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Chapter I 

An Introduction to Radio 

A short time ago, radio was a myste¬ 
rious science to the layman, while to¬ 
day practically everybody is seeking 
knowledge of this branch of science. 
There is nothing difficult to understand 
about radio, and once an interest is 
awakened it does not readily abate. 

Many are still prone to believe that 
radio impulses are made up of flashes 
resembling lightning which jump off 
something called an aerial, and speed 
away through the air until they bump 
into the station to which they are being 
sent. 

We have probably all heard of wire¬ 
less or electromagnetic waves. These 
are waves in the ether. But, what is 
ether ? Ether is, we might say, an in-
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AN INTRODUCTION TO RADIO 

vention of scientists. Some years ago, 
when scientists attacked the problem of 
light, they found that it did not travel 
through the air. What it did travel 
through was not apparent. They decided 
that there must be some all-pervading 
substance, and they called this intangible 
something, “ether.” Ether was a prod¬ 
uct of the resourceful imagination of 
scientists. We are told that ether is 
everywhere, the world is surrounded and 
soaked in it. It is all-pervading. It is 
neither a gas, liquid nor a solid. It is 
invisible, unweighable and odorless. 

Now that we know all there is to 
know about the ether, let us go back to 
the subject of wireless waves. We have 
said that there are waves in the ether. 
Just as there are waves in the water, so 
there are waves in the ether. If a stone 
is dropped into a quiet pond of water, 
little waves spread out from the source 
of the disturbance in all directions, as 
shown in Figure 1. The size or length 
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AN INTRODUCTION TO RADIO , 

of these waves would depend upon the 
size of the stone that was dropped into 
the pond. If a larger stone were 
dropped into the water, it would create 
a greater splash and the length of the 

Fig. 1 
Diagrammatic analogy of water waves and 

ether waves 

resulting wave would be greater. The 
length of a wave is measured from the 
peak of one wave to the peak of an¬ 
other. The wave length in a small 
puddle might be no more than two 
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AN INTRODUCTION TO RADIO 
inches, while ocean waves have a length 
ranging from fifty to three hundred feet. 

From the foregoing paragraphs we 
learn that the length of waves will de¬ 
pend upon the number of them passing 
a given point in one second, or, we may 
say, their length depends upon their fre¬ 
quency. Small waves may have fre¬ 
quencies as high as ten or fifteen a 
second, while long waves may have a 
frequency of but one per second. We 
can understand that the more waves 
that are crowded into a certain space the 
shorter the waves will be. (See Figure 
2.) We must impress upon our minds 
the fact that wave-length depends upon 
frequency. 

We can assume that waves are pro¬ 
duced in ether just as they are produced 
in water. Splashes in the ether result 
in waves just as do splashes in the water. 
(See Figure 3.) However, waves can¬ 
not be set up by dropping a brick in the 
ether, because the brick has no hold on 
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AN INTRODUCTION TO RADIO 
the ether. Heavy electric discharges 
may be used to produce waves in the 
ether. We might liken these electric 
discharges to an “electric brick.” 

Wave length depends upon frequency 

Our understanding of ether waves 
brings us into many byways. It is now 
necessary to consider “alternating” and 
“direct” current. Many of us use 
alternating current for lighting purposes 
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AN INTRODUCTION TO RADIO 

in our homes, while others use direct 
current. The difference between an al¬ 
ternating and direct current is simple. 
A direct current flows continuously in 

The generation of ether waves 

in one direction like water flowing 
through a pipe. An alternating current 
flows first in one direction and then in 
the other ; it has a to-and-fro motion. 
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AN INTRODUCTION TO RADIO 

An alternating current can be said to 
vibrate and when a thing vibrates it al¬ 
ways does so at a certain rate or “fre¬ 
quency.” Alternating current used for 
lighting purposes is said to be of “low 
frequency.” In some cases, it goes back 
and forth as many as 120 times per sec¬ 
ond and in other cases only 25 times. 
This frequency may be increased by 
suitable means, and as the frequency 
mounts higher and higher, the current 
grows wilder and wilder in its action 
until it is rushing back and forth several 
hundred thousand times a second. When 
this condition is reached the current is 
said to be of high frequency. Radio or 
wireless waves are generated by such 
high-frequency currents. 

High-frequency currents are necessary 
for the production of wireless waves 
through space, or through the ether, in 
which they form electro-magnetic dis¬ 
turbances. The frequency (the number 
passing a given point in one second) of 
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AN INTRODUCTION TO RADIO 
these waves is equal to that of the cur¬ 
rent that produces them. 

High-frequency alternating currents 
oscillate so rapidly that they entirely 
lose their hold on material things and 
leap off into the intangible ether. We 
might compare them with the little 
Jumping Jacks that we all played with 
when we were children. The monkey 
was so arranged on the stick that it 
would jump back and forth as rapidly 
as we could manipulate it. If the monkey 
had been attached in some way to a 
machine that could have speeded up its 
movements, it would have reached a 
point where it would have left the stick. 

It has been said before that the length 
of the ether wave depends upon the fre¬ 
quency of the current producing it. If 
the frequency is extremely high, the re¬ 
sulting ether waves will be short and if 
the frequency of the current is low the 
waves produced will be long. The fre¬ 
quency of an alternating current depends 
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AN INTRODUCTION TO RADIO 
upon the electrical properties of the cir¬ 
cuit in which it is produced. First it 
depends upon the amount of wire in 
the circuit. We may say that the fre¬ 
quency of a current produced in a cir¬ 
cuit with ten feet of wire will be twice 
that of the current in a circuit composed 
of twenty feet of wire. We will all 
realize that if the currents are travelling 
at the same speed (and they always do 
travel at the same speed), it would take 
the one travelling twenty feet twice as 
long to get around as it would the one 
with only ten feet to travel. From this 
we learn that the frequency depends 
upon the “inductance,” and the “in¬ 
ductance” means nothing more than the 
amount of wire in a circuit. If a cir¬ 
cuit has much wire, or inductance, the 
current will take such a long time to 
get around that its frequency will be 
comparatively low. 

Resistance is another property of an 
electric circuit which is equally as im-

15 



AN INTRODUCTION TO RADIO 

portant as inductance. Every moving 
thing, even electricity, meets with some 
resistance. To roll down hill, a ball 
must overcome a certain amount of re¬ 
sistance. Electricity flowing through a 
wire meets with resistance. The resis¬ 
tance met with here depends upon the 
nature of the metal making up the wire, 
the length and size of the wire. The 
size of the wire is important, because 
electricity will flow with greater free¬ 
dom through a large wire than through 
a small one, just as in the case of water 
which flows more rapidly and easily 
through a large pipe than a small one. 
If the wire is small its resistance will 
be high. High-resistance wire is a 
deadly enemy to electric currents, since 
it tends to hold them back. When the 
resistance is too great the current loses 
some of its “pep” and cannot dart back 
and forth as strongly as under better 
conditions. 
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AN INTRODUCTION TO RADIO 

Electric circuits also have another 
property which influences the current 
flowing through them. This is called 
“capacity,” but for the time being we 
will not attempt to enter deeply into an 
explanation of this property. It will 
be treated later. 

We have now reached a point in our 
subject where we will consider the 
actual apparatus employed in producing 
electric waves or “splashes” in the ether. 
Before going into this angle of the sub¬ 
ject let us study the accompanying 
sketch. (See Figure 4.) Here we will 
see what is known as a key, an induction 
coil, a condenser, a spark gap, a helix, 
an aerial and a “ground.” The key is 
merely a hand-operated switch. It works 
on the same principle as the switches 
used in controlling lighting systems. It 
is so arranged that dots and dashes can 
be formed with it. By pushing the lever 
down the circuit is “closed,” and cur¬ 
rent from the batteries flows into the 
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AN INTRODUCTION TO RADIO 
induction coil. We can simply look 
upon the induction coil as a device to 
increase or “step-up” the voltage of an 
electric circuit. A pressure of 5 volts 
may be increased to 50,000 volts. An 
induction coil might be regarded as a 
pump producing a high electrical pres¬ 
sure. When the current issues from 
the high voltage side of the induction 
coil, it has a good deal of vigor and 
sting to it. 

The current produced by the induc¬ 
tion coil passes into what is known as 
a condenser. A condenser is a recep¬ 
tacle which will hold just so much elec¬ 
tricity at a given pressure. In other 
words, it has a definite “capacity.” This 
brings us into a better understanding of 
capacity. 7 he capacity depends upon 
the size of the condenser since a large 
one takes longer to fill than a small one. 
When a condenser is “filled” it acts in 
a peculiar manner. The condenser be¬ 
comes “full” and discharges. The stored-
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up elcctricty then rushes across the 
spark gap, from one side of the circuit 
to the other. This process of rushing 
back and forth is continued until all 
the energy is used up. When once fully 
charged, a condenser can discharge and 
recharge itself many thousand times in 
the space of a single second. Each suc¬ 
cessive charge becomes weaker than the 
preceding one. 

Some of us, by this time, will have 
decided that the condenser when used 
in the circuit, as shown in Figure 4, is 
merely a device used to produce high-
frequency alternating currents. This is 
quite true. The condenser referred to 
is simply a producer of high-frequency 
currents. These currents rush madly 
around what is known as the “closed 
oscillatory circuit.” We may liken this 
to a circus ring. 

We will all understand that the fre¬ 
quency with which the currents whirl 
back and forth around this oscillatory 
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circuit will depend upon the size and 
nature of the wire (resistance), the 
length of the wire (inductance), and 
the size of the condenser (capacity). If 
currents of extremely high frequency 
and correspondingly small wave length 
were desired, we would use a small con¬ 
denser and a small amount of extra large 
wire. The condenser would fill rapidly 
and the currents produced would meet 
with very little resistance in darting 
back and forth. 

In glancing again at the diagram we 
notice the “open oscillatory circuit.” We 
will not go into an explanation of the 
actual process undergone in inducing 
these currents into the open oscillatory 
circuit. The aerial, or open circuit, is 
tuned to the closed circuit, otherwise 
the currents could not be induced to 
leave the closed circuit. 
We will now see what happens when 

our currents are playing around in the 
aerial circuit. The aerial circuit might 
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be called the open door which leads out 
into the ether. The high-frequency cur¬ 
rents jump from this circuit into space 
and they do so with great rapidity, 
reaching a speed of no less than 186,000 
miles per second. So terrific is their 
pace that they are able to encircle the 
earth several times in the space of a 
second. 

The wireless transmitter just de¬ 
scribed produces what are known as 
“damped” waves. We must go back to 
the condenser to discover the meaning 
of “damped” waves, since it is the con¬ 
denser that creates them. We learned 
that the condenser produced currents 
that gradually faded out as they rushed 
back and forth from one side of the 
device to the other. In radio language, 
“they damped out.” This “damping 
out” effect is noticeable in the waves 
they produce in the ether. The waves 
start out and swing back and forth in a 
lively fashion. Then they gradually 
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fade away and another one starts. A 
damped wave train is shown in Figure 5. 
Many hundreds of thousands of these 
little wave trains are produced in the 
space of a second. 

An undamped wave is continuous. 
There is no fading effect. This wave 
starts out with a certain swing and 
keeps it up until it is cut off entirely. 
Continuous or undamped waves are 
rapidly replacing the other variety for 
radio uses. (Undamped waves shown in 
Figure 6.) They are produced by a 
very special apparatus which cannot be 
confused with the crude instruments 
just considered. 

There is another method of setting 
up ether splashes which is known as the 
“arc” method, shown in Figure 7. 
Waves propagated by an arc transmitter 
are of a continuous nature. Probably 
few of us understand how an arc light 
works. If two carbon rods are con¬ 
nected up to a source of controlled cur-
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rent, an arc will be produced between 
them when their ends are touched and 
then drawn apart. This arc produces 
a temperature as high as 7,500 degrees 

Circuit diagram of an arc transmitter 

Fahrenheit. However, this heat has 
nothing to do with its action as a pro¬ 
ducer of electric waves. Once the arc 
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is established, current will continue to 
pour across the heated gap. Used alone, 
the arc does not create much of a dis¬ 
turbance in the ether, but when a con¬ 
denser and inductance are connected 
around it, or “shunted across it,” as the 
radio men say, it is no longer passive. It 
starts at once to charge the condenser, 
and when the condenser is “filled,” it 
discharges. This discharge, however, is 
different from the discharge when the 
condenser is used in connection with an 
induction coil. If direct current is used 
in connection with the arc, a continuous 
discharge will be produced by the con¬ 
denser. If the condenser is connected 
up to the aerial, a series of orderly waves 
will be sent off. These are known as 
“C.W.” or continuous waves. 

