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Interest and progress in radio increase so
rapidly that the new thing of today becomes
ohsolete tomorrow. This, at least, has been
true to the present; but indications now fore-
shadow a standardization of equipment. Mr.
Collins's hook appeared among the first and has
heen accepted as an authority; vet at each new
printing many minor changes have been found
necessary. Now the text has been completely
gone over again by a daily writer on radio mat-
ters who is in touch with every branch of the
field. New features in this edition include new
preface, latest regulations of the National Board
of Underwriters, latest government regulations
for amateurs, supplementary information on
radio frequency amplification, tuned radio fre-
quency receivers, loud speakers, A and B bat-
tery eliminators, additions to table of frequency
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PREIFFACE TO TIIE FIFITII EDITION

ONLY a year and a half has elapsed since the
fourth printing of the I1Iandbook, but in that
time progress has been made in the field of radio
that was not expected for several vears to come.
Today it is possible to sit in an office in New
York City. remove the receiver from its hook on
a telephone and ask the operator to connect vou
with somcone across the Atlantic Ocean in
London.  Land wires carry the conversation
part of the way on both sides of the ocean, but
it is radio that spans the thousands of miles be-
tween the 1wo countries.

Other phases of radio have kept pace if not
outdistanced this feat. Inthematterof broadcast-
ing more and more power is being employed, due
to the powerful transmitting tubes of 20 ane 100
kilowatts. 'This power and the wave lengths on
which stations operate are now under the control
of the Federal Radio Commission, which solves
the problems that have arisen in an industry so
complex as this one.  In the realm of reception,
in which the majority of people are interested,
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v Preface

the most progress has been made in the improve-
ment of apparatus, not many new circuits having
appearcd.

This being the case, the editor of this edition
has only mentioned two circuits that in his opin-
ion are interesting from an experimental view-
point. Additions have been made, however, to
the data on circuits for the transmission and
reception of short wave lengths, new audio-
frequency amplifiers, loud speakers, socket power
units, experiments with light sensitive cells, ete.
Also with the advance in the art new phrases
have been introduced which are included in the
Glossary. The Radio Act of 1927 replaces the
former one of 1912 and is given in the Appendix.

In what direction radio will now progress is
a difficult matter to predict, but it seems safe to
say that with the very rapid advance made in
television much will be done along those lines.
The U. S. Navy is using radio now to broadcast
weather maps to all her ships and aviation fields;
radio beacons now guide airplanes through fog
and rain, making possible the air mail service
between New York and San Francisco, and in
the rccent transatlantic airplane flights radio
played an important role. Chain broadeasting is
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now a daily occurrence, four networks now cov-
ering the entire United States and making the
hook-up of about fifty stations possible.

Never hefore in the history of any country is
so much being done for the entertainment of the
public at large, and a great amount of credit is
due to recent experimenters and inventors who
have done so much to make radio what it is today.

G. C. B. R.

July, 1927



INTRODUCTION

Berore delving into the mysieries of radio it
might be well to give something of its historical
background. As in any other branch of science,
radio has a history that is indeed intensely inter-
esting, and all the more so from the fact that
history is being made daily.

To start at the very beginning of radio—or
wircless as it was called in the closing davs of
the last century—and trace its development dovwn
through the few years would be a gigantic task.
Yet there are a few names with which every
radio amateur should be as familiar as he is with
his own.

In 1888 a German, ITeinrich Hertz, demon-
strated that the spark of an induetion coil set up
clectric oscillations in an open ecircuit and that
the energy thus released was sent out in the form
of waves. These clectric waves he received at a
distance from the induction coil with a device he
called a resonator. Two vears later Branly of
France, followed by Sir Oliver Lodge of Fng-
land, developed a device called the coherer, which

vil



viil Introduction

was for the detection of these radio waves. In
1895 the Russian, Popoff, while studying atmos-
pheric electricity, connected his detector to an
antenna and ground, thus forming the first
receiving sct using these two last mentioned
features.

A vear later, 1896, William Marconi invented
the wireless telegraph. Ilis experiments were
conducted at Bologna, Ttaly, where he found that
by interrupting the current in the primary of
an induction coil he could send dots and dashes
in the Morse telegraph code, these being re-
ceived at a distance of a hundred yards. Mar-
coni was the first to connect an aerial to one side
of a spark gap and a ground to the other side
of it. ITe used an induction coil to energize the
spark gap, and a telegraph key in the primary
circuit to break up the current into signals.

In the last year of the century the author of
this book found that the human voice could be
transmitted from one point to another without
the use of wires, the distance being about three
city blocks.

Between the years 1900 and 1905 experiments
in wireless were being conducted in all parts of
Furope and America and rapid progress was
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made in mecthods of detection. G. W. Pickard
ciscovered that certain kinds of metals made ex-
cellent detectors and the days of the coherer were
over. In the last mentioned year J. . Fleming,
an Inglishman, discovered the vacuum tube de-
tector, which consisted of a filament, or hot
cathode, and a plate or anode. This device, how-
cver, did not come into general use until Lee
de Forest in 1906 introduced the third clement,
the grid, into the tube.

This invention of Dr. de Forest’s is perhaps
one of the biggest factors in the advance of radio.
With the grid in between the filament and the
plate to control the electron stream, almost any-
thing at all is possible. Vacuum tubes are not
only used in the transmitting and the receiving
radio stations, they are responsible for trans-
continental telephony by land-lines; they are
used in countless scientific instruments perform-
ing things thought hitherto impossible; they
guard our money in banks; in short, it is safe to
say the little glass tube is one of the wonders of
the modern world.

Almost as snon as it was possible for one man
to talk to another without the aid of wires, ex-
perimenters turned their efforts to another in-
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portant field—that of sight. They believed it
possible to see objects at a distance by means of
radio, which act was termed television. Onec of
the pioneers in this work was Francis Jenkins
of Baltimore, who first showed the moving image
of a revolving windmill projected across a room,
entirely by nieans of radio. Further advances
were made by engineers of the American T'ele-
phone and Telegraph Company, when in the
early part of 1927 they sent an image of Secretary
of Commerce ITerbert IToover from Washington,
D. C., to New York. The experiments of John
1.. Baird, a Scotchman, in 1926 and 1927, are
also worthy of note. Ile succeeded in transmit-
ting the image of a person sitting in an absolutely
dark room so perfectly that it was possible to
tell what the person said by the movements of
his lips. This was done by radio and the infra-
red ray, which is just outside of the visible spec-
trum on the long wave side.

It would be possible to fill page after page
with the names of men and the deeds that they
have performed in the ficld of radio, but the
amateur is more interested in what he can get
personally. The receiving sets of the present
year are indeed a far jump ahead of those of
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1922. In those days when most of the broad-
casting was done on a wave length of 360 meters
and the receiving of KDKA in DPittsburgh 500
miles distant was a feat to boast of, the receiving
sets had many dials, rheostats, switches and other
devices that have almost disappeared from the
panel of the modern set. Now with the staticns
spread over a band from 200 to 550 meters it is
possible to sit in your home and listen to stations
in any part of the country by merely turning onc
or two dials. And what is more, these stations
are clearly heard on a loud speaker.

This is indeed a wonderful time for anybody
to start in the radio game. For the outlay of a
very few dollars one can obtain a transmitting
set with which he can reach the most distant
paints of the earth. TFor instance, when John L.
Reinartz was in Greenland, he worked with the
Naval Rescarch Laboratory in Washington, .
C.. on 16 meters, roughly a distance of 3,500
miles, using about 250 watts. Amateurs all over
the world have made remarkable records using
onz-tenth of this power on the short wave lengths,
and anyone can duplicate their feats with a little
study and work.

The writer has just a word or two of advice
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to the beginner in radio. First of all, buy what-
ever cquipment vou do not make yourself from
reliable stores—but it is to be hoped that you
will construet as much as possible. Cheap ap-
paratus never pays in the long run.  When con-
structing a set, before you do anything, under-
stand why vou do it and then do the job in a
neat workmanlike manner. Slipshod work al-
ways means poor and unsatisfactory results.
Above all, have patience. Don’t expect to get
stations a thousand miles distant the first time
vou light the filaments of your tubes. Learn the
whys and wherefores of the different instruments,
and you will find radio as delightful to you as
it has proved to the many thousands who have
become its devoted followers.
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THE RADIC AMATEURS HANDBOOK

CHAPTER I
HOW TO BEGIN WIRELESS

I~ writing this book it is taken for granted
that you are: first, one of the many millions of
persons in the United States who are inter-
ested in wireless telegraphy and telephony;
second, that you would like to install an appa-
ratus in your home, and third, that it is all new
to you.

Ncw if you live in a city or town large enough
to support an electrical supply store, there you
will find the necessary apparatus on sale, and
somecne who can tell you what you want to
know about it and how it works. If you live
away from the marts and hives of industry you
can send to various makers of wireless ap-
paratus for their catalogues and price-lists and
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these will give you much uscful inf ormation. But
in either case it is the better plan for you to know
before you start in to buy an outfit exactly what
apparatus you nced to produce the result you
have in mind, and this you can gain in easy steps
by reading this book.

Kinds of Wireless Systems.—There are two
distinet kinds of wireless systems and these
are: the wireless telegraph system, and the
wireless telephone system. The difference be-
tween the wireless telegraph and the wireless
telephone is that the former transmits messages
by means of a telegraph key, and the latter trans-
mits conversation and music by means of a micro-
phone transmitter. In other words, the same dif-
ference exists between them in this respect as
between the Morse telegraph and the Bell tele-
phone.

Parts of a Wireless System.—Every complete
wireless station, whether telegraph or telephone,
consists of three chief separate and distinct parts
and these are: (a) the aerial wire system, or an-
tenna as it is often called, (b) the transmitter,
or sender, and (c) the receiver, or, more properly,
the receptor. The aerial wire is precisely the
same for either wireless telegraphy or wireless
telephony. The transmitter of a wireless tele-
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graph set generally uses a spark gap for setting
up the electric oscillations, while usually for wire-
less telephony a vacuwm tube is employed for
this purpose. The receptor for wireless teleg-
raphy and telephony is the same and may in-
clude either a crystal detector or a vacuum tube
detector, as will be explained presently.

The Easiest Way to Start.—First of all you
must obtain a government license to operate a
sending set, but you do not necd a license to
put up and use a receiving set, though yvou are
required by law to keep secret any messages
which you may overhear. Since no license is
neceded for a receiving set the easiest way to
brealk into the wireless game is to put up an aerial
and hook up a receiving set to it; you can then
listen-in and hear what is going on in the all-per-
vading ether around you, and vou will soon find
enough to make things highly entertaining.

Nearly all the big wireless companies have great
stations fitted with powerful telephone transmit-
ters and at given hours of the day and night
they send out songs by popular singers, dance
music by jazz orehestras, fashion talks by and for
the ladies, agricultural reports, government
weather forecasts and other interesting features.
Then by simply shifting the slide on your tuning
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coil you can often tune-in someone who is send-
ing Morse, that is, messages in the dot and dash
code, or, perhaps a friend who has a wireless tele-
phone transmitter and is talking. Of course, if
you want to talk back you must have a wireless
transmitter, either telegraphic or telephonic, and
this is a much more expensive part of the appa-
ratus than the receptor, both in its initial cost and
in its operation. A wireless telegraph transmit-
ter is less costly than a wireless telephone trans-
mitter and it is a very good scheme for you to
learn to send and receive telegraphic messages.

At the present time, however, there are fifteen
amateur receiving stations in the United States
to every sending station, so you can see that the
majority of wireless folks care more for listening
in to the broadcasting of news and music than to
sending out messages on their own account. The
easiest way to begin wireless, then, is to put up
an aerial and hook up a receiving set to it.

About Aerial Wire Systems—To the begin-
ner who wants to install a wireless station the
aerial wire system usually looms up as the biggest
obstacle of all, and especially is this true if his
house is without a flag pole, or other elevation
from which the aerial wire can be conveniently
suspended.
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If you live in the congested part of a big city
where there are no yards and, particularly, if you
live in a flat building or an apartment house, you
will have to string your aerial wire on the roof,
and to do this you should get the owner’s, or
agent’s, permission. This is usually an easy thing
to do where you only intend to receive messages,
for one or two thin wires supported at either end
of the building are all that are needed. If for
any reason you cannot put your aerial on the roof
then run a wire along the building outside of your
apartment, and, finally, if this is not feasible,
connect your receiver:to a wire strung up in your
rooni, or even to an iron or a brass bed, and you
can still get the near-by stations.

An important part of the aerial wire system is
the ground, that is, your receiving set must not
only be connected with the aerial wire, but with
a wire that leads to and makes good contact
with the moist earth of the ground. Where a
house or a building is piped for water or
steam, it is easy to make a ground connection, for
all you have to do is to fasten the wire to one
of the pipes with a clamp. Where the house is
isolated, then a lot of wires or a sheet of copper or
of zinc must be buried in the ground at a
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sufficient depth to insure their being kept
moist.

About the Receiving Apparatus—You can
either buy the parts of the receiving apparatus
separate and hook them up yourself, or you can
buy the apparatus already assembled in a set
which is, in the beginning, perhaps, the better
way.

The simplest receiving set consists of (1) a de-
tector, (2) a tuning coil, and (3) a telephone re-
cetver and these three pieces of apparatus are, of
course, connected together and are also connected
to the aerial and ground as the diagram in F'ig. 1
clearly shows. There are two chief kinds of detec-
tors used at the present time and these are: (a) the
crystal detector, and (b) the vacuum tube detec-
tor. The crystal detector is the cheapest and
simplest, but it is not as sensitive as the vacuum
tube detector and it requires frequent ad justment.
A crystal detector can be used with or without a
battery while the vacuum tube detector requires
two small batteries.

A tuning coil of the simplest kind consists of
a single layer of copper wire wound on a cylinder
with an adjustable, or sliding, contact, but for
sharp tuning you need a loose coupled tuning
coil. 'Where a single coil tuner is used a fized
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8 How to Begin Whireless

condenser should be connected around the tele-
phone receivers. Where a loose coupled tuner
is employed you should have a variable condenser
connected across the closed oscillation circuit and
a fized condenser across the telephone receivers.

When listening-in to distant stations the en-
ergy of the received wireless waves is often so
very feeble that in order to hear distinctly an
amplifier must be used. To amplify the incom-
ing sounds a vacuum tube made like a detector
is used and sometimes as many as half-a-dozen
of these tubes are connected in the receiving cir-
cuit, or in cascade, as it is called, when the sounds
are amplified, that is magnified, many hundreds
of times.

The telephone receiver of a receiving set is
equally as important as the detector. A single
receiver can be used but a pair of receivers con-
nected with a head-band gives far better results.
Then again the higher the resistance of the re-
ceivers the more sensitive they often are and those
wound to as high a resistance as 3,200 ohms are
made for use with the best sets. To make the in-
coming signals, conversation or music, audible to
a room full of people instead of to just yourself
you must use what is called a loud speaker. In
its simplest form this consists of a metal cone
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like a megaphone to which is fitted a telephone
receiver.

About Transmitting Stations—Getting Y our
License.—If you are going to install a wireless
sending apparatus, either telegraphic or tele-
phonic, you will have to secure a government li-
cense for which no fee or charge of any kind is
made. There are three classes of licenses issued
to amateurs who want to operate transmitting
stations and these are: (1) the restricted amateur
license, (2) the general amateur license, and (3)
the amateur cxtra first grade license.

If you are going to set up a transmitter withir:
five nautical miles of any naval wireless station
then you will have to get a restricted amateur
license which limits the current you use to half a
kilowatt* and the wave length you send out o
200 meters. Should you live outside of the five-
mile range of a navy station then you can get a
general amateur license and this permits you to
use a current of 1 kilowatt, but you are likewise
limited to a wave length of 200 meters. But if
you can show that you are doing some special
kind of wireless work and not using your sending
station for the mere pleasure you are getting out
of it you may be able to get an amateur catra

YA Kilowatt i3 1,000 watts. There are 746 watts in a horsepower.
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first grade license which gives you the right to
send out on wave lengths of from 150 to 220
meters providing you use what is known as a
pure continuous wave.

When you are ready to apply for your license
write to the Radio Inspector of whichever one of
the following districts you live in:

First District.............. Boston, Mass.
Second “ .............. New York City
Third “ .....0v0..... Baltimore, Md.
Fourth “ .............. Norfolk, Va.

Fifth “ ... ... ..o .... New Orleans, La.
Sixth “ ... San Francisco, Cal.
Seventh “ .............. Seattle, Wash.
Eighth “ ........ ..., Detroit, Mich.
Ninth “ .............. Chicago, Il

Kinds of Transmitters.—There are two gen-
eral types of transmitters used for sending out
wireless messages and these are: (1) wireless tele-
graph transmitters, and (2) wireless telephone
transmitters. Telegraph transmitters may use
either: (a) a jump-spark, (b) an electric arc, or
(c¢) avacuum tube apparatus for sending out dot -
and dash messages, while telephone transmitters
may use either, (a) an electric arc, or (b) a vac-
uum tube for sending out vocal and musical
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sounds. The jump spark type of telegraph
transmitter has given way to the vacuum tube
which is more efficient in operation and econoni-
cal as to upkeep. The amateur of to-day uses
the vacuum tube for the transmission of both
telegraph and telephone.

The Spark Gap Wireless T'clegraph Tranrs-
mitter—The simplest kind of a wireless tele-
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graph transmitter consists of: (1) a source of
direct or alternating current, (2) a tclegraph
key, (3) a spark-coil or a transformer, (4) a
spark gap, (5) an adjustable condenser and (6)
an auto-transyormer. Where dry cells or a
storage battery must be used to supply the eur-
rent for energizing the transmitter a spark-coil
can be employed and these may be had in various
sizes from a little fellow which gives a 14-inch
spark up to a larger one which gives a 6-inch
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spark. Where more energy is needed it is better
practice to use a transformer and this ean be
worked on an alternating current of 110 volts, or
if only a 110 volt direct current is available then
an electrolytic interrupter must be used te make
and break the current. A simple transmitting
sct with an induction coil is shown in Fig. 2.

A wireless key is made like an ordinary tele-
graph key except that where large currents are
to be used it is somewhat heavier and is provided
with large silver contact points. Spark gaps for
amateur work are usually of: (1) the plain or
stationary type, (2) the rotating type, and (3)
the quenched gap type. The plain spark-gap is
more suitable for small spark-coil sets, and it is
not so apt to break down the transformer and
condenser of the larger sets as the rotary gap.
The rotary gap on the other hand tends to pre-
vent arcing and so the break is quicker and there
is less dragging of the spark. The quenched gap
is more eflicient than either the plain or rotary
gap and moreover it is noiseless.

Condensers for spark telegraph transmitters
can be ordinary Levden jars or glass plates
coated with tin or copper foil and set into a frame,
or they can be built up of mica and sheet metal
embedded in an insulating composition. The
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glass plate condensers are the cheapest and will
serve your purpose well, especially if they are im-
mersed in oil. Tuning coils, sometimes called
transmitting inductances and oscillation trans-
formers, are of various types. The simplest kind
is an auto-transformer which consists of 25
or 30 turns of copper wire wound on an insulat-
ing tube or frame. An oscillation transformer is
a loose coupled tuning coil and it consists of a
primary coil formed of a number of turns of cop-
per wire wound on a fixed insulating support,
and a secondary coil of about twice the number
of turns of copper wire which is likewise fixed
in an insulating support, but the coils are rela-
tivelv movable.

It is far better practice to use an oscillation
transformer instead of an auto-transformer. 'The
Government regulations regarding “the usc of
a sharp wave” render it difficult to keep within
the legal decrement of waves when using an auto-
transformer.” An oscillation transformer enables
you to adjust your sct so that it will send out
a very sharp wave. This will not only prevent
its interfering with other amateur stations, but
also—what is of greater importance—with the
big broadcasting stations.

1 See Radio Laws, 1912, Section IV, Regulation 4.
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The Vacuum Tube Telegraph Transmitter.—
TLis consists of: (1) a source of direct or alter-
nating current, (2) a telegraph key, (3) a vac-
uum tube oscillator, (4) a tuning coil, and (5)
a condenser. 'This kind of a transmitter scts up
sustained oscillations instead of periodic oscilla-
tions which are produced by a spark gap set. The
advantages of this kind of a system will be found
explained in Chapter XV .
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The TWircless Telephone Transmitter.—Be-
cause a jump-spark sets up periodic oscillations,
that is, the oscillations arc discontinuous, it can-
not be used for wireless telephony. An electric
arc or a vacuum tube sets up sustained oscilla-
tions, that is, oscillations which are continuous.
As it is far easier to keep the oscillations going
with a vacuum tube than it is with an arc the
former means has all but supplanted the latter
for wireless telephone transmitters. The appa-
ratus required and the connections used for wire-
less telephone sets will be described in later
chapters.



CHAPTER II
PUTTING UP YOUR AERIAL

As inferred in the first chapter, an aerial for
receiving does not have to be nearly as well made
or put up as one for sending. But this does not
mean that you can slipshod the construction and
installation of it, for however simple it is, the job
must be done right and in this case it is as easy
to do it right as wrong.

To send wireless telegraph and telephone mes-
sages to the greatest distances and to receive
them as distinctly as possible from the greatest
distances you must use for your aerial (1) copper
or aluminum wire, (2) two or more wires, (3)
have them the proper length, (4) have them as
high in the air as you can, (5) have them well
apart from each other, and (6) have them well
insulated from their supports. If you live in a
flat building or an apartment house you can
string your aerial wires from one edge of the
roof to the other and support them by wooden
stays as high above it as may be convenient.

17
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Should you live in a detached house in the city
you can usually get your next-door neighbor to
let you fasten one end of the aerial to his house
and this will give you a good stretch and a fairly
high aerial. In the country you can stretch your
wires between the house and barn or the wind-
mill. From this you will see that no matter
where you live you can nearly always find ways
and means of putting up an aerial that will serve
your needs without going to the expense of erect-
ing a mast.

Kinds of Aerial Wire Systems.—An amateur
wireless aerial can be anywhere from 25 feet to
100 feet long and if you can get a stretch of the
latter length and a height of from 30 to 75 feet
you will have one with which you can receive a
thousand miles or more and send out as much
energy as the government will allow you to send.

The kind of an aerial that gives the best results
is one whose wire, or wires, are horizontal, that is,
parallel with the earth under it as shown at 4 in
Fig. 6. If only one end can be fixed to some ele-
vated support then you can secure the other end
to a post in the ground, but the slope of the aerial
should not be more than 80 or 35 degrees from the
horizontal at most as shown at B.

The leading-in wire; that is, the wire that leads
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from and joins the aerial wire with your sending
and receiving set, can be connected to the aerial
anywhere it is most convenient to do so, but the

$ 4

- b
Agrial
-~ support support—
-support o rial
surface of earth surface of earth SUpport]
(4} Fi. 6.—Flat top, or Hori- (B) Fic. 6.—Inclined
zontal Aerial. Aerial.

best results are had when it is connected to one
end as shown at 4 in Fig. 7, in which case it is
called an inverted L aerial, or when it is con-
nected to it at the middle as shown at B, when

R =

leading-in leading-in
Rlge 4 wireq
(A) Fig, 7".—Inverted L Aerial. (B) Fic. 7.—T Aerial.

it is called a T aertal. The leading-in wire must
be carefully insulated from the outside of the
building and also where it passes through it to
the inside. This is done by means of an insulat-
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ing tube known as a leading-in insulator, or bulk-
head insulator as it is sometimes called.

As a protection against lightning burning out
your instruments you can use cither: (1) an air-
gap lightning arrester, (2) a vacuwm tube pro-
tector, or (3) a lightning switch, which is better.
Whichever of these devices is used it is con-
nected in between the aerial and a ground wire
so that a direct circuit to the earth will be pro-
vided at all times except when you are sending or
receiving. So your aerial instead of being a men-
ace really acts during an electrical storm like a
lightning rod and it is therefore a real protection.
"The air-gap and vacuum tube lightning arresters
are little devices that can be used only where
you are going to receive, while the lightning
switch must be used where you are going to send;
indeed, in some localities the I'ire Underwriters
require a lightning switch to be used for receiv-
ing sets as well as sending sets.

How to Put Up a Cheap Receiving Aerial.—
The kind of an aerial wire system you put up will
depend, chiefly, on two things, and these are: (1)
your pocketbook, and (2) the place where you
live.

A Single Wire Aerial—This is the simplest
and cheapest kind of a receiving aerial that can
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be put up. The first thing to do is to find out the
length of wire you need by measuring the span
between the two points of support; then add a
sufficient length for the leading-in wire and
enough more to connect your receiving set with
the radiator or water pipe.

You can use any size of copper or aluminum
wire that is not smaller than No. 16 Brown and
Sharpe gauge. When you buy the wire get also
the following material: (1) two porcelain in-
sulators as shown at A in Fig. 8; (2) three or
four porcelain knob insulators, see B; (8) either
(a) an air gap lightning arrester, sce C, or (b)
a lightning switch see D; (4) a leading-in por-
celain tube insulator, see E, and (5) a ground
clamp, see F.

To make the aerial, slip cach end of the wire
through a hole in each insulator and twist it fast;
next cut off and slip two more pieces of wire
through the other holes in the insulators and twist
them fast and then secure these to the supports
at the ends of the building. Take the piece you
are going to use for the leading-in wire, twist it
around the aerial wire and solder it there when
it will look like A in Fig. 9. Now if you intend
to use the air gap lightning arrester fasten it to
the wall of the building outside of your window,
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and bring the leading-in wire from the aerial to
the top binding post of your arrester and keep
it clear of everything as shown at B. If your
aerial is on the roof and you have to bring the
leading-in wire over the cornice or around a cor-
ner fix a porcelain knob insulator to the one or
the other and fasten the wire to it.

Next bore a hole through the frame of the win-

support porcelain  bare copper or .
insulator  aluminum wire wire

ey o

) —

o porcelain
—.‘_/lg.aqu In insulator
wire support

= (A) Fic. 9.—Single Wire Aerial for Receiving.

dow at a point nearest your receiving set and
push a porcelain tube 54 inch in diameter and
5 or 6 inches long, through it. Connect a length
of wire to the top post of the arrester or just
above it to the wire, run this through the leading-
in insulator and connect it to the slider of your
tuning coil. Screw the end of a piece of heavy
copper wire to the lower post of the arrester and
run it to the ground, on porcelain knobs if neces-
sary, and solder it to an iron rod or pipe which
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you have driven into the earth. IFinally connect
the fixed terminal of your tuning coil with the

S aerial
Rl e
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(B) Fic. 9.~Receiving Aerial with Air Gap Lightning Arrester.

water pipe or radiator inside of the house by
means of the ground clamnp as shown in the dia-
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grammatic sketch at I in I'ig. 9 and vou are
ready to tunc in.

If you want to use a lizhtning switch instead
of the air-gap arrester then fasten it to the out-
side wall instead of the latter and serew the free
end of the leading-in wire from the aecrial to the
middle post of it as shown at C in Iig. 9. Run a

leading-1n
insulator

= receivinc’
. . set
lightning
switch
toiron rodﬂ \amp .
inqround L water pipe

(C) Fru. 9.—Aerial with Lightning Switch.

wire from the top post through the leading-in
insulator and connect it with the slider of your
tuning coil. Next screw one end of a length of
heavy copper wire to the lower post of the aerial
switch and run it to an iron pipe in the ground
as described above in connection with the spark-
gap lightning arrester; then connect the fixed
terminal of your tuning coil with the radiator or
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water pipe and your aerial wire system will be
complete as shown at C in Fig. 9.

A Two-wire Aerial—An aerial with two wires
will give better results than a single wire and
three wires are better than two, but you must
keep them well apart. To put up a two-wire
acrial get (1) cnough No. 16, or preferably No.
14, solid or stranded copper or aluiminum wire,
(2) four porcelain insulators, see B in Fig. 8,
and (3) two sticks about 1 inch thick, 8 inches
wide and 3 or 4 feet long, for the spreaders, and
bore one 14-inch hole through both ends of cach
one. Now twist the ends of the wires to the in-
sulators and then cut off four pieces of wire about
6 feet long and run them through the holes in the
wood spreaders. Finally twist the ends of cach
pair of short wires to the free ends of the in-
sulators and then twist the free ends of the wires
together.

TFor the leading-in wire that goes to the light-
ning switch take two lengths of wire and twist
one end of each one around the aerial wires and
solder them there. Twist the short wire around
the long wire and solder this joint also when the
aerial will look like Fig. 10. Bring the free end
of the leading-in wire down to the middle post
of the lightning switch and fasten it there and
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connect up the receiver to it and the ground as
described under the caption of 4 Single Wire
Aerial.

Connecting in the Ground.—If there is a
water system or a steam-heating plant in your
house you can make your ground connection by
clamping a ground clanip to the nearest pipe as
has been previously deseribed. Connect a length

PENQ';_E gorcelain
N jinsulator —
solder
solder / -
spreader Zsoldgr .
leading-in
wire

Fig. 10.—Two Wire Aerial.

of bare or insulated copper wire with it and bring
this up to the table on which you have your receiv-
ing set. If there are no grounded pipes availakle
then you will have to make a good ground which
we shall describe presently and lead the ground
wire from your receiving set out of the window
and down to it.

How to Put Up a Good Aerial—While you
can use the cheap aerial already described
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for a small spark-coil sending set you should
have a better insulated one for a Y% or a 1 kilo-
watt transformer set.

An Incxpensive Good Aerial.—A far better
acrial, because it is more highly insulated, can be
made by using midget insulators instead of the
. porcelain insulators deseribed under the caption
of .1 Single Wire .Aerial and using a small elec-
trose leading-in insulator instcad of the porcelain
bushing. This makes a good sending acrial for
small sets as well as a good receiving aerial.

It is very important to have a well insulated
aerial for a vacuum tube C.W. set irrespective of
the power used.

The Best Acrial that Can be Made—"To make
this aerial get the following material together:
(1) enough stranded or braided wire for threc or
four lengths of parallel wires, according to the
number you want touse (2) sixoreight clectrose
ball insulators, see B, Fig. 11; (3) two 5-inch or
10-inch clectrose strain insulators, see C'; (4) six
or eight S-hooks, see 1); one large withe with
onc cye for middle of end spreader, see E; (6)
two smaller withes with one eye each for the end
spreader, see I£; (7) two still smaller withes, with
two cyes cach for the ends of the end spreaders,
see I/; (2) two thimbles, sce F, for L4-inch wire




Putting up Your Aerial 29

cable; (9) six or eight hard rubber tubes or bush-
ings as shown at G; and (10) two end spreaders,
sce H; one middle spreader, see I; and one
leading-in spreader, see J.

For this aerial any one of a number of kinds
of wire can be used and among these are (a)

bhelleinsﬁzior

A- midget insulator
CNNNo

C-5inch strain : lgg‘ghas%r?m
insulator d:) “ ‘a@“
D- % E-withes
=D
G-hard rubber
F-thimble tube

(A) Fic.11.—Parts of a Good Aerial.

stranded copper wire; (b) braided copper wire;
(c) stranded silicon bronze wire, and (d)
stranded phosphor bronze wire. Stranded and
breided copper wire is very flexible as it is formed
of seven strands of fine wire twisted or braided
together and it is very good for short and light



30 Putting up Your Aerial

aerials. Silicon bronze wire is stronger than cop-
per wire and should be used where aerials are
more than 100 feet long, while phosphor bronze
wire is the strongest aerial wire made and is used
for high grade aerials by the commercial com-
panies and the Government for their high-power
stations.

The spreaders should be made of spruce, and
should be 4 feet 10 inches long for a three-wire

/end spreader

7'

T
i " A, "
27" 27
mndc“e

J d\leadm gin SPRCEEEs

— 26"——4 sprea er
(B) Fic.11.—The Spreaders.

aerial and 7 feet 1 inch long for a four-wire
aerial as the distance between the wires should be
about 27 inches. The end spreaders can be
turned cylindrically but it makes a better looking
Job if they taper from the middle to the ends.
They should be 214 inches in diameter at the
middle and 134 inches at the ends. The middle
spreader can be cylindrical and 2 inches in diam-
eter. It must have holes bored through it at equi-
distant points for the hard rubber tubes; each of



Putting up your Aerial 31

these should be 34 inch in diameter and have a
hole °/s2 inch in diameter through it for
the aerial wire. The leading-in spreader is also
made of spruce and is 114 inches square and 26
inches long. Bore three or four 34-inch holes at
equidistant points through this spreader and in-
sert hard rubber tubes in them as with the middle
spreader.

Assembling the Aerial—Begin by measuring
off the length of each wire to be used and see to
it that all of them are of exactly the same length.
Now push the hard rubber insulators through the
holes in the middle spreader and thread the wires
through the holes in the insulators as shown at 4
in Fig. 12.

Next twist the ends of each wire to the rings
of the ball insulators and then put the large
withes on the middle of each of the end spreaders;
fix the other withes on the spreaders so that they
will be 27 inches apart and fasten the ball insula-
tors to the eyes in the withes with the S-hooks.
Now slip a thimble through the eye of one of the
long strain insulators, thread a length of stranded
steel wire 14 inch in diameter through it and
fasten the ends of it to the eves in the withes on
the ends of the spreaders.

Finally fasten a 40-inch length of steel
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stranded wire to cach of the eves of the withes
on the middle of cach of the spreaders, loop the
other end over the thimble and then wrap the end
around the wires that are fixed to the ends of the
spreaders.  One end of the acrial is shown com-
plete at I in IMig. 12, and from this you can sce

s hook it
3 withe
§ ballinsulator| |
wires
h .
] s o?‘,‘i’\rﬂL strain
i /r insuiator W
middle 1 stranded
spreader phosphor withes%L
bronze wire 1
—fp— = },
. / s hook support
rubbe\; th
tubes wWItne -
PN o
s hook’
(4) Fic. 12.—Middle (B) Fic.12.—One End of Aerial
Spreader. Complete.

exactly how it is assembled. Now cut off three
or four pieces of wire 15 or 20 feet long and twist
and solder cach one to onec of the aerial wires;
then slip them through the hard rubber tubes in
the leading-in spreader, bring their free ends
together as at C' and twist and solder them to a
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length of wire long enough to reach to your light-
ning switch or instruments.

Making a Good Ground.—Where vou have to
meke a ground you can do so cither by (1) bury-
ing sheets of zine or copper in the moist eartk;
(2} burying a number of wires in the moist earth,

aeﬁwwes scllder
J solder /
/| solder [T
/Solgler\ / j

P 11
u'....

\
leading-in -
wirel " —.| “solder wires

hard rub-
ber tube

(C) FiG. 12.—Leading in Sgreader.

or (8) using a counterpoisc. 'To make a ground
of thz first kind take half a dozen large sheets
of copper or zine, cut them into strips a foot wide,
solder them all together with other strips and
bury them deeply in the ground.

It is easier to make a wire ground, say of as
many or more wires as you have in your aerial



34 Putting Up Your Aerial

and connect them together with cross wires. To
put such a ground in the earth you will have to
use a plow to make the furrows deep enough to
insure them always being moist. In the counter-
poise ground you make up a system of wires
exactly like your aerial, that is, you insulate
them just as carefully; then you support them
so that they will be approximately twelve feet
above the ground. This and the other two grounds
just described should be placed directly under
the aerial wire if the best results are to be had.
In using a counterpoise you must bring the wire
from it up to and through another leading-in in-
sulator to your instruments.

You can, if you wish, spread out a number of
wires under your aerial and let them run in all
directions beyond it, which makes it more effi-
cient.



CHAPTER III

SIMPLE TELEGRAFPH AND TELE-
PHONE RECEIVING SETS

WitH a crystal detector recciving set you can
receive either telegraphic dots and dashes or tele-
phonic speech and music.  You can buy a receiv-
ing set already assembled or you can buy the dif-
ferent parts and assemble them yourself. Ap as-
sembled set is less bother in the beginning but if
you like to experiment you can kook up, that is,
connect the separate parts together yourself and
it is perhaps a little cheaper to do it this way.
Then again, by so doing you get a lot of valuable
experience in wireless work and an understand-
ing of the workings of wireless that you cannot
get in any other way.

Assembled Wireless Receiving Sets—The
cheepest assembled receiving sct advertised is
one in which the detector and tuning coil is
mounted in a box. It costs $15.00, and can

be bought of dealers in electric supplies generally.
35
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This price also includes a erystal detector, an ad-
justable tuning coil, a single telephone receiver
with head-band and the wire, poreelain insulators,
lightning switch and ground clamp for the acrial
wire system. It will reccive wireless telegraph
and telephone messages over a range of from 10
to 25 miles from either broadcasting or commer-
cial stations.

Another cheap unit receptor, that is, a com-
plete wireless receiving sct alrcady mounted
which can be used with a single aerial is sold
for $25.00. This set includes a crystal detector,
a variable tuning coil, a fixed condenser and a
pair of head telephone receivers. It can also be
used to receive either telegraph or telephone mes-
sugs from distances up to 235 miles. 'The aerial
cquipment is not included in this price, but it can
be obtained at a slight additional cost.

Assembling Your Own Receiving Set—In
this chapter we shall go only into the apparatus
used for two simple receiving sets, both of which
have a crystal detector. The first sct includes a
double-slide tuning coil and the second set em-
ploys a loose-coupled tuning cotl, or loose coup-
ler, as it is called for short. I‘or either set you
can use a pair of 2,000- or 3,000-ohm head phones.
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The Crysial Detector.—A crystal detector
consists of: (1) the frame, (2) the crystal, and
(8) the wire point. There are any nuniber of
different designs for frames, the idea being to
provide a device that will (a) hold the sensitive
crystal firmly in place, and yet permit of its
removal, (b) to permit the wire point, aor elec-

holder
"~ phosphor

bronze wire
point

coiled spring
threaded rod

qlass
' ,cyhnder

~hindinq post

(4) Fig. 13.—Cross Section of (B) ¥16. 13.—The Crystal De-
Crystal Detector. tector Complete.

trode, to be moved in any direction so that the
free point of it can make contact with the most
sensitive spot on the crystal and (c¢) to vary the
pressure of the wire on the crystal.

A simple detector frame is shown in the cross-
section at 4 in Fig. 13; the crystal, which may be
galena, silicon or iron pyrites, is held securely in
a holder while the phosphor-bronze wire point
which makes contact with it, is fixed to one end
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of a threaded rod on the other end of which is a
knob. 'This rod screws into and through a sleeve
fixed to a ball that sets between two brass stand-
ards and this permits an up and down or a side
to side adjustment of the metal point while the
pressure of it on the crystal is regulated by the
SCrew.

A crystal of this kind is often enclosed in a
glass cylinder and this makes it retain its sensi-
tiveness for a much longer time than if it were
exposed to dust and moisture. A horizontal type
of this detector is shown at I3 of Fig. 13. (alena
is the crystal that is generally used, for, while it
is not quite as sensitive as silicon and iron pyrites,
it is casier to obtain a sensitive piece.

The Tuning Coil—It is with the tuning coil
that you tune in and tune out different stations
and this you do by sliding the contacts to and
fro over the turns of wire; in this way you vary
the inductance which is a constant of the re-
ceiving circuits and so make them receive elec-
tric waves, that is, wireless waves, of different
lengths.

The Double Slide Tuning Coil—With this
tuning coil you can receive waves from any sta-
tion up to 1,000 meters in length. One of the
ends of the coil of wire connects with the binding
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post marked a in Fig. 14 and the other end con-
nects with the other binding post marked b, while
onc of the sliding contacts is connected to the
binding post ¢, and the other sliding contact is
connected with the binding post d.

When connecting in the tuning coil, only the
post a or the post b is used as may be most con-

a.
bindinq /
posts J4

\od

sliding contact

(A; Fic. 14.—Schematic Diagram (B) Fic.14.—Double Slide Tun-
of Double Slide Tuning Coil. ing Coil Complete.

venient, but the other end of the wire which is
connected to a post is left free; just bear this
point in mind when you come to connect the
tuning coil up with the other parts of your re-
ceiving set. 'The tuning co:l is shown complete
at B. A triple slide tuning coil constructed like
the double slide tuner just described, only with
mcre turns of wire on it, makes it possible to
receive wave lengths up to 1,500 meters.

The Loose Coupled Tuning Coil—With a
loose coupler, as this kind of & tuning coil is called
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for short, very selective tuning is possible, which
means that you can tune in a station very sharply,
and it will receive any wave lengths according to
size of coils. The primary coil is wound on a
fixed cylinder and its inductance is varied by
means of a sliding contact like the double slide
tuning coil described above. The secondary coil

primary secondary
winding i

N ~0 secondary
primary binding post
binding posts
(A) Fi6. 15.—Schematic Diagram (B) Fic. 15.—Loose Coupler
of Loose Coupler. Complete.

is wound on a cvlinder that slides in and out of
the primary coil. The inductance of this coil is
varied by means of a switch that makes contact
with the fixed points, each of which is connected
with every twentieth turn of wire as shown in the
diagram A in Fig. 15. 'The loose coupler is
shown complete at I3.

Fixved and Variable Condensers.—Y ou do not
requirc a condenser for a simple recciving



Telephone Receiving Sets 11

set, but if you will connect a fived condcenser
across your head phones vou will get better re-
sults, while a variable condenser connected in the
closed circuit of « direct coupled receiving set,
that is, one where a double slide tuning coil is
used, makes it casy to tune very much nwore
sharply; a variable condenser is absolutely neces-
sary where the circuits are inductively coupled,
that is, where a loose coupled tuner is used.

(1) Fig. 16.—How a Fixed Re- (B) Fic. 16.~The Fixed Con-
ceiving Condenser is Built up. denser Complete

A fixed condenser consists of a number of
sheets of paper or mica with leaves of tin-foil in
between them and so built up that one end of
every other leaf of tin-foil projects from the op-
posite end of the paper as shown at .1 in Fig. 1.
The paper and tin-foil are then pressed together
and impregnated with an insulating compound.
A fixed condenser of the exact eapacitance re-
quired for connceting across the head phones is
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mounted in a base fitted with binding posts, as
shown at B.

A variable condenser, see C, of the rotating
type is formed of a set of fixed semi-circular
metal plates which are slightly separated from
each other and between these a similar set of
movable semi-circular metal plates is made to
interleave; the latter are secured to a shaft on the

3 \-_
C-fixed and movable D-variable rotar
plates of a rotary condenser )

condenser
(€) and (D) Fig. 16.—The Variable Rotary Condenser.

top end of which is a knob and by turning it
the capacitance of the condenser, and, hence, of
the eireuit in which it is connected, is varied.
This condenser, which is shown at D, is made in
two sizes, the smaller one being large enough for
all ordinary wave lengths while the larger one
is for proportionately longer wave lengths.*
About Telephone Receivers—"There are a
number of makes of head telephone receivers on
* See Radio Frequency Amplification in Appendix, page 393.
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the market that are designed especially for wire-
less work. These phones are wound to resist-
ances of from 75 ohms to 8,000 ohms. You can
get a receiver wound to any resistance in between
the ahove values but for either of the simple re-
ceiving scts such as deseribed in this chapter you

Fia. 17.—Pair of Wireless Head Phones.

ought to have a pair wound to at least 2.000
ohms. A pair of head phones of this type is
shown in Fig. 17.

Connecting Up the Parts for the Receioing
Set—Tor this set get (1) a crystal detector,
(2) a two-slide tuning coil, (3) a fixed con-
denser, and (4) a pair of 2,000 ohm head phones.
Mount the detector on the right-hand side of a
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board and the tuning coil on the left-hand side.
Screw in two binding posts for the cord ends of
the telephone receivers at @ and b as shown at .1
in Fig. 18. 'This done connect one of the end
binding posts of the tuning coil with the ground

) tuning  pindin
= °§, ;hder coil p|ost 9
< crysta’
0 —Tdetector
g _E& slider ©— .
2l a fixed condenser
HE Ksolderhere
2|
3 § bindinq post
ol o
£

head phones

(-1) Fic. 18.—Top View of Apparatus Layout for Receiving Set.

wire and a post of one of the contact slides with
the lightning arrester or switch which leads to the
aerial wire.

Now connect the post of the other contact
slide to one of the posts of the detector and the
other post of the latter with the binding post a,
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then conneet the binding post b to the ground
wire and solder the joint. Next connect the ends
of the telephone receiver cord to the posts ¢ and b
and connect a fixed condenser also with these
posts, all of which are shown in the wiring dia-

aerial
lightnin

L] tch

1 | double slide
-
Sle !
Qe rysta
ol ‘/zle?'tector
2
WV le
+ (£
§~3 head phenes

il

(B) Fig. 18.—Wiring Diagram for Receiving Set.

gram at B, and vou are ready to adjust the sct
for receiving.

A Lcose Coupler Recciving Set—Use the
same kind of a detector and a pair of head phoncs
as before, but get (1) a loose coupled tuning
coii, and (2) a variable rotary condenser. Mount
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the loose coupler at the back of a board on the
left-hand side and the variable condenser on the
right-hand side. Then mount the detector in
front of the variable condenser and screw two

loose coupled
tuning coil 4
secondar
2 slider - tunmq coi
S T~ ,
S| & [ variable
| ¢ ) |condenser
o B
T | T step by st
‘w2 switc
5| 8| eprimaryof Crystal
) = tuning coil | gletector
1S
N fIXed
¥ condenser

headfphones

(4) Fia. 19.—Top View of Apparatus Layout for Loose Coupler
Receiving Set.
binding posts, a and b, in front of the tuning coil
as shown at 4 in Fig. 19.
Now connect the post of the sliding contact
of the loose coupler with the wire that runs to
the lightning switch and thence to the aerial; con-
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nect the post of the primary coil, which is the
outside coil, with the ground wire; then connect
the binding post leading to the switch of the sec-
ondary coil, which is the inside coil, with one of
the posts of the variable condenser, and finally,
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(B) F1c. 19.—Wiring Diagram for Loose Coupler Receiving Set.

connect the post that is joined to one end of the
secondary coil with the other post of the variable
coridenser.

This done, connect one of the posts of the con-
derser with onc of the posts of the detcctor, the
other post of the detector with the binding post
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a, and the post D to the other post of the variable
condenser. Next connect a fixed condenser to
the binding posts @ and b and then connect the
telephone receivers to these same posts, all of
which is shown in the wiring diagram at 3. You
are now ready to adjust the instruments. In
making the connections use No. 16 or 18 insulated
copper wire and serape the ends elean where they
go into the binding posts. See, also, that all of the
conncctions are tight and where you have to cross
the wires keep them apart by an inch or so and
always cross them at right angles.

Adjusting the First Set—The Detector.—
The first thing to do is to test the detector in
order to find out if the point of the contact wire
is on a sensitive spot of the crystal. To do this
vou need a buzzer, a switch and a dry cell. An
clectric bell from which the gong has been re-
moved will do for the buzzer, but you can get
one that is made specially for the purpose, which
gives out a clear, high-pitched note that sounds
like a high-power station.

