L www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

RADIO FOR ALL

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

A8 G3770H1NOD
Sd :._w mmw,:}uxu

n [s]
2ONId

= / WI019
. olavy

[P 1

www americanradiohistorv com


www.americanradiohistory.com

THE FUTURE OF RADIO

Ix this illustration are shown some of the future wonders of Radio. Several
of the ideas are already in use, in an experimental way, and it should not be
thought that the entire conception is fantastic.

The illustration shows a business man, let us say, fifty years hence. To the
right is a television and automatic radiophone. By means of the plug shown
to the right of the machine, the man can plug in any city in the United States
he desires; then, by means of this automatic control board he can select any
number in that city he wishes, merely by consulting his automatic telephone
directory. As soon as he has obtained his number, a connection is made auto-
matically and he not only can talk, but he can see the party whom he calls. At
the top of the instrument is a loud-talker which projects the voices of the people,
while on a ground-glass in front of him the distant party is made visible. This
idea is already in use, experimentally.

Directly in front of the man, we see the “radio business control.” By means of
another television scheme, right in back of the dial, the man, if he chooses to do
so, can load and unload a steamer, all by radlo telemechanics, or throw a distant
switch, or if a storm comes up, look into the interior of his apartment and then,
nierely by pressing a key, pull down the windows; all of which can be accom-
plished by radio telemechanics, a science already well known.

His business correspondence comes in entirely by radio. There is a tele-
radio-typewriter. This electro-magnetic typewriter can be actuated by any one
who chooses to do so. For instance, if we wish to write a letter to Jones &
Company, Chicago, Illinois, we call up by radio, that station, and tell the operator that
we wish to write a letter to the Company. Once the connection is established,
the letter is written in New York, let us say, on a typewriter, and automatically
sent out through space by radio; letter for letter, word for word being written
by the other typewriter in Chicago. The letter when finished falls into a basket.
Instead of sending our correspondence by mail we shall then do our letter-writing
by radio. There is nothing difficult about this scheme, and as a matter of fact, it can
be put into use today, if so desired. We have all the instrumentalities ready.

Going further, we find the Radio Power Distributor Station that sends out
power over a radius of 100 miles or more. This radio power may be used for
lighting, and other purposes.

In front of the bridge we see a number of people who are propelled by

- Radio Power Roller Skates. On their heads we see curious 3-prong metallic
affairs. These collect the radio power from a nearby railing, which, however, is
not in view, and which they do not touch. The power is sent through space from
the rail to the 3-pronged affair and then is conveyed to the skates, which are
operated by small electric motors. These roll at the rate of 15 to 20 miles an
hour, and there is no visible connection between the wearer and the Radio
Power Distributor.

We next see the crewless ships controlled by radio. This has been made pos-
sible today. Indeed, several U. S. battleships have already been manceuvred over
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PREFACE

IN writing the present volume the author has
continually had in mind a book for the public at
large, not acquainted as yet with the radio art.
After having reviewed nearly all the recent books
on radio that have appeared since radio took
the public’s fancy, the author believes that the
present volume covers ground not touched upon by
other writers.

The keynote of the book has been simplicity in
language, and simplicity in radio. This book,
therefore, is not a technical volume, and wherever
possible all technicalities, all mathematics, and all
abstruse subjects have been left out entirely. It will
also be noted that the author has not made
use of the word “ether” in this book; for the
reason that modern scientists are no longer
in sympathy with the ether theory. The vacuum
tube, it will be noted, has been touched upon very
lightly and only where it was absolutely necessary.
The reason is that the vacuum tube is a highly tech-
nical subject, and therefore does not belong in this
book. It is a science by itself.

The author has always been a great believer in
analogies to drive a point home; and for this reason
analogies have been made use of freely wherever
possible in this volume,

12755
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His experience in editing the first radio
journal in the United States, Modern Electrics,
in 1908, then later, Electrical Experimenter, (now
Science and Invention), and, still more recently, as
editor of Radio News, has given him the opportunity
to view the radio problem through the eyes of the
“man in the street.” He hopes that he has suc-
ceeded in conveying a technical message into
plain English.

If the present volume is the means of converting
a fair percentage of the public at large to radio,
the labor expended has been well worth while.

H. GERNSBACK

New York, June, 1922
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CHAPTER I
HISTORIC

LET us begin at the beginning. 'There are so
many misconceptions in radio today that it is best
that the reader should know just how the art of
radio came into existence. The true art of radio
was unquestionably discovered by Heinrich Hertz,
a German professor, living at Frankfort. His first
technical papers on his epoch-making invention were
published in 1887. Hertz’s experiments were chiefly
made in the laboratory. Years before, Maxwell had
made the statement that light waves and electric
waves were all of the same order. There had,
however, before Hertz’s time never been any experi-
ments of electric waves in free space. Hertz was
the first to send electric waves through space
by means of an electric spark. His appara-
tus was simple; he had an electric spark coil that
made intermittent sparks, and by proper arrange-
ment of this station, he could receive sparks at a
distance by the simple arrangement of cutting a
single wire hoop and leaving a small gap. Between
the two free ends, small sparks jumped whenever
sparks were made to jump on his spark coil a few

yards away. In other words, every time he pressed
1
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the key at his sending station, a spark would jump
at the small gap at his receiving station, which was
composed of nothing but a wire hoop. This con-
clusively proved that electric or, better, electro-
magnetic waves had been sent through free space.
His were only laboratory experiments, and while
he deseribed the phenomenon correctly in scientific
papers, and while it was even in these days consid-
ered an epoch-making discovery, no one thought
of using the invention for practical purposes.

However, Guglielmo Marconi, an Italian youth
had read of these experiments, and being gifted
along these lines, he duplicated Hertz’s experiments.
Soon his mind conceived the idea of using the inven-
tion for transmitting intelligence over a distance.
He endeavored to send a message without wires over
miles where Hertz used yards. Instead of the wire
hoop, Marconi devised and used a more sensitive ap-
paratus. He found that an instrument called the
coherer was enormously sensitive to the new electric
waves, and he soon was transmitting signals for
many hundreds of yards on the estate of his father
in Ttaly. By diligent labor he increased this dis-
tance, and shortly was telegraphing without wires
across the English channel, and not many years
later, he transmitted the letter “S” in telegraphic
code across the Atlantic by means of wireless.

To Marconi, therefore, belongs the honor of
having perfected the wonderful invention of radio,
first discovered by Hertz. Radio telephony, con-
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trary to popular opinion, is not a new invention
either. It has now been known for over two dec-
ades. Radio telephony, as we know it today, was
first invented by Valdemar Poulsen, the Danish
Edison. Instead of using a crashing spark at his
sending station, he used a silent electric arc with
certain adjuncts. 'This was not only entirely noise-
less, but it gave rise to something new, viz., Contin-
uous Waves. Heretofore, radio engineers had al-
ways used the electrie spark which produced inter-
rupted waves. With these sparks, we could not
transmit the human voice because the interrupted
waves would break up the words in such a way
that nothing intelligible could be heard at the re-
ceiving station. It is as if you were trying to talk
and somebody was vibrating the hand to and from
the mouth rapidly. Naturally, no intelligible
words can be heard when this is done. Since
Poulsen’s time, radio telephony has been well known
to the radio fraternity and many messages have been
sent. Thus for instance, in 1915, words spoken at
the Eiffel tower station, Paris, were distinctly heard
in Arlington, which is on the outskirts of Washing-
ton, D. C. At another time, the human voice flung
out into space at Arlington, was heard distinctly
at Honolulu, a distance of over 5000 miles. So
you see, the art of radio telephony is not of recent
origin, as people still believe. Not only is it possi-
ble to send the human voice from one radio trans-
mitting station to a radio receiving station, but in
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1916, an experiment was made whereby people sit-
ting in the dining room of the Waldorf Astoria
could hear the sound of the surf of the Pacific Ocean
at San Francisco, a distance of over 8000 miles.
This was accomplished by hooking up the radio sta-
tion to the ordinary land station, while the radio re-
ceiving station was at Arlington, Va. Then the radio
waves were conducted along an ordinary telephone
wire stretched between Washington and New York,
and the roar of the ocean was heard through the
ordinary telephone receivers connected to the tele-
phone switchboard in the Waldorf Astoria. The
public for many years refused to be interested in
radio telephony until very recently, when our broad-
casting stations began to send out regular enter-
tainment by radio. Then the newspapers began to
take it up, and today radio is a household word in
every American home, be it located in the city, the
suburbs or in the country.
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CHAPTER II
WAVE ANALOGIES

First of all it is necessary that you implant
thoroughly into your mind the fact that there is
nothing mysterious about radio; it is subject to
natural laws the same as other phenomena.

What is a radio wave? It is not any different
physically than a sound wave or a wave in the ocean.
If we throw a heavy stone in a still lake, it makes
what we call a splash. This wave rapidly extends in
the form of circles, as shown in Fig. 1. The heavier
the stone and the higher it falls, the greater the
splash, and the higher the waves. It is exactly so in

15
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radio. If by means of certain electrical apparatus
connected to an wrial, we excite this wrial electri-
cally, waves are set up in the space exactly as water
waves are set up on the lake. Radio waves, just as
do the water waves, branch out in all directions.
With the water waves this is not so true. A true

water wave, as we know, is carried along only upon
the surface of the water. A few feet below the water
and immediately above the water, no water waves
are had. A more strict analogy would be
sound waves. Take for instance, a church bell.
By giving it a blow with a hammer, we excite this
bell. What happens? Sound waves are set up
in the air in all directions from the bell. Whether
you are on the street level, 100 feet below. whether
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you are 100 feet above in an airplane, whether you
are in a building where it is on the same level as
you are—in all these positions you will clearly hear
the ringing of the bell. (Fig. 2.) What does this
mean? Just this. The sound waves are propagated
ineverydirectionin
the form of waves,
invisible to the
eye, but “visible”
to the ear. These
waves are exactly
of the same shape
as are the ocean
waves or water
waves with the
difference that the
sound waves go
out in the air in
the form of
spheres. In other
words, the first
sound wave leav- - :
ing the bell Fia. 3.
would be a sort of invisible globe all around it. The -
wave rapidly branches out, becoming larger and
larger, always remaining, however, in the form of a
sphere, as seen in Fig. 8. If the sound waves do not
go out in the form of spheres, it would not be possi-
ble for us to hear them in all directions as we have

seen in Fig. 2. We, therefore, come to the conclusion
2
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that sound waves that leave a bell branch out,
above, below, sideways, in fact in all directions.
It is exactly so in radio. The earial of the
broadcasting station, or other radio transmit-
ting station radiates exactly as does a bell. Both
are transmitters of waves. 'The radio waves go
out in the form of spheres as well, branching out
in every direction of the compass, as well as below
and above. Not only do the radio waves pass
through the air the same as the sound waves, but
radio waves pass through solid objects also, in an
easier manner than sound waves.

We all know that we can hear a bell even if
windows are closed. In other words, the invisible
sound waves pass through the window panes al-
though we cannot see the sound waves. Radio
waves do exactly the same thing, with the exception
that they pass through solids far better than do
sound waves. If we are far down in a basement, and
providing it is sound proof, we no longer hear the
bell, but radio waves go through solid stone walls
with great facility, and are, therefore, not stopped
by such obstacles. Radio waves even pass through
mountains, providing these mountains do not con-
tain ores or other metallic substances. Radio
waves also pass through the water just as sound
waves do. We all know that if we suspend a bell
below water, it may be heard if we sink a tube into
the water and apply our ear to it. Thus radio
waves may be received in submarines totally sub-
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merged in water. Radio waves also pass through
the earth with great facility. As a matter of fact,
it is possible to receive radio messages readily, as
we will see in a later chapter, by burying an insu-
lated wire in the ground. Such a wire, though
deeply buried, readily intercepts radio messages.

We therefore have learned here that there is
nothing mysterious about the radio waves any more
than sound waves. Both are subject to similar
natural laws. Not only this, but as we all know
the farther away we go from a ringing bell, the more
difficult it is to hear it. The greater the distance
the less able we are to hear the bell. 'The reason is
of course, that the original wave, as we increase the
distance between ourselves and the bell, becomes
larger and larger and soon covers a tremendous dis-
tance. Finally there comes a point where we no
longer can hear the bell. This may be a distance of a
mile or less, that is if we have ordinary hearing.
There are, however, persons and animals whose
hearing is so acute that they can hear the same
bell much further by reason of their being
more sensitive.

If we were to take two horns and point them in
the direction of the bell, as shown in Fig. 4, and
apply the ear pieces to our ears, we would be able
to hear the bell again, although without these appli-
ances, we would not be able to hear it at all. Why is
this so? The reason is that the vibrations that
reach our ears normally are too weak to be inter-
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cepted by our small ears. By enlarging our ears,
as shown in Fig. 4, we intercept many more weak
sound waves, and these waves, all being collected
into our ears—bunched together, so to speak—are
sufficient to again impress the diaphragm in the ear,

SOUND WAVES

Fia, 4.

and we are thus again enabled to hear the sound.
We merely cite this interesting experiment because
it holds true in radio as well. If we have a
transmitting station, or a broadcasting station, we
can hear it only up to a certain distance with a given
apparatus. If we take a small @rial, which we can
liken to a normal ear, we can use it only for a given
distance, let us say 25 miles. If we move this zrial 30
miles away from the radio broadcasting station, we
can no longer hear it. The case here is exactly as
with the sound waves. The radio waves have now to
cover enormous areas, and there are not enough
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waves, so to speak, to leave any impression upon
our small @rial. If, however, we were to double or
triple the size of the arial, we would do physically
the same thing as we were doing when we attached
the two horns to our ears. By having a larger
increased erial with more wires, we would, by
means of this, intercept more waves than we could
with a small normal erial; consequently with such
an erial we could hear the broadcasting station
again, even though we were removed 35 miles from
it. You see that the analogy between the sound
wave and the radio wave holds pretty true, all the
way through. Of course, in radio we have other
means to bring in the signals even if we are removed
still greater distances. It would not always be
practical to make the zrial tremendously large in
order to hear greater distances, also we would not
expect to hear our bell 20 miles away by means of
even large horns. We would have to devise some
other more sensitive means to hear the bell, and
there are such means at hand today in super-
sensitive electrical microphones which magnify the
very weakest sounds. So too in radio it is not
necessary to build a larger and larger erial, the
more we remove ourselves from the broadeasting or
transmitting station. Instead, we use more sensi-
tive apparatus which will magnify the sounds in an
electrical manner, so that we can hear the station
even though we are removed thousands of miles
from it.
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Wave Lexera

What do we mean by wave length? We often
hear in radio that a certain station transmits at a
given wave length, say 860 meters. What does
this mean? First we might state that a meter is a
measurement the same as the yard. A meter,
roughly speaking, measures 40 inches. All Euro-
pean countries instead of yard, foot and inch use the

......

H
)
TROUGH .
.
1]

——— oneEwAvE ——!
LENGTH

Fua. 6.
meter, centimeter and millimeter. 'The meter has
one hundred centimeters and one thousand milli-
meters. Let us now return to our stone which we
dropped into the water. If we were to place our
eye on a level with the water, and someone was to
throw a stone into a quiet surface of water, what
would we see? Fig. 5 shows this. We would see
a wave coming out, as shown in our illustration.
Any water wave is composed of two distinct parts,
the crest and the trough. In other words, the water
first comes up then dips below the original surface,
then up again above the original surface, etc. Inour
illustration, we have shown in dotted lines the orig-
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inal surface of the water. The disturbance of the
stone has caused the water to expand into waves.
Now then, the wave length is that portion which ex-
tends from crest to crest. In Fig. 5 we see what a
wave length consists of. It starts at the top of the
crest, covers the trough and again up to the crest.
This is exactly one wave length, because it embraces
the total make-up of one complete wave.

By throwing an ordinary stone into the water,
such a wave length may be anywhere from one foot
upwards. Out on the ocean where we have very
large waves, so called swells, such ocean waves may
reach the length of about 300 yards or 100 meters
or more. We might, therefore, say that an ocean
wave has a wave length of 100 meters.

In radio we have the same sort of waves, and
these waves go out into space in all directions, as
we have learned before. In radio we can make a
wave length from a few yards or a few meters up
to several thousand meters and over. This all de-
pends upon the apparatus we use. It would be
the same with our bell. A very small bell, only a
few inches high, would give very small sound waves,
while one of the big church bells would give a much
bigger sound wave. In radio too we have the same
thing, and we can change from a short to a long
wave length.

What are the different wave lengths used in
radio? It has been found that short waves do not
travel over such great distances as long waves do.

www americanradiohistorv com


www.americanradiohistory.com

24 RADIO FOR ALL

Using receiving instruments of an ordinary sensitiv-
ity, it has been found that it is better to use a wave
of 2000 meters or more, if we wish to transmit mes-
sages over several thousand miles, as for instance
across the ocean. A small wave length does not
pass as readily over such great distances.

Rap1o TELEGRAPH AND Rap1o TELEPHONE WAVES

How do the waves in radio telegraphy and radio
telephony differ? In radio telegraphy we simply
hear the plain wave in our telephone receivers, if
thus we may term it. If the operator in the trans-
mitting station presses his key, groups of waves are
sent out into space as long as the key is depressed.
At the receiving side we hear the waves making a
buzzing sound for the length of time that the key is
depressed at the sending station. If the key is
pressed down for a second, we hear a buzz for a se-
cond. If the key is depressed for two seconds we
hear the buzz for two seconds, and by means of this
buzzing sound the telegraphic signals are repro-
duced, Usually a code such as the Morse or the
Continental isused. For instance, a short buzz will
be the letter “X” while “SOS” would stand for
the following --- — —— --- (a short dash be-
ing a short buzz, a long dash being a long buzz).

In radio telephony, however, we have a different
and more complicated action. In the first place,
we hear sounds, words, and music exactly as they
are produced at the broadecasting or transmitting
station. Two distinct things happen. The arial

www americanradiohistorv com


www.americanradiohistory.com

WAVE ANALOGIES 25

is made to send out a radio wave that is continuous.
This wave cannot be heard by the human ear with
ordinary receiving apparatus. It is what is techni-
cally called C.W. or Continuous Wave. It is also
used to carry along the human speech. At this point
we must resort again to our water wave. Suppose we

Fia. 6.

throw a stone into a river. At the same time that the
stone is thrown we also throw a cork into the water,
at the same spot. What happens? The cork is
carried along by.the current as shown in Fig. 6.
First we see the cork in position 1. A little later we
see it in position 2. Still later in position 4 as
shown on the dotted lines. The cork, therefore, is
carried along by the wave as well as by the current.
‘As the waves progress, the cork progresses also.
Exactly the same thing happens when the human
speech is impressed upon the radio carrier wave.
By certain means too technical to go into here, the
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vibrations made by the voice are carried along upon
the carrier wave, exactly as the cork is carried upon
the water wave. At the receiving side we only hear
the words or musie, for the reason that the carrier
wave is inaudible. Hence, nothing but the words
or speech are heard by us in our receivers.