We will now consider another meth¬ 
od of producing continuous waves which 
is of commercial importance. We have 
learned that the current that produces 
electric waves differs from the alternat-
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AN INTRODUCTION TO RADIO 
ing current that lights our homes only 
in the matter of frequency. These low-
frequency currents which we use for 
power purposes are produced by gen¬ 
erators. 

As wireless developed, the engineers 
at first reasoned that a mechanically 
driven generator could be used to pro¬ 
duce the high-frequency currents. There 
were certain obstacles to overcome to do 
this, however. First, an alternator pro¬ 
ducing a high-frequency would have to 
be run at a terrific speed. To produce 
high-speed with large power generators 
such as those which would have to be 
used in long distance transmission of 
wireless waves, was a problem. A heavy 
piece of machinery, when brought to a 
high speed is very apt to fly to pieces 
carrying everything with it. The fric¬ 
tion problem was also enormous. How¬ 
ever, the efficiency of such a machine 
could not be denied, since it could be 
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hooked right up to the aerial and the 
waves sent forth direct. 

After engineers had worked on this 
problem for a number of years, it was 
finally solved. Ernest F. W. Alexander-
son, of the General Electric Company, 
succeeded in designing a high-frequency 
alternator of the type invented by Fes¬ 
senden. The machine which he pro¬ 
duced is so powerful that it may be used 
to carry on continent-to-continent com¬ 
munication. This alternator is a tri¬ 
umph of engineering. Bearings had to 
be specially built to accommodate its 
rapidly revolving shaft, and its rotating 
member had to be machined to less than 
a hair’s breadth of accuracy. Then, the 
method of driving this rotating member 
had to be invented. Motors of sufficient 
size would not operate at this speed. 
This brought up the necessity of con¬ 
necting the driving motor to the alter¬ 
nator through a train of gears. This 
train of gears increased the speed in the 
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same manner that the speed is increased 
in the kitchen egg-beater. Most of the 
American trans-oceanic stations employ 
the Alexanderson alternator, and its 
faithful performance in the transmission 
of messages reflects great credit on the 
engineering wisdom of the designer. 

There is still another method of pro¬ 
ducing continuous waves. This is done 
with the vacuum tube, and is of such 
importance that we will not treat it 
here but will devote an entire chapter 
to the subject later. 

Now that we have produced the elec¬ 
tric waves and sent them out into the 
ether, we come to the problem of catch¬ 
ing them again. Their production is 
only half of the battle. They must next 
be detected. How does a radio receiver 
“work” ? 

Let us now give our attention to the 
sketch of the receiving apparatus, shown 
in Figure 8. First and foremost we 
will notice the aerial and the ground. 
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This will indicate to us that an aerial 
and ground arc necessary both in trans¬ 
mitting and in receiving. Connected to 
the aerial we will notice a tuning coil. 
This is also called a “tuning inductance” 
by wireless men. On this coil we will 

Inductive coupled receiving circuit 

see a slider. This slider is used to ad¬ 
just the amount of wire used. If the 
slider is adjusted midway of the coil half 
of the wire in the coil will be active and 
half inactive, or, in other words, half 
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of the wire will be in the circuit and 
half will be out. The tuning coil is an 
instrument with which we add wire to 
the aerial. It is this tuning coil that 
makes it possible to coax the oncoming 
electric waves into the aerial. If the 
tuning coil is not adjusted to receive it 
the wave will pass by the aerial. 

The process of tuning in is a very 
simple one, and yet many amateurs or 
newcomers in wireless believe it to be a 
mystery. The wave length of wireless 
waves is measured in meters. A meter 
is 39.37 inches. A wave 200 meters 

39.37 X 200 
long will be -_ or 656 feet 

12 
long. When a 200-meter wave is ap¬ 
proaching the aerial, there is only one 
way to receive it. We must have the 
aerial tuned to 200 meters. However, 
if we have a condenser in our aerial 
circuit this would also affect the recep¬ 
tivity of the system. This condenser 
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must not be confused with the one which 
is used to set up oscillations. We can 
conclude that capacity in the form of 
condensers changes the wave length of a 
receiver. Receiving condensers are ad¬ 
justable so that circuits can be tuned 
with them. 

In the above mentioned case the con¬ 
denser and the tuning coil will be ad¬ 
justed until the “inductance” and “ca¬ 
pacity” will be equivalent to 200 meters 
of wire. The size of the wire must also 
enter into the calculations, since too 
small wire would choke off the oscilla¬ 
tions before they had half a chance. We 
will go on understanding that a wire¬ 
less wave is coaxed into an aerial by ad¬ 
justing the aerial through modification 
of the amount of wire, and the capacity 
until it is able to accommodate the in¬ 
coming wave. 

What would happen if a 300-meter 
wave came in contact with an aerial 
tuned to 250 meters? If the tuning 
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was exact, the 300-meter wave would 
pass right by, as there would be no in¬ 
ducement for it to enter. If the tuning 
was sharp we would not get any inter¬ 
ference. If it was not sharp, a 200-
meter wave might be induced in and we 
would have more than one signal in the 
circuit and none would be clear. 

The question of wave length is an im¬ 
portant one. The Government awak¬ 
ened to this fact some time ago. When 
amateur radio was in its infancy, the 
experimenters were allowed to send their 
messages on any wave length and with 
any power. Finally their wave lengths 
grew until they were interfering with 
commercial stations. Then the Govern¬ 
ment took a hand and a law was passed 
limiting the amateur to a transmitting 
wave length of 200 meters. This elimi¬ 
nated the possibility of interfering with 
business traffic. Receiving can be done 
on any wave length which the set is 
capable of attaining. Commercial sta-
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tions use from 600 meters up to several 
thousand. 

When this electric wave is induced 
into the circuit, it is again an electric 
current. It started from the transmitter 
as a current of electricity and now after 
passing through space as waves we have 
it resuming an electrical form in the re¬ 
ceiver. This current however, is an ex¬ 
tremely weak one, and ultra-sensitive in¬ 
struments would have to be used to 
measure its magnitude. 

The current flowing in the aerial cir¬ 
cuit induces a similar current in what 
has been noticed as the closed circuit in 
the sketch. We will assume that this 
closed circuit has also been tuned so that 
it is resonant or “in tune” with the other 
circuit. In the second circuit we will 
see a detector. In conjunction with this 
detector there is used a telephone re¬ 
ceiver. The detector doctors the cur¬ 
rents in such a way that they become 
audible in the telephone receiver. Here 
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they are discernible as little humming 
noises, like the buzz of a bee. 

Detectors are both interesting and im¬ 
portant. To appreciate their importance 
we must first realize that we have an 
alternating current of high frequency 
flowing through the circuit. If this 
alternating current was allowed to go 
directly into the telephone receivers, the 
vibrations would be so rapid that there 
would be no audible sound produced. 
When vibrations go beyond 20,000 per 
second, the human ear cannot detect 
them. 

This detector is composed of a small 
crystal, such as galena or carborundum, 
held in a metallic cup with a tiny spring 
or wire resting on its surface. This 
crystal acts like a water check valve. 
We all understand that a check valve 
on a water pipe allows the water to pass 
freely in one direction and cuts off its 
passage in the other direction. The 
crystal does the same thing with high-
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frequency currents. It allows them to 
pass in one direction but not in the other. 
As a result of this, we have what is 
known as an “intermittent direct cur¬ 
rent,” which is made up of little jabs all 
going in one direction. This is due to 
the fact that the half of the current 
which tries to get back is entirely cut 
off. From this we will see that the fre¬ 
quency of the current, as far as its 
vibratory effect is concerned, is cut in 
half. It is brought from inaudible to 
audible frequency and allowed to pass 
into the telephone receivers where it pro¬ 
duces a humming sound. It is in this 
way that the dots and dashes produced 
by the operator are heard at a distant 
receiving station. 

Before passing on to the next chapter, 
we must impress upon our minds the fact 
that wireless messages or waves travel 
in all directions. If the transmitting 
power of a station is fifty miles, every 
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station with properly attuned receiving 
equipment within that radius will re¬ 
ceive the message. 
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Chapter II 

Radio Telephony 

Radio telephony followed radio tele¬ 
graphy just as Bell’s telephone followed 
Morse’s telegraph. When Bell listened 
to the human voice over the first tele¬ 
phone lines, he did not realize that it 
would some day be possible to carry on 
conversation without wires. However, 
science never stops, and almost before 
wireless telegraphy was perfected wire¬ 
less telephony was anticipated. Today, 
everywhere about us the spirit voices of 
radio fill the ether. To hear these in¬ 
tangible voices we must have an electric 
ear, made up of various coils, detectors, 
phones, etc. 

Before we go deeper into the subject 
of radio telephony, let us briefly consider 
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the principles of voice transmission over 
copper wires. How is the man in San 
Francisco able to hear the voice of the 
man in Boston ? He really doesn’t hear 

Operation of telephone transmitter and 
receiver 

the voice of the man in Boston. The 
voice of the Boston man is translated 
into electrical impulses which are carried 
along the wire to the distant receiver 
where they are made audible. 

There are two important parts of a 
telephone, the transmitter and the re-
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ceiver. (See Figure 9.) The voice is 
directed into the transmitter and the 
receiver is held to the ear. An under¬ 
standing of these two simple devices and 
their operation, is equivalent to an 
understanding of the fundamental prin¬ 
ciple of the telephonic transmission of 
sound. 

When we speak into a telephone trans¬ 
mitter, the sound waves from our vocal 
organs strike against a thin metal dia¬ 
phragm. Sound waves are tangible and 
they cause a momentary pressure when 
they strike the diaphragm. The dia¬ 
phragm thus vibrates in sympathy with 
the voice of the person speaking. 

A little compartment of carbon gran¬ 
ules is placed back of the diaphragm and 
these little granules form part of the 
telephone circuit. The little grains are 
pinched together by the vibration of the 
transmitter diaphragm. This “pinching 
effect” occurs many hundred times per 
second. Electrically speaking, the pinch-
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ing of these little grains together has 
the effect of making a better electrical 
contact between them, and this in turn 
lowers the resistance they offer to the 
passing current. With this simple car¬ 
bon grain arrangement we are able to 
impress upon an electric current all the 
fluctuations that correspond to the 
human voice. The current is caused 
to “vibrate.” This “vibrating” current 
enters the receiver at the distant station 
and there it produces an audible sound 
by causing another diaphragm to vibrate 
in unison with it. This is an extremely 
simple process, but very important. 

In wireless telephony these voice 
vibrations are sent over the ether in¬ 
stead of over a conducting wire. How¬ 
ever, there is still a use for the trans¬ 
mitter and receiver. In wire telephony, 
direct currents must be used. By direct 
current, we mean a smooth, steady cur¬ 
rent flowing in one direction that will 
carry the voice without distortion. 
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Some attempts were made to trans¬ 
mit the human voice through the ether 
with ordinary spark systems of wireless 
similar to that described in the last 
chapter. We have previously learned 
the difference between damped and un¬ 
damped waves. We have been told that 
a wireless transmitter of the spark type 
sets up splashes in the ether that pro¬ 
duce what are known as damped waves. 
We might call these discontinuous waves. 
These discontinuous waves are discon¬ 
nected ripples in the ether. When we 
consider that the voice waves are unin¬ 
terrupted, we will understand why it is 
futile to attempt to transmit the human 
voice with a spark transmitter. These 
waves will carry the voice, but there will 
be blank or “still” spaces between the 
waves when the voice waves will be lost, 
since there will be nothing to carry them. 
This can be readily understood bj' re¬ 
ferring to Figure 10. Thus we will see 
that some other method must be used 
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AN INTRODUCTION TO RADIO 
to carry the voice in wireless telephony. 

This method will embrace the use of 
continuous waves. If the voice is proper¬ 
ly superimposed upon such waves, they 
will carry it faithfully to its destina¬ 
tion wherever that may be. In continu¬ 
ous waves there are no interruptions. 

In a previous part of the course we 
learned something about continuous 
wave transmitters. An ordinary arc, 
when “shunted” with a condenser will 
produce continuous waves. The Alex-
anderson alternator and the vacuum tube 
are also used in continuous wave trans¬ 
mission. If we place a telephone trans¬ 
mitter in the proper part of a continuous 
wave transmitter, the voice will alter the 
waves in such a way that it will be 
audible at the distant receiving station. 
The voice is impressed upon these waves 
in the same way it is impressed upon the 
continuous current in a wire telephone 
circuit. This “impressing” process is 
known as modulation, and it is only dur-
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ing the last few years that engineers 
have learned the secret of good modula¬ 
tion. 