Connect one of the binding posts of the buzzer
with one post of the switch, the other post of the
latter with the zine post of the dry cell and the
carbon post of this to the other post of the buzzer.
Then conncet the post of the buzzer that is joined
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to the vibrator, to the ground wire as shown in
the wiring diagram, Fig. 20. Now closc the
switch of the buzzer circuit, put on your head
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Fia. 20.—Adjusting the Receiving Set.

phones, and move the wire point ¢f the detector
to various spots on the crystal until you hear the
sparks made by the buzzer in your phones.

Then vary the pressurc of the point on the
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crystal until you hear the sparks as loud as pos-
sible. After you have made the adjustment, open
the switch and disconnect the buzzer wire from
the ground wire of your set. This done, be very
careful not to jar the detector or you will throw
it out of ad justment and then you will have to do
it all over again. You are now ready to tune
the set with the tuning coil and listen in.

The Tuning Coil—To tune this set move the
slide A of the double-slide tuner, see B in Fig. 15,
over to the end of the coil that is connected with
the ground wire and the slide B near the opposite
end of the coil, that is, the one that has the free
end. Now move the slide 4 toward the B slide
and when you hear the dots and dashes, or speech
or music, that is coming in as loud as you can
move the B slide toward the A slide until you hear
still more plainly. A very few trials on your part
and vou will be able to tune in or tune out any
station you can hear, if not too close or power-
ful.

Adjusting the Loose Coupler Set—VFirst ad-
just the crystal detector with the buzzer set as
described above with the other set, then turn the
knob of your variable condenser so that the mov-
able plates arc just half-way in, pull the second-
ary coil of your loose-coupled tuner half-way
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out; turn the switch lever on it until it makes a
contact with the middle contact point and set the
slider of the primary coil half-way between the
ends.

Now listen in for telegraphic signals or tele-
phonic speech or music; when you hear onc or
the other, slide the secondary coil in and out of
the primary coil until the sounds are loudest;
now move the contact switch over the points
forth and back until the sounds are still louder,
then move the slider to and fro until the sounds
are yet louder and, finally, turn the knob of the
condenser until the sounds are clear and crisp.
When you have done all of these things you have,
in the parlance of the wireless operator, tuned in
and you are ready to receive whatever is being
sent.



CHAPTER IV
ELECTRICITY SIMPLY EXPLAINED

IT is easy to understand how electricity be-
haves and what it does if you gct the right idea
of it at the start. In the first place, if you will
think of electricity as being a fluid like water its
fundamental actions will be greatly simplified.
Both water and electricity may be at rest or in
motion. When at rest, under certain conditions,
either one will develop pressure, and this pressure
when released will cause them to flow through
their respective conductors and thus produce a
current.

Electricity at Rest and in Motion.—Any wire
or a conductor of any kind can be charged with
clectricity, but a Leyden jar, or other condenser,
is generally used to hold an electric charge be-
cause it has a much larger capacitance, as its
capacity is called, than a wire. As a simple ana-
logue of a condenser, suppose you have a tank
of water raised above a second tank and that
these are connected together by means of a pipe
with a valve in it, as shown at 4 in Fig. 21.

52
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Now if you fill the upper tank with water and
the valve is turned off, no water can flow into the
lower tank but there is a difference of pressure
between them, and the moment you turn the valve
on a current of water will flow through the pipe.
In very much the same way when you have a
condenser charged with clectricity the latter will
be under pressure, that is, a difference of poten-
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Fi16. 21.—Water Analogue for Electric Pressure.

tial will be set up, for one of the sheets of metal
will be charged positively and the other one,
which is insulated from it, will be charged nega-
tively, as shown at B. On closing the switch the
opposite charges rush together and form a cur-
rent which flows to and fro between the metal
plates.?

! Strictly speaking it is the difference of potential that sets up the
electromotive force.
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The Electric Current and Its Circuit.—Just
as water flowing through a pipe has quantity and
pressure back of it and the pipe offers friction to
it which tends to hold back the water, so, like-
wise, does electricity flowing in a circuit have:
(1) quantity, or current strength, or just current,
as it is called for short, or amperage, and (2)
pressure, or potential difference, or electromo-
tive force, or voltage, as it is variously called, and
the wire, or circuit, in which the current is flowing
has (3) resistance which tends to hold back the
current.

A decfinite relation exists between the current
and its electromotive force and also between the
current, clectromotive forece and the resistance of
the circuit; and if you will get this relationship
clearly in your mind yvou will have a very good in-
sight into how direct and alternating currents act.
To keep a quantity of water flowing in a loop of
pipe, which we will call the circuit, pressure must
be applied to it and this may be done by a rotary
pump as shown at A in Fig. 22; in the same way,
to keep a quantity of electricity flowing in a loop
of wire, or circuit, a battery, or other means for
generating electric pressure must be used, as
shown at B.

If you have a closed pipe connected with a
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piston pump, as at C, as the piston moves to and
fro the water in the pipe will move first one way
and then the other. So also when an alternating
current generator is connected to a wire circuit,
as at D, the current will flow first in one direction
and then in the other, and this is what is called
an alternating current.

Current and the Ampere—The amount of
water flowing in a closed pipe is the same at all
parts of it and this is also true of an electric cur-
rent, in that there is exactly the same quantity of
electricity at one point of the circuit as there is
at any other.

The amount of electricity, or current, flowing
in a circuit in a second is measured by a unit
called the ampere,' and it is expressed by the
symbol I.? Just to give you an idea of
the quantity of current in an ampere, we will
say that a dry cell when fresh gives a current of
about 20 amperes. To measure the current in
ampercs an instrument called an ammeter is
uscd, as shown at A4 in Fig. 23, and this is always
connected in series with the line, as shown at B.

Electromotive Force and the Volt.—When
you have a pipe filled with water or a circuit

1For definition of ampere see Appendiz.
2 This is because the letter C is used for the symbol of capacitance.
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charged with electricity and you want to make
them flow you must use a pump in the first case
and a battery or a dynamo in the second case. It
is the battery or dynamo that sets up the electric

(A)
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A-the ammeter B-ammeter connected
i circuit

voltmeter
in
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C- the voltmeter D-voltmeter connected
across the circuit

Fic. 23.—How the Ammeter and Voltmeter are Used.

pressure as the circuit itself is always charged
with electricity.

The more cells you connect together in series
the greater will be the electric pressure developed
and the more current it will move along just as
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the amount of water flowing in a pipe can be in-
creased by increasing the pressure of the pump.
The unit of electromotive force is the voltf, and
this is the electric pressure which will force a cur-
rent of 1 ampere through a resistance of 1 ohm;
it is expressed by the symbol E. A fresh dry
cell will give a reading of about 1.5 volts. To
measure the pressure of a current in volts an
instrument called a voltmeter is used, as shown
at (' in Fig. 23, and this is always connected
across the circuit, as shown at D.

Resistance and the Ohm.—Just as a water
pipe offers a certain amount of resistance to the
flow of water through it, so a circuit opposes the
flow of electricity in it and this is called resist-
ance. Further, in the same way that a small pipe
will not allow a large amount of water to flow
through it, so, too, a thin wire limits the flow of
the current in it.

If you connect a resistance coil in a circuit it
acts in the same way as partly closing the valve
in a pipe, as shown at 4 and B in Fig. 24. The
resistance of a circuit is measured by a unit called
the okm, and it is expressed by the symbol E.
A No. 10, Brown and Sharpe gauge soft copper
wire, 1,000 feet long, has a resistance of about
1 ohm. To measure the resistance of a circuit an
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apparatus called a resistance bridge is used. The
resistance of a circuit can, however, be easily cal-
culated, as the following shows.

What Olm’s Law Is~—If, now, (1) you
know what the current flowing in a circuit is in
amperes, and the electromotive foree, or pressure,

,.,
|||
battery

resistance

A-avalve limits B-aresistance limits
the flowofwater the flow of current

Fic. 24.—Water Valve Analogue of Electric Resistance.

is in volts, you can then eesily find what the re-
sistance is In okms of the circuit in which the cur-
rent is flowing by this formula:

Volts

Amperes

E
=Q0hms, cr 7 =R

That is, if you divide the electromotive force in
volts by the current in amperes the quotient will
give you the resistance in ohins.
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Or (2) if you know what the electromotive
force of the current is in volts and the resistance
of the circuit is in ohms then you can find what
the current flowing in the circuit is in amperes,
thus:

Volts
Ohms

E
=Amperes, or —= [
p' o R

That is, by dividing the clectromotive foree in
volts by the resistance of the current in ohins you
will get the amperes {lowing in the circuit.

Finally (8) if you know what the resistance of
the circuit is in ohms and the current is in am-
peres then you can find what the electromotive
force is in volts since:

Ohms )X Amperes=Volts, or RXI=E,

That is, if you multiply the resistance of the
circuit in ohms by the current in amperes the
result will give you the electromotive force in
volts.

From this you will see that if you know the
value of any two of the constants you can find
the value of the unknown constant by a simple
arithmetical process. This relation between these
three constants is known as Ohm’s Law and as
they are very important you should meniorize
them.
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What the Watt and Kilowatt Are.—Just as
horsepower or FL.P., is the unit of work that
steam has done or can do, so the watt is the unit
of work that an electric current has done or can
do. To find the watts a current develops you
need only to multiply the amperes by the volts.
There are 746 watts to 1 horsepower, and 1,000
watls are equal to 1 kilowalt.

Electromagnetic Induction.—To show that a
current of electricity sets up a magnetic field
around it you have only to hold a compass over
a wire whose ends are connected with a battery
when the needle will swing at right angles to the
length of the wire. By winding an insulated wire
into a coil and connecting the ends of the latter
with a battery you will find, if you test it with a
compass, that the coil is magnetic.

This is due to the fact that the energy of an
electric current flowing in the wire is partly
changed into magnetic lines of force which rotate
at right angles about it as shown at 4 in Fig. 25.
The magnetic field produced by the current flow-
ing in the coil is precisely the same as that set up
by a permanent steel magnet. Conversely, when
a magnetic line of force is set up a part of its
energy goes to make up electric currents which
whirl about in a like manner, as shown at B.
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Self-induction or Inductance—When a cur-
rent is made to flow in a coil of wire the magnetic
lines of force produced are concentrated, as at
C, so that each turn of wire sets up action in the
one next to it, and this action is called self-induc-
tion, sclf-inductance or just inductance. The
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changed into magnetic  force changedinto
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(4) and (B) Fic. 25.—How an Electric Current is Changed into
Magnetic Lines of Force and These into an Electric Current.

self-induction, or inductance, forms a concen-
trated magnctic field, see C, as it is called, and
if a bar of soft iron is slipped into the coil it will
be magnetized, as at D, and it will remain a mag-
net until the current is cut off.

Mutual Induction—~When two loops of wire,
or better, two coils of wire, are placed close to-
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gether the electromagnetic induction between
them is reactive, that is, when a current is made
to flow through one of the coils closed magnetic
lines of force are set up and when these cut the
other loop or turns of wire of the other coil, they
in turn produce electric currents in it.
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(C) and (D) Fia. 25.—How an Electric Cusrent Sets up a
Magnetic Fie!d.

It is the mutual induction that takes place be-
tween two coils of wire which makes it possible
to transform low voltage currents from a battery
or a 110 volt source of current into high pressure
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currents, or high potential currents, as they are
called, by means of a spark coil or a transforner,
as well as to step up and step down the potential
of the high frequency currents that are set up
in sending and receiving oscillation transformers.
Soft iron cores are not often used in oscillation
inductance coils and oscillation transformers as
the frequency of the current is so high the iron
unless very soft and laminated, would not have
time to magnetize and demagnetize and so would
not help along the mutual induction to any ap-
preciable extent.

High-Frequency Currents.—High frequency
currents, or clectric oscillations as they are called,
are currents of electricity that surge to and fro
in a circuit a million times, more or less, per sec-
ond. Currents of such high frequencies will
oscillate, that is, surge to and fro, in an open cir-
cuit, such as an acrial wire system, as well as In a
closed circuit.

Now there is only one method by which cur-
rents of high frequency, or radio-frequency, as
they are termed, can be set up by spark trans-
mitters, and this is by discharging a charged
condenser through a circuit having inductance
and a small resistance. 'T'o charge a condenser a
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spark coil or a transformer is used and the ends
of the secondary coil, which delivers the high po-
tential alternating current, are connected with the
condenscr. To discharge the condenser automat-
ically a spark, or an arc, or the flow of elecirons
in a vacuum tube, is employed.

Constants of an Oscillation Circuit.—An oscil-
lation circuit, as pointed out before, is one
in which high frequency currents surge or oscil-
late. Now the number of times a high frequency
current will surge forth and back in a circuit de-
pends upon two factors of the latter and these
are called the constants of the circuit, namely:
(1) its capacitance, and (2) its inductance.

What Capacitance Is—The word capacitance
means the electrostatic capacity of a condenser or
a circuit. The capacitance of a condenser or a
cireuit is the quantity of electricity which will
raise its pressure, or potential, to a given amount.
Ths capacitance of a condenser or a circuit de-
perds on its size and form and the voltage of the
current that is charging it.

The capacitance of a condenser or a circuit is
directly proportional to the quantity of electricity
that will keep the charge at a given potential.
The farad, whose symbol is M, is the unit of
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capacitance and a condenser or a circuit to have a
capacitance of one farad must be of such size that
one coulomb, which is the unit of electrical quan-
tity, will raise its charge to a potential of one
volt. Since the farad is far too large for practical
purposcs a millionth of a farad, or microfarad,
whose symbol is mfd., is used.

W hat Inductance Is—Under the sub-caption
of Self-Induction and Inductance in the begin-
ning of this chapter it was shown that it was the
inductance of a coil that makes a current flowing
through it produce a strong magnetic field, and
here, as one of the constants of an oscillation cir-
cuit, it makes a high-frequency current act as
though it possessed inertia.

Inertia is that property of a material body that
requires time and energy to set in motion, or
stop. Inductance is that property of an os-
cillation circuit that makes an electric current
take time to start and time to stop. Because
of the inductance, when a current flows through
a circuit it causes the electric energy to be ab-
sorbed and changes a large part of it into mag-
netic lines of force. Where high frequency cur-
rents surge in a circuit the inductance of it be-
comes a powerful factor. The practical unit of
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inductance is the henry and it is represented by
the symbol L.

What Reststance Is.—The resistance of a cir-
cuit to high-frequency currents is different from
that for low voltage direct or alternating cur-
rents, as the former do not sink into the conduc-
tor to nearly so great an extent; in fact, they stick
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Fic. 26.—The Effect of Resistance on the Discharge of an
Electric Current.

practically to the surface of it, and hence their
flow is opposed to a very much greater ex-
tent. The resistance of a circuit to high fre-
quency currents is generally found in the spark
gap, arc gap, or the space betwcen the clectrodes
of a vacuun tube. The unit of resistance is, as
stated, the ohm, and its svmbol is R.
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The Effect of Capacitance, Inductance and
Resistance on Electric Oscillations.—1If an oscil-
lation circuit in which high frequency currents
surge has a large resistance, it will so oppose the
flow of the currents that they will be damped out
and reach zero gradually, as shown at 4 in FIg.
26. But if the resistance of the circuit is small,
and in wireless circuits it is usually so small as
to be negligible, the currents will oscillate, until
their energy is damped out by radiation and other
losses, as shown at B.

As the capacitance and the inductance of the
circuit, which may be made of any value, that is
amount vou wish, determines the time period,
that is, the length of time for a current to make
one complete oscillation, it must be clear that by
varying the values of the condenser and the in-
ductance coil you can make the high frequency
current oscillate as fast or as slow as you wish
within certain limits. Where the electric oscil-
lations that are set up are very fast, the waves sent
out by the aerial will be short, and, conversely,
where the oscillations are slow the waves emitted
will be long.




CHAPTER V

HOW THE TRANSMITTING AND
RECEIVING SETS WORK

TuE easiest way to get a clear conception of
how a wireless transmitter sends out eclectric
waves and how a wireless receptor receives them
is to take each one separately and follow: (1) in
the case of the transnitter, the transformation of
the low voltage direct, or alternating current into
high potential alternating currents; then find
out how these charge the condenscr, how this is
discharged by the spark gap and scts up high-
frequency currents in the oscillation circuits;
then (2) in the case of the receptor, to follow
the high frequency currents that are set up in the
aerial wire and learn how they are transformed
into oscillations of lower potential when they
have a larger current strength, how these arc con-
vertad into intermittent direct currents by the de-
tector and which then flow into and operate the
telephone recciver.

How a Battery and Spark Coil Transmitting
Set Works.—When you press down on the knob

69
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of the key the silver points of it make contact
and this closes the circuit; the low voltage dircct
current from the battery now flows through the
primary coil of the spark coil and this magnetizes
the soft iron core. The instant it becomes mag-
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Fic. 27.—Wiring of Diagram for Spark Coil Sending Set.

netic it pulls the spring of the vibrator over to
it and this breaks the circuit; when this takes
place the current stops flowing through the pri-
mary coil; this causes the core to lose its mag-
netism when the vibrator spring flies back and
again makes contact with the adjusting screw;
then the cycle of operations is repeated.
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A condenser is connected across the contact
points of the vibrator since this gives a much
higher voltage at the ends of the secondary coil
than where the coil is used without it; this is he-
cause: (1) the self-induction of the primary coil
makes the pressure of the current risc and when
the contact points close the circuit again it dis-
charges through the primary coil, and (2) when
the break takes place the current flows into the
condenser instead of arcing across the contact
pcints.

Changing the Primary Spark Coil Current
Into Secondary Currents.—Now every timce the
vibrator contact points close the primary circuit
the electric current in the primary coil is changed
into closed magnetic lines of force and as these
cut through the sccondary coil they set up in it
a momentary current in one direction. Then the
instant the vibrator points break apart the pri-
mary circuit is opened and the closed magnetic
lines of force contract, and as they do so they cut
the turns of wire in the secondary coil in the op-
posite direction, and this sets up another momen-
tary current in the secondary coil in the other
dircction. The result is that the low voltage di-
rect current of the battery is changed into alter-
nating currents whose frequency is precisely that
of the spring vibrator, but while the frequency
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of the currents is low, their potential, or voltage,
is enormously increased.

What Ratio of Transformation Means.—To
make a spark coil step up the low voltage direct
current into high potential alternating current
the primary coil is wound with a couple of layers
of thick insulated copper wire, and the secondary
is wound with a thousand, more or less, num-
ber of turns of very fine insulated copper
wire. If the primary and secondary coils were
wound with the same number of turns of wire
then the pressure, or voltage, of the secondary
coil at its terminals would be the same as that of
the current which flowed through the primary
coil. Under these conditions the ratio of trans-
formation, as it is called, would be unity.

The ratio of transformation is directly pro-
portional to the number of turns of wire on the
primary and secondary coils, and since this
is the case, if you wind 10 turns of wire on the
primary coil and 1,000 turns of wire on the sec-
ondary coil then you will get 100 times as high
a pressure, or voltage, at the terminals of the
secondary as that which you caused to flow
through the primary coil, but, naturally, the cur-
rent strength, or amperage, will be proportion-
ately decreased.
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The Secondary Spark Coil Circuit—This in-
cludes the secondary coil and the spark gap which
arz connected together., When the alternating,
but high potential currents which are devcloped
by the secondary coil, resch the balls, or clec-
irodes of the spark gap, the latter are alternately
charged positively and negatively.

Now take a given instant when one electrode
is charged positively and the other one is charged
negatively, then when they are charged to a high
enough potential the clectrie strain breaks down
the air gap between them and the two charges
rush together as described in the chapter before
this one in connection with the discharge of a
condenser. When the charges rush together they
form a current which burns out the air in the
gap and this gives rise to the spark, and as the
heated gap between the two clectrodes is a very
good conductor the electric eurrent surges forth
and back with high frequency, perhaps a dozen
times, before the air replaces that which has
burned out. It is the inrushing air to fill the
vacuum of the gap that makes the erackling noise
which accompanices the discharge of the electric
spark.

In this way then, electric oscillations of the
order of a million, more or less, are produced
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and if an aerial and a ground wire are connected
to the spark balls, or electrodes, the oscillations
will surge up and down it and the energy of
these in turn, are changed into electric waves
which travel out into space. An open circuit
transmitter of this kind will send out waves that
are four times as long as the aerial itself, but as
the waves it sends out are strongly damped the
Government will not permit it to be used.

The Closed Oscillation Circuit—By using a
closed oscillation circuit the transmitter can he
tuncd to send out waves of a given length and
while the waves are not so strongly damped more
current can be sent into the aerial wire system.
The closed oscillation circuit consists of: (1) a
spark gap, (2) acondenser and (3) an oscillation
transformer. The high potential alternating cur-
rent delivered by the secondary coil not only
charges the spark gap electrodes which necessarily
have a very small capacitance, but it charges the
condenser which has a large capacitance and the
value of which can be changed at will.

Now when the condenser is fully charged it
discharges through the spark gap and then the
electric oscillations set up surge to and fro
through the closed circuit. As a closed circuit
is a very poor radiator of encrgy, that is, the
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electric oscillations are not freelv converted into
elzctric waves by it, they surge up to, and through
the aerial wire; now as the aerial wire is a good
radiator nearly all of the energy of the electric
oseillations which surge through it is converted
into electric waves.

How a Transmitting Sct Works with Alter-
nating Current—The operation of a transmit-
ting set that uses an alternating current trans-
former, or power transformer, as it is sometimes
called, is even more simple than one using a spark
coil. The transformer needs no vibrator when
used with alternating current. The current from
a generator flows through the primary coil of the
trarsformer and the alternations of the usual
lighting current is 60 cycles per sccond. This
current sets up an alternating magnetic field in
the core of the transtormer and as these magnetic
lines of force expand and contract they set up
alternating currents of the same frequency but
of much kigher voltage at the terminals of the
secondary coil according tc the ratio of the
primary and secondary turns of wire as ex-
plainad under the sub-caption of Ratio of T'rans-
formation.

With Direct Current—When a 110 volt direct
current is used to energize the power transformer
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an electrolytic interrupter is needed to make and
break the primary circuit, just as a vibrator is
needed for the same purpose with a spark coil.
When the electrodes are connected in series with
the primary coil of a transformer and a source of
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direct current having a potential of 40 to 110
volts, bubbles of gas are formed on the end of the
platinum, or alloy anode, which prevent the cur-
rent from flowing until the bubbles break and
then the current flows again. In this way the
current is rapidly made and broken and the
break is very sharp.
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Where this typc of interrupter is employed
the condenser that is usually shunted around the
break is not necessary as the interrupter itself
has a certain inherent capacitance, due to electro-
Ivtic action, and which is called its electrolytic
capacitance, and this is large enough to balance
the self-induction of the circuit since the greater
the number of breaks per minute the smaller the
capacitance required.

The Rotary Spark Gap—In this type of
spark gap the two fixed electrodes are connected
with the terminals of the secondary coil of the
power transformer and also with the condenser
and primary of the oscillation transformer.
Now whenever any pair of electrodes on the
rotating disk are in a line with the pair of fixed
electrodes a spark will take place, hence the pitch
of the note depends on the speed of the motor
driving the disk. This kind of a rotary spark-
gap is called non-synchronous and it is generally
used where a 60 cycle alternating carrent is avail-
able but it will work with cther higher frequen-
cies.

The Quenched Spark Gep.—If you strike a
piano string a single quick blow it will continue
to vibrate according to its natural period. This
is very much the way in which a quenched spark
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gap sets up oscillations in a coupled, closed, and
open circuit. The oscillations set up in the pri-
mary circuit by a quenched spark make only
three or four sharp swings and in so daing
transfer all of their energy over to the secondary
circuit, where it will oscillate some fifty tinies or
more before it is damped out, because the high
frequency currents are not forced, but simply
oscillate to the natural frequency of the circuit.
For this reason the radiated waves approach
somewhat the condition of continuous waves, and
so sharper tuning is possible.

The Oscillation Transformer—In this set the
condenser in the closed eircuit is charged and dis-
charged and sets up oscillations that surge
through the closed circuit. Here, however,
an oscillation transformer is used and as the pri-
mary coil of it is included in the closed circuit the
oscillations set up in it produce strong oscillating
magnctic lines of force. The magnetic field thus
produced sets up in turn electric oscillations in
the secondary coil of the oscillation transformer
and these surge through the aerial wire system
where their energy is radiated in the form of elee-
tric waves.

The great advantage of using an oscillation
transformer instead of a simple inductance coil
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is that the capacitance of the closed circuit can
be very much larger than that of the aerial wire
system. This permits more energy to be stored
up by the condenser and this is impressed on the
aerial when it is radiated as electric waves.

How the Tuning Coil Receiving Set Works.
—Wohen clectric waves from a sending station
impinge on the wire of a receiving acrial their
energy is changed into electric oscillations that
are of exactly the same frequency (assuming
the receptor is tuned to the transmitter) but
whose current strength (amperage) and poten-
tial (voltage) are very small. These electrie
waves surge through the closed circuit but when
they reach the crystal detector the contact of the
metal point on the crystal permits more current
to flow through it in one direction than it will
allow to pass in the other direction. For this
reason a crystal detector is sometimes called a
rectifier, which it really is.

Thus the high frequency currents which the
steel magnet cores of the telephone recciver
would choke off are changed by the detector
into intermittent direct currents which can flow
through the magnet coils of the telephone re-
ceiver. Since the telephone receiver chokes off
the oscillations, a small condenser can be shunted



Receiving Sets Work 81

around it so that a complete closed oseillation cir-
cuit is formed and this gives better results.

When the intermittent rectified current flows
through the coils of the telephone receiver it
energizes the magnet as long as it lasts, when
it is de-energized; this causes the soft iron disk,
or diaphragm as it is called, which sets close
to the ends of the poles of the magnet, to vibrate;
and this in turn gives forth sounds such as dots
and dashes, speech or musie, according to the
nature of the electric waves that sent them out
at the distant station.

How the Loose Coupler Receiving Set Works.
~—\When the electrie oscillations that are set up
by the incoming electric waves on the aerial wire
surge through the primary coil of the oscillation
transformer they produce a magnetic field and as
the lines of foree of the latter cut the secondary
coil, oscillations of the same frequency are set
up in it. Since the secondary coil of the tuner
and the condenser forms an oscillation circuit,
the oscillations set up in it impress their voltage
on the detector.

The oscillations then flow through the closed
cireuit where they are rectified by the crystal de-
tector and transformed into sound waves by the
telephone receiver as described in connection with
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the other set. 'I'he variable condenser shunted
across the closed circuit permits finer secondary
tuning to be done than is possible without it.
Where you are receiving continuous waves from
a wircless telephone transmitter (speech or
rausic) you have to tune sharper than is possible
with the tuning coil alone and to do this a variable
condenser connected in parallel with the secon-
dary coil is necessary.



CHAPTER VI

MECHANICAL AND ELECTRICAL
TUNING

TuERE is a strikingly close resemblance be-
tween sound waves and the way they are set up
in the air by a mechanically vibrating body, such
as a steel spring or a tuning fork, and electric
waves and the way they are set up in the ether
by a current oscillating in a circuit. As it is easy
to grasp the way that sound waves are produced
and behave, something will be told about them
in this chapter and also an explanation of how
electric waves are produced and behave, and thus
vou will be able to get'a clear understanding of
them and of tuning in general.

Damped and Sustained M echanical Vibra-
tions.—1If you will place one end of a flat steel
spring in a vice)and screw it up tight as shown
at A in Fig. 31, and then pull the free end over
and let it go, it will vibrate to and fro with de-
creasing amplitude until it comes to rest as
shown at B. When you pull the spring over

84
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you store up energy in it and when you let it
go, the stored up energy is changed into energy
of motion and the spring moves forth and back,
or vibrates as we call it, until all of its stored up
energy is spent.

If it were not for the ajr surrounding it and

A N\ sz zero
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: - D-sustained vibrations
C-electric driven of anelectricdriven
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Fra. 81.—Damped and Sustained Mechanieal Vibrations.
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other frictional losses, the spring would vibrate
for a very long time as the stored up energy and
the energy of motion would practically offset
each other and so the energy would not be used up.
But as the spring beats the air, the latter is sent
out in impulses and the conversion of the vibra-
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tions of the spring into waves in the air soon
uses up the encrgy you have imparted to it and
it comes to rest.

In order to send out continuous waves in the
air instead of damped waves as with a flat stecl
spring, you can use an clectric driven tuning fork,
see C, in which an electromagnet is fixed on the
inside of the prongs and when this is energized
by a battery current the vibrations of the prongs
of the fork arc kept going, or are sustained, as
shown in the diagram at D.

Damped and Sustained Illectric Oscillations.
—The vibrating steel spring described above is
a very good analogue of the way that damped
clectric oscillations which surge in a circuit set
up and send out periodic cleetric waves in the
cther, while the eleetric driven tuning fork, just
described, is likewise a good analogue of how sus-
tained oscillations surge in a circuit, and set up
and send out continuous clectric waves in the
cther, as the following shows.

Now the inductance and resistance of a circuit
such as is shown at 4 in Fig. 32, slows down, and
finally damps out entirely, the clectric oscillations
of the high frequency currents, sce I3, where these
are set up by the periodic discharge of a con-
denser, precisely as the vibrations of the spring
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are damped out by the friction of the air and
other resistances that act upon it. As the elec-
tric oscillations surge to and fro in the circuit
it is opposed by the action of the ether which
surrounds it and electric waves are set up in and
sent out through it and this transformation soon
uses up the energy of the current that flows in
the circuit.

To send out continuous waves in the ether
such as are needed for wireless telephony instead
of damped waves an electric oscillation arc or a
vacuum tube oscillator must be used, see ', in-
stead of a spark gap. Where a spark gap is
used, the condenser in the circuit is charged peri-
odically and with considerable lapses of time be-
tween each of the charging processes, when, of
course, the condenser discharges periodically and
with the same time element between them.
Where an oscillation arc or a vacuum tube is used
the condenser is charged as rapidly as it is dis-
charged and the result is the oscillations are sus-
tained as shown at D.

About Mechanical Tuning.—A tuning fork is
better than a spring or a straight steel bar for
setting up mechanical vibrations. As a matter of
fact a tuning fork is simply a steel bar bent in
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the middle so that the twc ends are parallel. A
handle is attached to middle point of the fork
so that it can be held easily and which also allows
it to vibrate freely, when the ends of the prongs
alternately approach and recede from one an-
other.  When the prongs vibrate the handle
vibrates up and down in unison with it, and
imparts its motion to the sounding box, or reso-
nance case as it i1s sometimes called, where one
1s used.

If, now, you will mount the fork on a sound-
ing box which is tuned so that it will be in reso-
nance with the vibrations of the fork there will
be a direct reinforcement of the vibrations when
the note emitted by it will be augmented in
strength and quality. This is called simple reso-
nance. Iurther, if you mount a pair of forks,
each on a separate sounding box, and have the
forks of the same size, tone and pitch, and the
boxes synchronized, that is, tuned to the same fre-
quency of vibration, then set the two boxes a
foot or so apart, as shown at A in Fig.
33, when you strike one of the forks with a
rubber hanimer it will vibrate with a definite fre-
quency and, hence, send out sound waves of a
given length. When the latter strike the second
fork the impact of the molecules of air of which
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the sound waves are formed will set its prongs
to vibrating and it will, in turn, emit sound waves
of the same length and this is called sympathetic
resonance, or as we would say in wireless the
forks are in tune.

Tuning forks are made with adjustable
weights on their prongs and by fixing these to
different parts of them the frequency with which
the forks vibrate can be changed since the fre-
quency varies inversely with the square of the
length and directly with the thickness® of the
prongs. Now by adjusting one of the forks so
that it vibrates at a frequency of, say, 16 per
second and adjusting the other fork so that it
vibrates at a frequency of, say, 18 or 20 per
second, then the forks will not be in tune with
each other and, hence, if you strike one of them
the other will not respond. But if you make the
forks vibrate at the same frequency, say 16, 20
or 24 per second, when you strike one of them the
other will vibrate in unison with it.

About Electric Tuning.—Electric resonance
and cleetric tuning are very like those of acoustic
resonance and acoustic tuning which I have just
described. Just as acoustic resonance may be

1This law is for forks having a rectangular cross-section. Those
having a round cross-section vary as the radius.
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simple or sympathetic so electric resonance may
be simple or sympathetic. Simple acoustic rezo-
nance is the direct reinforcement of a simple vi-
bration and this condition is had when a tuning
forkis mounted on a sounding box. Insimple elec-
tric resonance an oscillating current of a given
frequency flowing in a circuit having the proper

receptor

A-variable tuning forks  B-variable oscillation
forshowing sound wave  circuits for showing
tuning electric wave tuning

Fi16. 33.—Sound Wave and Electric Wave Tuned Senders and
Receptors.

inductance and capacitance may increase the volt-
age until it is several times greater than its nor-
mal value. Tuning the receptor circuits to the
transmitter circuits are examples of sympathetic
electric resonance. As a demonstration if you
have two Leyden jars (capacitance) connected
in circuit with two loops of wire (inductance)
whose inductance can be varied as shown at B
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in Fig. 33, when you make a spark pass between
the knobs of one of them by means of a spark
coil then a spark will pass in the gap of the other
one provided the inductance of the two loops of
wire is the same. But if you vary the induc-
tance of the one loop so that it is larger or smaller
than that of the other loop no spark will take
place in the second circuit.

When a tuning fork is made to vibrate it sends
out waves in the air, or sound waves, in all direc-
tions and just so when high frequency currents
surge in an oscillation circuit they send out waves
in the ether, or electric waves, that travel in all
directions. For this reason clectric waves from a
transmitting station cannot be sent to one
particular station, though they do go further in
one direction than in another, according to the
way your aerial wire points.

Since the electric waves travel out in all direc-
tions, any receiving set properly tuned to the wave
length of the sending station will receive the
waves and the only limit on your ability to reccive
from high-power stations throughout the world
depends entirely on the wave length and sensi-
tivity of your recciving set. As for tuning,
Jjust as changing the length and the thickness of
the prongs of a tuning fork varies the frequency
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with which it vibrates and, hence, the length of
the waves it sends out, so, too, by varying the
capacitance of the condenser and the inductance
of the tuning coil of the transmitter the fre-
quancy of the electric oscillations set up in the
circuit may be changed and, consequently, the
length of the electric waves they send out. Like-
wise, by varying the capacitance and the induc-
tance of the receptor the eircuits can be tuned
to receive incoming electric waves of whatever
length within the limitation of the apparatus.



CHAPTER VII

A SIMPLE VACUUM TUBE DE-
TECTOR RECEIVING SET

WHILE you can receive dots and dashes from
spark wireless telegraph stations and hear spoken
words and music from wireless telephone sta-
tions with a crystal detector receiving set such
as described in Chapter III, you can get sta-
tions that are much farther away and hear them
better with a vacuum tube detector receiving set.

Though the vacuum tube detector requires two
batteries to operate it and the receiving circuits
are somewhat more complicated than where a
crystal detector is used still the former does not
have to be constantly adjusted as does the latter
and this is another very great advantage. Taken
all in all, the vacuum tube detector is the niost
sensitive and the most satisfactory of the detec-
tors that are in use at the present time.

Not only is the vacuum tube a detector of
electric wave signals and speech and music but
it can also be used to amplify them, that is, to

94
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make them stronger and, hence, louder in the
telephone receiver, and further, its powers of am-
plification are so great that it will reproduce them
by means of a loud spealkcr, just as a horn ampli-
fies the sounds of a phonograph reproducer, until
they can be heard by a room or an auditorium
full of people. There are two general types of
loud speakers, though both use the principle of
the telephone receiver. 'The construction of these
loud speakers will be fully deseribed in a later
chapter.

Assembled Vacuum Tube Receiving Sets.—
You can buy a receiving set with a vacuum tube
detector from the very simplest type, which is
described in this chapter, to those that are
provided with regencrative circuits and amplify-
ing tubes or both, which we shall deseribe in later
chapters, from dealers in electrical apparatus
generally. While one of these sets costs more
than you can assemble a set for yourself, still,
especially in the beginning, it is a good plan to
buy an assembled one for it is fitted with a panel
on which the ad justing knobs of the rheostat, tun-
ing coil and condenser are mounted and this
makes it possible to operate it as soon as you get
it home and without the slightest trouble on your
part.
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You can, however, buy all the various parts
separately and mount them yourself. If you
want the receptor simiply for receiving, then
it is a good scheme to have all of the parts
mounted in a box or enclosed case, but if you
want it for experimental purposes, then the parts
should be mounted on a base or a panel so that
all of the connections are in sight and ac-
cessible.

A Simple Vacuum Tube Receiving Set.—For
this set you should use: (1) a loose coupled tun-
ing cotl, (2) a variable condenser, (3) a vacuum
lube detector, (4) an A or filament heating bat-
tery, (3) a I or dry ccll battery giving 2214
volts, (6) a rheostat for varying the A battery
current, and (7) a pair of 2,000-ohm head tele-
phone reccivers. 'The loose coupled tuning coil,
the variable condenser and the telephone receiv-
ers are the same as those described in Chapter I11.

The Vacuum Tube Detector. With Two
Electrodes.—A vacuum tube in its simplest form
consists of a glass bulb like an incandescent lamp
in which a wire filament and a metal plate are
scaled as shown in Fig. 34. 'The air is then
pumped out of the tube and a vacuum left or
after it is exhausted it is filled with nitrogen,
which cannot burn.
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When the vacuum tube is used as a detectcr,
the wire filament is heated red-hot and the metal
plate is charged with positive electricity though
it remains cold. The wire filament is formed
into a lcop like that of an incandescent lamp and
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Frc. 34.—Two Electrode Vacuum Tube Detector.

itsoutside ends are connected with a filament heat-
ing battery, which is called the .1 batterv; then
the + or positive terminal of a 2214 volt dry cell
battery, called the B battery, is conneeted to the
melal plate while the — or negative terminal of
the battery is connected to one of the terminals of
the wire filament. The diagram, Fig. 34, simply
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shows how the two electrode vacuum tube, the 4

battery, and the BB battery are connected up.
Three Electrode Vacuum Tube Detector.—

The three electrode vacuum tube detector shown
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Fic. 85.—Three Electrode Vacuum Tube Detector and
Battery Connections.

at A in Fig. 35, is much more sensitive than the
two eclectrode tube and has, in consequence,
supplanted it. In this more recent type of
vacum tube the third electrode, or grid, as it is
called, is placed between the wire filament and
the metal plate and this allows the current to be
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increased or decrcased at will to a very consid-
erable extent.

At the present time there are numerous types
of three electrode vacuum tubes on the market
and it is for the reader to decide what ones he
wishes to use. Some are designed for use as de-
tectors, some as amplifiers and others are adapted
to both uses.

Their sub-division is what is of most impor-
tance as you may be so situated that the use of
a storage battery would be out of the question.
In such a case it would be necessary to use dry
cells to light the filament of the vacuum tube.
Now the large 6 volt tubes draw a large amount
of current and dry cells would last no tinie. The
small 114 volt or 4 volt tubes however draw very
little current and therefore dry cells are satisfac-
tory. One dry cell is enough to light the fila-
ment of a WD-11 or W1I3-12 vacuum tube while
three dry cells connected in series will light from
one to three UV -199 vacuum tubes for a long
period of time before beconiing exhausted.

The various types of vacuum tubes vou can
use arc illustrated in Fig. 36 and the vacuum
tube chart in the back of the hook will tell you
waat kind of .{ or filament heating battery must
be used with each.
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}

UV-200,¢-300 WD TUBE UV.201-A,C301-A
UVv-199,C-299 W.E. "N" TUBE
WE VT-2 WEVT-1 or )" TUBE W.E.216-A

Yic, 36.—The Various Types of Vacuum Tubes.
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The way the three electrode vacuum tube de-
tector is connected with the batteries is shown
at B. The plate, the B or dry cell battery and
one terminal of the filament are connected in
serics—that is, one after the other, and the ends
of the filament are connected to the 4 or filament
heating battery. In assembling a receiving set

22 volt tag
18 volit tap

4volttep

A-or 6volt storage  Bror 227 volt drycell
battery battery with taps

Fic. 37.—4 and B Batteries for Vacuum Tube Detectors.

vou must, of course, have a socket for the vacuum
tube.

The Filament Heating and Plate Batteries.—
The filament heating or A battery, as mentioned
previously, can be one of two types; a storage
battery as shown in .1 of Fig. 37 or onc or more
114 volt dry cells of the kind shown in 4 of Fig.
4. The B or dry cell battery for the vacuum tube
plate circuit that gives 2214 volts can be bought
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already assembled in sealed boxes. The small
size is fitted with a pair of terminals while the
larger size is provided with taps so that the volt-
age required by the plate can be adjusted as the
proper operation of the tube requires careful reg-
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Fic. 38.—Rheostat for the 4 Battery Current.

ulation of the plate voltage. A dry cell battery
for a plate circuit is shown at B.

The Filament Rheostat—An adjustable re-
sistance, called a rheostat, must be used in the
filament and A battery circuit so that the cur-
rent flowing through the filament can be con-
trolled to a nicety. The rheostat consists of an
insulating and a heat resisting form on which is
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wound a number of turns of resistance wire. A
movable contact arm that slides over and presses
on the furns of wire is fixed to the knob on top of
the rheostat. The resistance of the rheostat de-
pends upon what vacuum tube it is designed to
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(4) Fie. 89.—Top View of Apparatus Layout for a Vacuum Tube
Detector Receiving Set.

be used with. ‘This can be determined from the
vacuum tube chart in the back of the book. A
popular type of rheostat is shown at 4 and B of
Fig. 38. '

Assembling the Parts.—Begin by placing all
of the separate parts of the receiving set on a
board or a base of other material and set the tun-
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ing coil on the left-hand side with the adjustable
switch end toward the right hand side so that
vou can reach it easily. Then set the variable
condenser in front of it, set the vacuum tubc de-
tector at the right-hand end of the tuning coil
and the rheostat in front of the detector. Place
the two sets of batteries back of the instruments
and screw a couple of binding posts a and b to
the right-hand lower edge of the base for con-
necting in the head phones, all of which is shown
at A in Fig. 39.

Connecting Up the Parts.—To wire up the
different parts begin by connecting the sliding
contact of the primary coil of the loose conpled
tuning coil (this you will remember is the out-
side one that is wound with heavy wire) to the
upper post of the lightning switch and connect
onc terminal of this coil with the water pipe.
Now connect the free end of the secondary coil
of the tuning coil (this is the inside coil that is
wound with fine wire) to one of the binding
posts of the variable condenser and conncct the
movable contact arm of the adjustable switch of
the secondary of the tuning coil with the other
post of the variable condenser.

Next connect the grid of the vacuum tube to
one of the posts of the condenser and then con-
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nect the plate of the tube to the carbon terminal
of the B or dry cell battery which is the -+ or
positive pole and connect the zinc terminal or
the — or negaltive pole to the binding post a, con-
nzct the post b to the other side of the variable
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(B) Fic. 39.—Wiring Diagram of a Simple Vacuum Tube

Receiving Set.

condenser and then connect the terminals of the
head phones to the binding posts @ and b. What-
ever you do be careful not to get the plate con-
nections of the battery reversed.

Now connect one of the posts of the rheostat
to one terminal of the filament and the other
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terminal of the filament to the + or positive
terminal of the .4 battery and the — or negative
terminal of the .1 battery to the other post of
the rheostat. Finally connect the 4 or positive
terminal of the A battery with the wire that runs
from the head phones to the variable condenser,
all of which is shown in the wiring diagram at
B in Fig. 39.

Adjusting the Vacuum Tube Detector Re-
ceiving Set—A vacuum tube detector is tuned
exactly in the same way as the Loose Coupler
Crystal Detector Set deseribed in Chapter 111,
in-so-far as the tuning coil and variable con-
denser are concerned. The sensitivity of the
vacuum tube detector receiving set and, hence,
the distance over which signals and other sounds
can be heard, depends very largely on the scnsi-
tivity of the vacuum tube itself and this in turn
depends on: (1) the right amount of heat de-
veloped by the filament, or filament brilliancy as
it is called, (2) the right amount of voltage ap-
plied to the plate, and (8) the extent to which
the tube is exhausted where this kind of a tube
is used.

To vary the current flowing from the A bat-
tery through the filament so that it will be heated
to the right degree you adjust the rheostat while
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you are listening in to the signals or other sounds.
By carefully adjusting the rheostat you can ecas-
ily find the point at which it makes the tube the
most sensitive. A rheostat is also useful in that
it keeps the filament from burning out when the
current from the battery first flows through it.

When the sensitiveness of the vacuum tube
starts to decrease, the storage battery should be
recharged or the dry cells renewed as the case
may be. Ifurthermore, when crackling noiscs are
heard in the head phones it is time to purchase
new dry cell I3 batteries.

The degree to which a vacuum tube has been
exhausted has a very pronounced cffect on its
sensitivity. 'The longer a gas tube is used the
lowear its vacuuin gets and generally the less sen-
sitive it becomes. When this takes place (and
you can only guess at it) you can very often make
it more sensitive by warming it over the flame of
a candle. Vacuum tubes having a gas content
(m which case they are, of course, no longer
vacuum tubes in the strict sense) make better
detectors than tubes from which the air has been
exhausted and which are sealed off in this evacu-
ated condition because their sensitiveness is not
dependent on the degree of vacuum as in the lat-
ter tubes.



CIIAPTER VIII

VACUUM TUBE AMPLIFIER
RECEIVING SETS

THE reason a vacuum tube detector is more
sensitive than a crystal detector is becausc while
the latter merely rectifies the oscillating current
that surges in the receiving circuits, the former
acts as an amplifier at the same time. 'The
vacuum tube can be used as a separate amplifier
in connection with either: (1) a crystal detector
or (2) a vacuum tube detector, and (a) it will
amplify either the radio frequency currents, that
is the high frequency oscillating currents which
are set up in the oscillation circuits or () it will
amplify the audio frequency currents, that is, the
low frequency currents that flow through the
head phone circuit.

To use the amplified radio frequency oscillat-
ing currents or amplified audio frequency cur-
rents that are set up by an amplifier tube, either
a high resistance, such as a grid leal:, or an @ pli-
fying transformer, with or without an iron core,

108
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must be connected with the plate circuit of the
first amplifier tube and the grid circuit of the next
amplifier tube or detector tube, or with the wire
point of a crystal detector. Where two or niore
amplifier tubes are coupled togcther in this way
the scheme is known as cascade amplification.

The Vacuum Tube Amplifier—"This consists
of a three electrode vacuum tube exactly like the
vacuum tube detector deseribed in Chapter VII,
exeept that instead of being filled with a non-
combustible gas it is evacuated, that is, the air has
heen completely pumped out of it. The gas filled
tubz, however, can be used as an amplifier and
cither kind of tube can be used for either radio
frequency or audio frequency amplification,
though with the exhausted tube it is casier to
obtain the right plate and filament voltages for
good working.

I'he vacuum tube chart in the back of the book
will tell you what tubes are best adapted to this
purpose.

