distance?

2. Does it have great or small skip distance?

3. At what angle to the wire is this acrial dircetional ?

4. Does this acrial work well on harmonies?

5. Is it possible to maintain an oseillation in an acrial regardless of
where the driving current is applied on the wire?

6. THE DOUBLET AERIAL

Advantages. This acrial is particularly good for receiv-
ing; it picks up less noise than other kinds of aerials.  The
same aerial may also be used for low- and medium-power
transmitters. This aerial is directive at right angles to its
length.

Disadvantages. This is a tuned aerial which operates
only on one particular frequency. It operates poorly on
harmonics. [for amateur use, several doublets are put up,
one for cach frequency on which the receiver will operate.

The several doublets can be fairly close together but not
parallel.

How to Build the Aerial

Cut cach half of the acrial accurately to a quarter wave
length for the desired frequency. Place an insulator at
wch end of the wire and two insulators at the center.
I"he two insulators at the center are spaced so the ends of
the acrial wire are exactly 12 inches apart.

This zerial should be 80 feet or higher above ground.

The Feeder. Use two wires twisted together (as is
ordinary drop cord) for the feeder. You may use special
feeder wire, weatherproof telephone wire that is in the form
of a twisted pair, or ordinary size 14 weatherproof rubber-
insulated wire.
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Courtesy Western Etectric Co.

Urrra-nicn FReQUENcY (CoAXIAL ANTENNA
This is a special type of coaxial acrial which has been devcloped for use in police
radio work.
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The efficiency of this type of acrial depends on the feeder.
The size and spacing of the wires affect the resistance of the
feeders to the alternating current surges. The special
feeder wire is designed to be efficient.  The telephone wire
is a good substitute.  The size 14 weatherproof wire is
probably the poorest to use. You cannot give it a {wist

Y z
S— @- () D——
X Tie ond tape
firmly
X

I'16. 367.  Doublet acrial.

as good as the machine job done on the other two forms.
and it loses efficicney from weathering.

Spread the ends of the wire, tie and tape firmly at .\ and
splice to the aerial at the two center insulators at 1" and Z
(see Fig. 367). Make the length from the tie at .\’ exactly
12 inches to the attachment of each wire at 1" and at Z.

How It Works

The oscillator is coupled to the feeder by the coupling
coil X' as shown in Fig. 367. [f the aerial were a straight
wire, as in Fig. 368, the surges would travel from A to B,
from B to C, and back.
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If we were to cut this wire in two and connect feeders
from the coupling coil at X, it would still oscillate in a
similar manner. At the instant the oscillator drives a
surge into one feeder wire, it is drawing electrons from the
other feeder wire. At any point along the feeder, electrons
A B (5
L ! J

Fra. 368,

are traveling in opposite directious, so the radiation from
one feeder is canceled by the radiation of the other feeder.
At any instant clectrons are being drawn to one of the
feeders and are being forced out at the other end. The
acrial shown in Fig. 869 is the same as the aerial in Fig.
368, except that the one is cut at the center. A\ surge

A B, c

N\

g

I16. 369, Doublet acrial, simplified.

starting at .1 in the acrial shown in Fig. 368 will travel to
B and then will travel on to (', Tlere it will reverse and
return to B and then to <1, The action of the surges on
this aerial Is the same as the action of the doublet aerial in
Fig. 367.
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The surge which starts at .1 arrives at B, at just the
instant a surge through the feeder arrives at B, (see Fig.
369). The feeder pulls the surge at B, off and drives
another surge on to the aerial at B,. The surge at B,
starts on toward C. When the surge at C returns to B,
the feeder pulls it toward X and at the same instant
drives the surge from the feeder to B,, where it travels on
toward 1.

In effect the doublet shown in Fig. 369 oscillates in
exactly the same manner as the half-wave aerial in Fig. 368.

There are several standard constructions of the feeder
which are designed to reduce interference to the current
flow for better efficiency. 'The ends of the feeder are
spread at X for better efficiency. This will prevent heating
if the aerial is used on a medium-power transmitter.

Questions

1. Compare the current flow in a doublet aerial to the current in the
straight half-wave type.

2. Is the feeder to the doublet an application of the statement that
an aerial will oscillate regardless of the point at which it is fed?

3. Show how the current in one wire of the feeder will kill any radia-
tion from the other feeder wire.



CHAPTER XTIT
ULTRASHORT-WAVE SETS

For years little could be done with wave lengths shorter
than 10 meters. Sets operating on 10 meters were hard to
get into operation and were erratic during operation. Only
the more skillful and experienced operators could get the
sets to work. The wave lengths below 10 meters (fre-
quencies above 28,000 kilocycles) were thought to be use-
less, and little operating was done on these frequencies.
But after much experimenting, it was found that these
higher frequencies could be used for certain classes of
service. The frequencies of above 28,000 kilocycles, also
written as 28 megacycles or 10 meters, are called the ultra-
high frequencies. The waves sent out by aerials on these
frequencies seem to travel best for short distances. These
waves do not, as a general rule, follow the curvature of the
earth. Since these waves die out very rapidly, it is
possible to install many sets in the community for cross-
town and short-distance operation without causing serious
interference. '

The ultrashort waves act like light waves. They travel
in a straight line, and they are stopped by trees, hills,
buildings, etc. The range of these sets can be increased
by placing the transmitting equipment on hills, mountains,
etc., where there is little interference by other hills, by
trees, or by buildings with the direct line between the
sending and receiving stations. The curvature of the earth

also seems to prevent these waves from traveling far.
555
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A new type of reeciver must he used for ultrashort waves.
This is called a super-regenerative receiver.  The small size
of the coils and condensers makes possible constrnetion of
complete transmitting and reeciving equipment in a small
box. Transmitting cireuits follow the standard types with
which we are familiar, since the Iartley, the push-pull,
and the tuned-plate-tuned-grid circuits work quite well on
the high frequencies.

Contents of This Chapter

L. Construction Peculiarities

2. A Tuned-plate -Tuned-grid Oscillator

3. How to Use Lecher Wires for Measuring Wave Length
4. The Super-regenerative Receiver

1. CONSTRUCTION PECULIARITIES

Wiring in ultrashort-wave sets is very important.  There
is about a foot of wire in the tuning coils for a 5-meter set.
The most noticeable thing about the 3-meter sets is their
size. The tuning coils and the condenser are smaller than
a tube.  The tiny coils must .contain the working induc-
tance to make the set oscillate at the proper frequency.
If the wires between the tube, condensers, resistors, and
coils are too long, they have an effect on the coil frequency.
An ordinary lead in a hroadecast or short-wave set may be
as long as all of the wire in an ultrashort-wave coil.  There-
fore, all connecting leads must be as short as possible.

The parts must be mounted closely together so the wires
can be short.  Watch, especially, the wires of the oscillating
plate circuit and the grid tuning coil. But since the
receiver is in constant oscillation, other connection wires
will oscillate and inteffere with reception. Often a set
which does not superregenerate will work well if filament
leads are cut an inch shorter. -
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Set Insulation. Ultrahigh-frequency currents have a
greater tendency to leak across insulation than do the
lower frequencies. Bakelite strips for insulation and
bakelite tube bases will blister and burn and form a con-
ducting path between the tube base prongs.
Two hacksaw cuts in the tube base prevent
this (see Fig. 370).

Tubes and sockets for the ultrashort-
wave work are made of porcelainlike
material across which ultrahigh-frequency |
currents will not leak. Isolantite is the \ v
trade name of one such material.

2. A TUNED-PLATE-TUNED-GRID
OSCILLATOR

How to Build and Wire It

The Tubes. Use two type 45 tubes. y

The Baseboard. Use the small-sized — Sowslofs
baseboard for this experiment. |..J1:(?nf.7.ﬁ,.ul“f§'

Position of the Parts. Place the parts  sulation. Saw tube
for the transmitter, the alternating-cur- base to prevent ul-

trahigh- frequency
rent step-up power transformer, and the leakage across tube
on-and-off switch on the same board. base.

Mount the two four-prong sockets on a bakelite or wood
strip 2 inches above the board (see Fig. 371).

Mount the two-plate tank condenser on a bakelite strip
serewed to the front of the board or to a block fastened on
a board.

The Coils. Make the plate and grid coils the same size.
Wind each coil of six turns of size 14 or 16 enameled wire
on a inch wooden dowel.  Remove the dowel when the
coil is completed.

Space the turns evenly so the coil is § inch long.  Leave
about 2 inches of wire on each end of the coil.
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The Radio-frequency Chokes. Wind two .radio-fre-
quency chokes on a {-inch dowel. TUse 15 to 20 turns of
size 28 or 30 double cotton-covered or enameled wire.
Remove the dowel. The coils will hold their form.

The Grid Leak. This may be a Bradleystat which has
over 50,000 ohms resistance.

How to Wire the Set. Bend the wires on the ends of
the plate and grid coil to fit the plate and grid terminals

© © -
o © o
1]

{'/

Fic. 371, Tuned-plate-tuned-grid oscillator for ultrahigh frequencies. Only
part of circuit is shown.

on the sockets (see Fig. 372). Arrange these coils so that
they are as close to the sockets as they can be placed
without touching. Tt is highly important that the length
of all wires in the circuit be kept as short as possible.
Solder the plate tank coil to the connection lugs on the
tuning condenser.  Cut the wires on the end of the coil as
short as they can be arranged. Remember that the wire
in the coil is more important than the connecting wire; but
the connecting wires affect the frequency at which the set
will oscillate.

Comnect the two radio-frequency chokes in the circuit,
as shown in Fig. 372, Keep the wires to the power trans-
former as short as possible,
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Fig. 873, Ullrahigh-frequency oscillator circuit,
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Solder a wire to the center of each coil, as shown in Fig.
373. I'ry to find the exact center for this connection.