Modulation is not a problem in a 
small, low-powered wireless telephone 
transmitter, but becomes one in the high-
powered stations where heavy currents 
are handled. Here the telephone trans¬ 
mitter is found entirely inadequate. 
Comparatively weak currents are surging 
through it when it is used on a wire tele¬ 
phone, but in a powerful wireless tele¬ 
phone transmitter, it is called upon to 
handle extremely heavy currents. These 
currents arc so heavy that they would 
render the device useless by fusing 
together the little carbon granules. 

Modulation was a problem in wire¬ 
less telephony for a number of years, and 
all the early engineers met and strugglec 
with it. At that time the problem lay 
in producing a telephone transmitter 
that would handle heavy currents with¬ 
out “packing.” Most of the early ex-
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perimenters used the arc as a source of 
waves. One attempt, which at first 
proved encouraging, but later was found 
to be of little value, was to connect a 
number of telephone transmitters and 
arrange them in such a way that the per¬ 
son could speak into all of them. In this 
way it was possible to divide the heavy 
currents between the transmitters instead 
of letting one transmitter bear the 
burden. 

One of the most successful experi¬ 
menters in the early days of wireless 
telephony was Prof. R. A. Fessenden. 
Fessenden was instrumental in making a 
lot of very interesting wireless history. 
In 1901 he applied for a patent on “Im¬ 
provements in apparatus for the wireless 
transmission of electromagnetic waves; 
said improvements relating more especial¬ 
ly to the transmission and reproduction 
of words or other audible signals.” In 
1908, Fessenden constructed a high-fre¬ 
quency alternator, and, using this in con-
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nection with a special telephone trans¬ 
mitter, he was able to carry on radio 
telephonic communication over a dis¬ 
tance of six hundred miles. Among the 
men who made valuable contributions to 
the art of wireless telephony, the follow¬ 
ing stand out as leaders: Duddell, 
Poulson, Bell, Dubilier, De Forest, Col¬ 
lins, Majorana, Vanni, Moretti and 
Valluri. 

The problem of modulation was finally 
overcome by that useful little unit, the 
vacuum tube. The vacuum tube is so 
constructed that it is possible for it to 
cause a very weak current to control a 
very heavy current. Therefore, if the 
telephone transmitter is placed in the 
weak current circuit, the heavy current 
can be made to obey perfectly. The 
heavy current will vibrate in unison with 
the weak current when the transmitter 
is spoken into. 

The successful application of the 
vacuum tube to radio telephony was only 
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made possible after much experimenta¬ 
tion. 

Radio telephony can not yet be looked 
upon as a competitor of wire telephony, 
but rather as a helper. The radio tele¬ 
phone is fast becoming an important unit 
in our wire telephone system. It is be¬ 
ing used to bridge gaps that cannot be 
covered by telephone cables. Today we 
can go to our telephone and ask the 
operator to get us a party in the Cata¬ 
lina Islands, which is about thirty miles 
off the Pacific Coast. This connection 
is made possible by the use of radio, 
which is employed to bridge the gap 
existing between the exchange at Long 
Beach, California and the exchange at 
Avalon, Catalina. At Long Beach, Cali¬ 
fornia, the voice would be passed into a 
wireless telephone transmitting apparatus 
which would, in turn, send it into the 
ether. It would travel through the ethei 
a distance of thirty-one and one-half 
miles to a wireless receiving station at 
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Pebbly Beach. At this point the speech 
currents are shot back into the wire tele¬ 
phone lines and carried on to Avalon. 
The person talking, if uninformed of 
the radio link, would firmly believe that 
his voice and that of the person he was 
speaking with, were being carried by the 
usual wire system entirely. Two-way 
communication is carried on just as con¬ 
veniently as it is in wire telephony. The 
installation of this system is not an ex¬ 
periment. It is an established unit of 
the telephone system of this country. 
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Chapter III 

The Various Instruments Used in 
Radio Transmitting and Receiv¬ 

ing Outfits 

Chapter I has conveyed to us a brief 
explanation of the production, radiation, 
transmission and reception of these elec¬ 
tromagnetic disturbances through space 
by means of the art of radio telegraphy, 
which we shall now try to study more in 
detail. 

One knows very well that in the study 
of any new profession, science or art, he 
must first become familiar with the 
working tools, terms and parts which go 
to make up the complete mastering of 
the profession. For example, if we are 
to study a language we must learn what 
nouns, verbs and adjectives are. Then 
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if we are to become a machinist we must 
learn what a hammer, chisel, drill and 
other various tools are and how to use 
them. Take another example, as for an 
accountant. We must learn the terms 
debit, credit, journal, ledger and what 
part they play in the system. 

The same is true in the radio pro¬ 
fession. In order to intelligently under¬ 
stand the workings of the complete sys¬ 
tem, we must become thoroughly fam¬ 
iliar with the parts, how they are made 
and what part they play in the operation 
of the system. 

We must first have a source of power 
for our production of radio waves and 
the electric current in its various forms 
is adaptable for this purpose. In our 
homes and cities we find two common 
types of current being furnished for 
power and lighting purposes. One is 
what is known as direct current, or a 
current which flows always in the same 
direction, just as the water in a brook 
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is always flowing from the spring down 
into the river and is nearly constant in 
its value. In other cases we have what 
is known as alternating current, or a 
current which flows one way and then 
reverses and goes in the other direction, 
changing its direction very rapidly, as 
many as 50 to 120 times per second. 
This kind of current is furnished almost 
altogether, outside the very centers of 
our large cities, because it is much easier 
to transmit through wires without exces¬ 
sive losses. Figure 11 illustrates a direct 
current generator with the circuit, and 
Figure 12 is an alternating current gen¬ 
erator. 

Now that we have spoken of our elec¬ 
tric energy, which is developed by 
dynamos or generators, sometimes called 
alternators when they produce alternat¬ 
ing current, we must turn our attention 
to the manner in which this power is 
conveyed to our radio apparatus. We 
all know it is through copper or other 
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metal wires carefully insulated with rub¬ 
ber or some other non-conductor of elec¬ 
tricity. These wires must often be con¬ 
nected together and in doing so the 
connection should be made very care¬ 
fully so that the current will find a ready 
path from one wire to the other through 
the joint. The proper method of mak¬ 
ing the spliced joint by wires is shown 
in Figure 13. The two ends of the wire 
should be carefully cleaned by scraping 
the surface with a knife or some other 
sharp tool until it is bright and shiny, 
and then after they are twisted together 
they should be soldered, if possible, and 
then carefully wrapped with rubber, 
then cloth tape over this rubber to pro¬ 
tect it against injury. 

Now that we have found a source of 
powrer and means of conveying it to our 
radio transmitter, we should consider the 
important parts of the machinery for de¬ 
veloping our high-frequency currents. 
Many times we must change the pres-
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sure of the electric current furnished for 
our transmitter and this is accomplished 
by means of what is known as a trans¬ 
former, which is illustrated in Figure 14. 
It consists essentially of two coils of 
wire wound upon an iron core, the cur¬ 
rent entering one of the coils and creat¬ 
ing in the other coil another current of 
a different pressure. The ratio of the 
pressures in the two coils is in propor¬ 
tion to the number of turns of wire in 
the coils. That is to say, if the pressure 
entering the first coil (the one on the 
left) was 100 volts and had 100 turns 
of wire, and the number of turns of wire 
in the other coil (at the right) had 1,000 
turns, then the pressure would be 10 
times 100 volts or 1,000 volts, due to 
the fact that the 1,000 turns coil had 
10 times as many turns as the first coil of 
100 turns. Where the pressure is in¬ 
creased by a transformer, it is called a 
step-up transformer and if the pressure 
is decreased, that is, reduced in value, it 
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is called a step-down transformer. We 
shall find these transformers in use in 
other parts of our radio apparatus and 
so we should become familiar with the 
piece of apparatus known as a trans¬ 
former. 

In Chapter I the term “capacity” was 
used, which referred to the storing power 
which a body might have for electric 
current, and concerning which we spoke 
of the term “condenser,” a particular 
piece of apparatus built for the purpose 
of holding a quantity of electricity. We 
use condensers in all the various types 
of radio apparatus, both in transmitters 
and receivers, and therefore we should 
study very carefully the various types of 
condensers employed in the art. 

First, we have the fixed condenser, 
made to withstand high pressures. These 
condensers are used in transmitting 
equipment and are made in several dif¬ 
ferent ways. One form is known as 
the glass plate condenser, shown in Fig-
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lire 15. This condenser is made by plac¬ 
ing alternate sheets of metal, tin foil, 
copper or aluminum with sheets or plates 
of glass to form an insulator between 
the metal conductors. This is well illus¬ 
trated in the middle view of Figure 15. 
Every other sheet of metal is connected 
to one wire, while the other sheets are 
connected to a second wire. One set of 
these metal plates forms a positive of the 
condenser, when charged, while the other 
forms a negative of the condenser. When 
an electric generator or battery is con¬ 
nected by its two wires to the condenser, 
it will receive a charge of electricity 
which can be removed from it at a later 
period, just the same as we can store air 
in a tank by connecting an air pump to 
the tank, this air being removed at any 
time we wish. There are several dif¬ 
ferent forms of insulators and conducting 
plates which may be used in condensers. 
For example, we may have oiled paper 
or mica for the insulator and very thin 
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brass for the conducting plates and these 
may be tightly bound together in a very 
compact and condensed form. Another 
form of condenser is shown in Figure 

Variable condenser used in receiving 

16. In still some cases a condenser is 
made by separating alternate layers of 
steel plates, having a;r at a high pres-
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sure, 200 lbs. per square inch, as an in¬ 
sulator between these steel plates. 

Let us now turn our attention to an¬ 
other type of condenser known as the 
variable condenser, which is of great im¬ 
portance in receiving apparatus. This 
consists of two sets of semi-circular 
plates, one set of plates being carefully 
mounted or supported by some form of 
base with a small space between each 
plate, about %-inch, with another set 
of revolving plates fastened to a shaft 
which move in and out between the sta¬ 
tionary plates. This is illustrated in 
Figure 17, and the capacity of this con¬ 
denser is increased by moving the rotat¬ 
ing plates into the stationary plates, just 
the same as we might increase the ca¬ 
pacity of a collapsible drinking cup by 
pulling the circular rings up one at a 
time, thus increasing the depth of the 
cup. When the rotating plates are en¬ 
tirely out from between the stationary 
plates the capacity is approximately zero. 
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This property of capacity is one of the 
two essential features in the tuning of 
all radio apparatus, either transmitters 
or receivers, and the construction and 
use of condensers should therefore be 
carefully studied in order to clearly 
understand the science of radio communi¬ 
cation. 

Carefully linked with the term “ca¬ 
pacity” is the term “inductance,” which 
is that property of an electric circuit 
which objects to any change in the value 
of the current in that circuit. We might 
say it is something like the property 
called inertia, possessed by a heavy body. 
For example, a large cannon-ball objects 
to having its motion changed. If the 
cannon-ball is at rest we find it very 
hard to start it in motion, while if it is 
in motion, rolling along a smooth sur¬ 
face, we find it very difficult to stop it 
or to change its direction of motion. This 
is due to a particular property which it 
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has, called inertia. The greater the 
weight, the greater the inertia. 

Electricity, however, has no weight, 
and in order to secure the effect of in¬ 
ertia we have to weight it, using a coil 
for the purpose. A current flowing in a 
short piece of straight wire, say ten or 
twelve feet long, is very easy to start 
and stop, while if we wind the same 
amount of wire around a stick, making 
a coil, we find that it is much more dif¬ 
ficult to start and stop the current. The 
greater the length and number of turns 
of wire, the greater the resistance to 
changes in the current. That is why 
we have so many different kinds of coils 
in radio transmitters and receivers, and 
why each coil is provided with a method 
of changing the number of turns of wire 
in order to obtain the right amount or 
value of this property of “inductance.” 

Figure 18 is a helix or coil often used 
in small transmitting sets to vary the 
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inductance in order to obtain the proper 
length of wave in transmitting. 

Figure 19 illustrates a double slide 
tuning coil which is nothing more than 
a coil of wire forming an inductance, 
with a means of changing the number 

Double slide tuning coil for receiving set 

of turns by the two small knobs illus¬ 
trated at the top and front side. 

Another device for obtaining a very 
accurate variation of inductance is known 
as a “variometer,” which consists of two 
coils of wire, one being mounted on a 
shaft so as to revolve within the outer 

68 



Variometer used in a receiving set 



Oscillation transformer for transmitting set 
70 



AN INTRODUCTION TO RADIO 

stationary coil. This is well illustrated 
in Figure 20 and this form of instru¬ 
ment is in very common use in our mod¬ 
ern types of radiophone receivers. 