SPEED oF WAVES

It might not be amiss to say a few words about
the speed of waves in general. If we drop a stone
into the water, we all know that the speed at which
the waves spread out is rather slow—a few feet per
second as a rule is all. Sound waves on the other
hand travel at the rate of 1,100 feet per second. The
speed of sound waves we therefore see, is consider-
ably in excess of that of water waves.

Radio waves travel with the speed of light,
namely, the enormous speed of 186,000 miles per
second. We, therefore, can understand that if a
message is sent out anywhere on our globe, it will
be received at any place almost instantaneously ; the
greatest distance that a radio wave or a message
could travel over would be 12,000 miles, for the rea-
son that the circumference of the earth is 24,000
miles. You will see, therefore, that a radio wave
would travel around the earth at the rate of almost
eight times in one second, and, although a radio
message was received over a distance of 12,000 miles,
it would be received in a small fraction of a second,
too small to measure. For practical purposes,
therefore, a radio message sent out from no matter
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what distance on earth may be said to cover the
distance instantaneously.

Porurar MISCONCEPTION AS TO RADIo WAVES

Many people have an idea that radio waves
broadcasted by a transmitting or broadcasting sta-
tion, change their form as they are sent out into
space. Many people think that, when we speak of a
360 meter wave length, that this has something to do
with the distance of the sending station or of the
distance that the radio waves cover. Nothing
could be more erroneous. It should be thoroughly
understood that if the Pittsburgh broadcasting sta-.
tion is sending out a message transmitted on a 360
meter wave, the length of the wave will remain 360
meters no matter how far it travels. A ship out
on the ocean 3600 miles away from Pittsburgh may
hear the Pittsburgh station; it will be necessary in
order to hear it to tune the receiving instruments to
360 meters, otherwise Pittsburgh cannot be heard.
Therefore, no matter how far a radio wave travels,
it does not change its length. 'This is true of every
wave no matter what its length, whether 100
meters or 5,000 meters. The length of the wave
never changes between the transmitting and the
receiving stations.

As we have seen before, the different wave
lengths are purely arbitrary. For instance, the wave
length of 360 meters has been chosen only be-
cause it does not interfere with the radio amateurs
who transmit on a wave length of 200 meters, and
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the ship stations which send out on about 600 meters.
It stands to reason that if all stations were to send
at exactly the same wave length, we would get noth-
ing but a jumble.

To elucidate: Suppose you have six pianos in
one room, which are all tuned alike; if we have six
players sitting down at the pianos and each hits the
same key, we will only hear that one note, let us say
A. You could not possibly detect it if five were
striking the key A, because all of the players are
transmitting on the same sound wave length which
transmits only the note A. Suppose, however, that
one operator is striking the key A while another
strikes the key E. 'We can immediately eliminate
one or the other, and by a little concentration of
our ear, we can hear either A or K. In other words
the two pianos are now transmitting at different
sound wave lengths, the wave length of E being
different from the wave length of A, and wvice versa.
We can go still further in the analogy. Suppose
one person plays a tune on the low treble, while at
the same time another person in the same room plays
a different tune on the high treble. With a little
concentration we can listen to one tune or to the
other. Of course, if we pay no strict attention we
will hear both pianos play simultaneously. It is ex-
actly as if two people talk at the table at the same
time. You can listen to one and shut off your mind
from the other speaker as you well know. In other
words, you are “tuning out” the unwanted speaker.
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It is exactly so in radio, only we have better means
in radio because we can tune out entirely one sta-
tion or another by means of tuning appliances so
that we can hear either one at will. That is the
reason why different transmitting stations send on
different wave lengths. It is purely an arbitrary
arrangement so as not to confuse the various receiv-
ing stations.

www americanradiohistorv com


www.americanradiohistory.com

CHAPTER III
TRANSMITTING
(GENERAL)

Wehave learned something in the previous chap-
ter about transmitting. We will now go a little
further, but must be a little more technical here.

~ ~TD>
AERIAL
POLE

SPARK BALLS

— ——

WATER PIPE GROUND

Fra. 7.

There are several ways of transmitting by radio;
the oldest and historical method is shown in Fig. 7.
Here we have an ordinary spark coil such as is used
in automobiles, a few dry cells, a key and the so-
called spark gap which may consist of wire nails
or better two zinc balls. Every time we press the
key a spark jumps across the open space in the spark
gap. By connecting one end of an erial to the
spark gap and the other end to the ground, which
30
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may be a water pipe, or a steam radiator, radio
waves are sent out into space. This is the original
arrangement that Marconi used for transmitting
messages. The erial or antenna used here may be
of any size or shape. 'The one which we have shown
is a simple single wire, which may be 50 or 100 feet
long. Such a little station as this may be used to
send a radio message over several miles. A station
of this sort, however, is very crude because it is un-
tuned; by this we mean, first, that it sends out

STRINGT

A f

¢ TAUT
BOARD WIRE SOUND BOX
Fra. 8. Fia. 9.

impure waves. We might compare this to a string
held between two nails and plucked with the finger,
when we would hear some sort of noise. In other
words, it would be an impure wave. We might
mention, by the way, that an impure wave is one
that has several notes mixed up with the fundamen-
tal note that gives rise to a noise rather than to a
note, see Fig. 8. Now turn to F'ig. 9; here we have a
wire stretched very taut between two nails on a
sound board such as an empty box. By tightening
the wire we get a pure or clear note similar to that
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produced when we pluck a string on a violin or a
mandolin. 'We all know that the violinist, before
beginning to play, has to tune his violin before play-
ing in order to get a pure note. This is his way
of tuning up an instrument. Referring back to
our description of simple radio transmitting, as
shown in Fig. 7, this sends out what we might term a
radio noise, but not a pure radio note. Furthermore,
it is found that if we should take a short metal wire
and stretch it taut, it would give a very high note.
Thus, we know that on a harp for instance, the
highest note will be the short strings and the deep
bass notes will be the long strings. It is exactly
so in radio. In other words, a long erial will give
a long wave length, while a short @rial will give
a short wave length.

Just exactly as a manufacturer of a piano knows
what the sound wave length of the longest string of
his piano is, so the radio engineer will know on
what wave length a given erial will send.

Roughly speaking, an erial 100 feet long will
give a wave length of about 140 meters, while an
erial 200 feet long will give a wave length
of exactly twice the length of the shorter one or
280 meters.

Suppose, with our little outfit shown in Fig. 7,
we wish to send out a wave length of a thousand
meters; we could do this by making an erial
833 feet in length. That, however, would not be
practicable because not in all instances could we
find that much room for the ®rial.
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We, therefore, resort to another means, and we
build an erial indoors which we attach to the orig-
inal erial, a sort of a sending tuning coil, which
we show in Fig. 10. This tuning coil is the same

1 INDUCTANCE
con

SPARK COIL

WATER PIPE GROUND

Fia. 10.

wire which we use for the #rial, wrapped around a
frame or tube, as shown in Fig. 10. This coil
means simply the additional wire which is neces-
sary to lengthen our @rial in order to make it long
enough to give us our thousand meters. By means
of the slider, which runs up and down the wire
convolutions, we now have the means of changing
the wave length merely by adding more or less wire.
If this is not entirely plain, take a violin as an ex-
ample. When the violinist wishes to transmit a
certain sound wave he plucks his string first without
3
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touching his hand to it. As he presses down
on the string, he automatically makes it shorter and
shorter, and the further down his fingers slide, the
higher and higher the note becomes. He does here
exactly the same thing as the slider does on our

» sending tuning
coil, that is, he
changes his
sound wave

length. Fig. 11.

In other
words, if he

SHORT SOUND LONG SOUND
AYE WAV E] wants a long
Fa. 11. sound wave he

slides his finger down the small end of the violin,
and if he wants a short sound wave, he slides his
finger towards his chin. This changes the sound
wave length in exactly the same way as our sending
coil changes the radio wave length. Both are fun-
damentally the same.

When Marconi first rigged up his little sending
station, as shown in F'ig. 7, he naturally could only
send out radio telegraphic signals. Every time he
pressed the key, radio waves were sent out. When
he pressed the key for a second, a buzzing noise was
heard for a second in the distant receiving tele-
phone receivers. If he pressed the key for two
seconds, a buzzing sound for two seconds was heard.
By this means the telegraphic code is made up, as
shown in Fig. 12. At the present time, the Conti-
nental code is used almost exclusively, and today,
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as in Marconi’s time, when the operator at his send-
ing outfit presses down his key for a short duration,
this is interpreted as a dot at the receiving side, and
when he presses his key down for a longer period
this becomes a dash on the other end. By means of
dots and dashes, the telegraphic code is made up.

It is not the easiest thing to learn this code; it
requires practice, the same as playing a piano or
operating a typewriter. It must be learned, and it is
just as important to learn to send as to receive.
Of course, as soon as we have mastered sending, it
is simple to receive, although, as we might suspect
every operator has his individual characteristic. For
instance, some of the operators, particularly the
good ones, will space the dots and dashes in a certain
clear manner, while others will run the signals to-
gether, making it very difficult for the operator at
the receiving end to get the correct message. Some
operators will go very fast, while others will go
slowly. Soon it becomes possible for operators to
Tecognize each other simply by their “hand.” In
radio telegraphy each sending operator has a
sort of telegraphic “voice” easily recognizable by
his friend.

In Fig. 7, we showed a simple sender. Of course,
it goes without saying that soon after Marconi
started his experiments, more complicated sending
apparatus was designed. It was found, for in-
stance, that the spark sent out by such a station was
received at the other end very mushy and not at all
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clear. It was nothing but a noise. Soon new
apparatus was invented, such as, for instance, a
quenched spark gap which clarified the sound to
such an extent that instead of hearing a mushy,
noisy spark at the other end, a clear whistle or flute-
like sound was received. It was found that such a
spark carried much further and could be worked
readily through static, which is the bane of the radio

Fra. 18.

telegrapher. Static, by the way, as we will see later
is an atmospherie, electrical disturbance in the air
which makes receiving very difficult at times.
There are now many different transmitters in
use, as for instance, the electric arc which may be
used for transmitting. This has the advantage of
giving rise to what is called continuous waves; this
is made clear by the diagram shown in Fig. 13.
‘When we press the key of the old Marconi outfit,
we send out into space radio waves which have some-
what the form shown in Fig. 18. These waves start
with a high pitch, as we might say, and die out rapid-
ly. This happens a great many thousand times
each second, but these waves are not continuous.
They are small wavelets, as we might term them,
which are disrupted and do not form a continuous
line. Look at Fig. 14; this is what we might term
a continuous wave, and is a wave which is sent out
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by an arc transmitter and by a vacuum tube trans-
mitter such as is now used universally at broadcast-
ing stations. As long as the arc from the sending
set is transmitting, a continuous wave is sent out
into space which does not vary. It does not take
a technical mind to know that the waves sent out, as

AHAAIAY-

Fia. 14,

shown in Fig. 14, must be better and clearer than
the interrupted waves sent out in Fig. 18. As a
matter of fact, the interrupted wave or the wave
made by the spark is coming into less and less use
as time goes by. 'This is the day of the Continuous
‘Wave commonly called C. W. It is the Continuous
Wave that makes radio telephony possible.

Fra. 15.

Let us make a comparison again, which can be
easily understood, and which may serve to make the
interrupted wave and the Continuous Wave clear
in our minds. Take a number of pipes as shown
in Fig. 15; one person stands at one end and another
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at the other end. One talks into this interrupted
pipe, which may be 100 feetlong, and as will be read-
ily seen the person at the other end will have a great
disadvantage in hearing the speaker because the
pipe, being interrupted so many times, breaks up
the speech. 'This is the analogy for spark waves.
Now turn to Fig. 16; here we have a long pipe,
the same as we use in our speaking tubes, which is
free from interruptions, and is continuous all the
way through. You can readily understand why the
person at the other end will have no trouble in hear-

Fe. 10.

ing what the speaker says, for the reason that the
pipe is continuous all the way through. This contin-
uous long pipe stands for a continuous wave. This
of course, is not a strict analogy, but may serve to
implant in the reader’s mind the difference between
an interrupted spark wave and a continuous wave.

PowER IN SENDING
So far, we have only considered transmitting
generally. 'The question is often asked, how much
power do we need to transmit to a given distance?
This is an entirely erroneous conception for a very
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simple reason. The power used in sending has
fundamentally nothing to do with the distance. For
instance, it was demonstrated, as we stated else-
where, that a number of American amateur send-
ing stations were heard clearly in England, although
they had a power of only 1 kilowatt, which is 1000
watts. This power is equivalent to burning twenty
50-candle power incandescent Mazda lamps on a110
volt lighting current. Certainly a very moderate
amount of power. On the other hand, the commer-
cial companies as a rule use a power which is at
least 50 times as great and often 100 to 300 times
as great. Why is this so? A few words will ex-
plain. When our receiving apparatus was very
crude, and not at all sensitive, a one-inch spark coil
could not transmit more than one mile. In other
words, it could not be heard further than one mile
with ease in the time of the coherer, an instrument
of which we will speak later on. A few years later,
when detectors which were much more sensitive than
the coherer, came into vogue, the same one-inch
spark coil could be heard for 10 miles. Today; by
means of our super-sensitive vacuum tubes, it is
possible to hear a one-inch spark coil perhaps a
hundred miles and over. So you see the power
that we use at the transmitter has no bearing on the
distance. As a matter of fact, it can be proved
theoretically that a one-inch spark coil connected
to six dry cells, and providing we have a sufficiently
large @rial, may be heard as far as it is possible to
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go on this globe, which is 12,000 miles. As receiv-
ing instruments are becoming more and more re-
fined, this stage will be reached some day, because
the waves of this small one-inch coil certainly reach
that distance. The transmitting distance is simply
a matter of the sensitivity for the receiving station.
That this is not theory, is best proven by the fact
that our sending stations are becoming less and less
powerful. Years ago they were great thunder fac-
tories where a tremendous amount of power was
used. Thisis a thing of the past. While we still have
powerful commercial stations, their power is shrink-
ing as the years roll on. A time will come when
only an insignificant amount of power will be used
to fling messages around the globe.
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RECEIVING
GENERAL

THE radio receiving station is for the sole pur-
pose of receiving radio intelligence, be it radio teleg-
raphy in code or radio telephony in speech, music
or other entertainment.

It should be understood at once, before going
further, that no matter what receiving station you
have, it can receive either radio telegraphy or radio
telephony. The receiving station has the exact
counterpart in your ear. It receives any and all
sounds and noises that are floating about in the air.
So it is with the radio receiving station; with it you
can hear, if properly adjusted, any and all distur-
bances that are flung out into space by the various
transmitting stations. Of course, the radio receiv-
ing station has limitations, just the same as the hu-
manear. Tomake this plain, there are many noises
and sounds that the ear cannot hear, due to its
physical limitations. For instance, sounds below
16 vibrations per second cannot be detected by the
ear. Certain animals, however, can hear these
sounds, as their hearing apparatus is tuned to low
vibrations. Going up on the scale we find that the
ear no longer responds when the vibrations go above
80,000 per second. Certain birds and insects,
however, can hear such sounds perfectly, their

42
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Photograph by Pacific & Atlantic Photos, Inc., New York

President Harding delivering his address at the Arlington Cemetery on Decoration

ay. His voice was picked up by the microphones seen in front of the pulpit and
transmitted by radio,

Photograph by Keystone View Co., Inc., New York

Here we see the huge amplifiers which were used to
receive President Harding’s speech. The voice issues
with tremendous volume from these horns and can be
heard within 500 to 1,000 feet from the tower.
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ears being attuned or adjusted to these vibra-
tions. The same is the case in radio; certain waves
may be heard in a receiver while certain others may
not. When we said, therefore, that a radio receiver
can receive all messages that are floating about, we
have said so only with certain restrictions. The
radio receiver, which is just like a human ear, can
only record certain radio impulses, others cannot
record at all unless we take recourse to artificial
means, as we will learn later on. As explained in
previous chapters, receiving instruments are becom-
ing more and more sensitive for which reason we can
hear the sending station further and further away.
If we have a broadcasting station which is sending
out a band concert, and if we were to use Marconi’s
first instrument, the coherer for receiving purposes,
it would not be possible for us to receive this con-
cert at all because Marconi’s coherer is totally
unsuited to receive broadcasted radio music. After
Marconi’s coherer came the auto coherer, a some-
what more sensitive instrument. With such an in-
strument a broadcasting station could possibly be
heard five to ten miles, but no further. Next came
the crystal detectors; with a good one we may hear
the broadcasting station at a distance of 25 miles
or more. Still later came the audion or vacuum
tube. This instrument, being enormously more
sensitive than a crystal detector, at once increased
the range up to a thousand miles and over. Thus,
for instance, the station WJZ at Newark N. J., was
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clearly heard by receiving stations 1400 miles away.
Of course, the waves of the broadcasting station, as
we have mentioned before, go much further, only
we no longer hear them even with our present va-
cuum tube detectors. But the time is surely com-
ing when, by means of a good detecting instrument,
not as yet invented, we will be able to hear WJZ
all over the globe. 'Wemay state right here that the
range of the receiving station is mostly dependent
upon the detecting instrument, all other things be-
ing equal. 'The range of a receiving outfit, there-
fore, depends entirely upon the sensitivity of the
detecting means.

We often hear the remark made that Mr. John
Smith has a “high power” receiving station. This
is a lay expression which is totally wrong. There
is no such thing as a “high power’’ receiving station.
The statement should be that John Smith has an
extraordinarily sensitive receiving station.

If you have any trouble in grasping these points,
let us take recourse ‘to another analogy. Using
a candle, which will be our transmitting station, our
eye will be the sensitive receiving station, a few feet
away. We can see the candle perfectly, as well
as the flame. Place the candle 500 feet away and
we are not aware of its presence, we just
see the flame rather indistinetly. At 1,000 feet, the
flame plus the candle has shrunk to a fine luminous
point, if we are in total darkness. Remove the
candle 10 miles from our eye and we no longer see
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either the candle or the flame, although we know
perfectly well that the candle is still burning and
is sending out its light rays.