Connect the wires from the secondary of the power trans-
former to the B negative and B positive terminals. If
ordinary type 45 tubes are to be used, it will be well to
saw slots in the tube bases as shown in Fig. 370 to prevent
leakage of high-frequeney current across the bakelite.

Caution! Do all wiring and soldering with rosin-core
solder. Acid-core solder or soldering flux is a good con-
ductor of high-frequency alternating-current, and you will
get enough leakage through flux smeared on the surface of
the bakelite to interfere badly with the operation of the set.

Questions

1. Compare the length of connector wires on ultrashort-wave sets
with the length of the same type of connections on broadeast sets.

2. Also compare the insulators and tube bases on ultrashort-wave
sets with those on other scts.

3. HOW TO USE LECHER WIRES FOR MEASURING WAVE LENGTH

How to Build and Wire the Set

Stretch two No. 18 bare copper wires between supports
(see Fig. 374).  Place an insulator at cach end of cach wire.

R e Apout 26 feet 200 05
el
Spacer -»| Spacer -»
ey g
/ \

(a00) Prckup coil

G, 374, Lecher wires used for tuning ultrashort-wave oscillator,

Space the wires 2§ inches apart. Make the spacer out of
dry pine or a piece of bakelite.  Make a saw cut in the
ends of each spacer (see Fig. 375).  Slip the spacers between
the wires at the insulators.  The wires must be accurately
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spaced 1o operate correetly.  Cut a piece of pushback con-
nection wire 8 feet long. Wind a three-turn coupling
coil in the center of the pushback wire: make the coil § inch
in diameter.  Solder the ends of this pushback wire to each
Lecher wire at the imsulator (see IMig. 374).

. - = . )'
/ll 1
e S bl S >

I'1G. 375, Spacer.

Make a shorting bar of bare copper wire, size 18 or larger.
Form the ends of this wire into loops (sce Fig. 376).  The
shorting bar must be wranged so that it will slide along
the Lecher wires and will keep the spacing of the wires the
same at all times.

How to Operate It @ ﬁ

1. 376, Shorting bar.

Turn on the ultrashort-
wave oscillator current. Place an accurate milliammeter
in the plate circuit of the oscillator. Place the pickup
coupling loop near the oscillator coil and thread its turns in
bet ween the turns of the coils.  Place the shorting bar across
the two Lecher wires at the insulators.

Use a yardstick or a piece of dry wood at least 2 fect
long to slide the shorting bar down the Lecher wires.
Slide the shorting bar slowly along the wires until the
milliammeter shows a sharp dip. The dip occurs at half-
wave distances along the wire.

Move the shorting bar back and forth until you have
accurately determined the position at which the meter
showed the dip. Mark this point with a piece of string
tied around the wires. Now slide the shorting bar on out
the Lecher wire until a second point is found where the
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meter shows a sharp drop in plate current. Find the
position of this point quite accurately as before and mark
with a string. These are node points. If you have suf-
ficient space and wire, make the Lecher wires long enough
for a full wave length. If the Lecher wire is long enough,
slide the shorting bar on until you find a third position
where the meter shows a sharp drop in the plate current.
You may find the position near the end of the wires where
there seems to be a drop in plate current weaker than
before. This is a point where the wave has been reflected
back from the ends of the wires and should be disregarded.

How to Determine the Aerial Length and the Frequency

Measure the distance between the nodal points where
the meter shows a sharp drop in plate current. The dis-
tance between two of these points is equal to one-half the
length on which the oscillator is operating. This will be
the length of the aerial which you use for this transmitter.
To find the wave length, measure the distance between the
strings accurately and multiply by two. If your Lecher
wires are long enough, measure the distance between the
first and third strings. This is a full wave length.

Questions

1. Why is it necessary to use rosin-core solder on ultrashort-wave
sets?

2. What fraction of a wave length is the distance between two spots
on the Lecher wire where the meter reading dropped ?

3. How can you locate the reflected waves on the Lecher wire?

4. THE SUPER-REGENERATIVE RECEIVER

How to Build and Wire It

Mount this receiver on the small-sized baseboard.
Mount a type 27 tube socket, five-prong, on a piece of
bakelite set in the middle of the circuit board (see Fig.
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Fie. 377.  Super-regencerative receiver.
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877). Mount a three-plate midget variable condenser on
the bakelite frame as near as possible to the tube socket.
Set the tube socket so that the plate and grid connection
are close to the condenser. Make a coil of nine turns of
size 14 enameled wire wound on a §-inch dowel. Space
the wires of the coil a distance as great as the wire diameter.
Leave about 2 inches of wire on the ends of the coil.

02 megohms
0.00025m*¥
0.00 I | Type 27
m¥£ L
1

i

0.00/m*

Radlio-
frequerncy|
choke

: i

2 é volfsA.C.

Bt 8- i
45 fo 90volts

I'1G. 878.  Super-regenerative receiver cirenit,

Mount the coil directly on the connection lugs of the
tuning condenser. The wires from the ends of the coil to
the lugs should be as short as you can make them.  An
extra inch of wire in this circuit will make the wave length
to which this tiny tank cirenit will tune far too long. Al
other leads, including leads in the filanent and plate tank
circuit, must also be kept short, for they all affect the
operation of this set.

Use only rosin-core solder for making joints.  Soldering
paste is a conductor for ultrahigh-frequency currents and
should not he used.
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Connect an extension handle to the shaft of the midget
condenser.  This extension handle shonld be of bakelite or
wood long enough to extend to the front of the baseboard.
This will keep the hand far enongh from the set to prevent
tnning effects dne to body capacity. Take one plate off
the midget variable condenser so its capacity will be
reduced enough to permit the set to operate on 5 meters.
Connect a receiving-type radio-frequency choke as shown
in the circuit in Fig. 378. Use a by-pass condenser of
.001-microfarad capacity -across the B positive and B
negative leads. Use a grid leak and condenser, the con-
denser .00025-microfarad capacity and the grid leak of
from ¥ to 2 megohms resistance. Connect the aerial to a
point somewhere near the grid end of this coil through a
.006-microfarad series condenser.

How to Operate It

The operation of this set is very simple. With the fila-
ment hot and the B voltage on, the set will go into super-
regeneration at once. If the set does not super-regenerate,
you will find some fault in the circuit.

B Voltage. 'I'ry changing the B voltage until you find a
voltage at which your set will super-regenerate over the
entire tuning range of the condenser. This should be
somewhere around 90 volts. Check the circuit carefully to
sec that the set has been properly wired. Try a different-
sized grid leak. A grid leak of comparatively low resistance
must be used in this circuit. Try values from + megohms
to 50,000 ohms until one is found which will cause the set
to super-regenerate evenly. Super-regeneration produces a
steady strong hiss in the receiver. If no hiss is present,
the set is not operating correctly. You will find that the
hiss stops as you tune the set to resonance with the signals
vou wish to hear.
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Courtesy Pacific Telephone and Telegraph Co,

CoxDENSER PLATES oF THE TRaNspacIFIc TRANSMITTER
Each of these plates is 14 inches in diameter and about half an inch in thickness.
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See if any soldering paste or flux has melted and run
down the soldering lugs onto the insulation on any of the
parts. Ultrahigh-frequency currents follow this flux as if
it were a piece of wire. It is common to find that this set
will not operate because paste flux has been used and has
run across the insulation, shorting out parts of the circuit.

You may also find that changing the size of the aerial
coupling condenser will allow the set to go into super-
regeneration.

Questions

1. How do you know when the set is super-regenerating?
2. What are some ways for correcting the trouble when the set will
not super-regencrate?

Why It Works

The regenerative type of receiver which we have used
both in the long-wave and short-wave receiving circuits is
extremely sensitive. Its sensitivity is brought about by
feeding back energy from the plate circuit to the grid
circuit. You will remember that the set is most sensitive
when adjusted just below the oscillation point. Ilere the
signals are clearest and loudest; when you try to increase
the volume still more, the set pops into oscillation and the
signals become distorted. The nearer you can adjust your
set to the oscillation point, the more sensitive your set
will be.

The Sensitivity Curve. Let us draw a curve which
shows the sensitivity of the receiver by a line.  We shall
use the setting of our regeneration-control condenser as one
base line and the sensitivity of the set as the other base
line. See the curvein Fig. 379.  You will notice that when
you turn the control from 0 to about 40 there is very little
sensitivity in your set. The height above the sensitivity
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line shows how sensitive this set is at any setting of the
condenser. When the curve is near the base line, the set
is not sensitive. When the curve rises, it means that the
sensitivity of the set is increasing. Tf the curve goes up
steeply, it means that very little motion of the regeneration-
control dial is increasing the sensitivity very rapidly. You
will notice that between 40 and 60 the sensitivity increases

- Sef goes mnto
, oscillation here
Extremely e
sensitive Sensitivity gone,
_distortion occurs

Superregeneraﬁon
L adds to the sensi-
tivity

B l '

Y

' only part we can
| use'with an ordin-
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| receiver

I

Sensitivity

Not
sensitive T
0 10

7 1 T
20 30 40 50 60
Condenser Setting

Frg. 379,  Sensitivity curve of super-regenerative receiver.

with extreme rapidity and that at about 60 the smallest
adjustment you can make on the condenser will throw the
set into oscillation.

The part of this curve between the lines of and B is the
part you ean use with the ordinary regenerative circuit.
You will notice that you are able to use only a part of the
sensitivity of this set because it will go into oscillation.
You cannot adjust the set by the mechanical movement of
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turning the condenser dial and get anywhere close to the
maximum output of the set. When we are operating close
to the oscillation point, a surge of static or a loud signal
will be enough to throw the set into oscillation. So we
must back the control away from this oseillation point far
enough so that it will not be thrown into oscillation by
static or loud signals. We need some method then that
will allow us to operate closer to the point of oscillation
vet will prevent the set from spilling over and causing
distortion by oscillating.