Another device which is very often 

fig. 22 

Adjustable stationary spark gap 

used in small and inexpensive radio trans¬ 
mitters is the spark gap, which serves 
in the production of high-frequency cur¬ 
rents hy means of discharging the con¬ 
denser through a circuit consisting of a 
coil of wire and the spark gap itself. 
This gap serves to prevent the charge 
from running out of the condenser 
through the circuit, mentioned in Chap-
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ter I, as the “closed oscillatory circuit,” 
until it has attained a sufficient force 
to jump across the gap and to form a 

powerful discharge in the nature of 
high-frequency oscillations, which are 
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transferred to the aerial or radiating cir¬ 
cuit through means of another type of 
transformer known as the “oscillation 
transformer,” shown in Figure 21. The 
various forms of spark gaps are illus¬ 
trated in Figures 22 and 23. 

Figure 24 shows the application of 
these various instruments previously de¬ 
scribed in a small transmitter, which is 
often assembled and used by the radio 
amateur. The storage battery furnishes 
the source of electric power, while the 
coil acts as a step-up transformer, the 
key for turning on and off the current 
to the coil, the condenser stores the 
high-pressure power from the coil, and 
the spark gap permits the discharge of 
the condenser in the aerial or radiating 
circuit. This is probably the simplest 
type and least expensive transmitter for 
the novice to build, and is capable of 
transmitting dots and dashes over a dis¬ 
tance of 5 to 20 miles, according to the 
size of the spark coil. 
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We will now turn our attention to 
the application of some of the parts pre¬ 
viously mentioned, along with some ad¬ 
ditional ones, to make up our receiving 
apparatus. 
Again we come across the terms 

“transformer” and in this particular case 
it will be called the “receiving trans¬ 
former,” or sometimes called a “loose 
coupler,” which is illustrated in Figure 
25. As (the transformer), previously 
described, it consists of two coils of wire, 
but in this particular case the coils of 
wire may be moved away from one an¬ 
other and also the turns of wire in each 
coil may be altered so as to change the 
inductance of each and thus tune each of 
the circuits to the wave length which is 
being received. For more careful ad¬ 
justment of the tuning of a radio re¬ 
ceiver, we employ the variable condenser, 
which has already been described and 
which is illustrated in Figure 17. 

Now that we have considered the in-
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struments for carefully tuning the in¬ 
coming radio message, we must find the 
necessary apparatus for changing these 
electric waves into sound waves which 
will make the messages audible to the 
human ear. This is accomplished through 
two important pieces of apparatus, the 
detector and the telephone head-set. The 

Cat-wh!sker type of crystal detector 

first and simplest type of detector to be 
described is known as the “crystal de¬ 
tector” and consists of a piece of mineral, 
say galena, silicon or perikon, supported 
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in a metal cup and upon which rests the 
end of a small wire, or in other cases 
two pieces of mineral which touch one 
another. Several different forms of de¬ 
tectors are shown in Figures 26 and 27. 

fig.27 

Compression type of crystal detector 

As was told in Chapter I, these de¬ 
tectors act very much like the check 
valve in a water pipe leading to a boiler 
or tank. That is, they will allow the 
electrical current to flow in one direction 
but when it tries to reverse its direction 
the detector offers a very high resistance 
or impeding force to the passage of cur¬ 
rent. 
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Now that we have found a means of 
stopping the flow of current in one di¬ 
rection, we have at our disposal the half 
waves of these high-frequency currents, 
which number 10,000 to 1,000,000 per 
second, for the operation of the tele¬ 
phone receivers. These currents flow-

Fixed condenser used in a receiving set 

ing through at this rapidity would not 
be able to cause the diaphragm of the 
receiver to vibrate with this enormous 
rapidity and therefore, in order to have 
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the telephone operate properly, we insert 
a small fixed condenser, illustrated in 
Figure 28, to store up these small rushes 
of high-frequency current and allow 
them to gradually discharge through the 
telephone receivers, shown in Figure 29, 
and thus make the diaphragm vibrate 
and convey the sound to the ear. 

Let us now apply these few pieces of 
apparatus to a simple type of receiver, 
which is illustrated in Figure 30. We 
have the aerial, with the double-slide 
tuner acting as a receiving transformer, 
with the detector and fixed condenser, 
and the telephone receivers. This forms 
a simple and inexpensive type of radio 
receiver which is very well adapted for 
local messages, but would not be adapt¬ 
able for long distance radiophone enter¬ 
tainments. 

We will now mention a few miscel¬ 
laneous devices which are used in the 
radio art. 
We must have various forms of 
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switches for performing the different 
operations in changing from one device 

Change-over switch 

to another. For example, we have the 
“change-over switch,” shown in Figure 

fig. 32 

Single-pole double-throw switch 
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31, in order to shift from the trans¬ 
mitting equipment to the receiving ap¬ 
paratus. Figure 32 is what is known as 
the “lightning” or “ground” switch and 
is usually located on the wall just out¬ 
side the building where the lead-in 
enters the station. It is usually sup¬ 
ported so that the blade is in a vertical 
direction and the middle point of the 
switch has the lead-in wire from the 
antenna connected to it, while the lower 
point of the switch has a large No. 4 
copper wire leading directly to the 
ground, and the upper point of the 
switch has the wire leading into the sta¬ 
tion either for transmitting or receiv¬ 
ing. The switch is thrown in the upper 
position when the aerial is being used 
for transmitting or receiving, and in the 
lower position when not in use, in order 
that any electrical disturbances created 
in the aerial or atmospheric conditions 
can be carried directly to the ground 
and thus protect the radio apparatus 
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from lightning and other electrical dis¬ 
turbances. 

Ground clamp 

Figure 33 illustrates a ground clamp, 
which consists of a band of copper with 
a screw clamp for fastening it tightly 
around a metal pipe and also a means at 
the top for joining the insulated con¬ 
ductor to the metal band. It is used 
to connect the set to the ground. 
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Figure 34 illustrates the ammeter and 
voltmeter, often used in radio apparatus 
for measuring the amount of current and 
electric pressure. 

Telephone Receivers 

We are all acquainted with the tele¬ 
phone receiver which we place to our 
ears when communicating through our 
home telephone to the various stores and 
friends about the city. This is what is 
known as a simple receiver of low resist¬ 
ance, that is, the turns of wire are few 
in number and of fairly good size, which 
gives a resistance of 75 to 80 ohms. 

When we come to the use of tele¬ 
phone receivers for radio messages it is 
customary to use a double headset, that 
is, a tight band which fits about the head 
and contains on each end a telephone 
receiver of a resistance usually 1,000 to 
1,500 ohms making a total of 2,000 or 
3,000 ohms per pair of phones. This 
high resistance is necessary in order that 
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the phones may respond to the very weak 
currents that are received. The amount 
of current available to operate the tele¬ 
phone receivers is very minute in value. 
These small currents, in order to be ef¬ 
fective in moving the diaphragm of the 
receiver, which is placed over the mag¬ 
nets around which the coils are wound, 
must obtain their strength by means of 
a large number of turns of very small 
wire wound upon these small magnet 
cores. Due to this fact, that is, several 
thousand turns of wire in a very small 
space, it must be very small wire of 
great length which means a very high 
resistance. Of course we must bear in 
mind there is a limit at which we must 
stop, since if we get our resistance too 
great there will not be enough force to 
the radio currents to force even a rea¬ 
sonable amount of current through the 
coils and, therefore, it has been found, 
through long experience, that telephones 
of 2,000 to 3,000 ohms of resistance 
give best results. 
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Figure 35 illustrates the construction 
of the ordinary telephone receiver, “C” 
is an insulated case usually made of 
molded bakelite or some other material 
and in some cases aluminum is used, in 
which instance the magnets must be in-

Construction of a telephone receiver 

sulated from the case. “A” is the mag¬ 
netic core made, in this case, in the 
shape of a “U” of laminated iron in 
very thin sheets to reduce the iron losses. 
“B” are the two coils wound upon the 
iron cores and usually consist of several 
thousand turns of very small wire about 
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the size of the finest silk thread. “D” 
is a thin sheet metal diaphragm separated 
from the ends of the magnets by about 
1/32 of an inch and held in this posi¬ 
tion by means of a cap which is screwed 
over the threads shown in the drawing. 
In this cap there is a small hole about 
jZ-inch in diameter which goes directly 
over the ear. In some makes of tele¬ 
phone receivers the diaphragm is adjust¬ 
able to different distances from the mag¬ 
nets and this lends itself to fine adjust¬ 
ments. 

The telephone receiver is a very 
important part of a high-grade radio 
receiver and too much stress cannot be 
laid upon the need for purchasing a re¬ 
liable and high-grade make of telephone 
receiver to get good residts in long dis¬ 
tance radiophone reception. 

End of Volume One 
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Chapter IV 

Technical Terms Explained 

There are many technical terms which 
must necessarily be used in the future 
explanation of the radiophone transmit¬ 
ter and receiver and which the following 
definitions cover sufficiently to give the 
beginner a clear and working knowledge 
of their meaning. We will now explain 
a few of these terms. 
Radio Frequency: Radio fre¬ 

quencies refer to oscillating currents 
which have a frequency of from 10,000 
to several million per second and are 
used exclusively for the transmitting of 
radio telegraph and radio telephone 
messages. Their frequency may be 
varied in any transmitter by changing 
the value of the inductance or the ca-
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parity which have been previously men¬ 
tioned in this book. 
Audio Frequency: The term 

“audio frequency” refers to waves or 
oscillating currents below 10,000 oscilla¬ 
tions per second. This frequency can be 
detected by the human ear and it is for 
that reason that it has the name “audio,” 
which means to be able to hear. It is 
necessary to find some means of chang¬ 
ing the radio frequencj' currents re¬ 
ceived by the aerial into audio frequency 
currents before they act upon the tele¬ 
phone receiver in order to be heard by 
the human ear. Certain types of trans¬ 
mitters, known as the damped wave type, 
break these radio frequency waves into 
groups which have an audio frequency 
when considered as groups. 
Tubes: The term “tube” refers to 

the many types of vacuum bulbs con¬ 
structed both for detectors in receiving, 
amplifying bulbs for increasing the 
strength of the signals, and power or 
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transmitting bulbs used in radiophone 
transmission. At the present time there 
are several different names applied to 
the detector tubes, such as UV-200, 
as made by the Radio Corporation of 
America, and the Western Electric 
Company J tube. A detailed descrip¬ 
tion of these tubes and the principle on 
which they operate is given in the chap¬ 
ter on vacuum tubes. 
Transformers: We have spoken in 

a previous part of this chapter about 
transformers. One already mentioned 
was the step-up power transformer. 

Batteries : There are two common 
types of batteries in everyday use, both 
for radio and other electrical purposes. 
The first type is known as the primary 
battery or dry cell. These batteries must 
be thrown away and new ones purchased 
when the charge has been entirely taken 
from the cells. Each dry cell gives 
approximately 1.5 volts pressure when 
new, and drops off gradually to one volt 
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or less as it becomes discharged. The 
second type, or storage battery, is made 
up of a type of cell which can be re¬ 
charged by passing electrical current 
through it in the opposite direction from 
that in which it flows in discharging. 
This charging of the storage battery may 
be done in the home by direct current 
source of power or by a rectifying device 
attached to an alternating source of 
power. If the home does not have a 
means of charging the battery, it may 
be taken to a regular battery charging 
station. Storage batteries are usually 
made up in units of six volts each, which 
consists of three cells connected in series 
and enclosed in a wooden carrying case 
with handles provided on the sides or 
across the top. The six-volt storage bat¬ 
ter}' is used almost entirely for supplying 
the current for lighting the filament of 
the detector and amplifying tubes in the 
radio receiver. What is known as a B 
battery, consisting of 15 or 16 dry cells 

8 



AN INTRODUCTION TO RADIO 

connected in series and furnishing 22% 
volts, is used to furnish the current in 
the plate circuit of the detecting or 
amplifying bulb. The life of the ordi¬ 
nary dry cell battery ranges from 7 to 
12 months, according to the amount of 
use it receives, while the life of a stor¬ 
age battery may extend over a period of 
2 to 10 years, according to the care 
which is taken of the battery. Detailed 
instruction regarding the care and opera¬ 
tion of storage batteries will be taken 
up later. 

Rheostats: The term “rheostat” 
refers to a variable resistance which is 
placed in the filament circuit of the 
vacuum tube for regulating the amperes 
or amount of current flowing through 
the filament, and thus regulate the 
brightness of the filament. These rheo¬ 
stats are usually made of a coil of high-
resistance wire, that is an alloy of nickel 
and iron wound upon an insulating rod 
and upon which coil a sliding or rotating 
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metal arm makes contact with the vari¬ 
ous turns of wire. 