The trouble is not, therefore, with the sending
station, which is our candle in this instance, but
with our eye. In other words, our eye is no longer
a sensitive receiving detector for the light waves, al-
though we know perfectly well that the light rays
are still there. How can we prove this? By very
simple means. We attach an amplifier to our eye,
this being a telescope. If we focus this telescope
correctly upon the ecandle, and look through
our amplifier telescope, we again will not only see
the distant flame of the candle, but if the telescope
isa good one we will see the candle as well. Astron-
omers are making use of this very thing every day.
Millions of stars eannot be seen by the naked eye,
but the telescope brings them closer by amplifying
the stars to such an extent that they become visible
to our eye again. But the astronomer goes still
further. He knows that the eye itself is not a very
sensitive detector for light. He, therefore, substi-
tutes a photographic plate for the eye. By expos-
ing the photographic plate to the light of a star
for many hours at a time, the star is thus photo-
graphed upon the plate, which star was previously
totally invisible to the eye with the best tele-

scope. In other words we have here to do with
* a super-amplifier. '
We make use of just such artifices in radio as
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well. For instance, a single vacuum tube is only
able to detect radio signals for a given distance.
By adding more vacuum tubes, more “stages” as we
call them in radio parlance, we step up the faint sig-
nals until finally a radio signal that could not be
heard at all with a pair of telephone receivers, and
a crystal detector, will roar out of the amplifying
horn with ear-splitting strength. We have done
in radio exactly the same thing as the astronomer
has done with his telescope. We have amplified
the radio waves while the astronomer has amplified
the light waves. Both phenomena are exactly alike
in theory as well as in practice. 'The analogy holds
good much further. If the astronomer has a de-
fective telescope in which the lenses are cracked or
covered by fog or moisture, we know in advance that
he will not see well. His amplification of the dis-
tant star or planet will be poor or he will see nothing
atall. It is exactly so with the radio receiving sta-
tion. If conditions are not right, for instance, if our
insulation isbad, or if the ad justments of the appara-
tus are not correct, we will hear the signals faintly,
and often not at all. Receiving radio waves, there-
fore, is not any different from receiving light waves.
If you go to the opera you would not think of using
the opera glass unless it was properly adjusted—
tuned—to your particular eye. You also would
not have the lenses covered with finger marks. You
know in advance that you would not see much of the
opera if you were to do that. The same thing
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holds true of your receiving set. We must have
perfect insulation; all metal parts that carry the
current must make good contact—all parts must be
perfectly adjusted. Only in this case will the re-
ceiving be 100 per cent., or rather approaching it,
because we have not as yet reached the stage where
we can receive 100 per cent.

We have mentioned before that radio waves pass
as readily through a stone wall as through the air.
It, therefore, does not surprise us that we can have
a modern receiving station in our library with-
out an outdoor erial at all and the waves will be
received just as well as if the outfit was stationed
on top of the roof or out in the yard. This is
true only if the detecting apparatus of the re-
ceiving outfit is very sensitive, otherwise we will
not be able to detect the waves, although they
are there.

As a general thing, it has been found in receiv-
ing that the higher up our receiving apparatus or
@rial is, the better we can receive. It also has been
found that one can receive further with a given
receiver over water than over land. Roughly
speaking, one can hear twice as well over water as
over land. To illustrate this, if we had a receiving
station anywhere near the coast, we should, with
a good crystal detector, hear a broadcasting station
25 miles inland. On the other hand, we would hear
it about 50 miles out on the sea. Scientists are not at
all certdin as to the reason for this, so we will not

WwwWw americanradiohistorv com


www.americanradiohistory.com

48 RADIO FOR ALL

dwell upon it here. Furthermore, if in a mountain-
ous country, particularly where mountains are ore-
bearing, or if we are at the bottom of a valley,
our receiving range will be cut down quite
a good deal. Such mountains make a sort of
barrier, as they do not pass the radio waves readily.
Thus, if we are in the midst of a large forest, and
our @rial does not extend much beyond the tree
tops, we will often have difficulty in receiving. For-
ests cut down receiving considerably. 1t should be
understood that these statements are only general.
If we have a highly super-sensitive apparatus, we
can hear in a valley or a forest, although the signals
will not come in as strong as if we were out on a
plain. Steel buildings also tend to cut down the
receiving range. Thus, for instance, if a receiving
station of moderate sensitivity is located in the
heart of the New York downtown district, we will
hear practically nothing from the neighboring
broadcasting stations, unless of course the @rial ex-
tends far up above the buildings. All these facts
should be borne in mind when erecting a good re-
ceiving station.

Another point to be remembered is that reception
during the night time as a rule is better than during
the day. The reason for this is that during the day
time the sun’s rays ionize the air, which means that
the sunlight makes the air partly conductive. That
cuts down the receiving range as well. It is not a
rare occurance that distant stations are heard twice
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as far during the night time as during the day.
Even now commercial stations handle most of their
traffic between sunset and sunrise because the re-
ceived signals are much more powerful during
this time.

StaTIc

A few words as to this greatest nuisance that
the radio man has to contend with. Static disturb-
ance is nothing but atmospheric electricity. We
are not bothered much with static in the winter time,
but during the months of May, June, July, August
and September, there is plenty of it, particularly if
we have an @rial extending up into the air. Static
makes itself heard in our receivers in a sort of irreg-
ular noise that cannot be controlled today. Very
often we hear sharp clicks in our receivers which
vary up to a loud roar, particularly when a thunder
storm is approaching. Sometimes the air, even on
a perfectly clear day, is so highly charged with elec-
tricity that if we bring the lead-in from our @rial,
close to the ground wire, small sparks will jump
from the erial to the ground, proving conclusively
that static electricity is collecting upon the erial.
These static noises so far have not been corrected, as
no way has been found to weed out or entirely tune
out these disturbances. Sooner or later, however,
some genius will invent a perfect static annihilator.
When he does that, his future wealth will be assured.
If you doubt that it is atmospheric electricity that
causes the racket in your receivers on a nice warm

4
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CHAPTER V
RECEIVING INSTRUMENTS

THE earliest and perhaps the first instrument
for detecting radio waves was the coherer. This
was a rather complicated little instrument, and one
that was difficult to keep adjusted. Furthermore,
it was not at all sensitive, compared with the detect-
ing instruments of today. Fig. 17 shows the in-

Side tube
for exhaustion~

Glass tube. exhousTed

Silver bevelled/ \Silver-nicKel filings-
plugs.

Fa. 17.

strument which was composed of nothing more than
two metal plugs surrounded by a glass tube; the
small space, about one-eighth of an inch, that sepa-
rated the two plugs was taken up by nickel and
silver filings. The proportion was roughly, 90 per
cent. nickel and 10 per cent. silver. The peculiar-
ity of this instrument was that when radio waves
struck it, the filings became more conductive, and,
51
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therefore, passed the electrical current through bet-
ter. Further, it was possible to ring a bell with the
coherer. The simplest connection is shown in Fig.
18. Here we sce the coherer attached to the wrial
and the ground, also a relay, a battery and a bell.

S
& - Rerial
‘.‘ als

Swilch
14

Fia. 18,

'The instant that a radio wave impinged upon the
erial, the bell would ring, and would continue to
ring even though the wave had passed.

In the early days, Marconi provided a sort of
tapping arrangement which, hitting the coherer,
disturbed the filings, destroying the conductibility,
and the coherer was then ready to receive an addi-
tional signal. This instrument, however, was not
very satisfactory, because it did not always respond
to radio waves, and sometimes it responded to
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static electricity (atmospheric disturbances) as.well.
This instrument, therefore, was soon discarded.
A somewhat better and simpler instrument is
shown in Fig. 19. Here are two blocks of carbon
filed to a sharp edge. On top of the carbon rests
a sewing or darning needle; the idea is that the

Steel needle

Carbon block, & g @* Carbon block

Fia. 19.

needle makes a slight contact with the carbon blocks.
This was the first real detector, because unlike the
Marconi coherer, it was self-restoring, that is, it
needed no tapping to make it ready for the next
wave. In other words, dots and dashes could be
received with this detector with but little trouble.
The connection is shown in the diagram, Fig. 194,
and it will be noted that a battery is required with
this detector, although if ad justed exceedingly well,
such an instrument works without a battery, but
not so readily. Such a detector is quite unsatisfac-
tory for the reason that the slightest vibration, such
as footsteps in the room, disturbs the needle and
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makes the device inoperative until it is adjusted
agaim. This was one of its great draw-backs.
Soon afterwards there was developed the so-
called electrolytic detector shown in Fig. 20. It
may be considered, even today, a good detector, and
while not as sensitive as the best crystal detector
(this will be discussed later) it has the one great
advantage in that it “stays put” and does not very
easily get out of order. The electrolytic detector

Defi ecTo)'

Fie. 19A.

has a fine platinum wire, as shown in the illustra-
tion that dips into a small cup containing a solution
of nitric acid in the proportion of about five parts
of water and one part of nitric acid. Wecan also use
a similar proportion of water and sulphuric acid;
both work very well, The wire which touches the
nitric acid is exceedingly fine, for which reason it
is difficult for the eye to perceive it. It is called
Wollaston wire, and is a fine platinum wire covered
with a heavy coating of silver.
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‘When the wire is inmersed in the acid, the silver
coating is eaten away by the acid and a fine plat-

Adjusting screw

wire

Carbon cup to hold acid

Fia. 20,

inum wire remains. 'This wire is less than three ten
thousandths of an inch thick, so fine that it can

+

Silver
coafing

Wollasion
wire-_ ok .
Nitric acid

Fia, 21.

hardly be seen. Usually some sort of regulating
mechanism is used to make this wire dip more or
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less into the acid. As a matter of fact, the best
results are had with the Wollaston wire when it
barely touches the liquid, as is shown in Fig 21.
The wire being so extremely thin it curls over
slightly when touching the acid solution. It will
be noted that with this style of detector, as shown

\\
Aeria? V'

Ground

Fra. 22.

in the diagram, Fig. 22, a potentiometer is
used. 'This potentiometer is nothing but a sort of
resistance, and is employed solely to cut down the
current from the batteries. High resistance tele-
phone receivers having a resistance of 2,000 or 3,000
ohms are used with the electrolytic detector with
good results. The potentiometer is adjusted until
the “boiling” noise is reduced to a minimum in the
telephone receivers, and the detector is now ready
to receive the signals. With the electrolytic detec-
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tor, signals have been received over very long
distances.

The author was about the first one to introduce
the use of a carbon cup in connection with the elec-
trolytic detector, shown in Fig. 20; this carbon cup,
being a conductor, made a much better instrument
because metal cannot be used. Before the author’s
experiments, small glass vessels having a platinum
wire fused into them were used, but these were
rather expensive. The author also found that if a
small drop of petroleum or paraffin oil was poured
upon the acid, it would keep the latter from evapo-
rating. 'This is quite important, as before this im-
provement was made, it was necessary to replenish
the acid almost every day. The author who had
experimented a great deal with electrolytic detec-
tors, endeavored to develop such a detector in which
no loose acids were to be used. A detector termed
the “Radioson” was designed by him, and this had
all the elements of the standard electrolytic detector.
The fine Wollaston wire was fused in a glass tube
which was immersed in the acid as shown in the
illustration, Fig. 23. The Radioson was also used
in connection with the potentiometer and high resist-
ance receivers just as was the original electrolytic
detector. Unfortunately the Radioson, once sub-
jected to strong signals or even too strong static
currents, would burn out the exceedingly fine Wol-
laston wire, after which the instrument became
inoperative. Although the Radioson was perhaps
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one of the best electrolytic detectors ever designed,
no means could be found to keep it from burning
out and the manufacture of it was given up by
the makers.

Soon after the invention of the electrolytic
detector, crystal detectors came inte vogue.
Dunwoody was perhaps the first man to use such a

Elecirolyte

Wollaston wire sealed
in glass fube.

Fra. 23,

crystal, viz., carborundum. The earborundum crys-
tal is a green-bottle colored sharp crystal, which
is a manufactured product. Carborundum is used
mainly as an abrasive, being harder than glass, which
it scratches easily. The carborundum detector is
shown in Fig. 24. The connection is similar to
that of the electrolytic detector and is, therefore,
not shown here. As will be seen the carborundum
crystal is clamped between steel needles under a
certain amount of pressure, in such a way that the
needles rest against the surface of the crystal. The
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amount of pressure that the needles bear against
the crystal is determined by experiment until the
signals come in loudest. The amount of pressure
varies for every crystal, and must be found by trial.
Once adjusted, the carborundum detector needs no
attention, and it will not get out of order readily.
Jars do not affect it, and for that reason it has been

Steel needles

Fio. 24,

used to a great extent on board ships, in portable
outfits, etc. Unfortunately, this detector is not
very sensitive. As a matter of fact, it is not as
sensitive as the electrolytic detector, but where sta-
bility is required this detector is excellent.

Fig. 25 shows one of the best of the early detec-
tors, viz., the silicon detector. Silicon is a manu-
factured substance, which is a by-product of the
electric oven in the manufacture of abrasives; it is
a cousin to carborundum. Silicon is a hard rock-
like substance of a dark silver-gray color. The de-
tector is shown complete in Fig. 25. A small piece
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of silicon broken from a larger piece by means of a
hammer or in a vice, about % inch by 14 inch,
is first imbedded into a soft solder, as shown
in the separate illustration of Fig. 25. The idea of
this pellet is that contact is made on five sides with
the metal, which is simply cast around the silicon,
and the crystal part of this round pellet is after-

Crystal Blunt brass point

\/

Fia. 25.
wards placed in contact with the contact mem-
ber, as shown in the illustration. 'The contact mem-
ber is nothing but a piece of brass, which is not very
sharp at the end, but rather blunt. The amount
of pressure upon the pellet is varied by a spring.
In detectors of this kind, not every point of the
silicon is equally sensitive. Some points are very
sensitive while others are not. Some of the sensi-
tive points require more pressure than others. All
this is found out by experiments. The silicon de-
tector is quite sensitive, and probably is as good 2
detector as the electrolytic type, with the great
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advantage that it requires no battery. This was
the first detector invented that required no battery
whatsoever to detect radio signals, and for that rea-
son it is a favorite instrument with the experimenter.
The silicon detector has also the great advantage
in that it is not easily “knocked out,” as most other
detectors are. It is not so sensitive to static elec-

X
& \
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= Del‘ecTor

Fia. 26,

tricity and does not burn out easily. 'When con-
nected, as in Fig. 26, a set of receivers of at least
1,000 ohms should be used for best results. We
might state here that a 75-ohm receiver, such as is
used in house phones, should never be used in con-
nection with radio waves. The results are very poor.
For short distances a 75-ohm receiver may be
used, but even then it is not sensitive and not
very satisfactory.

Soon after the silicon detector was invented,
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Greenleaf W. Pickard, the inventor of the silicon
detector, invented a host of other detectors, all of
which use a native mineral crystal, such as, for in-
stance, iron pyrite, copper pyrite, bornite, ete.  All
of these detectors are used similarly to the silicon
detector, the crystal being cast into a soft metal in
pellet form. This pellet is used in the same way as

Fia. 27.

the silicon detector; sometimes a sharp brass con-
tact point is used with some minerals and at other
times a fine wire is used, which latter is termed a
Catwhisker. Such a detector is shown in Fig. 27.
This detector uses as a sensitive member the mineral
or crystal known in the trade as Radiocite. Radio-
citeis a treated iron pyrite and is as shiny as polished
gold. A good piece of radiocite is equally sensitive
over its entire surface. Tt is probably as sensitive
as any of the mineral detectors in use today. As
with all other crystal detectors, no battery is used
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in connection with it. In the radiocite detector no
sharp point is used, but rather a fine gold wire cat-
whisker. A catwhisker is a piece of fine wire about
No.26 or No.28 B & S gauge phosphor bronze. This
is attached as a rule to some sort of handle or other
adjusting means so that the pressure of the wire
upon the surface of the mineral may be varied. If
one spot burns out or becomes inoperative, a new
point is found by experiment.

One of the most sensitive and most widely used
detectors is made of Galena, a lead ore of which
there are different grades. It is known under many
trade names as well. A good piece of galena is
probably as sensitive as any crystal yet discovered,
but it is not stable. A catwhisker, as explained
under the radiocite detector, is used with the galena
crystal and the amount of pressure has to be found
by experiment. Ordinary galena is not sensitive
on every spot, but there are certain grades which
are equally sensitive over the entire surface; this
is known as Argentiferous Galena, which means
that it is silver bearing. On the other hand not all
argentiferous galena is equally sensitive, and there
is no hard and fast rule about it. It must be found
by experiment. The connection for the radiocite, as
well as galena detector, F'ig. 28, is the same as shown
in Fig. 26. No battery is used with galena, and as
a matter of fact a battery will destroy the usefulness
of it by burning out the sensitive points. With
galena, a fine brass wire No. 24 or No. 26 B & S
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gauge is used; a stiff gold wire of the same dimen-
sion may also be used, as it is non-oxidizing. It may
be stated here that most any metal wire can be used;
they all work equally well with the possible excep-
tion of iron, which soon becomes coated with rust
and will then no longer operate.

.......

Binﬁjing post

Fia. 28,

All erystals are only sensitive if absolutely clean,
and their usefulness becomes destroyed immediately
upon being handled with the bare fingers. The
natural oil of the hands tends to destroy the sensi-
tiveness as the crystal surface becomes coated with
it. The best method to employ with all crystals
is to clean them frequently with a piece of absorb-
ent cotton moistened with carbon tetrachloride.
This high-sounding name is nothing but Carbona,
which may be purchased anywhere. There are
some liquids advertised under high-sounding names,
all of which are in reality Carbona; this does the
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work 100 per cent. well, and should always be used
where crystals are employed. After rubbing the
crystal with the moistened cotton, it should be left

Double
binding post Cat-whisker

Caf-whisker Crystal

Crystal in Flat head
mefal cup machine screws

Spring clip Cat-whisker

Brass or copper

Fie. 29.

for a few minutes until the liquid has evaporated.
The crystal will then be found in first class
condition.

Although we have stated a little further back
that most crystal detectors have the sensitive mineral

embedded in a metal pellet, the amateur or experi-
5
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menter does not always require this, and Fig. 29
shows several simple home-made detectors. The
illustrations are so self-explanatory, that no further
details need be given. Base boards may be of wood,
hard rubber or any good insulator. As will be seen
in these illustrations, the detector mineral is clamped
by simple holding devices; anything that will hold
the crystal down so that it will not move, and at the
same time make good contact with it, may be used.
The catwhisker wire is best (a No. 24 or No. 26
B & S brass gauge), or phosphor bronze wire. It
may be straight, or coiled in pig-tail fashion, either
will work equally well. The clever experimenter
can change the design to suit his own individual
tastes, and the chances are that the device will work
well. The trouble with most mineral detectors is
that their adjustment does not keep for any length
of time. Jars, or static surges in the arial will
cause the detector to become inoperative, after which
it must again be adjusted. 'The better the crystal
and the more sensitive spots it has over the entire
surface, the easier the adjustment will be.