The Quench Frequency. There is an electrical method
of doing this. Suppose that the regenerative circuit uses
90 volts on the plate of the tube. In the resistance-control
circuit a resistor controls regeneration by adjusting the
plate voltage. Suppose that the set would oscillate at 75
volts. .\ heavy surge of current to the grid of the tube,
caused cither by a loud signal or by a roar of statie, causes
enough more current to flow through the plate circnit to
throw it into oscillation. The strong signal on the grid
will have the same effect as inereasing the plate voltage.
It will cause more current to flow in the plate circuit.

By coupling an oscillating circuit to the plate of the
regenerative receiver we can control the oscillation point
clectrically. If the condenser is too large, the aerial will
draw power from the tank circnit and cause it to stop
oscillation,

The other circuit will be adjusted to oscillate at a fre-
quency of from 20,000 to 50,000 cyveles a second. The
coupling coils are arranged so that the current flowing in
the oscillating coils opposes the plate current of the regen-
erative receiver and reduces the platé current to a value
below the oscillating point 20,000 cycles a second. The
result is that the signals can build up to a maximum volume
without dropping into oscillation and causing distortion.
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Any distortion that occurs in this circuit is above audibility.
Consequently, the circuit works at the most sensitive point
on the curve, with the result that this type of receiver is
far more sensitive than the ordinary regenerative receiver.

The fact that this circuit tunes very broadly is an
advantage in the ultrashort-wave band because it allows
vou to tune across the comparatively wide band and pick
up the signals you wish to hear. Interference is produced
by this receiver because it is in continuous oscillation. It
acts as a weak transmitter. This circuit defect is overcome
by the use of the superheterodyne type of receiver.

How the Circuit of Fig. 378 Works. Another system of
regeneration makes use of a grid condenser and a grid leak
of very low resistance (about ¥ megohm) to interrupt the
oscillation of the superregenerative detector. When the
grid of the tube becomes positive, enough grid current flows
through the grid leak to use practically all of the electrons
pulled through the tube. This stops the oscillation of the
tube at a frequency above 20,000 times a second, and pro-
vides super-regeneration.

The low-resistance grid leak allows electrons to flow off
the grid very rapidly, preventing the tube from blocking
on strong signals. Notice that there is a high B voltage
on both the grid and the plate in the circuit shown in Fig.
378. The radio-frequency choke is highly important.
Without it, this circuit will not super-regenerate. The
plate blocking condenser completes both grid and plate
circuits to the filament or cathode.

Questions

1. Are you able to operate an ordinary regenerative set close to the
limit of sensitivity?

2. Is it possible to adjust the sct mechanically so that it will operate
near the peak of sensitivity without its going into oscillation by itself?

3. Show how the quench frequency will permit the set to build up
to the peak of sensitivity and then stop it just as it goes into oscillation.



CHAPTER XIV
LOOKING AHEAD IN RADIO

The history of inventions is a striking tribute to human
ingenuity. In almost every scientific field, one finds the
same pattern. There is a new invention, sometimes
revolutionary in its possivilitics. Then, sooner or later,
this invention is carricd to a degree of perfection where
additional development seems impossible. Invariably
when it seems that no further progress can be made.
another invention or new type of development appears
which opens up a new area of activity by a method entirely
different from the one that secemingly could be improved
no further.

The history of radio furnishes many examples. When
Fleming tried to adapt Edison’s discovery of current
flow through a vacuum to his needs for a more efficient
detector, he found himself in a blind alley. Before long,
however, De Forest had added the grid. His revolutionary
new principle solved the problem of detection and at the
same time gave tremendous possibilities of amplification.
This new principle also led to the development of the
oscillator which is now the backbone of our transmitting
and broadcasting systems. Again, wher radio seemed at a
stopping place in its development frequency modulation
came in and enlarged the possibility of transmission even
beyond the dreams of those who were experimenting in
radio.

The first receiving sets had so many controls and were

so difficult to adjust that few but the specially trained could
571
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use and enjoy them. Gradually, tuning controls were
eliminated, and the operation of sets was simplified. The
coming of the neutrodyne circuit brought a combining of
circuit controls. This circuit, in turn, made possible the
use of additional tubes for radio-frequency amplification.
The whole system of neutrodyne reception and the use of
the three-element tube for a radio-frequency amplifier
were swept away by the introduction of the screen-grid
type tube.

Years ago, when the crystal detector and the hissing
clectrolytic detectors were in their prime, a person would
have been ridiculed who said that one day every home
would have a radio. Few could sce far enough into the
future to vision the revolutionary changes that took place
in radio during the nincteen twenties, which saw both the
development and the passing of the dircet-current vacuum
tubes.

Static has for years been an unconquered nuisance
to all radio listeners. A startling and revolutionary
system of radio now bids fair to solve the problem of
static in an unexpected manner. Other developments too
numerous to mention here have helped to make possible
our modern highly efficient set. Some have brought
back the battery set, others repopularized the phono-
graph industry, and others have taken “fading” out of
. shart-wave programs from overseas.

There have always been persons who are ready to say
about any new idea, “It can’t be done.” In 1903 a
director of the patent office claimed that until a new and
revolutionary material was developed flight was impossible
by any human means, yet within the same month Orville
and Wilbur Wright made their first ¢cpoch-making flight
using only ordinary materials in the construction of their
airplane. You sometimes hear this same kind of comment
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Courtesy General Electric Co.

EpIsSON AND STEINMETZ.
These two men found unlimited opportunity in the field of electricity.
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in regard to radio—that it has reached its highest possible
eflicicncy. Tlowever, many thrilling developments are
under way today which refute this statement. .

The Amateur Radio Operztor. Amateur radio con-
structing and operation offer interesting and worth-while
recreation.  When you have become one among the more
than fifty thousand licensed amateur operators in the
United States, you will know the pleasure of selecting
circuits, assembling parts, and building your own receiver
and transmitter. There is a peculiar thrill in receiving
signals on a sct you have built yourself. There is a greater
thrill after you receive your Federal operator’s and station
license, when you send out your first call on a set you have
built yourself and receive an answer. Yeu will rapidly
make a group of friends over the air as you operate your
“ham” telegraph transmitter or the more expensive radio
telephone transmitter.

You will build or buy your receiving set while you
are learning the code. You will find a fine supply of ideas
in the amateur publications, QST and Radio. To pass
the Federal license examinations, you must be able to send
with a hand key at the rate of 13 words per minute (65
consecutive characters of the continental Morse Code),
receive at the same speed, and answer questions picked at
randoin from a comprehensive set of questions that cover
the theory and operation of radio telegraph and radio
telephone transmitters, aerials, power supplies, and radio
telephony, as well as Federal laws and regulations and
penalties.

As a licensed amateur you will enjoy building your
transmitting equipment and operating it while “rag
chewing,” as carrying on conversations over the air is
called.
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Radio operation pursued as a hobby has many times
furnished a steppingstone to young men who wished to
rpake some commercial use of their experience. There
are many opportunities for those who are willing to put
energy and imagination into their work. In making a
choice among the various possibilities, it is important to
investigate the different fields of specialization. There
follows a brief outline of some of the opportunities open
to one trained in radio prineiples and experienced in their
application.

Servicing Radio Sets and the Closely Allied Business
of Selling Radio Sets and Parts. The millions of radio
receivers used in homes, offices, and cars require occasional
adjustment and, less frequently, replacement of tubes and
_parts. This is the work of the radio service man. If you
are a service man and are employed by a radio dealer, what
will be some of your daily activities? You will check over
new scts before they are delivered to their purchasers.
You may have to put up masts and install acrials. Actual
servicing of sets will occupy a good deal of your working
day. This work is fascinating because it is seldom the
same. Each set is a new service problem to solve. Some
you will recognize at once; others will offer a more serious
challenge to your knowledge of radio and your skill in
diagnosing neceded repairs.

You will have to keep up to date on circuits and devices
constantly being built into new scts. You will find new
cquipment described and its operation explained in the
several trade magazines. Radio is developing rapidly.
Television, with its picture ,transmission and reception
methods, has added to the development problem you
must follow. This means that to be a successful service
man you must be ready for the new developments as they
arrive.
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If vou are an enterprising service man, your contact
with the public will give vou a good opportunity to add
sales to your technical servicing.  Training in merchandig-
ing methods and in salesmanship will make you more
valuable to an employer. Training in speech will add to
vour confidence and efficiency in meeting customers.
Typing, bookkeeping, and accounting are well worth
knowing. Training in these subjects will help you to
build a solid background for a future business of which
your technical knowledge and skill are but a part.

If you prefer to open your own serviece shop, you wil.
find that the sale of sets, rental and installation of public
address equipment, as well as sales of amateur supplies
are other sources of income in addition to your income from
servicing. You will find experience or training in business
and in salesmanship to be invaluable. Your income will
depend on the choice of location of your shop, on the
number of competing service men, and especially on your
own ingenuity and cnergy. Any good servicing magazine,
such as Radio Retailirg or Radio Servicing, offers ideas that
a wide-awake service man can use to increase his business.

Acoustics and Sound Engineering. Sound offers many
interesting possibilities either as a side line or as a completc
business. Public address equipment is used at dances or,
mounted on a sound truck, is used at picnics, rallies, ball
games, political meetings—wherever groups of people
get together. There are an increasing number of public
buildings that are equipped with public address units;
many churches and school auditoriums have built-in units,
complete with microphone installations, amplifiers, control
units, and speaker systems. Many business firms are
equipped with intcroffice telepkones which are simply
two-way public address units. They are easily installed
and are a good source of business. Your training and
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experience in servicing will enable yvou to install and
maintain sound systems.

Your experience with sound installations will put you in
frequent contact with more technical sound problems.
You will find opportunities to design installations of sound
equipment or to correct the faults of buildings or audi-

Courtesy Western Electric Co,
INSTRUMENT BoaRD OF A MODERN AIRPLANE

The modern aviator has added the two-way radio to his navigational aids.
toriums by means of insulating materials. This is the
field of acoustics and sound engineering. For this work
you will need thorough training as a radio or acoustical
engineer.