« Radio Frequency Amplifier Receiving Set.
—'The resistance coupled type of radio frequency
amglifier will not be taken up as it is out of date,
having given way to the transformer coupled
type.*

*See Radio Frequeney Amplification and Tuned Radio Frequency
Receiver in Appendix, pages 393-397.
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A radio frequency transformer is made like a
loose coupled tuning coil but usually has an iron
core as shown in the wiring diagram A of Fig.
40. In this set the amplifier tube is placed in the
first oscillation circuit and the detector tube in
the second cireuit.

s\
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(4) F1G. 40.—Vaeuum Tube Detector Reeeiving Set with One S:ep Radic
Frequency Amplifier.

The high frequeney, or radio frequency oseil-
lation currents, as they are called, surge through
the amplifier and are not changed into low fre-
quency, or audio frequency pulsating currents,
until they flow through the detector. Since the
diagram shows only one amplifier and one radio
frequency transformer, it is conscquently a one
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step amplifier; however, rore tubes can be can-
nected up by means of an equal number of radio
frequency transformers but it is best in general
practice to use no more than two steps as a
greater number prove very difficult to handle.
In fact even with this one step amplifier it is

Primary
Coil

Secondary
Coil

(B) Fig. 40.—Radio Frequency Transformer.

nceessary to use a potention.cter (sce Fig. 49) in
order to control or stabilize the circuit, that is to
keep it from oscillating. A typical radio fre-
queney amplifying transformer is shown in I3 of
Fig. 40.

The Parts and How to Connect Them Up.—
You will need the following parts for the one
step radio frequency amplifier: (1) a vario-
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coupler; (2) a 23 plate variable condenser; (3)
a radio frequency amplifying transformer that
will cover the broadcast wave lengths; (4) a 200
ohm potentiometer; (5) a .00025 mfd. grid con-
denser; (6) a grid leak; (7) an A battery; (8)
two 2214 volt B batteries; (9) two rheostats;
(10) an amplifier vacuum tube; (11) a detector
vacuum tube; (12) two vacuum tube sockets;
(13) a pair of head phones.

The wiring diagram A of Fig. 40 is easy to
follow and you should have no difficulty in get-
ting the set hooked up properly. Be sure that
you get the primary and sccondary windings of
the radio frequency transformer connceted in
the right circuits. The right-hand winding in
the diagram is the secondary.

A Neutrodyne Receiver—The Ncutrodyne
circuit was invented by Professor Hazeltine of
Stevens Institute of Technology. It is a very
sensitive form of radio frequency amplifier and
is a decided improvement over the usual type.
As explained, it is necessary to use a potenti-
ometer with a radio frequency amplifier to sta-
bilize the circuit, that is to prevent it from oscil-
lating. The very means by which it is prevented
represents a considerable loss of energy that can-
not be made up for. In other words it is essen-
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tial that an amount of amplification be sacrificed
in order that we may receive broadcast programs
that are free from distorticn.

The Neutrodyne kills two birds with one stone.
First, small condensers called neulralizing con-
densers are employed to neutralize the inter-ele-
ment capacity of the vacuum tubes which is tke
cause for the circuit oscillating. This eliminates
the potentiometer and its accompanying lossecs.
Seeond, since the circuit cannot oscillate after
once being neutralized, advantage is taken of
tuned plate radio frequency amplification which
is a much more sensitive system than the trans-
former type but too critical to usc cffectively in
a circuit where a potentiometer is the only means
for controlling oscillation. This type of trans-
former is called a Neutroformer and is tuned by
means of a variable condenser connected across
its secondary winding. Unlike the usual type of
radio frequency transformer, the Ncutroformer
has no iron core. In this threc-tube Neutrodyne
set there are three variable cor densers and they are
the only controls. The first two tubes serve as radio
frequency amplitiers and the third as a detector.
The regenerative feature, which will be deseribed
fully in a later chapter, may be added by placing
a variometer in the plate circuit of the detector
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vacuum tube as shown in the diagram of Fig.
41.

Although it is possible to construct the Neu-
troformers and the neutralizing condensers it is
advised that they be purchased, as little mistakes
are apt to cause no end of trouble. Radio dealers
carry complete parts for these sets which makes
their construction casy.

T'he Parts and How to Connect Them Up.—
You will need (1) threec Neutroformers; (2)
thrze 23 plate variable condensers (these are
usually parts of the ncutroformers); (3) one
0005 mfd. fixed condenser; (4) one .00025 mfd.
fixed grid condenscr; (5) a grid leak; (6) two
neutralizing condensers; (7) two amplifier
vacuum tubes; (8) one detector vacuum tube;
(9) three tube sockets; (10) three 2214 volt I
batteries; (11) an A battery; (12) three rheo-
stats; (13) a variometer if you wish regenera-
tion; (14) a pair of head phones or loud
spesker.

The circuit of Fig. 41 shows how the instru-
ments are connected up. If you do not wish re-
gencration the variometer is eliminated and the
cireuit continued as shown by the dotted line.

A Super-Heterodyne Recerver.—This is the
most sensitive type of short wave radio receiver
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in existence to-day and is another of Major
Armstrong’s contributions to the radio field. Al-
though at least six vacuum tubes are required,
the control of this receiver is quite simple. Two
variable condensers are provided for this pur-
pose.

The first vacuum tube in this set functions as
an oscillator and together with its own circuit is
known as the eaternal heterodyne. 'The second
tube is the first detector or frequency changer,
the third, fourth and fifth tubes are the radio
frequency amplifiers, and the sixth vacuum tube
is the second detector.

The radio frequency transformers for this set
are designed to amplify signals at a wave length
of from 5,000 to 25,000 meters instead of at the
truc wave length of the signal which in our case
is from 220 to 550 meters, the broadcast waves.
Just how this is done is described in Chapter
XIV which you should read before attempting
the construction of one of these scts. The radio
frequency transformers just mentioned are very
similar in their appearance to the one shown in
B of Fig. 40.

The oscillator coil unit which is a part of the
eaxternal heterodyne is constructed as follows: On
a cardboard tube 3 inches in diameter, starting
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at the left end. wind 8 turns of No. 20 D.C.C.
copper wire. This forms coil .4 as shown in the
diagram. Starting 2 inches from the end of coil
A wind 20 turns of the same size wire. This is
coil B. About 34 inch frem the end of coil B
wind 35 turns of the same size wire. This forms
coil €' and completes the unit.

The two 750 turn honeycomb coils really make
up another radio frequeney transformer but thev
are used so as to provide coupling and so make
the circuit more seleetive.  The correet coup-
ling is had when the recetved signals are the loud-
est. 'When the coupling is once found the coils
need not be touched again.

The Parts and Ilow to Connect Them Up.—
You will need the following parts for building
the Super-1leterodyne receiver: (1) a vario-
coupler; (2) a 23 plate (.0005 mfd.) variable
condenser; (3) a 43 plate (.001 mfd.) variable
condenser; (4) a .001 mfd. fixed condenser; (5)
four .00025 mfd. fixed condensers; (6) two 750
turn honeveomb coils; (7) three long wave radio
frequency amplifying transformers; (8) 14
pound of copper wire and a cardboard tube for
cons*ructing the oscillator coil unit; (9) two 2
megohm grid leaks; (10) five 30 ohin rheostats;
(11) a 400 ohm potentiometer; (12) an A bat-
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tery; (18) three 2214 volt B batteries; (14) six
UV 199 or UV 201-A vacuum tubes; (15) six
vacuum tube sockets; (16) a pair of head-phones
or ¢ loud speaker.

The circuit diagram of Fig. 42 shows how the
different instruments are connected up. Included
in this diagranm are connections showing how a
loop aerial can be employed in place of the aerial
and ground if desirable. If you wish more vol-
ume than this receiver gives, the two-step audio
frequency amplifier described in this Chapter
and shown in Fig. 43 can be added by taking out
the head-phones in the Super-Heterodyne cir-
cuit and connecting the two primary terminals of
the frst audio frequency transformer to where the
head-phones were attached. A loud-speakeris then
connected to the output terminals of the amplifier.

An Adudio Frequency Transformer Amplify-
ing Recciving Sct—\Where audio frequency
transformers are used for stepping up the volt-
age of the current of the detector and amplifier
tubes, the radio frequency current does not get
into the plate circuit of the detector at all, for
the reason that the iron core of the transformer
chokes them off, hence, the succeeding amplifiers
operate at audio frequencies.* An audio fre-

* See Audie Frequency Amplification in Appendix, page 397.
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quency transformer is shown at 4 in Fig. 43 and
a wiring diagram showing how the tubes are con-
nected in cascade with the transformers is shown
at B; it is thercfore a two-step audio frequency
amplifying receiving sct.

A Push-Pull Amplificr—1If you want the best
in the way of audio frequency amplificrs, one that

Primary Coil

— — Soft
E jiron
core

Secondary
Coil

(4) Fic. 43.—Audio Frequency Transformer.

will give vou immense volume and undistorted
speech and musie, the push-pull amplifier is the
one to build. In this amplifier the circuit is so
arranged that the energy from a single stage
amplifier is fed into a second stage containing
two amplifying tubes and special transformers
which are connected so that the energy is evenly
distributed between the two tubes. The increased
capacity afforded by the two tubes working in
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parallel allows for immense amplification free of
distortion.

The Parts and How They Are Connected.—
You will require the following parts: (1) 3 am-
plifier vacuum tubes; (2) 3 tube sockets; (8) a

First Stage of Second Stage of Am-
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Fic. 44 —Wiring for a Push-Pull Audio Frequency Amplifier.

standard audio frequency amplifying trans-
former; (4) 2 push-pull amplifying transform-
ers; (5) a9 volt C battery; (6) five 2214 volt BB
batteries; (7) an -1 battery; (8) a rheostat for
the A battery; (9) a loud speaker.

The circuit of the push-pull amplifier is shown
in Fig. 44. It should be noted that the push-pull



Vacuum Tube Amplifier Receiving Sets 123

transformers have center taps and that it is taken
off the seccondary winding of the first trans-
former and off the primary winding of the sec-
ond transformer. Be sure that you get the two
transformers situated correctly before starting to
wire up the instruments.

A One-Tube Reflex Receiver—Before de-
seribing this combination radio and audio fre-
quency amnplifier receiver it might be well to ex-
plain what is meant by reflex. It has until re-
cently heen a general practice to use one vacuun
tube for but one purpose. Marius Latour, a well-
known I‘rench inventor, found that a single
vacuum tube could be so connected in a circuit
as to perform two duties at practically the same
time; thus, it would amplify an incoming signal
before it was detected (radio frequency) and
again after it had been detected (audio fre-
quency). Either a crystal or another vacuum
tube would be used for the purpose of rectifica-
tion, but preferably a crystal. The manner in
which this is accomplished is quite simple. The
inconting signal first passes through the usual
tuning circuit composed of a vavio-coupler and
a variable condenser; thence through the vacuum
tube and radio frequency amplifying trans-
former where it is amplified at radio frequency.
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through the detector where it is recfificd, through
an audio frequency transformer and back
through the same tube where it is again amplified,
but this time at audio frequency. 1t then passes
through the head-phones or loud-speaker. Thus
the signal energy is fed.back or reflexed through
the same vacuum tube.

Now it is necessary that fixed condensers be
placed in the circuit to allow the radio frequency
currents, hefore they are rectified, to by-pass the
windings of the audio frequeney transformer and
head phones or loud speaker which would other-
wise impede the flow of the currents because of
their resistance. The capacity valucs of these is
a very important consideration in the operation
of a reflex receiver. This is particularly so when
employing more than one tube and it is a very
difficult proposition for the novice to find for
himself the cxact capacities necessary. If they
are not correct the set will not operate properly.
TFor this reason it is believed best to describe only
a one-tube reflex receiver which is not difticult to
construct if specifications are strictly adhered to.

The Parts You Will Need and Ilow to Con-
nect Them Up—You will nced the following
parts for building the onc-tube reflex receiver:
(1) a vario coupler; (2) a 43 plate variablc con-
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denser; (3) a 23 plate variable condenser; (4)
three .001 mfd. fixed condensers; (5) a 200 or
400 ohm potentiometer; (6) a crystal detector;
(7) an audio frequency amplifyving transformer;
(8) a radio frequency amplifving transformer
of the iron core type capable of covering the
broadeast wave-lengths which are from 220 to
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Fia. 45.—Connections for the One-tube Reflex Receiver.

550 meters; (9) three 2214 volt B batteries; (19)
an A battery; (11) a rheostat; (12) an amplifier
vacuum tube; (13) a vacuum tube socket; (14)
a pair of head-phones or a loud-speaker.

The eonnections for the instruments compos-
gz this reflex set are shown in Fig. 45. It should
be noted that the resistance wire of the potenti-
ometer is connected directly across the terminals
of the .1 battery exactly as explained before.
The center connection or contact arm leads di-
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rectly to one of the sccondary terminals of the
audio frequency transformer.

If after completing the wiring of the circuit,
the recciver fails to operate properly, the two
wires connecting to the primary terminals of the
audio frequency transformer should be reversed.
Remember that the potentiometer plays an im-
portant part in the function of the recciver. Only
by its adjustment can howling and distortion be
eliminated.

How to Prevent Howling.—Where radio fre-
quency or audio frequency amplifiers are used
to couple your amplifier tubes in cascade you
may have to shield them from one another
in order to prevent the feed back of the
currents through them, which makes the head
phones or loud speaker howl. To shield them
from each other the tubes should be enclosed in
metal boxes and placed at least 6 inches apart
while the transformers should be set so that their
cores are at right angles to each other and these
also should be not less than 6 inches apart.



CHAPTER IX

REGENEEATIVE AMPLIFICATION
RECEIVING SETS

WHILE a vecuum tube detector has an ampli-
fying action of its own, and this accounts for
its great sensitiveness, its amplifying action can
be further increased to an enormous extent by
meking the radio frequency currents that are set
up in the oscillation circuits react on the detector.

Such currents are called feed-back or regenera-
tive currents and when circuits are so arranged
as to cause the currents to low back through the
detector tube the amplification keeps on increas-
ing until the capacity of the tube itself is reached.
It is like using steam over and over again in a
steam turbine until there is no more energy left
init. A system of circuits which will cause this
regenerative action to take place is known as the
Armstrong circuits and is so called after the
young man who discovered it.

Since the regenerative action of the radio fre-
quency currents is produced by the detector tube

127
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itself and which sets up an amplifying effect
without the addition of an amplifying tube, this
type of receiving set has found great favor with
amateurs, while in combination with amplifying
tubes it multiplies their power proportionately
and it is in consequence used in one form or an-
other in all the better sets.

There are many different kinds of -ecircuits
which can be used to produce the regenerative
amplification cffect while the various kinds of
tuning coils will serve for coupling them; for
instance a two or three slide single tuning coil
will answer the purpose but as it does not give
good results it is not advisable to spend either
time or money on it. A better scheme is
to use a loose coupler formed of two or three
honeycomb or other compact coils, while a vario-
coupler or a variometer or two will produce the
maximum regenerative action.

The Simplest Type of Regenerative Receiving
Set. With Loose Coupled Tuning Coil.—While
this regencrative set is the simplest that will give
anything like fair results it is here described not
on account of its desirability, but because it will
serve to give vou the fundamental idea of how
the feed-back circuit is formed.

For this set you need: (1) a loose-coupled tun-
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ing coil such as described in Chapter II1, (2)
a variable condenser of .G01 mfd. (microfarad)
capacitance; (8) one fived condenser of .001
mfd.; (4) onc fized condenser for the grid Jeak
circuit of .00025 mfd.; (5) a grid leak of 4 to
2 megohms resistance; (€) a vacuum tube de-
tector; (7) an A battery; (8) a rheostat; (9) a
B 22145 volt battery; and (10) a pair of 2,000
ohm head phones.

Connccting Up the Parts—Begin by connect-
ing the leading-in wire of the aerial with the bind-
ing post end of the primary coil of the loose
coupler as shown in the wiring diagram Fig. 46
and then connect the sliding contact with the water
pipe or other ground. Connect the binding post
end of the primary coil with one post of the
variable condenser, and also with one of the posts
of the .00025 mfd. condenser and the other end
of this with the grid of the detector tube; then
around this condenser shunt the grid leak re-
sistance.

Next connect the sliding contact of the
primary coil with the other post of the variable
condenser and from this lead a wire on over to
one of the terminals of the filament of the vacuum
tube; to the other terminal of the filament con-
nect one of the posts of the rheostat and connect



130 Regenerative Amplification Recewing Sets

the other post to the — or negative electrode of
the 4 battery and then connect the - or positive
electrode of it to the other terminal of the fila-
ment.

Connect the 4 or positive electrode of the 4
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Fic. 46.—Simple Regenerative Receiving Set. (With Loose
Coupler Tuner.)

battery with the — or negative electrode of the
B battery and connect the + or positive electrode
of the B with one post of the fixed .001 con-
denser and connect the other post of this to one
of the ends of the secondary coil of the tuning
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coil and which is now known as the tickler ceal;
then ccnnect the other end of the secondary, or
tickler coil to the plate of the vacuum tube. In
the wiring diagram the secondary, or tickler coil
is shown above and in a line with the primary
coil but this is only for the sake of making the
connections clear; in reality the secondary, or
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(4) Fie. 47—Diagram of a Three Coil Coupler.

tickler coil slides to and fro in the primary coil
as shown and described in Chapter I11. Finally
conaect the head phones across the fixed con-
denser when your regenerative set is complete,
An Efficient Regenerative Receiving  Set.
With Three Coil Loose Coupler—To construct
a really good regenerative set you must use a
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loose coupled tuner that has three coils, namely
a primary, a secondary and a tickler coil. A tuner
of this kind is made like an ordinary loose coupled
tuning coil but it has a third coil as shown at 4
and B in Fig. 47. 'The middle coil, which is the
secondary, is fixed to the base, and the large out-
side coil, which is the primary, is movable, that
is it slides to and fro over the middle coil, while

(B) Fig. 47.—Three Coil Loose Coupler Tuner.

the small inside coil, which is the tickler, is also
mnovable and can slide in or out of the middle
coil. None of these coils is variable; all are
wound to receive waves up to 360 meters n
length when used with a variable condenser of
.001 mfd. capacitance. In other words you slide
the coils in and out to get the right amount of
coupling and you tune by adjusting the variable
condenser to get the exact wave length you want.

With Compact Coils.—Compact coil tuners are
formed of three fixed inductances wound in flat



Regenerative Amplification Receiving Sets 133

coils, and these are pivoted in a mounting so
that the distance between them and, therefore,
the coupling, can be varied, as shown at 4 in
Fig. 48. 'These coils are wound up by the makers
for various wave lengths ranging from a small
onc that will receive waves of any length up to
360 meters to a large one that has a maxinium of
24,000 meters. Ior an amateur set, get three of

Fic. 48.—Honeycomk: Inductance Coils. 4. Multilayer Inductance
Coil. B. Mounting for Three Multilayer Inductance Coils. (.
Multilayer Coils Mcunted.

the second smallest coils, when you can not only
hear amateur stations that send cn a 200 meter
wave but broadcasting stations that send on
wave lengths up to 550 meters.

These three coils are mounted with panel plugs
which latter fit into a stand, or mounting, so that
the middie coil is fixed, that is, stationary, while
the two outside coils can be swung to and fro
like a door; this scheme permits small variations
of coupling to be had between the coils and this
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can be done either by handles or by means of
knobs on a panel board. While I have suggested
the use of the smallest size coils, you can get and
use those wound for any wave length you want
to receive and when those are connected with
variometers or variable condensers, and with a
proper aerial, you will have a highly efficient re-
ceptor that will work over all ranges of wave
lengths.

You can determine what coils you should use
for the different wave lengths by referring to the
coil table in Chapter X1.

The A Battery Potentiometer—This device
is simply a resistance like the rheostat described
in connection with the preceding vacuum tube
receiving sets but it is wound to 200 or 300 ohms
resistance as against 6 to 30 ohms of the rheostat.
1t is, however, used as well as the rheostat. With
a vacuum tube detector, and especially with one
having a gas-content, a potentiometer is very
necessary as it is only by means of it that the
potential of the plate of the detector can be
accurately regulated. The result of proper regu-
lation is that when the critical potential value is
reached there is a marked increase in the loudness
of the sounds that are emitted by the head
phones.
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As you will see from 4 in Fig. 49 it has three
taps. The two taps which are connected with the
ends of the resistance coil are shunted around the
A battery and the third tap, which is attached
to the movable contact arm, is connected with
the B battery tap, see B, at which this battery
gives 18 volts. Since the 4 battery gives 6 volts
in this case you can vary the potential of the
plate from 18 to 24 volts. The potentiometer
must never be shunted around the B battery or
the latter will soon run down.

The Parts and How to Connect Them Up.—
For this regenerative set you will need: (1) a
honeycomb or other compact three-coil tuncr,
(2) two variable (.001" and .0005 mfd.) con-
densers; (3) a .00025 mfd. fired condenser; (4)
a 14 to 2 megohm grid leak; (5) a tube detector;
(6) A battery; (7) a rheostat; (8) a potenti-
ometer; (9) a tapped B battery; (10) a fixed
condenser of .001 mfd. fixed condenser; and
(11) a pair of 2,000 ohm head phones.

To wire up the parts connect the leading-in
wire of the aerial with the primary coil, which
is the left-hand one of the tuner, and con-
nect the other terminal with the ground. Cor-
nect the ends of the sccondary coil, which is the
middle one, with the posts of the variable
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condenser and connect one of the posts of the
latter with one post of the fixed .00025 mfd.
condenser and the other post of this with the
grid; then shunt the grid leak around it. Next
connect the other post of the variable condenser
to the — or megative electrode of the A battery;

18volts
RN phip

20dtap

A- the potentio-
meter complete potentio- “3rdtap

meter .
B- how the potentiometer
is connpected in circuit

Fic. 49.—The Use of the Potentiometer.

the -+ or positive electrode of this to one termi-
nal of the detector filament and the other end
of the latter to the electrode of the 4 battery.
Now connect one end of the tickler coil with
the detector plate and the other post to the fixed
.001 mfd. condensecr, then the other end of this
to the positive or carbon pole of the B battery.
This done shunt the potentiometer around the 4
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battery and run a wire from the movable contact
of it (the potentiometer) over to the 18 volt tap,
(see B, Fig. 49), of the B battery. Finally,
shunt the head phones across the .001 mfd. fixed
condenser and you are ready to try out con-
clusions.

- Regenerative Audio Frequency Amplifier
Receiving Set.—The use of regenerative cascade
audio frequency receiving sets is getting to be
quite common. To get the greatest amplifica-
tion possible with amplifying tubes you have
to keep a negative potential on the grids. You
can, however, get very goodd results without any
special charging arrangement by simply connect-
ing one post of the rheostat with the negative
terminal of the filament and connecting the low
potential end of the secondary of the tuning coil
with the — or negative clectrode of the 4 bat-
terv. This scheme will give the grids a negative
bias of about 1 volt. You do not need to bother
about these added factors that make for high
efficiency until after you have got your receiving
set in working order and understand all about
it.

The Parts and How to Connect Them Up.—
Exactly the same parts are needed for this set as
the one described above, but in addition you will
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want: (1) two more rheostats; (2) one 45 volt
B battery with a mid tap; (8) two amplifier
tubces, and (4) two audio frequency transformers
as described in Chapter VIII and pictured at A
n Iig. 43.

To wire up the parts begin by connecting the
leading-in wire to one end of the primary of the
tuning coil and then connect the other end of the
coil with the ground. A variable condenser of
.001 mfd. capacitance can be connected in the
ground wire, as shown in IMig. 50, to good advan-
tage although it is not absolutely needed. Now
connect one end of the secondary coil to one
post of a .001 mfd. variable condenser and the
other end of the secondary to the other post of
the condenser.

Next bring a lead (wire) from the first post
of the variable condenser over to the post of the
first fixed condenser and connect the other post
of the latter with the grid of the detector tube.
Shunt a 14 to 2 megohm grid leak resistance
around the fixed condenser and then connect the
second post of the variable condenser to one
terminal of the detector tube filament. Run this
wire on over and connect it with the first post
of the second rheostat, the second post of which
is connected with one terminal of the filament of
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the first amplifying tube; then connect the first
post of the rheostat with one end of the secondary
coil of the first audio frequency transformer, and
the other end of this coil with the grid of the first
amplifier tube.

Connect the lead that runs from the second
post of variable condenser to the first post of the
third rheostat, the second post of which is con-
nected with one terminal of the second amplify-
ing tube; then connecct the first post of the
rheostat with one end of the secondary coil of
the second audio frequency transformer and the
other end of this coil with the grid of the second
amplifier tube.

This done connect the — or negative electrode
of the A4 hattery with the second post of the vari-
able condenser and connect the 4 or positive
electrode with the free post of the first rheostat,
the other post of which conneets with the free
terminal of the filament of the detector. From
this lcad tap off a wire and connect it to the free
terminal of the filament of the first amplifier
tube, and finally connect the end of the lead with
the frce terminal of the filament of the second
amplifier tube.

Next shunt a potentiometer around the A4 bat-
tery and conncct the third post, which connects
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with the sliding contact, to the negative or zinc
pole of a B battery, then connect the positive or
carbon pole of it to the negative or zinc pole of
a second B battery and the positive or carbon
pole of the latter with one end of the primary
coil of the second audio frequency transformer
and the other end of it to the plate of the first
amplifying tube. Run the lead on over and con-
nect it to one of the terminals of the sccond
fixed condenser and the other terminal of this
with the plate of the second amplifying tube.
Then shunt the headphones around the con-
denser.

Connect one end of the tickler coil of the
tuner with the plate of the detector tubc and
connect the other end of the tickler to one end of
the primary coil of the first audio frequency
transformer and the other end of it to the wire
that connects the two B batteries together.
Finally, shunt a .001 mfd. fixed condenser
around the primary coil of the first audio fre-
quency transformer,



CHAPTER X

SHORT WAVE REGENERATIVE
RECEIVING SETS

A short wave receiving set is one that will
receive a range of wave lengths of from 150 to
600 meters while the distance over which the
waves can be received as well as the intensity
of the sounds reproduced by the headphones de-
pends on: (1) whether it is a regenerative set and
(2) whether it is provided with amplifying tubes.

High-grade regenerative sets designed es-
pecially for receiving amateur sending stations
that must use a short wave length are built on
the regenerative principle just like those de-
scribed in the last chapter and further amplifica-
tion can be had by the use of amplifier tubes as
explained in Chapter V111, but the new feature
of these sets is the use of the variocoupler and one
or more variometers. 'These tuning devices can
be connected up in different ways and ave very
popular with amateurs at the present time.

Differing from the ordinary loose coupler the

142
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variometer has no movable contacts while the
variocoupler is provided with taps so that you can
connect it up for the wave length you want to
receive.  All you have to do to tune the
oscillation circuits to each other is to turn the
rotor, which is the secondary coil, around in the
stator, as the primary coil is called in order to
get a very fine variation of the wave length. Tt
is this construction that makes sharp tuning with
these sets possible, by which is meant that all
wave lengths are tuned out except the one which
the receiving set is tuned for.

A Short Wave Regenerative Recetver—With
One Variometer and Three Variable Condensers.
—This set also includes a variocoupler and a grid
coil. The way that the parts are connected to-
gether makes it a simple and at the same time a
very efficient regenerative receiver for short
waves. While this set can be used without shield-
ing the parts from each other the best results are
had when shields are used.

The parts you need for this set include: (1)
one variocoupler; (2) one .001 microfarad tari-
able condenser; (3) one .0005 microfarad vari-
able condenser; (4) one .0007 microfarad vari-
able condenser; (5) omne 2 megohm grid
leak; (6) one vacuum tube detector; (7) one
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A battery; (8) onc rheostat; (9) onc 200 ohm
potentiometer; (10) one 2215 wvolt B battery;
(11) one .001 microfarad fived condenser, (12)
onc pair of 2,000 ohm head phones, (13) a vari-
ometer, and (14) one grid coil.

The Variocoupler—A variocoupler consists

secondary coil secondary coil
or rotor or rotor

someter wave SRRl 11

B 150 =

>3 m - -

203 200 - - taps

Ewn 330 - -

=5 7
primary coil or
stator

A.wiring diagramof B, the vario coupler

vario coupler complete

Fic. 51.—How the Variocoupler is Made and Works.

of a primary coil wound on the outside of a
tube of insulating material and to certain turns
of this, taps are connected, so that you can fix
the wave length which your aerial system is to
receive from the shortest wave; i.e., 150 meters
on up by steps to the longest wave, i.e., 600
meters, which is the range of most amateur vario-
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couplers that are sold in the open market. This
is the part of the variocoupler that is called the
stator.

The secondary coil is wound on the section of
a ball niounted on a shaft and this is swung in
bearings on the stator so that it can turn in it.
This part of the variocoupler is called the rotor
and is arranged so that it can be mounted on a
panel and adjusted by means of a knob or a dial.
A diagram of a variocoupler is shown at A in
Fig. 51, and the coupler itself at B. 'There are
various makes and modifications of variocouplers
on the market but all of thenr are about the same
in general design.

T'he V ariometer—This Gevice is quite like the
variocoupler, but with these differences: (1) the
rotor turns in the stator, which is also the section
of a ball, and (2) one end of the primary is
connected with one end of the secondary coil. To
be really efficient a variometer must have a sinall
resistance and a large inductance as well as a
small dielectric loss. To secure the first two of
thesz factors the wire should be formed of a num-
ber of fine, pure copper wires each of which is
insulated and the whole strand then covered with
silk. This kind of wire is the best that has yet
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been devised for the purpose and is sold under
the trade name of ltzendraht.

A new type of variometer has what is known
as a bashet weave, or wavy wound stator and
rotor. There is no wood, insulating compound
or other dielectric materials in large enough
quantities to absorb the weak currents that flow
between them, hence weaker sounds can be heard
when this kind of a variometer is used. With it
you can tune sharply to waves under 200 meters
in length and up to and including wave lengths
of 8360 meters. When amateur stations of small
power are sending on these short waves this style
of variometer keeps the electric oscillations at
their greatest strength and, hence, the repro-
duced sounds will be of maximum intensity. A
wiring diagram of a variometer is shown at 4 in
Fig. 52 and a basketball variometer is shown com-
plete at B.

The Grid Coil.—This is simply a small in-
ductance coil that is used in the secondary oscilla-
tion circuit where only one variometer is em-
ployed. Generally the secondary of the coupler
is used for the grid coil.

Connecting Up the Parts.—To hook-up the
set connect the leading-in wire to one end of the
primary coil, or stator, of the variocoupler and



Recerving Sets 147
solder & wire to onc of the taps that gives the
longest wave length you want to reccive. Con-
nect the arm of the switck which makes contact
with the taps of this coil with one post of
a.001 n.icrofarad variable ccndenser and connect
the other post with the ground as shown in Fiy.
53. Now connect one end of the secondary coil,

primary coil
orstat)ér
secondary <4 primary N
coil or rotor coilor stator |} ENN7RS o
: i .. 1 -"7 -
- SR
% 7%
secondar coil or rotor
A wmnq diagram B. basket ball variometer
of variomzater complete

Fie. 52.—How the Variometer is Made and Works,

or rotor, to one post of a .0007 mfd. variable
condenser, the other post of this to one end of
the grid coil and the other end of this with the
remaining end of the rotor of the variocoupier.
Next connecet one post of the .0007 mfd. con-
denser with one of the terminals of the detector
filament; then connect the other post of this
condenser with one post of the .0005 mfd.
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variable condenser and the other post of this with
the grid of the detector, then shunt the grid leak
around the latter condenser. This done connect
the other terminal of the filanient to one post of
the rheostat, the other post of this to the — or
negative electrode of the .f battery and the - or
positive electrode of the latter to the other termi-
nal of the filanient.

Shunt the potentiometer around the A battery
and connect the sliding contact with the — or zinc
pole of the BB Lattery and the + or carbon pole
with one terminal of the headphone; conneet the
other terminal to one of the posts of the
variometer and the other post of the variom-
cter to the plate of the detector. Finally
shuat a .001 mfd. fixed condenser around the
headphones. If you want to amplify the current
with a vacuum tube amplifier connect in the ter-
minals of the amplifier circuit shown in Fig. 43
at the point where they are connected with the
detector tube in that diagram with the binding
posts of Fig. 53 where the phones are usually
connected in.

Short Wave Regenerative Receiver. With
Two Variometers and T'wo Variable Condensers.
—This type of regencrative receptor is very
popular with amateurs who arc using high-
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grade short-wave sets. When you connect up this
receptor you must keep the various parts well
separated. Screw the variocoupler to the middle
of the base board or panel, and secure the
variometers on either side of it so that the dis-
tance between them will be 9 or 10 inches. By
so placing them the coupling will be the same
on both sides and besides you can shield them
from each other easier.

For the shield use a sheet of copper on the
back of the panel and place a sheet of copper
between the parts, or better, enclose the variom-
eters and detector and amplifying tubes if you
use the latter in sheet copper boxes. When you
set up the variometers place them so that their
stators are at right angles to each other for other-
wise the magnetic lines of force set up by the
coils of each one will be mutually inductive and
this will make the headphones or loud speaker
howl. Whatever tendency the receptor has to
howl with this arrangement can be overcome by
putting in a grid leak of the right resistance and
adjusting the condenser.

The Parts and How to Connect Them Up.—
For this set you require: (1) one variocoupler;
(2) two variometers; (3) one .001 microfarad
variable condenser; (4) one .0005 microfarad
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variable condenser; (5) one grid leak resistance;
(6) one vacuum tube detcctor; (7) one A bat-
tery; (8) one 200 ohm pctentiometer; (9) one
2215 volt B battery; (10) one .001 microfarad
fixed condcnser, and (11) one pair of 2,000 ohm
headphoncs.

To wire up the set begin by connecting the
leading-in wire to the fixed end of the primary
coil, or stator, of the variocoupler, as shown in
Fig. 54, and connect one post of the .001 mfd.
variable condenser to the stator by soldering a
short length of wire to the arm of the switch
that makes contact with the taps. Now con-
nect one end of the secondary coil, or rotor,
of the variocoupler with one post of the .0005
mfd. variable condenser and the other part to
the grid of the detector tube. Connect the other
end of the rotor of the variocoupler to one of
the posts of the first variometer and the other
post of this to one of the term.inals of the detector
filament shunt grid leak around grid coil.

Connect this filament terninal with the — or
negative electrode of the 4 battery and the + or
positive electrode of this with one post of the
rheostat and lead a wire from the other post to
the free terminal of the filament. This done
shunt the potentiometer around the A battery and
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connect the sliding contact to the — or zine pole
of the B battery and the + or carbon pole of this
to one terminal of the headphones, while the other
terminal of this leads to one of the posts of the
second variometer, the other post of which is con-
nected to the plate of the detector tube. If you
want to add an amplifier tube then connect it to
the posts instead of the headphones as described
in the foregoing set.

A Short Wave, Super-regencerative Receiving
Set.—This is the very latest invention in wireless
anc is an entirely new kind of regenerative receiv-
ing system. Like those deseribed in the previous
and following chapters, it is the invention of
Major E. H. Armstrong. It is, however, based
on an entirely different principle and it is as great
an advance over the original regenerative system,
as the latter was over the simple vacuum tube de-
tector scheme.

The super-regenerative system is of especial
interest to the amateur for it does what the ordi-
nary regenerative circuit cannot do, it amplifies
the energy of short waves inversely as their wave
length. This means that the shorter the wave
length the greater it will be amplified. Thus the
energy of a wave that is 100 meters long is ampli-
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ficd four times as much as when the wave is 200
meters long.

This scheme of regeneration, therefore, opens
up an entirely new field for the amateur who is
confined to short wave lengths. Super-regenera-
tion can be accomplished by using one, two or
three vacuum tubes, but as the three-tube receiv-
ing set is the simplest to adjust, it is the one we
shall describe here.

The Parts and How to Connect Them Up.—
For this set you will have to get the following
parts: (1) one wvario-coupler; (2) one .0025
variable condenser; (3) two 6-volt C batteries;
(4) one amplifier tube; (5) three filament rheo-
stats; (6) one 90- to 130-vclt B battery; (7) two
honeycomb or duo-lateral cotls, of 1250 and 1500
turns respectively; (8) one 0025 fixed con-
denser; (9) one .001-mfd. variable condcnser;
(10) one 5-milli-henry air core choke coil; (11)
onc oscillator tube; (12) one 6-volt storage bat-
tery; (18) two .001-mfd. fived condensers; (14)
two 12,000-ohm resistances; (15) one .005 vari-
able condenser; (16) one 100-millihenry iron
core choke coil; (17) one audio-frequency ampli-
fier transformer; (18) one detector tube; (19)
one 225-volt B hattery, and (20) one set of head
phones or a loud-speaker.
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When a loop aerial is used, it may be provided
with an adjustable clip so that the number of
turns of wire, and, hence, its inductance, can be
varied. All three vacuum tubes used for this
recciving set can be either amplifier tubes, as de-
scribed on page 109, or they can be 5-watt os-
cillator tubes of the hard type, that is they must
be exhausted to a high degree; thesc latter tubes
are described on page 234. l.ow voltage tubes
such as the WD-11 cannot be used.

The A battery for heating the filaments of the
tubes where the latter are of the usual amplifier
type is a 6-volt one. The battery connected in
the grid circuit to give the grid a negative voltage
is known as the C battery, and this is formed of
four dry cells. Ifor the I3 battery, which is the
plate battery, enough 2214-volt B hatteries can
be connected in series to give the high voltage
necessary.

The honeycomb, or duo-lateral coils (see page
165) arc not connected together inductively as
they are when used for tuning coils, but instead
they are set in a line, or at right angles, to each
other and at some little distance apart. The
5-milli-henry coil can also be a honeycomb, or
duo-lateral coil which has this value of induc-
tance. The 100-milli-henry coil is wound on an
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iron core and so acts as a choke coil. Finally the
lavite resistances are formed of high-resistance
wire wound on a heat-resisting material called
lavite.

The way in which the parts are connected to-
gether is clearly shown in the diagram, Fig. 53.
Before yvou build this super-regencrative set, or
try to adjust onc that is already built, be sure to
read the explanation of the way it works in Chap-
ter XIV, or yvou will more than likely make a
failure of it.

A Reinartz Regenerative Receitving Set.—
The Reinartz circuit has gained considerable
popularity because of its ability to receive over
long distances, the ease with which it can be
hardled and its comparatively low cost of con-
struction. This circuit incorporates the advan-
tages of the three circuit receiver for selectivity
and of the single circuit receiver for sensitivity
to weak signals. Furthermore, both capacitive
and inductive feed-back or regencration are com-
bined so as to take advantage of the good quali-
ties of both. The antenna circuit is semi-apcri-
odie, that is, it is capable of transferring energy
to the secondary, which in this case is conduc-
tively coupled to it, over a wide band of wave
lengths without any appreciable loss and without
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the usual fine adjustments necessary in the casc
of a periodic or tuned primary circuit. Having
the secondary coil connected directly to the pri-
mary coil allows a direct flow of energy into it
and at the same time provides for a step up in
voltage which is very desirable in a vacuum tube
circuit.

As has been pointed out, the Reinartz receiver
is easy to operate and the three switches provided
are used only when large changes in wave length
are required. This boils down the important
controls to the two variable condensers, one for
tuming and the other for regeneration. From
the diagram of this circuit it is seen that there
are two coils, one being the tickler. They are
both wound on the same form, however, and the
coupling between them is fized.

The Parts and How to Connect Them Up.—
The parts you will need for building this set are:
(1) a Retnartz Spider-web coil (this can be pur-
chased from your radio dealer) ; (2) two 23 plate
variable condensers; (3) an A battery; (4) a
2214 volt B battery; (5) a rheostat; (6) a grid
leak; (7) a .00025 infd. grid condenser; (8) 15
switch points and 6 switch stops; (9) 3 switch
arms; (1) a vacuum tube detector; (11) a tube
socket; (12) a pair of head phones.
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The wiring of the various parts can be casily
followed from the diagram of the circuit in Fig.
56. It should be noted that the inside wire or
starting end is the tickler coil and the next four
tap wires are a part of it. The 5th, 6th, 7th, 8th
and 9th tap wires from the center compose the

ItoZmeqhoms

£ .00025 mfd

+0005mtd

% ... Inside,or starting end of coil

Fic. 56.—Wiring Diagram of the Original Reinartz Regenerative
Receiving Set.

primary coil and the last three are the secondary
connections.

Before purchasing any of the parts, the vac-
uum tube chart in the back of the book should be
consulted and the type of vacuum tube you wish
to use decided upon. Then make sure that you
get the right kind of rheostat, 4 battery, etc., for
this tube.
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A Cockaday Four Circuit Regenerative Re-
ceiver—"This circuit has a number of advantages
over similar types of regenerative receivers. Its
merits can be understood from the following ex-
planation: Onc of the most sensitive of regener-
ative circuits is the original deForest Ultra
Audion receiver. It has one drawback, however,
in that it is very difficult to keep the circuit from
oscillating. Naturally this is detrimental to good
reception.

It took Mr. Cockaday to devise a means 1o
stabilize the action of the Ultra Audion circuit
and this he did by the usc of what is known as an
absorption or sensitizing circuit. This cireuit is
in no way connected to any other portion of the
circuit but is merely in inductive relation or, in
other words, coupled to the coil in the grid cir-
cuit. Its function there is to absord just cnough
energy from the grid circuit to keep it from os-
cillating and this it does very well. It should be
remembered that it is the feed-Dack action that
creates both regencration and oscillation.  Since
the feed-back in the Ultra Audion cireuit is diffi-
cult to control it is easy to understand that if too
much energy is transferred from the plate to the
grid circuit, the absorption or fourth circuit in
this recciver will control it. The primary or
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antenna circuit of this receiver is, like the Rein-
artz, semi-aperiodic but inductive rather than
conductive coupling is employed. As scen from
the diagram of the circuit in Fig. 57 the coupling
coil consists of but one turn of wire.

The Parts and How to Connect Them Up—
For this set you will need: (1) a Cockaday coil
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Fi6. 57—Connections for the Cockaday Four Circuit Receiver.

unit (you can purchase this at any radio store) ;
(2) two 23 plate variable condensers; (3) an .1
battery; (4) a 22%% volt B battery; (5) a rheo-
stat; (G) a grid leak; (7) a .0005 mfd. grid con-
denser; (8) 8 switch points and 2 switch stops;
(9) a switch arm; (10) a vacuum tube detector;
(11) a tube socket: (12) a pair of head-phones.

"Che circuit diagran is shown in Fig. 57 and is
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easy to follow. It differs slightly from the aver-
age hook-up in that the grid leak instead of being
connected directly across the grid condenser, is
run from between it and the grid of the tube to
the negative terminal of the filament of the vac-
uum tube. This connection is important and
should be strictly followed.



CHAPTER XI

INTERMEDIATE AND LONG WAVE
REGENERATIVE RECEIVING SETS

ALL receiving sets that receive over a range of
wave lengths of from 150 meters to 3,000 meters
are called intermediate wave sets and all sets that
receive wave lengths over a range of anything
more than 3,000 meters are called long wave sets.
The range of intermediate wave receptors is such
that they will receive amateur, broadcasting,
ship and shore Navy, commercial, Arlington’s
time and all other stations using spark telegraph
damped waves or arc or vacuum tube telephone
continuous waves and continuous wave telegraph
signals.  Just how these receptors can receive
continuous wave telegraph signals is described in
Chapter X'11.

Intermediate Wave Receiving Sets.—There
are tivo chief schemes employed to increase the
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range of wave lengths that a set can receive and
these are by using: (1) loading coils and shunt
condensers, and (2) bank-wound coils and vari-
able condensers. If you have a short-wave set and
plan to receive intermediate waves with it then
loading coils and fixed condensers shunted around
them affords you the way to do it, but if vou
prefer to buy a new receptor then the better
way is to get one with bank-wound coils and
variable condensers; this latter way preserves the
clectrical balance of the oscillation circuits better,
the electrical losses are less and the tuning easier
and sharper.

Intermediate Wave Set With Loading Coils.
—For this intermediate wave set you can usc
cither of the short-wave sets described in the
foregoing chapter. For the loading coils use
honeycomb coils, or other good compact in-
ductance coils, as shown in Chapter IX and hav-
ing a range of whatever wave length you wish
to receive. The following table shows the range
of wave length of the various sized coils when
used with a variable condenser having a .001
microfarad capacitance, the approximate in-
ductance of cach coil in millikenries and prices
at the present writing:
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TABLE OF CHARACTERISTICS OF HONEYCOMB

COILS
Approximate Wave
Length in Meters in
Millihenries

Inductance .001 mfd.Variable Mounted
Appx. Air Condenser. on Plug

.040 130— 375 $1.10

075 180— 515 1.40

15 240— 730 1.50

.3 330— 1030 1.50

.6 450— 1460 1.55

1.3 660— 2200 1.60

2.8 930— 2850 1.65

4.5 1300— 4000 1.70

6.5 1550— 4800 1.75

11. 2050— 6300 1.80

20. 3000— 8500 2.00

40. 4000—12000 2.15

65. 5000—15000 2.35

100. 6200—19000 2.60

125, 7000—21000 3.00

175. 8200—24000 3.50

These and other kinds of compact coils ean
be bought at electrical supply houses that sell
wireless goods. If your aerial is not very high
or long you can use loading coils, but to get any-
thing like efficient results with them you must
have an aerial of large capacitance and the only
way to get this is to put up a high and long one
with two or more parallel wires spaced a goodly
distance apart.
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The Parts and How to Connect Them Up.—
Yet (1) two honeycomb or other coils of the

greatest wave length you want to receive, for in
order to properly balance the aerial, or primary
oscillation circuit, and the closed, or secondary
oscillation circuit, you have to tune them to the
same wave length; (2) two .001 mfd. variable
condensers, though fixed condensers will do, and
(8) two small single-throw double-pole knife
switches mounted on poreelain bases.

To use the loading coils all you have to do is
to connect one of them in the aerial above the
primary coil of the loose coupler, or variocoupler
as shown in the wiring diagram in -1 of Iig. 58,
and then connect one of the switches around this;
this switch enables you to cut in or out the load-
ing coil at will. Likewisc connect the other load-
ing coil in onc side of the closed, or sccondary
circuit between the variable .0007 mfd. condenser
and the secondary coil of the loose coupler or
vaviocoupler.

An Intermediate Wave Set With Variocoup-
ler Inductance Coils—By using the coil wound
on the rotor of the variocoupler as the tickler the
coupling between the detector tube circuits and
the aerial wire system increases as the set is tuned
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for greater wave lengths. This scheme makes
the control of the regenerative circuit far more

ﬁ
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(4) Fie. 58.—Wiring Diagram Showing Fixed Loading Coils for
Intermediate Wave Set.

stable than it is where an ordinary lonse coupled
tuning coil is used.
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When the variocoupler is adjusted for receiv-
ing very long waves the rotor sets at right angles
to the stator and, since when it is in this position
there is no mutual induction between them, the
tickler coil serves as a loading coil for the detector
plate oscillation circuit. Inductance coils for
short wave lengths are usually wound in single
layers but bank-wound coils, as they are called
are necessary to get compactness where long
wave lengths are to be received. By winding
inductance coils with two or more layers the high-
est inductance values can be obtained with the
least resistance. A wiring diagram of a multi-
point inductance coil is shown in B of Fig. 38.
You can buy this intermediate wave set assem-
bled and ready to use or get’the parts and con-
nect them up yourself.