We now come to a vastly different sort of de-
tector, namely the Audion, or as it is commonly
called, the “Vacuum Tube.” This detector works
upon an entirely different principle from any of the
former ones described, and is in general use today
for reasons which we shall learn presently. The
audion makes use of a principle first discovered by
Edison, and for that reason termed the “Edison
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Effect.” Edison found that if he placed two fila-
ments in an ordinary electric lamp instead of one
filament, and lit them both, a current would flow
across the vacuum or empty space. It is this prin-
ciple that is now being used in the vacuum tube.
Fig. 80 shows a standard vacuum tube where we
have the filament, which is the same as that used
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> ™\, Tube with /./\
I, \ } / ;
\ plale re e .
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Fic, 30,

in an incandescent lamp; this is heated by means
of a battery of from four to six volts. We next
have the grid which may be in the form of a grid-
iron or a spiral, it making little difference which.
Opposite the filament and with the grid in the mid-
dle, we find the plate, usually a small piece of nickel
or other metal. The connection of the simplest
audion is shown in Fig. 81. If we make the plate
positive with respect to the filament, we find that
highly charged electrical particles called “electrons”
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travel constantly from the filament to the cold plate.
It was soon found that the vacuum tube acted as a
sort of valve for the electrical current, allowing
the high frequency currents as they came over the
@rial to travel in one direction in a vacuum tube

N A\
\

3
Aerial \( Audion

Two shde
tuning coil

but not in the other. In this respect the vacuum
tube is the same as a crystal detector, which also
acts as a valve, permitting currents to pass one
way only.

The vacuum tube was first invented by Dr.
Fleming, to whom belongs the honor of using it
first as a detector for radio. He was using only
a two-element tube, viz., an exhausted bulb contain-
ing a filament and a plate. Dr. De Forest
conceived the idea of introducing a third elec-
trode into the tube, as explained above. The
purpose of this electrode which he called the grid,
serves only to control the flow of the electrons at-
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tracted by the cold plate. It is the grid that makes
the vacuum tube the exceedingly sensitive apparatus
thatitis. Making the grid alternately positive and
then negative varies the amount of current that
flows from the hot filament to the plate, decreasing,
and even stopping it entirely. The grid simply acts
as a gate valve which controls the plate current.
The curious thing about the grid is that it uses no
great amount of power. A modern vacuum tube
is exhausted to a very high degree, because it was
found that unless the vacuum was perfect, the sensi-
tivity of the tube was very poor. It is not neces-
sary here to go into a very technical discussion of
the vacuum tube, as we are merely interested in its
functioning. The study of the vacuum tube, how-
ever, is a science in itself today, and for that reason
it can only be treated generally here. We must,
however, add that the vacuum tube is far more sen-
sitive than other detectors, particularly when used
in connection with other vacuum tubes. It was
found, for instance, that this was the case when
several tubes were coupled together; this gives us
the so-called two-step or three-step amplifier, which
will be discussed later on. The idea of these ampli-
fiers is for each to step up the exceedingly weak
current received from the first tube, usually called
the detector tube. By means of such a stepping
up process, it is possible to bring in signals over
tremendous ranges, a thing impossible to do with
any other detector known at this time.
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TuNING DEVICES

We have seen in previous chapters that each
radio wave-length is dependent upon the length of
wire of each @rial. If it were possible to make all
zrials of exactly the same length and capacity, and
if all stations were transmitting at exactly the same
wave-length, we would not need any tuning devices.
Unfortunately this is not the case. 'When we install
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Fra. 82.

an @rial, we cannot always make it of the length or
capacity which we desire,but are hampered by phys-
ical and geographical limitations. In other words,
our erial is usually a compromise. On the other
hand, the various transmitting stations all send on
different wave lengths, and for that reason, many
different tuning devices are used. One of these,
and the oldest, is the Tuning Coil, shown in Fig. 32.
This is nothing but an rial wound upon a cardboard
tube or other circular or square piece of insulating
material. The tuning coil is simply an extension
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of the mrial. Even though we have an @rial which
is only 100 feet long, by attaching more wire to it
in the form of the tuning coil, we thereby lengthen
the @rial. 'The tuning coil, as shown in the illustra-
tion, is simply an insulated wire wrapped upon a
cardboard tube, its size is immaterial. Tuning
coils may be made in almost any size,from the small-

N

& % Aerial
One slide Deteclor
tuning coil\ |

Fra. 88.

est one wound upon a pencil, to the largest, as
big as a barrel. The more wire we use, the more
wave-length our tuning coil will be able to absorb,
so to speak. Of course, in practice tuning coils
are built for a certain capacity, all depending upon
what it is to be used for. If, for instance, we have
but a little arial and wish to receive from stations
having a wave length of say 650 meters, a small
coil about 6 inches long and 2 inches in diameter and
wound with No. 24 B & S gauge wire will do nicely.
The purpose of the slider is simply to add more or
less wire to the arial; it is but an adjustment the
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same as, for instance, a rubber elastic that you
stretch more or less to make it longer or
shorter as you desired. It goes without saying that
the slider of the tuning coil must touch the wire,
as otherwise no connection would be made. In Fig.
33, we show the simplest connection for a tuning
coil. This, as will be seen, duplicates the connection

& \ " Aerial’

Two slide Detector
Tumng coxl\ v

Fra. 84,

of the crystal detector. 'We have here merely add-
ed the tuning coil in order to tune the circuit. By
means of this tuning coil, it now becomes poss‘ible
to tune out unwanted stations merely by moving the
slider back and forth and so connecting more or less
wire to the @rial. For instance, if two stations are
sending at the same time, by moving the slider back-
ward and forward it becomes possible to tune in or
out the unwanted station, and listen only to the one
we desire to hear. In Fig. 34, we show the same
tuning coil, but with sliders. The two sliders are
somewhat of an improvement, for the reason that
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better tuning is accomplished with them. This is
what is technically called a more balanced circuit.
Tt is possible to still add more sliders to one tuning
coil. Years ago, three-slider tuners were in vogue,
but they are now no longer the fashion.

Loose COUPLERS

The Loose Coupler is another form of tuning
coil and this instrument, which was formerly used a
great deal more than at the present time, is really
one of the best tuning devices known. Instead of
using just one coil, as for instance the tuning coil
Jjust described, a loose coupler uses two coils—one
sliding into the other without touching. The
loose coupler is an electrical transformer, as it has
been found that if a radio current traversed one coil,
another tuning coil standing close by would be af-
fected, although no wire touched the first coil. This
is termed an “inductive effect.” In other words,
the energy is radiated from one coil to another, the
same as a stove radiates heat to objects that are
close to it. 3

As we just mentioned, the loose coupler is a
transformer. 'The current that comes in over the
eerial in the form of radio waves is a high frequency
current. By that we mean that waves swing back
and forth very rapidly. It is the purpose of the
loose coupler to change this energy into a more
suitable form. We again take recourse to an anal-
ogy. In Fig. 36 we show, by means of a lever ac-
tion, the principle of the transformer. We are all

wwWw americanradiohistorv com


www.americanradiohistory.com

74 RADIO FOR ALL

familiar with the lever action whereby a man who
weighs only 150 Ibs. can raise a weight of 1000 lbs.
by means of the lever. Ishe getting something for
nothing in this case? Certainly not! You cannot
get free energy, but the experiment in F'ig. 36 sim-
ply shows that force plus time may be transformed
into something else. In this case the man who

SECONDARY

Fra. 36,

weighs 150 1bs. is the force and the time is the inter-
val that it takes him to reach from point A to point
B. The two added together are sufficient to raise
the 1000 Ib. weight, the distance from C to D. The
longer the lever arm L, the more weight we can
raise. Archimedes told us that “give him a long
enough lever he could raise the earth from its
hinges.” Always providing that he has a sufficiently
long lever and a fulerum, or point of rest which is
shown at F in Fig. 36. Summing up, we understand
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now that by means of a small weight we are able to
lift a much heavier one.

This analogy holds with our loose coupler, which
we have shown in Fig. 35. The loose coupler has
two coils; the primary, which is usually the outer
tube, is always wound with a coarser wire, while
the inner tube is wound with a finer wire. As in the
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Fia. 85.
tuning coil we have a slider upon the primary, or
if we do not usc a slider we may have taps (connec-
tions) taken at every few turns of wire, if we so
desire. On the secondary also, we may have a
slider or taps brought out, both of which are the
same. The inner tube is made to slide back and
forth upon sliding rods so that the degree of coup-
ling, as we call it, may be changed. If the inner
tube, called the secondary, is pushed into the outer
tube, which we call the primary, we have a complete
electrical lever system, as shown in our analogy Fig.
36. The energy that comes into the primary is now
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raised exactly as the weight is raised by means of
alever, and we get a marked effect from the second-
ary. The more we pull out the secondary tube,
the less our lever action becomes. It is as if the
man in Fig. 36 were to move down to the point F
where it would become impossible for him to raise
the weight at all, or even to budge it. By using
the loose coupler, we do not get something for noth-
ing any more than if we raise a stone by means of
a lever. In both cases we perform work. In our
loose coupler, the result as a rule is that we get
louder and better signals.

Reverting back to Fig. 85, the tubes of the tun-
ing coil may be of cardboard, hard rubber or com-
position, or any good insulating material. No steel
or iron should be used in the construction of a good
loose coupler. Its size is immaterial providing the
proportions are right, this being determined by ex-
periment. The important part is that the second-
ary must come as close as possible to the primary.
In other words, the diameter of the two tubes must
be so that the secondary tube, when moved inside the
primary will take up the entire air space without,
however, touching the outer tube. The closer the two
windings come together, the better it is. In Fig. 37,
we show the simplest connection for a loose coupler,
crystal detector and phones. Very good results are
had with this circuit, and the loose coupler is partic-
ularly efficient for tuning out interference to a cer-
tain degree. It gives what is called sharp tuning,
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because if two stations operate at a close wave
length, let us say one at 360 meters and another
at 320 meters, the loose coupler will give very good
results by reason of its sharp tuning. In this case,
it will be possible to tune in either station, if in
connection with the loose coupler we use an addi-
tional instrument, namely the condenser, which we

\
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Fiae, 87.

will describe presently. When the connections are
made, as shown in Fig. 37, we must keep the second-
ary all the way in, and then adjust the slider on the
primary until we hear the signals well. We now
slide the secondary in and out, more or less, and in
doing so, wemove the slider upon the secondary also,
until we reach a point where signals are loudest.
This point is different for every station to which
we are listening.
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Variometers, Fig. 38, are usually built by having
one sphericalwinding rotating within another spher-
ical winding, as shown in the illustration. Both, how-
ever, are wound with the same wire. By moving the
inside, which is called the rotor, the inductive effect

N s

Fic. 88.

between this and the other winding, which is called
the stator, is changed. It acts exactly as a loose
coupler, but is somewhat less complicated. It is,
however, not used much in connection with crystal
detectors, but rather with vacuum tubes where a fine
balance is necessary. The same is the case with the
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Vario-coupler shown in Fig. 39, which is also used
almost exclusively in connection with vacuum tubes.
In this instrumentwe have an outer tube wound with
a heavy wire, while the inner tube which rotates
upon its axis is wound with a finer wire.

Fie. 89,

CONDENSERS

In a radio circuit, in order to do fine tuning,
we must often take recourse to the condenser which
instrument is used to do just what its name implies,
viz., condensing the electric current. 'This is per-
haps not exactly accurate, for there is no condensing
done in radio work, but rather a storing up
of energy.

Consider Fig. 40. Here we have a spring which
we compress by means of a weight. As soon as we
take the weight away, the spring returns to its orig-
inal position. What have we done? We have
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simply stored energy into the spring. The elec-
trical condenser is used in exactly the same way,
viz., to store electrical energy. However, that is
not its only purpose. Just as the spring may be
used for other purposes besides that of storing me-
chanical energy, so the electrical condenser may be
used for other purposes also.

Level. At rest

Uncharged  Charged Discharged

Fie. 40.

A condenser is a capacity or a vessel in which
electrical energy is stored. The simplest form of
electrical condenser is shown in Fig. 41, where we
have a metal plate A, a glass plate B, and another
metal plate C. By means of this arrangement, we
may store electrical energy upon the inside surfaces,
on plates A and C. The larger we make the metal
plates, the more electrical energy may be stored.

The form shown in Fig. 41, is used in many con-
densers today. The metal plates A and C may be
any form of metal, such as, for instance, tin or metal
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foil, while the glass plate B may be replaced by a
piece of paraffin paper. In other words, any good
metallic conductors may be used if coupled with
a good insulator. The better the insulator, the bet-
ter the condenser will be and the greater its elec-
trical capacity. In the commercial condensers,
paraffin paper, varnished silk, sulphur, sealing com-

plate,C

Fio. 41,

pounds, or best of all, mica, is usually used. In
Fig. 42, is shown a simple condenser; this is also
shown opened up in Fig. 43. It is made by rolling
together two strips of tinfoil between several strips
of paraffin paper. The whole, when rolled together
and assembled, becomes the condenser shown in Fig.
42. By rolling it together, it takes up less room.
This type of fixed condenser, as it is termed, is
generally used to connect across the telephone re-
ceivers; this will be described in a later chapter.
The purpose of this little condenser is to store up
6 .
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the electrical current and then discharge that cur-
rent into the telephone receivers when the condenser
becomes full, so to speak. If you will refer to our
spring analogy you will readily understand the
principle, and how it operates. In radio work,
where fine regulation is required, we make use of
still another condenser, as shown in Fig. 44. 'This
condenser, instead of being fixed, is variable. As

Fie. 42.

will pe seen, there are a number of plates which are
usually made of zinc or aluminum, which mesh into
each other to a more or less degree. The more
plates we have and the closer they come to each
other, the higher will be the capacity of that conden-
ser. For certain purposes we need only a small
condenser of a few plates, while in others we need a
larger one of a great many plates. Itis just like hav-
ing a small spring and still another very large one.
Both have their uses, and both are very necessary, all
depending upon what work they are required to do.
In Fig. 45, we show the simplest elementary con-
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nection, where we have a crystal detector, a tuning
coil without a slider, a pair of phones and a tele-
phone condenser. This is a peculiar connection
because in it we wish to show that we can tune by
means of the condenser. As will be seen in this
tuning coil, we do not use any slider by which the
length of the @rial may be changed, which would

"\2/// P - //{

4 p Tinfoil strips—"
5
<~ "~ Copper ribbon
" Fe. 48.

thus change the wave length. This is performed
entirely by the variable condenser. When we ad-
Jjust the latter, we also change the relation of the
tuning coil, and in fact we are changing the wave
length until a point is found where the signals come
in best. 'This is a finely balanced circuit, and the
amount of wire on the little tuning coil should be
in direct relation to the condenser. In other words,
if there is too much wire on the tuning coil and the
capacity of the condenser is small, we cannot do
much tuning. For the best results, as for instance
for receiving broadcast music on a wave length of
360 meters, we could use a small coil, one inch in
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diameter, wound with about 70 or 80 turns of No.
18 enamel wire, while the condenser should be of
the commercial variety known as a 23-plate conden-

Stlo}ionory ___Movable plafe
plafe >
Qe ="

Fia. 44.

ser. 'Then, all we have to do is simply adjust the
condenser until the signals are heard best.

In this illustration, we also see where the phone
condenser is located. This phone condenser stores
the energy of the circuit, and discharges it into the
telephone receivers which enables us to hear the
signal more loudly.

The two forms of condensers shown here are of
course not the only ones, as many more types of
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either fixed or variable condensers are made. How-
ever, all of them are practically the same, roughly
speaking, and so it is not necessary to enlarge
upon the subject which is now well understood by
the reader.

VacuuMm TUBE ACCESSORIES

We have learned something about the vacuum
tube which was described previously in this article,
and in Fig. 81 we have shown the simplest connec-
tion of an audion detector. There are, however, a
number of other auxiliary instruments used in va-
cuum tube systems which give certain refinements.

The vacuum tube, when it is used singly, acts as
a detector and detects the signals the same as a crys-
tal detector. Also, we might state here, that the
crystal detector is a better rectifier “valve” than
the vacuum tube. 'The vacuum tube itself
only becomes of great importance when used
in special circuits.

‘With a crystal detector, or in the ordinary sin-
gle vacuum tube circuit, the incoming signals act
upon the phones and we hear the signals with a cer-
tain strength. I.et us now consider the vacuum
tube and the incoming signal. We may indeed,
by certain means, boost up the very weakest of sig-
nals and amplify or magnify it a hundred or a thou-
sand or a million times its original strength. It is
Jjust as if you take a piece of film such as is used
in a moving picture theatre and examine it with
your eye. The figures are so small that you can
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hardly distinguish them. The regular film which is
about the size of a postage stamp here stands in our
analogy as a single vacuum tube. We can, how-
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Fie. 45.

ever, take that film, and by using a powerful light
enlarge the little picture (no larger than a postage
stamp,) by projecting it upon the screen. We
thereby amplify or magnify the original picture
several thousand times. We can amplify or en-
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large it a million times if necessary, all depending
upon the amount of light we put behind a film and
the distance from the screen. This is graphically
shown in Fig. 46.

We may do precisely the same thing with a va-
cuum tube, but we must use additional energy, the

same as in our film where we use energy (the elec-
SCREEN

WAVE

WEAK) AMPLIFIED

(o eATTERY) (wm
Fia. 46.

tric current which produces the light) to project
the film upon the screen. In other words, we can
take the detector tube and enlarge the original small
and weak signal, and boost it up until the sounds
come out loud from a loud speaking horn, which
in our analogy stands for the moving picture screen.
The electrical connections for a vacuum tube ampli-
fier are shown in Fig. 47. This is what is called
technically a two-step amplifier. We show this
connection simply because without it, it is almost
impossible to bring home the meaning of the va-
cuum tube auxiliary instruments with which the
reader is as yet unfamiliar. In this circuit we have,
as before, the @rial, the ground, the variable conden-
ser, the blocking or phone condenser and several
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other instruments as well. We find, for instance,
that several transformers are used, viz., what is tech-
nically called the Audio Frequency Transformer.