Radio Engineering. There are many opportunities for a
graduate radio engineer. But to be successful, you must
be resourceful and energetic. If you are interested in
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research, there are places for you with the corporations
which maintain research laboratories. Here radio engi-
neers are constantly experimenting to open new fields of
radio.

The college training for such work involves a great deal
of mathematics and electricity, followed by advanced work
in the field of radio in which you wish to specialize. Your
income will be low at first. Experienced engineers often
find places as builders of broadcasting stations or as
maintenance men. These men are expected to be experi-
enced in construction, good operators, and expert designers.
The magazine Electronics “describes the problems and
products of these men. .

The Marine Radio Operator. The training needed
includes such things as principles and operation of motors
and generators. As a commercial operator you must
know how to use a typewriter and be able to keep certain
kinds of records. Your first job at sea will probably
be that of a combination radio operator and clerical
assistant. At sea you have a good chance to save money,
if you are so inclined. Many have used their savings from
a marine operator’s job to start a business, or they have
used this money for further techrical training.

Possible Future Jobs in Radio. The set we dial today,
with its many automatic feztures, its nearly automatic
tuning, its fine tonal quality, merely points to what the
future may hold for radio and to new opportunities for
you. Television offers many places for new men. TFor a
number of years it will demand highly trained specialists
to work out its complex technical problems. As one of
these cxperts, you may help to answer the question of how
television will be “piped” between cities.

To you may fall the job of perfecting and simplifying
the portable television pickup camera and broadcasting
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station equipment. It, like other new equipment, is now
complex in its structure and its adjustment as well as being
difficult to control. Simplification will come with revision
of design and as a product of experience gained by using
the equipment. Here is a wide field of new applications
of the radio principles that you have studied about in this

Courtesy Western Electrie Co.
AN ExXPERIMENTAL 50-KiLowart TRANSMITTER
The circuits used in this transmitter point the way to the elimination of statie,

book. Tt offers opportunities to the men now in radio who
want to step out into the new field: it offers opportunities
to you, because many men now in radio will not care to go
to the trouble of mastering this new and different field.
Sales and service of television receivers is an opportunity
for you, if you are a prepared service man. Installing and
adjusting these sets will be complex at first, compared with
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the average radio set, and these sets will probably need
frequent adjustments. To work with television, you will
have to be more highly trained than for working on ordinary
receiving sets.

There may be many opportunities in connection with the
system now being developed by Major Edwin H. Arm-
strong, a professor at Columbia University. 'This system,
called ““static-less’ radio, points to major changes in the
design of the present radio broadcasting and receiving
circuits. The cost of changing present radio circuits from
amplitude modulation and detection to frequency-modu-
lated operation is likely to be offset by the public demand
for static-free and high quality programs.

Another field that is opening rapidly is the use by air-
craft of two-way radio. While radio is widely used by
air lines, the use of radio by the private flier is a barely
touched field. This field offers opportunities not only in the
design of light and reliable equipment, but in its instata-
tion in airplanes and in its upkeep. This will be a specizlty
field. ‘

Ultrashort-wave sets are being placed in model airplanes
and model hoats to control their operation.  Radio contrel
is a fascinating field which offers many opportunities to you
if vou are an ingenious experimenter.

These are but a few of the high spots in the vast and
growing radio industry where alert prepared men are
needed.

Keeping Up with Radio. The following list of books may
be helpful in furnishing you with additional information
abont the vast and growing field of radio.

Background Electrical and Radio Information

Bouck, Zeu, Making « Liwving in Radio, McGraw-Hill
Book Company, Inc., New York, 1935.
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Burns, Eumer E., Radio; A Study of First Principles
(3rd ¢d.), D. Van Nostrand Company, New York. 1938.

CroFt, TERRELL W., Practical Electricity (revised by G. H.
ITall), McGraw-1Till Book Company, Inc., New York,
1940.

Duncan, R. L., Foundations of Radio, John Wiley & Sons,
Inc., New York, 1931,

HenNeY, Kerth, Principles of Radio (8rd ed.), John Wiley
& Sons, Inc., New York, 1938.

SwoopE, Coates W., Lessons in Practical Electricity (17th
ed., revised by Erich ITausmann), D. Van Nostrand
Company, New York, 1926.

Radio Servicing

Guirarpi, A. A., Radio Physies Course (2nd ed.), Radio
Technical Publishing Company. New York, 1933.

Hicks, H. J., Principles and Practice of Radio Serricing,
McGraw-1Till Book Company. Inc., New York, 1939.

River, J. F., Booklets on Specialized Servicing Methods,
Radio Treatise Company, Inc., New York, 1929-1933.

, The Cathode Ray Tube at Work, The Author, New

York, 1935.

, Rider’s Service Mannals, The Author, New York,

1933-1937.

Radio Engineering
Morkcrort, Joux IL., Elements of Radio ('ommunication
(@nd rev. ed.), John Wiley & Sons, Inc, New York,
1934,
TErMAN, FreEpERICK E., Fundamentals of Radio, McGraw-
ITill Book Company, Inc., New York, 1938.

Radio Amateurs

Anmerican Radio Relay League, The Radio Amateur’s Hand-
book, The League, West Iartford, Conn., 1940,
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JonEs, F. C. and Technical staff of “Radio,” Radio Hand-
book, Radio, Ltd., Los Angeles, 1940.

Commercial Radio Operators

General Electric Company, Radio Department, Radio
Operators’ Manual (2nd rev. ed.), The Company,
Schenectady, N. Y., 1938,

NiusoN, ArRTHUR R., and J. L. HorNuNG, Practiccl Ladio
Communication, McGraw-ill Book Company, Inc.,
New York, 1935.

» Radio Operating Questions and Answers, McGraw-

Hill Book Company, Inc., New York, 1936.




COMMONLY USED RADIO ABBREVIATIONS

These abbreviations are taken from Webster’s New International
Dictionary and from current radio magazines. Those from magazines
are starred (*). For many words the abbreviations have not yet
been standardized, especially when they are used on diagrams.

A.C. or a.c.
ACW

AF. or af.
Am. or am.
amp.

* Ant.
*ARRIL.
*C

corca

cm

con.

cond.

cop

*cout.

CW

cy.

* db.

D.C. or d.c.
D/F

* dia.

diag. or diagr.
d.p.

d.t.

DX or D.X.
elec. or clect.
E.M.F. or c.m.f. or emf
*FCC

* fils.

FM

freq. m.

alternating currcat
alternating continuous waves
audio frequency
ammeter
ampere
antenna
American Radio Relay League
capacity (of a condenser)
cathode
centimcters
connection
conductor, conductivity
copper
center tapped
continuous wave
capacity
decibel
direct current
direction finding
diamcter
diagram
double pole (switch)
double throw (switch)
distance
clectric, electrical, clectricity
electromotive force
Fedcral Communications Commission
filaments
frequency modulation
frequency meter
583
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*G.MT.
H.

* ham
H.F.

* High C
h.t.

H.V.
ICW

* i,
instr.
*LR.E.
K or kilo
k

KC

kw

*L
*L/C ratio
L.F.

M.

m

Ma.
mag.

* Me.
mf.

mfd.
mfds

M.G. or m.g.

mh
*M.O.P.A.
*mu or u
myv

N.G. or n.g.
o

* ose.

PA

* par.

rD

phone
prim

* QRM

UNDERSTANDING RADIO

Greenwich Mean Time
Henry

amateur

high frequency

high ratio of capacity to inductance
high tension

high voltage

interrupted continuous waves
intermediate frequeney
instrument

Institute of Radio Engineers
thousand

capacity

kilocycle, kilocycles

kilowatt

inductance of a coil

ratio of inductance to capacity
low frequency

mega (million)

milli (thousandth)
williampere

magnet, magnetic
megacycle—millions of cycles
microfarad, millifarad
microfarad

microfarads

motor generator

millihenry

master oscillator—power amplifier
amplification factor

millivolt

no good

ohm

oscillating, oscillater

public address

parallel

potential difference

radio phone

primary

man made interference
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* QRN

Rorr

* r.a.c.

react.

recd.

res.

R.F. or r.f.

* RFC

rheo.

R.M.S. or r.m.s. or rms
or RMS

r.p.in.

sec.

s.g.

* stn.

stor.

* superhet

*S.W,

tel.

teleg.

term.

*TNT

T.P.S.

*T.P.T.G
trans.

* t.r.f.

* tri-tet
TU

* U.H.F.
v.

var.

* Vee
vm.
*V.T.
*W

static

resistance

raw alternating current
reactance

received

resistor, resistance
radio frequency

radio frequency choke
rheostat, rheostats
root mean square

revolutions per minute

secondary

specific gravity

station

storage

superheterodyne receiver

short wave

telephone

telegraphy

terminal

simplified form of tuned-plate~tuned-
grid power oscillator

earth telegraphy, (French) telegraphie
par le sol

tuned-plate~tuned-grid oscillator

transformer

tuned radio frequency

oscillator circuit

transmission unit

ultra high frequency

voltage

variometer

antenna shaped like the letter V7

voltmeter

vacuum tube

the prefix 1V is assigned to all American
amateur operators’ call letters. The
number indicates the district in which
his station is located, as WGPRD,
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*W.A.C.
W.G.
wh. or whr.

* wm. or Wm.