Potentiometer: A potentiometer 
is a very high resistance usually made 
of a small rod or stick of graphite or in 
some cases of many turns of very small 
high-resistance wire wound on an in¬ 
sulated rod, which device is connected 
across a source of electric pressure, 
usually a battery of dry cells of 2 to 80 
volts, and makes it possible to obtain any 
voltage or pressure between zero and the 
maximum value furnished by the source 
of power. 

Now that we have mentioned the vari¬ 
ous pieces of apparatus used in radio in¬ 
stallations, we shall show the symbols 
which are used to illustrate these pieces 
of apparatus when making a complete 
drawing of a radio transmitter or re¬ 
ceiver. Study very carefully the various 
symbols, or we might say abbreviations, 
of the different devices illustrated in 
Figures 36-A, B, C and D. 

10 



AN INTRODUCTION TO RADIO 

These illustrations coni.,;.. •”i alpha¬ 
betical arrangement of symbols c. -
various instruments which cover not only 
those in common radio practice, but 
those which might possibly come to the 
attention of the radio enthusiast who 
may care to read technical papers and 
books on the subject. 

It 
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Fig. 36- D 
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Chapter V 

How to Set Up Receiving Outfits 

Radio can no longer be called a hobby, 
but rather a “malady.” Every day the 
Radio-mania claims new victims among 
both young and old. Little Willie, age 
11, now chats volubly with Grandpa 
about tuning coils, detectors, etc. 

In 1912, the Government passed a law 
restricting amateurs to a sending wave 
length of 200 meters. Other conditions 
were also placed upon amateur trans¬ 
mitting. Among these conditions was one 
that prohibited an amateur from using a 
power of over 1 kilowatt. However, 
one kilowatt is no mean amount of 
power. In fact one kilowatt is close to 
1J4 horsepower. Stations located with¬ 
in five nautical miles of a naval sending 
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station were restricted to the use of % 
kilowatt. 

The law further states that an opera¬ 
tor’s license as well as a station license 
must be obtained for transmission over 
the boundary lines of the state in which 
the station is located. To obtain an 
operator’s license (which is issued in 1st 
and 2nd grade form) it is necessary to 
be able to transmit and receive a cer¬ 
tain number of words per minute. Un¬ 
der the Radio Communication laws of 
the United States, the country is divided 
into nine districts. Every licensed 
amateur station is given a number or call 
that corresponds to the district. For 
instance, in Chicago and vicinity, the 
call is started with nine, and stations 
within this territory are designated as 
9GC or 9EE or whatever the letters 
assigned may be. 

Transmitting licenses can be readily 
secured and it is advisable for all am¬ 
ateurs to obtain them if they decide to 
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operate a transmitting station. Owing 
to the increased sensitivity of the receiv¬ 
ing outfits these days, the smallest trans¬ 
mitting apparatus is likely to be heard 
over a considerable distance. For in¬ 
formation regarding station licenses, a 
letter should be addressed to the Radio 
Inspector of the district in which the 
applicant is located. The various dis¬ 
tricts and headquarters are as follows: 
1st district.Boston, Mass. 
2nd district.New York, N. Y. 
3rd district.Baltimore, Md. 
4th district.Norfolk, Va. 
5th district.New Orleans, La. 
6th district.San Francisco, Cal. 
7th district.Seattle, Wash. 
8th district.Detroit, Mich. 
9th district.Chicago, Ill. 

All licenses issued are listed in a book 
called “Amateur Radio Stations of the 
United States.” This book is published 
by the Department of Commerce, Bu¬ 
reau of Navigation, and copies of it may 
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be obtained from the Superintendent of 
Documents, Government Printing Of¬ 
fice, Washington, D. C. A charge of 
fifteen cents is made. This book gives 
the name and address of the owner of 
the station, the call letter, and the power 
of the transmitter. 

All these restrictions were made neces¬ 
sary because of amateur interference 
with commercial messages. A few 
amateurs with fairly powerful trans¬ 
mitting sets filled the air with all kinds 
of jargon, just for the pleasure of hear¬ 
ing themselves “send.” When asked to 
stop for a few minutes to allow com¬ 
mercial messages to get through without 
interference, they became indignant and 
refused. 

Since receiving stations cannot become 
a nuisance, no restrictions have been 
placed upon them. Receiving stations 
can employ the most costly and sensitive 
receiving apparatus without seeking per¬ 
mission from the government. There 
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is only one law concerning receiving sta¬ 
tions, and this states that operators of 
stations must keep all messages they re¬ 
ceive from commercial stations secret. 
This is simply a protection for those 
who transact business by radio. 

Radio offers an unlimited opportunity 
to the hobbyist who feels the creative 
urge. There is no set way in which 
receiving and transmitting apparatus 
may be connected up. Practically every 
amateur has worked out some pet “hook¬ 
up,” as the various methods of connect¬ 
ing the apparatus are called, and every 
amateur naturally believes his way to be 
the best. 

There are two well known national 
associations of radio amateurs, and prac¬ 
tically every amateur is connected with 
one or the other. One is the American 
Radio Relay League, of Hartford, 
Conn., and the other the National Am¬ 
ateur Wireless Association, of New 
York. These bodies have been organ-
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ized largely for the purpose of relaying 
messages. For instance, an amateur sta¬ 
tion owner in the east can start a mes¬ 
sage which will be relayed across the 
country until it eventually finds its way 
to a party in California. Twenty-five 
or thirty stations may participate in the 
relaying of such a message. 

The word “amateur” has a distinctly 
limited application in the minds of some 
people, who believe it to be a name given 
to any one who dabbles around with 
things in an unprofessional way. Dur¬ 
ing the latter part of the year 1921, 
certain events took place which must 
change this belief. At that time the 
American Radio Relay League held its 
trans-Atlantic amateurs’ test. With 
transmitters that required little more 
power than a cluster of 40-watt electric 
lights, several amateurs succeeded in 
getting messages across to England. The 
amount of energy used was but an in¬ 
significant fraction of that employed by 
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the trans-Atlantic commercial stations. 
Of course, the conditions were favorable 
and an ultra-sensitive receiver was used 
on the other side. Hiram Percy Maxim, 

President of the League, said in this re¬ 
gard : “These tests mean the coming 
of the day when Americans can carry on 
unrestricted conversation with their 
cousins across the sea.” 
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*1 he fiist difficulty which au amateur 
wireless man encounters is the construc¬ 
tion of his aerial. It is upon the aerial 
that much of the efficiency of the sta¬ 
tion depends. Figure 37 shows an ideal 
aerial. The first thing we must impress 
upon our minds when starting out to 
build an aerial, is that it must be kept 
entirely insulated from everything sur¬ 
rounding it. We must make it a sort 
of island of copper wire, suspended in 
the air. The aerial must be made elec¬ 
trically “tight” (well insulated), and 
the number of insulators used will de¬ 
pend upon the power of the transmit¬ 
ting apparatus. Receiving aerials do not 
have to be so thoroughly insulated. If 
we are to operate a transmitting station 
care must be taken to get our aerial of 
the proper dimensions and height, since 
this affects the wave length, and the 
Radio Inspector is apt to get peevish 
when he comes around with his little 
wavemeter and finds our wave beyond 

23 



an introduction to radio 
200 meters. There is a simple rule 
which will help us to keep in the good 
graces of the inspector. For two-hun¬ 
dred meter transmission, the length of 
the aerial plus its height should not 
exceed one hundred feet. This holds true 
for the inverted “L” type of aerial, 
which is illustrated. It will be easy to 
understand that the height of the aerial 
affects the wave length of a transmitter 
since the length of the lead-in wire to 
the instruments is determined by the 
height. The lead-in wire is, of course, 
considered as part of the aerial, and the 
wave length cannot be limited to 200 
meters if it is too long. 

Since the small aerial necessary for 
transmission does not lend itself to the 
reception of long wave lengths, many 
amateurs who have plenty of space at 
their disposal like to put up a special 
receiving aerial. The higher this aerial 
goes the better, but since the higher it 
goes the deepei' the amateur must dig 
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into his pocketbook, it is usually made 
up of a single wire several hundred feet 
long. If the student does not care to put 
a large aerial up, he may use a single 
wire about 80 or 90 feet long. This 
size will be sufficient for reception from 
the Broadcasting Stations. 

When putting up the aerial, the joints 
of the aerial wires must be made with 
the greatest care. They should first be 
scraped scrupulously clean and then 
soldered. To prevent corrosion, friction 
tape should be wrapped around the 
joints. Either phosphor bronze or cop¬ 
per wire should be used for the aerial. 
Soft copper wire, although electrically 
good, is apt to break when subjected to 
slight strain. 

The insulation of the lead-in wire, 
where it enters the building, is a very 
important thing. We must come to 
consider the lead-in wire as a bridge 
which connects the aerial with the in¬ 
struments. Lead-in insulators may be 
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purchased from any radio dealer, and 
these will give service which cannot be 
expected from a makeshift. If an in¬ 
efficient insulator is used we may be los¬ 
ing 50 per cent of our transmitting 
energy. All energy lost through leaks 
subtracts that much from the efficiency 
of the station. We should always re¬ 
member the fact that electricity takes 
the path of least resistance, and if it can 
find a way out through a faulty insulator 
it will take it. 

Every radio receiver and transmitter 
must be “grounded.” By this we mean 
that a connection must be established 
with the earth. No effort should be 
spared to make the ground connection a 
good one since it is of utmost impor¬ 
tance. There is on the market a device 
(see Figure 33) called a ground clamp. 
This is a little clamp that is made 
especially for use in connection with a 
ground that is made on water pipes, and 
may be purchased for a few cents. 

2« 
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Where water pipes are not available, a 
good ground can be made by burying an 
old copper wash boiler filled with char¬ 
coal. 

Now that we have learned a little 
more about aerials and grounds, we will 
turn our attention to receiving apparatus. 
About the simplest kind of a practical 
receiving outfit is made up of a tuning 
coil, a crystal detector and a pair of 
phones. The method of connecting these 
instruments is shown in the diagram. 
(See Figure 38.) We will call this 
Outfit No. 1. “How far can I receive 
with such an outfit?” will be one of the 
first questions to arise in our mind. The 
only way in which we can answer this 
is to say that for an outfit of given sen¬ 
sitivity, the distance over which it will 
be able to receive will depend entirely 
upon the power and distance of the 
transmitting stations. Then too, the 
atmospheric conditions affect reception a 
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great deal. AH these things must be 
considered. 

Outfit No. 1, shown in Figure 38, can 
be greatly improved by the addition of 
what is known as a variable condenser 
connected across the tuning coil and a 
fixed condenser across the phones, as 
shown in Figure 39. By moving the 
plates the capacity of the condenser can 
be adjusted as explained in a previous 
chapter. We were told there that chang¬ 
ing the capacity of a wireless circuit 
affected its wave length. Hence, it will 
be easy for us to understand that the 
variable condenser will help us to tune 
in signals. The variable condenser is 
operated by means of a knob on the top. 
If this knob is turned while the sliders 
on the tuning coil are moved to and 
fro a position will be found at which 
signals will be heard, if the detector is 
in a sensitive condition. 

While speaking of simple receiving 
outfits, it is well to mention the detec-
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tor. Various minerals can be used in 
them, but the beginner will find that 
galena is very satisfactory. Handling 
the crystal with the fingers should be 
avoided. Such handling will cover the 
mineral with an invisible layer of greasy 
matter, which will reduce its sensitivity. 

Great care should be used in the 
selection of the phones which are to be 
used with any set. It is in the receivers 
that the weak currents are transformed 
into audible sounds, and if these cur¬ 
rents are not handled efficiently by the 
receivers, the outfit will be robbed of 
its sensitivity. 
Outfit No. 3 introduces what is 

known as a loose coupler or a tuning 
transformer, as shown in Figure 40. This 
is made up of two tuning coils, one slid¬ 
ing within the other. In the language 
of radio we say that the coils are “in¬ 
ductively coupled.” Such coupling in¬ 
creases the selectivity of the outfit; it 
helps us to “tune out” stations we do 
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not want to hear. The side of the re¬ 
ceiving transformer that is connected to 
the aerial is called the primary. The 

other side is called the secondary. The 
secondary slides into the primary so that 
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the “coupling” between the circuits can 
be varied. This sliding is done during 
tuning. The primary and secondary of 
the transformer must always be adjusted 
as well as the variable condenser. 

By adding another variable condenser 
to the outfit, as shown by the dotted 
lines of Figure 40, we will have Outfit 
No. 4, which has a greater selectivity 
than No. 3. 