The Parts and Iow to Connect Them Up.—
For this regencrative intermediate wave set get:
(1) one 12 section triple bank-wound inductance
coil, (2) one variocoupler, and (3) all the other
parts shown in the diagram B of Fig. 58 except
the variocoupler. First connect the free end of the
condenser in the aerial to one of the terminals of
the stator of the variocoupler; then connect the
other terminal of the stator with one of the ends
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of the bank-wound inductance coil and connect
the movable contact of this with the ground.
Next conneect a wire to the aerial between the
variable condenser and the stator and connect
this to one post of a .0005 microfarad fixed con-
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(B) FiG. 58.—Wiring Diagram for Intermediate Wave Receptor with one
Variocoupler and 12-section Bank-wound Inductance Coil.

denser, then connect the other post of this
with the grid of the detector and shunt a
grid leak around it. Connect a wire to
the ground wire between the bank-wound in-
ductance coil and the ground proper, ie., the
radiator or water pipe, connect the othel end
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of this to the + electrode of the A4 battery and
connect this end also to one of the terminals of
the filament. This done connect the other ter-
minal of the filament to one post of the rhcostat
and the other post of this to the — or negative
side of the 4 battery.

To the 4 electrode of the 4 battery connect
the — or zinc pole of the B battery and connect
the -+ or carbon pole of the latter with one post
of the fixed .001 microfarad condenser. This
done connect one terminal of the tickler coil
which is on the rotor of the variocoupler to the
plate of the detector and the other terminal of
the tickler to the other post of the .001 condenser
and around this shunt your hcadphones. Or if
vou want to usc one or more amplifving tubes
connect the circuit of the first one, see Fig. 43,
to the posts on either side of the fixed condenser
instead of the headphones.

A Long Wave Receiving Set.—The vivid
imagination of Jules Verne never conceived any-
thing so fascinating as the reception of messages
without wires sent out by stations half way
round the world; and in these days of high power
cableless stations on the five continents you can
listen-in to the messages and hear what is being
sent out by the Lyons, Paris and other French
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stations, by Great Britain, Italy, Germany and
even far off Russia and Japan.

A long wave set for receiving these stations
must be able to tune to wave lengths up to 20,000
meters. Differing from the way in which the
regenerative action of the short wave sets de-
scribed in the preceding chapter is secured and
which depends on a tickler coil and the coupling
action of the detector in this long wave set, this
action is obtained by the use of a tickler coil in
the plate circuit which is inductively coupled to
the grid circuit and this feeds back the necessary
amount of current. This is a very good way to
connect up the circuits for the reason that: (1)
the wiring is simplified, and (2) it gives a single
variable adjustment for the entire range of wave
lengths the receptor is intended to cover.

The Parts and How to Connect Them Up.—
The two chief features as far as the parts are
concerned of this long wave length receiving set
are (1) the variable condensers,and (2) the tun-
ing inductance coils. 'The variable condenser
used in series with the aerial wire system has 26
plates and is equal to a capacitance of .0008 mfd.
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which is the normal aerial capacitance. The con-
denser used in the secondary coil circuit has 14
plates and this is equal to a capacitance of .0004

mfd.

There are a number of inductance coils and
these are arranged so that they can be connected
in or cut out and combinations are thus formed
which give a high efficiency and yet allow them
to be compactly mounted. The inductance coils
of the aerial wire system and those of the
sccondary coil circuit are practically alike. Ifor
wave lengths up to 2,200 meters banl: litz-
wound coils are used and these are wound up in
2, 4 and 6 banks in order to give the proper de-
gree of coupling and inductance values.

Where wave lengths of more than 2,200 meters
are to be received coto-coils are used as these are
the “last word” in inductance coil design, and
are especially adapted for medium as well as long
wave lengths. These various coils are cut in and
out by means of two five-point switches which
are provided with auxiliary levers and contactors
for dead-ending the right amount of the coils.
In cutting in coils for increased wave lengths,

B
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that is from 10,000 to 20,000 meters, all of the
coils of the aerial are connected in series as well
as all of the coils of the secondary circuit. The
connections for a long wave receptor are shown
in the wiring diagram in Fig. 59.



CITAPTER XII

ITETERODYNE OR BEAT I.ONG
WAVE TELEGRAPII RECEIV-
ING SET

ANY of the receiving sets deseribed in the fore-
going chapters will respond to either: (1) a wire-
less telegraph transmitter that uses a spark gap
and which sends out periodie waves, or to (2)
a wireless telegraph or telephone transmitter that
uses an arc or a vacuum tube oscillator and which
senas out interrupted or modulated continuous
waves. To receive wireless telegraph signals,
however, from a transmitter that uses an are or
a vacuum tube oscillator and which sends out
continuous waves, an oscillating regenerative re-
ceiving set or a similar arrangement must be used
so that the continuous waves will be broken ups
into groups of audio frequency.

There are four different ways employed at the
present time to break up the continuous waves
of a wireless telcgraph transmitter into groups
and these are: (a) the Leterodyne, or beat, method,
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in which waves of different lengths are impressed
on the received waves and so produces beats; (b)
the tikker, or chopper method, in which the high
frequency currents are rapidly broken up; (c)
the variable condenser method, in which the mov-
able plates are made to rapidly rotate; (d) the
tone wheel, or frequency transformer, as it is
often called, and which is really a modified form
of and an improvement on the tikker. The
heterodyne method will be described in this
chapter.

What the Heterodyne or Beat Method Is.—
The word heterodyne was coined from the Greek
words heteros which means other, or different,
and dyne which means power; in other words it
means when used in connection with a wireless
receptor that another and different high fre-
quency current is used besides the one that is
reccived from the sending station. In music a
beat means a regularly recurrent swelling caused
by the rcinforcement of a sound and this is set
up by the interference of sound waves which
have slightly different periods of vibration as, for
instance, when two tones take place that are not
quite in tune with each other. This, then, is the
principle of the heterodyne, or beat, receptor.

In the heterodyne, or beat method, separate
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sustained oscillations, that are just about as
strong as those of the incoming waves, are set
up in the receiving circuits and their frequency
is Just a little higher or a little lower than those
that are set up by the waves received from the
distant transmitter. The result is that these os-
cillations of different frequencies interfere and
reinforce each other when beats are produced,
the period of which is slow enough to be heard
in the headphones, hence the incoming signals
can be heard only when waves from the sending
station are being received. A fuller explanation
of how this is done will be found in Chapter XFI”,

The Autodyne or Self-Ilcterodyne Long-
Wave Recciving Set.—This is the simplest type
of heterodyne rceeptor and it will receive periodic
waves from spark telegraph transmitters or con-
tinuous waves from an are or vacuum tube
telegraph transmitter. In this type of receptor
the detector tube itself is made to set up the
heterodyne oscillations which interfere with those
that are produced by the incoming waves that
are a little out of tune with it.

With a long wave autodyne, or self-heterodyne
receptor, as this type is called, and a two-step
audic-frequency amplifier vou can clearly hear
many of the cakbleless stations of Europe and
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others that send out long waves. For receiving
long wave stations, however, you must have a
long aerial—a single wire 200 or more feet in
length will do—and the higher it is the louder
will be the signals. Where it is not possible to
put the aerial up a hundred feet or more above
the ground, you can use a lower one and still get
mesages in International Morse fairly strong.
The Parts and Connections of an Autodyne,
or Self-Heterodyne, Receiving Set—For this
long wave receiving set you will need: (1) one
variocoupler with the primary coil wound on the
stator and the secondary coil and tickler coil
wound on the rotor, or you can use three honey-
comb or other good compact coils of the longest
wave you want to receive, a table of which is
given in Chapter XI; (2) two .001 mfd.
variable condensers; (3) one .0005 mfd. variable
condenser; (4) one .5 to 2 megohm grid leak re-
sistance; (5) one vacuum tube detector; (6) one
A battery; (7) one rheostat; (8) one B battery;
(9) one potentiometer; (10) one .001 mfd. fixred
condenser and (11) one pair of headphones. For
the two-step amplifier you must. of course, have
besides the above parts the amplifier tubes, vari-
able condensers, batteries, rheostats, potentiom-
eters and fixed condensers as explained in Chap-
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ter VIII. The connections for the autodyne, or
selt-heterodyne, receiving set are shown in Fig.
60.

The Separate Heterodyne Long Wave Re-
cewing Set—This is a better long wave receptor
than the self heterodyne set described above for
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F16, 60.—Wiring Diagram of Long Wave Antodyne, or Sel-
Heterodyne Receptor.

receiving wireless telegraph signals sent out by
a continuous long wave transmitter. The great
advantage of using a separate vacuum tube to
generate the heterodyne oscillations is that you
do not have to detune the detector oscillation cir-
cuit to obtain the beat note. At high frequencies
this effect is not noticeable but at Iow frequencies



180 Heterodyne or Beat Long Wave

it may cause a marked decrease in the strength
of the signals.

The Parts and Connections of a Separate
Heterodyne Long Wave Receiving Set.—The
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Fic. 61.—Wiring Diagram of Long Wave Separate Heterodyne
Receiving Set.

parts required for this long wave receiving set
are: (1) four honeycomb or other good compact
inductance coils of the longest wave length that
you want to receive; (2) three .001 mfd. variable
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condensers; (3) one .0005 mfd. variable conden-
ser; (4) one I megohm grid leak resistance; (5)
one vacuum tube detector; (6) one A battery;
(7) two rheostats; (8) two B Dbattcrics, onc of
which is supplied with taps; (9) one polentiom-
cter; (10) one vacuum tube amplifier,' for set-
ting up the heterodyne oscillations; (11) a pair
of Leadphones and (12) all of the parts for a
two-step amplifier as detailed in Chapter VIII,
that is if you are going to use amplifiers. The
connections are shown in Fig. 61.

In using either of these heterodyne receivers
with gas content tubces be sure to carefully adjust
the B battery by means of the potentiometer as
the sensitiveness of the detector depends largely
on the voltage impressed on the plate and es-
pecially must you do so when you exchange a
new for an old d=tector tube.

1The: amplifier tube in this case is used as a generator of oscilla-
tions.



CHAPTER XIII

HEADPHONES AND
LOUD SPEAKERS

Wireless Headphones.— A telephone receiver
for a wireless receiving set is made exactly on the
same principle as an ordinary Bell telephone re-
ceiver. The only difference between them is that
the former is made flat and compact so that a pair
of them can be fastened together with a band and
worn on the head (when it is called a headset),
while the latter is long and cylindrical so that it
can be held to the ear. A further difference be-
tween them is that the wireless headphone is made
as sensitive as possible so that it will respond to
very feeble currents, while the ordinary telephone
receiver is far from being sensitive and will re-
spond only to comparatively large currents.

How a Bell Telephone Receiver Is Made.—
An ordinary telephone receiver consists of three
chief parts and these are: (1) a hard-rubber, or
composition, shell and cap, (2) a permanent
steel bar magnet on one end of which is wound
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a coil of fine insulated copper wire, and (3) a
soft iron disk, or diaphragm, all of which are
shown in the cross-section in Fig. 62. The bar
magnet is securely fixed inside of the handle so
that the outside end comes to within about 1/32
of an inch of the diaphragm when this is laid on
top of the shell and the cap is screwed on.

The ends of the coil of wire are connected with
two binding posts which are in the end of the
shell, but are shown in the picture at the sides
for the sake of clearness. This coil usually has a
resistance of about 75 ohms and the meaning of
the olmic resistance of a receiver and its bearing
on the sensitiveness of it will be explained a little
farther along. After the disk, or diaphragm,
which is generally made of thin, soft sheet iron
that has been tinned or japanned,* is placed over
the end of the magnet, the cap, which has a small
opening in it, is screwed on and the receiver is
ready to use,

How a Wireless Headphone Is Made.—For
wireless work a receiver of the watch-case type is
used and nearly always two such receivers are
connected with a headband. It consists of a per-
manent bar magnet bent so that it will fit into
the shell of the receiver as shown at 4 in Fig. 63.

1 A disk of photographic tin-type plate is generally used.
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The ends of this magnet, which are called poles,
are bent up, and hence this type is called a bipolar
receiver. The magnets are wound with fine in-
sulated wire as before and the diaphragm is held
securely in place over them by screwing cn the
cap.

About Resistance, Turns of Wire and Sensi-

magnet magnet

coils coils
a high grade the headphones are
headset connectedin series

F13. 64.—Wireless Ileadphones.

tivity of IHeadphones.—If you are a beginner
in wireless you will hear those who are experi-
enced speak of a telephone receiver as having
a rasistance of 75 ohms, 1,000 ohms, 2,000 or
3,000 ohms, as the case may be; from this you
will gather that the higher the resistance of the
wire on the magncts the more sensitive the re-
ceiver is. In a scnse this is true, but it is not the
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resistance of the magnet coils that makes it sen-
sitive, in fact, it cuts down the current, but it is
the number of turns of wire on them that deter-
mines its sensitivencss; it is easy to see that this
is so, for the larger the number of turns the more
often will the same current flow round the cores
of the magnet and so magnetize them to a greater
extent.

But to wind a large number of turns of wire
close cnough to the cores to be effective the wire
must be very small and so, of course, the higher
the resistance will be. Now the wire used for
winding good receivers is usually No. 40, and
this has a diameter of .0031 inch; consequently,
when you know the ohmic resistance you get an
idea of the number of turns of wire and from
this you gather in a general way what the sensi-
tivity of the receiver is.

A receiver that is sensitive enough for wireless
work should be wound to not less than 1,000
ohms (this means each ear phone), while those
of a better grade are wound to as high as 3,000
ohms for each one. A high-grade headset is
shown in Fig. 64. Fach phone of a headset
should be wound to the same resistance, and these
are connected in series as shown. Where two or
more headsets are used with one wireless receiv-
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ing set they must all be of the same resistance and
connected in series, that is, the coils of one head
set are connected with the coils of the next head
set and so on to form a continuous circuit.

The Impedance of Headphones—When a
current is flowing through a circuit, the material
of which the wire is made not only opposes its
passage—this is called its ohmic resistance—but
a counter-electromotive force to the current is
sct up due to the inductive effects of the current
on itsclf and this is called impedance. Where a
wire is wound in a coil the impedance of the cir-
cuit is increased, and where an alternating cur-
rent is used the impedance grows greater as the
frequency gets higher. The impedance of the
magnet coils of a receiver is so great for high
frequency oscillations that the latter cannot pass
through them ; in other words, they are choked off.

How the Ieadphones Worl..—As you will see
from the cross-sections in Figs. 62 and 63 there is
no conncction, cleetrical or mechanical, between
the diaphragm and the other parts of the recciver.
Now when cither feeble oscillations, which have
been rectified by a detector, or small currents
from a B battery, flow through the magnet coils
the permanent stecl magnet is cnergized to a
greater extent than when no current is flowing
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through it. This added magnetic energy makes
the magnet attract the diaphragm more than it
would do by its own force. If, on the other hand,
the current is cut off the pull of the magnet is
lessened and as its attraction for the diaphragm
is decreased the latter springs back to its original
position. When varying currcnts flow through
the coils the diaphragm vibrates accordingly and
sends out sound waves.

About Loud S peakers.—The simplest acoustic
instrument ever invented is the megaphone,
which latter is a Greek word meaning great
sound. It is a very primitive device and our
Indians made it out of birch-bark before Colum-
bus discovercd America. In its simplest form
it consists of a cone-shaped horn and as the
speaker talks into the small end the concentrated
sound waves pass out of the large end in what-
ever direction it is held.*

Now a loud speaker of whatever kind consists
of two chief parts and these are: (1) a telephone
recetver, and (2) a megaphone, or horn as it is
called. A loud speaker when connected with a
wireless receiving set makes it possible for a
room, or an auditorium, full of people, or an out-
door crowd, to hear what is being sent out by a

* See Loud Speakers in Appendix, page 400.
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distant station instead of being limited to a few
persons listening-in with headphones. To use a
loud speaker you should have a vacuum tube de-
tector receiving set and this must be provided
with a one-step amplificr at least.

To get really good results you need a two-step
amplifier and then cnergize the plate of the sec-
ond vacuum tube amplifier with a 100 volt B bat-
tery;orif youhave a three-step amplifier then use
the high voltage on the plate of the third ampli-
fier tube. Amplifying tubes are made to stand a
plate potential of 100 volts and this is the kind
you must use. Now it may seem curious, but
when the current flows through the coils of the
telephone receiver in one direction it gives better
results than when it flows through in the other
direction; to find out the way the current gives
the best results try it out both ways and this you
can do by simply reversing the connections.

The Simplest Type of Loud 8peaker—This
loud speaker, which is called the Arkay, will
work on a one- or two-step amplifier. It consists
of a brass horn with a curve in it and in the bot-
tom there is an adapter, or frame, with a set
screw in it so that you can fit in one of your head-
phones and this is all there is to it. The construc-
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tion is rigid enough to prevent overtones, or dis-
tortion of speech or mwsic. It is shown in
Fig. 65.

Another Simple Kind of Loud Speaker—
Another loud speaker, see Fig. 66, is known as
the Admplitone and it likewise makes use of the
headphones as the sound producer. This device

head phones
qo here

Fia. 65.—Arkay Loud Speaker.  F1g. 66.—Amplitone Loud Speaker.

has a cast metal horn which improves the quality
of the sound, and all you have to do is to slip the
headphones on the inlet tubes of the horn and
it is ready for use. The two headphones not only
give a greater volume of sound than where a single
one is used but there is a certain blended quality
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which results from one phone smoothing out the
imperfections of the other.

A Third Kind of Simple Loud Speaker—The
operation of ths Admplitron, as this loud speaker
is called, is slightly different from others used
for the same purpose. The sounds set up by the
headphone are conveyed to the apex of an in-
verted copper cone which is 7 inches long and
10 inches in diameter. Here it is reflected by a
parabolic mirror which greatly amplifies the
sounds. The amplification takes place without
distortion, the sounds remaining as clear and
crisp as when projected by the transmitting sta-
tion. By removing the cap from the receiver the
shell is screwed into a receptable on the end of
the loud speaker and the instrument is ready for
use. It is pictured in Fig. 67.

A Super Loud Speaker.—This loud speaker,
which is known as the Magnavoxr Telemega-
fone, was the instrument used by Lt. Herbert
E. Metcalf, 8,000 feet in the air, and which
startled the City of Washington on April 2, 1919,
by repeating President Wilson’s Victory Loan
Message from an airplane in flight so that it was
distinctly heard by 20,000 people below.
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This wonderful achievement was acomplished
through the installation of the Magnavox and
amplifiers in front of the Treasury Building.
Every word Lt. Metcalf spoke into his wireless
telephone transmitter was caught and swelled in
volume by the Telemegafones below and persons

Fig. 67.—Amplitron Loud Speaker.

blocks away could hear the message plainly. Two
kinds of these loud speakers are made and these
are: (1) a smallloud speaker for the use of opera-
tors so that headphones need not be worn, and
(2) a large loud speaker for auditorium and
out-door audiences.

Either kind may be used with a one- or two-
step amplifier or with a cascade of half a dozen
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amplifiers, according to the degree of loudness
desired. The Telemegafone itself is not an am-
plifier in the true sense inasmuch as it contains
no elements which will locally increase the incom-
ing current. It does, however, transform the
variable electric currents of the wireless receiving
set into sound vibrations in a most wonderful
manner.

A telemegafone of either kind is formed of : (1)
a telephone receiver of large proportions, (2) a
step-down induction coil, and (8) a 6 volt stor-
age battery that energizes a powerful electro-
magnet which works the diaphragm. An electro-
magnet is used instead of a permanent magnet
and this is energized by a 6-volt storage battery
as shown in the wiring diagram at 4 in Fig. 68.
One end of the core of this magnet is fixed to the
iron case of the speaker and together these form
the equivalent of a horseshoe magnet. A mov-
able coil of wire is supported from the center of
the diaphragm the edge of which is rigidly held
between the case and the small end of the horn.,
This coil is placed over the upper end of the
magnet and its terminals are connected to the
secondary of the induction coil. Now when the
coil is energized by the current from the ampli-
fiers, it and the core act like a solenoid in that the
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coil tends to suck the core into it; but since the
core is fixed and the coil is movable the core
draws the coil down instead. The result is that
with every variation of the current that flows

horn
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Fic. 68.—Magnavox Loud Speaker.

through the coil it moves up and down and pulls
and pushes the diaphragm down and up with it.
The large amplitude of the vibrations of the lat-
ter set up powerful sound waves which can be
heard several blocks away from the horn. In
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this way then are the faint incoming signals,
speech and music which are received by the am-
plifying rzceiving set reproduced and magnified
enormously. The Telemegafone is shown com-
plete at B.



CHAPTER XIV

OPERATION OF VACUUM TUBE
RECEPTORS

TFrom the foregoing chapters you have seen
that the vacuum tube can be used either as a
detector or an amplifier or as a generator of elec-
tric oscillations, as in the casc of the heterodyne
receiving set. To understand how a vacuum tube
acts as a detector and as an amplifier you must
first know what electrons are. The way in which
the vacuum tube sets up sustained oscillations
will be explained in Chapter XV II in connec-
tion with the Operation of Vacuum Tube T'rans-
mitters.*

W hat Electrons Are.—Science teaches us that
masses of matter are made up of molecules, that
cach of these is made up of atoms, and each of
these, in turn, is made up of a central core of
positive particles of electricity surrounded by
negative particles of electricity as shown in the
schematic diagram, Fig. 69. The little black cir-
cles inside the large circle represent positive

* See “A " and “ B Battery Eliminators in Appendix, page 403.
196
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particles of electricity and the little white circles
outside of the large circle represent negative par-
ticles of electricity, or electrons as they are
called.

It is the number of positive particles of elec-
tricity an atom has that determines the kind of
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Fi1g. 69.—Schematic Diagram of an Atom.

an element that is formed when enough atoms
of tke same kind are joined together to build
it up. Thus hydrogen, which is the lightest known
element, has one positive particle for its nucleus,
while uranium, the heaviest element now known,
has €2 positive particles. Now before leaving
the atom please note that it is as much smaller
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than the diagram as the latter is smaller than
our solar system.

What Is Meant by Ionization.—A hydrogen
atom is not only lighter but it is smaller than
the atom of any other element while an electron
is more than a thousand times smaller than the
atom of which it is a part. Now as long as all
of the electrons remain attached to the surface
of an atom its positive and negative charges are
equalized and it will, therefore, be neither positive
nor negative, that is, it will be perfectly neutral.
When, however, one or more of its electrons are
separated from it, and there are several ways by
which this can be done, the atom will show a posi-
tive charge and it is then called a positive ion.

In other words a positive ion is an atom that
has lost some of its negative electrons while a neg-
ative ion is one that has acquired some additional
negative electrons. When a number of electrons
are being constantly given by the atoms of an ele-
ment, which let us suppose is a metal, and are
being attracted to atoms of another element,
which we will say is also a metal, a flow of elec-
trons takes place between the two oppositely
charged elements and form a current of negative
electricity as represented by the arrows at 4 in
Fig. 70.
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‘When a stream of electrons is flowing between
two metal elements, as a filament and a plate
in a vacuum tube detector, or an anmplifier, they
act as carriers for more negative electrons and
these are supplied by a battery as we shall pres-
ently explain. It has always been customary
for us to think of a current of electricity as flow-
ing from the positive pole of a battery to the
negative pole of it and hence we have called this
the direction of the current. Since the electronic
theory has been evolved it has been shown that
the electrons, or negative charges of electricity,
flow from the negative to the positive pole and
that the ionized atoms, which arc more positive
than negative, flow in the opposite direction as
shown at B.

How Electrons are Separated from Atoms.—
The next question that arises is how to make a
metal throw off some of the electrons of the atoms
of which it is formed. There are several ways
that this can be done but in any event each atom
must be given a good, hard blow. A simple way
to do this is to heat a metal to incandescence
when the atoms will bombard each other with
terrific force and many of the electrons will be
knocked off and thrown out into the surround-
ing space.
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But all, or nearly all, of them will return to
the atomns from whence they came unless a means
of some kind is employed to attract them to the
atoms of some other element. This can be done
by giving the latter piece of metal a positive
charge. If now these two pieces of metal are
piaced in a bulb from which the air has been ex-
hausted and the first picce of metal is heated
to brilliancy while the sccond piece of metal is
kept positively electrified then a stream of elec-
trons will flow between them.

Action of the Two Electrode Vacuum Tube.
—Now in a vacuum tube detector a wire filament,
like that of an incandescent lamp, is connected
with a battery and this forms the hot element
from which the electrons are thrown off, and a
metal plate with a terminal wire secured to it is
connected to the positive or carbon tap of a dry
battery; now connect the negative or zinc tap of
this with one erid of a telephone receiver and the
other end of this with the terminals of the fila-
ment as shown at 4 in Fig. 71. If now you heat
the filament and hold the phone to your ear you
can hear the current from the B battery flow-
ing through the circuit.

Since the electrons are negative charges of
electricity they are not only thrown off by the
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hot wire but they are attracted by the positive
charged metal plate and when enough electrons
pass, or flow, from the hot wire to the plate they
form a conducting path and so complete the cir-
cuit which includes the filament, the plate and
the B or plate battery, when the current can then
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(C} Fic. 71.—Only the Positive Part of Oscillations Goes
through the Tube.

flow through it. As the number of electrons that
are thrown off by the filament is not great and
the voltage of the plate is not high the current
that flows between the filament and the plate 1s
always quite small.

How the Two Electrode Tube Acts as a De-
tector—As the action of a two electrode tube
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as a detector' is simpler than that of the three
electrode vacuum tube we shall describe it first.
The two electrode vacuum tube was first made
by Mr. Edison when he was working on the in-
candescent lamp but that it would serve as a
detector of electric waves was discovered by Prof.
Fleming, of University College, T.ondon. As a
matter of fact, it is not really a detector of electric
waves, but it acts as: (1) a rectifier of the oscilla-
tions that are set up in the receiving circuits, that
is, it changes them into pulsating direct currents
so that they will flow through and affect a tcle-
phone receiver, and (2) it acts as a relay and the
fecble received oscillating current controls the
larger direct current from the B battery in very
much the same way that a telegraph rclay does.
This latter relay action will be explained when we
come to its operation as an amplifier.

We have just learned that when the stream of
electrons flow from the hot wire to the cold posi-
tive plate in the tube they form a conducting
path through which the battery current can flow.
Now when the electric oscillations surge through
the closed oscillation circuit, which includes the
secondary of the tuning coil, the variable con-

1The three electrode vacumn tube has entirely taken the place of
the two electrode type.
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denser, the filament and the plate as shown at
B in Fig. 71 the positive part of them passes
through the tube easily while the negative part
cannot get through, that is, the top, or positive,
vart of the wave-form remains intact while the
lower, or negative, part is cut off as shown in
the diagram at C. As the received oscillations
are either broken up into wave trains of audio
frequency by the telegraph transmitter or are
modulated by a telephone transmitter they carry
the larger impulses of the direct current from the
B battery along with them and these flow
through the headphones. This is the reason the
vacuum tube amplifies as well as detects.

Hoxw the Three Electrode Tube Acts as a De-
tector.—The vacuum tube as a detector has Leen
made very much more sensitive by the use of a
third electrode shown in Fig. 72. In this type of
vacuum tube the third electrode, or grid, is placed
between the filament and the plate and this con-
trols the number of electrons flowing from the
filament to the plate; in passing between these
two electrodes they have to go through the holes
formed by the grid wires.

If now the grid is charged to a higher negative
voltage than the filament the electrons will be
stopped by the latter, see 4, though some of them
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will go through to the plate because they travel at
a high rate of speed. The higher the negative

A.aneqatively charqed B. a positively charged
qrid stops the qrid lets the electrons
electrons pass

(4) and (B) Fic. 72.—How the Positive and Negative Voltages
of Oscillations Act on the Electrons.
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(C) Fig. 72.—How the Three Electrode Tube Acts as a Detector
and Amplifier.

charge on the grid the smaller will be the number
of electrons that will reach the plate and, of
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course, the smaller will be the amount of current
that will flow through the tube and the head-
phones from the I3 battery.

On the other hand if the grid is charged posi-
tively, see I3, then more electrons will strike the
plate than when the grid is not used or when it is
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(D) Fi1e. 72.—How the Oscillations Control the Flow of the
Battery Current through the Tube.

negatively charged. But when the three electrode
tube is used as a detector the oscillations set up
in the circuits change the grid alternately frcm
negative to positive as shown at C' and hence the
voltage of the B battery current that is allowed
to flow through the detector from the plate to the
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filament rises and falls in unison with the voltage
of the oscillating currents. The way the positive
and negative voltages of the oscillations which
are set up by the incoming waves, energize the
grid; how the oscillator tube clips off the negative
parts of them, and, finally, how these carry the
battery current through the tube are shown
graphically by the curves at D.

How the Vacuum Tube Acts as an Amplifier.
—If you connect up the filament and the
plate of a three electrode tube with the batteries
and do not connect in the grid, you will find that
the electrons which are thrown off by the filament
will not get farther than the grid regardless of
how high the voltage is that you apply to the
plate. This is due to the fact that a large number
of clectrons which are thrown off by the filament
strike the grid and give it a negative charge, and
consequently, they cannot get any farther. Since
the electrons do not reach the plate the current
from the B battery cannot flow between it and
the filament.

Now with a properly designed amplifier tube
a very small negative voltage on the grid will
keep a very large positive voltage on the plate
from sending a current through the tube, and
oppositely, a very small positive voltage on the
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grid will let a very large plate current flow
through the tube; this being true it follows that
any small variation of the voltage from positive
to negative on the grid and the other way about
will vary a large current flowing from the plate
to the filament.

In the Morse telegraph the relay permits the
small current that is received from the distant
sending station to energize a pair of magnets,
and these draw an armature toward them and
close a second circuit when a large current from
a local battery is available for working the
sounder. The amplifier tube is a variable relay
in that the feeble currents set up by the incoming
waves constantly and proportionately vary a
large current that flows through the headphones.
This then is the principle on which the amplify-
ing tube works.

The Operation of a Simple V acuum Tube Re-
cetving Set.—The way a simple vacuum tube
detector receiving set works is like this: when
the filament is heated to brilliancy it gives off
electrons as previously described. Now when the
electric waves impinge on the aerial wire they
set up cscillations in it and these surge through
the primary coil of the loose coupled tuning coil,
a diagram of which is shown at B in Fig. 39.
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The energy of these oscillations sets up os-
cillations of the same frequency in the secondary
coil and these high frequency currents whose
voltage is first positive and then negative, surge
in the closed circuit which includes the secondary
coil and the variable condenser. At the samc
time the alternating positive and negative volt-
age of the oscillating’ currents is impressed on
the grid; at each change from + to — and back
again it allows the electrons to strike the plate and
then shuts them off ; as the electrons form the con-
ducting path between the filament and the plate
the larger direct current from the B battery is
permitted to flow through the detector tube and
the headphones.

Operation of a Regenerative Vacuum Tube
Receiving Set.—By feeding back the pulsating
direct current from the B battery through the
tickler coil it sets up other and stronger oscilla-
tions in the secondary of the tuning coil when
these act on the detector tube and increase its
sensitiveness to a remarkable extent. The re-
generative, or feed back, action of the receiving
circuits used will be better understood by refer-
ring back to I'ig. 60.

When the waves set up oscillations in the
primary of the tuning coil the energy of them
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produces like oscillations in the closed circuit
which includes the secondary coil and the con-
denser; the alternating positive and negative
voltages of these are impressed on the grid and
these, as we have seen before, cause similar varia-
tions of the direct current from the B battery
which acts on the plate and which flows between
the latter and the filament.

This varying direct current, however, is made
to flow back through the third, or tickler coil of the
tuning coil and sets up in the secondary coil and
circuits other and larger oscillating currents and
these augment the action of the oscillations pro-
duced by the incoming waves. These extra and
larger carrents which are the result of the feed-
back then act on the grid and cause still larger
variations of the current in the plate voltage and
hence of the current of the B battery that flows
through the detector and the headphones. At
the same time the tube keeps on responding to
the fecble electric oscillations set up in the cir-
cuits by the incoming waves. This regenerative
action of the battery current augments the
original oscillations many times and hence pro-
duce sounds in the headphones that are many
" times greater than where the vacuum tube de-
tector alcne is used.
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Operation of the Short Wave, Super-regen-
erative Receiving Set—When an ordinary re-
generative receiving set, as described above,
reaches a certain point of amplification, the de-
tector tube begins to set up oscillations and this
puts an end to further useful regeneration. Up
to this critical point, and especially just before
it is reached, the effects of regeneration are enor-
mously increased but they cannot go beyond it.

The reason for this is that the oscillation circuit
has so small an effective resistance that after the
initial energy of the feed back sets up the ampli-
fying oscillations in the tube these oscillations
continue to surge and with such persistency that
the oscillations which follow from the feed back
have very little effect upon them. The energy of
the oscillations set up by the incoming waves is,
naturally, less and, it follows, the signal, speech
or music is weaker when this condition is reached,
than when the effective resistance of the circuit is
small enough to allow the current rectificd by the
detector tube to get back to the same valve after
cach variation of the oscillations set up by the
incoming waves.

Now the purpose of the super-regenerative
system is to circumvent this limitation of the
original regenerative circuit so that amplification
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can go on beyond it, and this is the way it is done:
in this new system the factors of the circuits are
so arranged that the amplifying oscillations set
up by the tube do not depend so much on the
feed back oscillations as on those which the
oscillator tube itself sets up. This is done by
alternating the values of positive and negative
resistance from moment to moment; that is, an
alternating positive and a negative resistance are
sct up by the oscillations of the oscillator tube.

The result is that while the initial, or first,
oscillations set up by the incoming waves are
aniplified, as long as the necgative resistance is
larger than the positive resistance, the oscillations -
are instantly cut off by reversing these resist-
ances, when the next incoming wave sets up fresh
oscillations. In other words, the tube is kept
from setting up oscillations when the eritical
point is reached, by changing the negative resist-
ance to the positive and then changing them
about tke other way.

While an oscillation tube that generates oscil-
lations cf a frequency of about 15,000 cycles per
second is used to change the resistances, it is pos-
sible to use several different kinds of circuits.
The frequency of the oscillations set up by the
tube for this purpose must be just high enough



214 Operation of Vacuum Tube Receptors

so that you cannot hear them surging in your
head-phones, and a frequency of 15,000 cycles is
high enough to be beyond the limits of audibility.

If, now, vou will turn back to page 154 and
look at the wiring diagram shown in Fig. 55,
you will see that the first tube is the regenerative
amplifying tube, and that the positive and nega-
tive resistances of its plate circuit are constantly
changed about by the second tube, which is the
oscillation tube. After the low-frequency oscil-
lating currents have been transformed by the
audio-frequency transformer, they pass through
a third tube, called the detector, which simiply
rectifies the currents, that is, it changes them into
a pulsating direct current which will operate the
head-phones. i

Operation of Autodyne and Helerodyne Re-
cciving Sets—At .1 in Fig. 33 is shown a picture
of two tuning forks mounted on sounding boxes
to illustrate the principle of clectrical tuning.
When a pair of these forks are made to vibrate
exactly the samenumber of times per sccond there
will be a condensation of the air between them
and the sound waves that are sent out will be
augmented. But if you adjust one of the forks
so that it will vibrate 236 times a second and the
other fork so that it will vibrate 260 times a sec-
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ond then there will be a phase difference between
the two sets of waves and the latter will augment

A-1.000,0c0 oscillations per second
set ug by incoming waves

i

B-1,001,000 oscillations per second
set up by separate heterodyne tube

C- 1,000 beats per second by superposition

AVAVAWVSE

D- 1,000 pulsating currents in
the headphones
Fia. 78.—How the Heterodyne Receptor Works.

each other 4 times every second and you will hear
these rising and falling sounds as beats.
Now clectric oscillations set up in two circuits
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that are coupled together act in exactly the same
way as sound waves produced by two tuning
forks that are close to each other. Since this
is true if you tune one of the closed circuits so
that the oscillations in it will have a frequency

il
T

oscillation
generator

& —Q hetTlrodyne

F16. 74.—Separate Heterodyne Oscillator.

of a 1,000,000 and tune the other circuit so that
the oscillations in it have a frequency of 1,001,000
a second then the oscillations will augment each
other 1,000 times every second.

As these rising and falling currents act on the
pulsating currents from the B battery which flow
through the detector tube and the headphones
you will hear them as beats. A graphic repre-
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sentation of the oscillating currents set up by the
incoming waves, those produced by the hetero-
dyne oscillator and the beats they form is shown
in Fig. 73. To produce these beats a receptor
can use: (1) a single vacuum tube for setting up
oscillations of both frequencies when it is called
an autodyne, or self-heterodyne receptor, or (2)
a separate vacuum tube for setting up the oscilla-
tions for the second circuit when it is called a
heterodyne receptor.

The Autodyne, or Self-Ileterodync Receiving
Set.—Where only one vacuum tube is used for
producing beth frequencies you need only a re-
generative, or feed-back receptor; then you can
tune the aerial wire system to the incoming waves
and tune the closed circuit of the secondary coil
so that it will be out of step with the former
by 1,000 oscillations per second, more or less,
the exact number does not matter in the least.
From this you will see that any regenerative set
can be used for autodyne, or self-heterodyne, re-
. ception.

The Separate Heterodyne Receiving Set.—
The better way, however, is to use a separate
vacuum tube for setting up the heterodyne os-
cillations. 'The latter then act on the oscillations
that are produced by the incoming waves and
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which encrgize the grid of the detector tube.
Note that the vacuum tube used for producing
the heterodyne oscillations is a gencrator of elec-
tric oscillations; the latter are impressed on the
director circuits through the variable coupling,
the secondary of which is in series with the aerial
wire as shown in Fig. 74. 'The way in which the
tube acts as a gencrator of oscillations will be told
in Chapter XV1II.

Operation of the Super-Heterodyne Receiv-
ing Set.—Major Armstrong devised the Super-
Ieterodyne recciver in his attempt to eliminate
the incfficiency of radio frequency amplification
at short wave lengths and gain the immense
amplification possible on the longer wave lengths.
The only logical solution to the problem was to
convert an incoming signal of a short wave to a
longer wave length of say 5,000 meters and then
run it through a long wave radio frequency am-
plifier. This is exactly what Major Armstrong
succeeded in doing.

You have learned from preceding chapters
that a definite wave length corresponds to a defi-
nite frequency and that the longer the wave the
lower the frequency and vice versa. You have
also learned that in order to receive continuous
wave signals on a vacuum tube receiver it is nec-
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essary to employ the autodyne or heterodyne
method wherein a second frequency or wave
length is impressed on the receiving circuit so
as to produce a beat note of the original signal
that would be audible.

The separate heterodyne method is used in
conjunction with the Super-Heterodyne re-
ceiver, only instead of adjusting it so as to pro-
duce an: audible beat note, a radio frequency beat
note is produced having a frequency not of ap-
proximately 1,000 cycles, but of the exact fre-
quencey that corresponds with the wave length
upon which the radio frequency amplifving
transformers are designed to work. In this way
the incoming signal is actually converted to a
longer wave length, passed through the first de-
tector (frequency changer) where the original
radio frequency wave is eliminated, then through
the radio frequency amplifiers and finally
through the second detector where the signal is
rectified and made into an audio frequency.



CHAPTER XV

CONTINUOUS WAVE TELEGRAPH
TRANSMITTING SETS WITH
DIRECT CURRENT

In the first part of this book we learned about
spark-gap telegraph sets and how the oscillations
they set up are damped and the waves they send
out are periodic. In this and the next chapter
we shall find out how vacuum tube telegraph
transmitters are made and how they set up os-
cillations that are sustained and radiate waves
that are continuous.

Sending wireless telegraph messages by con-
tinuous waves has many features to recommend
it as against sending them by periodic waves
and among the most important of these are that
the transmitter can be: (1) more sharply tuned,
(2) it will send signals farther with the same
amount of power, and (3) it is noiseless in opera-
tion. The disadvantageous features are that: (1)
a battery current is not satisfactory, (2) its cir-

cuits are somewhat more complicated, and (8)
220
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the oscillator tubes burn out occasionally. There
is, however, a growing tendency among amateurs
to use continuous wave transmitters and they are
certainly more up-to-date and interesting than
spark gap sets.

Now there are three practical ways by which
continuous waves can be set up for sending
either telegraphic signals or telephonic speech
and music and these are: (a) with an oscillation
are lamp, (b) a wvacuum tube oscillator, and
(c) a high frequency alternator. 'The os-
cillation arc was the earliest known way of
setting up sustained oscillations, and it is now
largely used for commercial high power, long dis-
tance work. But since the vacuum tube has been
developed to a high degree of efficiency and is the
scheme that is now in vogue for amateur stations
we shall confine our efforts here to explaining the
apparatus necessary and how to wire the various
parts together to produce several sizes of vacuum
tube telegraph transmitters. The high frequency
alternator is used only for high power stations.

Sources of Current for Telegraph Transmit-
ting Sets—Differing from a spark-gap trans-
mitter you cannot get any practical results
with a low voltage battery current to start with.
For a purely experimental vacuum tube telegraph
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transmitter you can use enough B batteries to
operate it but the current strength of these drops
so fast when they are in use, that they are not at
all satisfactory for the work.

You can, however, use 110 volt direct current
from a lighting circuit as your initial source of
power to energize the plate of the vacuum tube
oscillator of your experimental transmitter.
Where you have a 110 volt direct current light-
ing service in your home and you want a higher
voltage for your plate, you will then have to use
a motor-generator set and this costs money. If
you have 110 volt alternating current lighting
service at hand your troubles are over so far as
cost is concernea for you can step it up to any
voltage you want with a power transformer. In
this chapter will be shown how to use a direct
current for your source of initial power and in
the next chapter how to use an alternating cur-
rent for the initial power.

An Experimental Continuous Wave Tele-
graph Transmitter—You will remember that in
Chapter X1V we lecarned how the heterodyne
receiver works and that in the separate hetero-
dyne receiving set the second vacuum tube is
used solely to set up oscillations. Now while this
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extra tube is used as a generator of oscillations
these are, of course, very weak and hence a de-
tector tube cannot be used to generate oscillations
that are useful for other purposes than hetero-
dyne receptors and measurements.

There is a vacuum tube amplifier made,
that will stand a plate potential of 100 volts,
and this can be used as a generator of oscil-
lations by energizing it with a 110 volt direct
current from your lighting service. Or in a
pinch you can use five standard B batteries to
develop the plate voltage, but these will soon run
down. But whatever you do, never use a cur-
rent from a lighting circuit on a tube of any kind
that has a rated plate potential of less than 100
volts.

By consulting the vacuum tube chart in the
back of the book you can tell at a glance what
vacuum tubes you can and cannot safely usc.

The Apparatus You Need—For this experi-
mental continuous wave telegraph transmitter
get the following pieces of apparatus: (1) one
single coil tuner with three clips; (2) one .002
mfd. fived condenser; (3) three .001 mfd.
condensers; (4) one adjustable grid leak; (5)
one hot-wire ammeter; (6) one buzzer; (7) one
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dry cell; (8) one telegraph key; (9) one vacuum
tube amplifier; (10) one 6 volt storage battery;
(11) one rheostat; (12) one oscillation choke
coil; (18) one panel cut-out with a single-throw,
double-pole switch, and a pair of fuse sockets on
it.

The Tuning Coil.—You can either make this
tuning coil or buy one. To make it get two disks
of wood 3/-inch thick and 5 inches in diameter
and four strips of hard wood, or better, hard
rubber or composition strips, such as bakelite,
1f-inch thick, 1 inch wide and 53} inches long,
and screw them to the disks as shown at 4 in
Fig. 75. Now wrap on this form about 25 turns
of No. 8 or 10, Brown and Sharpe gauge, bare
copper wire with a space of 14-inch between each
turn. Get three of the smallest size terminal
clips, see B, and clip them on to the different
turns, when your tuning coil is ready for use.

The Condensers—For the aerial series con-
denser get one that has a capacitance of .002
mfd. and that will stand a potential of 3,000 volts.
It is shown at C. The other three condensers, see
D, are also of the fixed type and may have a
capacitance of .001 mfd.; the blocking con-
denser should preferably have a capacitance
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of 15 a mfd. In these condensers the leaves of
the sheet metal are embedded in composition.

The Aerial Ammcter.—This instrument is also
called a hot-wire ammeter because the oscillating
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(B) Fic. 75.—Apparatus for Experimental C. W. Telegraph
Transmitter.

currents flowing through a piece of wire heat it
according to their current strength and as the
wire contracts and expands it moves a needle over
a scale. The ammeter is connected in the aerial
wire system, either in the aerial side or the ground
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side—the latter place is usually the most con-
venient. When you tune the transmitter so that
the ammeter shows the largest amount of current
surging in the aerial wire system you can con-
sider that the oscillation circuits are in tune. A
hot-wire ammeter reading to 1.5 amperes will
serve your needs; it is shown at K in Flig. 75,

The Buzzer and Dry Cell—\While a hetero-
dyne, or beat. receptor can reccive continuous
wave telegraph signals an ordinary crystal or
vacuum tube detector recciving set cannot receive
them unless they are broken up into trains cither
at the sending station or at the recciving station,
and it is considered the better practice to do this
at the former rather than at the latter station.
For this small transmitter you can use an or-
dinary buzzer as shown at F. A dry cell or two
must be used to energize the buzzer.

The Telegraph Key.—Any kind of a telegraph
key will serve to break up the trains of sustained
oscillations into dots and dashes. 'The key shown
at (= is mounted on a composition base and is the
cheapest key made.

The Vacuum Tube Oscillator.—As explained
before, you can use any amplifying tube that is
made for a plate potential of 100 volts or over.
The current required for heating the filament is
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about 1 ampere at 6 volts. A porcelain socket
should be used for this tubz as it is the best in-
sulating material for the purpose. An amplifier
tube of this type is shown at H.

The Storage Battery.—A storage battery is
used to heat the filament of the tube, just as it
is with a detector tube, and it can be of any make
or capacity as long as it wil} develop 6 volts. The
cheapest 6 volt storage battery on the market
has a 20 to 40 ampere-hour capacity.

The Battery Rheostat.—As with the receptors
a rheostat is needed to regulate the current that
heats the filament. A rhcostat of this kind is
shown at 1.

The Oscillation Choke C'oil —'This coil is con-
nected in between the oscillation circuits and the
source of current which feeds the oscillator tube
to keep the oscillations set up by the latter from
surging back into the service wires where they
would break down the insclation. You can make
an oscillation choke coil by winding say 100 turns
of No. 28 Brown and Sharpe gauge double cot-
ton covered magnet wire on a cardboard eylinder
2 inches in diameter and 215 inches long.