*W.T. or W/T

* xtal
*Z
* Zepp
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watt

worked all continents
wire gage

watt hour

wave length
wittmeter

wireless telegraphy
weather

crystal

impedance

Zeppelin type antenna
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A

A battery and A power, definition and
symbol, 61-62, 127
filaments and, 65-66, 81
purpose and uses, 72-75, 81-82, 85,
160
tube curves and, 82
Abbreviations, 583-586
Acoustics, 285, 576-577
Aerial, 181-187, 528-554
construction, location, and position
of, 530-531
definition and symbol, 130, 132, 204
dummy, 424, 431
clectron flow in, 145, 532-538, 546—
547
fundamental theory of, 532-538
length of, 140-146, 390, 534-538
transmitting, 541
tuning by length of, 140-146
types of, 539-554
wire for, 134, 530-531, 552
(See also Antenna)
Aerial coil, defined, 259
in regenerative sct, 224-225
for short-wave sets, 384-386, 389
Aerial current, radio waves and, 138
Aerial-ground circuit, 186-140
coil and condenser in series in, 192—
1938
condenser in, 139
loading coil in, 149
in radio-frequency amplifiers, 251,
253
in radio reception, 214-215

Aerial-ground circuit, in regenerative
sets, 226, 232
transformer primary in, 151, 155~
156, 157-164
wave pictures, 136-189
Air, as diclectric, 176
ionized, 5-16
in tubes, 67-68, 82
Aircraft, radio, 577, 580
Alternating current, component of
direct current, 51-52
crystal control, 451
cycle in, 40-42
defined, 82, 136
electron flow in, 32-52
meters for, 110-115
receivers (scc Alternating-current
receivers)
rectification, 288-301
60-cycle, 54
tubes (see Tubes, alternating cur-
rent)
wave-form pictures (see Wave-forin
‘pictures, alternating current)
Alternating-current component, 51-52
defined, 53
Alternating-current receivers, 805-875
power source, 287
(See also Short-wave receivers)
Alternation, 40, 137
defined, 53
Aluminum,
414
Amateurs, 479, 574-575, 581
Ammeters, alternating-current, 110-
115

117, 175, 178, 409411,

587



588

Ammeters, definition and symbol, 59,
60, 105, 127
direct-current, 107-110
hot-wire radio-frequency, 545
moving-vane, 110-111
Amperage, 96-97, 127
(See also Current)
Ampere, defined, 96, 127
Amplification, control of, 853-855
defined, 259
development of, 571-572
grid-control effect, 92-95
of modulated current, 526
regeneration as, 223
selectivity and, 249
sensitivity and, 249
speech, 501-509
in superheterodyne receiver, 362
tubes and, 238
Amplification factor (see Mu)
Amplifiers, alternating-current, 314—
316, 332-337, 350-356
audio-frequency, 127, 238-248, 314~
315, 338-346, 373
buffer, 460, 468-469
classes of, 416, 474478
coupling, 192, 239-248, $14, 323
324, 340, 3856, 357, 360-362,
396-397
defined, 207
electron flow in, 248, 334-337, 8343-
345, 474475
intermediate-frequency, 362-370
keying, 487-488
neutralizing, 463-468
output wave shape, 478
power, 341-346, 468-477
power output of, 477-478
push-pull, 341-346, 471-475, 487-488
radio-frequency, 249-254, 316, 350-
356
speech, 505-506
stages of, 244
in superheterodyne circuits, 373

UNDERSTANDING RADIO

Amplify, defined, 127
Amplitude, 31, 36-52, 53, 139
Antennas, 528-554
aircraft, 529
broadcasting, 8
coaxial, for ultrahigh frequency, 551
definition and symbeol, 130, 132, 204
dununy, 424, 430-432
Armatures, 267, 270
Armstrong, Edwin IL., 580
Atoms, 32, 115
Audio frequency, defined, 187
Aurora, 8, 25, 26

B

B battery—B eliminator—B power,
70-71, 201-202, 215, 217
current output, 99
defined, 127
filaments and, 66
function of, 78-74
for grid tests, 85-86
for oscillators, 418-421, 470
regenerative set troubles and, 235~
236
voltage changes, 70-71, 75-76
" (See also B voltage)
B voltage, 388
in amplifiers, 242
in neutralizer, 467
in super-regenerative sets, 565, 570
in tubes, 242
Back voltage, 188
Baffles, 272-274, 285
Bakelite, defined, 127
uses, 116, 135, 148, 368-369, 382,
419-421
Band spread, 400, 402-403, 408-409,
412
Bandoeng, Java, short-wave receivers
in, 38
Batteries, current and voltage in series
and parallel, 120-121



INDEX

Batteries, symbols, 61-62
voltage tests, 106
(Sse also A battery, B battery, and
C battery)
Beat notes, 370-372
zero, 227, 234, 260, 870
Bias, in amplifiers, 242-243, $74-478
defined, 260
grid (sce Grid bias)
wave forms and, 210-211
Bias resistor, 332, 341-342, 346, 350
Binding posts, symbols, 61-62
Body capacity (see Capacity, hand)
Brass, as shiclding, 411
Broadcasting, control room, 515

¢

(!, in tank cireuits, 493
(* battery, in amplifiers, 245
in grid tests, 85-95
(‘apacitance (sce (apacity)
Capacity, in amplifier tank circuits,
493
hody (see Capacity, hand)
condenser area and, 163
of condensers in series, 196
coupling by, 482-183
defined, 175, 204
frequency and, 183
hand, 228, 260, 380, 391, 565
measurement of, 185-186
bhetween tnbe elements, 144, 255, 316
Carbon, as resistor, 117
Carbon microphone, 498-502
Carrier wave, 137, 227, 234, 516
Cathode, 312-314, 335
symbol, 306, 308
Cathode wire, 327
Cells, wired in series, 118
Center tap, 205-297, 302, 3290-331
defined, 304
in keying, 484-485
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Chassis, metal, 304, 414-415
Choke coil, 131
in crystal oscillator, 457
in detector-amplifier coupling, 361
in filter, 299-301
in frequency doubler, 459
in Hartley oscillator, 417, 422, 28
as key-click filter, 486
in power-supply circunits, 293, 299
radio-frequency, 226, 232, 380, 390,
417, 457, 459, 558, 564, 570
reeeiving type, 390
in regencrative set, 226, 232
in short-wave sets, 380
in speaker coupling, 348, 350
in super-regenerative set, 564, 570
symbol, 131, 188 °
in tuned-plate—tuned-grid oscillator,
558
in ultrashort-wave sets, 558, 564, 570
Chromium, as resistor, 117
Circuits, aerial-ground (see Aerial-
ground circuit)
amplifying (see Amplificrs)
defined, 204
detector (sec Detector circuit)
filament, 70, 74-76
grid (sce Grid circuit)
heater (see Heater circuit)
microphone, 500-501, 503-504, 505,
507, 508
modulator, 514-516, 522-526
ncutralizing, 255-259
oscillating, 184
plate (see Plate circuit)
power supply, 288-304
regenerative, 393-399
resonance in, 169
superheterodyne, 865
transmitter, 479-488
volume control, 353-355
Clicks, key, 484-188
Code, in license requirements, 574
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Coils, 421

aerial (see Aerial coil)

in aerial-ground circuit, 149

choke (see Choke coil)

condenser in parallel with (see Tanl
circuit)

condenser in scries with, 192-193

in dummy antenna, 431

for electron-coupled receiver, 396

field, 276-230, 235

for frequency mcter, 433

" grid (see Grid coil)

loading, 147-150, 205

magnetic phenomena, 102-103

oscillator, 367, 419-422, 436

plate (see Plate coil)

plug-in, 877-378, 381-390

receiving, for regenerative detection,
224

for short-wave sets, 377-878, 381-
390, 395, 400

spark, 183

symbol, 131-132

tank, 466-467, 473-475

Tesla, 99

tuning, 206

20-meter, 383, 390

two, in series, 194-195

ultrashort-wave, 557

voice (sce Voice coil)

winding table, 386
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Condensers, capacities, 163-165, 185—

186

coil in parallel with (see Tank ecir-
cuit)

coil in series with, 184, 192-193

compression type, 257-258, 367

eondenser in parallel with, 193

condenser in series with, 195-197

construction, 175-178

coupling, 246, 350, 362, 366, 482-
483

definitions and symbols, 131, 183,
163, 175, 204, 206, 208-20), 260

in dummy antenna, 31

electrolytic, 178, 205, 292, 303

electron flow in, 139, 161-164, 178-
186

in filter, 299-301

fixed, 181, 138

frequency effect, 163-164

in frequency meter, $32-434

grid, 208-209, 217-221, 260, 379-
380, 405, 429, 444

grounded, 180

in intermediate-frequency unit, 367-
3868

lamp in series with, 183-185

leakage prevention, 178

midget, 400, 564

in monitor, $89-490

neutralizing, 257-258, 464465

Collodion, 421
Condenser microphones, 502-504
Condensers, 175-186

in neutrodyne circuits, 313-314
in oscillators and transmitters, 184,
417-419, 428-429, 436, 444, 566

action, theory of, 139, 161-164, 178
186

in aerial-ground circuit, 139

in amplifiers, 246, 835-336, 169

audio-frequency passing, 183

band-set, 412

band-spread, 400-403, 412

blocking, 419

by-pass, 177, 232-238, 315, 335-336,
358, 362, 419

phones act as, 139

power supply and, 177-178, 293, 302
radio-frequency passing, 183
regeneration control by, 223238

in short-wave sets, 379380, 405
shunt, effect of, 162, 164, 184

size effect, 181-182

sparking and, 182, 183

speaker coupling and, 350
transpacific radiotelephone, 566
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Condensers, trimmer, 244245, 967, Crystal detector, 433-434
369 ¢'rystal microphone, 504-506

tuning by, 157-164, 184, 379
types and formns, 181-183, 177-178,
205, 367-369, 417, 436
in ultrashort-wave sets, 564563, 570
uses of, 183
variable, 131, 133, 178, 206
vernier {see Vernier controls)
Conductor, defined, 115-116, 128
Cones, 270-271, 276-279, 285
Copper, 117, 170-171, $09-411
Cord tips, defincd, 285
Cores, 105, 199-201, 204-205
Cosmic rays, wave phenomenon, 23
Counterpoise, 539-541
Coupling, amplifier to amplifier, 340
capacity, $482-483
close, 165-167, 204
defined, 165, 204, 205, 260
detector to amplifier, 239-248, 314,
323-324, 340, 356, 357, 360-362,
396-397
electron, 393-399
impedance, 192, 240, 260, 314, 323~
324, 340, 348-350, 857, 360-362,
506
inductive, 355-356
link, 483
loosc, 165-167, 205
modulator to oscillator,
525-526
oscillator to amplifier, 482-483
of radio-frequency stages, 355-356
resistance, 240, 246-248, 260, 314,
324, 357, 505
in short-wave sets, 396-397
to speakers, 340, 346-350
between speech-amplification stages,
505
transformer, 164-167, 239-245, 260,
314, 840, 346-348, 360, 505
between transmitter units, 482-483
tuning and, 164-167