Avupio FREQUENCY TRANSFORMER

This transformer, Fig. 48, consists of just an
iron core upon which is first wound a coarse wire
termed the primary, and on top of this a finer wire

il

ble condenser; B-Grid leak and condenser; C-Vario-coupler;
D- Defeclor fube; E- Amplifying fransformer; F-Amplifying tube;
G- Rp{eostar; H- Storage battery; J- B’ bafferies; K- Receivers;
L- Horn;

Fia, 47,

termed the secondary. The ratio of these trans-
formers is usually such that, electrically speaking,
the value of the secondary is about ten times as
much as that of the primary. The audio frequency
transformer is in principle the same as the loose
coupler, which we studied before, and the purpose
of the audio frequency transformer is to transform
the energy from a low level to a high one. The
purpose of this transformer, as shown in Fig.
47, is to boost up the weakest signals, trans-
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forming them into stronger ones. The trans-
former by itself could never accomplish this, and
in order to make the lever action work perfectly,
we take recourse to a battery which is connected to
the transformer and with the vacuum tube, as shown.
By means of this additional electrical energy we are
now In a position to boost up and relay the weak

S/econdory\

(O

Iron core

Fua, 48.

signal. In this connection, we have shown first a
detector tube, while the other tubes are amplifier
tubes. By this we mean that the first tube receives
the signal, while the other tubes are merely used as
pumps to boost up the electrical energy until the
signal finally comes from the phones so loudly that
if we connect the phones with an ordinary sounding
horn, loud signals or music will issue from the horn.
The battery used in this case is a so-called. “B” bat-
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tery, or high voltage battery which has been found
necessary to aid in boosting up the weak signals. As
a rule batteries anywhere from 24 to 300 volts are
used, all depending upon the circuits and the pur-
pose for which they are used to boost up the
weak signals.

It should be understood that the audio frequency
transformer is used only to boost up the weak sig-
nal as it leaves the first detector tube. It is not
in the province of this transformer to do anything
save amplify the signal which is detected by the
detector tube. In other words, if outside inter-
ference or static comes over the ®rial, the trans-
former amplifies these noises as well. This trans-
former, therefore, acts only as a sort of pump in-
creasing the pressure, but it has no control over
the flow that is pumped to the next tube. We shall
see further where another sort of transformer may
be used to obviate some of these difficulties.

RHEOSTATS

In Fig. 47, we also find another new instrument,
the Rheostat, shown in detail in Fig. 49. This is
simply an electrical resistance and is used solely to
increase or decrease the glowing of the vacuum tube
filament. 'When signals are received, it has been
found that the filament must glow at a certain in-
tensity. Some signals come in best when the fila-
ment is burning very brightly, while with other tubes
the signals come in best when the filament is only of
a cherry red. This depends upon the make of the
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tube and the vacuum of the tube itself. 'The rheo-
stat is, therefore, simply an accessory to regulate
the filament’s incandescence.

Grip LEAK

In Fig. 47 we have another newcomer, which
is termed the Grid Leak, and its condenser. It has
been found that when the grid condenser is used,

Conlact Resistance wire wound on fiber sirip

FRONT VIEW

Fra. 49.

as shown in the illustration the signals will come
in about twice as well as if none was used. How-
ever, this condenser alone would not be sufficient,
for the reason that the accumulation of electrons,
which are highly charged electrical particles on the
grid of the vacuum tube, would interfere with the
normal working of the tube. We must provide
ameans to let the surplus electrons leak out without,
however, letting them out too quickly. It is as
if we had a boiler under which a constant fire was
maintained. In order to provide a remedy, we in-
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stall a safety valve. 'This valve is used for the pur-
pose of giving off the surplus steam and so keep the
boiler free from harm. It is the same with the va-
cuum tube. While of course, the vacuum tube
would not burst, even if we did not use the grid
leak, electrically speaking, the tube would not func-
tion properly. Hence, the grid leak, which is a sort

Fia. 50.

of safety valve to let the surplus accumulation of
electrons run off. The grid leak is nothing but a
very high resistance, sometimes millions of ohms
high. Tt may consist of only pencil lines drawn
across a piece of stiff Bristol board; These pencil
line are but slight electrical conductors, but the re-
sistance is enormous. It suffices, however, to allow
the surplus electrons to leak off. There are various
ways and means to make grid leaks, and a popular
form is shown in Fig. 50. Here we have a piece
of cardboard or fibre upon which is traced a fine
line in India ink. This line acts the same as a pencil
line. The whole is enclosed in a tube to prevent
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moisture or dust from settling upon the grid leak.
Connections are made on the ends by metal clips.
Fig. 51 shows a grid leak and condenser combined
as two instruments, which are usually used in con-
Jjunction. The grid leak condenser is small and is
similar to a telephone blocking condenser, and the
grid leak is traced by means of China ink upon a
piece of fibre; the whole is enclosed in waxed paper.

India ink or
lead pencil
line.

f
waxed paper Method of Assembling

Fre. 51,

Rapio FREQUENCY TRANSFORMER

In Fig. 47 we have learned all about the audio
frequency transformer. We know that this trans-
former amplifies static and also other disturbances,
as well as the signals. For that reason it is not
possible to use many such transformers, or, techni-
cally termed, many steps of audio amplification. If
we use more than three such transformers and their
respective vacuum tubes, additional noises are all
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amplified, and the amount of noise which we get in
the phones is tremendous.  For that reason, we take
recourse to what is termed a Radio Frequency
Transformer, which is shown in the hook-up, Fig.
52. The radio frequency transformer may consist
of only two windings, one adjacent to the other on
a cardboard tube. The simplest form is shown in

Primary winding

_ -

Secondary winding

Fra. 53.

Fig. 53. 'The wire used on this is usually exceed-
ingly fine, No. 40 B & S wire, or even thinner. 'The
two windings act upon each other by induction,
and do not make connections physically. In Fig.
52, the first tube is an amplifier, and this amplifies
the weak signals as they are coming in over an rial.
The radio frequency transformer steps up these
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weak signals, amplifying them and passing them on
to the detector tube. We now get the net result,
with the detector tube in a position to detect already
fairly strong signals which may then be amplified in
the audio frequency amplifiers, and boosted up
further by a second or a third transformer, if so
desired. 'We do not necessarily stop here because
we may use more than one radio frequency trans-
former; we may use two or even more. As this,
however, brings us into higher technicalities, we will
not go further, beyond showing the principle so that
the reader may grasp the difference between the two
kinds of transformers.

To resume, and in a few words, we may say that
the radio frequency transformer boosts up the very
weak radio frequency currents so that the detector
gives maximum results, whereas the audio fre-
quency boosts up the audible signals. The radio
frequency transformers,in other words,amplify sig-
nals that would be lost otherwise, while the audio
frequency transformers give volume to signals
which are already audible.

TeLEPHONE RECEIVERS

In order to receive signals or broadeasted enter-
tainment by ear, we use a telephone receiver, of
which two simple types are shown in Fig. 54; this
consists of the following: First we have a power-
ful magnet which attracts to it a thin iron dia-
phragm. This diaphragm is clamped tight like a
drum head along its outer edge. Upon the magnet
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are mounted two pole pieces around which are
wound many thousand turns of exceedingly fine
wire, almost as fine as the human hair.

Ordinarily when no current is sent into the tele-
phone receiver, the diaphragm is pulled down some-
what to the pole pieces, although it must never touch
them. If it does, no sound will be received. If,
however, a weak electrical current passes through

Pole pieces

Cap Diaphragm

these spools, the diaphragm will either be pulled
down more if the current is in the right direction,
or if the current is in the wrong direction, it will
weaken the magnetism on the pole pieces. In this
case, the diaphragm is not attracted. These little
variations make the diaphragm vibrate more or less.
These vibrations are passed on to the air, and the
air vibrating in unison with the diaphragm is
changed into sound waves, which are sent on to our
ear, where we hear them. A telephone receiver is
a marvelously sensitive instrument, and it is possi-
ble with it to detect currents of less than one mil-
7
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lionth of an ampere and less than one hundred thous-
andth of a volt. It is, therefore, an ideal instru-
ment to detect the weak radio signals as they come
over the @rial.

In radio we usually use two such receivers, which
as a rule are provided with a head piece or
head gear; this is slipped over the head, pressing
the two receivers against the ears. It has been
found that two receivers are better, because no out-
side noises reach the one ear, as would be the case
if one receiver only was used.

Receivers for radio purposes should be wound at
least to 1,000-ohms, or better to 2,000 ohms, and for
certain other purposes to 3,000 ohms and higher.
Telephones wound to 75 ohms such as the usual re-
ceiver used on our house telephones are of no value
for radio. Their resistance is not high enough, not
even in connection with a crystal receiver.

A good head set should give an audible click in
the ears, if the two cord tips at the end of the cord
are tapped upon the tongue.

Loup SPEAKERS

In Fig. 55 is shown a Tone Amplifier or loud
speaker known by its trade name as the Magnavox.
This loud speaker works upon a principle where a
small coil, through which the received current flows,
is influenced by a powerful electro-magnet. It is
another case of boosting up the sound which is re-
ceived from the last amplifier tube. Such tone am-
plifiers can throw the voice or musie over distances
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of one-half mile and more, and if a person stands
in front of one of these giant horns, the amount of
sound that issues from it is simply terrific. Of
course, not all tone amplifiers work so loudly. Those
made for home or parlor purposes do not use so
much current, and therefore do not give so much
power. There are a number of types of tone ampli-
fiers, but most of them work along the same electro-
magnetic lines, and if they do not use the outside
battery in order to create a strong electro-magnetic
field, they either use strong magnets to accomplish
the same result, or necessitate the use of a very high
tension battery in the amplifier. Such tone ampli-
fiers are nothing but transformers or relays, trans-
forming or relaying a weak sound into a loud one.
As a matter of fact, most tone amplifiers rely upon
acoustic means as well, all of them requiring some
sort of horn, without which only mediocre results
are achieved. 'The horn itself, is an acoustic ampli-
fier, as anyone knows who has ever talked through
a megaphone. Due to the echoes set up inside the
walls of the horn, the sound is thus amplified.
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CHAPTER VI
TUNING

IN former chapters we learned something about
tuning; this is nothing but resonance. 'We all know
the experiment of standing near the piano and sing-
ing a certain note into it; when we reach the correct
or fundamental note, the piano begins to sound that
particular note in sympathy. We may then say
that we are in tune with that particular string which
sounds in our ears. Likewise in radio, we make
use of a similar system, except that we use electrical
tuning instead of acoustical tuning. Tuning con-
sists as a rule in merely attuning our erial electri-
cally to the same length as the @rial that is trans-
mitting to us. In other words if a broadeasting
station is transmitting on a wave of 360 meters,
we must attune our @rial to the same wave,
namely, 360 meters. If we have an @rial which
is 260 meters long, electrically speaking, it
stands to reason that we must add 100 meters
to this @rial in order to receive the wave at all. We
have learned in other chapters how this may be ac-
complished. If we have a receiving outfit, all we
have to do is move the slider of our tuning coil back-
ward and forward until the signals come in at maxi-
mum strength. When that point is reached, we
know that our wrial, electrically speaking, must be

101

www americanradiohistorv com


www.americanradiohistory.com

102 RADIO FOR ALL

360 meters long. We have also seen in Fig. 45 that
we need not have sliders on the tuning coil in order
to tune. We may use a condenser for tuning pur-
poses because its electrical equivalent is the same
as a tuning coil slider. By adding more or less
capacity to the condenser and therefore to the tuning
coil, we change the electrical value of the tuning
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coil, and also its wave length. This is not literally
true, technically speaking, but we must use this lan-
guage to bring home the meaning.

We therefore learn that we may tune either by
lengthening the @rial with additional wire, or by
using a capacity or condenser in connection with a
wire coil. Both, if correctly apportioned, give the
same results. Before we can receive signals, or am-
plify them, it is of the greatest importance that we

wwWw americanradiohistorv com


www.americanradiohistory.com

TUNING 103

tune in to the right wave length. An @rial must be
in electrical sympathy with the sending station be-
fore we may hope to receive signals. In Figs. 56
and 57, we have shown the elemental methods of
tuning. Of course, there are many other ways of
tuning, all of which, however, are along the same
principles as those just enumerated. For instance,
we have seen where we tune with a loose coupler.
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Variable
condenser

Tuning coil

Fra. 87,

This, however, is exactly the same as if we were
tuning with a tuning coil. As a matter of fact, as
we mentioned in the previous chapter, referring to
the loose coupler, this latter instrument is nothing
but two tuning coils, one sliding into the other. In
the variometer, also, we have a sort of loose coupler
with which the tuning is accomplished by changing
the inductive relation between the two coils. This
acts similarly to the tuning coil slider because the
two colils either assist or else buck each other. Elec-
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trically speaking, therefore, the variometer or the
variocoupler, either add wave length to the @rial or
subtract wave length from the @rial. "This is only
figuratively speaking and mentioned here in order
to drive home the point to the reader.

In a vacuum tube set, many people think that
when they adjust their detector tubes, their ampli-
fier tubes or their rheostats, they are tuning in.
This is erroneous because there is no tuning done in
these instruments at all. We have learned that
amplifying tubes simply belong in a pumping sys-
tem which does not do any tuning at all, but simply
amplifies the signals already received and tuned.
It should, therefore, be remembered by the reader
that tuning is only done directly in the wrial system,
never in the outside circuit.  Of course, it goes with-
out saying that there are circuits which are balanced
in such a way that they are again influenced by the
tuning, and vice versa. Therefore, if the two cir-
cuits are out of balance, both must be adjusted in
such a way that fine tuning becomes possible.

Perhaps an analogy in tuning will not be amiss
here, and we have a particular analogy that covers
tuning nicely. Take the musical instrument, the
trombone shown in Fig. 58. You all have seen this
instrument, as nearly every orchestra boasts of one
or more. It is known by all of us that while the
musician blows into the mouth piece, he varies the
length of the trombone by moving the sliding mem-
ber back and forth. If he wants to get a deep note,
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he pulls the sliding member almost all the way out,
and this gives him a long sound wave. If he wishes
a high note, he must have a short sound wave. This
means that he must push the sliding member all the
way in. It is literally, as well as scientifically, true
that the lengthened trombone gives a long wave
length, while the shortened trombone gives a short
wave length. These are, of course, sound waves
with which we have to do here. In radio we do

o=

LONG SOUND WAVE LENGTH SHORT SOUND WAVE LENGTH
Fia. 58.

exactly the same thing in tuning. When we wish a
long wave length, we must add more wire or its
equivalent to the ®rial. If we want a short wave
length we must either have a short @rial or subtract
some wire from the @rial. To lengthen an wrial
in order to obtain a greater wave length, we have
seen before that we make use of a tuning coil and by
means of the slider which we slide up and down,
we increase the wave length just as the trombone
player does with his instrument. To shorten the
wave length in tuning, it would not be possible to
shorten the =rial, as this would be a cumbersome
method; of course it can be done, but not in actual
practice. 'We, therefore, have recourse to a con-
denser. The reader should remember that in order
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to decrease the wave length of an zrial, all that is
necessary is to put a condenser in series with the
erial which actually decreases the wave length; it
does not increase it as some people seem to think.
To make this clear, although it is not absolutely and
literally true, just imagine that the condenser in the
erial circuit, as shown in Fig. 59, acts as a sort of

Variable A
condenser Tuning coil

Fia. 59.

buffer which absorbs a portion of the wave length.
The less condenser we add to the rial, that is, the
less capacity we interpose in the @rial circuit, the
lower the wave length will be. The condenser,
therefore, gives us the best practical means to de-
crease the wave length; this point is quite important
to remember. Suppose you have a long @rial, say
200 feet, in connection with a small tuning coil, or
suppose you have a short zerial and live on the tenth
floor of an apartment house. The only available
ground would be the water pipe. This water pipe,
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however, would be so long that it would add extra
meters to your wave length, and something must
be done to decrease it, if you wish to receive signals
sent out from a broadcasting station operating on
a short wave length of 360 meters. The only way
you could then tune in would be in the former case
of the long wmrial, to put a variable condenser
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in the @rial circuit, or in the other case where you
have a long ground to interpose the condenser
in the ground lead as shown in Fig. 60. As a
rule, in these two instances, at least what is techni-
cally called a twenty-three plate variable conden-
ser should be used. Of course, the tuning coil must
be used as well, but it should be adjusted so that it
is at its Jower point. In other words, it should not
add more turns of wire to the mrial, which would
again increase the wave length. In most cases, a
few turns will do, depending upon how long your
erial or lead-in is.
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CHAPTER VII
ARIALS, LOOP ARIALS, GROUNDS

WE have had occasion to speak of wrials and
grounds before, and we will now go into this inter-
esting study more thoroughly. An erial is used to
intercept radio waves; that is its sole function in the
receiving set. It does not amplify or make the sig-
nals come in clearer by itself. During the past
twenty-five years hundreds of different @rials have
been invented, and there is hardly anything in this
field that has not been tried out. An erial, pro-
perly speaking, is'an elevated wire that is well insu-
lated, and is usually placed outside of the building
or house. An @rial is one of the most important
parts of a radio installation and should never be
thought of in the light as an unimportant adjunct.
As we said before, the @rial has the function to
intercept radio waves. These waves come from
afar, and are often very weak and far apart, and in
order to intercept the waves at all, it is of great
importance that the @rial be of good construction.

If you desired to catch butterflies, you would not
use a net with large holes, because you would know
in advance that with such a net you could not
catch many butterflies. Likewise, if you wish to
catch all the available waves that pass your house or
abode, you must have an erial that does not allow
the trifling energy that you have toleak out. Using

108
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another and a very good simile, you would not think
of pouring a very precious liquid into a sieve if you
wanted to preserve all that precious liquid. You
would use a good container without any holes in it.
Just so with the @rial. Always remember that a

TOAERIAL

LEAD-IN

LIGHTNING

N LIGHTNING SWITCH ARRESTER

OR ARRESTER

TO GROUND.

chain is no stronger than its weakest link. Con-
versely a radio outfit is no better than its srial.

An @rial can be made of most any metallic wire,
but the best material is either copper or copper-clad
wire, which is copper wire with a thin iron core. A
still better wire to use is a stranded wire, which is
composed of several copper or phosphor bronze
wires twisted together. As a rule, we may say that
the larger the wire, the better it is for radio purposes.
Very thick wires, as a rule, cost much and are very
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heavy, and therefore are not very practicable. A No.
14 B & S gauge wire is a standard as used today and
gives excellent results. For radio broadeasting re-
ception it has been found that a single wire 100 feet
long gives excellent results. Illustrations 61 and 62
show such a type of eerial. The single @rial is prefer-
ably used, because its construction is much simpler
than that of a four-wire arial which we will describe

INSULATORS
‘/‘oo FEET LONG\ A

)
N L=~
\ =
\ —

FRAMES FOR
WASH LINES

Fra. 62.

later on. If itis desired to receive from a certain sta-
tion, the wire should point in the direction of that
station; in other words, if, let us say you live in New
York, and you wish to hear WJZ at Newark, N. J.
(which is west from New York) run your @rial wire
from west to east. The lead-in from the erial (the
wire connecting the @rial to the outfit) should be
connected to that end of the wrial nearest to Newark.
The free or open end of the @rial, therefore, points
away from Newark; this is correct, as shown clearly
in Fig. 63. This is a perspective view showing on
which side the lead-in, that is the connection that
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goes from the erial to the instrument, should
be placed.