Transmitter Connectors—For connecting up
the different picces of apparatus of the trans-
mitter it is a good scheme to use copper braid;
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this is made of braided copper wire in three sizes.
A piece of it is pictured at J.

The Panel Cut-Out.—This is used to connect
the cord of the 110-volt lamp socket with the
transmitter. It consists of a pair of plug cut-
outs and a single-throw, double-pole switch
mounted on a porcelain base as shown at K. In
some localities it is necessary to place these in an
iron box to conform to the requirements of the
fire underwriters.

Connecting Up the Transmitting Apparatus.
—The way the various pieces of apparatus are
connected together is shown in the wiring dia-
gram, Fig. 76. Begin by connecting onc post of
the ammeter with the wire that leads to the acrial
and the other post of it to one end of the tuning
coil; connect clip 7 to one terminal of the .002
mfd. &,000 volt aerial condenser and the other
post of this with the ground.

Now connect the end of the tuning coil that
leads to the ammeter with one end of the .001
mfd. grid condenser and the other end of this
with the grid of the vacuum tube. Connect the
telegraph keyv, the buzzer and the dry cell in
series and then shunt them around the grid con-
denser. Next connect the plate of the tube with
one end of the .001 mfd. blocking condenser and
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the other end of this with the clip 2 on the tuning
coil.

Connect one end of the filament with the --
or positive electrode of the storage battery, the
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Fic. 76.—Experimental C. W. Telegraph Transmitter.

— or negative electrode of this with one post of
the rheostat and the other post of the latter with
the other end of the filament; then connect clip
3 with the -- or positive side of the storage bat-
tery. This done connect one end of the choke
coil to the conductor that leads to the plate and
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connect the other end of the choke coil to one of
the taps of the switch on the panel cut-out. Con-
nect the -+ or positive clectrode of the storage
battery to the other switch tap and between the
switch and the choke coil connect the protective
condenser across the 110 volt feed wires. Finally
connect the lamp cord from the socket to the
plug fuse taps when your experimental continu-
ous wave telegraph transmitter is ready to use.
A 25 Mile C. V. Telegraph Transmitter.—
Here is a continuous wave telegraph transmitter
that will cover distances up to 25 miles that vou
can rely on. It is built on exactly the same
lines as the experimental transmitter just de-
seribed, but instead of using a 100 volt plate
aniplifier as a makeshift generator of oscillaticns
it employs a 5 watt vacuum tube made especially
for setting up oscillations and instead of having a
low plate voltage it is energized with 350 volts.
The Apparatus You Need—For this trans-
mitter you require: (1) one oscillation trans-
former; (2) one hot-wire ammeter; (3) one
aerial serics condenser; (4) one grid leak resist-
ance; (5) one chopper; (6) one key circuit choke
coil; (7) one & watt vacuum tube oscillator; (8)
one 6 volt storage battery; (9) one battery rheo-
stat; (10) one Dbattery wvoltmeler; (11) one
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blocking condenser; (12) one power circuit choke
coil, and (138) one motor-gencrator.

The Oscillation Transformer—The tuning
coil, or oscillation transformer as this one is
called, is a conductively coupled tuner—that is,
the primary and secondary coils form one con-
tinuous coil instead of two separate coils. This
tuner is made up of 25 turns of thin copper strip,
3% inch wide and with its edges rounded, and this
is secured to a wood base as shown at .{ in I'ig.
77. Tt is fitted with one fixed tap and threc clips
to each of which a length of copper braid is at-
tached. It has a diameter of 614 inches, a height
of 77 inches and a length of 934 inches.

The Aerial Condenser.——This condenser is
made up of three fixed condensers of different
capacitances, namely .0003, .0004 and .0005
mfd., and these are made to stand a potential
of 7500 volts. The condenser is therefore ad-
justable and, as you will see from the picture B,
it has one terminal wire at one end and three ter-
minal wires at the other end so that one, two or
three condensers can be usesd in series with the
aerial.

The Aerial Ammeter.—This is the same kind
of a hot-wire ammeter already described in con-
nection with the experimental set.
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F1e. 77—Apparatus of 100 Mile C. W. Telegraph Transmitter.
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The Grid and Blocking Condcnscrs—Each of
these is a fixed condenser of .002 mfd. capaci-
tance and is rated to stand 3,000 volts. It is made
like the aerial condenser but has only two ter-
minals. ‘

The Key Circuit Apparatus—This consists
of: (1) the grid leak; (2) the chopper; (3) the
choke coil, and (4) the key. The grid leak is
connected in the lead from the grid to the aerial
to keep the voltage on the grid at the right poten-
tial. It has a resistance of 5,000 ohms with a mid-
tap at 2,500 ohms as shown at C.

The chopper is simply a rotary interrupter
driven by a small motor. It comprises a wheel
of insulating material in which 30 or more metal
segments are set in an insulating disk as shown
at D. A metal contact called a brush is fixed
on either side of the wheel. The choke coil is
wound up of about 250 turns of No. 30 Brown
and Sharpe gauge cotton covered magnet wire on
a spool which has a diameter of 2 inches and a
length of 814 inches.

The 5 Watt Oscillator ¥ acuum Tube.—This
tube is made like the amplifier tube described for
use with the preceding experimental transmitter,
but it is larger, has a more perfect vacuum, and
will stand a plate potential of 350 volts while the
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plate current is .045 ampere. The filament takes
a current of a little more than 2 amperes at 7.5
volts. A standard 4-tap base is used with it.
The tube is shown at E.

The Storagc Battery and Rheostat—This
must be a 5-cell battery so that it will develop
10 volis. A storage battery of any capacity can
be used but the lowest priced one costs about
$22.00. The rheostat for regulating the battery
current is the same as that used in the preceding
experimental transmitter.

The Filament Voltmeter—To get the best re-
sults it is necessary that the voltage of the cur-
rent which heats the filament be kept at the same
value all of the time. Ior this transmitter a
direct current voltmeter reading from 0 to 15
volts is used. It is shown at F.

The Oscillation Choke Coil.—This is made ex-
actly like the one described in connection with
the experimental transmitter.

The Motor-Generator Set.—Where you have
only & 110 or a 220 volt direct current available
as a source of power you need a motor-gencrator
to change it to 850 volts, and this is an expensive
piece of apparatus. It consists of a single arma-
ture core with a motor winding and a generator
winding on it and each of these has its own com-
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mutator. Where the low voltage current flows
into one of the windings it drives it as a motor
and this in turn generates the higher voltage cur-
rent in the other winding. Get a 100 watt 350
volt motor-generator; it is shown at F'.

The Panel Cut-Out.—This switch and fuse
block is the same as that used in the experimental
set.

The Protective Condenser—This is a fixed
condenser having a capacitance of 1 mfd. and
will stand 750 volts.

Connecting Up the Transmitting Apparatus.
—From all that has gone bzfore you have seen
that each piece of apparatus is fitted with ter-
minal, wires, taps or binding posts. To connect
up the parts of this transmitter it is only neces-
sary to make the connections as shown in the wir-
ing diagram Fig. 78.

A 50 Mile C. W. Telegraph Transmitter.—
To make a continuous wave telegraph transmit-
ter that will cover distances up to 50 miles all
vou have to do is to use two & watt vacuum tubes
in parallel, all of the rest of the apparatus being
exactly the same. Connecting the oscillator
tubes up in parallel means that the two filaments
are connected across the leads of the storage bat-
tery, the two grids on the same lead that goes to
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the acrial and the two plates on the same lead that
goes to the positive pole of the gencrator. Where
two or more oscillator tubes are used only one
storage battery is needed, but each filament
must have its own rheostat. The wiring diagram

motor qenerstor
protective condenser

panel cutout P oke corl b
O‘Q N T
oS-T Sodang | L4

Fre. 78.—5 to 50 Watt C. W. Telegraph Transmitter. (With
Single Oscillator Tube.)

Fig. 79 shows how the two tubes are connected
up in parallzl.

A i60 Mile C. W. Telegraph Transmitter.—
For sending to distances of over 50 miles and
up to 100 miles you can use either: (1) three or
four 5 watt oscillator tubes in parallel as de-
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seribed above, or (2) onc 50 watt oscillator tube.
Much of the apparatus for a 50 watt tube set
is exactly the same as that used for the 5 watt
sets. Some of the parts, hcwever, must be pro-
portionately larger though tae design all the way
through remains the same.

The Apparatus and Conrections—The aerial
serics condenser, the blocking condenser, the grid
condenser, the telegraph key, the chopper, the
choke coil in the key circuit, the filament volt-
meter and the protective condenser in the power
circuit are identical with those described for the
5 watt transmitting set.

The 50 Watt Vacwum Tube Oscillator—This
is the size of tube generally used by amateurs for
long distance continuous wave telegraphy. A
single tube will develop 2 to 8 amperes in your
aerial. The filament takes a 10 volt current and
a plate potential of 1,000 volts is needed. One
of these tubes is shown in Fig. 80.

The Acrial Ammeter—This should read to 5
amperes and should preferably be of the thermo-
coupled type.

The Grid Leak Resistance.—It has the same
resistance, namely 5,000 oh:ns, as the one used
with the 5 watt tube transmitter, but it is a little
larger.
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The Oscillation Choke C2l.—The choke coil

in the power circuit is made of about 260 turns
of No. 30 B. & S. cotton covered magnet wire
wound on a spool 21/ inches in diameter and
314 inches long.

The Filament Rheostat.—This is made to take
care of a large current and s wound with heavy
wire.

The Filament Storage Battery.—This must

Fic. 80.—50 Watt Oscillater Vacuum Tube.

develop 12 volts and should have an output of
40 amperc-hours.

The Protective Condenser—This condenser
has a capacitance of 1 mfd.

The Motor-Gencrator—Where you usc one
50 watt oscillator tube you will need a motor-
generator that develops a plate potential of 1000
volts and has an output of 200 watts.

The different pieces of apparatus for this set
are connected up exactly the same as shown in
the wiring diagram in Fig. 78.
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4 200 Mile C. W. Telegraph Transmitter —
All of the parts of this transmitting set are the
same as for the 100 mile transmitter Just de-
scribed except the motor generator and while this
develops the same plate potential, i.e., 1,000
volts, it must have an output of 100 watts. For
this long distance transmitter you use two 350
watt oscillator tubes in parallel and all of the
parts are connected together exactly the same
as for the 100 mile transmitter shown in the wir-
ing diagram in Iig. 79,



CHAPTER XVI

CONTINUOUS WAVE TELEGRAPH
TRANSMITTING SETS WITH
ALTERNATING CURRENT

WitHIN the last few years alternating current
has largely taken the place of direct current for
light, heat and power purposes in and around
towns and cities and if you have alternating cur-
rent service in your home you can install a long
distance continuous wave tclegraph transmitter
with very little trouble and at a comparatively
small expense.

A 25 Mile C. W. Telegraph Transmitting
Set.—The principal pieces of apparatus for this
transmitter are the same as those used for the
25 Mile Continuous Wave Telegraph Trans-
mitting Set described and pictured in the
preceding chapter which used direct current, ex-
cept that an alternating current power trans-
former is employed instead of the more costly
motor-generator.

242
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The Apparatus  Required. — The  various
pieces of apparatus you will need for this trans-
mitting set are: (1) one Lot-wirc ammeter for the
acrial as shown at ¥ -in Fig. 75, (2) one
tuning coil as shown at 4 in Fig. 77; (3) one
acrial condenser as shown at B in Fig. 77; (4)
one grid leak as shown at C in Fig. 77; (5) one
telegraph key as shown at G in Fig. 75; (6) one
grid condenscr, made like the aerial condenser but
having only two terminals; (7) one & watt os-
cillator tube as shown at E in Fig. 77; (8) one
002 mfd. 3,000 volt by-pass condenser, made like
the acrial and grid condenscrs; (9) one pair of
chole coils for the high voltage scecondary circuit;
(10) cne milli-ammeter; (11) one A. C. power
transformer; (12) one rheostat as shown at I in
Ig. 75, and (13) one panel cut-out as shown at
K in Fig. 75.

Tle Choke Coils—Each of these is made by
winding about 100 turns of No. 28, Brown and
Sharpe gauge, cotton covered magnet wire on a
spool 2 inches in diameter and 214 inches long,
when it will have an inductance of about 0.5 malli-
henry * at 1,000 cycles.

1 A millihenry is y4iggth part of a henry.
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The Milli-ammeter.—This is an alternating
current ammeter and reads from 0 to 250 milli-
amperes;* and is used for nm:easuring the second-
ary current that energizes the plate of the oscil-
lator tube. It is similar in appearance to the
aerial ammeter.

The A. C. Power Transformer.—Differing
from the motor generator set, the power trans-
former has no moving parts. It is made to work
on a 50 to 60 cycle current at 102.5 to 115 volts,
which is the range of voltage of the ordinary
alternating lighting current. This adjustment
for voltage is made by means of taps brought
out from the primary coil to a rotary switch.

The high voltage secondary coil which ener-
gizes the plate has an output of 175 watts and
develops a potential of frorn 350 to 1,100 volts.
The low voltage secondary coil which heats the
filament has an output of 175 watts and develops
7.5 volts. This transformer, which is shown in
Fig. 81, is large enough to take care of from one
to four 5 watt oscillator tubes. It weighs about
15 pounds.

Connecting Up the Apparatus.—The wiring
diagram F'ig. 82 shows clearly how all of the con-
nections are made. It will be observed that a

1 A milliampere is the 1ggth part of an ampere.
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storage battery is not needed as the secondary coil
of the transformer supplies the current to heat
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A.wirinq diaqram of a power transformer

B. the transformer complete -
Fia. 81 —Alternating Current Power Transformer. (For C. W.
Telegraphy and Wireless Telephony.)

the filament of the oscillator. The filament volt-
meter is connected across the filament secondary
coil terminals, while the plate milli-ammeter is
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connected to the mid-taps of the plate secondary
coil and the filament secondary coil.

A 50 to 100 Mile C. W. Telegraph Trans-
mitling Set.—Distances of from 50 to 100 niles
can be successfully covered with a telegraph
transmitter using two, three or four 5 watt cscil-
lator tubes ir. parallel. 'The other apparatus
needed is identical with that used for the trans-
mitter just described. The tubes arc connccted
in parallel as shown in the wiring diagram in
Fig. 83.

A 109 to 200 Mile C. W. Telegraph Trans-
mitting Set.—\Vith the apparatus described for
the above set and a single 50 watt oscillator tube
a distance of upwards of 100 miles can be cov-
ered, while wizh two 50 watt oscillator tubes in
parallel you can cover a distance of 200 miles
without difficulty, and over 1,000 miles have
been covered with this set.

The -Apparatus Required.—All of the appa-
ratus for this C. W. telegraph transmitting set
is the same as that described for the 25 and 50
mile sets but vou will need: (1) onec or twe 50
watt oscillator tubes with sockets; (2) onc key
condenser that has a capacitance of 1 mfd., and a
rated potential of 1,750 volts; (3) one 0 to 500
milli-ammetcer; (4) one acrial ammeter reading
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Fia. 83.—Wiring Diagram for 100 to 200 Mile C. W, Telegraph Transmitter.
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to 5 amperes, and (5) an 4. C. power trans-
former for one or two 50 watt tubes.

The Alternating Current Power T'ransformer.
—This power transformer is made exactly like
the one described in connection with the preced-
ing 25 mile transmitter and pictured in Fig. 81,
but it is considerably larger. ILike the smaller
cne, however, it is made to work with a 50 to 60
cycle current at 102.5 to 115 volts and, hence,
can be used with any A. C. lighting current.

The high voltage sccondary coil which ener-
gizes the plate has an output of 450 watts and
develops 1,500 to 3,000 volts. The low voltage
secondary coil which heats the filament develops
10.5 volts. This transformer will supply cur-
rent for one or two 50-watt oscillator tubes.

Connecting Up the Apparatus—\Where a
single oscillazor tube is used the parts are con-
nected as shown in Fig. 82, and where two tubcs
are connected in parallel the various pieces of
apparatus arz wired together as shown in Fig.
83. 'The only difference between the 5 watt tube
transmitter and the 50 watt tube transmitter is in
the size of the apparatus with onc exception;
where one or two 50 watt tubes are used a second
condenser of large capacitance (1 mfd.) is placed
in the grid circuit and the telegraph key is shunted
around it as shown in the diagram Fig. 83.




CHAPTER XVII

WIRELESS TELEPHONE TRANS-
MITTING SETS WITH DIRECT
AND ALTERNATING
CURRENTS

Ix time past the most difficult of all electrical
apparatus for the amateur to make, install and
work was the wireless telephone. This was be-
cause it required a direct current of not less than
500 volts to set up the sustained oscillations and
all ordinary direct current Zor lighting purposes
is usually generated at a potential of 110 volts.

Now as you know it is easy to step-up a 110
volt alternating current to any voltage you wish
with a power transformer but until within com-
paratively recent years an alternating current
could not be used for the production of sustained
oscillations for the very good reason that the
state of the art had not acvanced that far. In
the new order of things these difficulties have all
but vanished and while a wireless telephone trans-
mitter still requires a high voltage direct current

250
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to operate it this is easily obtained from 110 volt
source of alternating current by means of vac-
unm tube rectifiers.

The pulsating direct currents are then passed
through a filtering reactance coil, called a reactor,
and one or more condcensers, and these smooth
them out until they approximate a continuous
dircet current. The latter is then made to flow
through a vacuum tube oscillator when it is con-
verted into high frequency oscillations and these
are ovaried, or modulated, as it is called, by a
microphone transmitter such as is used for or-
dinary wire telephony. The energy of these sus-
tained modulated oscillations is then radiated
into space from the aerial in the form of electric
waves.

The distance that can be covered with a wire-
less telephone transmitter is about onc-fourth as
great as that of a wircless telegraph transmitter
having the same input of initial current, but it
is long enough to satisfy the most enthusiastic
amateur. For instance with a wireless telephone
transmitter wherc an amplifier tube is used to
set up the oscillations and which is made for a
plate potential of 100 volts, distances of 5 or 10
miles can be covered.

With a single 5 watt oscillator tube energized
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by a direct current of 850 volts from either a
motor-generator or from a power transformer
(after it has been rectified and smoothed out)
speech and music can be transmitted to upwards
of 10 to 15 miles. Where two 5 watt tubes con-
nected in parallel are used wireless telephone
messages can be transmitted to distances of 15
to 25 miles. Further, a single 50 watt oscillator
tube will send to distances of 25 to 50 miles while
two of these tubes in parallel will send from 50 to
100 miles. Finally, where four or five oscillator
tubes are connected in parallel, proportionately
greater distances can be covered.

A Short Distance Wireless Telephone Trans-
mitting Set—With 110 Vlt Direct Lighting
Current—For this very simple, short distance
wireless telephone transmitting set you need the
same apparatus as that described and pictured
in the beginning of Chapter XV for a Short
Distance C. W. Telegraph Transmitter, except
that you use a microphone transmitter instead of
a telegraph key. If you have a 110 volt direct
lighting current in your home you can put up
this short distance set for very little money and
it will be well worth your while to do so.

The Apparatus ¥ ou Need—For this set you
require: (1) one tuning coil as shown at 4 and
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B in Fig. 75; (2) one aerial ammeter as shown at
E in Fig. 75; (3) one aerial condenser as shown
at C in Fig. 75; (4) one grid, blocking and pro-
tective condenser as shown at D in Fig. 75; (5)
one grid leak as shown at C in Fig. 77; (6) one
vacuum tube amplifier which is used as an os-
cillator; (7) one 6 volt storage battery; (8) one
rheostat as shown at I in Fig. 75; (9) one os-
cillation choke coil; (10) one panel cut-out as
shown at K in Fig. 75 and an ordinary micro-
phone transmitter.

The Microphone Transmitter—The best kind
of a microphonz to use with this and other tele-
phone transmitting sets is a Western Electric No.
284-W. 'This is known as a solid back trans-
mitter and is the standard commercial type used
on all long distance Bell telephone lines. It ar-
ticulates sharply and distinctly and there are no
current variations to distort the wave form of the
voice and it will not buzz or sizzle. It is shown
in Fig. 84. Any other good microphone trans-
mitter can be used if desired.

Connecting Up the Apparatus—Begin by
connecting the leading-in wire with one of the
terminals of the microphone transmitter, as
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shown in the wiring diagram Fig. 85, and the
other terminal of this to one end of the tuning
coil. Now connect clip I of the tuning coil to
one of the posts of the hot-wire ammeter, the
other post of this to one end of aerial condenser
and, finally, the other end of the latter with the
water pipe or other ground. The microphone

solid
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microphone transmitt er
transmitter complete

Fic. 84.—Standard Microphone Transmitter.

can be connected in the ground wire and the
ammeter in the aerial wire and the results will be
practically the same.

Next connect one end of the grid condenser to
the post of the tuning coil that makes connection
with the microphone and the other end to the grid
of the tube, and then shunt the grid leak around
the condenser. Connect the 4 or positive elec-
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trode of the storage battery with one terminal of
the filament of the vacuum tube, the other ter-
minal of the filament with one post of the rheo-
stat and the other post of this with the — or
negative electrode of the battery. This done,
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Fia. 85.—Wiring Diagram of Short Distance Wireless Telephone Set.
(Microphone in Aerial Wire.)

connect clip 2 of the tuning coil to the - or posi-
tive electrode of the battery and bring a lead
from it to one of the switch taps of the panel
cut-out.

Now connect clip 3 of the tuning coil with one
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end of the blocking condenser, the other end of
this with one terminal of the choke coil and the
other terminal of the latter with the other switch
tap of the cut-out. Connect the protective con-
denser across the direct current feed wires be-
tween the panel cut-out and the choke coil. Fi-
nally connect the ends of a lamp cord to the fuse
socket taps of the cut-out, and connect the other
ends to a lamp plug and screw it into the lamp
socket of the feed wires. Screw in a pair of 5
ampere fuse plugs, close the switch and you
are ready to tune the transmitter and talk to your
friends.

A 10 to 25 Mile Wirelcss Telephone Trans-
mitter—With Direct Current DMotor Gen-
erator—Where you have to start with 110 or
220 volt direct current and you want to transmit
to a distance of more than 25 miles you will have
to install a motor-generator. To make this trans-
mitter you will need exactly the same apparatus
as that described and pictured for the 25 Mile
(. W. Telegraph Transmitting Set in Chapter
XV, except that you must substitute a micro-
phone transmitter and a telephone induction coil,
or a microphone transformer, or still better, a
magnetic modulator, for the telegraph key and
chopper.
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The Apparctus You Need—To reiterate; the
pieces of apparatus you need are: (1) one aerial
ammeter as shown at E in Fig. 75; (2) one tun-
ing coil as shown at 4 in Fig. 77; (3) one
aerial ccndenser as shown at B in Fig. 77; (4)

secondary coil

A. wiring diagram of induction coil
W< Secondary
coil
B<~—primary coil
B. the coil complete

Fig. 86.—Telephone Induction Coil. (Used with Microphone
Transmitter.)

one grid leak as shown at C in Fig. 77; (5) one
grid, blocking and protective condenser; (6) one
6 watt oscillator tube as shown at E in Fig. 77;
(7) one raeostat as shown at I in Fig. 75; (8)
one 10 volt (5 cell) storage battery; (9) one
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cholce coil; (10) one panei cut-out as shown at
K in Fig. 76, and (11) a motor-generator having
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Fic. 87.—Microphone Transformer. (Used with Microphone
Transmitter.)

an input of 110 or 220 volts and an output of

850 volts.
In addition to the atove apparatus you will
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need: (12) a microphone transmitter as shown in
Fiy. 84; (13) a Dbattery of four dvy cells or a
audio frequency \y
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Fre. 88.—Magnetic Modulator. (Used with Microphone Transmitter.

6 volt storage battery, and ecither (14) a tele-
phone induction coll as shown in Fig. 86; (15) a
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microphone transformer as shown in Fig. 87;
or a magnetic modulator as shown in Fig. 88.
All of these parts have been described, as said
above, in Chapter XV, except the microphone
modulators.

The Telephone Induction Coil —This is a
little induction coil that transforms the 6-volt
battery current after it has flowed through and
been modulated by the microphone transmitter
into alternating currents that have a potential of
1,000 volts or more. It consists of a primary
coil of No. 20 B. and §. gauge cotton covered
magnet wire wound on a core of soft iron wires
while around the primary coil is wound a sec-
ondary coil of No. 30 magnet wire. Get a stand-
ard telephone induction ccil that has a resistance
of 500 or 750 ohms.

The Microphone Transformer.—This device is
built on exactly the same principle as the tele-
phone induction coil just described but it is more
effective because it is designed especially for
modulating the oscillations set up by vacuum tube
transmitters. As with the telephone induction
coil, the microphone transmitter is connected in
series with the primary coil and a 6 volt dry or
storage battery.

In the better makes of microphone transformer,
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there is a third winding, called a side tone coil,
to which a headphone can be connected so that
the operator who is speaking into the microphone
can listen-in and so learn if his transmitter is
working up to standard.

The Magnetic Modulator—This is a small
closed iron core transformer of peculiar design
and having a primary and a secondary coil wound
or. it. This device is used to control the varia-
tions of the oscillating currents that are set
up by the oscillator tube. It is made in three
sizes and for the transmitter here described you
want thz smallest size, which has an output of
14 to 115 amperes.

How the Apparatus Is Connected Up.—The
different pieces of apparatus are connected to-
gether in exactly the same way as the 25 Mile
C. W. Telegraph Sect in Chapter XV except
that the microphone transmitter and microphone
modulator (whichever kind you use) is substi-
tuted for the telegraph key and chopper.

Now there are several different ways that the
microphone anc its modulator can be connected
in circuit. Two of these ways are shown at
4 and B in Fig. 89. In the first way the second-
ary terminals of the modulator are shunted
around the grid leak in the grid circuit as at A4,
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and in the second one of the secondary terminals
of the microphone transformer is connected with
one end of the rotor or movable coil of a vario-
coupler while the other secondary terminal is
connected to one of the taps of the filament.
Where an induction coil or a microphone trans-
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(4) Fic. 89.—Wiring Diagram of 10 to 25 Mile Wireless Telephone.
(Microphone Modulator Shunted Around Grid-Leak Condenser.)

motor generator

former is used they are shunted around a con-
denser, but this is not necessary with the magnetic
modulator. Where a second tube is used as in
Fig. 90 then the microphone and its modulator
are connected with the grid cireuit and clip 3 of
the tuning coil.

A 25 1o 50 Mile Wireless Telephone T'rans-
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mitter—With Direct Current Motor Genera-
tor.—As the initial source of current avail-
able is taken to be a 110 or 220 volt direct
current a motor-generator having an output of
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HO— Condenser coil

Panel cut out
(B) Fia. 89.—Another Way to Connect in a Microphone Modulator.

Motor generator

850 volts must Le used as before. The only dif-
ference between this transmitter and the preced-
ing one is that: (1) two 5 watt tubes are used, the
first serving as an oscillator and the second as a
modulator; (2) an oscillation choke coil is used
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ﬂ Aerial condensers
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in the plate circuit; (8) a reactance coil or re-
actor, is used in the plate circuit; and (4) a
reactor is used in the grid circuit.

The Oscillation Choke Coil—You can make
this choke coil by winding about 275 turns of
No. 28 B. and S. gauge cotton covered magnet
wire on a spool 2 inches in diameter and 4 inches
long. Give it a good coat of shellac varnish and
let it dry thoroughly.

The Plate and Grid Circuit Reactance Coils.
—Where a single tube is used as an oscillator and
a second tube is employed as a modulator, a
reactor, whick is a coil of wire wound on an iron
core, is used in the plate circuit to keep the high
voltage direct current of the motor-generator the
same at all times. Likewise the grid circuit
reactor is used to keep the voltage of the grid
at a constant value. These reactors are made
alike and a picture of one of them is shown in
Fig. 91.

Connecting up the Apparatus—All of the
different pieces of apparatus are connected up as
shown in Fig. 89. One of the ends of the sec-
ondary of the induction coil, or the microphone
transformer, or the magnetic modulator is con-
nected to the grid circuit and the other end to
clip 3 of the tuning coil.
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A 100 to 200 Mile Wireless Telephone Trans-
mitter—With Direct Current Motor Genera-
tor—By using the same connections shown

soft iron
) core
inductance coil

A. wirinq diagram of the reactor

B.the reactorcomplete

Fig. 91.—Plate and Grid Circuit Reactor.

in the wiring diagrams in Fig. 89 and a single
50 watt oscillator tube your transmitter will then
have a range of 100 miles or so, while if you con-
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nect up the apparatus as shown in Fig. 90 and use
two 50 watt tubes you can work up to 100 miles.
Much of the apparatus for a 50 watt oscillator
set where either one or two tubes are used is of
the samz size and design as that just deseribed
for the & watt oscillator sets, but, as in the C. W.
telegraph sets, some of the parts must be pro-
portionately larger. The required parts are
(1) the 50 watt tube; (2) the grid leak resist-
ance; (3) the filament rheostat; (4) the filament
storage battery; and (5) the magnetic modulator.
All of these Iiarts, except the latter, are deseribed
in detail under the heading of a 500 Mile C. W.
Telegraph Trensmitting Set in Chapter XV
and are also pictured in that chapter.

It is not advisable to use an induction coil for
the modulator for this set, but use, instead, either
a telephcne transformer, or better, a magnetic
modulator of the second size which has an output
of from 1145 to 815 amperes. The magnetic
modulator is described and pictured in this chap-
ter.

A 25 to 50 Mile Wireless Telephone Trans-
mitting Set—With 110 Volt Alternating Cur-
rent.—If you have a 110 volt* alternating cur-

»

! Alternatirg current for lighting purposes ranges from 102.5 volts
to 115 volts, so we take the medium and call it 110 volts.
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rent available you can use it for the initial source
of energy for your wireless telephone transmit-
ter. 'The chief difference between a wireless
telephone transmitting set that uses an alternat-
ing current and one that uses a direct current is
that: (1) a power transformer is used for step-
ping up the voltage instead of a motor-generator,
and (2) a vacuum tube rectifier must be used to
convert the alternating current into direct cur-
rent.

The Apparatus You Need.—For this tele-
phone transmitting set you need: (1) one aerial
ammeter; (2) one tuning coil; (3) one telephone
modulator; (4) one aerial series condenser; (5)
one 4 cell dry battery or a 6 volt storage battery;
(6) one microphone transmitter; (7) one bat-
tery switch; (8) one grid condenser; (9) one
grid leak; (10) two 5 watt oscillator tubes with
sockets; (11) one blocking condenser; (12) one
oscillation choke coil; (13) two filter condensers;
(14) one filter reactance coil; (15) an alternat-
ing current power transformer, and (16) two 20
watt rectifier vacuum tubes.

All of the above pieces of apparatus are the
same as those described for the 25 Mile C. W.
Telegraph Transmitter in Chapter XV1, ex-
cept: (a) the microphone modulator; (b) the
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microphone transmitter and (c¢) the dry or stor-
age battery, all of which are described in this
chapter; and the new parts which are: (d) the
rectifier vacuum tubes; (e) the filter condensers;
and (f) the filter reactance coil; further and
finally, the power transformer has a third sec-
ondary coil on it and it is this that feeds the alter-
nating current to the rectifier tubes, which in
turn converts it into a pulsating direct current.

The Vacuum Tube Rectifier—This rectifier
has two electrodes, that is, it has a filament and
a plate like the original vacuum tube detector,
The smallest size rectifier tube requires a plate
potential of 550 volts which is developed by one
of the secondary coils of the power transformer.
The filament terminal takes a current of 7.5 volts
and this is supplied by another secondary coil of
the transformer. This rectifier tube delivers a
direct current of 20 watts at 350 volts. It looks
exactly like the 5 watt oscillator tube which is
pictured at E in Fig. 77.

The Filter Condensers.—These condensers are
used In connection with the reactance coil to
smooth out the pulsating direct current after
it has passed through the rectifier tube. They
have a capacitance of 1 mfd. and will stand 750
volts.
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The Filter Reactance Coil—This reactor
which is shown in Iig. 92, has about the same
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B.the filterreactor

complete
Fig. 92.—Filter Reactor for Smoothing out Rectified Currents.

appearance as the power transformer but it is
somewhat smaller. It consists of a coil of wire
wound on a soft iron core and has a large in-
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ductance, hence the capacitance of the filter con-
densers are proportionately smaller than where
a small inductance is used which has been the
general practice. The size you require for this
set has an output of 160 milliamperes and it will
supply current for one to four 5 watt oscillator
tubes.

Connecting Up the Apparatus—The wiring
diagram in Fig. 93 shows how the various
pieces of apparatus for this telephone transmitter
are connected np. You will observe: (1) that the
terminals of the power transformer secondary
coil which develops 10 volts are connected to the
filaments of the oscillator tubes; (2) that the ter-
minals of the other secondary coil which develops
10 volts are connected with the filaments of the
rectifier tubes; (3) that the terminals of the third
secondary coil which develops 550 volts are con-
nected with the plates of the rectifier tubes; (4)
that the pair of filter condensers are connected in
parallel and these are connected to the mid-taps of
the two filament secondary coils; (5) that the
reactance coil and the third filter condenser are
connected together in series and these are shunted
across the filter condensers, which are in parallel;
and, finally, (6) a lead connects the mid-tap of
the 550-volt secondary coil of the power trans-
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former with the connection between the reactor
and the third filter condenser.

A 50 to 100 Mile Wireless Telephone Trans-
mitting Set—With 110 Volt Alternating Cur-
rent.—This telephone transmitter is built up of
exactly the same pieces of apparatus and con-
nected up in precisely the same way as the one
Just described and shown in Fig. 93.

Apparatus Required.—The only differences
between this and the preceding transmitter
are: (1) the magnetic modulator, if you
use one, should have an output of 315 to 5
amperes; (2) you will need two 50 watt oscillator
tubes with sockets; (3) two 150 watt rectifier
tubes with sockets; (4) an aerial ammeter that
reads to 5 amperes; (5) three 1 mfd. filter con-
densers in parallel; (6) two filter condensers of
1 mfd. capacitance that will stand 1750 volts;
and (6) a 300 milliampere filter reactor.

The apparatus is wired up as shown in Fig. 9s.




CIIAPTER XVIII

THE OPERATION OF VACUUM TUBE
TRANSMITTERS

The three foregoing chapters explained in
detail the design and construction of (1) two
kinds of C. W. telegraph transmitters, and (2)
two kinds of wireless telephone transmitters,
the difference between themm being whether
they used {A4) a direct current, or (B) an alter-
nating current as the initial source of encrgy.
Of course thcre are other diffcrences between
those of like types as, for instance, the apparatus
and connections used (a) in the key circuits, and
(b) in the microphone circuits. But in all of the
transmitters described of whatever type or kind
the same fundamental device is used for setting
up sustained oscillations and this is the vacuum
tube.

The Operation of the Vacuum Tube Oscillator.
—The operation of the vacuum tube in pro-
ducing sustained oscillations depends on (1) the
action of the tube as a valve in setting up the

274
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oscillations in the first place and (2) the action
of the grid in amplifying the oscillations thus set
up, both of which we explained in Chapter
XII1. 1In that chapter it was also pointed out
that a very small change in the grid potential
causes a corresponding and larger change in the
amount of current flowing from the plate to the
filament; and that if a vacuum tube is used for
the prcduction of oscillations the initial source
of current must have a high voltage, in fact the
higher the plate voltage the more powerful will
be the oscillations.

To understand how oscillations are set up by a
vacuuni tube when a direct current is applied to
it, take a look at the simple circuit shown at 4 in
Fig. 94. Now when you close the switch the
veltage from the battery charges the condenser
and keeps it charged until you open it again;
the instant you do this the condenser discharges
through the circuit which includes it and the in-
ductance coil, and the discharge of a condenser
is always oscillatory.

Where an oscillator tube is included in the
circuits shown at B and C in Fig. 94, the grid
takes the place of the switch and any slight
change in the voltage of either the grid or the
plate is sufficient to start a train of oscillations
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going. As these oscillations surge through the
tube the positive parts of them flow from the
plate to the filament and these carry more of the
direct current with them.

To make a tube set up powerful oscillations
then, it is only necessary that an oscillation cir-
cuit shall be provided which will feed part of the
oscillations set up by the tube back to the grid
circuit and when this is done the oscillations will

i :

switch
(4) Frc. 9¢.—How a Direct Current Sets up Oscillations.
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keep on being amplified until the tube reaches
the limit of its output.

The Operation of C. W. Telegraph Trans-
mitters With Direct Current—Short Distance
C. W. Transmitter—In the transmitter shown
in the wiring diagram in Fig. 76 the positive part
of the 110 volt direct current is carried down
from the lamp socket through one side of the
panel cut-out, thence through the choke coil and
to the plate of the oscillator tube, when the latter
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is charged to the positive sign. The negative
part of the 110 volt direct current then flows
down the other wire to the filament so that there
is a difference of potential between the plate and
the filament of 110 volts. Now when the 6-volt
battery current is switched on the filament is
heated to brilliancy, and the electrons thrown off
by it form a conducting path between it and the
plate; the 110 volt current then flows from the
latter to the former.

Now follow the wiring from the plate over to
the blocking condenser, thence to clip 1 of the
tuning coil, through the turns of the latter to
clip 2 and over to the filament and, when the
latter is heated, you have a closed oscillation cir-
cuit. 'The oscillations surging in the latter set
up other and like oscillations in the tuning coil
between the end 3 which is connected with the
grid, the aerial and the clip 2, and these surge
through the circuit formed by this portion of the
coil, the grid condenser and the filament; this is
the amplifying circuit and it corresponds to the
regenerative circuit of a receiving set.

When oscillations are set up in it the grid is
alternately charged to the positive and nega-
tive signs. These reversals of voltage set up
stronger and ever stronger oscillations in the
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plate circuit as before explained. Not only do
the oscillations surge in the closed circuits but
they run to and fro on the aerial wire when their
energy is radiated in the form of electric waves.
The cscillations are varied by means of the tele-
graph key which is placed in the grid circuit as
shown in Fig. 76.

The Operation of the Key Circuit.—The
effect in a C. W. transmitter when a tele-
graph key is connected in series with a buzzer
and a battery and these are shunted around the
condenser in the grid circuit, is to rapidly change
the wave form of the sustained oscillations.
While no sound can be heard in the headphones
at the receiving station so long as the points of
the key are not in contact, when they are in con-
tact the oscillations are modulated and sounds are
heard in the headphones that correspond to the
frequency of the buzzer in the key circuit.

The Cyperation of C. W. Telegraph Transmat-
ters witl Direct Current.—The chief differences
between the long distance sets which use a direct
current, ie., those described in Chapter XV,
and the short distance transmitting scts are that
the former usc: (1) a motor-generator set for
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changing the low voltage direct current into high
voltage direct current, and (2) a chopper in the
key circuit. The way the motor-generator
changes the low- into high-voltage current has
heen explained in Chapter XV .

The chopper interrupts the oscillations surg-
ing through the grid circuit at a frequency that
the ear can hear, that is to say, about 800 to 1,000
times per second. When the key is open, of
course, the sustained oscillations set up in the
circuits will send out continuous waves but when
the key is closed these oscillations are broken up
and then they send out discontinuous waves. If
a heterodyne receiving set, see Chapter X1V, is
being used at the other end you can dispense with
the chopper and the key circuit needed is very
much simplified. The operation of key circuits
of the latter kind will be described presently.

The Operation of C. W. Telegraph Trans-
mitters with Alternating Current—With a
Single Oscillator Tube—Where an oscillator
tube telegraph transmitter is operated by a 110
volt alternating current as the initial source of
energy, a buzzer, chopper or other interruptor
is not needed in the key circuit. This is because
oscillations are set up only when the plate is
energized with the positive part of the alternat-
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ing current and this produces an intermittent
musical tone in the headphones. Hence this kind
of a sending set is called a tone transmitter.
Since oscillations are set up only by the posi-
tive part or voltage of an alternating current it
is clear that, as a matter of fact, this kind of a
transmitter does not send out continuous waves
and therefore it is not a C. W. transmitter. This
is graphically shown by the curve of the wave

neqative volt'aqe '
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F1a. 95.—Positive Voltage only sets up Oscillations.

form of the alternating current and the oscilla-
tions that are set up by the positive part of it in -
Fig. 95. Whenever the positive half of the alter-
nating current cnergizes the plate then oscilla-
tions are set up by the tube and, conversely, when
the negative half of the current charges the plate
no oscillations are produced.

You will also observe that the oscillations
set up by the positive part of the current
are not of constant amplitude but start at
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zero the instant the positive part begins to ener-
gize the plate and they keep on increasing in
amplitude as the current rises in voltage until the
latter reaches its maximum; then as it gradually
drops again to zero the oscillations decrease pro-
portionately in amplitude with it.

Hecating the Filament with Alternating Cur-
rent.—Where an alternating current power
transformer is used to develop the necessary
plate voltage a second secondary coil is generally
provided for heating the filament of the oscilla-
tion tube. This is better than a direct current for
it adds to the life of the filament. When you use
an alternating current to heat the filament keep
it at the same voltage rather than at the same
amperage (current strength). To do this you
need only to use a voltmeter across the filament
terminals instead of an ammeter in series with it;
then regulate the voltage of the filament with a
rheostat.

The Operation of C. W. Telegraph Trans-
mitters 'with Alternating Current—With Two
Oscillator Tubes.— By using two oscillator tubes
and connecting them up with the power trans-
former and oscillating circuits as shown in the
wiring diagram in Fig. 83 the plates are posi-
tively energized alternately with every reversal
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of the current and, consequently, there is no time
period between the ending of the oscillations set
up by one tube and the beginning of the oscilla-
tions set up by the other tube. In other words
these oscillations are sustained but as in the case
of those of a single tube, their amplitude rises
and falls. This kind of a set is called a full wave
rectification transmitter.

The waves radiated by this transmitter can be
reccived by either a crystal detector or a plain
vacuum-tube detector but the heterodyne recep-
tor will give you better results than either of the
foregoing types.

The Gperation of Wireless Telephone Trens-
mitters with Direct Current—=Short Distance
Transmitter—The operation of this short dis-
tance wireless telephone transmitter, a wiring
diagram of which is shown in Fig. 85 is exactly
the same as that of the Direct Current Short Dis-
tance C. W. Telegraph T'ransmitter already ex-
plained in this chapter. The only difference in
the operation of these sets is the substitution of
the microphone transmitter for the telegraph
key.

The Microphone Transmitter—The micro-
phone transmitter that is used to vary, or modu-
late, the sustained oscillations set up by the oseil-
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lator tube and circuits is shown in Fig. 84. By
referring to the diagram at A in this figure you
will readily understand how it operates. VWhen
vou speak into the mouthpiece the sound waves,
which are waves in the air, impinge upon the
diaphragm and these set it into vibration—that
is, they make it move to and fro.

When the diaphragm moves toward the back
of the transmitter it forces the carbon granules
that are in the cup closer together; this lowers
their resistance and allows more current from the
battery to flow through them; when the pressurc
of the air waves is removed from the diaphragm it
springs back toward the mouth-piece and the car-
bon granules loosen up when the resistance of-
fered by them is increased and less current can
flow through them. Where the oscillation cur-
rent in the aerial wire is small the transmitter can
be connected directly in series with the latter
when the former will surge through it. As you
speak into the microphone transmitter its resist-
ance is varied and the current strength of the
oscillations is varied accordingly. :

The Operation of Wireless Telephone Trans-
mitters with Direct Current—Long Distance
Transmitters.—In the wireless telephone trans-
mitters for long distance work which were shown
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and described in the preceding chapter a bat-
tery is used to energize the microphone trans-
mitter, and these two elements are connected in
series with a microphone modulator. 'This latter
device may be either (1) a telephone induction
coil, (2) amicraphonetransformer,or (3) a mag-
netic modulator; the first two of these devices
step-up the voltage of the battery current and
the amplified voitage thus developed is impressed
on the oscillations that surge through the closed
oscillation. circuit or the aerial wire system ac-
cording to the place where you connect it. The
third device works on a different principle and
this will be described a little farther along.

The Operation of Microphone Modulators—
The Induction Coil—This device is really a
miniature transformer, see 4 in Fig. 86, and its
purpose is fo change the 6 volt direct current that
flows thrcugh the microphone into 100 volts al-
ternating current; in turn, this is impressed on
the oscillations that are surging in either (1) the
grid circuit as shown at 4 in Fig. 89, and in Fig.
90, (2) the aerial wire system, as shown at B in
Fig. 89 and Fig. 93. When the current from
the battery flows through the primary coil it
magnetizes the soft iron core and as the micro-
phone varies the strength of the current the high
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voltage alternating currents set up in the sec-
ondary coil of the induction coil are likewise
varied, when they are impressed upon and mod-
ulate the oscillating currents.

The Microphone T'ransformer—This is an in-
duction coil that is designed especially for wire-
less telephone modulation. The iron core of this
transformer is also of the open magnetic circuit
type, see 4 in Fig. 87, and the ratio of the
turns® of the primary and the secondary coil is
such that when the secondary current is im-
pressed upon either the grid circuit or the aerial
wire system it controls the oscillations flowing
through it with the greatest efficiency.

The Magnetic Modulator—This piece of ap-
paratus is also called a magnetic amplifier. The
iron core is formed of very thin plates, or lam-
inations as they are called, and this permits high-
frequency oscillations to surge in a coil wound on
it. In this transformer, see 4 in Fig. 88, the cur-
rent flowing through the microphone varies the
magnetic permeability of the soft iron core by
the magnetic saturation of the latter. Since the
microphone eurrent is absolutely distinet from
the oscillating currents surging through the coil

1See Page 72.
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of the transfcrmer a very small direct current
flowing through a coil on the latter will vary or
modulate very large oscillating currents surging
through the former. It is shown connected in
the aerial wire system at 4 in Fig. 88, and in
Fig. 33.

Operation of the Vacuum Tube as a Modu-
lator—Where a microphone modulator of the
inducticn coil or microphone transformer type
is connected in the grid circuit the modula-
tion is not very effective, but by using a
second tube as a modulator, as shown in Fig.
90, an eflicient degree of modulation can be
had. Now there are two methods by which a
vacuum tube ean be used as a modulator and
these are: (1) by the absorption of the energy of
the currant set up by the oscillator tube, and (2)
by varying the direct current that energizes the
plate of the oscillator tube.

The first of these two methods is not used be-
cause it absorbs the energy of the oscillating cur-
rent produced by the tube and it is therefore
wasteful. The second method is an efficient one,
as the direct current is varied before it passes
into the oscillator tube. This is sufficient
reason for describing only the second method.
The voltage of the grid of the modulator tube is
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varied by the secondary coil of the induction coil
or microphone transformer, above described. In
this way the modulator tube acts like a variable
resistance but it amplifies the variations impressed
on the oscillations set up by the oscillator tube.
As the magnetic modulator does the same thing,
a vacuum tube used as a modulator is not needed
where the former is employed. Ifor this reason a
magnetic modulator is the cheapest in the long
run.