519-521,

Crystal oscillators, 481-482, 493
Current, altcrnating (see Alternating
current)
average, 213
direct (see Direct current)
discussion of, 115
field, 280
grid (see Grid current)
induced, 165
loops (see Current loops)
oscillating, 205
in parallel and series, 120-121
voltage lead and lag, 182
Current loops, 36-52
defined, 53
high, 45
low, 45
negative, 39—41, 54
positive, 38, 41, 54
in wave-form pictures (see Amnpli-
tude)
Curves, characteristic, meaning, 83
definition and use, 77-80
Cutoff, 86, 90, 355
Cycle, 21, 53
alternating current, $40—42, 137

D

De Forest, Lee, 56, 571
Detection, 571
Detector, circuit (see Detector circuit)
coupling to amplifier, 239-248, 314,
323-324, 340, 856, 357, 360-362,
396-397
defined, 207, 259
sets (see Detector set)
in superheterodyne receivers, 369
3738
type 24A tube as, 314
Detector circuit, alternating-current,
325-327, 857-362
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Detector circuit, direct-current, 215—
216, 229, 326
cleetron flow in, 229, 325-327, 357-
362
grid condenser in, 219
grid leak in, 220
for short-wave, 379
Detector set, alternating-current, 857—
362
one-tube, 210-221, 327
regenerative, 223238
Diaphragm, action in phones, 212-213,
218-219, 263-268
defined, 285
Dielectric constants, 176
Dielectrics, 128, 175, 176, 178
quartz crystal as, 450
Direct current, alternating-current
component, 51-52
defined, 32
electron flow in, 82
oscillograph showing, 48-54
pulsating, 48-54, 212, 244, 296-298
pure, 52
in radio reception, 216-217
receivers using (see Direct-current
sets)
tubes operated on (see Tubes, direct-
current)
wave-form pictures (see Wave-form
pictures, direct current)
Direct-current sets, 207-259
power source, 287
(See also Short-wave receivers)
Distortion, in amplifiers, 245, 247
grid bias and, 334
oscillation and, 231
overloading and, 338
in push-pull amplifier, 341
speakers and, 273
in super-regenerative receiver, 57—
569
wave, 27
Doublet aerial, 530, 550-554
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Doubling (see Frequency douhler)
Dry cells, 99, 118-121, 160

Dummy antenna  (src Antenna,
dummy)

Duralumin, in microphones, 498, 503,
506-507

“DX, " 377

Dynamie, defined, 285

Dynamic  microphone
phones)

Dynamic speaker (sce Speakers)

(see  Micro-

E

Earphones (sce Phones)
Eddy currents, 201
Edison, Thomas A., 571, 573
Electricity, alternating current (see
Alternating current)
defined, 32
direct current (see Direct current)
principles of, applied to tubes, 56-59
speed of, 34
(See also Electron flow and Elec-
trons)
Plectromagnets, 103, 186187, 218, 264
defined, 128
(See also Magnets)
Electron flow, 30-34
in aerials, 145, 532-538, 546-547
in alternating current, 32-52
in amplifiers, 248, 334-337, 343-345,
474475
in condensers, 139, 161-164, 178~
186
in direct current, 32
through filter, 209-300
heat and, 78
in keying circuit, 487-488
in modulators, 515-516, 522-527
in oscillators, 427-429, 439-444,
455-457
through resistors, 115-117, 124-126,
330-382
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Eleetron How, in speaker eouplings,
348-350
speed of, 34
symbol, 131, 133
tests, 71-74
in tubes, 55, 68-74, 89-90, 296-297,
312-315, 319- 322
Electronies, 578
Electrons, 30-31
in atomic structure, 115
on condensers, 180-182
coupling by, 393-399
defined, 32, 53, 205
magnetic field and, 23-24
radio waves and, 23-24
secondary emission, 319-320
in space charge, 81
Eleetroscope, 178-179
Eliminators, 70-71
Employment in radio, 375-380
End-fed aerial, 543-547

F

Fading, 5, 14-16, 26, 572
Farad, 176, 185, 205
IFederal Communieations Comtnission,
481
Feedback, 223, 231
in amplifiers, 247, 313
in oscillators, 423, $56
in regenerative sets, 223, 231, 237,
393
in short-wave sets, 393, 397
squealing and, 255
in super-regenerative set, 567
Feeders, 543545, 547, 550-551
Fidelity, defined, 285
in phones and speakers, 263, 266,
269, 273-274
Ficld, magnetic, 102, 155-156, 280, 501
IMield coil, 276-280, 285
Field current, in dynamic speaker, 280
Filaments, 64-66
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Filaments, in cathode tube, 312
cirenit, 70, 74-76
direetly heated, 309
cmission curve, 74-83, 236
heat and, 71-72, 80 -83
heater, 312
materials and coatings, 64-66, 129
saturation, 81
in type 80 tube, 291-292
types for alternating and direct
current, 308-310
voltage drop through, 101
Filters, 298-304
key-click, 485-487
Fleming, J. A, 571
Flux (see Soldering)
Frequency, 2, 17-23, 26-27
amatenr, 480
audio, 187
bands of (sce Wave bands)
capacity and, 183
condenser effect on, 163-164
erystal control, +46-457
defined, 21, 26, 53, 162-163
fundamental (see Fundamental)
in Hartley oscillator, 423
high, 26, 46-47
intermediate, in  superheterodyne
receivers, 362-370
low, 26, 46-47
modulation of, 580
oscillograph showing, 45-49
in phones, 266, 269
radio, 137
resonant, 269, 278, 286, 353
shifting of, 481
side-band, 519
transmitter, 491
wave length and, 17-19, 27
Irequency doubler, $57-463, 482
Frequency meter, absorption type,
425-4206, 432-436, 438, 460
calibration curve, 434-436
Lecher wires, 560-562
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Fundamental, 185, 274, 285, 484
Fuses, 114, 126-127

G

Gain (see Amplification)
Galvanometer, 104, 128
Getter, 66-68, 128
Glass, 116, 135, 176
Graphs, 77-83
Grid, 64-67
alternating current on, 91-95
bias (see Girid bias)
circuit (see Grid circuit)
coil (see Grid coil)
condenser (see Condensers, grid)
control, 306, 308, 314, $18-319, 457
current (see Grid enrrent)
defined, 128
effect of controlling action, 92-95
effects on tube action, 85-95
excitation (see Grid excitation)
invention of, 571
leak (see Grid leak)
negative, 89-90
positive, 89
purpose of, 83-88
screen, 306, 308, 314-319
suppressor, 300, 308, 319-320
tests and action, 84-96
in tuned-plate-tuned-grid oscillator,
441-444
rid bias, 153, 260
in amplifiers, 332, 342
battery (see C battery)
distorvtion and, 334-335
in frequency doubler, 460-461
Girid circuit, in amplifiers, 245, 352-853
current flow in, 95
defined, 128
in a detector, 8327
for grid test, 85
in neutralizers, 256-257
piate circuit and, 229-2381
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Grid circuit, in rectifier, 289
in regencrative sets, 226, 232
in super-regenerative set, 570
transformer secondary in, 151, 155
156, 157-164
Grid coil, 223, 225, 285
defined, 260
for short-wave sets, 383-886, 389
Grid current, 95
wave form, 93-94, 210-211
Grid curve, 83-88
meaning of, 89
plate current and, 90-91
Grid excitation, in frequency doubler,
459, 461-462
in Hartley oscillator, 418, 42t, 423—
424, 430
for power amplifier, $70-471
Grid leak, 140, 217
in a detector set, 217-221
function, 142
in oscillators, 429, 444, 457, 558
regeneration and, 232
in regenerative sets, 236
in short-wave sets, 380, 405
size, effect, 232, 423
symbol, 208-209
in ultrashort-wave sets, 558, 565, 570
Grid modulation, 525-527
Grid return, defined, 260
Ground, 185, 539-541
definition and symbol, 131-1382, 205

H

Half-wave aerial, 543-547
Hand capacity (se¢e Capacity, hand)
Harmonics, 434
aerials and, 528-530
defined, 285
modulation and, 518-519
second, 345, 472
speaker, 274
Headphones (see Phones)
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Heat, 1, 21-22, 26
Heater, filament, 312
symbol, 306
Heater circuit, in audio amplifier, 382~
333, 336-837
in detector, 325, 327
Heaviside, Oliver, 5, 26
Heaviside layer, 5-16, 19, 25, 26
Henry, 189-191
[ertz, Heinrich, 4, 528
Hertz aerials, 543-550
ligh-frequency furnace, 68
Horns, for speakers, 269-270
1owls, 236, 247
Hum, 316, 330-332
alternating curreut, 310, 312-313
in audio amplifier, 383, 336-337
inductive resistor, 353
in speech amplifiers, 505
in transmitter note, 491

I

Iinpedance, coupling by (sce Coupling,
impedance)
defined, 188, 205
plate, 320-32¢2
speaker coupling, 348-350
tuning and, 165-167, 214
Inductance, 187-199
Inductor, 429
Infrared rays, 22
Insulation, 205, 557
Insulators, 116
aerial, 135-136, 530-531, 544, 547
Intensity, 54
Interference, 14--16, 484, 512
Interoffice communication, 576-577
Inventions, 571-573
Inverted L aerial, 540
lonization, 26, 67
lons, 8
Iron, 117, 409411, 414
Tsolantite, 116, 557
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Jobs in radio, 575-580
training for, 576-577, 578

K
Kellogg, Edward W., 275

Kenelly, Arthur Edwin, 5
Keying, 479, 484488

Kilocycle, 17, 21, 54

Laminations, in transformer cores, 200
Lamp, condenser in series with, 183-
185

in duinmy antenna, 431

in frequency meter, 433

and loop, 423

symbol, 131, 133
Langmuir, Irving, 64, 318
Lead-in, defined, 205
Lecher wires, 560-562
License requirements, 479, 574-575
Light, 1, 22, 26, 34, 555
Lightning, static source, 25
Link, coupling, 483

.