Unless you wish to go to a great deal of incon-
venience, make your lead-in of the same wire as the
main @rial. This may be done very simply with a

NATOR

LEAD-IN |
AERIAL

Fie. 63,

single wire @rial, for the reason that no soldered
connections are necessary. This is also shown
in Fig. 61 and Fig. 62. The next things to
consider are the insulators, which are quite impor-
tant. The insulator serves to insulate the wrial,
and unless we use good ones, a great deal of
energy will leak and thus weaken the recep-
tion. 'This is particularly the case in rainy weather
where the water, or sometimes sleet, will make a
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semi-conductor and unless the insulator is con-
structed correctly, much leakage will be the result.
We show in Tig. 64 various types of insulators that
may be used. One of the simplest is the ordinary
porcelain cleat, but when this type is chosen, an
unglazed cleat should be avoided. Insist upon get-

o[ T

A
\ Composition insulafor

Porcelain sirain. Corrugaled \Y
insulafor ball insulafor_

Fra. 64.

ting a glazed cleat which is a better insulator. When
using cleats, put them in tandem, two or three strung
in arow, as shown in Fig. 64. The more insulators
we add, the better the insulation. It is however,
hardly necessary to use more than three in a row.
We next have the small spool insulators, which are
very good and may also be strung in pairs, or sets
of three. Various other types are shown in Fig. 64
and regular radio insulators provided with ribs or
under cuts are preferred these days, because they
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make a longer pathway for the electric current, and
are, therefore, better insulators all the way through.
It may be said here that the longer the @rial insu-
lator, the better the @rial. The mode of fastening
some of these insulators is shown in Fig. 64. The
wrial is usually attached to the insulator, while the
wire is twisted around itself after going through the
hole in the insulator. Such radio insulators as a
rule are quite strong, and when the @rial is put up,
it can be well stretched without fear that the
insulator will give way. As a matter of fact, the
wire will give way long before the insulator, if the
latter is perfect.

‘When putting up an erial, it should be remem-
bered always that the @rial proper must be at least
a foot away from all buildings, barns, trees and the
like. In other words, it should be away from all
objects, whatever their names may be. In order to
do so, it is often necessary to attach a wire to a cor-
nice of the building, let us say, and extend the wire a
few feet, to which we connect the insulators. The
arial proper is then connected to the other end of the
insulator, which will give us a certain distance be-
tween the cornice and the actual beginning of
the wrial.

The height of the erial is often important. It
should always be placed at least 20 to 30 feet above
the ground. Generally speaking, the higher the
erial, the better the reception. High poles are not
always necessary, although very often a good in-

8
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vestment. Such poles, however, as a rule are expen-
sive and most people do not wish to go to such an
expense. If poles become necessary, they should
be put up by someone who knows something about
the erection of poles, because if not put up correctly,
such & pole becomes a dangerous object when it

t 1 LIGHTNING SWITCH

Fia. 65,

collapses from its own weight or in a storm. Good
engineering in pole construction is a prime necessity.

As a rule, an @rial in the country may be
stretched from the attic window to a flagpole, or if
such is not at hand, a barn, garage, or even a tree
could be made use of. If a tree is used, some means
must be had to compensate for the swaying of the
tree. Such a method is used in Fig. 65. Here we
have a pulley attached to a tree by means of a rope;
the end of the zrial is then run over this pulley and
a fairly heavy weight secured to the open end, such

www americanradiohistorv com


www.americanradiohistory.com

ZARIALS, LOOP ZARIALS, GROUNDS 115

as an old pail filled with stones. As the tree sways
back and forth, more or less @rial rope is paid out or
taken in, and a good compensation is thus had. The
weight may be 50 to 100 pounds, and an arrange-
ment of this kind works very well. It goes without
saying that the pulley must be insulated by insula-
tors, all of which is shown in Fig. 65.

When an erial is erected in the city, let us say
on an apartment house, we usually do not have
much trouble in putting up a good wire, providing
the landlord does not object, and few landlords do
these days, as they are becoming more and more en-
lightened in radio matters. The only thing-that we
may add is that an apartment house rial should
be at least 10 feet above the roof, particularly if
the apartment has steel in its construction. If we
can put up an erial higher than 10 feet, so much the
better. The rial should always be stretched taut,
as a sloppy and saggy arial is not only unsightly,
but gives rise to poor reception. See Fig. 62. The
reason is that a saggy erial will swing in the wind,
and it has been found that such an rial will not
bring in sharp signals, due to this very swinging.
It often gives rise to what is called “fading signals,”
in other words, one minute the signals may be clear
and the next minute they will be faint.

For long distance work, and where we have a
very good outfit that has good tuning, we often use a
larger @rial, i.e., an @rial that gives us more capac-
ity; to be more explicit, an @rial that covers more
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space than a single ®rial. In Fig. 65 and Fig. 66,
and 66A, we have shown a two and four-wire @rial
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Fre. 66,
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Fia. 66 A,

of the inverted L. type. These @rials are simply

duplications of the single wire @®rial, except that
more wires are used. With such erials it is always
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necessary to solder the connections or otherwise use
an antenna connector as shown in Fig.67. The types
of erial as shown in Fig. 65, 66 and G6A are com-
monly called the inverted L, due to their similarity
to the letter L, turned upside down. Such an erial
is directive, the same as a single wire rial, as shown
in Fig. 63. As in the latter, the inverted L type

Fia, 67,

must have its lead-in taken from the nearest point to
the broadcasting station. The free end, therefore,
points away from the station that we wish to hear.

Fig. 68, shows a four-wire @rial. This erial has
no directive properties, and receives signals from
many points of the compass almost equally well.
The only difference here is that the lead-in is taken
from the center of the zrial instead of from the end.
An @rial of this kind may be shorter than a single
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wire @rial, and the wire in this instance may be 40
or 60 feet long, and excellent results may be had
with such a type. Where we have a multiple wire
erial, a new element comes into its construction, viz.,
the Spreader. This is simply a stick of wood, well
painted to keep it from decaying, upon which the

PULLEY PULLEY
= ;
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LEAD IN
— POLE
il :
|]||
- g

Fia. 68.

insulators are strung, as shown in the illustrations.
The wires themselves, should be spaced about two
feet apart. The spreader must of course, be sub-
stantial, so that it will not break under the tension.
A bamboo stick about 1 inch or 174 inches in diam-
eter has been found to be ideal for this work. It
is often necessary to take down the @rial when
we have poles, and for this purpose we use pulleys,
as shown in Fig. 68, by means of which the arial
may be raised and lowered when necessary. In
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Fig. 68 we also see two pieces of cord or rope at-
tached to the spreaders which are put there for the
purpose of keeping the @rial from swinging side-
ways or turning over as would be the result if there
was nothing to prevent it. Therefore, stays
are used.

LEeap-Ix

The lead-in is that part of the arial that goes
into the building or house to establish connection
with the instruments. In a single-wire @rial, the
lead-in is simply the arial wire itself leading into
the house and thence to the instruments. With a
two, three and four-wire @rial, the lead-in is con-
nected to the antenna connector described in Fig.
67, and from that point runs on to the instruments.
The lead-in wire should be of the same size as the
zrial. In other words, about No. 14 B & S wire.
It should be insulated at the point where it nears
the building, or if this is not possible in the case of
a single-wire erial, the lead-in is then strung on
insulators, the wire being always at least one foot
away from buildings, walls, etc., until it reaches the
point where actual entrance is made into the build-
ing; at this point several things arise. We may
bring the wire in through the open window, which,
however, is always considered bad practice. It
should only be done for temporary work. One of
the simplest ways is to drill a hole in the center of the
window pane at the very upper part of the window,
and let the wire come in through this hole, which,
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however, is not such a good practice either, for
the simple reason that it becomes impossible to
lower the window, as the wire will obstruct it. The
best way is to drill a hole through the sash of the
window at any convenient point where the window
weights will not be interfered with. This hole can
be about three quarters of an inch. Into this hole,
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fit an ordinary porcelain tube which may be secured
from any electrical supply house. The lead-in is
then fed through this tube, and thence on insulators
to the instruments; Fig. 68-A makes this clear. If
we do not wish to drill such a large hole through the
window sash, a small one may be made instead, in
which case, we must use a piece of rubber insulated
cable, such as is used on automobiles and this is fed
through the small hole. The actual lead-in wire is
then soldered on the outside of the window to make
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connection with the automobile cable so that no
part of the bare wire touches the wood work or stone
work near the window. The insulated rubber cable
is then carried along insulators to the instruments.
It should be remembered that the ®rial wire must
always be well insulated, and that it eannot be insu-
lated too well. Always bear in mind that we have
but little energy coming in over the rial, and the
better we insulate the lead-in the better the results
will be.

We again wish to point out here that for radio
telephone reception a single-wire @rial of 100 to 150
feet long is always the best, whether used with a
crystal outfit or with a vacuum tube set. The rea-
son for this is not because the single @rial wire is
inherently better, but because with it there is less
interference on account of its directional properties.
It has come to the author’s attention that many peo-
ple, when buying a small erystal set, are disappoint-
ed because they are not able to receive signals, but
do receive radio telephone concerts. Many people
desire to receive signals as well, as for instance the
Arlington time signals, market reports that are sent
out in code, etc. To all these people we say that
if they desire to receive signals as well as radio tele-
phony, they should use a two or four-wire erial.
They should, however, not complain if, when receiv-
ing radiophone entertainment, signals come in at
the same time; this often happens with a two or four-
wire @rial, and unless the instrument used is a very
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selective one, it is not always possible to tune out
the unwanted station that sends in code. This is
especially true of crystal sets where it is impossible
to tune quite so sharply as with vacuum tube sets.

Fia. 69.

There is still another type of @rial that was used
at one time extensively, and although it is not used
so much today, it has a great deal of merit. We
refer to the Umbrella Arial as shown in Fig. 69.
This @rial as its name implies, is in the form of an
umbrella, and may be made of any size, but should
never be less than 25 feet high, 50 or 75 and even
100 feet, being better. In the umbrella @rial we have
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a single mast, from the top of which emerge single
wires in all directions. The connections are made
as shown in the illustration. This erial has a great
advantage in being able to receive from all direc-

Fie. 70.

tions equally well. As we have noted before, the
single-wire erial receives with maximum intensity
from one direction. The umbrella @rial, however,
receives from all points of the compass with equal
facility. It is also possible by a switching arrange-
ment to connect any one of the @rial wires of the
umbrella antenna in order to get rid of interference.
This means, of course, an elaborate switching ar-
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rangement, which is not very often within the reach
of the layman, by whom such an erial is rarely, if
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ever used. 'To the man, however, who desires to go
in for experimental work such an @rial has its uses,
and will repay the labor spent in constructing it.

We now come to an @rial which is entirely differ-
ent from those of which we have spoken before. We
refer to the loop erial, which is shown in Fig. 70.
It should be understood that a loop erial is hardly,
if ever, used in connection with a crystal set. It
is used almost exclusively with a vacuum tube set,
as will be explained further on. The loop @rial
serves several purposes. In the first place it does
away with the ground connection. Secondly, the
loop @rial may be made in any size from one foot
square up to 20 feet square. The loop wrial is
highly directive; by that we mean that it will only
receive with maximum intensity if the loop is turned
in the direction of the coming signals. This is
shown clearly in Fig. 71. Here we see how an or-
dinary loop erial is placed in a building, and we also
see how the waves are propagated from a distant
sending station. It will be found that the signals
are strongest when the loop points exactly in the
direction from which the waves are coming. The
loop @rial, therefore, serves the additional purpose
of telling from which direction the waves are com-
ing, and this principle is made use of in the
radio compass.

All the ships that come from points far away
do not compute their own bearings any longer, but,
by means of radio, call the nearest compass station.
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There are usually several of these stations placed
at various points along the coast, and by means of
their radio direction finder, the personnel at the sta-
tion turn the loop until they hear the ship with maxi-
mum intensity; the loop is then pointing directly
to the ship. The station further down the coast
does the same thing, while the two stations com-

N
ANGLE MEASURED HERE’\zé <
7

—_

municate with each other by telephone or telegraph.
By means of triangulation the operators then cal-
culate within a few minutes just exactly where the
ship is located. 'Within one or two minutes at the
latest one of the land stations radios to the ship, tel-
ling at what latitude and longitude it is, The posi-
tion can be ascertained within a few hundred feet,
a thing impossible for any captain to do with his
compass, or by other means. Fig. 78, shows the
radio compass graphically.
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The author’s “Radiotrola.” This machine was built late in 1921, and is the first radio machine of its class to take
on the appearance of a piece of furniture. The Radiotrola, now used in the author’s home employs neither antenna
nor ground, the reception being made hy the loop shown in the engraving. The music, as well as entertainment,
from WJZ, Newark, N. J.,, although twelve miles distant, comes in so loud that the sounds can be heard all over
the apartment.
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As to the loop @rial itself, as we have already
mentioned, its size depends upon the builder. Itis
usually made up of a frame as shown in Fig. 70,
and this frame may be from 2 to 4 inches square.
Upon the frame are usually wound about six to ten
turns of insulated wire, the two ends coming out
somewhere near the center and connecting with the
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Fia. 78.

instruments. F'ig. 72 shows the simplest connection
of a loop wrial, with the simplest regenerative va-
cuum tube hook-up.

While in this diagram the loop @rial is shown, it
should be distinctly understood that a loop arial is
not of much use unless we have at least two or three
stages of amplification. The reason is that the loop
@rial, being as a rule very small, its capacity is na-
turally small, and but few waves strike it. There-
fore, it becomes necessary to amplify the exceed-
ingly weak currents. The connection shown in
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Fig. 72 isonly good if we are located but a few miles
from the broadcasting station. For longer dis-
tances, we must have several stages of amplification
as already mentioned. Tuning with the loop erial
is rather difficult because, as mentioned before, the
eerial must point exactly in the direction from which
the signals come. Moving the loop even a few
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inches to the side will cut off all the signals. The
best position, therefore, must always be found
by experiment.

We come now to still another erial which is the
least used, but which has its advantages; we refer
to the underground @rial. Fig. 74 shows the prin-
ciple, which consists of a well insulated wire, usually
a rubber covered automobile cable. A trench about
two to three feet deep is dug in a straight line run-
ning in the same direction from which the signals
are expected to be received. 'The wire is then care-
fully insulated at the open end and run through an
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iron pipe. Both are then placed at the bottom of
the trench. Such a wire must be at least 200 feet
long to get fair results. After the trench is cov-
ered over again the other end is led into the station,
and connected with the instruments, the same as the
usual @rial. A ground must be used with this @rial,
which will only receive signals from the direction in
which it points or points away from. It can of
course not be used much in the city, but is desirable
in the country if a pole or overhead wires are not
wanted. The underground rial has the very great
advantage of being almost entirely free from static
and atmospheric disturbances. Thus, for instance,
Dr.James Harris Rogers, the inventor of the under-
ground @rial during the war, received excellent sig-
nals from Nauen, Germany, as well as other
FEuropean centers while a thunderstorm was raging
overhead. Of course, it goes without saying that
an overhead erial cannot be used during a thunder
storm because it becomes extremely dangerous to
the user. With the underground @rial such risk
is entirely eliminated.

Not only that, but in the summertime the over-
head @rials give quite a good deal of trouble, due
to static and atmospheric electricity, even though
there is a blue sky overhead. As we have already
mentioned in another chapter, in the summertime
the atmosphere is continually charged with electric-
ity, and this electricity discharges through the arial
wire and gives rise to crackling sounds in the re-

9
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ceivers which often become unbearable. So far,
nothing has been invented to do away with these
parasitic currents, technically called X or static.

How 10 Ficur WAVE LEXGTHS oF ATRIALS

Each @rial used for transmitting and receiving
has a wave length of its own. It depends upon
several factors beside its dimensions and it is prac-
tically impossible to calculate it accurately unless
a measuring instrument is used. The wave length
depends upon the length of the wire composing the
erial taken from the ground to the free end of the
wire., If it is composed of several wires, the num-
ber and spacing of these wires also influence the
wave length as well as the distance of the straight
portion from the ground, and the shape of the
erial itself. ‘

The wave length of a single-wire @rial is, rough-
ly, four times the length of the wire from the ground
to the free end measured in meters. For instance, if
a single-wire erial 100 feet long, is erected 50 feet
above the ground with the lead-in that is vertical, the
total length of the wire will be 150 feet or 45 meters.
The wave length will consequently be 45X4—
180 meters.

The wave length of an @rial depends upon the
nature of the ground above which it is erected and
the objects interposed between the flat portion call-
ed the flat-top and the ground. If an erial is erected
above the house, its natural wave length will be
different from what it would be if erected in a field
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without any obstruction in the neighborhood. For
this reason, no formula can be given that will be
accurate enough to tell this, and the only practical
means of measuring the natural wave length of an
zrial is by means of a wave meter.
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The accompanying charts shown in Figs. 74A
and 74B have been compiled by taking the average
wave length of several @rials of the same size erect-
ed at different places and give sufficient accurate
measurements for the ordinary types of antenna
used by amateurs. Fig. 74A shows the natural
wave length of an @rial of the “T” type, that is,
those of which the lead-in is taken from the exact
center. Above each curve is marked the height
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from the ground to which it corresponds. Fig. 74B
gives the wave length for erials of the inverted
“L” type, that is, those having the lead-in taken
from one end of the wires. The free ends of the
@rial wires are in both cases free. That is, with-
out connections across on the wires.
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To find out the wave length of an inverted “L”
@rial 100 feet long and 40 feet above the ground,
we refer to Fig. 74B, and by means of a rule we
measure on the scale indicating the wave length,
how many meters correspond horizontally to the
point where 100 feet in length crosses 40 feet

in height. This gives us approximately 175 meters
wave length.
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GROUNDS

In radio, in connection with the usual @rial, it
becomes necessary to use a ground, which, as its
name implies, is a connection made with the earth.
The earth being a good conductor, it is often used
as a sort of return circuit, and it has been found,
that, with the ordinary circuits, signals come in very
much better if such a ground is used. It is possible

\~To receiving set

«  Fia. 75

to use an @rial without a ground for short distances,
in which case it becomes a sort of loop. For ordin-
ary purposes, however, it would be impossible to
use a radio outfit without a ground connection.
Fig. 75 shows the simplest and perhaps the best.
It is simply a wire fastened to the cold water pipe,
which is found in almost every house and apartment.
In order to make a good connection, we use a ground
clamp, as shown in Fig. 76. This ground clamp
is simply a piece of metal band wrapped around
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the water pipe, which should first be scraped with a
file or old knife, the idea being to obtain a perfectly
clean metallic connection. By means of some
clamping arrangement, which differs for every
ground clamp, a strong mechanical connection is
made. The ground wire is then fastened to the
screw or binding post attached to the ground clamp.

Fra. 76.