The Operation of Wireless Telephone Trans-
mitters with Alternating Current—Where an
initial alternating current is used for wireless
telephony, the current must be rectified first and
then smoothed out before passing into the oscil-
lator tube to be converted into oscillations. IFur-
ther so that the oscillations will be sustained, two
oscillator tubes must be used, and, finally, in or-
der that the oscillations may not vary in ampli-
tude the alternating current must be first changed
into direct current by a pair of rectifier vacuum
tubes, as shown in Fig. 93. When this is done
the plates will be positively charged alternately
with every reversal of the current in which case
there will be no break in the continuity of the
oscillations set up and therefore in the waves that
are sent out.



Vacuum Tube Transmitters 289

The Operation of Rectificr Vacuum Tubes.—
The vacuum tube rectifier is simply a two elec-
trode vacuum tube. The way in which it changes
a conmmiercial alternating current into pulsating
direct current is the same as that in which a two
electrode vacuum tube detector changes an oscil-
lating current into pulsating direct currents and
this has been explained in detail under the head-
ing of The Operation of a Two Electrode Vac-
uum Tube Detector in Chapter XI. In the C.
W. Telegraph Transmitting Sets described in
Chapter XVI, the oscillator tubes act as recti-
fiers as well as oscillators but for wireless teleph-
ony the alternating current must be rectified first
so that a continuous direct current will result.

The Operation of Reactors and Condensers.—
A reactor is a single coil of wire wound on an
iron core, see Fig. 90 and 4 in I'ig. 91, and it
should preferably have a large inductance. The
reactor for the plate and grid circuit of a wireless
telephone transmitter where one or more tubes
are used as modulators as shown in the wiring
diagram in Fig. 90, and the filter reactor shown
in Fig. 92, operste in the same way.

When an alternating current flows through a
coil of wire the reversals of the current set up a
counter electromotive force in it which opposes,
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that is reacts, on the current, and the higher the
frequency of the current the greater will be the
reactance. When the positive half of an alter-
nating current is made to flow through a large
resistance the current is smoothed out but at the
same time a large amount of its energy is used
up in producing heat.

But when the positive half of an alternating
current is made to flow through a large in-
ductance it acts like a large resistance as before
and likewise smooths out the current, but none
of its energy is wasted in heat and so a coil hav-
ing a large inductance, which is called an induc-
tive reactance, or just reactor for short, is used
to smooth out, or filter, the alternating current
after it has been changed into a pulsating dircct
current by the rectifier tubes.

A condenser also has a reactance effect on an
alternating current but different from an induc-
tion coil the lower the frequency the greater will
be the reactance. For this reason both a filter re-
actor and filter condensers are used to smooth
out the Pulsating direct currents.



CHAPTER XIX

HOW TO MAKE A RECEIVING SET
FOR $5.00 OR LESS

In the chapters on Receptors you have been
told how to build up high-grade sets. But there
are thousands of boys, and, probably, not a few
men, who cannot afford to invest $25.00, more
or less, in a receiving set and would like to experi-
ment in a small way.

The following set is inexpensive, and with this
cheap, little portable receptor you can get the
Morse code from stations a hundred miles dis-
tant and messages and music from broadcasting
stations if you do not live too far away from them.
All you need for this set are: (1) a crystal de-
tecior, (2) a tuning coil and (8) an earphone.
You can make a crystal detector out of a couple
of binding posts, a bit of galena and a piece of
brass wire, or, better, you can buy one all ready to
use for 50 cents.

The Crystal Detector.—This is known as the
Rasco baby detcctor and is shown in Fig. 96. The
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base is made of black composition and on it
is mounted a standard in which a rod slides and
on one end of this there is fixed a hard rubber
adjusting knob while the other end carries a thin
piece of phosphor-bronze wire, called a cat-whis-
ker. 'To secure the galena crystal in the cup you
simply unscrew the knurled cap, place it in the

cat whisker wi
detector cup and isker wire

bindir\:q post

qalena

composition base
Fic. 96.—Rasco Baby Crystal Detector.

cavity of the post and screw the cap back on
again. The free end of the cat-whisker wire is
then adjusted so that it will rest lightly on the
exposed part of the galena.

The Tuning Coil.—Y ou will have to make this
tuning coil, which you can do at a cost of less
than $1.00, as the cheapest tuning coil you can
buy costs at least $3.00, and we need the rest of
our $5.00 to invest in the earphone. Get a card-
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board tube, such as is used for mailing purposes,
2 inches in diamecter and 3 inches long, see 4 in
Fig. 97. Now wind on 250 turns of No. 30
Brown and Sharpe gauge plain enameled mag-
net wirc. You can use No. 30 double cotton
covered magnet wire, in which case vou will have

— 3:1 »

A.cross section of
paste board tube

Fic. 97.—How the Tuning Coil is Made.

to shellac the tube and the wire after you get it
on.

As you wind on the wire take off a tap at every
15th turn, that is, scrape the wire and solder on
a piece about 7 inches long, as shown in Fig. 99;
and do this until you have 6 taps taken off. In-
stead of leaving the wires outside of the tube
bring thzm to the inside of it and then out
through one of the open ends. Now buy a round
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wood-base switch with 7 contact points on it as
shown at B in Fig. 97. This will cost you 25 or
50 cents.

The Headphone—An ordinary Bell tele-
phone receiver is of small use for wireless work
as it is wound to too low a resistance and the dia-
phragm is much too thick. If you happen to have

Fig. 98.—Mesco 1000 Ohm Head Set.

a Bell phone you can rewind it with No. 40 single
covered silk magnet wire, or enameled wire of
the same size, when its sensitivity will be very
greatly improved. Then you must get a thin
diaphragm and this should not be enameled, as
this tends to dampen the vibrations of it. You
can get a diaphragm of the right kind for 5 cents.

The better way, though, is to buy an earphone
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made especially for wireless work. You can get
one wound to 1000 ohms resistance for $1.75 and
this price includes a cord. For $1.00 extra you

%

| | ]
LSO | |8
oY\ 98 §
I Hunirg(| coil =
=i 7-point switch
binding post _@\O
= f crystal detector
c
L
%"' earphone

Fic. 99.—Schematic Layout of Receiving Set.

can get a head-band for it, and then your phone
will lock like the one pictured in Fig. 98.

How to Mount the Parts—Now mount the
coil on a wood base, 14 or 1 inch thick, 814 inches
wide and 514 inches long, and then connect one
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end of the coil to one of the end points on the
switch, and connect each succeeding tap to one
of the switch points, as shown schematically in
Fig. 99 and diagrammatically in Fig. 100. This

\.

@
| .
) L
g 5
3
— o
o oo
9 -
o oo
c %E:-S
= L T
3 Z
-+ ¥}
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o/
ear phone

..,|lqr°““d
|

Pre. 100.—Wiring Diagram for Receiving Set.

done, screw the switch down to the base. Finally
screw the detector to the base and screw two

binding posts in front of the coil. These are for
the earphone.
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The Condenser.—You do not have to connecet
a condenser across the earphone but if ycu do
you will improve the receiving qualities of the
receptor.

How to Connect Up the Receptor—Now
connect up all the parts as shown in Figs. 99 and
100, then connect the leading-in wire of the aerial
with the lever of the switch; and connect the free
end of the tuning coil with the ground. If you
have no aerial wire try hooking it up tc a rain
pipe that is not grounded or the steel franie of an
umbrella. For a ground you can use a water
pipe, an iron pipe driven into the ground, or a
hydrant. Put on your headphone, adjust the
cdetector and move the lever over the switch con-
tacts until it is in adjustment and then, if all
your connections are properly made, you should
be able to pick up messages.

A 23 or 43 plate variable condenser connected
from the switch arm of the coil to the grcund
connection will increase the wave length range
of the set ard at the same time assist in eliminat-
ing interference.
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APPENDIX

USEFUL INFORMATION

ABBREVIATIONS OF UNITS

o g Abbre- . Abbre-
Cnit viation ! Unit ; viation
1

AMPEre.. .....oovonnnn amp. kilometers. ........... : km
ampere-hours. . ........ amp.-hr. || kilowatts............. kw.
centimeter............. cm. kilowatt-hours......... kw.-hr.
centimeter-gram-second .| c.g.s. kilovolt-amperes....... kv.-a.
cubic centimeters....... cm.? meters............oee.. m.
cubic inches. . ......... cu. in. microfarads. .......... uf.
cycles per second. .. .... ~ micromicrofarads. . . ... puf.
degrees Centigrade. . . .. \ °C. millihenries. ... ........| mh.
degrees Fahrenheit. . . .. °F millimeters............ l mm
2320000000000000000000 ft. pounds............... Ib.
foot-pourds............ ft.-Ib seconds......oooennnnt | sec.
IBIDS......c.oonvennnnn g. square centimeters. . ... cm.?
henries................ h. square inches.......... sq.in
inches................. in. volts..........oooinnn v.
kilograms. ............. kg. watts.......ooiiiinnn l w.

PEEFIXES USED WITH METRIC SYSTEM UNITS

Prefix Abbreviation Meaning
micro m 1 millionth
milli m. 1 thousandth
centi c. 1 hundredth
deci d. 1 tenth

deka dk. 10

hekto h. 1 hundred
kilo k. 1 thousand
mega m. 1 millien

g
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SYMBOLS USED FOR VARIOUS QUANTITIES
Quantity Sg;r]l- Quantity .bg;x]]-
|
capacitance.............. | € | magnetic field intensity....| A4
conductance. . ........... | g magnetic flux........... .. ¢
coupling co-efficient... ... . k magnetic induction. .... ... B
current, instantaneous period of a complete oscil-
value................. ) lation................. T
current, effective value....| 1 potential difference... .. ... 1 4
decrement............... 5 quantity of electricity. . . .. Q
dielectric constant........ a ratio of the circumference
electric field intensity. . . . . € of acircle to its diameter
electromotive force, instan- =8.1416............... ]
taneous value. ......... E reactance.............. .. X
electromotive force, effcct- resistance................ R
ive value.. ............ F time.................... t
eNnergy............uuu... W ivelocity................. v
force.................... F velocity of light. ... ... ... ¢
frequency............... f wavelength. ... .. ... .. N
frequency X@r......... .. w wave length in meters. . ., . am
impedance............... Z fwork.................... W
inductance, self........ .. L permeability. ... ... ... .. u
inductance, mutual . . . .. .. M |squareroot.............. Vv
TABLE OF ENAMELED WIRE
[
No. of |Turns | Turns | Ohms per No. of |Turns | Turns | Ohms per
Wire, | per per | CubicInch|| Wire, | per per | CubicInch
B.& S. Linear| Square of [B. &S.|Linear| Square of
Gauge| Inch | Inch | Winding | Gauge| Inch | Inch Winding
20 30 885 .748 32 116 21,000 183.00
22 87 1400 1.88 84 | 145 13,430 456.00
24 46 2160 4.61 36 178 81,820 1098.00
26 58 3460 11.80 38 232 | 54,080 2968.00
28 78 5400 29.20 40 294 | 86,500 7547.00
30 91 38260 70.90
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TABLE OF FREQUENCY AND WAVE LENGTHS

in Microfarads.
=1 Microheary.

Wave ILengths in Meters.
0. or VL.C. is called Oscillation Constant.
L.—Inductance in Centimeters.

F.—Number of Kilocycles per

C.—Capacity
1000 Centimeters

I Q. or l 0. or
. 9 | We@r 5 7 , ). or 0
Ww. L.E F. i VIC L. C. W.L. | F. VIL.C L.C.
1| 304,000 | 0173 L0003 1,300 | 230 21 .81 475 .4

21 150,000 [ 0331 L0011 I 1,400 | 214 23.49 551 .80
3| 100,000 0424 .0018 } 1,500 | 200 25.17 633.50
4| 75,000 0671 L0045 1,600 | 187 26.84 720.40
5| 60,000 0755 L0057 1,700 | 176 28.52 813.40
6| 5C,000 101 L0101 1,800 | 166 30.20 912.00
7 42,900 1174 L0138 1,900 | 157 31.88 1.016.40
8| 37,500 134 .0180 2,000 | 150 33.55 1,125.60
9| 32,3130 151 .0228 2,100 | 142 35.23 1.241.20
10| 30,000 168 .0282 2,200 | 136 36.91 1,362 .40
20 12,000 [ .336 .1129)) 2,300 | 130 38.59 1,489.30
30 10,000 504 253001 2.400 | 125 40.27 1,621 .80
40 7,500 | Kiral 450 2,500 | 120 41.95 1,759.70
50 6,000 .839 L7039 2,600 | 115 43.62 1,902 .60
100 3,000 1.68 2.82 | 2,700 | 111 45.30 | 2,052.00
150 2,000 2.52 6.35 I 2,800 | 107 4G.89 { 2,207.00
200 1,500 3.36 11.29 2,900 | 103 48.66 | 4,366.30
250 1,200 4.19 17.55 3,000 | 100 50.33 ;| 2,533.20
300 1,000 5.05 25.30 4,000 75 67.11 I 4,504.00
350 857 5.87 34. 46 5,000 60 83.89 | 7,038.00
400 750 6.71 45.03 6,000 50 | 100.7 10,130.00
450 666 7.55 57.00 7.000 41 | 117.3 15,630.00
500 600 8.39 70.39 8,000 37 | 134.1 1&,000.00
550 345 9.23 85.19 9,000 33 | 151.0 22,820.00
60O | 300 | 1¢.07 101.41 10,000 30 [ 167.9 (28,150 .00
700 428 | 11.74 |137.88 11,000 27 | 184.8 i34,150.00
800 375 | 15§.42 |180.10 12,000 25 | 201.5 46,600.00
900 3331 15.10 [228.01 13.000 23 | 218.3 147,600.00
1.000 300 | 1¢.78 |281.57 14,000 21 | 235.0 |55,200.00
1.100 272 | 18.45 [340.40 15,000 20 | 252.0 |65,500.00
1.200 250 | 2¢.13 1405.20 16,000 18 | 269.0 72,300 00
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TABLE OF SPARKING DISTANCES
In Air for Various Voltages between Needle Points
Distance Distance
Volts Volts
Inches | Centimeter Inches | Centimeter

5,000 .225 .57 60,000 4.65 11.8
10,000 .470 1.19 70,000 5.85 14.9
15,000 725 1.84 80,000 7.10 18.0
20,000 1.000 2.54 90,000 8.35 21.2
25,000 1.300 8.80 100,000 9.60 24.4
80,000 1.625 4.10 110,000 10.75 27.8
85,000 2.000 5.10 120,000 11.85 $0.1
40,000 2.450 6.20 180,000 12.95 329
45,000 2.95 7.50 140,000 18.95 35.4
50,000 8.55 9.00 150,000 15.00 838.1

FEET PER POUND OF INSULATED MAGNET WIRE

No. of Single Double Single Double

B.&S.| Cotton, Cotton, Silk, Silk, Enamel

Gauge 4-Mils 8-Mils 13-Mils 4-Mils
20 811 298 819 S1g2 320
21 389 870 408 389 404
22 488 461 508 498 509
238 612 584 636 631 642
24 762 745 800 e 810
25 957 908 1,005 966 1,019
26 1,192 1,118 1,265 1,202 1,286
27 1,488 1,422 1,590 1,548 1,620
28 1,852 1,759 1,972 1,917 2,042
29 2,875 2,207 2,670 2,485 2,570
30 2,860 2,534 8,145 2,909 8,240
81 8,800 2,768 8,948 3,688 4,082
S 4,875 8,787 4,950 4,654 5,182
88 5,880 4,697 6,180 5,689 6,445
S84 6,500 6,168 7,740 7,111 8,098
85 8,050 8,787 9,600 8,584 10,197
36 9,820 7.877 12,000 10,089 12,818
87 11,860 9,309 15,000 10,666 16,110
88 14,800 10,6386 18,660 14,222 20,274
89 17,180 11,807 28,150 16,516 25,519
40 21,500 14,22¢ 28,700 21,3838 82,107




CHART OF VACUUM TUBE

l . i | |
“B'’ Battery Value e As As
T ; e o | Voltage o GOf'd gf‘:és(t)f e Al“‘ldio-‘Rl‘edio-:P As As
pe o . ilament | . Ti - a re- | kxe- ower e
10| attory | i totery | 02k | Theer | D ooty atatey A, Gt
ag De- | Ampli- | €° | Meg- | St OF | Ampli-| Ampli-| fier
tector fier | ohms [ 18 ier | fer |
UV 199 4.5 0.06 | 224-45 4590 | 1-4.5 2-3 | 30.0 |Good | Good [ Very | Fair | Poor
209 (Ary rells) | | | i | good ! [
UV 201-A 8.0 I 0.25 l 224-45 | 45100 36 | 2 | 30.0 | Good | Very IGood' Very | Very
C 301-A | good good | good
UV 202 10.0 2.25 I ...... 100-500, 3-9 | .. 6.0 | Fair | Good | Poor | Good | Good
s I s 7 o] |
W.E. “N" 1.5 | 0.25 | 228 | 45 1 1-2 | 4-2 6.0 | Good | Fair | Very | Poor | Good
tube (dry cell) [ | | [ | good
UX-112 6 .5 | 221-45 | 135 ‘ 9 3-5 | 10 Good | Goodl Poor | Good | Good
UX-120 3 125 | ... 135 | 220 | ....| 30 Poor | Last | Poor | Very | Good
[ ( stage | Good
! only
UX-171 8 [ s | ...... ["135-180] 40 T | Poor | Last | Poor | Very | Good
| stage good
| | only
UX-210 7.5-6 1.25-1.1 ... 90-425| 4.5-35 | .... | None Good Good | Very
I | needed good
| if 6 volts
| { i is used |
UX-240 6 25 I 45-180 Jl 135—1801 1.5-3 l 2 i 6 Good Veri\; Fair | Poor | Fair
good | |

uonpwaofuy nfasn]

608
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lNTERNA’ﬂONAL MORSE, CODE AND CONVENTIONAL SICNALS

I.Ahlluqulln&n“

2. The space between parts of Coe aame letler bs equal (o eae dot.

B8 UKD FOB ALl CENEAAL PUBUC SERVICE RADIO COMMIICaTION

3. The spare between two Retters ks eqval to Huee Sota,
4. The space betwees tvo worde is vquas 1o Sve dols.

Ao un
Bamoeoo
Copomme
Dameo
Ee
Feoumo
Cumane
Hoooo
Teeo
Joun omam
Kamomm
Loumoeo
Mos o
Name

O oo cse s
Poamaunse
Queemoem
Reameo
Booe
Tam
Ueseorm
Veoomm
Weounam
Xamoown
Yomoon an

Zanamoo

A {German)
* mm o wme

K or X (seuidSeantination)
® b WD ¢ amp

CH (German-Spanish)
- e en -

E (French)

EER XN J
N (Spanizhy’
L X KN N J
¥ (German)
pesy——
U (German)
_— e

3ecomm mm

Bar Indicating frae1iof . yeovvneriorncscoce.. MR G S mm @

Pareatbesls ... ...

- SO EBRanEmee S
Attention call 10 precede cvery transmisaion. . =ae ¢ = ¢ wm

General ingairy call........... .. .. ... SBoEme EmOScmn

From (de).ccoovennonr nnnoans

lavitation to transmit (go shesd)

Warning —high power...._.......co. . ..

Question (please repeat aficr ... .. )—inter-
vupting long mesaages. ...y veeviveaee... SO MR MR O O

Beeak (BL.) (double dash) ...... B)eceses -— e oo aw
Understand ....coceet ceiivcenniceccccncc 600 mB @

D O e S P TS seereen - 00000000

Received (0. K)o cvvvevimivvvemcncc. Cumm @
Position report (1o precede all position mes-
sages)

slon of correspordence) .. ... couvunnr.ans XYY TX _J
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INTERNATIONAL RADIOTELEGRAPRIO CONVENTION
LIST OF ABBREVIATIONS TO BE USED IN RADIO COMMUNICATION

D auesnion answER on noTICE
PRE | Do you wish tq communicate by means of the | I wish to communicats by mesns of the futer-
Internationa) Signal Code? . national Signal Code,
QRA | What sbip or coast atation Is that?. Thisls........
QRB What {s your distar ce? My distancels...... ..
QRC | What s your troe trar T3 My true beartng ta.
Qmrp Wheve are you bound for?, 1 am bound for
QRF [ Whe.o are you bound fromt. 1 am bound from
RRG | Whai Itne do you beinng tol. .. 1 belong to the.
QRH | What Is your ware length In meterst, My wave iength 1y
QR How many words have you to send i T havy word:
QRK | How 30 you receive mel. . ... lem ng well.
GRL | Aro you recelring badly? Sh, 1 8m recelving badly. Please send 99,
® o 0 am o ® s o mm o
for adjustment?.. . ... o for sdjustment.
QRM | Are you being Interfered with?, | T am belag !nterfered with.
GRN | Are tho atmospherics strongt - Atmospherics are vory stroop
QRO | Shall § inereass powert. .| Increase power.
QRP Shall [ decsease power?, -] Decresse power.
QRQ | Shall * send faster?.. Send faster,
QRS | Shail i send alower?. Send slower.
QRT | Shall § stop sending? Stop seading.
QRU | Mare'jou anything for me ! have nothtog for you.
qQRrRY am ready. Ail right now.
Q8w 18m busy (or: I am busy with... .. ..). Flosss
do not intertero.
QRX | Shai! Istend by?.... ....... .| Stand by. I will call you when required.
QRY | When will be my turn?. Your turn wilt be Nou ........
QLI Are my signals weak?, Your signals sre woak.
QEA Your signais are strong.
qsp The tone s bed.
The spark ts bad.
QSC Your spactog is bad,
QSsD My timeds........
QsY Transmission will be in alternate order,
Qsa Traonsmission wiil be in serfes of § messages.
QsH Transmissioa will be {n series of 10 messages.
Qs Collect .......
Qsx The last logram 13 canceled.
Qs DId you get my recetptt, Pleaso acknowledge.
QSM | What is your true eour: My true course iy, ..degrees.
QSN Are you o commun!ea and]. .. .-| 1 am not in communication with land.
QSe | Are you Is communicstlon with any ship or [ Famin wkh...... gl
statlon (or: with. __ ... )¢
Qsr Shalilioform._...... that yon are calling htm? -+ ..that I am caliing him,
Qse Is....... calling met o You are belng called by, o
qQse Wil) you forward the ractogramt, § wil forwasd the radlogram.
QST Hare you recelved the grneral call?. General cail to ail statlons.
QSU | Please call me when you bave Snished Wl call when I have fnished,
- ..0%¢10ek)T
*Q8Y | Is public correspondence belog bandledt.......| Public correspondence fs deing hsodled.
Pleass do not Interfere.
QSW | Shal [ toeresse my spark frequencyt. . ..., Increase your spark frequancy.
QSX | Shall | decrosse my spars frequencyt. . .| Decrease your spark frequency.
QSY | Shatll seud on @ wave length of......meters? | Let us change to the ware length of.........
meters.
Q8L .o srece e cerr s so e se enocnnes.| Sond each word twice. I have difieulty In
recelring you.
QA R Repeat the last radiogram.
*Fublic corcesmondence & any radio work, official of.private, handled on commerclal wave lengths.
When an abbreriation Is followsd by a mark of interrogation, it refers to the quastion indicated

for that abbreviation.
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symbols used for apparatus

a!ternator........;./@/o:_@_
ammeter............ooe _@_

qeriale - B 0005 0000E00 00G \Y

re 1

battery. ... —lij11H
“¥
CONAENSEr....ccc.ennnen] o5
variable condenser... o
connection o+wires....._+_

no connection ...

coupledcoils..........
variable coupling.........
detector.......

qap,plain..... ——

variable inductor agen.
tor

K€Y, oo A
resistor ... vasaac
variable resistor.. _awaan
t_

switch spsto i o™
» spdt.. —

» dpdt.....— =

» reversing.....—k
ey

or 60

» transmitter....op

phone receiver.......

thermoelerbent................ﬂ

trans %'m“'“"“ﬂwgﬁé
vacuum tube.......__.._...é}

qap.quenched............. - voltmetero ... —©-

ground..........cooeeenei
hot wire ammeter......

inductor..... ..

choke coil.......... .peem

loop serial ... @

telephone jack..... &
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DEFINITIONS OF ELECTRIC AND MAGNETIC
UNITS

The ohm is the resistance of a thread of mercury at the
temperature of melting ice, 14.4521 grams in mass, of uni-
form cross-section and a length of 106.300 centimeters.

The ampere is the current which when passed through
a solution of nitrate of silver in water according to certain
specifications, deposits silver at the rate of 0.00111800 of
a gram per second.

The wolt is the clectromotive force which produces a cur-
rent of 1 ampere when steadily applied to a conductor the
resistance of which is I ohm,

The coulamb is the quantity of electricity transferred
by & current of 1 ampere in 1 second.

The amgere-hour is the quantity of electricity transferred
by & current of 1 empere in 1 hour and is, therefore, equal
to 8300 coulembs.

The farad is the capacitance of a condenser in which
a potential difference of 1 volt causes it to have a charge
of 1 coulomb of electricity.

The henry is the inductance in a circuit in which the
electromotive force induced is 1 volt when the inducing
current varies at the rate of 1 ampere per second.

The wat! is the power spent by a current of 1 ampere
in a resistance of 1 ohm.

The joule is the energy spent in 1 second by a flow of
1 ampere in 1 ohm.

The horse-power is used in rating steam machinery. It
is equal to 746 watts.

The kilowatt is 1,000 watts.

The units of capacitance actually used in wireless work
are the microfarad, which is the millionth part of a farad,
becanse the farad is too large a unit; and the C. G. §.
electrostatic anit of capacitance, which is often called the
centimeter of caparitance, which is about equal to 1.11
microfarads.
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The units of inductance commonly used in radio work
are the millihenry, which is the thousandth part of a henry;
and the centimeter of inductance, which is one one-thou-
sandth part of a microhenry.

Note.—For further information about electric and mag-
netic units get the Bureau of Standards Circular No. 60,
called Electric Units and Standards, the price of which is 15
cents; also get Scientific Paper No. 292, called International
System of Electric and Magnetic Units, price 10 cents.
These and other informative papers can be had from the
Superintendent of Documents, Government Printing Office,

Washington, D, C,

WIRELESS BOOKS

The Admiralty Manual of Wireless Telegraphy. 1920.
Published by His Majesty’s Stationery Oflice, London.

Ralph E. Batcher—Prepared Radio Measurements. 1921.
Wireless Press, Inc., New York City.

Elmer E. Bucher.—Practical Wireless Telegraphy. 1918.
Wireless Press, Inc., New York City.

Elmer E. Bucher.—Vacuum Tubes in Wireless Communi-
cation. 1919. Wireless Press, Inc.,, New York City.

Elmer E. Bucher.—The Wireless Experimenter’s Manual.
1920. Wireless Press, Inc., New York City.

A. Frederick Collins.—Wireless Telegraphy, Its History,
Theory, and Practice. 1905. McGraw Pub. Co., New
York City.

J. H. Dellinger.—Principles Underlying Radio Communi-
cation. 1921. Signal Corps, U. S. Army, Washing-
ton, D. C.

H. M. Dorsett.—Wireless Telegraphy and Telephony.
1920. Wireless Press, Ltd., London.

J. A. Fleming.—Principles of Electric Wave Telegraphy.
1919. Longmans, Green and Co., London.

Charles B. Hayward.—How to Become a Wireless Opera-
tor. 1918. Modern Radio Practice, Revised Edition.
1923. American Technical Society, Chicago, Il
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G. D. Rcobinson.—Manual of Radio Telegraphy and Te-
lepheny. 1920. United States Naval Institute, An-
napolis, Md.

J. O. Smith.—Modern Radio Operation. 1922. Wireless
Prese, Inc.,, New York City.

James L. Thomas.—Fundamentals of Radio. 1923. D.
Van Nostrand Company, New York City.

L. B. Turner.—¥ireless Telegraphy and Telephony. 1921.
Cambridge University Press. Cambridge, England.

U. 8. Standards Bureau—Radio Instruments and Measure-
mentz (Circular 74) Wash. Supt, of Docs. 1913, 341
p. illus.

Zenneck, J.—Wireless Telegraphy. 1915. McGraw-Hill
Book Company, New York City.

Send to the Superintendent of Documents, Government
Printing Office, Washington, D. C., for a copy of Price
List No. 6} which lists the Government’s books and pamph-
lets on wireless. It will be sent to you free of charge.

The Government publishes: (1) A List af Commercial Government
and Special Wircless Stations, every year, price 15 cents; (2) A List of
Amatour Wireless Stations, yearly, price 15 cents; (3) A Wircless Ser-
vice Bullctin is published monthly, price 5 cents a copy, or 25 cents
yearly; and (1) Radio Communication Laws of the United States, the Inter-
national Radio Telegraphic Convention and Regulations Governing Wireless
Operators und the Use of Wireless on Ships and on Land, price 15 cents a
copy. Orders for the £bove publications should be addressed to the Su-
perintendentof Documents, Government Printing Office, Washington, D. C.

MANUFACTURERS AND DEALERS IN AP-
PARATUS AND SUPPLIES

Acme Apparatus Co., Cambridge, Mass.

American Hard Rubber Co., 11 Mercer Strect, New York.

American Liadio and Resecarch Corporation, Medford Hill-
side, Mass.

Brach (L. S.) Mfg. Co., 127 Susscx Ave., Newark, N. J.
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Brandes (C.) Inc., 237 Lafayette St., New York City.

Bunnell (J. H.) Company, Park Place, New York City.

Burgess Battery Company, Harris Trust Co. Bldg., Chi-
cago, IlL

Clapp-Eastman Co., 120 Main St., Cambridge, Mass.

Connecticut Telephone and Telegraph Co., Meriden, Conn.

Continental Fiber Co., Newark, Del.

Coto-Coil Co., Providence, R. 1.

Crosley Mfg. Co., Cincinnati, Ohio.

Edison Storage Battery Co., Orange, N. J.

Flectric Specialty Co., Stamford, Conn.

Electrosc Mfg. Co., 60 Washington St., Brooklyn, N. Y.

General Electric Co., Schenectady, N. Y.

Grebe (A. I1.) and Co., Inc., Richmond Hill, N. Y. C.

International Brass and Electric Co., 176 Beckinan St.,
New York City.

International Insulating Co., 25 West 45th St., New York
City.

King Amplitone Co., 82 Church St., New York City.

Kennedy (Colin B.) Co., Rialto Bldg., San Francisco, Cal.

Magnavox Co., Oakland, Cal.

Manhattan Elcctrical Supply Co., Park Place, N. Y.

Marshall-Gerken Co., Toledo, Ohio.

Michigan Paper Tube and Can Co., 2536 Grand River
Ave., Detroit, Mich.

Murdock (Wm. J.) Co., Chelsea, Mass.

National Carbon Co., Inc., Long Island City, N. Y.

Pittsburgh Radio and Appliance Co., 112 Diamond St.,
Pittsburgh, Pa.

Plymouth Electric Co., 153 Court St., New Haven, Conn.

Radio Corporation of America, 233 Broadway, New York
City.



Useful Information 311

Riley-Klotz Mfg. Co., 17-19 Mulberry St., Newark, N. J.

Radio Specialty Co., 96 Park Place, New York City.

Roller-Smith Co., 15 Barclay St., New York City.

Sleeper Radio Corporation, 88 Park Place, New York City.

Tuska (C. D.) Co., Hartford, Conn.

Western Electric Co., Chicago, Il

Westinghouse Electric Co., Pittsburgh, Pa.

Weston Electrical Instrument Co., 173 Weston Avc., New-
ark, N. J.

Westfield Machine Co., Westfield, Mass.

Allen-Bradley Co., 287 Greenfield Ave., Milwaukee, Wis.

Atwater-Kent Mig. Co., 4713 Wissahickon Ave., Philadel-
phia, Pa.

Bruno Radio Corp., 223 Fulton St., New York City,

Cutler-Hammer Mfg. Co., Milwaukee, Wis.

Dubilier Condenser & Radio Corp., 4377 Bronx Blvd., New
York City.

Electric Storage Battery Co., Philadelphia, Pa.

Fansteel Products Co., Inc., North Chicago, Ill

Fitch Radio Co., 105 West 40th St., New York City.

Hammarlund Mfg. Co., 424 West 83rd St., New York City.

Music Master Corp., 128 North 10th St., Philadelphia, Pa.

Schickerling Products Co., Newark, N. J.
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ABBREVIATIONS OF COMMON TERMS

/% 00000000000000 Aerial

£ 000000000000 Alternating Current

¥ coo0oo0c000000 Audio Frequency

B.andS. ........Brown & Sharpe Wire Gauge
& ocooooo00000000 Capacity or Capacitance
&k co000000000 Centimeter-Gram-Second
Cond. ........... Condenser

Coup. ....vovnnnn Coupler

CW. ...oivinnns Continuous Waves

DC. .....co.vtn. Direct Current

D.P.D.T. ........ Double Point Double Throw
D.P.S.T. ........Double Point Single Throw
IDPXo 000000000000 Distance

J% ©0000000000000 Short for Electromotive I'orce (Volt)
B8 6000000000 Electromotive Force

1% 60000000000000 Filament or Frequency

@% c0aooo000000000 Grid

Gnd. ............ Ground

Ho coooocooooo00a0 Current Strength (Ampere)
M{CNo 0000000000 Interrupted Continuous Waves
INWo coooooo0oo0aa Kilowatt

Jln 60w00000000000 Inductance

I8 wooooo000000 Loose Coupler

¥, 600000000000 Litzendraht

Mfd. ............ Microfarad

Neg. ........... Negative

@26 cooooo000000 Oscillation Transformer

%6 000000000000 00 Plate

PR ooooooo0m00 Primary

1% 000000000 ... Positive

¥ 00o000000000000 Resistance

313



314 Abbreviations of Common Terms

RF....oo.ooit Radio T'requency

See..............Secondary

SLF............ Straight Line I'requency

SPDT. ........ Single Point Double Throw

SPST. ......... Single Point Single Throw

S8 ceooocooo000 Self Rectifying

2o 0o0000000000000 Telephone or Period (time) of Complete
Oscillation

Tick. ............ Tickler

o caoocacnooooo00 Potential Difference

V&% oocooocoo0000 Variometer

Var. Cond. ....... Variable Condenser 3

ollo coooc0000000 Vacuum Tube

\Wdls, cooooo000000 Wave Length

D G Reactance



GLOSSARY

A BarTERY.—Sez Battery A.

ApBREVIATIONS, CoODE.—Abbreviations of questions and
answers used in wireless communication. The ab-
breviation of a question is usually in three letters of
which the first is Q. Thus Q R B is the code abbrevi-
atior. of “what is your distance?” and the amswer
“My distance is . . .” See Page 305.

ABBREVIATIONS, UNiTts.—Abbreviations of various units
used in wireless electricity. These abbreviations are
usuaily lower case letters of the Roman alphabet, but
occasionally Greek letters are used and other signs.
Thus amperes is abbreviated amp., micro, which
means one millionth, p, ete. See Page 299.

ABBREVIATIONS 0F WoORDS AND TERMs.—Letters used in-
stead of words and terms for shortening them up
where there is a constant repetition of them, as A.C.
for clternating current; C.W. for continuous waves;
V.T. for vacuum tube, etc. See Page 313.

AEeriaL.—Also called antenna. An aerial wire. Omne or
more wires suspended in the air and insulated from
its supports. It is the aerial that sends out the waves
and receives them.

Ara1aL, AMATEUR—AnN aerial suitable for sending out 200
meter wave lengths. Such an aerial wire system must
not exceed 120 feet in length from the ground up to
the aerial switch and from this through the leading-in
wire to the end of the aerial.

AeriAL AMMETER—See Ammeter, Hot Wire.

AERiAL, BEp-8PRINGS.—Where an outdoor aerial is not prae-
ticable bed-springs are often made to serve the pur-
pose.

3135
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AEeriaL Caracrry.—See Capacity, Aerial.

AeriaL CouNTERPOISE.—Where it is not possible to get a
good ground an aerial counterpoise or earth capacity
can be used to advantage. The counterpoise is made
like the aerial and is supported directly under it close
to the ground but insulated from it.

AEriaL, DirectioNaL.—An inverted L or other aerial that
will transmit and receive over greater distances to and
from one direction than to and from another.

AEriaL, GrouND.—Signals can be received on a single long
wire when it is placed on or buried in the earth or
immersed in water. It is also called a ground
antenna and an underground aerial.

AERiAL, Loor.—Also called a coil aerial, coil antenna, loop
acrial, loop antenna and when used for the purpose a
direction finder. A coil of wire wound on a vertical
frame.

AEriaL ResisTaNcE.—Sece Resistance, Aertal,

AErIAL Switci.—See Switch, Aerial.

AeriaL Wire.—(1) A wire or wires that form the aerial.
(2) Wire that is used for aerials; this is usually
copper or copper alloy.

AeriaL WIRE SysTEM.—An aerial and ground wire and
that part of the inductance coil which connects them.
The open oscillation circuit of a sending or a receiving
station.

AR Core TranNsForMER.—See Transformer, Air Core.

AMATEUR AERIAL or ANTENNA.—See derial, Amateur.

ALTERNATOR.—An electric machine that generates alter-
nating current.

ALPHABET, INTERNATIONAL CopE.—A modified Morse al-
phabet of dots and dashes originally used in Conti-
nental Europe and, hence, called the Continental
Code. It is now used for all general public service
wireless communication all over the world and, hence,
it is called the International Code. See page 313.

ALTERNATING CURRENT (4.C).—See Current.
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ALTERNATING CURRENT TrANsFOrRMER.—See T'ransformer.

AMATEUR GrROUND.—See Ground, Amateur.

AMMETER—AnN instrument used for measuring the current
strength, in terms of amperes, that flows in a circuit.
Ammeters used for measuring direct and alternating
currents make use of the magnetic effects of the cur-
rents. High frequency currents make use of the &eat-
ing effects of the currents.

AMMeTER, Hor-Wire.—High frequency currents are
usually measured by means of an instrument which
depends on heating a wire or metal strip by the oscil-
lations. Such an instrument is often called a thermal
ammeter, radio ammeter and aerial ammeter.

AMMETER, AERIAL.—Sce Ammeter, lHot Wire.

AMMETER, Rap1o.—See Ammeter, Hot Wire.

AmpERE.—The current which when passed through a solu-
tion of nitrate of silver in water according to certain
specifications, deposits silver at the rate of 0.00111800
of a gram per second.

AmpErE-1oUR.—The quantity of electricity transferred by
a current of 1 ampere in 1 hour and is, thercfore,
equal to 3600 coulombs.

AMPERE-TURNS.—When a coil is wound up with a number
of turns of wire and a current is made to flow through
it, it behaves like a magnet. The strength of the mag-
netic field inside of the coil depends on (1) the
strength of the current and (2) the number of turns
of wire on the coil. Thus a feeble current flowing
through a large number of turns will produce as strong
a magnetic field as a strong current flowing through a
few turns of wire. This product of the current in
amperes times the number of turns of wire on the coil
is called the empere-turns.

AMPLIFICATION, AuUpio FREQUENCY.—A current of audio
frequency that is amplified by an amplifier tube or
other means.

AurLiFicATION, Cascape.—See Cascade Amplification.
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AMmpLiFicaTiON, Rapio FRrREQUENcY.—A current of radio
frequency that is amplified by an amplifier tube or other
means before it reaches the detector.

AMPLIFICATION, REGENERATIVE.—A scheme that uses a
third circuit to feed back part of the oscillations
through a vacuum tube and which increases its sensi-
tiveness when used as a detector and multiplies its
action as an amplifier.

AMPLIFIER, Aupio FREQUENCY.—A vacuum tube or other
device that amplifies the signals after passing through
the detector.

AMPLIFIER, MagNETIC.—A device used for controlling radio
frequency currents either by means of a telegraph key
or a microphone transmitter, The controlling current
flows through a separate circuit from that of the radio
current and a fraction of an ampere will control sev-
eral amperes in the aerial wire.

AMPLIFIERS, MULTI-STAGE.—A receiving set using two or
more amplifiers. Also called cascade amplification.
AMPLIFIER, VAcuuM TUBE.~—A vacuum tube that is used
either to amplify the radio frequency currents or the

audio frequency currents.

AvpLiTupE oF Wave.—The distance of the crest from the
O line.

AmpLiFYING TRaNsFORMER, Avupio.—See Transformer,
Audio Amplifying.

AwmpLirYING Moburator Vacuum Tuse.—See Vacuum
Tube, Amplifying Modulator.

AmPLIFYING TrANsrorMER Rapio.—See Transformer,
Radio Amplifying.

ANTENNA, AMATEUR.—See Aerial, Amateur.

ANTENNA SwiTcH.—See Switch, Aerial.

ArParaTus SymBoLs.—See Symbols, Apparatus.

ArmsTrONG Circuit.—Sce Circuit, Armstrong.

ATMosPHERICS.—Same as Static, which see.

ArTENUATION.—In sending wireless telegraph and tele-
phone messages the energy of the electric waves
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decreases as the distance increases. This is called
atienuation and it increases as the frequency is in-
creased. This is the reason why short wave lengths
will not carry as far as long wave lengths.

Avupto FREQUENcY AMPLIFIER.—See Amplifier, Audio
Frequency.

Auvpio FREQUENCY AMPLIFICATION.—See Amplification,
Audio Frequency.

AvupiBiLity MeTER.—See Meter, Audibility.

Avubpio FreQueNcy.—See Frequency, Audio.

Auplo FreqQueNcy CurreNT.—See Current, Audio Fre-
quenc_y.

AupioN.—An early trade name given to the vacuum tube
detector.

AuTopYNE RecEPTOR.—See Receptor, Autodyne.

Auto TrANsFORMER.—See Transformer, Auto.

BakELITE.—A manufactured insulating compound.

B Barrery.—See Battery B.

BanNp, Wave LeNotH.—See Wave Length Band.

Basker Wounp Coirs.—See Coils, Inductance.

Barrery, A.—The battery used to heat the filament of a
vacuum tube, detector or amplifier.

Bartery, B.—The battery used to energize the plate of
a vacaum tube detector or amplifier.

Batrery, BoostEr.—This is the battery that is connected
in series with the crystal detector.

BarTeRrYy, C.—A small battery sometimes used to give the
grid of a vacuum tube detector an extra negative, or
bias, potential.

BarTery, EpisoN STorRAGE.—A storage battery in which
the efements are made of nickel and iron and im-
mersed in an alkaline electrolyte.

BaTTERY, LEAD STORAGE.—A storage battery in which the
elements are made of lead and immersed in an acid
electrolyte.

Bartery Pores.—See Poles, Battery.
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Barteny, PRiIMARY.—A battery that generates current by
chemical action.

Bartery, Storage.—A battery that develops a current
after it has been charged.

Brar RecEpmioNn.—See Heterodyne Reception.

Bep Serines AEriaL.—See Aerial, Bed Springs.

Brus Brus.—Over modulation in wireless telephony.

Broap Wave.—See Wave, Broad.

Brusua DiscHarce.—See Discharge.

Buzzer MoburaTioN.—See Modulation, Busser.

Brue GrLow DiscHarce.—See Discharge.

BoosteEr BarTERY.—See Battery, Booster.

Broapcasting.—Sending out intelligence and music from
a central station for the benefit of all who live within
range of it and who have receiving sets.

Caracitance.—Also called by the older name of capacity.
The capacity of a condenser, inductance coil or other
device capable of retaining a charge of electricity.
Capacitance is measured in terms of the micrafarad.

Caracitive CoupriNg.—See Coupling, Capacitive.

Caracrty.—Any object that will retain a charge of elec-
tricity ; hence an aerial wire, a condenser or a metal
plate is sometimes called a capacity.

Caracity, AeriaL.—The amount to which an aerial wire
system can be charged. The capacitance of a small
amateur aerial is from 0.0002 to 0.0005 microfarad.

Caracity, DistriBUTED.—A co0il of wire not only has
inductance, but also a certain small capacitance.
Coils wound with their turns parallel and having a
number of layers have a bunched capacitance which
produces untoward effects in oscillation circuits. In
honeycomb and other stagger wound coils the ca-
pacitance is more evenly distributed.

Caracity ReacTaNcE—See Reactance, Capacity.

Caracrty UnNit.—See Farad.

CarBoN RHEosTaTs.—See Rheostat, Carbon.
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CarBorUNDUM DErEcTOR.—See Detector.
Carrier CURRENT TELEPHONY.—See Wired-Wireless.
CamriEr I'ReQUENCY.—See Frequency, Carrier.
CarriER VREQUENCY TELEPHONY.—See FWired-Wireless.
Cascape AmrriricatioN.—Two or more amplifying tubes
hooked up in a receiving set.
Car Waisker Conrtact.—A long, thin wire which makes
contact with the crystal of a detector.
CeNTIMETER oF CepaciTaNcE—Equal to 1.11 microfarads.
CENTIMETER OF INDUcTANCE—Equal to one one-thou-
sandth part of a microhenry.
CeLLurar CoiLs.—See Coils, Inductance.
C. G. S. Erectrostatic UNit oF CaraciTance.—See Centi-
meter of Capacitance.
Craracteristics.—The special behavior of a device, such
as an aerial, a detector tube, etc.
CuaracterisTics, GrID.—See Grid Characteristics.
Cuoxe CoiLs.—Coils that prevent the high voltage oscil-
lations from surging back into the transformer and
breaking down the insulation.
CuorpEr MopuLaTioN.—See Modulation, Chopper.
Circurr.—Any electrical conductor through which a cur-
rent can flow. A low voltage current requires a
loop of wire or other conductor both ends of which
are connected to the source of current before it ean
flow. A high frequency current will surge in a wire
which :s open at both ends like the aerial.
Closed Circuit.—A circuit that is continuous.
Open Circuit.—A conductor that is not continuous.
Coupled Circuits.—Open and closed circuits con-
nected together by inductance coils, condensers or re-
sistances. See coupling.
Close Coupled Circuits—Open and closed circuits
connected directly together with a single inductance
coil.
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Loose Coupled Circuits—Opened and closed cur-
rents connected together inductively by means of a
transformer.

Stand-by Circuits.—Also called pick-up circuits.
When listening-in for possible calls from a number of
stations, a receiver is used which will respond to a
wide band of wave lengths.

Armstrong Circuits.—The regenerative circuit in-
vented by Major E. H. Armstrong.

Crose CourLEp Circurrs.—See Currents, Close Coupled.
Crosep Circuit.—See Circuit, Closed.
Crosep Core TRraNsrorMER.—See T'ransformer, Closed

Core.

CopE.—

Continental.—Same as International.

International—On the continent of Europe land
lines use the Continental Morse alphabetic code. This
code has come to be used throughout the world for
wireless telegraphy and hence it is now called the
International code. It is given on Page 313.

Morse.—The code devised by Samuel F. B. Morse
and which is used on the land lines in tke U. S.