M

Magnetic field, dynamic speaker, 280
clectron flow and, 23-24
in microphone, 501-509
radio waves and, 23-24
in a transformer, 155-156, 203-204
Magnetism, 186-187
coil and, 102-104
in meters, 110
in phones, 212, 263-264, 267
pulsating direct current and, 212-
213
Magnets, 103, 128, 186-187, 218
bar, defined, 127
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Magnets, in phones, 212, 263-264, 267
in speakers, 270, 276-277, 280-281
Manganese, as resistor, 117
Marconi, Guglielmo, 4, 26
Marconi aerial, 528, 539-542
Maxwell, James Clerk, 4
Megohm, 218
Mecters (instruments), alternating-cur-
rent, 110-115
ampere (see Ammeters)
care of, 114-115
frequency, 109
inclined-coil, 112-113
milliampere (sec Milliammeter)
moving-vane, 110-111
multipliers in, 108, 113-115
operation on direct and alternating
current, 289-291
polarity, 106
resistance, 109
resistors in, 105, 108, 113-115
shunt, 108,"113
solenoid gravity, 111-112
symbols, 59-60
types of, 104-105
volt (see Voltmeter)
wave (sce Frequency meter)
Meters (measure), defined, 21, 54
Mica, 135, 176
Micarta, 278, 285
Microfarad, 176, 205, 285
Microhenry, defined, 191
Micromicrofarad, defined, 185
Microphones, 4546, 494, 496-509, 514
dynamie, 508, 509
Milliammeter, 70-71
in acrial circuits, 545
definition and symbol, 59-60, 128
direct-current, 108-110
in frequency doubler, 459-460
in oscillators, 419, 423, 438
thermocouple, 545
uses, 108-109
Millinmpere, defined, 97, 108, 128
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Millihenry, defined, 191
Millivolt, defined, 205
Milliwatt, defined, 285
Modulation, 137-138, 517-527

frequency, 580
Modulators, 509516, 524, 526
Monitor, 423, 434, 488-491
Motorboating, 248, 380
Motors, static source, 25
Mu, 322-323

type 85 tube, 358

type 45 tube, 317, 338

type 47 tube, 319, 338
Multipliers, 108, 113-115

N

Neon tube, 424, 465

Neutralization, of amplifiers, 254-259,
463-468, 473

defined, 260

Neutrodyne circuits, 318-314, 572

Nichrome, 117, 128

Nickel, 117

Node, 39

Note, of oscillators and transmitters,
491, 493

(§]

Off-center fed aerial, 547-548
Ohm, 116, 128
Ohmmeter, 109
QOscillation, defined, 162, 260
prevention of, 314
in regenerative sets, 226-238
in super-regenerative receiver, 567—
570
test for, 227, 234, 424, 438—439, 454
Oscillators, 416-493
aerial and, 537-538
B power feed, 421, 470
crystal, 452-437
Hartley, 4174380, 556
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Oscillators, modulator coupling, 519
521, 525526
origin and development, 571
power output, 475, 513
in superheterodyne receivers, 362-
370
'FNT, 436, 445-446
in transmitters, $81-48¢
tuned-plate-tuned-grid, 436-445,
557-560
ultrashort-wave, 557-560
Oscillograph, 28-52, 54
Overtone, 274, 286

P

Pacific Ocean, radiotclephone channels,
18

Panels, 391-392, 408, 410

Paper, as dielectric, 176

Parallel, 117-126
defined, 98, 128

Parallel feed, in Hartley oscillator,

421-422

Pentode, 306, 308, 319

Periodicals, radio, 574, 576

Phase, 26, 272, 285

I’hone cord, defined, 286

Phones, 263-269
in aerial-ground circuit, 138189
audio-frequency currents in, 212,

216
balanced-armature, 267
connections, 123-124
construction, 263, 267
definition and symbols, 61-62, 205
diaphragm action in, 212-218, 218-
219

frequency, 266
in frequency meter, 433
magnets in, 218, 263-264, 267
mica-diaphragm, 267-269
operation, 264-266, 268- 269
pulsating direct current in, 212-213

Phones, radio-frequency currents and,

210-211
resistance, 123-124
rochelle-salts crystal, 263
stecl-diaphragm, 263-266

Pickup loop, 423, 465
Piezoclectrical effect, 448
Pitch, beat notes and, 370-872
Plate, 64—67

circuit (see Plate circuit)

current (see Plate current)

negative, 73-74

positive, 73

resistance and impedance, 320-322

in tuned-plate-tuned-grid circuit,
$+41-444

voltage, 82, 91

Plate circuit, 70-71

in alternating-current detector, 827
in amplifiers, 240, 247, 251, 383
defined, 128

grid circuit and, 229-231

for grid tests, 85

in neutralizers, 257

in reetifier, 288-289

in regenerative sets, 226, 232

Plate coil, 223, 225, 235-236

defined, 260
for short-wave sets, 383-388

Plate current, 86, 216, 221

in amplifiers, 245, 352-353
B voltage and, 109
defined, 128

in oscillator, 444

in phones, 212-213, 263
wave form, 93, 94, 210-211

Plate modulation, 521-524
’late return, 73, 128

PPole pieces, defined, 286
Potentiometer, 303-304

symbol, 307-308

Power, of amplifiers, 477

crystal oscillator, 455
in dynamie speakers, 284
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Power, in grid and plate circuits, 229,
231
in a Hartley transmitter, 426-427,
432
Power pack, 201-202, 304
Power supply, in alternating-current
receivers, 287-301
in direct-current receivers, 287
radiotelephone, 290
in transmitters, 301-303, 304
voltages, 242
Primary, 151-158, 199-200
Protons, 115, 205
Public address equipment, 576
Pulsation, 54, 146
Puises, defined, 260
Push-to-talk, 513

Q

QST, 574

Quarter-wave aerial, 539-540
Quartz crystals, 446-452
Quench frequency, 569570

R

Radio, 574
Radio, aircraft, 577, 580
books about, 580-582
engineering in, 577-578, 581
history and development, 571-574
opportunities in, 575-580
related fields and, 576-577
servicing work, 575-576, 581
Radio frequency, defined, 137
Radio operator, amateur, 574-5735, 581
professional, 578, 582
Radio Retailing, 576
Radio Servicing, 576
Radiotelephone, in police work, 408
portable military type, 495
power supply, 290
transmitters, 494-527
transpacifie, 18, 58, 230
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Radio waves, 1-25
bands (see Wave bands)
carrier (see Carrier wave)
current produced in aerial, 131, 138
defined, 2-3, 26
distortion, 27
ground, 9, 10, 15, 16, 26
magnetic field and, 23-24
mathematics of, 4
measurement of, 2, 20-21
production of, 23-24
reception of (see Reception)
reflection of, 5-16
sky, 9, 10, 15, 16, 27
speed of, 5
travel characteristics of, 1, 5
types of, 1
voice, 137
Reactance, 187-199, 205
capacitive, 190-191
inductive, 190-191
Receivers, broadcast, 512
circuit operation in, 214-217
code, 373, 377, 399
communication, 378
detector (see Detector set)
how to combine, 374
portable, 222
regenerative, troubles in, 235-236
regenerative detectors, 223-238
short-wave (see Short-wavereceivers)
superheterodyne (see Superhetero-
dyne receivers)
super-regenerative, 556, 562-570
(See also Alternating-current re-
ceivers and Direct-current sets)
Reception, 11-14
static in, 24-25
Rectification, 288-293, 296-297, 301
Rectifier, defined, 304
tungar, 48-49, 54
Reel, for aerial, 140-144
Regeneration, 223-238
control, for screen-grid tube, 357
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Regeneration, defined, 260
tests for, 227
Regenerative receivers, 223-238
Resistance, 115-117
alternating-current,
225
coupling by (see Coupling, resistance)
defined, 129
plate, 320-322
Resistors, in amplifiers, 247-248
bias (sec Bias resistor)
bleeder, 293, 302-304
cathode, 835
center-tapped, 304, 307-308, 329-
332
definitions and symbols, 60, 208-209,
304, 307-308
clectron flow through,
124-126, 330-332
inductive and noninductive, 247,
850, 353, 452
as key-click filter, $85-486
in meters, 105, 108, 109, 113-115
in parallel, 125-126
in power supply, 293, 302-303
in regeneration control, $93, 397
in regenerative sets, 232-238
in series, 124-125
suppressor, 255
Resonance, defined, 206
in frequency meter, 433
in phone diaphragms, 269, 286
in radio-frequency amplifier, 353
in tank circuit, 197-199
tuning explained by, 168-170
Rheostat, 101
definition and symbols, 59-60, 116,
129
voltage and, 106-107
Rice, Chester W, 275
Rochelle-salts crystals, 263
Rotors, 181, 159, 161