The ground wire need not be insulated. An ordin-
ary bare No. 14 B & S wire will do nicely; in other
words, the same wire which we use on an rial may
beused. It is not necessary to run the ground wire
on insulators, as is done with the @rial lead-in, but
it may be attached to the wall by means of nails
which serve the purpose equally well. Of course,
the ground wire should not be longer that is abso-
lutely necessary. If it is not possible to find a cold
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water pipe, a radiator pipe may be used, although
the results may not be as good as from the cold water
pipe. Itis against the law to connect a ground to
a gas pipe, and it should therefore never be done.
In the first place you encourage fire danger, and
secondly the gas ground connection is never as effi-
cient, for the reason that the pipe does not run di-

POINTED m'“
END —

Fra. 77.

rectly into the soil. Usually such gas pipes go first
to a gas meter which, due to leather washers and
lead paint, often insulate the pipe from the ground,
and therefore the results with a gas ground are often
very poor. For these reasons it is never advisable to
use such a ground except in emergency, but never
for permanent use.

‘When we are out in the country, for instance,
when camping, it is not always possible to have a
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water pipe, and in that case we have to establish
contact with Mother Earth direct. This is usually
accomplished by driving a metal rod into moist
earth, as is shown in Fig. 77. A “ground” of this
sort is nothing but an iron, brass or other metallic
rod sharpened at the end and driven anywhere from
18 to 86 inches into the soil. The wire to make con-
nection may be soldered, or may have a binding
post or a ground clamp just as on a water pipe.
A ground of this kind will not work unless it is
actually driven into the moist soil. It is thus neces-
sary to do two things: first, we may pour a large
quantity of water near the grounding rod to make
sure that the earth becomes moist for quite a dis-
tance surrounding the rod. Even by applying this
artifice it is not always possible to obtain results
because the underlying strata may be devoid of
moisture, and it will then not be possible to receive
signals; this is especially the case on many hill-tops.
When such conditions arise, it becomes necessary to
move the ground until we actually reach a wet spot
such as, for instance, in the immediate vicinity of a
natural well, the shore of a creek or a small body of
water such as a pond or a lake; these all make
ideal grounds.

In farm houses where no water pipe exists it
is usually best to drive a gas or water pipe from
1 to 114 inches in diameter into moist soil. Connec-
tion is established by means of a ground clamp, as
already explained.
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The question is often asked how ships or motor
boats can have a ground. The answer to this is that
the ground connection is always attached to the
outside metallic plating of the ship or motor boat.
The connection should always be soldered. Such
a ground is really a very excellent one, and will
always work.

GRrOUNDS IN APARTMENT HOUSES

It should be understood that there are grounds
and grounds. The reason is as follows. A long
ground, by reason of its length, has a certain effect
upon the receiving outfit on account of its own wave-
length. If we have but a short ground, say ten or
fifteen feet long, its wave-length is minimum. But
consider Fig. 78. Here we have an erial, say 50
feet long, on top of a ten-story apartment house.
The owner of this outfit, let us say, lives on the tenth
floor. If we trace the ground down to the soil,
we will find a water pipe anywhere from 100
feet to 120 feet long. What is the result? Such
a long ground will add about 740 meters wave-
length to the outfit, and will in fact, overshadow the
@rial to such an extent that the ground becomes
longer than the @rial. This is very poor practice,
but it cannot, of course, always be helped. It has
been found that where such an occasion prevails,
the usual outfits sold on the market do not work very
well because they are not built to operate on such
a wave length. In order to use an outfit with such
a long erial, it becomes necessary to install a var-
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iable condenser in series with the ground wire in or-
der to overcome the handicap. See Fig. 60. By
adjusting the variable condenser, a point will be
found where the signals come in best. 'The conden-
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Fre. 78.

ser, in other words, cuts down the wave-length to
a point where it counter-balances the excessive
wave-length of the ground. Such a condenser
should always be used when there is a long ground,
as for instance, in apartment houses, high office
buildings ete.
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LIGHTNING ARRESTERS

The properly installed arial, when used with a
lightning arrester, is the best protection a building
or house could have against lightning. Always re-
member that the @rial is nothing but a lightning
conductor itself, and will actually protect the house,
and will never endanger it if properly installed.
An erial will draw the atmospheric electricity si-
lently to the ground, and there are very few authen-
tic cases on record where lightning has actually
struck an erial. If it did strike it, it usually did very
little damage because the lightning spent itself
through the lightning arrester or lightning switch
down to the ground. In former years, it was nec-
essary to use a lightning switch by which, in a thun-
der storm, it became necessary to connect the arial
directly to the ground. Recent regulations, how-
ever, make it unnecessary for owners of a radio re-
ceiving outfit to have a lightning switch, although it
is a good precaution and we give below the present
Federal regulations for installation of lightning
arresters.

The lightning arrester itself is nothing but a
small spark gap either in a vacuum or in the atmos-
phere, which gap breaks down when a current of
a few hundred volts strikes the @rial. Instead of
going through the instruments which have a high
resistance, the current travels direct to the ground,
which has a low resistance. Secondly, the instru-
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ments are not damaged. In Fig. 79 are shown the
various types of lightning arrester. Fig. 61 shows
the connections. The lightning regulations follow
herewith:

RADIO EQUIPMENT
In setting up radio equipment all wiring pertaining thereto must
conform to the general requirements of this code for the class of work
installed and the following additional specifications:

Fra. 70.

FOR RECEIVING STATIONS ONLY
ANTENNA

(a) Antennz outside of buildings shall not cross over or under
electric light or power wires of any circuit of more than six hundred
(600) volts or railway trolley or feeder wires, nor shall it be so lo-
cated that a failure of either antenna or of the above mentioned
electric light or power wires can result in a contact between the
antenna and such electric light or power wires.

Antenna shall be constructed and installed in a strong and durable
manner and shall be so located as to prevent accidental contact with
light and power by sagging or swinging.

Splices and joints in the antenna span, unless made with approved
clamps and splicing devices, shall be soldered.

Antenne installed inside of buildings are not covered by the
above specifications.
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LEAD-IN WIRES

(b) Lead-in wires shall be of copper, approved copper-clad steel
or other approved metal, which will not corrode excessively and in no
case shall they be smaller than No. 14 B. & S. gage except that ap-
proved copper—clad steel not less than No. 17 B. & S. gage may
be used.

Lead-in wires on the outside of buildings shall not come nearer
than four (4) inches to electric light and power wires unless sep-
arated therefrom by a continuous and firmly fixed non-contductor that
will maintain permanent separation. The non-conductor shall be in
addition to any insulation on the wire.

Lead-in wires shall enter building through a non-combustible, non-
absorptive insulating bushing.

PROTECTIVE DEVICE

(c) Each lead-in wire shall be provided with an approved pro-
tective device properly connected and located (inside and outside the
building) as near as practicable to the point where the wire enters the
building. The protector shall not be placed in the immediate vicinity
of easily ignitable stuff, or where exposed to inflammable gases or
dust or flying combustible materials.,

The protective device shall be an approved lightning arrester which
will operate at a potential of five hundred (500) volts or less.

The use of an antenna grounding switch is desirable, but does not
obviate the necessity for the approved protective device required in
this section. The antenna grounding switch, if installed, shall, in its
closed position, form a shunt around the protective device.

PROTECTIVE GROUND WIRE

(d) The ground wire may be bare or insulated and shall be of
copper or approved copper-clad steel. If of copper the ground wire
shall be not smaller than No. 14 B. & S. gage and if of approved
copper clad steel it shall be not smaller than No. 17 B. & S. gage.
The ground wire shall be run in as straight a line as possible to a good
permanent ground. Preference shall be given to water piping. Gas
piping shall not be used for grounding protective device. Other per-
missible grounds are grounded steel frames of buildings or other
grounded metallic work in the building and artificial grounds such as
driven pipes, plates, cones, etc.

‘The ground wire shall be protected against mechanical injury. An
approved ground clamp shall be used wherever the ground wire is
connected to pipes or piping.
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WIRES INSIDE BUILDINGS

(e) Wires inside buildings shall be securely fastened in a work-
manlike manner and shall not come nearer than two (2) inches to any
electric light or power wire unless separated therefrom by some con-
tinuous and firmly fixed non-conductor making a permanent separa-
tion. This non-conductor shall be in addition to any regular insulation
on the wire. Porcelain tubing or approved flexible tubing may be
used fer encasing wires to comply with this rule.

RECEIVING EQUIPMENT GROUND WIRE

(f) The ground conductor may be bare or insulated and shall be
of copper, approved copper-clad steel or other approved metal which
will not corrode excessively under existing conditions; and in no case
shall the ground wire be less than No. 14 B. & S. gage except that
approved copper-clad steel not less than No. 17 B. & S. gage may
be used.

The ground wire may be run inside or outside of building. When
receiving equipment ground wire is run in full compliance with rules
for protective ground wire, in Section 4, it may be used as the ground
conductor for the protective device.

FOR TRANSMITTING STATIONS
ANTENNA

(g) Antennz outside of buildings shall not cross over or under
electric light or power wires of any circuit of more than six hundred
(600) volts or railway trolley, or feeder wires nor shall it be so located
that a failure of either the antenna or of the above mentioned electric
light or power wires can result in a contact between the antenna and
such electric light or power wires.

Antenne shall be constructed and installed in a strong and durable
manner and shall be so located as to prevent accidental contact with
light and power wires by sagging or swinging.

Splices and joints in the antenna span shall, unless made with
approved clamps or splicing devices, be soldered.

LEAD-IN WIRES
(h) Lead-in wires shall be of copper, approved copper-clad steel
or other metal, which will not corrode excessively and in no case shall
they be smaller than No. 14 B. & S. gage.
Antenna and counterpoise conductors and wires leading therefrom
to ground switch, where attached to buildings, must be firmly mounted
five (5) inches clear of the surface of the building on non-absorptive
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insulating supports such as treated wood pins or brackets equipped
with insulators having not less than five (5) inch creepage and air
gap distance to inflammable or conducting material. Where desired,
approyed suspension type insulators may be used.

(i) Inpassing the antenna or counterpoise lead-in into the build-
ing, a tube or bushing of non-absorptive insulating material shall be
used and shall be installed so as to have a creepage and air-gap dis-
tance of at least five (5) inches to any extraneous body. If porcelain
or other fragile material is used, it shall be installed so as to be pro-
tected from mechanical injury. A drilled window pane may be used
in place of bushing, provided five (5) inch creepage and air-gap
distance is maintained.

PROTECTIVE GROUNDING SWITCH

(j) A double-throw knife switch having a break distance of
four (4) inches and a blade not less than one-eighth (1;) inch by one-
half (1) inch shall be used to join the antenna and counterpoise
lead-ins to the ground conductor. The switch may be located inside or
outside the building. The base of the switch shall be of non-
absorptive insulating material. Slate base switches are not recom-
mended. This switch must be so mounted that its current-carrying
parts will be at least five (5) inches clear of the building wall or
other conductors and located preferably in the most direct line be-
tween the lead-in conductors and the point where ground connection
is made. The conductor from grounding switch to ground connection
must be secarely supported.

PROTECTIVE GROUND WIRE

(k) Antenna and counterpoise conductors must be effectively and
permanently grounded at all times when station is not in actual oper-
ation (unattended) by a conductor at least as large as the lead-in,
and in no case shall it be smaller than No. 14 B. & S. gage copper or
approved copper-clad steel. This ground wire need not be insulated
or mounted on insulating supports. The ground wire shall be run in
as straight a line as possible to a good permanent ground. Preference
shall be given to water piping. Gas piping shall not be used for the
ground connection. Other permissible grounds are the grounded steel
frames of buildings and other grounded metal work in buildings and
artificial grounding devices such as driven pipes, plates, cones, etc.
The ground wire shall be protected against mechanical injury. An
approved ground clamp shall be used wherever the ground wire is
connected to pipes or piping.
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OPERATING GROUND WIRE

(1) The radio operating ground conductor shall be of copper strip
not less than three-eighths (34) inch wide by one-sixty-fourth (1/64)
inch thick, or of copper or approved copper-clad steel having a peri-
phery, or girth (around the outside) of at least three-quarters (%)
inch (for example a No. 2 B. & S. gage wire), and shall be firmly
secured in place throughout its length. The radio operating ground
conductor shall be protected and supported similar to the lead-
in conductors.

OPERATING GROUND

(m) The operating ground conductor shall be connected to a good
permanent ground. Preference shall be given to water piping. Gas
piping shall not be used for ground connections. Other permissible
grounds are grounded steel frames of buildings or other grounded
metal work in the building and artificial grounding devices such as
driven pipes, plates, cones, etc.

POWER FROM STREET MAINS

(n) When the current supply is obtained directly from street
mains, the circuit shall be installed in approved metal conduit, armored
cable or metal raceways.

If lead covered wire is used, it shall be protected throughout its
length in approved metal conduit or metal raceways.

PROTECTION FROM SURGES, ETC.

(o) In order to protect the supply system from high-potential
surges and kick-backs, there must be installed in the supply line as
near as possible to each radio-transformer, rotary spark gap, motor-
generator sets and other auxiliary apparatus one of the following:

1. Two condensers (each of not less than one-half (14) microfarad
capacity and capable of withstanding six hundred (600 volt test) in
series across the line and mid-point between condensers grounded;
across (in parallel with) each of these condensers shall be connected
a shunting fixed spark gap capable of not more than one-thirty-second
(1/82) inch separation.

2. Two vacuum tube type protectors in series across the line with
the mid-point grounded.

8. Non-inductively wound resistors connected across the line with
mld-point grounded.

4. Electrolytic lightning arresters such as the aluminum cell type.

In no case shall the ground wire of surge and kick-back pro-
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tective devices be run in parallel with the operating ground wire when
within a distance of thirty (80) feet.

The ground wire of the surge and kick-back protective devices
shall not be connected to the operating ground or ground wire,

SUITABLE DEVICES

(p) Transformers, voltage reducers, keys, and other devices em-
ployed shall be of types suitable for radio operation.

These rules do not apply to radio equipment Installed on ship-
board, but have been prepared with reference to land stations.

RECEIVING EQUIPMENT

(a) Antenna~—Indoor receiving antennz are not included within
the requirements of this proposed rule, which provides for the pro-
tection of radio equipment against lightning. Indoor receiving
antenne and auxiliary apparatus are, however, included in the general
requirements covering the wiring of signal systems, for it is obviously
desirable to insure, for example, the freedom of all receiving apparatus
from contact with electrical power circuits either inside or outside
of buildings.

It is desirable that electrical construction companies install radio
antenne and apparatus for persons who are not familiar with electric
wiring. This will tend to insure the Installation of antenne and
apparatus in a strong and durable manner. It is important that an-
tenna wire be used in such size and tensile strength as to avold its
coming in contact with any electric power wires whatsoever.

The size and material of which the antenna Is made should depend,
to some extent, upon the length of the span which the antenna must
bridge. It is suggested that for the ordinary receiving antenna about
100 feet long No. 14 B. & S. gage soft drawn copper wire can safely
be used. If other materials are used, the size which is chosen should
be such as to insure tensile strength at least equal to that of the
No. 14 soft copper wire suggested above.

The requirements covering splices and joints in the antenna span
are for the purposes of avoiding accidental falling of such wires upon
light and power wires, of less than 600 volts where it is found neces-
sary to cross such lines. The rules, it will be noted, permit crossings
with lines of 600 volts or less, If they do not happen to be trolley
wlres or feeders to trolley wires, In such a case, it is desirable to use
wire of a larger size than 14 B. & S. gage in order to minimize the
chance of accidental contact of the antenna with the power wires.

The interchangeable use of copper and of approved copper-clad
conductor is suggested on account of the fact that these two kinds of

10
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wire are practically equivalent in their conductivity for high-
frequency current.

(b) Lead-in Wires—No mention is made of the insulation from the
building of the receiving antenna or lead-in wire except that this
lead-in wire should be run through a bushing. The latter provision
is chiefly to protect the wiring against the possibility of short-
circuiting with electric power lines which may run in the wall and
whose location may be unknown to the persons installing the radio
equipment. This requirement serves also to protect the antenna lead-
in wire against contact with metal lath or other metal parts of
the building.

From a signaling standpoint, it is desirable to use insulators for
receiving antennz in order that wet weather may not cause the an-
tenna to become partly short-circuited to the ground.

(c) Protective Device—The requirement for a protective device
to be connected between the antenna and ground terminals of the re-
ceiving set is for the purpose of carrying lightning discharges or less
violent discharges caused by induction or by atmospheric electricity
to the ground with a minimum chance of damage to the receiving
apparatus, building, or operator. A fuse is not required as a part
of the protective device, though lightning arresters which are provided
with fuses will not necessarily fail to receive approval. If a fused
lightning arrester is used, it makes it less likely that the antenna
terminals of a receiving set will be put in a high voltage In case the
antenna falls upon an electric light or power wire. The absence of
the fuse, on the other hand, makes it possible for the antenna, if it
accidentally falls across the power wires, to become fused at the point
of contact and thus fall to the ground and eliminate the hazard. The
antenna terminal of the receiving set should be connected to the point
of junction of the fuse with the arrester.

Lightning arresters may be used inside the building, and in such a
case they will receive better protection from moisture and mechanical
injury than lightning arresters placed on the outside of a build-
ing wall

Protective devices of reliable manufacture are approved by the
Underwriters’ Laboratories, and can be depended upon to operate at
the required voltage. The use of a cheaply constructed home-made
arrester is not recommended, since it may easily get out of order and
fail to operate at the low voltage which is desirable. Arresters should
be inclosed in such a way as to protect the breakdown gap from dust.
One disadvantage of the vacuum tube type of arrester is that it may
cease to function without giving warning that it is inoperative. A
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list of the approved protective devices and ground clamps is contained
in the “List of Inspected Electrical Appliances,” published by the
Underwriters’ Laboratories. This list is revised semi-annually and
may be consulted upon application to the principal office of the Under-
writers’ Laboratories, Inc, 207 East Ohio St., Chicago, IlL, and at
offices and agencies throughout the United States and Canada.

While an arrester connected between the antenna and ground is
regarded by many as sufficient protection, it is somewhat safer to in-
stall a switch in parallel with it as an added protection. Particularly
if the arrester is inside of the building and the ground connection is
made to a radiator, it is desirable to use in addition the outside
ground connection.

If the antenna is properly connected to the ground, such connec-
tion prevents the antenna from becoming a hazard to the building and
its contents and may act to supplement the protection given by
lightning rods. The arrester should have the most direct connection to
the ground which it is feasible to make, otherwise the antenna may be-
come a hazard with respect to lightning.

(d) Protective Ground Wire—While it is desirable to run the pro-
tective ground wire in as direct a line to ground as possible, it is
more important to provide a satisfactory contact at the ground itself
than to avoid a few bends in the ground wire.