National Electric.—A set of rules and requirements
devised by the National Board of Fire Underwriters
for the electrical installations in buildings on which
insurance companies carry risks. This code also
covers the requirements for wireless installations. A
copy may be had from the National Board of Fire
Underwriters, New York City, or from your insurance
agent,

National Electric Safety—The Bureau of Stand-
ards, Washington, D. C., have investigated the pre-
cautions which should be taken for the safe operation
of all electric equipment. A copy of the Bureau of
Standards Handbook No. 3 can be had for 40 cents
from the Superintendent of Documents.

Coerricient oF CourrLing.—See Coupling, Coefficient of.
CoiL AERiaL.—See Aerial, Loop.
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CorL ANTENNA—See derial, Loop.

CoiL, INDUCTION.—An apparatus for changing low voltage
direct currents into high voltage, low frequency alter-
nating currents. When fitted with a spark gap the
high voltage, low frequency currents are converted
into high voltage, high frequency currents. It is then
also called a spark coil and a Ruhmkorff coil.

Corr, LoapiNc.—A coil connected in the aerial or closed
oscillztion circuit so that longer wave lengths can be
received.

CoiL, REPEATING.—See Repeating Coil.

CorL, RoraTing.—One which rotates on a shaft instead of
sliding as in a loose coupler. The rotor of a variometer
or variocoupler is a rotating coil.

Corrs, INnuctance.—These are the tuning coils used for
sending and receiving sets. For sending sets they are
formed of one and two coils, a single sending coil is
generally called a tuning inductance coil, while a two-
coil tuner is czlled an oscillation transformer. Receiv-
ing tuning coils are made with a single layer, single
coil, or a pair of coils, when it is called an oscillation
transformer. A loose-coupler tuning coil is formed of
two coils inductively connccted; it is a receiving os-
cillation transformer. Some tuning inductance coils
have more than one layer; they are then called lattice
wound, cellular, basket wound, honeycomb, duo-lateral,
stagger wound, spider-web and slab coils.

CoMMERCIAL FREQUENCY.—See Frequency, Commercial.

CoNDENSER, AERIAL SERIES.—A condenser placed in the
aerial wire system to eut down the wave length.

CoNpENSER, VERNIER.—A small variable condenser used
for receiving continuous waves where very sharp
tuning ig desired.

CoxpexsErR.—All conducting objects with their insulation
form capacities, but a condenser is understood to mean
two sheets or plates of metal placed closely together
but separated by some insulating material.

Adjustable Condenser—Where two or more con-
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densers can be coupled together by means of plugs,
switches or other devices.

Aerial Condenser.—A condenser connected in the
aerial.

Air Condenser—Where air only separates the
shects of metal.

By-Pass Condenser—A condenser connected in the
transmitting circuits so that the high frequency cur-
rents will have an alternative path to flow through.

Filter Condenser.—A condcnser of large capac-
itance used in combination with a filter reactor for
smoothing out the pulsating direct currents as they
come from the rectifier.

Fired Condenser.—Where the plates are fixed rela-
tively to one another.

Grid Condenser.—A condenser connected in series
with the grid lead.

Leyden Jar Condenser—Where glass jars are used.

Mica Condenser—Where mica is used.

0il Condenser—Where the plates ars immersed in
oil.

Paper Condenser—Where paper is used as the
insulating material.

Protective—A condenser of large capacity con-
nected across the low voltage supply circuit of a trans-
mitter to form a by-path of kick-back oscillations.

Variable Condenser——Where alternate plates can
be moved and so made to interleave more or less with
a set of fixed plates.

Vernier—A small condenser with a vernier on it so
that it can be accurately varied. It is connected
in parallel with the variable condenser used in the
primary circuit and is used for the rcception of con-
tinuous waves where sharp tuning is essential.

CoNDENSITE.—A manufactured insulating compound.
Conpvcrivity.—The conductance of a given length of wire

of uniform cross section. The reciprocel of resistivity.
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Conpuctivery CovpLEp.—Two circuits that are connected
together by means of a single tuning coil or helix.

Contact DeTECcTORS.—See Detectors, Contact.

ConTINENTAL ConE.—See Code, Continental.

CouromB.—The quantity of electricity transferred by a
current of 1 ampere in 1 second.

ConveEcTive Discuarce.—See Discharge.

CoNVENTIONAL Si6NaLs.—See Signals, Conventional.

CountEr ErLectromoTive ForcE.—See Electromotive
Force. Counter.

CounNTERPOISE.—A duplicate of the aerial wire that is
raised a few feet above the earth and insulated from
it. Usually no connection is made with the earth itself.

CourLep Crrcurrs.—See Circuit, Coupled.

CouprLiNg.—When two oscillation circuits are connected
together either by the magnctic field of an inductance
coil, cr by the electrostatic field of a condenser.

CouprLiNG, CaraciTive.—Oscillation circuits when con-
nected togethzr by condensers instead of inductance
coils.

CourLinNg, CoerFIZIENT oF.—The measure of the closeness
of the coupling between two coils.

CourLing, INpDucTIVE.—Oscillation circuits when connected
together by inductance coils.

CouprLiNG, REsistaNce.—Oscillation circuits connected to-
gether by a resistance.

CrystaL EEcTIFIER—A crystal detector.

CurreNT, ALTERNATING (A.C.).—A low frequency current
that surges to and fro in a circuit.

CurRENT, Aubio I'REQUENCY.—A current whose frequency
is low enough to be heard in a telephone receiver.
Such a curreat usually has a frequency of between
200 and 2,000 cycles per second.

CurreNT, PraTE.—The current which flows between the
filament and the plate of a vacuum tube.

CurreNT, PuLsaTiNG—A direct current whose voltage
varies from moment to moment.
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CurrenT, Ranio FrREQUENCY.—A current whose frequency
is so high it cannot be heard in a telephone receiver.
Such a current may have a frequency of from 20,000
to 10,000,000 per second.

CureenTs, Hion FreQuENcy.—(1) Currents that oscillate
from 10,000 to 800,000,000 times per second. (2)
Electric oscillations.

CurrenTs, Hicn PoTENTIAL.—(1) Currents that have a
potential of more than 10,000 volts. (2) High voltage
currents.

CycLE.—(1) A series of changes which when completed
are again at the starting point. (2) A period of time
at the end of which an alternating or oscillating cur-
rent repeats its original direction of flow.

Damping.—The degree to which the energy of an electric
oscillation is reduced. In an open circuit the energy
of an oscillation set up by a spark gap is damped
out in a few swings, while in a closed circuit it is
greatly prolonged, the current oscillating 20 times or
more before the energy is dissipated by the sum of
the resistances of the circuit.

DecreMeNT.—The act or process of gradually becoming
less. The quantity lost by diminution.

DeTEcTOoR.—Any device that will (1) change the oscilla-
tions set up by the incoming waves into direct current,
that is which will rectify them, or (2) that will act as
a relay.

Carborundum.—One that uses a carborundum
crystal for the sensitive element. Carborundum is a
crystalline silicon carbide formed in the electric
furnace.

Cat Whisker Contact.—See Cat Whisker Contact.

Chalcopyrite—Copper pyrites. A brass colored
mineral used as a crystal for detectors. See Zincite.

Contact.—A crystal detector. Any kind of a de-
tector in which two dissimilar but suitable solids make
contact.
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Ferron.—A detector in which iron pyrites are used
as the sengitive element.

Galena.—A detector that uses a galena crystal for
the rectifying element.

Iren Pyrites.—A detector that uses a crystal of iron
pyrites for its sensitive element.

Molybdenite.—A detector that uses a crystal of
sulphide of molybdenum for the sensitive element.

Perikon.—A detector in which a bornite crystal
makes contact with a zincite crystal.

Silicon.—A detector that uses a crystal of silicon
for its sensitive element.

Vacuum Tube.—A vacuum tube (which see) used
as a detector.

Zincite—A detector in which a crystal of sincite
is used as the sensitive element.

De-runing.—A method of signaling by sustained oscil-
lations in which the key when pressed down cuts out
either some of the inductance or some of the capacity
and hence greatly changes the wave length.

DieLEcTRIC.—An insulating material between two electric-
ally charged plates in which there is set up an electric
strain, or displacement.

DizLectric StraIN.—The electric displacement in a di-
electric.

DirecTioNaL AERIAL.—See Aerial, Directional.

Direcrion FinpEr.—See derial, Loop.

Discuarage.—(1) A faintly luminous discharge that takes
place from the positive pointed terminal of an induc-
tion coil, or other high potential apparatus; is termed
a brush discharge. (2) A continuous discharge be-
tween the terminals of a high potential apparatus is
termed 8 convective discharge. (8) The sudden
breaking-down of the air between the balls forming
the spark gap is termed a disruptive discharge; also
called an electric spark, or just spark for short. (4)
When a tube has a poor vacuum, or too large a battery
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voltage, it glows with a blue light and this is called
a blue glow discharge.

Disruptive Discuarce.—See Discharge.

Distress CaLr. . ..———...(SOS).

DistriButep Capacity.—See Capacity, Distributed.

Dousre Hump REsoNaNcE CuRVE.—A resonance curve that
has two peaks or humps which show that the oscillat-
ing currents which are set up when the primary and
secondary of a tuning coil are closely coupled have
two frequencies.

Dvuo-Laterar Coirs.—See Coils, Inductance.

DuprLex CommunicaTioN.—A wireless telephone system
with which it is possible to talk between both stations
in either direction without the use of switches, This
is known as the duplex system.

EarTH CaPaciTy.—An aerial counterpoise.

EartH CoNnectioN.—Metal plates or wires buried in the
ground or immersed in water. Any kind of means
by which the sending and receiving apparatus can be
connected with the earth.

Epison StoraGE BATTERY.—See Storage Battery, Edison.

ErecTtric ENERGY.—The power of an electric current.

ELEcTtrIc OsciLrLations.—See Oscillations, Electric.

Erectric Spark.—See Discharge, Spark.

ErectricitY, NEGaTIVE.—The opposite of positive electric-
ity. Negative electricity is formed of negative elec-
trons which make up the outside particles of an atom.

EvrectriciTY, PosiTive.—The opposite of negative electric-
ity. Positive electricity is formed of positive electrons
which make up the inside particles of an atom.

Evrectropes.—Usually the parts of an apparatus which dip
into a liquid and carry a current. The electrodes of
a dry battery are the zinc and carbon elements. The
electrodes of an Edison storage battery are the iron
and nickel elements, and the electrodes of a lcad
storage battery are the lead elements.
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ErzctroryTES.—The acid or alkaline solutions used in
batteries.

ELEcTROMAGNETIC WAVES.—See Waves, Electric.

ErectroMoTIVE I'orcE.—Abbreviated emf. The force that
drives an electric current along a conductor. Also
loosely called woltage.

ErectroMoTivE Force, CounteEr.—The emf. that is set
up in a direction opposite to that in which the cur-
rent is flowing in a conductor.

ELectrow.—(1) A negative particle of electricity that is
detached from an atom. (2) A negative particle of
electricity thrown off from the incandescent filament
of a vacuum tube.

ELectron Frow.—The passage of electrons between the
incandescent filament and the cold positively charged
plate of a vacuum tube.

ErecrroNn ReLav.—See Relay, Electron.

ErecrroN TuBe.—A vacuum tube or a gas-content tube
used for any purpose in wireless work. See Vacuum
Tube.

ErecTroseE INnsuraTors.—Insulators made of a composi-
tion material the trade name of which is Electrose.

Enercy, ErecTric.—See Eleclric Energy.

Ewxerey Unrt.—The joule, which see, Page 316.

Fapine.—The sudden variation in strength of signals re-
ceived from a transmitling station when all the ad-
justments of both sending and receiving apparatus
remain the same, Also called swinging.

Farap.—The capacitance of a condenser in which a poten-
tial difference of 1 volt eauses it to have a charge
of 1 coulomb of electricity.

Feep-pack AcrioN.—Feeding back the oscillating cur-
rents in a vacuum tube to amplify its power. Also
called regererative action.

FerromaaNETIC CoNTROL.—See Magnetic Amplifier.
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FiLamenT.—The wire in a vacuum tube that is heated to
incandescence and which throws off electrons.

FiamMeNT Rurostar.—See Rheostat, Filament.

Fivrer.—Inductance coils or condensers or both which (1)
prevent troublesome voltages from acting on the dif-
ferent circuits, and (2) smooth out alternating cur-
rents after they have been rectified.

FiLter Reactor.—See Reactor, Filter.

Fire UnperwriTers.—See Code, National Electric.

Fixep Gar.—See Gap.

FrLEMING VALVE.—A two-electrode vacuum tube.

Forcep OsciLLatioNs.—See Oscillations, Forced.

Free OsciLLations.—See Oscillations, Free.

FreqQueNcy, Aubto.—(1) An alternating current whose
frequency is low enough to operate a telephone re-
ceiver and, hence, which can be heard by the ear.
(2) Audio frequencies are usually around 500 or 1,000
cycles per second, but may be as low as 14 and as
high as 14,000 cycles per second.

Carrier—A radio frequency wave modulated by an
audio frequency wave which results in setting of three
radio frequency waves. The principal radio frequency
is called the carrier frequency, since it carries or trans-
mits the audio frequency wave.

Commercial.—(1) Alternating current that is used
for commercial purposes, namely, light, heat and
power. (2) Commercial frequencies now in gemeral
use are from 25 to 50 cycles per second.

Natural.—The pendulum and vibrating spring have
a natural frequency which depends on the size, ma-
terial of which it is made, and the friction which it
has to overcome. Likewise an oscillation circuit has
a natural frequency which depends upon its inductance,
capacitance and resistance.

Radio.—(1) An oscillating current whose frequency
is too high to affect a telephone receiver and, hence,
cannot be heard by the ear. (2) Radio frequencies
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are 2asually between 20,000 and 2,000,000 cycles per
second but may be as low as 10,000 and as high as
800,700,000 cycles per second.

Spark.—The number of sparks per second produced
by tne discharge of a condenser.

Gapr, Fi3Ep.—One with fixed electrodes.

Gap, NoN-SyNciroNous.—A rotary spark gap run by a
separate motor which may be widely different from
that of the speed of the alternator.

Gap, QueNcHED —(1) A spark gap for the impulse pro-
duction of oscillating currents. (2) This method e¢an
be likened to one where a spring is struck a single
sharp blow and then continues to set up vibrations.

Gap, RoTary.—One having fixed and rotating electrodes.

Gap, SyNcHRON0OUS.—A rotary spark gap run at the same
speed as the alternator which supplies the power trans-
former. Such a gap usually has as many tecth as
there are poles on the generator. Hence ore spark
accurs per half cycle.

Gas-ConTENT TuBE.~~See Vacuum Tube.

GenNeraTorR TurE.—A vacuum tube used to set up oscilla-
tions. As a matter of fact it does not generate oscil-
lations, but changes the initial low voltage current
that flows through it into oscillations. Also cailed
an oscillator tube and a power tube.

Grip.— (1) The metal gauze element placed between the
filament and the plate of a vacuum tube. It controls
the current flowing from the plate to the filameni. (2)
One of the perforated lead plate elements of a storage
battery.

Grip BatTERY.—See Battery C.

Grip Circurr.—The circuit in which the grid of a vacuum
tube is connected.

Grip CuaracTeRrisTics.—The various relations that could
exist between the voltages and currents of the grid
of a vacuum tube, and the values which do exist be-
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tween them when the tube is in operation. These
characteristics are generally shown by curves.

Grip CorL.—An inductance coil connected in series with
the grid circuit.

Grip ConDENSER.—See Condenser, Grid.

Grip LEap.—The wire or conductor that leads to and which
is connected with the grid.

Grip Leak.—A high resistance unit connected in the grid
lead of both sending and receiving sets. In a sending
set it keeps the voltage of the grid at a constant value
and so controls the output of the aerial. In a receiv-
ing set it controls the current flowing between the
plate and filament.

Grip MopuratioN.—Sce Modulation, Grid.

Grip PoteNTiaL.—The negative or positive voltage of the
grid of a vacuum tube.

Grip Vortace.—See Grid Potential.

GRINDERS.—The most common form of Static, which see.
They make a grinding noise in the hcadphones.

Grounp.—See Earth Connection.

GRrouND, AMATEUR.—A water-pipe ground.

Grounp, WATERPIPE.—A common method of grounding by
amateurs is to usc the waterpipe, gaspipe or radiator.

Guipep Wave TeELEpHoNY.—See Wired Wireless.

Harp TuBE.~—A vacuum tube in which the vacuum is
high, that is, exhausted to a high degree.

Herix.—(1) Any coil of wire. (2) Specifically a trans-
mitter tuning inductance coil.

Henry.—The inductance in a circuit in which the electro-
motive force induced is 1 volt when the inducing cur-
rent varies at the rate of 1 ampere per secord.

HeteropYNE REecerTioN.—(1) Receiving by the beat
method. (2) Receiving by means of supcrposing os-
cillations generated at the receiving station on the
oscillations set up in the aerial by the incoming waves.

HereropyNE RECEPTOR.—See Receptor, Heterodyne.
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Hion Frequency Currents.—See Currents, High Fre-

quency.

Hicn Frequency REsistaNcE—See Resistance, Iligh
Frequency.

Hieun PoreEnTiaL CurreNTs.—See Currents, High Poten-
tial.

Hicu Voitace CurreNTs.—See Currents, High Potential.

Henevcoms Coirs.—See Coils, Inductance.

Herse-Pewer.—Used in rating steam machinery. It is
equal to 746 watts.

Hot Wire AMMETER.—See Ammeter, Ilot Wire.

HowrLing.—Where more than three stages of radio ampli-
fication, or more than two stages of audio amplifica-
tion, are used howling noises arc apt to occur in the
telephone receivers.

IMpEDANCE.—AnN oscillation circuit has reactance and also
resisiance, and when these are combined the total
opposition to the current is called impedance.

Inpuction CoiL.—See Coil, Induction.

InpuctioN, Mutuar.—Induction produced between two

Inpuctance Coius.—See Coils, Inductance.

Inpuctance Coit, LoaviNne.—See Coil, Loading Induc-
tance.

Invuctive CourrLiNg.—See Coupling, Inductive.

InpuctiveLy CovpLeEp.—Clircuits that arc coupled together
by means of a primary and secondary coil. Trans-
formers are inductively coupled.

Inpuctive ReacTaNcE.—Sce Reactance, Inductive.
circuits or coils close to each other by the mutual inter-
action of their magnetic fields.

InsuraTioN.—Matcrials used on and around wires and
other conductors to keep the current from lcaking
away.

InspEcTOR, Rabio.—A U. S. inspector whose business it
is to issuc both station and operators’ licenses in the
district of which he is in charge.
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InTERFERENCE.—The crossing or superposing of two sets
of electric waves of the same or slightly different
lengths which tend to oppose each other. It is the
untoward interference between electric waves from dif-
ferent stations that makes selective signaling so diffi-
cult a problem.

INTERMEDIATE WavEs.—See Waves.

Ionic TuBes.—See Vacuum Tubes.

INTERNATIONAL CoDE.—See Code, International.

JamMING.—Waves that are of such length and strength that
when they interfere with incoming waves they drown
them out.

Joure.—The energy spent in 1 second by a flow of 1 am-
pere in 1 ohm.

JouLe’s Law.—The relation between the heat produced in
seconds to the resistance of the circuit, to the current
flowing in it.

KenoTRON.—The trade name of a vacuum tube rectifier
made by the Radio Corporation of America.

Kick-Back.—Oscillating currents that rise in voltage and
tend to flow back through a low voltage circuit.

KiLocycLEs.—A thousand cycles. See Cycle.

Kick-Back PrEVENTION.—See Prevention, Kick-Back.

KiLowaTT.—1,000 watts.

LatrticeE Wounp CoiLs.—See Coils, Inductance.

LEAaD.—A wire or other conductor that leads to and is
connected with a piece of apparatus.

LicntNiNG Switcu.—See Switch, Lightning.

LiNne Rapio ComMunicaTioN.—See Wired Wireless.

Line Rapto TeLerHoNy.—See Telephony, Line Radio.

LitzENDRAHT.—A conductor formed of a number of fine
copper wires either twisted or braided together. It
is used to reduce the skin effect. See Resistance, High
Frequency.
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Loap Fricker—The flickering of electric lights on lines
that supply wireless transmitting sets due to varia-
tions of the voltage on opening and closing the key.

LoapiNg CoiL.—See Coil, Loading.

Lone WavEs.—Sez Waves.

Loop AeriaL.—See Aderial, Loop.

Loose CoupLEp Circurts.—See Circuits, Loose Coupled.

Loose CourLER.—See Coils, Conductance.

Lotp Speaker.—A telephone receiver connected to a horn,
or a specially made one, that reproduces the incoming
signals, words or music lond enough to be heard by
a room or an auditorium full of pcople, or by large
crowds out-doors.

MacNeTIic PoLEs.—See Poles, Magnetic.

Mrconm.—One million ohms,

Merer, AvbpisiLity.—An instrument for measuring the
loudness of a signal by comparison with another signal.
It consists of a pair of headphones and a variable
resistance which have been calibrated.

Muo.—The unit of conductance. As conductance is the
reciprocal of resistance it is measured by the reciprocal
ohm or mho.

Mica.—A transparent mineral having a high insulating
value and which can be split into very thin sheets.
It is largely used in making condensers both for trans-
mitting and receiving sets.

Microrarap.—The millionth part of a farad.

MicroHENRY.~—The millionth part of a farad.

MicroMicroFARAD.—The millionth part of a microfarad.

Microrm.—The millionth part of an ohm.

MicrorHORE TransrorMER.—See Transformer, Micro-
phone.

MicrorHONE TraNsMITTER.—See Transmitier, Micro-
phone.

MiLL1-aMMETER.—An ammeter that measures a current by
the ore-thousandth of an ampere.
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MivLiampERe.—The one-thousandth of an ampere.

MobpuraTtioN.—(1) Inflection or varying the voice. (2)
Varying the amplitude of oscillations by means of the
voice.

MobpuraTioN, Buzzer.—The modulation of radio frequency
oscillations by a buzzer which breaks up the sustained
oscillations of a transmitter into audio frequency im-
pulses.

MiLLinexry.—The thousandth part of a henry.

MopvraTiox, Cnorper—The modulation of radio fre-
quency oscillations by a chopper which breaks up the
sustained oscillations of a transmitter into audio fre-
quency impulses.

MoburatioN, Grip.—The scheme of modulating an escilla-
tor tube by connecting the secondary of a transformer,
the primary of which is connceted with a battery and
a microphone transmitter, in the grid lead.

MobvLaTioN, OvEr.—See Blub Blub.

MobpuraTtioN, Prate.—Modulating the oscillations set up
by a vacuum tube by varying the current impressed on
the plate.

MobvLator TuBe.—A vacuum tube used as a modulator.

Morion, Wave.—(1) The to and fro motion of water at
sea. (2) Waves transmitted by, in and through the
air, or sound waves. (8) Waves transmitted by, in
and through the ether, or electromagnetic waves, or
electric waves for short.

MoTor-GENERATOR.—A motor and a dynamo built to run
at the same speed and mounted on a common base, the
shafts being coupled together. In wirelzss it is used
for changing commercial direct current into direct
current of higher voltages for energizing the plate of
a vacuum tube oscillator.

Murti-STace AmpLiriErs.—See Amplifiers, Multi-Stage.

MutvaL InpuctioNn.—See Induction, Mutual.

Musu.—Irregular intermediate frequencies szt up by arc
transmitters which interfere with the fundamental
wave lengths.
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Musuy Note.—A note that is not clear cut, and hence hard
to read, which is received by the heterodyne method
when damped waves or modulated continuous waves
are being received.

Nationar Ergctric CopE.—See Code, National Electric.

Nationar Erectzic SaFeTy CoDE—See Code, National
Electric Safety.

NEeeative ELecTrICITY.—See Electricity, Negative.

Non-SyNcHRoNoUs GaP.—See Gap, Non-Synchronous.

Onm.—The resistance of a thread of mercury at the tem-
peratare of melting ice, 14.4521 grams in mass, of
uniform cross-section and a length of 106.300 centi-
meters.

Onm's Law.—Thz important fixed relation between the
electric current, its electromotive force and the re-
sistance of the conductor in which it flows.

Oren Circurr.—See Circuit, Open.

OrEN CorE TRAN3FORMER.—See Transformer, Open Core.

OsciLLation TRANSFORMER.—See Transformer, Oscilla-
tion.

OsciLraTions, ELEcTRIC.—A current of high frequency
that surges through an open or a closed circuit. (1)
Electric oscillations may be set up by a spark gap,
electric arc or a vacuum tube, when connected with
a circuit having inductance and capacity, when they
have not only a high frequency but a high potential, or
voltage. (2) When electric waves impinge on an aerial
wire they are transformed into electric oscillations of a
frequency equal to those which emitted the waves, but
since a very small amount of energy is received their
potential or voltage is likewise very small.

Sustained.—Oscillations in which the damping fac-
tor is small.

Damped.—Oscillations in which the damping factor
is large.

Free—When a condenser discharges through an os-




338 Appendiz

cillation circuit, where there is no outside electromotive
force acting on it, the oscillations are said to be free.
Forced.—Oscillations that are made to surge in a

circuit whose natural period is different from that of
the oscillations set up in it.

OsciLratioN TrANsFORMER.—Sce Transformer.

OsciLraTioN VALVE.—See FVacuum Tube.

OsciLraTor TuBe.—A vacuum tube which is used to pro-
duce electric oscillations.

Over MoburaTioN.—See Blub Blub.

Pancake OsciLratioN TransForMER.—Disk-shaped coils
that are used for receiving tuning inductances.

PerMeaBIiLITY, MaaNETIC.—The degree to which a sub-
stance can bc magnetized. Iron has a greater mag-
netic permeability than air.

Puase.—A characteristic aspect or appearance that takes
place at the same point or part of a cycle.

Pick-Up Circuits.—See Circuits, Stand-by.

PLATE.—One of the elements of a vacuum tube.

Prarte Circuit.—The circuit in which the plate of a vacuum
tube is connceted.

Prate Circuir ReEacToRrR.—See Reactor, Plate Circuit.

PLaTE CurRrReNT.—See Current, Plate.

Prate MoburaTioN.—See Modulation, Plate.

Prate Vorrace.—See Voltage, Plate.

Pores, Bartery.—The positive and negative terminals of
the elements of a battery. On a slorage battery these
poles are marked 4+ and — respectively.

PorLes, MagNETIC.—The ends of a magnet.

Positive ELecTriciTY.—See Electricity, Positive.

PorEnNTiaL DirrereNceE.—The electric pressure between
two charged conductors or surfaces.

PoTENTIOMETER.—A variable resistance used for subdi-
viding the voltage of a current. A voltage divider.

Power TraNsForMER.—See T'ransformer, Power.

Power TuBe.—See Generator Tube.

Primary BarTtery.—See Battery, Primary.
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PrzvenTioN, Kick-Back.—A choke coil placed in the
power circuit to prevent the high frequency currents
from getting into the transformer and breaking down
the insulation.

Q S T.—An abbreviation used in wireless communication
for (1) the question “Have you received the general
call?” and (2) the notice, “General call to all sta-
tions.”

QueNcHED Gar.—Sce Gap, Quenched.

Rapiation.—The emission, or throwing off, of electric
waves by an aerial wire system.

Rapro AMMETER.—See Ammeter, Hot Wire.

Rapio FreEQUENcY.—Sce Frequency, Radio.

Rapio FreQuency AmpriFicaTiON.—See dAmplification,
Radio Frequency.

Rapio FreqQuency Current.—See Current, Radio Fre-
quency.

Rapro InspecTOoR.—See Inspector, Radio.

RapioTroN.—The trade name of vacuum tube detectors,
amplifiers, oscillators and modulators made by the
Radio Corperation of America.

Rapio Waves.—See Waves, Radio.

Reacrance.—Whaen a circuit has inductance and the cur-
rent changes in value, it is opposed by the voltage in-
duced by the variation of the current.

Reacrance, Capacrty.—The capacity reactance is the op-
position offzred to a current by a capacity. It is
measured as a resistance, that is, in ohms.

Reactor.—A coil wound on an iron core which opposes the
flow of a current by its counter electro-motive force.

Reactor, PLaTtE Circuit.—A reactor connected in the plate
circuit of a vacuum tube.

Receiving TuniNg Corus.—See Coils, Inductance.

Receiver, Lovp SpeakiNGg.—See Loud Speakers.

Recerver, Watca Caske.—A compact telephone receiver
used for wireless reception.
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Reactance, Inpuctive.—The inductive reactance is the
opposition offered to the current by an inductance coil.
It is measured as a resistance, that is, in ohms.

Reactor, I'iLTER.—A reaclance coil for smoothing out the
pulsating direct currents as they come from the rec-
tifier. A choke coil will act as a reactor.

Reactor, Prate Circurt.—A reactance coil used in the
plate circuit of a wireless telephone to keep the direct
current supply at a constant voltage.

Receiver—(1) A telephone recciver. (2) An apparatus
for receiving signals, speech or music. (8) Better
called a receptor to distinguish it from a telephone re-
ceiver.

RectiFier—(1) An apparatus for changing alternating
current into pulsating direct current. (2) Specifically
in wireless (a) a crystal or vacuum tube detector, and
(b) a two-electrode vacuum tube used for changing
commercial alternating current into direct current for
wireless telephony.

REGENERATIVE AMPLIFICATION.~—See dmplification, Regen-
erative.

ReceEPTOR.—A receiving set.

Recepror, AUTODYNE.—A receptor that has a regenerative
circuit and the same tube is used as a detzctor and as
a generator of local oscillations.

Recepror, BEaT.—A heterodyne receptor.

Recepror, HETERODYNE.—A receiving set that uses a sep-
arate vacuum tube to set up the second series of waves
for beat reception.

RegeNERATIVE AcTioN.—See Feed-Back Action.

REGENERATIVE AMPLIFICATION.—See dmplification, Regen-
erative.

ReLay, ELEcTRON.—A vacuum tube when us2d as a de-
tector or an amplifier.

RepeaTiNG CoiL.—A transformer used in conrecting up a
wireless receiver with a wire transmitter.

Resistance.—The opposition offered by a wire or other
conductor to the passage of a current.
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REesisTaNce, AEriAL—The resistance of the aerial wire to
oscillating currents. This is greater than its ordinary
ohmigc resistance due to the skin effect. See Resistance,
Higk Frequency.

ResistaNcE Box.—See Resistor.

REstsTtaNcE BripgeE.—An apparatus for measuring the re-
sistance (in ohms) of a circuit.

Resistance Coir.—A coil made of wire that has a high
resistance, as German silver, and which is used to vary
the strength of the current flowing through a cirenit.

Resistance CourrLiNg.—See Coupling, Resistance.

Resistance, Hicn FrEQuENcy.—When a high frequency
current oscillates on a wire two things take place that
are different than when a direct or alternating current
flows through it, and these are (1) the current inside
of the wire lags behind that of the current on the sur-
face, and (2) the amplitude of the current is largest
on the surface and grows smaller as the center of the
wire is reached. This uneven distribution of the cur-
rent is known as the skin effect and it amounts to the
same thing as reducing the size of the wire, hence
the resistance is increased.

Resistivitry.—The resistance of a given length of wire of
uniform cross section. The reciprocal of conductivity.

REesiston.—A fized or variable resistance unit or a group
of such units. Variable resistors are also called re-
sistance bozes and more often rheostats.

REesoNaNcE.—(1) Simple resonance of sound is its increase
set up by cne body by the sympathetic vibration of a
second body. (2) By extension the increase in the
amplitude of electric oscillations when the ecircuit in
which they surge has a natural period that is the same,
or nearly the same, as the period of the first oscilla-
tion circuit.

EHEosTAT.—A variable resistance unit. See Resistor.

RueostaT, CARBON.—A carbon rod, or carbon plates or
blocks, when used as variable resistances.

RuegostaT, FIiLAMENT.—A variable resistance used for
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keeping the current of the storage battery which
heats the filament of a vacuum tube at a constant
voltage. '
Rotating CorL.—See Coil.
Rotary Gar.—See Gap.
Rotor.—The rotating coil of a variometer or a variocoupler.
Runmkorrr Coi.—See Coil, Induction.

SaturaTioN.—The maximum plate current that a vacuum
tube will take.

SeNsITIVE SPoTs.—Spots on detector crystals that are sen-
sitive to the action of electric oscillations.

SHorT Waves.—See Waves.

Sipe Waves.—See Wave Length Band.

SieNaLs, CoNVENTIONAL.—( 1) The International Morse al-
phabet and numeral code, punctuation marks, and a
few important abbreviations. (2) Dot and dash sig-
nals for distress call, etc.

SkiN Errect—See Resistance, Iigh Frequency.

Socker Power Unit.—A device that will furnish “A,”
“B,” and “C"” battery power from the house-lighting
line. Usually consists of a rectifier and filter.

Sorr Tuse.—A vacuum tube in which the vacuum is low,
that is, it is not highly exhausted.

Space Cuarce ErrecT.—The electric field intensity due
to the pressure of the negative electrons in the space
between the filament and plate which at last equals
and neutralizes that due to the positive potential of
the plate so that there is no force acting on the elec-
trons near the filament.

Spark.—See Discharge.

Spark CoiL.—See Coil, Induction.

Spark Discuarce.—See Spark, Electric.

Seark Frequency.—See Frequency, Spark.

Seark Gar.—(1) A spark gap, without the hyphen, means
the apparatus in which sparks take place; it is also
called a spark discharger. (2) Spark-gap, with the
hyphen, means the air-gap between the opposed faces
of the electrodes in which sparks are produced.
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Plain.—A spark gap with fixed electrodes.

Rotary.—A spark gap with a pair of fixed electrodes
and a number of electrodes mounted on a rotating ele-
ment.

Quenched.—A spark gap formed of a number of
metal plates placed closely together and insulated from
each other.

Seiner Wes InpuctaNce Coi.—See Coil, Spider Web In-
ductance.

Sereabper.—A stick of wood, or spar, that holds the wires
of thz aerial apart.

STaGGER WouND CorLs.—See Coils, Inductance.

Stanp-By Circurrs.—See Circuits, Stand-By.

StaTic—Also cailed atmospherics, grinders, strays, X’s,
and, when tad enough, by other names. It i3 an
electrical disturbance in the atmosphere which makes
noises in the telephone receiver.

Staton.—The fixzd or stationary coil of a variometer or a
variocoupler.

Strateur LINE I'rEQUENCY.—Sec page 348.

Stiay ELiMinaTIoN.—A method for increasing the strength
of the signals as against the strength of the strays.
See Static.

Strays.—See Static.

StraNDEr Wire.—See Wire, Stranded.

Super-HeTERODYNE RECEPTOR.—See Ileterodyne, Super.

SwiNGING.—See [ading.

Switcn, AeriaL.—A switch used to change over from the
sending to the rceeiving set, and the other way about,
and connect them with the aerial.

SwrrcH, LicirrNiNg.—The switch that connects the aerial
with the outside ground when the apparatus is not
in use.

SymBoLs, APParRaTUs.—Also called conventional symbols.
These are diagrammatic lines representing various
parts of apraratus so that when a wiring diagram of
a transmitter or a receptor is to be made it is only
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necessary to connect them together. They are easy
to make and easy to read. See Page 315.
SyNciroNous Gap.—See Gap, Synchronous.

TeLEPIIONY, LINE RAD10.—See Wired Wireless.

TeLevision.—Sight at a distance, literally. The name ap-
plicd to a system of radio whereby the image of an
objcet can be transmitted by clectrical impulses from
one point to another on a carricr wave,

Tuermar AMMETER.—Sec Ammeter, Hot Wire.

Turee Erectrobe Vacvum Tuse.—See FPacuum Tube,
Three Electrode.

TrckLer.—A third coil that forms part of the tuning coil
and which feeds back part of the oscillating current
to the detector tube in a regenerative receiving set.

Tikker.—A slipping contact device that breaks up the
sustained oscillations at the receiving end into groups
so that the signals can be heard in the head phones.

TRANSFORMER.—A primary and a secondary coil for step-
ping up or down a primary alternating or oscillating
current,

4. C.—See Power Transformer.

Air Cooled.—A transformer in which the coils are
exposed to the air.

dir Core—With high frequency currents it is the
general practice not to use iron cores as these tend
to choke off the oscillations. Hence the core consists
of the air inside of the coils.

Auto.—A single coil of wire in which one part forms
the primary and the other part the secondary by bring-
ing out an intermediate tap.

Audio Amplifying—This is a transformer with an
iron core and is used for frequencies up to say 3.000.

Closed Core.—A transformer in which the path of
the magnetic flux is entirely through iron. Power
transformers have closed cores.

Microphone.—A small transformer for modulating
the oscillations set up by an arc or a vacuum tube
oscillator.
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Oil Cooled.—A transformer in which the coils are
immersed in oil.

Open Core.~A transformer in which the path of
the magnetic flux is partly through iron and partly
through air. Induction coils have open cores.

Oscillation.—A coil or coils for transforming or
stepping down or up oscillating currents. Oscilla-
tion transformers usually have no iron cores when
they are alsc called air core transformers.

Power.—A transformer for stepping down a com-
mercial alternating current for lighting and hcating
the filament and for stepping up the commercial a.c.,
for charging the plate of a vacuum tube oscillator.

Radio Amplifying.—This is a transformer with an
air core. It docs not in itself amplify but is so called
becaase it is used in connection with an amplifying
tube.

TrRANSMITTER, MicrROPHONE.—A telephone transmitter of
the kind tha* is usced in the Bell telephone system.

TransmitTING TuNiNGg Coins.—See Coils, Inductance.

TvnNiNGg.—When the open and closed oscillation circuits of
a transmitter or a receptor are adjusted so that both
of the former will permit electric oscillations 1o surge
through them with the same frequency, they are said
to be tuned. Likewise, when the sending and receiv-
ing stations are adjusted to the same wave length they
are said to be tuned.

Coarse T'uning.—The first adjustment in the tuning
oscitlation circuits of a receptor is made with the in-
ductance coil and this tunes them coarse, or roughly.

Fine Tunming.—After the oscillation circuits have
been roughly tuned with the inductance coil the exact
adjustment is obtained with the variable condenser and
this is fine tuning.

Sharp.—When a sending set will transmit or a
receiving set will reccive a wave of given length only
it i3 said to be sharply tuned. The smaller the de-
crement the sharper the tuning.
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Tuning CoiLs.—See Coils, Inductance.
Two ELEcTrobpE VacuuM Tupe.—See Vacuum Tube, Two
Electrode.

Vacuum TuBe.—A tube with two or thrce electrodes from
which the air has been exhausted, or which is filled
with an inert gas, and used as a detector, an amplifier,
an oscillator or a modulator in wireless telegraphy and
telephony.

Amplifier—See Amplifier, Vacuum Tube.

Amplifying Modulator—A vacuum tube used for
modulating and amplifying the osclllatlons set up by
the sending set.

Gas Content.—A tube made like a vacuum tube and
used as a detector but which contains an inert gas
instead of being exhausted.

Hard.—See IIard Tube.

Rectifier.—(1) A vacuum tube detector. (2) a two-
electrode vacuum tube used for changing commercial
alternating current into direct current for wireless
telephony.

Soft.—See Soft Tube.

Three Electrode—A vacuum tube with three elec-
trodes, namely a filament, a grid and a plate.

Two Electrode.—A vacuum tube with two electrodes,
namely the filament and the plate.

Varve.—See Vacuum T'ube.

VaLve, FLEMING.—See Fleming Valve.

VariaBLe CoNDENSER.—See Condenser, Variable.

VariaBLE INpDucTANCE.~—See Inductance, Variable.

VariaBLE Resistance.—See Resistance, Variable.

VariocourLER.—A tuning devicc for varying the induc-
tance of the receiving oscillation circuits. It consists
of a fixed and a rotatable coil whose windings are not
connected with each other.

VARIOMETER,—A tuning device for varying the inductance
of the receiving oscillation currents. It consists of a
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fixed and a rotatable coil with the coils connected in
series.

Vernigr ConpENsER.—See Condenser, Vernier.

VorLt—The electromotive force which produces a current
of 1 ampere “when steadily applied to a conductor the
resistance of which is one ohm.

VoLTace DivipEr.—See Potentiometer.

Vovrrace, PLate.—The voltage of the current that is nsed
to encrgize the plate of a vacuum tube.

VorTMETER.—AnN instrument for measuring the voltage of
an electric current.

Wartcn Case RecEiver.—See Receiver, Watch Case.

Warer-Prre Grounp.—See Ground, Water-Pipe.

Wart.—The power spent by a current of 1 ampere in a re-
sistance of 1 ohm.

Wave, Broan.—A wave having a high decrement, when
the strength of the signals is nearly the same over
a wide range of wave lengths.

Wave LExcTH.—Every wave of whatever kind has a length.
The wave length is usually taken to mean the distance
between the crests of two successive waves.

Wave Lexetn Baxp.—In wireless reception when con-
tinucus waves are being sent out and these are modu-
lated by a microphone transmitter the different audio
frequencies set up corresponding radio frequencies and
the energy of these are emitted by the aerial; this
results in waves of different lengths, or a band of
waves as it is called.

Wave MeETER.—AN apparatus for measuring the lengths of
electric waves set up in the oscillation circuits of send-
ing and receiving sets.

Wave Motion.—Disturbances set up in the surrounding
medium as water waves in and on the water, sound
waves in the air and electric waves in the ether.

Waves.—See Wave Motion.

WavES, E.Lectric.—Electromagnetic waves set up in and
transmitted by and through the ether.
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Continuous. Abbreviated C.W.—Waves that are
emitted without a break from the aerial. Also called
undamped waves.

Discontinuous.~—~Waves that are emitted periodically
from the aerial. Also called damped waves.

Damped.—See Discontinuous Waves.

Intermediate—Waves from 600 to 2,000 meters in
length.

Long.—Waves over 2,000 meters in length.

Radio.—Electric waves used in wireless telegraphy
and telephony.

Short.—Waves up to 600 meters in length.

Wireless.—Electric waves used in wireless telegra-
phy and telephony.

Undamped.—See Continuous Waves.

WireLEss TeELEGraPH CopE.—See Code, International.

Wirg, ENaMeLLED.—Wire that is given a thin coat of
enamel which insulates it.

Wirg, ProspHor BroNzE.—A very strong wire made of an
alloy of copper and containing a trace of phosphorus.

Wirep WireLEss.—Continuous waves of high frequency
that are sent over telephone wires instead of through
space. Also called line radio communication, carrier
frequency telephony, carrier current telephony, and
guided wave telephony.

X’s.—See Static.

Zincite.—See Detector.

Strateur LiNe FreQuency.~—The term applied to con-
densers whose variable plates are cut in such a shape
that if the frequency is plotted on graph paper against
the dial settings the result will be a straight line.
There are also dials for rotating the movable plates
of the ordinary type of condenser, in such a way that
the distance they move per scale unit varies throughout
the length of the scale giving the same effect as a
S.L.F. condenser,



WIRELESS DON’'TS

AgeriaL Wire Don’ts

Don’t use iron wire for your aerial.

Don’t fail to insulate it well at both ends.

Don’t have it longer than 75 feet for sending out a 200-
meter wavz.

Don’t fail to use a lightning arrester, or better, a light-
ning switch, for your receiving set.

Don’t fsil to use a lightning switch with your transmit-
ting set.

Don’t forget you must have an outside ground.

Don’t fail to have the resistance of your aerial as small
as possible. Use stranded wire.

Don’t fail to soider the leading-in wire to the acrial.

Don’t fail to properly insulate the leading-in wire where
it goes through the window or wall.

Don’t let your aerial or leading-in wire touch trees or
other objects,

Don’t let your aerial come too close to overhead wires of
any kind.

Don’t run your aerial directly under, or over, or parallel
with electric light or other wires.

Don’t fail to make a good ground connection with the
water pipe inside.

TransMITTING DoN’Ts

Don’t attempt to send until you get your license.
Don’t £ail to live up to every rule and rcgulation.
Don’t use an input of more than 145 a kilowatt if you live
within 5 nautical miles of a naval station.
Don’t send on more than a 200-meter wave if you have
a restricted or general amateur license.
349
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Don’t use spark gap electrodes that are too small or
they will get hot.

Don’t use too long or too short a spark gap. The right
length can be found by trying it out.

Don’t fail to use a safety spark gap between the grid and
the filament terminals where the plate potential is above
2,000 volts.

Don’t buy a motor-generator sct if you have commercial
alternating current in your home.

Don’t overload an oscillation vacuum tube as it will
greatly shorten its life. Use two in parallel.

Don’t operate a transmitting set without a hot-wire am-
meter in the aerial.

Don’t use solid wire for connecting up the parts of trans-
mitters. Use stranded or braided wire.

Don’t fail to solder each connection.

Don’t use soldering fluid, use rosin.

Don’t think that all of the energy of an oscillation tube
cannot be used for wave lengths of 200 meters and under.
It can be if the transmitting set and aerial are properly de-
signed.

Don’t run the wires of oscillation circuits too close to-
gether.

Don’t cross the wires of oscillation circuits except at
right angles.

Don’t set the transformer of a transmitting set nearer
than 3 feet to the condenser and tuning coil.

Don’t use a rotary gap in which the wheel runs out of
true.

Don’t fail to use alternating current for heating the
filament where this is possible.

Recriving Don’ts

Don’t expect to get as good results with a crystal de-
tector as with a vacuum tube detector.
Don’t be discouraged if you fail to hit the sensitive spot
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of a crystel detector the first time—or several times there-
after.

Don’t use a wire larger than No. 30 for the wire elec-
trode of a crystal detector.

Don’t try to use a loud speaker with a crystal detector
receiving set.

Don’t expect a loop aerial to give worthwhile results
with a crystal detector.

Don’t handle crystals with your fingers as this destroys
their sensitivity. ‘Use tweezers or a cloth.

Lon’t imbed the crystal in solder as the heat destroys
its sensitivity. Use Wood’s metal, or some other alloy which
melts at or near the temperature of boiling water.

Don’t forget that strong static and strong signals some-
times destroy the sensitivity of crystals.

Don’t heat the filament of a vacuum tube to greater bril-
liancy than is necessary to secure the sensitiveness required.

Don’t use a plate voltage that is less or more than it
is rated for.

Don’t connect the filament to a lighting circuit.

Don’t use dry cells for heating the filament except in
a pinch.

Don’t use a constant current to heat the filament, use
a constant voltage.

Don’t use a vacuum tube in a horizontal position unless
it is made to be so used.

Don’t fail to properly insulate the grid and plate leads.

Don’t use more than 1/3 of the rated voltage on the
filament and on the plate when trying it out for the first
time.

Den’t fail to use a voltmeter to find the proper tempera-
ture of the filament.

Don’t expect to get results with a loud speaker when
using a single vacuum tube.

Den’t fail to protect your vacuum tubes from mechanieal
shocks and vibration.
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Don’t fail to cut off the A battery entircly from the fila-
ment when you are through receiving.

Don’t expect to get the best results with a gas-content de-
tector tube without using a potentiometer.

Don’t connect a potentiometer across the B battery or it
will speedily run down.