188-199, 203,

115-117,

599
S

Saturation, 81, 90, 286
Seal, tip, 67, 129
Second harmonic, 345, 472
Secondary, 151, 199-200, 203, 206
Sclectivity, 206, 249, 407
Self-inductance, 188-189, 206
Sensitivity, 228, 249, 357-360, 407
Sensitivity curve, for super-regenera-
tive receiver, 567-569
Series, 101, 117-126
defined, 97-98, 129
Series feed, $18-421, 470
Shielding, 228-230, 816,
409411, 415
defined, 260
for intermediate-frequency
368
monitor, 489
against static, 25
Shocks, 423
Short-wave receivers, 376—415
alternating-current communication
type, 404405
alternating-current  detector
audio amplifier, 403
at Bandoeng, 33
circuit arrangements suggested, 403
detector, screen-grid, 404
detector, screen-grid, with audio
amplifier, 404
direct-current detector,
391-393, 403
direct-current detector and audio
amplifier, 403
regenerative, 393-399
tuned radio-frequency, 405415
two-tube, 399-1403
Short waves, 26, 376-415
Shunt, in ammeter, 108-109, 113, 129
Side bands, frequency, 519
Signal, defined, 206
oscillation distorts, 231

352, 404,

units,

and

378-381,
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Signal, reception (see Reception)
twilight loss, 12, 13
Silver, as conductor, 117
Sine curve, 31, 42
Sine wave, defined, 54
Skip distance, 8-14
defined, 27
Skipping, 5-16
defined, 27
Slider, 147-148, 152-153
Sockets, 69, 379, 415
Soldering, tools, materials, and
methods, 158-159, 170-175, 235,
560, 564, 567
Solenoid, defined, 111, 129
Sound, 218, 266, 272, 513-514
Sound engineering, 576-577
Space charge, 81-82, 219, 314-315
Sparks, from condenser, 182-183
static source, 25
Speakers, 269-284
cone, 270271, 276-278
construction, 270, 276-282
coupling, 340, 346-350
dynamic, 262-263, 27.4-284
frequency, 274
magnetic, 269-272
operation, 271-272, 280284
Speech currents, 494
Spider, 278279
defined, 286
Splicing, 135, 171-173
Squeal. 254255, 333, 353
Static, 2425, 572, 580
Stator, 131, 161, 206
Steel, 117, 409410
Steinmetz, Charles Proteus, 573
Stem, glass, 65, 128
Storage battery, 49, 52, 61-62, 121
terminals, 160
Sunrise, wave travel during, 12-13
Sunset, wave travel during, 11-12
Sunspots, 7-8, 27
Superhetcrodyne reccivers, 362-875
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Super-regeneration, 556, 562-57

Surges, 33, 54, 139, 260

Symbols, 59-62, 130-133, 208-209
261-263, 306-308

T

T aerial, 540
Tank circuit, 197-199
in amplifiers, 469-471, 493
in crystal oscillator, 454-457
in frequency doubler, 462
for 1lartley oscillator, 417418
oscillation in, 231
in radio reception, 214-216
in super-regencrative set, 570
in tuned-plate-tuned-grid oscillator,
437443
in ultrashort-wave super-regenera-
tive set, 564
Television, 575, 578-580
Tesla coil, 99
Test loop, 423, 465
Test points, 60, 62, 106
Testing, in radio factory, 189, 243, 359
Thermal inertia, 310, 318
Thorium, 64-66, 129
Thumps, key, 484—485
’I‘i;ne, in wave-form pictures, 36-52,
139
Tinfoil, in condensers, 131, 177
Tools, use of, 170-175, 414—415
Tourmaline crystals, 448
Transformers, 199-204, 332
action, 203-204
audio-frequency, 45, 53, 209, 239,
243-245, 259
coupling by (see Coupling, trans-
former)
definitions and symbols, 129-132,
206, 208-209, 259, 261-262, 285,
307-308
filament, 812-813, 827
intermediate-frequency, 366-368
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Fransformers, as key-click filter, 486
microphone, 512

modulation, 508, 521

output, 261-262, 271, 282-284, 283
power, 202-203, 292, 295-296, 301
push-pull, 307-308

radio-frequency, 151-136, 206
ratios, 202

receiving, 131-132, 206

step-down, 92, 100, 129, 199, 201, 282
step-up, 201

toy, 42

tuning, 151-156, 157-164, 206

wire size, 201-202

Transmitters, $16-493

amateur, 455

for Byrd expedition, 839
circuits for, 479487
50-kilowatt, 579

four-tube, 482

frequency setting, 491

note, $91-492

oscillators and, 481
radiotelephone, 494-527
three-tube, $481-482

two-tube radiotelephone, 509-516
ultrashort-wave, 557-560
wave lengths, 150

Triodes (see Tubes, three-element)
Tubes, action of, 68-74
alternating-current, 308-325
amplification and, 62, 238-239
amplification factor (see Mu)
bases, 63-64

cathode-ray, 29

cathode type, 306-308, 311
construction of, 63-67 .
current used, 98, 110, 121-122
curves for (see Curves)
defective, troubles from, 236
detector, 62

direct-current, 535-127
electron flow in, 55, 68-74
elements of, 64-67

Tubes, filaments (see Filaments)

gas in, 67, 82, 128, 478

grid (see Grid)

heating of, in amplifiers, $77-478

history of, 37

neon, 424

pentode, 306, 308, 319

plate (see Plate)

power, 62-63, 317

principles of, 55-127

rectifiers, 288-293, 296-297, 301-303

screen-grid type, 305, 308, 315-316,
357-360, 572

seals, 67

special purpose, 324+

symbols, 39-60, 306, 308

testing, 56, 71-74

three-clement, 55-127

transpacifie radiotelephone, 58

tungar bulb, 48—19, 54

type 01A, 55, 62-65, 69, 75, 87, 98,
106, 110, 121-122, 160, 242,
247, 255, 288, 309-313, 324

type 2A3, 321

type 2A5, 454

type 10, 4638

type 124, 110, 348

type 24, 407

type 247, 306-308, 318-317, $19,
322-324, 350, 355-362

type 26, 310-313, 438

type 27, 306, 308, 311-313, $17, 329,
334, 338, 358, 899, 562

type 85, 358

type 36, 358

type 39/44, 358

type 45, 317-318, 321, 323, 338-340,
438, 452-453, 459, 463, 469, 557

type 47, 306-308, 318-320, 338340,
346, 452-453, 459, 469

type 56, 329, 334

type T1A, 62, 64, 66, 69, 98, 110, 242,
244, 247, 288291, 317, 888-340,
348
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Tubes, type 80, 261-262, 291-292, 296  Vacuum tubes (sec Tubes)

uses of, 207 Velocity microphone, 506-507
vacuum in, 67-68, 82 Vernier controls, 164, 206, 378, 401—-
wired in series, 118-123 1403, 408, 412
Tungar bulb, 48-49, 54 Vibrator, 204
Tungsten, 64, 129 Vocations, in radio, 575-580
Tuning, 130204 Yoice coil, 278-279, 286, 508-509
werial and, 140-146, 542-543, 545 Voice wave, 137
band-spread, $00-403, $08—409 Volt, defined, 99, 129
broad, defined, 167, 204 Voltage, back, 188
coupling and, 164-167 battery, 105--106
defined, 162, 206, 214-216 in condensers, 182
in Hartley oscillator, 423-425 current lead and lag, 182
impedance and, 165-167, 214 defined, 99-102, 105, 129
of intermediate-frequency units, 367- drop, 100, 101, 106, 129
369 in parallel, 121
by loading coil, 147 regulation, defined, 260
modulation and, 518-519 in series, 101-102, 120
of oscillating circuits by condenser,  Voltage divider, 117, 303-304
184 Voltmeter, 102-107
in radio-frequency amplifiers, 31— alternating-current, 110-113
253, 350, 352 connections, 113
by radio-frequency transformer, 151- definition and symbol, 39-60, 129
156 direct-current, 104-108
in regenerative sets, 227-228, 234 milliammeter as, 109
resonance and, 168-170 moving-vane, 110-111
sharp, defined, 167 polarity, 106
short-wave, 377-378 Volume, control of, $553-3855
in super-regenerative set, 570
theory of, 144-146 W
by variable condenser, 157-164
zero-beat method, 227, 234 Watt, defined, 129, 202
Twilight zone, 27 Wave bands, aircraft, 1
amateur, 1, 19, 376-377, 480
U broadcast, 1, 17-19, 26
communication, 2
Ultrashort-wave sets, 335-370, 580 defined, 27
Ultrashort waves, 27, 377, 355 naval services, 19
Ultraviolet rays, 6, 22, 27 police, 1
short-wave, 17-19, 26, 376-377
A" ultrashort-wave, 1, 19, 377
Wave-form pictures, 28-52
Vacuum, 129 aerial-ground circuit, 136-139

in tubes, 67-68, 82 alternating current, 29, 35-52
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Wave-form pictures, amplificr output,
478
base line for, 31, 37
current loop (sce Current loops)
current strength line in, 36
defined, 54
direct-current, with alternating-cur-
rent component, 51-32
direct current from full-wave recti-
fier, 298
direct current, pulsating, 49
frequency and, $5-49
frequency doubler, 461
grid waves, 94
half waves, 93
modulation, 517-518
node, 39
plate wave, 94
pulsating direct current to plates in
type 80 tube, 296
symbols, 31
Wave length, 2, 17-23, 26-27
Wavemeter (see Frequency meter)
Waves, cosmic ray, 23
frequency (see Frequency)
heat, 1, 21-22, 26
length (see Wave length)
light, 1, 22, 555
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Waves, radio (see Radio waves, Short
waves, and Ullrashort waves)
short, 26, 376-415
sound, 513-514
types of, 21-23
ultrashort, 27, 877, 355
X ray, 1, 22-23, 27
Wire, for acrials, 134, 530- 581, 552
‘pushback, 4135, 461
transformer, size, 201-202
Wireless, defined, 27
Wiring, technique of, 157-160, 381,
4135, 556-557
Wood, as insulator, 116
Wright, Orville, 572
Wright, Wilbur, 572

X
X cut, +48-449
X ray, 1, 22-23, 27

Y
Y cut, +48-449

A

Zeppelin acrial, 5343-547
Zero beat, 227, 234, 260, 370