(f) Receiving Equipment Ground Wire—If the ground wire of a
receiving set passes through a wall it should be insulated for the same
reasons as the antenna lead-in wire referred to in paragraph
(a) above.

If the ground wire is exposed at all to hanical injury it sh
be of larger size than the minimum permitted under the rules and
certainly not smaller than No. 10 B. & S. gage. It should, for mechani-
cal protection, be enclosed in wood moulding or other insulating
material. Ground wires should not be run through iron pipe or con-
duit because of the choking effect at radio and lightning fregnencies.

14

TRANSMITTING EQUIPMENT

(j) Protective Ground Switch—On account of the larger size of
the ordinary transmitting antenna, it is more likely to be subject to
damage from lightning; and on account of the high voltages produced
by radio transmitting equipment, it is desirable to provide for the
use of a double-throw switch for connecting the antenna either to the
transmitting apparatus or to the ground. The use of this switch
makes it possible to entirely disconnect the antenna from the trans-
mitting apparatus when not in use.
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The objection to slate-base switches is chiefly from the radio
engineering viewpoint, on account of the absorption of water by
many kinds of slate and the presence of conducting streaks.

Under this rule one has the choice of the standard 100-ampere
600-volt single-pole, double throw switch or a special antenna switch
using 60-ampere copper which has an air-gap distance of at least
four inches.

(o) Protection from Surges, etc.—On account of the difficulty
which has been experienced by the induction of voltages in the supply
lines of a transmitting station, it is advisable to use a protective
device across the terminals of each machine or transformer connected
to this power line. It would also seem desirable to connect a similar
protective device across the power line and near the point of its
entrance to the building and on the house side of the meters.

It is desirable that research on the performance of protective de-
vices and the means of avoiding surges and “ kick-backs ” in the power
supply lines be promoted.

For further suggestions regarding good and bad practice in the
installation and maintenance of signal wires and equipment, reference
should be made to “National Electrical Safety Code, 8rd Edition,
October 31, 1920, Bureau of Standards Handbook No. 3” and espe-
cially Section 89. This is obtainable from the Superintendent of
Documents, Government Printing Office, Washington, D. C.

The 1920 edition of the “ National Electrical Code,” which contains
the regulations of the National Board of Fire Underwriters, includ-
ing Rule 86, which is now the rule in effect covering radio signaling
apparatus, may be referred to at any local inspection department of
the fire underwriters, or may be purchased from the National Board
of Fire Underwriters, 76 William St., New York City.
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Radio Corporation, Westinghouse Photo

Mme. Olga Petrova, famous actress, authoress of the play “White Peacock’ recently entertained
her largest audience through WJZ, Lhe Westinghouse Radio Corp. Broadcasting Station at
Newark, by singing several songs and telling stories about her stage and screen successes; the
next day she received 968 very complimentary letters from the invisible audience,
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CHAPTER VIII

RADIO DIAGRAMS AND HOW TO
READ THEM

HERETOFORE in our illustrations we have shown
perspective views of all the instruments and how
they are wired together, etc. As the reader becomes
more familiar with radio matters, he should take
up the study of diagrams because a glance at one
will show the connections. A radio diagram is to
a perspective drawing what stenography is to long
hand. Radio diagrams give us the means to tell
at a glance what the connections of the various in-
struments are, and as a matter of fact it is much
simpler to read a diagram than a perspective draw-
ing. Itismuch harder to read a perspective draw-
ing than a diagram because in the former, such as
we have shown heretofore, there is nothing but a
maze of wires, one crossing the other, and one really
never knows where one is. The diagram on the
other hand simplifies matters a great deal and it
becomes a comparatively easy matter to trace a cir-
cuit by means of the diagram. Certain symbols
are used to describe apparatus and in our illustra-
tions 80 to 85, we have shown the various symbols
graphically. By studying these symbols and mem-
orizing them, it becomes a simple matter to trace the
various circuits and study the diagrams.

Diagrams and circuits form a great chapter by
themselves, and it is not within the range of this
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matter. Suffice it to say that the diagrams which

are shown on the following pages all have a reason

for being, and all are the outcome of many thou-
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sands of experiments.

Fia. 84-85,

The diagrams shown have

been selected and in order that the reader may fam-
iliarize himself with them, the captions under the
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diagrams show to which perspective drawing in
the front of the book they refer. The diagram of

Fie. 87. Reres 10 Fia. 10,

the perspective drawing, therefore, may be com-
pared and the circuits traced. The reader should
take a pad and paper and trace a few diagrams

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

www americanradiohistorv com


www.americanradiohistory.com

RADIO DIAGRAMS, HOW TO READ THEM 157
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Fie. 94. Reres 10 Fia. 34,
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Fia. 95. Rerem 1o Fia. 87,

endless, but he will find that the diagrams as we
show them here will work best as a general rule.

The study of radio diagrams is not difficult at
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Fie. 97. Rerer 10 Fia. 52.

all, once the fundamentals are clearly understood,

but it is necessary to first memorize symbols, other-
wise not much headway will be made.

For the guidance of the reader, we would first
advise memorizing the following: “erial, ground,
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detector, phones.” These are the simplest and es-
sential ones, and for that reason, we have shown

To insfruments

=6

Fra. 98. Rxrez 10 Fro. 56,

/A

L T
15 o= instrumenifs
g
.

Fie. 99. Reves 70 Fia. 57,

these first in our diagrams. Once the various con-
nections have been mastered, it then becomes a sim-
ple matter to go ahead with the others.

Of course, where the reader is becoming suffi-
ciently interested in radio to be a radio experimen-
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Fie. 102, Rerzr 10 Fig, 72
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. - conlng
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/ = AIC
Choke coils ‘r converfer
_Eh #~Microphone
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Frg. 103. Rxrzzr vo Fic. 106,

encourage this, and assure every reader that he
will derive more information and satisfaction from

actual connections than from anything else in radio
11
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In connection with these diagrams, as mentioned
before, in order that the reader may better study
them, we have listed only such diagrams, the per-
spective drawings of which have been shown in other
sections of the book.

Thus the diagram shown in Fig. 86 is shown in
perspective in Fig. 7, Fig. 87 refers to Fig. 10, Fig.
88 refers to Fig. 18, Fig. 89 reférs to Fig. 19, Fig.
90 refers to Fig. 22, Fig. 91 refers to Fig. 26, Fig.
92 refers to Fig. 31, Fig. 93 refers to Fig. 33, Fig.
94 refers to Fig. 34, Fig. 95 refers to Fig. 37, Fig.
96 refers to Fig. 47, Fig. 97 refers to Fig. 52, Fig.
98 refers to Fig. 56, Flig. 99 refers to Fig. 57, Fig.
100 refers to Fig. 59, Fig. 101 refers to Fig. 60, I'ig.
102 refers to Fig. 72, Fig. 103 refers to Fig. 106;
Fig. 104 refers to Fig. 108, Fig. 105 refers to
Fig. 109.

It is not the purpose of this book to be of such
a technical nature as to list several hundred dia-
grams, as there are other books making a specialty
of this. The purpose of the few diagrams is merely
to acquaint the reader with the first principles.
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CHAPTER IX
RADIO TELEPHONY
We have already mentioned radio telephony
in previous chapters, but not insofar as the trans-
mitting is concerned. We have already learned
that radio telephony is not a new art, but has been
known for many years. The first to send radio tele-

e

Tuning coil

V. r—

7
(I
J [} .
Arc Converter.

{3 "Microphone
Ground

Fic. 108,

phone messages over long distances was Valdemar
Poulsen. The important instrument which he used
in his experiments was the electric arc. The dia-
gram of connections is shown in Fig. 106. It was
found that with a suitable arrangement the electric
arc became capable of sending out undamped waves
which are also known under the definition of contin-
uous waves. In other words, the electric arc sends

out a wave that is continuous without interruption.
164
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Radio Corporation, Westinghouse Photo

Mme. Johanna Gadski, famous operatic soprano, singing Wagner’s “Elizabeth’s Aria from Tann-
hauser” through WJZ to the radio telephone audience. Mme. Gadski began her musical educa-
tion at the age of seven, had her first public appearance at ten, made her debut in opera at the
age of sixteen, and later enjoyed a continuous engagement for twenty-three consecutive seasons
with the Metropolitan Opera Co, of New York,
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We have learned something about continuous waves
in a former chapter. Such an arc transmitter,
therefore, sends out waves that never stop, not even
for the smallest fraction of a second. By means of
the microphone into which we talk, we super-impose
upon the continuous waves the voice currents which
are, therefore, carried along by those waves.
Hence, the continuous wave in radio telephony is

Voice current
(Audio frequency)

Radio f#equency

Fra, 107,

often spoken of as the carrier wave, because it car-
ries the speech waves with it. This is shown in Fig.
107, schematically where the speech waves will be
seen carried along with the continuous waves, which
are emanating from the oscillating circuit.

The advent of the vacuum tube changed the en-
tire aspect of radio telephony. In the Poulsen
method as well as for radio telephone systems, it
was necessary to employ a microphone, which in
this case had to handle very large currents, some-
times as high as ten amperes. It was almost impos-
sible to design a microphone or transmitter that
would absorb such an excessive amount of energy,
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and for that reason the modulation at the transmit-
ting station was nearly always faulty, and the re-
ceived speech, music or other entertainment was as
a rule poor. Often the microphone failed to
work, and then, of course nothing came through
the air at all, At the present time, however, we are
not dependent upon power microphones, for the

A
AW
A\W 4

Variable condenser

—~—Tuning
inductance

High fension
D.C”Séurce y

=~

reason that we now make use of the vacuum tube.
Even the simplest telephone transmitter such as
used on your house telephone can be used in the
modern radio telephone, and the main reason is that
the vacuum tube sender acts as a valve, which ampli-
fies many thousand times the voice current, sending
it out over the srial without having a strong current
passing through the microphone.

The simplest radio telephone is shown in Fig.
108. This comprises a transmitter, a few batteries,
a vacuum tube and the usual erial and ground. The
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diagram is shown fully in our illustration, Fig. 104.
By means of this arrangement, when we talk into
the transmitter, the oscillations generated by the va-
cuum tube are varied in amplitude. These high
frequency radio currents are continuous as well, so
that we are sending out or transmitting a continuous
wave. When words are now spoken into the trans-
mitter the voice currents are superimposed upon
the continuous waves, and at the receiving station,
the words will be heard. The outfit, as shown in
this illustration, is of course, only good for a short
range because not much power is used, and it will,
therefore, not cover more than a few miles. The
principle, however, is the same as that used in our
large broadcasting station, as we will see further on.

The system which we have just explained is the
one which is used universally today, as it has been
found that by the use of the vacuum tubes almost
any amount of power can be radiated from the trans-
mitting antenna. Usually a radio telephone sta-
tion is rated according to the amount of power it
radiates from its transmitting rial. This amount
of power, of course, varies for the different stations.
The more power we put into the rial, the further
we can transmit.

The prime reason why we can hear spark sta-
tions much further than radio telephone stations,
lies in the reason that in the former many kilowatts
are used, sometimes as high as a thousand kilowatts,
as for instance, in the great trans-Atlantic stations.
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Of course, not all this power leaves the rial, but
a fair proportion of it does. In radio telephony,
however, not such a vast amount of energy is used,
and most broadcasting stations do not operate on
more than 500 watts, which, compared to a spark
- station is an insignificant amount of power. This
is one of the reasons why broadeasting stations
cannot be heard at such great distances as
spark stations.

BROADCASTING

Radio broadcasting, contrary to public opinion,
is not at all a new thing. Many claims are being
made as to who was the original inventor of broad-
casting, and when everything is said and done, it
probably settles down to the man who sent out the
first radio telephone intelligence. That man was
probably Reginald Fessenden, who, as far as is
known was the first and real inventor of radio tele-
phony. Back in 1906, he operated a radio tele-
phone transmitting station which was heard by thou-
sands of radio professionals as well as amateurs.
That advent marked the first broadcasting. Of
course, this was not broadcasting as we understand
the term today. By modern broadcasting is under-
stood a radio intelligence that is sent out at a certain
pre-determined schedule or program. Such broad-
casting probably did not come about until 1920,
when the Westinghouse Company transmitted the
1920 election returns from the East Pittsburgh sta-
tion, and followed this with daily concerts and other
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entertainment which has remained to this day.
The country at large, however, did not become much
interested until the latter part of 1921, when the
Newark, N. J. Westinghouse station began to
broadcast a daily program. The newspapers were
not slow in taking up the new art, and one of
Newark’s leading newspapers was the first of the
newspapers in the country to have a regular radio
section in their Sunday edition. This attracted
many readers, who before had not known much
about radio, and to whom radio had been a
sealed book.

Newark, N. J. became the first radio center of
the country, and soon people were storming the elec-
trical and radio supply stores in order to buy instru-
ments with which to receive radio entertainments.
New York soon followed suit, the New York Globe
being the first daily newspaper to carry a daily radio
department, informing the public as to the wonders
of radio, and how it was possible for everyone to
catch music from the air at a trifling cost. Soon
other New York papers copied the idea, and in less
than a month, there was hardly a city in the United
States within fifty miles of a broadcasting stations
that did not boast of its radio page or department.
All this tremendous publicity had its effect upon
the public who began to storm the stores and clamor
for radio goods until in January and February,
1922, the radio boom had reached a situation that
can only be compared to the oil rush of the Texas
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oil fields. The country had suddenly gone wild
over radio, and every one wanted to have an outfit to
listen in to the fascinating entertainment.

So far for the history of broadcasting. Tech-
nically, the art of broadcasting was partially de-

J

=N

A-Microphone; B-Dry cells; C-Audio frequency amphfyin?
fransformer; D- Choke coil; E- Radio frequency choke coil;
F-Tuning inducfance; G-Voice amplifier; H-Modulator; J-
Oscillafor; K-Grid condenser ;s L- Variable condenser; M-
Grid leaK; N- Plale baffery; 0-Storage battery; .

Fro. 109.

seribed in the preceding chapter. At the modern
broadcasting station, the arrangement as shown in
Fig. 109 is made use of. Here, we first have the
microphone into which the performer sings or
speaks, and a small transformer to step up voice
currents. Next, we have the voice amplifier where
the voice currents are stepped up and from thence
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pass into a second transformer. From there the
currents pass through the so-called modulator tube,
and from there through several coils into the next
tube called the oscillator. Then the current passes
out into the antenna circuit. Of course, all this is
much more complicated, and it is not within the
limits of this volume to delve into all the technical-
ities of this circuit. Suffice it to say that by means
of this arrangement, almost any amount of energy
may be radiated out into space.

Of course, it goes without saying that the trans-
mitting tubes used for transmitting broadecast
entertainment are not the small vacuum tubes with
which we are familiar, because these could not han-
dle the energy. Instead, the tubes used are big
fellows, a foot or so high and 6 to 10 inches in dia-
meter. Such tubes of which an entire battery is
used, are built to carry large amounts of current,
and as a result become pretty hot. For that rea-
son, they are cooled by means of fans or other cir-
culating air methods. Even so the tubes do not
last forever, and occasionally burn out. If this
happens in the midst of an entertainment, which is
unfortunate, a new tube must be replaced and the
performer as a rule must go over the ground again,
after the radio audience has been informed of
the blow-out.

At the broadcasting station, it is always neces-
sary to have a complete personnel which often com-
prises as many as twenty people. There are two
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distinct parts in the up-to-date broadcasting sta-
tion. First, the studio, and second the transmit-
ting station proper. At the latter we have several
engineers who attend to the operation of the tubes,
and who are informed by telephone from the studio,
whenever the artist is ready to sing or perform. The
current is then switched on, the tubes begin to glow
and the station now transmits continuous waves.
These continuous waves cannot be heard at the re-
ceiving station, except at times, when we employ a
regenerative receiver. As soon as this receiver
gives its characteristic whistling note, we can tell
the broadcasting station has started its power, al-
though the performance has not begun.

Let us now enter the broadecasting station studio.
We assume that an opera singer is getting ready to
sing, while the accompanist is at the piano. The
attendant first announces the singer, and cautions
the performers not to make any noise whatsoever,
because any unnecessary noises such as coughing or
talking, will be heard by the radio audience. These
sounds are picked up by the sensitive transmitter.
In order to dim the echoes in the studio, its walls
are always covered with draperies which do away
with all sound reflections, echoes and the like. After
the introduction by the announcer, the performer
steps up to the transmitter, which is usually a form
of telephone transmitter attached to a large vibrat-
ing disc and looks somewhat like a small bowl. The
performer is cautioned never to stand nearer than a
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Westinghouse Photo

The power plant of the broadeasting station WJZ, Newark, N. J.  The power plant at the left is shown enlarged in another view. The
operator is Laking down the Weather Report from Arlington, Va. This Weather Report is received on the radio outfit in front of the
typewriter. When time signals from Arlington are received, the "phones now seen on the operator’s head are held against the transmitter
which the operator at the left is hotding, and thus the time signals are broadcasted on a shorter wave, 360 meters, The original wave
length of the time signals as they come in from Arlington is 2500 Meters,
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foot or so before the transmitter when singing.
Behind the piano there is usually some sort of horn
which picks up the sounds and conveys them to a
microphone attached to the small opening of the
horn. This catches the sounds from the piano, to be
sent to the transmitting station. Of course, the
microphone transmitter wires coming from the
piano as well as those from the performer are con-
nected together, so that the sounds are picked up
simultaneously and guided to the radio transmitter.
That is why in the receiver we hear the piano and
performer’s voice at the same time. To be sure,
there are certain refinements at every broadcasting
station in order to transmit the music or other enter-
tainment best.

Several microphones are used, for instance, when
aband is playing. A totally different arrangement
is used when a violinist is performing. In the latter
case a very sensitive microphonic arrangement must
be used, otherwise we would hear nothing of the
musie, which is not unduly loud anyway. On the
other hand, when phonographic music is transmit-
ted, there is a phonograph-microphone attachment,
which is attached direct to the tone-arm of the
phonograph, and we, therefore, hear transmitted
phonograph music, the same as if we were in the
room with the phonograph.

Several of our photographic illustrations shown
in this book depict the various methods used
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in broadcasting music from a modern broad-
casting station.

We are of course only at the beginning of broad-
casting. 'What its future will be is difficult to state,
as is always the case with a new art.

At the present time there is a distinet and very
important use for broadcasted entertainment. A
broadcasting station now-a-days sends out news,
music, which may be vocal, instrumental, or any
other form. We also have stock quotations,
weather forecasts, children’s stories, lectures and
even complete musical shows or operas have been
broadcasted lately. Entire vaudeville programs that
lend themselves to the purpose can thus be broad-
casted. A distinet field of usefulness lies in the
possibility of the radio telephone for political
speeches. 'There is talk at W<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>