The receiving outfits just described 
can be connected up in many different 
ways, although the connections shown 
will probably give as good results as any. 
However, since connecting and discon¬ 
necting outfits is part of the fun of radio, 
practically everyone owning a set will 
do a little experimenting himself. It is 
well to do this, since it is by practice of 
this sort that we really get to know our 
instruments, and gain actual experience. 

Almost everyone interested in radio 
reaches the point where he is no longer 
satisfied with a crystal detector, but 
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wishes to replace it with a vacuum tube. 
Increasing the sensitivity of an outfit, 
will, of course, bring a greater number 
of stations within range. 

Vacuum tube receivers, although 
widely different from crystal detectors, 
are not difficult to manage. However, 
it will be wise for us to start out with 
one vacuum tube and a simple circuit so 
that we may become familiar with it. 
The first one described we will call Out¬ 
fit No. 5, and a glance at the diagram 
of connections (shown in Figure 41), 
will show us that the vacuum tube adds 
little complication to the outfit. To 
operate the vacuum tube we must first 
light the filament. We then adjust the 
rheostat to regulate the current passing 
through the filament. It is best not to 
burn the filament of the tube too bright¬ 
ly as this does not bring the best results 
and tends to shorten the life of the tube. 
After the tube is set in operation, the 
tuning transformer and variable con-
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denser are manipulated and the signals 
tuned to maximum loudness. When this 

is done the filament rheostat of the 
vacuum tube can be further adjusted. 
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With the signals in the phones to be 
guided by, it will be an easy matter to 
bring the tube to its most sensitive point. 
With this outfit we will be able to hear 
stations that were previously beyond the 
range of our instruments. 

1 he next outfit we will call No. 6. 
This is a regenerative receiver as illus¬ 
trated by 1‘igure 42. The regenerative 
or feed-back feature was developed by 
E. II. Armstrong, and our first exper¬ 
ience with it will convince us of its use¬ 
fulness. This simple contrivance greatly 
amplifies the signals which come in. This 
circuit contains the grid leak which is 
mentioned in a later portion of the book. 
To operate the regenerative receiver we 
adjust the detector in the usual manner 
and then tune the signal in with the 
variable condenser, the tickler coil and 
the receiving transformer. We will also 
observe that it is possible to vary the 
voltage, or we might say the “positive¬ 
ness” of the plate battery. After be-
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coming familiar with the Armstrong re¬ 
generative circuit, nothing will be too 
hard for us to tackle. 
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Chapter VI 

Primer of the Vacuum Tube 

Since the birth of the vacuum tube 
into the wireless family, about six years 
ago, it has become an instrument of 
boundless utility. The vacuum tube is 
coming to mean to wireless what the 
lever means to mechanics. In short, the 
development of wireless is centering 
around this little instrument. 

To understand fully the operation of 
the vacuum tube we must delve into 
what scientists call the “Electron 
Theory.” In 1896 the electron theory 
came into existence. Previous to that 
time scientists had believed all matter to 
be composed of little particles which they 
called atoms. 
We have all heard of molecules. 

Molecules are so small that even the 
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most powerful microscope cannot bring 
them within the range of our vision. 
Atoms are still smaller. Sir Oliver 
Lodge has said that there are as many 
atoms in a glass of water as there are 
glasses of water in the ocean. For a 
long time the atom was reckoned as the 
smallest unit of matter, but since the con¬ 
ception of the electron, the atom seems 
a giant in comparison. Atoms vary in 
size. Each of the ninety-two elements 
that go to make up this earth has an 
atom of different size, ranging from the 
atom of hydrogen, which is the smallest, 
to the atom of uranium, which is the 
largest. 

When the early chemists said that the 
atom was the smallest particle of mat¬ 
ter, indivisible and unchangeable, some 
people did not agree with them, and set 
out upon researches of their own. This 
research led to the discovery of the 
electron. However, we have neither 
space nor time to explain the exact na-
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ture of the experiments that led up to 
the discovery of the electron. 

Atoms are made up of electrons. We 
also know that electrons are pure nega¬ 
tive electricity. Most of us will recall 
that when we were back in the physics 
class at High School we were taught 
that there were two kinds of electrical 
charges, positive and negative. We were 
also taught that like charges of elec¬ 
tricity repel one another and unlike 
charges attract each other. We must get 
firmly settled in our mind the fact that 
the electron is a particle of negative elec¬ 
tricity. 

Some of us will now ask, “How can 
atoms be built up with negative particles, 
when the negative particles will repel 
one another?” To answer this ques¬ 
tion, we must introduce another unit 
which is known as the proton. This is 
a positive nucleus or sphere in the center 
of each atom which attracts and holds 
the electrons of negative particles with-
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in its influence. Electrons revolve 
rapidly about this nucleus, traveling in 
regular orbits. Their speed is terrific. 

The electron theory has made possible 
the explanation of many things that have 
heretofore been mysteries. The weight 
of each element depends upon the num¬ 
ber of electrons that go to make it up. 
For instance, the hydrogen atom is the 
smallest and lightest known, as it con¬ 
tains only one electron. The atom of 
nitrogen has sixteen electrons and the 
atom of uranium has 239 electrons. 

With the electron theory the chemist 
is able to account for chemical activity 
between the various elements. The 
physicist pointed out the way. He told 
the chemist that chemical activity was 
simply the result of an interchange of 
electrons between the various atoms. In 
some atoms the positive charge or proton 
dominates, and in others the electrons or 
negative charges dominate. Or, we 
might say, that some atoms are lacking 
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a few electrons and are reaching out for 
more, while other atoms have too many 
and tend to release the excess. When 
an electro-positive and an electro-nega¬ 
tive atom come together, there will be a 
chemical action. There is an interchange 
of electrons and a new chemical com¬ 
pound will result. Probably most of us 
are wondering what all this has to do 
with the vacuum tube. We arc coming 
to that shortly. 

In 1883, Thomas A. Edison, while 
experimenting with his electric light, dis¬ 
covered what is today known as the 
“Edison effect.” In conducting some of 
his experiments, he noticed that the 
space about a heated filament was a 
conductor of electricity. Further re¬ 
search lead him to discover that this 
heated space had the property of con¬ 
ducting electricity with greater facility 
in one direction than in the other. Tech¬ 
nically speaking, this heated space he 
found to possess “unilateral conduc-
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tivity,” or conductivity in one direction 
only. However, for once in Edison’s life 
he failed to find a practical application 
for this discovery. 

Had Edison known about electrons 
at the time, he probably would have 
been able to explain the phenomenon. 
Today it is accounted for by the electron 
theory. It is found that when we boil 
water the molecules are set into motion 
and finally become so energetic that 
some of them break away from their 
moorings and sail off into space. When 
a poker is heated to a red heat, the 
electrons do the same thing, and it is this 
jumping off into surrounding space that 
gives the space about a heated body the 
property of conductivity. 

Dr. H. A. Fleming, of London, Eng¬ 
land, was the first to find a practical 
use for the Edison effect. In 1904, Dr. 
Fleming brought out his “oscillation 
valve.” He called it a valve because it 
allowed a current of electricity to pass 
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in one direction only. That is the func¬ 
tion of a valve. The valve on an auto¬ 
mobile tire allows air to go in but it 
does not allow it to turn around and 
come out. The “vacuum valve” or 
vacuum tube, however, allows electricity 
to enter and pass out, but it must con¬ 
tinue always in the one direction. 

Up to the time of Fleming’s invention 
of the vacuum valve, the devices used 
in the detection of wireless waves were 
crude and inefficient. The new valve 
was little better, but it opened up a line 
of research which has since borne much 
fruit. Today the vacuum tube is one of 
the most sensitive detecting instruments 
known to man. 

Figure 43 will give us some under¬ 
standing of the operation of a simple 
two-element vacuum valve. Here we see 
that the filament is kept heated by a bat¬ 
tery, and the current from this battery 
is regulated by a rheostat or variable 
resistance. The temperature of the fila-
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ment may be adjusted by regulating the 
current passing through it, and this, in 

turn, controls the electrons that evapor¬ 
ate from its surface. The conductivity 
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of the space about the filament will, of 
course, depend upon the number of elec¬ 
trons that gain their freedom. 

Figure 44 will show us that there is a 
battery “B” connected to what is known 
as the “plate” in the vacuum tube. If 
we will look closely we will see that the 
positive pole of the battery is connected 
to the plate and the negative pole to the 
filament. Under these conditions the 
plate in the vacuum tube is positive. We 
will understand from the foregoing, that 
the plate will attract the negative elec¬ 
trons as they leave the hot filament. The 
attraction which the plate has for the 
negative electrons will depend upon the 
voltage of the battery. If the voltage 
is high the electrons will be drawn away 
from the filament with greater speed. 
To permit the tube to function properly 
it is necessary that this plate be adjusted 
to the proper potential. If the potential 
is too low the electrons do not move 
away rapidly, but remain in a cloud 
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about the filament. The space around 
the filament thus accumulates a charge of 
negative electricity. This charge be¬ 
comes so powerful that it holds back 
other electrons that desire to come out. 
This is known as the “space charge.” If 
the conductivity of the space between 
the plate and the filament is to be kept 
at proper value, the plate must have a 
positive charge strong enough to keep 
these electrons from remaining near the 
filament. A certain number of electrons 
are emitted every second, at a certain 
filament temperature, and these must be 
drawn away. The electric field created 
by the positive plate can be looked upon 
as an electric suction that draws the elec¬ 
trons away from the filament as fast as 
they are free. 

In a previous chapter we said that 
crystal detectors were used to render 
high-frequency radio oscillations audible. 
We also said that the crystals used in 
the detector had the property of unilat-
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eral conductivity. A vacuum tube per¬ 
forms the same service as the crystal de¬ 

tector, but it performs this service more 
efficiently. When high-frequency cur¬ 
rents pass through a detector, one-half 
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passes freely while the other half is en¬ 
tirely cut off. This action or rectifica¬ 
tion has the effect of changing the in¬ 
audible high-frequency current into a 
series of direct current impulses which 
are audible in the telephones. The 
vacuum tube does the same thing. 

In Figure 45 we see the vacuum tube 
in use in a wireless circuit. Let us study 
this sketch for a few minutes; We will 
see that the signals or high-frequency 
currents come down through the aerial 
to the tuning coil. Both the tuning coil 
and the variable condenser are used to 
adjust the circuit so that it will respond 
to the incoming wave. After the circuit 
is properly tuned, the currents rush 
along to the vacuum tube. One-half of 
the incoming current is allowed to flow 
freely from the plate to the filament of 
this device, but the other half of the 
cycle is effectively cut off. The current 
that is allowed to pass causes an increase 
in the current that flows in the tele-
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phones. Thus, the current passing 
through the telephones is composed of a 
number of impulses coming very close 
together. This causes the diaphragms of 
the telephone receivers to vibrate in sym¬ 
pathy at an audible rate. 

When the old two-element (plate and 
filament) form of vacuum tube was in 
use, certain adjustments had to be made 
before it was brought to a point of 
maximum sensitivity. The voltage of 
the battery which was connected to the 
plate had to be adjusted so that it would 
draw the electrons away from the fila¬ 
ment at the proper speed. The current 
flowing through the filament also re¬ 
quired adjustment to give off just the 
proper number of electrons. The maxi¬ 
mum response in the telephone receivers 
is brought about by these adjustments. 

After some experimentation, Dr. Lee 
DeForest added another element to the 
vacuum tube which he called a “grid.” 
This grid was nothing more or less than 
a small piece of wire bent in a zigzag 
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AN INTRODUCTION TO RADIO 

fashion. The grid was inserted between 
the filament and the plate as illustrated 
in the Figures 46 and 47. The addition 
of this grid made the vacuum tube a 
more practical device, capable of render¬ 
ing a greater service. 

We can picture the Fleming tube as a 
device containing a red hot filament 
which generates electrons (negative par¬ 
ticles). These electrons we know are 
at once carried away by a positively 
charged plate, this plate being merely a 
piece of sheet nickel. Naturally the in¬ 
troduction of a third element is going to 
cause some change in the performance, 
but what this change is we will not learn 
at this time. This three-element tube is 
made up of a glass bulb exhausted to a 
high degree of vacuum, containing the 
three essential elements which are known 
as, first, the filament, similar to that of 
the ordinary lamp, second, the plate and 
third, the grid. There are two connec¬ 
tions for the filament, one to lead the 
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current in and the other for the current 
to pass out. Then there is one connec¬ 
tion for the plate and one for the grid, 
making four terminals for the tube. 
These terminals are brought out through 
the base, which is similar to the ordinary 
lamp, but instead of having the metal 
screw threads, it is a simple brass cylin¬ 
der surrounding a porcelain insulator 
through which the four terminals pro¬ 
trude in the form of four cylindrical 
pins. 

Before going further with the ex¬ 
planation of the three-element tube, we 
will pause and consider more radio ter¬ 
minology. It is absolutely necessary that 
everyone who wishes to thoroughly un¬ 
derstand radio should become familiar 
with the various terms that arc used in 
connection with it. 

From our former description of elec¬ 
tric circuits, we will see that three inde¬ 
pendent circuits must be used with a 
vacuum tube receiving outfit. These 
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are shown in Figure 49. One of these 
circuits, which is called the grid or input 

circuit, involves the tuning coil con¬ 
denser, filament and grid. There is 
another circuit which involves the plate, 
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high potential battery, the telephones and 
the filament. This is called the plate or 
output circuit. The third circuit is 
called the filament circuit and involves 
simply the necessary battery and rheostat 
that supplies the filament with the proper 
amount of current. 

The grid circuit is also known as the 
input circuit, since the weak currents 
that are received come in over this route. 
The high potential battery which keeps 
the plate of the vacuum tube positively 
charged is usually referred to as the “B-
battery,” while the battery supplying the 
current to light the filament is called the 
“A-battery.” We must have these terms 
and their meanings firmly implanted in 
our minds before we resume our study 
of the vacuum tube. 

It will now be assumed that a high-
frequency current is flowing in the grid 
circuit (input circuit). We know that 
these currents alternate or change their 
iirection many times a second. This 
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results in the grid becoming charged, 
first negatively and then positively, to 
keep pace with the changing high-fre¬ 
quency current. Let us keep this fact 
also in mind. 

A current is always passing through 
the plate or output circuit which contains 
the telephones. This current is a uni¬ 
directional one, which means that it will 
flow from the positive side of the “B-
battery” through the telephones across 
the space between the filament and the 
plate and back into the negative side 
of the battery. This current will pro¬ 
duce no sound in the telephones, as long 
as it is uniform and non-pulsating. This 
is another fact that we must keep in 
mind. 

Now we are ready to return to the 
function of the grid. We remember 
that it is interposed between the plate 
and the filament with its charges chang¬ 
ing rapidly from positive to negative. 
We also understand that something is 
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going to happen to this stream of nega¬ 
tive electrons from the filament when the 
grid is negatively charged. The negative 
charge of the grid will have the effect 
of pushing back the electron stream. 
Thus, an interruption in the uniform 
current that is passing through the plate 
or output circuit will be caused. The 
grid will become positively charged 
when the current in the grid circuit again 
changes its direction. This causes the 
electrons, which shoot off the filament 
to be attracted by the grid and they pass 
with renewed vigor and speed to the 
plate. When the grid is positively 
charged there is an increase in the cur¬ 
rent flowing through the telephones since 
the current passing between the filament 
and the plate meets with less resistance. 
This increasing current in the telephones 
is periodical, keeping pace with the 
changing currents in the grid circuit. 
The current in the output circuit, while 
still flowing in one direction, loses its 
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uniformity. The changes in the strength 
of the current produce corresponding 
changes in the magnetism of the coils in 
the telephone receivers, and the signals 
thereby arc made audible. 

Since only one-half of the high-fre¬ 
quency current flowing in the grid input 
circuit affects the current flowing in the 
plate or output circuit, the effect is in 
general the same as that produced by a 
rectifying crystal, but more pronounced. 
The vacuum tube is unlike the crystal 
detector in that we do not hear the 
actual incoming radio currents, but 
simply the effects they produce in the 
local battery circuit. 

Figure 47 illustrates the effect which 
the grid with the positive charge from 
incoming radio waves will have upon the 
negative electrons formed by the hot fila¬ 
ment. This positive charge on the grid 
will attract the electrons. 

Figure 49 shows the complete hook-up 
for a simple type vacuum tube detector 
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in a plain receiver. The aerial circuit 
contains a tuning coil which assists in 
tuning the detector circuit by moving 
the arrow point up and down on the 
turns of the tuning coil. The oscilla¬ 
tions from the incoming waves are im¬ 
pressed upon the grid and filament. 
When the grid receives a positive charge 
from the incoming waves it assists in the 
flow of electrons and causes the B-bat-
tery current to increase, and when the 
incoming waves, place a negative charge 
on the grid, the flow of electrons is 
retarded and the B-battery current de¬ 
creases. This increase and decrease of 
the battery current causes the telephone 
diaphragms to vibrate and make the 
signals audible to the receiving operator. 

The essential adjustments of this re¬ 
ceiver are, first, the brightness of the 
filament, which is regulated by the rheo¬ 
stat, and second, the plate battery voltage 
which is usually changed by taps on the 
battery itself, and third, the tuning of 
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the detector circuit by moving the slid¬ 
ing contact on the tuning coil. 

Radio engineers look upon the vacuum 
tube as a sort of trigger. When the 
trigger of a revolver or a shotgun is 
released it sets off the detonating cap of 
the bullet. The energy that is required 
to operate the trigger is insignificant 
when compared with the amount of 
energy that is released by the exploding 
powder. In the same way, the little 
“trigger” currents in the grid circuit of 
the vacuum tube are quite insignificant 
when compared with the increases which 
they cause in the current flowing in the 
plate or output circuit of the tube. 
Hence the vacuum tube is also an ampli¬ 
fying device, since the plate current gov¬ 
erned by the grid is far greater in 
strength than the high-frequency grid 
current. 

The function of any detecting device, 
such as a vacuum tube or rectifying 
crystal, is to make a radio frequency cur-
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rent produce an audible sound. We 
have previously been told that a radio 
frequency current “vibrates” or “oscil¬ 
lates” so rapidly that it is inaudible. A 
crystal detector, for instance, simply cuts 
off one-half of these oscillations and pro¬ 
duces a unidirectional, pulsating current 
of audio frequency. All we need to 
know about this is that we cannot hear 
radio-frequency currents, while we can 
hear audio-frequency currents. 

We shall now touch again upon the 
subject of damped and undamped oscil¬ 
lations. We will recall that damped 
oscillations are those that gradually die 
out. They are produced by wireless 
transmitters of the spark type. To make 
a vacuum tube detector responsive to 
such oscillations we must insert in the 
grid circuit what is known as a grid con¬ 
denser. Our previous mention of the 
condenser left us with the understanding 
that it is a device capable of storing up 
electrical currents in the form of charges. 
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In Figure 50 we see where this grid 
condenser is placed. It is the work of 
this condenser to store up the currents 
which are rectified by the valve action 
which takes place between the grid and 
the filament. Each group of incoming 
oscillations charges the grid condenser. 
When the charge reaches a certain point 
it either discharges through the vacuum 
tube or through what has become known 
as the grid leak. To explain this grid 
leak, we may say that it is like a small 
hole in a barrel which will allow water 
to run out slowly while the barrel is 
being filled to a certain level. (The 
grid leak is really a piece of high-resist¬ 
ance material.) As the condenser be¬ 
comes charged, the charge leaks slowly 
away through the resistance. Thus the 
cumulative effect of a whole group of 
incoming oscillations is allowed to act 
upon the vacuum tube. It is in this 
way that the telephone current (current 
passing through the plate circuit), is 
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varied with the spark frequency of the 
distant transmitter. The diagram of 
connections showing the grid condenser 
is one that can be used to receive either 
damped or undamped signals. 

In the diagram of the circuit just re¬ 
ferred to we will notice an extra coil 
which has not as yet been explained. This 
little coil forms the basis of a patent 
that has had a profound effect upon the 
wireless art. A few years ago, Edwin 
H. Armstrong, one of the greatest au¬ 
thorities on the vacuum tube, discovered 
what has become known as the principle 
of “regeneration.” We have seen how 
a variation of the grid charge changes 
the strength of the plate current. A 
very slight change in the grid charge 
brings about a relatively large change in 
the plate current. If we could change 
this grid charge above or below the maxi¬ 
mum value that is supplied by the in¬ 
coming radio signal, a still greater change 
would take place in the plate circuit. 
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If we are to fully understand the fol¬ 
lowing, we must concentrate the whole 
of our attention upon it. We know that 
the plate current varies in step with the 
frequency of the incoming signals. We 
will understand that if this plate current 
can be impressed upon the grid circuit 
in step with the incoming signals, the 
charge of the grid will be increased. 
This increased charge on the grid will in 
turn cause a greater effect in the plate 
current. This is the principle of re¬ 
generation. 

The coil shown in Figure 50 is the 
regenerative circuit with a “tickler coil,” 
marked L-3. This coil inductively con¬ 
nects the plate circuit with the grid cir¬ 
cuit. The current flowing in the plate 
circuit will pass through the tickler coil. 
Thus, part of the changing current in 
this circuit is inductively impressed upon 
the grid circuit. 

Just how much the regenerative prin¬ 
ciple has increased the efficiency of 
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vacuum tube receivers, is hard to real¬ 
ize. However, we can gain some idea 
of the value of this principle when we 
learn that the original strength of the 
signals can be amplified several hundred 
times. Previously inaudible signals can 
now be received with ease. Any device 
that will increase the sensitivity of re¬ 
ceiving apparatus really increases the effi¬ 
ciency of transmitters as well, since it 
allows their signals to be heard over 
greater distances. Armstrong’s regen¬ 
erative circuit stands next in importance 
to the invention of the vacuum tube. 

We will perhaps wonder why we can¬ 
not connect up several vacuum tubes in 
such a way that the output of one tube 
will be amplified by another tube and 
so on until the signal strength will be 
built up to a point where it will be 
thousands of times greater than its origi¬ 
nal value. This is entirely possible and 
is being done every day. A circuit in 
which three vacuum tubes are used is 
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shown in Figure 51. Although the con¬ 
nections look extremely complicated at 
first glance, they are really very simple. 
The first vacuum tube shown is made 
especially for detection. The two fol¬ 
lowing tubes are used for amplification. 
There is placed with each amplifying 
tube a tiny transformer. To outline the 
function of the transformer would take 
a long time, and the outcome would be 
uncertain. We will merely say that the 
amplifying tubes are always connected 
through transformers. We do not need 
to know much about the construction of 
these transformers since they can be pur¬ 
chased ready-made together with the 
vacuum tubes and other parts. 

The circuit to which we have just 
referred has two stages of amplification. 
Each amplifier tube and transformer is 
a stage. Although more than two stages 
of amplification can be used, it is not 
advisable for the beginner to attempt to 
take on the control of too many vacuum 
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tubes. 1 wo stages of amplification can 
be easily handled by an amateur, but 
more than this requires the services of a 
seasoned veteran. 

The vacuum tube is not only a de¬ 
tector of radio currents, but can be used 
as a generator of them as well. When 
functioning in this manner it works 
silently and efficiently. It is able to con¬ 
vert a direct current into a high-fre¬ 
quency radio current which is able to set 
up ether splashes. It is quite probable 
that sometime in the near future a few 
transmitter vacuum tubes, or power 
vacuum tubes, as they are called, will 
take the place of much of the elaborate 
mechanism that is now employed in the 
radio station. The vacuum tube is in¬ 
deed a radio Jack-of-all-trades, and it is 
quite possible that still other applications 
will be found for it in the future. 
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Chapter VII 

How to Set Up Radio I ransmitters 

When a radio “bug” has gratified his 
desires along the receiving line, he is 
usually not quite satisfied until he has a 
transmitting outfit as well. After all, 
to be complete, a wireless station must 
be able to “speak” as well as “hear.’ 
Let us now consider a few transmitting 
outfits. 

Transmitter No. 1, shown in Figure 
52, uses a spark coil as a generator of 
the high-frequency currents. There is 
used in connection with the spark coil, 
a spark gap, a heavy glass plate con¬ 
denser, and what is known as an oscilla¬ 
tion transformer. Every time the tele¬ 
graph key in the primary circuit of the 
spark coil is pressed a spark will flow 
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across the gap and waves will be propa¬ 
gated. When operating such a set we 
must be careful not to come in contact 
with the spark gap while the coil is in 
operation. This would give a very un¬ 
comfortable shock as the voltage pro¬ 
duced by the spark coil is very high. 

If we want to graduate from the 
spark coil class we may get a transformer 
which will operate off the lighting cir¬ 
cuit. Transformers must be operated 
with alternating current, however, and 
before we purchase one we should make 
sure that the house is supplied with al¬ 
ternating current, and also we should 
know the frequency of this current. It 
may be 25 cycle or it may be 60 cycle, 
and the transformer must be designed 
for a certain frequency. Transformers 
come in various sizes or powers. AV e 
can get a % kw. transformer, a % kw, 
or a 1 kw. 

Transmitter No. 2, shown in Figures 
53 and 54, includes besides a transformei 
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a rotary spark gap which is driven by 
an electric motor. The rotary gap gives 
the signal of the station a musical tone, 
and it also allows the signals to be read 
with greater ease through interference. 
The tone produced is quite pleasing to 
the ear. 

When we buy parts for our transmit¬ 
ting outfit, we must depend upon the 
electrical dealer to the extent of having 
him provide us with the proper kind of 
rotary spark gap, key, condenser and 
oscillation transformer to be used with 
the transformer we buy. A condenser 
that would be suitable for a % kw. 
transformer would not be capable of 
handling the power developed by a 1 
kw. transformer. In the same way, 
a rotary spark gap designed for use with 
a 1 kw. transformer would not be suit¬ 
able for use with a % kw. transformer. 
A key used with a JX kw. transformer 
has a heavier current to break than one 
used with a kw. transformer. 
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We will also see that a line protect¬ 
ing device is used with transmitter No. 
2. Such a device is necessary if we wish 
to keep on good terms with the local 
electric light company and fire inspector. 
This little device is inexpensive and 
comes already assembled. We must use 
this because at times our transformer is 
very apt to get unmanageable and send 
a high voltage surge back into the power 
line. If the protecting device is not used 
a fire is apt to be started or damage will 
result to the wiring. The protective de¬ 
vice allows the excess current to pass off 
harmlessly to the ground. 

It would seem that the spark coil and-
power transformer transmitting stations 
have had their day. They are both 
troublesome and inefficient. For 200-
meter work the transformer is a great 
waster of energy. 

The vacuum tube has taken the place 
of the spark gap in the transmitting sta¬ 
tion. This little tube produces a high-
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frequency current and in this work it 
has no rival in efficiency. It produces 
a perfectly clear note that can be read 
with ease through static and interfer¬ 
ence. The vacuum tube produces no 
local noise, but at the distant receiving 
station the signals it produces for a 
given amount of power make a noisy 
spark transformer set appear ridiculously 
weak in comparison. A vacuum tube 
outfit using 10 or 15 watts of energy i. 
often able to transmit signals over a far 
greater distance than a transformer us¬ 
ing as much as 250 watts. The cost of 
the vacuum tube outfit is no more, if as 
much as the transformer. 

Vacuum tube transmitters are known 
as C.W. transmitters. We will remem¬ 
ber that C.W. means “continuous 
waves,” and that vacuum tubes produce 
these waves. The spark coil or trans¬ 
former is used in damped or discontinu¬ 
ous wave transmitters. 

Transmitter No, 3, shown in Figure 
II 
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55, is a simple, little vacuum tube outfit 
suitable to begin with. The tube is 

made especially for transmitting pur¬ 
poses, and is able to handle five watts of 
power. Such a tube, if properly cared 
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for, will last a long time, and the initial 
cost is little more than that of a receiv¬ 
ing tube. The power of such a trans¬ 
mitter can be increased by adding more 
tubes. Every time a tube is added, five 
watts of power are added to the outfit. 
If more than 15 watts are desired, it is 
advisable to get a 50-watt tube, since 
three five-watt tubes would cost nearly 
as much, and necessitate more attention. 
With a 50-watt tube we would have only 
one tube to watch. For still more power¬ 
ful outfits there are 250-watt tubes, and 
we may keep adding tubes until we have 
built up any power we wish. The great 
Marconi station at Carnarvon, Wales, 
which communicates with Australia, has 
forty-eight tubes. 

We will now learn how a single aerial 
and ground may be used to serve both 
the transmitting and receiving unit of a 
station. To use one aerial and one 
ground, it will be necessary to purchase 
a double-pole, double-throw switch. 
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This is simply a single switch which 
takes the place of two. The receiving 
outfit is connected to the aerial and 
ground when the switch is in one posi¬ 
tion, and the transmitting outfit will be 
connected to the aerial and ground when 
the switch is in the other position. Thus, 
when we are about to receive, the trans¬ 
mitting instruments are entirely discon¬ 
nected, and vice versa. 

Many beginners ask, “Is there any 
danger of my aerial being struck by 
lightning?” If an aerial is properly 
grounded when not in use, it will act in 
the capacity of a lightning rod and actu¬ 
ally offer protection to the shed or house 
upon which it is located. To have an 
aerial serve in the capacity of a lightning 
rod, we must be careful to have certain 
details faithfully carried out. The 
ground wire must be a heavy one, well 
supported on insulators. No. 4 insulated 
wire should be used. When the outfit is 
not in use, a heavy single pole, double-
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throw switch is used to connect the aerial 
directly to the ground. When con¬ 
nected in this way, if lightning strikes 
the aerial, the heavy charges will imme¬ 
diately flow off to the ground without 
doing any harm. If such a ground 
switch is not used, serious damage is apt 
to result. When a low-resistance con¬ 
ducting path is established between the 
aerial and the ground, the danger of the 
aerial being struck is greatly reduced, 
since the small static charges of electric¬ 
ity which accumulate in the neighbor¬ 
hood of the aerial will be conducted 
away as fast as they are formed. No 
one should make the mistake of trying 
to receive or transmit during a heavy 
storm. 

The real radio enthusiast, after get¬ 
ting his station in operation will want 
to learn the international code. For 
this purpose he may purchase a small 
buzzer practice set which will help him 
to become familiar with the characters. 

85 



AN INTRODUCTION TO RADIO 

This practice set consists of a small 
buzzer, key and a single dry cell. Be¬ 
sides helping the operator to become fam¬ 
iliar with the characters, this little set 
will teach him to send correctly. 

Learning to receive is much more dif¬ 
ficult than learning to send. Good re¬ 
ceiving is developed only through perfect 
familiarity with the code characters, and, 
as in everything else, practice makes per¬ 
fect. At the start we will probably be 
able to receive only two or three words 
a minute or less. Gradually this speed 
will increase until we reach fifteen or 
twenty words a minute. Commercial 
operators seldom go over twenty-five 
words a minute, and more usually send 
around twenty. 

On the radio market today, there are 
a number of automatic code transmitters. 
These devices will transmit messages to 
us automatically and at varying speeds. 
They can be adjusted to send from three 
to forty words per minute. 
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To develop a good “sending fist,” as 
it is called in the radio world, we must 
practice diligently with the key and 
buzzer. In practicing the code we should 
remember that the dash is just three 
times as long as the dot. The beginner 
should try not to send in a jerky fashion. 
If he starts out in a uniform manner, 
he will find it less difficult to send at 
higher speeds. 

The International Morse Code and 
Conventional Signals are given. This 
is the universal wireless code in use by 
all big commercial stations. We must 
learn it if we are to hear what is pass¬ 
ing through the ether about us. 

Unless the beginner also acquaints 
himself with the list of abbreviations 
used in wireless, he will hear some very 
mysterious things. One radio man may 
say to another, “Your signals are very 
QSA.” He mav also sav, “QRZ,” 
“QRU,” “QRW,” or “QRO.” An 
examination of the accompanying list of 
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abbreviations will show us just what the 
various letter combinations mean. 

'.ist of Standard Abbreviations Used in 
Radio Communication 

PRB Do you wish to communicate by means 
of the International Signal Code? 

QRA What ship or coast station is that? 
QRB What is your distance? 
QRC What is your true bearing? 
QRD Where are you bound for? 
QRF Where are you bound from? 
QRG What line do you belong to? 
QRH What is your wave length in meters? 
QRJ How many words have you to send? 
QRK How do you receive me? 
QRL Are you receiving badly? Shall I 

send 20 ? 
QRM Are you being interfered with? 
QRN Are the atmospherics strong? 
QRO Shall I increase power? 
QRP Shall I decrease power? 
QRQ Shall I send faster? 
QRS Shall I send slower? 
QRT Shall I stop sending? 
QRU Have you anything for me? 
ORV Are you ready? 
QRW Are you busy? 
ORX Shall I stand by? 
r>RY When will be my turn? 
QRZ Are my signals weak? 
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List of Standard Abbreviations Used in 
Radio Communication 

QSA Are my signals strong? 
( Is my tone bad? 
I Is my spark bad? 

QSC Is my spacing bad? 
QSD What is your time? 
QSF Is transmission to be in alternate 

order or in series? 
QSJ What rate shall I collect for .? 
QSK Is the last radiogram canceled? 
QSL Did you get my receipt? 
QSM What is your true course? 
QSN Are you in communication with land? 
QSO Are you in communication with any 

ship or station (or: with.) ? 
QSP Shall I inform.that you are 

calling him? 
QSQ Is.calling me? 
QSR Will you forward the radiogram? 
QST Have you received the general call? 
QSU Please call me when you have finished 

(or: at .o’clock) ? 
QSV Is public correspondence being han¬ 

dled? 
QSW Shall I increase my spark frequency? 
QSX Shall I decrease my spark frequency? 
QSY Shall I send on a wave length of. ... 

meters? 
QTE What is my true bearing? 
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Getting acquainted with the other 
radio “bugs” in our vicinity is another 
thing which most of us want to do. This 
is very easy. All we need to do is to 
go out and walk the streets until we find 
a house with an aerial on it. If it is a 
good aerial with high poles and carefully 
strung wires we can rest assured that it 
was put up by a brother “ham” and it is 
just like a welcome sign on the door. 
We can walk right in and ask for the 
“fellow who owns the wireless.” Then 
we can chat with him to our heart’s con¬ 
tent about variometers, microhenries, 
radio frequencies and all the other mys¬ 
terious terms that we are bubbling over 
with. We can also take advantage of 
his knowledge of radio to progress more 
rapidly with the perfection of our sta¬ 
tion. We can sometimes learn a great 
deal from the experiences of other 
“hams.” 
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We sometimes learn things that will 
do us no good in this way also. Every 
amateur has a different idea about hook¬ 
ups and apparatus, and he naturally 
tries to win over other amateurs to his 
way of thinking. It is probably best 
that we do a little experimenting on our 
own, because the real enjoyment of radio 
comes through this experience. We must 
learn to use our own judgment in select¬ 
ing the worth-while hints from the other 
amateurs who insist on giving us advice. 
When we learn how to handle the 

code, and get our station in operation, 
it is easy to get acquainted. This will 
be especially true if our signals are 
strong and our sending passable. The 
radio fraternity greets with open arms 
any new member who can send fairly 
well and whose instruments have a good, 
clear note. From the official call book, 
we can obtain the calls of stations that 
should be within our range. We can 
then call them until they answer, and 
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usually when they answer we have 
gained a new friend. He will want us 
to tell him all about our outfit, our loca¬ 
tion, etc., and will tell us all about his. 
These conversations usually end by an 
ppointment for another call at some 
ature time. 
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A or A (Spanish-
Scandinavian) 
•-• — 

CH (German-
Spanish) 

Ê (French) 
• • — • • 

Ñ (Spanish) 

Ö (German) 
— ““ “ • 

Ü (German) 

1 •-
2 • •-
3 • • •-
4 • • • • — 
5 • • • • • 
6 — • • • • 
7 — — ••• 
8 —--
0--
0---

INTERNATIONAL MORSE CODE AND 
CONVENTIONAL SIGNALS 

To be Used for All General Public Service 
Radio Communication 

1. A dash is equal to three dots. 
2. The space between parts of the same letter is equal to one 

dot. 
3. The space between two letters is equal to three dote. 
4. The space between two words is equal to five dots. 

A* — 
])—••• 
C — • — • 
D — • • 
E • 

Ä (German) 
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INTERNATIONAL MORSE CODE AND 
CONVENTIONAL SIGNALS 

To be Used for ail General Public Service 
Radio Communication 

Period. • » •• •• 
Semicolon.— • — • — « 
Comma.• — • — • — 

Colon.—-••• 
Interrogation. • •-• • 
Exclamation point.-• •-
Apostrophe. •-• 
Hyphen..— — 
Bar indicating fraction — • • — • 
Parenthesis.— «-• — 
Inverted commas.• — • • — • 
Underline.••-• — 
Double dash.— ••• — 
Distress Call... -••• 
Attention call to precede 
every transmission... — • — • — 

General inquiry call.... — • — •-• — 

From (de).— • * • 

Invitation to transmit 
(go ahead)...— • — 
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INTERNATIONAL MORSE CODE AND 
CONVENTIONAL SIGNALS 

To be Used for All General Public Service 
Radio Communication 

Warning—high power..-• •-

Question (please repeat 
after.) — inter¬ 
rupting long messages • •-• • 

Wait. • — • • • 

Break (Bk.) (double 
dash).— •••_ 

Understand.••• — • 

Error.•••••••• 

Received (O. K.).• — • 

Position report (to pre¬ 
cede all position mes¬ 
sages) . — • — • 

End of each message 
(cross).• — • • 

Transmission finished 
(end of work) (con¬ 
clusion of correspon¬ 
dence) .•••_• — 
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