Don’t expeet to get as good results with a single coil
tuner as you would with a loose coupler.

Don’t expect to get as good results with a two-coil tuner
as with one having a third, or tickler, coil.

Don’t think you have to use a regenerative circuit, that
is, one with a tickler coil, to receive with a vacuum tube
detcctor.

Don’t think you are the only amateur who is troubled
with static.

Don’t expect to eliminate interference if the amateurs
around you are sending with spark scts.

Don’t lay out or assemble your sct on a panel first.
Connect it up on a board and find out if everything is
right.

Don’t try to connect up your set without a wiring dia-
gram in front of vou.

Don’t fail to shield radio frequency amplifiers,

Don’t set the axes of the cores of radio frequency
transformers in a line. Set them at right angles to each
other.

Don’t use wire smaller than No. 14 for connecting up the
various parts.

Don’t fail to adjust the B battery after putting in a
fresh vacuum tube, as its sensitivity depends largely on
the voltage.

Don’t fail to properly space the parts where vou use
variometers.

Don’t fail to put a copper shield between the variomneter
and the varicoupler.

Don’t fail to keep the leads to the vacuum tube as short
as possible.
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Don’t throw your receiving set out of the window if it
howls. Try placing the audio-frequency transformers far-
ther apart and the cores of them at right angles to each
other.

Don’t use condensers with paper dielectrics for an am-
plifier receiving set or it will be noisy.

Dcn’t expect as good results with a loop aerial, or when
using the bed springs, as an ont-door aerial will give vou.

Don’t use an amplifier having a plate potential of less
than 100 volts for the last step where a loud speaker is to
be used.

Don’t try to assemble a set if you don’t know the dif-
ference between a binding post and a blue print. Bay a
set ready to use.

Don’t expect to get Arlington time signals and the big
cableless stations if your receiver is made for short wave
lengths.

Don’t take your headphones apart. You are just as apt
to spoil thew as you would a watch.

Don’t expect to get results with a Bell telephone recciver.

Don’t iorget that there are other operators using the
ether besides yourse!f.

Don’t let your B battery get damp and don't let it freeze.

Dor’t try to recharge your B battery unless it is con-
structed for the purpose.

Storace Batrery Don’ts

Don’t connect a source of alternating current direct to
your storage battery. You have to use a rectifier.

Don’t conrect the positive lead of the charging cireuit
with the negative terminal of your storage battery.

Don’t let the electrolyte get lower than the tops of the
plates of your storage battery.

Don’t fail to look after the condition of your storage
battery once in a while.
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Don’t use a 6 volt storage battery for lighting the fila-
ments of vacuum tubes that require only 1 1/2 or 4 volts.

Don’t fail to keep the specific gravity of the electrolyte
of your storage battery between 1.225 and 1.8300 Baumé.
This you can do with a hydrometer.

Donr’t fail to recharge your storage battery when the
hydrometer shows that the specific gravity of the electro-
lyte is close to 1.225.

Don’t keep charging the battery after the hydrometer
shows that the specific gravity is 1.285.

Don’t let the storage battery freeze.

Donr’t let it stand for longer than a month without using
unless you charge it. .

Dor’t monkey with the storage battery except to add a
little sulphuric acid to the electrolyte from time to time.
If anything goes wrong with it better take it to a service
station and let the expert do it.

Extra DonN’ts

Don’t think you have an up-to-date transmitting station
unless you are using C.W.

Don’t use a wire from your lightning switch down to
the outside ground that is smaller than No. 4.

Don’t try to operate your spark coil with 110-volt direct
lighting current without connecting in a rheostat.

Don’t try to operate your spark coil with 110-volt alter-
nating lighting current without connecting in an electro-
lytic interrupter.

Don’t try to operate an alternating current power trans-
former with 110-volt direct current without connecting in
an electrolytic interruptor.

Don’t—no never—connect one side of the spark gap to
the aerial wire and the other side of the spark gap to the
ground. The Government won’t have it—that’s all.
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Don’t try to tune your transmitter to send out waves of
given length by guesswork, Use a wavemeter.

Don’t use hard fiber for panels. It is a very poor insula-
tor where high frequency currents are used.

Don’t think you are the only one who doesn’t know all
about wireless. Wireless is a very complex art and there
are many things that those experienced have still to learn.




REGULATIONS OF THE NATIONAL BOARD OF
FIRE UNDERWRITERS FOR ELECTRIC WIR-
ING AND APPARATUS AS RECOMMENDED
BY THE NATIONAL FIRE PROTECTION
ASSOCIATION

American Standard Approved July 3, 1925, by American
Engineering Standards Committee

ArTicLe 87. Rapio EQuIiPMENT

3701. General.

a. The requircments of this article shall not apply to
equipment installed on shipboard, but shall be deemed to
be additional to, or amendatory of, those preseribed in arti-
cles 1 to 19, inclusive, of this code.

b. Transformers, voltage reduccrs, keys and other devices
employed shall be of types expressly approved for radio
operation.

3702. For Receiving Stations Only.

a. Antenna and counterpoise outside buildings shall be
kept well away from all electrie light or power wires of
any circuit of more than 600 volts, and from railway,
trolley or feeder wires, so as to avoid the possibility of
contact between the antenna or counterpoise and such wires
under accidental eonditions.

L. Antenna and counterpoise where placed in proximity
to clectric light or power wires of less than 600 volts, or
. 356
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signal wires, shall be constructed and installed in a strong
and durab'e mannzr, and shall be so located and provided
with suitable clecarances as to prevent accidental contact
with such wires by sagging or swinging.

c. Splices and jcints in the antenna span shall be soldered
unless made with approved splicing devices.

d. The preceding paragraphs, a, b, and ¢, shall not apply
to light and powe: circuits used as receiving antenna, but
the devices used to connect the light and power wires to
radio receiving scts shall be of approved type.

e. Lead-in conductors shall be of copper, approved cop-
per-clad steel or other metal which will not corrode exces-
sively, and in no case shall they be smaller than No. 14,
except that bronze or copper-clad steel not less than No.
17 may be used.

f. Lead-in condactors on the outside of buildings shall
not come nearcr than 4 inches to electric light and power
wires unless separsted therefrom by a continuous and firmly
fixed non-conductor which will maintain permanent separa-
tion. The non-conductor shall be in addition to any in-
sulating covering on the wire.

g. Each lead-in conductor shall enter the building through
a non-combustible, non-absorptive, insulating bushing slant-
ing upward toward the inside or by means of an approved
device designed to give equivalent protection.

k. Fach lead-in conductor shall be provided with an
approved protective deviee (lightning arrester) which will
operate at a voltsge of 500 volts or less, properly con-
neeted and located cither inside the building at some point
between the entrance and the set which is convenient to a
ground, or outside the building as near as practicable to
the point of entrance. The protector shall not be placed
in the immediate vicinity of easily ignitable stuff, or where
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exposed to inflammable gases or dust or flyings of eom-
bustible materials.

i. If an antenna grounding switch is employed, it shall
in its closed position form a shunt around the protective
device. Such a switch shall not be used as a substitute for
the protective device.

It is recommended that the antenna grounding switch be em-
ployed, and that in addition a switch rated at not less than 30
amperes, 250 volts, be located between the lead-in conduetor and
the receiver set.

j. If fuses are used, they shall not be placed in the cireuit
from the antenna through the protective device to ground.

k. The protective grounding conductor may be bare and
shall be of copper, bronze or approved copper-clad steel.
The protective grounding conductor shall be not smaller
nor have less conductance per unit of length, than the
lead-in conductor and in no case shall be smaller than
No. 1t if copper nor smaller than No. 17 if of bronze or
copper-clad steel. The protective grounding conductor
shall be run in as straight a line as possible from the
protective device to a good permanent ground. Preference
shall be given to water piping. Other permissible grounds
are grounded steel frames of buildings or other grounded
metal work in the building, and artificial grounds, such as
driven pipes, rods, plates, cones, ete. Gas piping shall
not be used for the ground.

I. The protective grounding conductor shall be guarded
where exposed to mechanical injury. An approved ground
clamp shall be used where the protective grounding con-
ductor is connected to pipes or piping.

m. The protective grounding conductor may be run either
inside or outside the building. The protective grounding
conductor and ground, instaNed as preseribed in the preced-
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ing paragraphs k& and I, may be used as the operating
ground.

It is recommended that in this case the operating grounding
conductor be connected to the ground terminal of the protective
device.

If desired, a separate operating grounding connection and
ground may be used, this operating grounding conductor being
either bare or provided with an insulated covering.

n. Wires inside buildings shall be securcly fastened in a
workmanlike manner and shall not come nearer than 2
inches to any electric light or power wire not in conduit
unless separated therefrom by some continuous and firmly
fixed non-conductor, such as porcelain tubes or approved
flexible tubing, making a permanent separation. This non-
conductor shall be in addition to any regular insulating
covering cn the wire.

o. Storage battery leads shall consist of conductors hav-
ing approved rubber insulation. The cireuits from storage
batteries shall be properly protected by fuses or cireuit
breakers rated at not more than 15 amperes and located
preferably at or rear the battery.

8708. For Transmitting Stations Only.

a. Antenna and counterpoise outside buildings shall be
kept well away from all eleetrie light or power wires of
any circuit of more than 600 volts, and from railway
trolley or feeder wires, so as to avoid the possibility of
contact between the antenna or counterpoise and such wires
under accidental conditions.

b. Antenna and counterpoise where placed in proximity
to electrie light or power wires of less than 600 volts, or
signal wires, shall be constructed and installed in a strong
and durable manner, and shall be so located and provided




360 Appendix

with suitable clearances as to prevent accidental contact
with such wires by sagging or swinging.

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

d. Lead-in conductors shall be of copper, bronze, ap-
proved copper-clad stecl or other metal which will not
corrode excessively and in no case shall be smaller than
No. 14.

e. Antenna and counterpoise conductors and wires lead-
ing therefrom to ground switch, where attached to build-
ings, shall be firmly mounted 5 inches clear of the surface
of the building, on non-absorptive insulating supports such
as treated pins or brackets, equipped with insulators having
not less than 5 inches creepage and air-gap distance to
inflammable or conducting material, except that the crecp-
age and air-gap distance for continuous wave sets of 1000
watts and less input to the transmitter, shall be not less
than 8 inches.

f. In passing the antenna or counterpoise lead-in into the
building a tube or bushing of non-absorptive, insulating
matcrial, slanting upward toward the inside, shall be used
and shall be so insulated as to have a creepage and air-gap
distance of at least 5 inches to any extraneous body, except
that the creepage and air-gap distance for continuous wave
sets of 1000 watts and less input to the transmitter, shall
be not less than 3 inches, If porcelain or other fragile
material is used it shall be protected where exposed to
mechanical injury. A drilled window pane may be used
in place of a bushing provided creepage and air-gap distance
as specified above is maintained.

g- A double-throw knife switch having a break distance
of at least 4 inches and a blade not less than 15 inch by 1%
shall be used to join the antenna and counterpoise lead-in
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to the grounding conductor. The switch may be located
inside or outside the building. The base of the switch shall
ke of non-absorptive insulating material. This switch shall
be so mounted that its current-carrying parts will be at
least 5 inches clear of the building wall or other conductors,
except that for continuous wave sets of 1000 watts and less
input to the transmitter, the clearance shall not be less than
3 inches. The conductor from grounding switch lo ground
shall be sccurely supported.

.,
1t is recommended that the switeh be located in the most direct
line between the lead-in conductors and the point where grounding
conpection is mad:.

k. Anienua and counterpoise conductors shall be effec-
tively and permanently grounded at all times when station
is not in actual operation and unattended, by a conductor
at least as large as the lead-in and in no casc smaller than
No. 14 copper, bronzc, or appraved copper-clad steel. This
protective grounding conductor need not have an insulated
covering or be mounted on insulating supports. The pro-
tective grounding conductor shall be run in as straight a
line as possible %0 a good permanent gronnd. Preference
shall be given to water piping. Other permissible protee-
tive grounds are the grounded stecl frames of buildings
and other grounded metal work in buildings and artificial
grounding devices such as driven pipes, rods, plates, concs,
ete. The protective grounding conductor shall be protected
where exposed te mechanical injury. A suitable approved
ground clamp shall be used where the protective grounding
conductor is connected to pipes or piping. Gas piping shall
not be used for the ground.

It is recommendcd that the protective grounding condactor be
run outside the building.

i. The operating grounding conductor shall be of copper
strip not less than ¥ inch wide by 140 inch thick, or of
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copper, bronze, or approved coppcr-clad steel having a
periphery, or girth, of at least 34 inch, such as a No. 2
wire, and shall be firmly secured in place throughout its

length.

j- The operating grounding conductor shall be connected
to a good permanent ground. Preference shall be given
to water piping, 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, rods, plates, cones, etc. Gas piping shall not be used
for the ground.

k., Where the current supply is obtained directly from
lighting or power circuits, the conductors whether or not
lead covered shall be installed in approved metal conduit,
armored cable or metal raceways.

I. When necessary to protect the supply system from
high-potential surges and kick-backs there shall be installed
in the supply line as ncar as possible to each radio-trans-
former, rotary spark gap, motor and generator in motor
generator sets and other auxiliary apparatus one of the
following:

1. Two condensers (each of not less than ;4 micro-
farad capacity and capable of withstanding 600 volt
test) in series across the line with mid-point betwecn
condensers grounded; across (in parallel with) each
of these condensers shall be connected a shunting
fixed spark-gap capable of not more than 14, inch
separation.

(3]

. Two vacuum tube type protectors in series across the
line with the mid-point grounded.
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3. Resistors having practically zero inductance connected
across the line with mid-point grounded.

It is recommended that this third method be not employed
where there is a circulation of power current between. the
mid-point of the resistors and the protective ground of the
power circuit.

4. Lightning arresters such as the aluminum cell type.




RADIO LAWS AND REGULATIONS OF THE
UNITED STATES

AN ACT

For the regulation of radio communications, and for other
purposes.

Be it enacted by the Senate and House of Representatives
of the United States of America in Congress assembled,
That this Act is intended to regulate all forms of inter-
state and foreign radio transmissions and communications
within the United States, its Territories and posscssions ;
to maintain the control of the United States over all
the channels of interstate and foreign radio transmission;
and to provide for the use of such channels, but
not the ownership thereof, by individuals, firms, or
corporations, for limited periods of time, under licenses
granted by Federal authority, and no such license shall be
construed to create any right, beyond the terms, conditions,
and periods of the license. That no person, firm, company,
or corporation shall usc or operate any apparatus for the
transmission of energy or communications or signals by
radio (a) from one place in any Territory or possession of
the United States or in the District of Columbia to another
place in the same Territory, possession, or District; or
(b) from any State, Territory, or possession of the United
States, or from the District of Columbia to any other State,
Territory, or possession of the United States; or (¢) from
any place in any State, Territory, or posscssion of the
United States, or in the District of Columbia, to any place

364
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in any foreign country or to any vessel; or (d) within any
State when the cffects of such use extend beyond the
borders of said Statc, or when interference is caused by
such use or operation with the transmission of sueh energy,
communicstions, or signals fromn within said State to any
place beyand its borders, or from any place beyond its bor-
ders to any place within said State, or with the transmission
or recepticn of such energy, communieations, or signals from
and/or to places beyond the borders of said State; or (e)
upon any vessel of the United States; or (f) upon any air-
craft or cther mobile stations within the United States,
except under and in aecordance with this Act and with a
license in that belalf granted under the provisions of this
Act.

Section 2. TFor the purposes of this Act, the United
States is divided into five zones, as follows: The first zone
shall embrace the Statcs of Maine, New Hampshire, Ver-
mont, Massachusetts, Connecticut, Rhode Island, New
York, New Jersey, Delaware, Maryland, the District of
Columbia, Porto Eieo, and the Virgin Islands; the sccond
sone shall embrace the States of Pennsylvania, Virginia,
West Virginia, Ohio, Michigan, and Kentueky; the third
zone shall embrace the States of North Carolina, South
Carolina, Georgia. Florida, Alabama, Tenncssce, Missis-
sippi, Arkansas, Louisiana, Texas, and Oklahoma; the
fourth zone shall embrace the States of Indiana, Illinois,
Wisconsin, Minnesota, North Dakota, South Dakota, Towa,
Nebraska, Kansas. and Missouri; and the fifth zone shall
embrace the States of Montana, Idaho, Wyoming, Colorado,
New Mexico, Arizona, Utah, Nevada, Washington, Oregon,
California, the Territory of Hawaii, and Alaska.

Scetion 3. That a commission is hercby created and
established to be known as the I'ederal Radio Commission,
hereinafter rcferrcd to as the commission, which shall be
composed of five commissioners appointed by the Presi-
dent, by and with the advice and consent of the Senate,
and one of whom the President shall designate as chair-
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man: Provided, That chairmen thereafter elected shall be
chosen by the commission itsclf.

Each member of the commission shall be a citizen of the
United States and an actual resident citizen of a State
within the zone from which appointed at the time of said
appointment. Not more than one commissioncr shall be
appointed from any zone. No member of the commission
shall be financially interested in the manufacture or sale
of radio apparatus or in the transmission or operation of
radiotelegraphy, radiotelephony, or radio broadcasting, Not
more than three commissioners shall be members of the
same political party.

The first commissioners shall be appointed for the tcrms
of two, three, four, five, and six years, respectively, from
the date of the taking effect of this Act, the term of each
to be designated by the President, but their successors shall
be appointed for terms of six vears, except that any person
chosen to fill a vaeancy shall be appointed only for the
uncxpired term of the commissioner whom he shall suc-
ceed.

The first meeting of the commission shall be held in the
city of Washington at such time and place as the chairman
of the commission may fix. The commission shall convene
thereafter at such times and places as a majority of the
commission nay determine, or upon call of the chairman
thereof.

The commission may appoint a secretary, and such
clerks, special counsel, experts, examiners, and other em-
ployees as it may from time to time find necessary for the
proper performance of its duties and as from time to time
may be appropriated for by Congress.

The commission shall have an official seal and shall
annually make a full report of its operations to the Con-
gress.

The members of the commission shall receive a com-
pensation of $10,000 for the first year of their service,
said year to date from the first meeting of said commission,
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and thercafter a compensation of $30 per day for each
day’s attendance upon sessions of the commission or while
engaged upon work of the commission and while traveling
to and from such sessions, and also their necessary travel-
ing expenses.

Section 4. Lxcept as otherwise provided in this Act,
the commission, from time to time, as public convenience,
intercst, or neccssity requires, shall—

(a) Classify radio stavions;

(b) Frescribe the nature of the service to be rendered
by each class of licensed stations and each station within
any class;

(¢) Assign bands of frequencies or wave lengths to the
variots classes of stations, and assign frequencies or wave
lengths for each individual station and determine the power
which cach station shall use and the time during which it
may operate;

(d) Dectermine the location of classes of stations or
individual stations;

(e) Regulate the kind of apparatus to be used with
respect to its external cffects and the purity and sharpness
of the emissions from each station and from the apparatus
therein ;

(f) M.ke sucl regulations not inconsistent with law as
it may ceem nccessary to prevent interference between
stations and to carry out the provisions of this Act: Pro-
vided, howwever, That changes in the wave lengths, author-
ized power, in the character of emitted signals, or in the
times of operation of any station, shall not be made without
the cousent of the station license unless, in the judgment
of the commission, such changes will serve public necessity
or the provisions of this Act will be more fully camplied
with ;

(9) Have authority to establish areas or zones to be
served by any station;

(k) Have authority to make special regulations appli-
cable to radio stations engaged in chain broadcasting;
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(¢) Have authority to make general rules and regnla-
tions requiring stations to keep such records of programs,
transmissions of energy, communications, or signals as it
may deem desirable;

(7) Have authority to exclude from the requirements of
any regulations in whole or in part any radio station upon
railroad rolling stock, or to modify such regulations in its
discretion;

(k) Have authority to hold hearings, summon witnesses,
administer oaths, compel the production of books, docu-
ments, and papers and to make such investigations as may
be necessary in the performance of its dutics. The com-
mission may make such expenditures (including expendi-
tures for rent and personal services at the seat of govern-
ment and elsewhere, for law books, periodicals, and books
of referenee, and for printing and binding) as may be
necessary for the exccution of the functions vested in the
commission and, as from time to time may be appropriated
for by Congress. All expenditures of the commission shall
be allowed and paid upon the presentation of itemized
vouchers therefor approved by the chairman,

Section 5. From and after one year after the first mect-
ing of the commission created by this Act, all the powers
and authority vested in the commission under the terms of
this Act, except as to the revocation of licenses, shall be
vested in and exercised by the Secretary of Commerce;
except that thereafter the commission shall have power
and jurisdiction to act upon and determine any and all
matters brought before it under the terms of this section.

It shall also be the duty of the Secrctary of Commerce—

(4) For and during a period of one year from the first
mecting of the commission created by this Act, to immedi-
ately refer to the commission all applications for station
licenses or for the renewal or modification of existing sta-
tion licenses.

(B) From and »fter one year from the first meeting
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of the commission created by this Aect, to refer to the com-
mission for its action any application for a station license
or for the renewal or modification of any existing station
license as to the granting of which dispute, controversy, or
confliet arises or against the granting of which protest is
filed witkin ten days after the date of filing said applica-
tion by zny parly in interest and any application as to
which such reference is requested by the applicant at the
time of filing said application.

(C) To prescribe the qualifications of station opcrators,
to classify them according to the duties to be performed,
to fix the forms of such licenses, and to issue them to such
persons as he finds qualified.

(D) To suspend the license of any opcrator for a period
not exceeding two yecars upon proof sufficient to satisfy
him that the lieensee (a) has violated any provision of any
act or treaty bind.ng on the United States which the See-
retary of Commerce or the commission is authorized by this
Act to administer or by any regulation made by the com-
mission or the Secretary of Commerce under any such Act
or treaty; or (b) has failed to carry out the lawful orders
of the master of the vessel on which he is employed ; or
(¢) has willfully damaged or permitted radio apparatus to
be damaged; or (d) has transmitted superfluous radio com-
munications or signals or radio communications containin
profane or obscene words or language; or (e) has willfully
or maliciously interfered with any other radio communica-
tions or signals.

(E) To inspeet all transmitting apparatus to ascertain
whether in construetion and operation it conforms to the
requirements of this Aect, the rules and regulations of the
licensing authority, and the license under which it is con-
structed or operated.

(F) To report to the commission from time to time any
violations of this Act, the rules, regulations, or orders of
the commission, or of the terms or conditions of any license.

(G) To designate eall letters of all stations.
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(IT) To cause to be published such call letters and such
other announcements and data as in his judgment may be
requircd for the efficient operation of radio stations sub-
ject to the jurisdiction of the United States and for the
proper enforcement of this Act.

The Secretary may refer to the commission at any time
any matter the determination of which is vested in him by
the terms of this Act. ‘

Any person, firm, company, or corporation, any State
or political division thercof aggricved or whose interests
arc adversely affected by any dceision, determination, or
regulation of the Sceretary of Commeree may appeal there-
from to the commission by filing with the Sceretary of Com-
merce notice of such appeal within thirty days after such
decision or determination or promulgation of such regula-
tion, All papers, documents, and other records, pertaining
to such application on file with the Secretary shall there-
upon be transferred by him to the commission. The com-
mission shall hear such appeal de novo under such rules
and regulations as it may determine.

Decisions by the commission as to matters so appealed
and as to all other matters over which it has jurisdiction
shall be final, subject to the right of appcal herein given.

No station license shall be granted by the cominission
or the Secretary of Commerce until the applicant thercfor
shall have signed a waiver of any claim to the use of any
particular frequency or wave length or of the cther as
against the regulatory power of the United States because
of the previous use of the same, whether by license or
otherwise,

Section 6. Radio stations belonging to and opcrated by
the United States shall not be subject to the provisions of
sections 1, 4, and 5 of this Act. All such Government
stations shall use such frequencies or wave lengths as shall
be assigned to cach or to each class by the President. All
such stations, except stations on board naval and other
Government vessels while at sea or beyond the limits of
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the continental United States. when transmitting any radio
cominunication or signal other than a communication or
signal relating to Govermment business shall conform to
such rvles and regulations designed to prevent interference
with other radio stations and the rights of others as the
licensing authority may prescribe. Upon proclamation by
the President that there exists war or a threat of war or
a state of public peril or disaster or other national emer-
geney, or in order to preserve the ncutrality of the United
States, the President may suspend or amend, for such time
as he may sce fit, the rules and regulations applieable to
any or all stations within the jurisdiction of the United
States as_ prescribed by the licensing authority, and may
cause the closing of any station for radio communication
and the removal therefrom of its apparatus and cquipment,
or he may authorize the use or control of any such station
and/or its apparatus and equipment by any department of
the Government under sueh regulations as he may preseribe,
upon just compensation to the owners. Radio stations on
board vessels of the United States Shipping Board or the
United States Shipping Board Emergeney IFleet Corpora-
tion or the Inland and Coastwise Waterways Service shall
be subjeet to the provisions of this Act.

Section 7. The President shall ascertain the just com-
pensation for such use or control and certify the amount
ascertained to Congress for appropriation and payment to
the person entitled thercto. 1f the amount so certified is
unsatisfactory to the person entitled thereto, such person
shall be paid only 75 per centvm of the amount and shall
be entitled to sue the United States to recover sueh further
sum as added to such payment of 75 per centum which will
make such amount as will be just compensation for the use
and control.  Such suit shall be brought in the manner
provided by paragraph 20 of section 24, or by scction 145
of the Judicial Code, as amended.

Section 8. All stations owned and operated by the
United States, except mobile stations of the Army of the
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United States, and all other stations on land and sea, shall
have special call letters designated by the Secretary of
Commerce.

Section 1 of this Act shall not apply to any person, firm,
eompany, or corporation sending radio communications or
signals on a foreign ship while the same is within the juris-
diction of the United States, but such communications or
signals shall be transmitted only in accordance with such
regulations designed to prevent interference as may be
promulgated under the authority of this Act.

Section 9. The licensing authority, if public convenience,
interest, or necessity will be served thereby, subject to the
limitations of this Act, shall grant to any applicant therefor
a station license provided for by this Act.

In considering applications for licenses and renewals of
licenses, when and in so far as there is a demand for the
same, the licensing authority shall make such a distribution
of licenses, bands of frequency or wave lengths, periods
of time for operation, and of power among the different
States and communities as to give fair, efficient, and equi-
table radio service to each of the same.

No license granted for the operation of a broadcasting
station shall be for a longer term than three years and no
license so granted for any other class of station shall be
for a longer term than five years, and any license granted
may be revoked as hereinafter provided. Upon the ex-
piration of any license, upon application therefor, a re-
newal of such license may be granted from time to time
for a term not to exceed three vears in the case of broad-
casting licenses and not to exceed five years in the case
of other licenses.

No renewal of an existing station license shall be granted
more than thirty days prior to the cxpiration of the original
license.

Section 10. The licensing authority may grant station
licenses only upon written application therefor addressed
to it. All applications shall be filed with the Secretary
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of Commerce. All such applications shall set forth such
facts as the licersing authority by regulation may prescribe
as to the citizeaship, character, and financial, technical,
and other qualifications of the applicant to operate the
station; the ownership and location of the proposed station
and of the stations, if any, with which it is proposed to
communicate ; the frequencies or wave lengths and the power
desired to be used; the hours of the day or other periods
of time curing which it is proposed to operate the station;
the purposes for which the station is to be used; and such
other information as it may require, The licensing author-
ity at any time after the filing of such original application
and during the term of any such license, may require from
an applicant or licensee further written statements of fact
to enable it to determine whether such original application
should be granted or denied or such license revoked. Such
applicaticn and/or such statement of fact shall be signed
by the applicant and/or licensee under oath or affirmation.

The licensing authority in granting any license for a
station intended or uscd for commercial communication be-
tween the United States or any Territory or possession,
continental or insular, subject to the jurisdiction of the
United States, ard any forcign country, may impose any
terms, conditions, or restrictions authorized to be imposed
with respeet to submarine-cable licenses by section 2 of an
Act entitled “An Act relating to the landing and the opera-
tion of submarine cables in the United States,” approved
May 21, 1921.

Section 11. If upon examinafion of any application for
a station license or for the renewal or modification of a
station license the licensing authority shall determine that
public interest, ccnvenience, or necessity would be served
by the granting thereof, it shall authorize the issuance,
renewal, or modification thereof in accordance with said
finding. In the event the licensing authority upon exam-
ination of any such application does not reach such decision
with respect thereto, it shall notify the applicant thereof,
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shall fix and give notice of a time and place for hearing
thereon, and shall afford such applicant an opportunity to
be heard under such rules and regulations as it may pre-
scribe.

Such station licenscs as the licensing authority may grant
shall be in such general form as it may prescribe, but each
license shall contain, in addition to other provisions, a
statement of the following conditions to which such license
shall be subject:

(A4) The station license shall not vest in the licensee any
right to operate the station nor any right in the use of the
frequencies or wave length designated in the license beyond
the term thereof nor in any other manner than authorized
therein.

(B) Neither the license nor the right granted there-
under shall be assigned or otherwise transferred in violation
of this Act.

(C) Every license issued under this Aet shall be subject
in terms to the right of use or control conferred by section
6 hereof.

In cases of emergency arising during the period of one
year from and after the first meeting of the commission
created hereby, or on applications filed during said time for
temporary changes in terms of licenses when the conmis-
sion is not in session and prompt action is deemed neces-
sary, the Secretary of Commerce shall have authority to
exercise the powers and duties of the commission, except
as to rcvocation of licenses, but all such exercise of powers
shall be promptly rcported to the members of the commis-
sion, and any action by the Secretary authorized under this
paragraph shall continue in force and have effeet only until
such time as the commission shall act thereon.

Section 12. The station license required hereby shall
not be granted to, or after the granting thereof such license
shall not be transferred in any manner, either voluntarily or
involuntarily, to (a) any alien or the represcntative of any
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alien; (b) to any foreign government, or the representative
thereof; (¢) to any company, eorporation, or association
organized undcr the laws of any forcign government; (d)
to any company, corporation, or association of which any
officer or director is an alien, or of which more than one-
fifth of the capital stock may be voted by aliens or their
representatives or by a foreign government or representa-
tive thereof, or by any company, corporation, or association
organized under the laws of a foreign country.

The station license required hereby, the frequencies or
wave length or lengths authorized to be used by the licen-
sec, and the rights therein granted shall not be transferred,
assigned, or in any manner, either voluntarily or involun-
tarily, disposed of to any person, firm, company, or cor-
poration without the consent in writing of the licensing
authority.

Section 13. The licensing authority is hercby dirceted
to refuse a staticn license and/or the permit hereinafter
required for the construction of a station to any person,
firm, company, or corporation, or any subsidiary thereof,
which has been fonnd guilty by any IFederal court of unlaw-
fully monopolizing or attempting unlawfully to monopolize,
after this Act takes cffeet, radio communication, directly or
indirceily, through the control of the manufacture or sale
of radio apparatus, through exclusive traffic arrangements,
or by any other means or to have been using unfair methods
of compet:tion. The granting of a license shall not estop
the United States or any person aggrieved from proceeding
against such person, firm, company, or corporation for vio-
lating the law against unfair methods of competition or for
a violation of the law against unlawful restraints and
monopolics and/or combinations, contracts, or agrecments
in restraint of trade, or from instituting proceedings for
the dissolution of such firin, company, or corporation.

Section 14. Ary station license shall be revocable by
the commission for false statements either in the applica-
tion or in the statement of fact which may be required by
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seetion 10 hereof, or because of conditions revealed by such
statements of faet as may be rcquired from time to time
which would warrant the licensing authority in refusing to
grant a license or an original applieation, or for failure to
operate substantially as set forth in the lieense, for viola-
tion of or failure to observe any of the restrictions and
conditions of this Act, or of any regulation of the licensing
authority authorized by this Act or by a treaty ratified by
the United States, or whenever the Interstate Commerce
Commission, or any other Federal body in the exercise of
authority conferred upon it by law, shall find, and shall
certify to the commission that any licensee bound so to do,
has failed to provide reasonable facilities for the transmis-
sion of radio communications, or that any licensee has made
any unjust and unreasonable charge, or has been guilty of
any discrimination, either as to charge or as to scrviee or
has made or preseribed any unjust and unreasonable elas-
sification, regulation, or practiee with respeet to the trans-
mission of radio eommunications or service: Provided, That
no such order of revocation shall take effect until thirty
days’ notice in writing thereof, stating the cause for the
proposed revocation, has been given to the parties known
by the eommission to be interested in such license. Any
person in interest aggrieved by said order may make writ-
ten application to the commission at any time within said
thirty days for a hearing upon such order, and upon the
filing of such written application said order of revocation
shall stand suspended until the conclusion of the hearing
herein directed. Notice in writing of said hearing shall
be given by the commission to all the parties known to it
to be interested in such license twenty days prior to the
time of said hearing. Said hearing shall be conducted
under such rules and in such manner as the commission
may prescribe. Upon the eonelusion hereof the commission
may affirm, modify, or revoke said orders of revocation.
Section 15. All laws of the United States relating to
unlawfuyl restraints and monopolies and to combinations,
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contracts, or agreements in restraint of trade are hercby
declared to be applicable to the manufacture and sale of
and to trade in radio apparatus and devices entering into
or affecting interstatec or foreign commerce and to inter-
state or forcign radio communications. Whenever in any
suit, action, ar procecding, civil or criminal, brought nunder
the provisions of any of said laws or in any procecdings
brought to enforce or to review findings and orders of the
Federal Trade Commission or other governmental ageney in
respect of any matters as to which said commission or
other governmental agency is by law authorized to act, any
licensee shall be found guilty of the violation of the pro-
visions of such laws or any of them, the court, in addition
to the penalties imposed by said laws, may adjudge, order,
and/or decree that the license of such licensee shall, as of
the date the decree or judgment becomes finally effective
or as of such ofther date as the said decree shall fix, be
revoked and that all rights under such license shaill there-
upon cease: Provided, however, That such licensee shall
have the same right of appeal or review as is provided by
law in respect of other deerees and judgments of said court.

Sectior: 16. Any applicant for a construction permit,
for a station license, or for the renewal or modifieation of
an existing staticn license whose application is refused by
the licensing authority shall have the right to appeal from
said decision to the Court of Appeals of the District of
Columbia; and ary liccnsee whose license is revoked by the
commission shall have the right to appeal from such deei-
sion of revocation to said Court of Appeals of the District
of Columbia or to the district court of the United States in
which the apparatus licensed is operated, by filing with said
court, within twenty days after the decision complained of
is effective, noticc in writing of said appeal and of the
reasons therefor,

The licensing authority from whose decision an appeal
is taken shall be notified of said appeal by service upon it,
pricr to the filing thercof, of a certified copy of said appeal
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and of the reasons therefor. Within twenty days after the
filing of said appeal the licensing anthority shall file with
the court the originals or certified copies of all papers and
evidence presented to it wpon the original application for a
permit or license or in the hearing upon said order of revo-
cation, and also a like copy of its decision thercon and a
full statement in writing of the facts and the grounds for
its decision as found and given by it.  Within twenty days
after the filing of said statement by the licensing authority
either party may give notice to the court of his desire to
adduce additional evidence.  Said notiec shall be in the
form of a verified petition stating the nature and character
of said additional cvidence, and the court may thercupon
order such evidence to be taken in such matter and upon
such terms and conditions as it may decm proper.

At the carliest convenient time the court shall hear, re-
view. and determine the appeal upon said record and evi-
dence, and may alter or revise the decision appealed from
and enter such judgment as to it may scem just. The
revision by the court shall be confined to the points set
forth in the reasons of appeal.

Section 17.  After the passage of this Act no person.
firm, company, or corporation now or hereafter directly or
indireetly through any subsidiary, associated, or affiliated
person, firm, company. corporation, or agent, or otherwise,
in the business of transmitting and/or recciving for hire
energy, communications. or signals by radio in accordance
with the terms of the license issued under this Act, shall
by purehase, lease, construction, or otherwise, directly or
indirectly, acquire, own, control, or operate any cable or
wire telegraph or telephone line or system between any
place in any State, Territory, or possession of the United
States or in the Distriet of Columbia, and any place in any
foreign country, or shall acquire, own, or control any part
of the stock or other capital share of any interest in the
physical property and/or other assets of any such cable,
wire, telegraph, or telephone line or system, if in cither
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casc the purpose is and/or the effect thereof may be to
substantially lessen competition or to restrain commerce
between any place in any State, Territory, or possession of
the United States or in the Zistrict of Columbia and any
place in any forcign countrv, or unlawfully to ecrcate
monopoly in any line of commeree; nor shall any person,
firm, company, or corporation now or hereafter engaged
dircetly or indirectly through any subsidiary, assoclated or
affliated person, company, corporation, or agent, or other-
wise, in the busiaess of transmitting or recciving for hire
messages by any cable, wire, telegraph, or telephone linc
or systen: (@) between any place in any State, Territory,
or possession of the United States or in the District of
Columbia and ary place in any other State, Territory, or
possession of the United States; or (b) between any place
in any State, Territory, or possession of the United States,
or the District ot Columbia, and any place in any foreign
country, br purchase, leasc, construction, or otherwise,
directly or indircetly acquire, own, control, or operale any
station or the apparatus therein, or any syvstem for trans-
mitting and/or rceeiving radio communications or signals
between any place in any State, Territory, or possession
of the United States or in the Distriet of Colmnbia, and
any place in any foreign country, or shall aequirc, own,
or control any part of the stock or other capital share or
any interest in the physieal property and/or other asscts
of any such radio station, apparatus, or system, if in cither
casc the purpose is and/or the cffect thercof may be to
snbstantially lessen eompetition or to restrain commerce
between any place in any State, Territory, or possession
of the United States or in the District of Columbia, and
any place in any foreign country, or unlawfully to create
monopoly in any line of eommecree.

Section 18, If any licensee shall permit any persen who
is a legally qualificd candidate for any publie office to use
a broadcasting station, he shall afford equal opportunities
to all other such candidates for that office in the use of
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such broadecasting station, and the licensing authority shall
make rules and regulations to carry this provision into
effect: Provided, That such licensee shall have no power
of censorship over the material broadcast under the provi-
sions of this paragraph. No obligation is hereby imposed
upon any licensce to allow the use of its station by any
such candidate.

Section 19. All matter broadcast by any radio station
for which service, money, or any other valuable considera-
tion is directly or indirectly paid, or promised to or charged
or accepted by, the station so broadcasting, from any per-
son, firm, company, or corporation, shall at the time the
same is so broadcast, be announced as paid for or furnished,
as the case may be, by such person, firm, company, or
corporation.

Section 20. The actual operation of all transmitting
apparatus in any radio station for which a station license is
required by this Act shall be carried on only by a person
holding an operator’s license issued hereunder. No per-
son shall operate any such apparatus in such station except
under and in accordance with an operator’s license issued
to him by the Secretary of Commerce.

Section 21. No license shall be issued under the au-
thority of this Act for the operation of any station the
construction of which is begun or is continued after this
Act takes effect, unless a permit for its construction has
been granted by the licensing authority upon written appli-
cation therefor. The licensing authority may grant such
permit if public convenience, interest, or necessity will be
served by the construction of the station. This application
shall set forth such facts as the licensing authority by
regulation may prescribe as to the citizenship, character,
and the financial, technical, and other ability of the appli-
cant to construct and operate the station, the ownership
and location of the proposed station and of the station or
stations with which it is proposed to communicate, the fre-
quencies and wave length or wave lengths desired to be
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used, the hours of the day or other periods of time during
which it is proposed to operate the station, the purpose for
which the station is to be used, the type of transmitting
apparatus to be used, the power to be used, the date upon
which the station is expected to be completed and in opera-
tion, and such other information as the licensing authority
may require. Such application shall be signed by the
applicant under oath or affirmation.

Such permit for construction shall show specifically the
earliest and latest dates between which the actual operation
of such station is expected to begin, and shall provide that
said permit will be automatically forfeited if the station is
not readv for operation within the time specified or within
such further time as the licensing authority may allow, un-
less prevented by causcs not under the control of the
grantee. The rights under any such permit shall not be
assigned or otherwise transferred to any person, firm, com-
pany, or corporation without the approval of the licensing
authority. A permit for construction shall not be required
for Government stations, amateur stations, or stations upon
mobile vessels, railroad rolling stock, or aircraft. Upon
the completion of any station for the construction or con-
tinued construction of which a permit has been granted,
and upen it being made to appear to the licensing author-
ity that all the terms, conditions, and obligations set forth
in the application and permit have been fully met, and
that no cause or circumstance arising or first coming to the
knowledge of the licensing authority since the granting of
the permit would, in the judgment of the licensing author-
ity, make the operation of such station against the public
interest, the licensing authority shall issue a license to the
lawful holder of said permit for the operation of said
station. Said license shall conform generally to the terms
of said permit.

Section 22. The licensing authority is authorized to
designate from time to time radio stations the communica-
tions or signals of which, in its opinion, are liable to
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interfere with the transmission or reception of distress sig-
nals of ships. Such stations are required to keep a licensed
radio operator listening in on the wave lengths designated
for signals of distress and radio communications relating
thereto during the entire period the transmitter of such
station is in operation.

Section 23. Every radio station on shipboard shall be
equipped to transmit radio communications or signals of
distress on the frequency or wave length specified by the
licensing authority, with apparatus capable of transmitting
and receiving messages over a distance of at least one
hundred miles by day or night. When sending radio com-
munications or signals of distress and radio communications
relating thereto the transmitting set may be adjusted in
such a manner as to produce a maximum of radiation irre-
spective of the amount of interference which may thus be
caused.

All radio stations, including Government stations and
stations on board foreign vessels when within the terri-
torial waters of the United States, shall give absolute
priority to radio communications or signals relating to ships
in distress; shall cease all sending on frequencies or wave
lengths which will interfere with hearing a radio com-
munication or signal of distress, and, except when engaged
in answering or aiding the ship in distress, shall refrain
from sending any radio communications or signals until
there is assurance that no interference will be caused with
the radio communications or signals relating thereto, and
shall assist the vessel in distress, so far as possible, by
complying with its instructions.

Section 24. FEvery shore station open to general public
service between the coast and vessels at sca shall be bound
to exchange radio communications or signals with any ship
station without distinction as to radio systems or instru-
ments adopted by such stations, respectively, and each
station on shipboard shall be bound to exchange radio com-
munications or signals with any other station on shipboard
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without distinction as to radio systems or instruments
adopted by each station.

Section 25. At all places where Government and pri-
vate or commercial radio stations on land operate in such
close proximity that interference with the work of Govern-
ment stations can not be avoided when they arc operating
simultanzously such private or commercial stations as do
interfere with the transmission or reception of radio com-
munications or signals by the Government stations con-
cerncd shall not use their transmitters during the first fif-
teen minates of cach hour, local standard time.

The Government stations for which the above-mentioned
division of time is established shall transmit radio com-
munications or signals only during the first fiftcen minutes
of each hour, local standard time, except in case of signals
of radio commun:cations relating to vessels in distress, and
vessel requests for information as to course, location, or
compass direction.

Sectiors 26. In all circumstances, cxcept in case of
radio communications or signals relating to vessels in dis-
tress, all radio stations, including those owned and operated
by the United States, shall use the minimum amount of
power necessary to carry out the communication desired.

Section 27. No person receiving or assisting in receiv-
ing any radio communication shall divulge or publish the
contents, substance, purport, effect, or meaning thereof
except through authorized channels of transmission or re-
ception to any person other than the addressee, his agent,
or attorncy, or to a tclephone, tclegraph, cable, or radio
station emploved or authorized to forward such radio com-
munication to its destination, or to proper accounting or dis-
tributing officers of the various communicating centers over
which the radio communication may be passed, or to the
master of a ship ander whom he is serving, or in response
to a subpoena issned by a court of competent jurisdiction,
or on demand of other lawful authority; and no person not
being authorized by the sender shall intercept any message
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and divulge or publish the contents, substance, purport,
effect, or meaning of such intercepted message to any per-
son; and no person not being entitled thereto shall reeeive
or assist in receiving any radio communication and use the
same or any information thercin contained for his own
benefit or for the benefit of another not entitled thereto;
and no person having received such intercepted radio com-
munication or having become acquainted with the contents,
substance, purport, effect, or meaning of the same or any
part thereof, knowing that such information was so ob-
tained, shall divaulge or publish the contents, substance,
purport, cffect, or meaning of the same or any part thercof.
or use the same or any information therein contained for
his own benefit or for the benefit of another not entitled
thereto: Provided, That this section shall not apply to the
recciving, divulging, publishing, or utilizing the contents
of any radio eommunication broadcasted or transmitted by
amateurs or others for the use of the general public or
relating to ships in distress.

Section 28. No person, firm, company, or corporation
within the jurisdiction of the United States shall knowingly
utter or transmit, or cause to be uttered or transmitted, any
false or fraudulent signal of distress. or communieation
relating thereto, nor shall any broadeasting station rebroad-
cast the program or any part thercof of another broadecast-
ing station without the express authority of the originating
station,

Section 29. Nothing in this Act shall be understood or
construed to give the licensing authority the power of een-
sorship over the radio communications or signals trans-
mitted by any radio station, and no regulation or condition
shall be promulgated or fixed by the licensing authority
which shall interfere with the right of free speeeh by means
of radio communications. No person within the jurisdiction
of the United States shall utter any obscene, indcecent, or
profane language by means of radio communieation.

Section 30. The Secretary of the Navy is hereby au-
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thorized unless restrained by international agreement, under
the terms and conditions and at rates prescribed by him,
which rates shall be just and reasonable, and which, upon
complaint, shall be subject to review and revision by the
Interstate Commerce Commission, to use all radio stations
and apparatus, wherever located, owned by the United
States and under the control of the Navy Department (a)
for the reception and transmission of press messages offered
by any newspaper published in the United States, its Ter-
ritories or possessions, or published by citizens of the
United States in forcign countries, or by any press asso-
ciation of the Unifed States, and (b) for the rceeeption and
transmission of private commercial messages betwcen ships,
between ship and shore, between localities in Alaska and
between Alaska and the continental United States: Pro-
vided, That the rates fixed for the reception and transmis-
sion of all such messages, other than press mcssages be-
tween the Pacific coast of the United States, Hawaii,
Alaska, the Philippine Islands, and the Orient, and between
the United States and the Virgin Islands, shall not be less
than the rates charged by privately owned and operated
stations for like messages and service: Provided further,
That the right to use such stations for any of the purposes
named in this section shall terminate and cease as between
any countries or lacalities or between any locality and pri-
vately operated ships whenever privately owned and oper-
ated stations are capable of meeting the normal communica-
tion requirements between such countries or localities or
between any locality and privately operated ships, and the
licensing authority shall have notified the Secretary of the
Navy thereof.

Section 31. The expression “radio communication” or
“radio communications” wherever used in this Act means any
intelligence, message, signal, power, pictures, or communi-
cation of any nature transferred by electrical energy from
one point t» another without the aid of any wire connecting
the points from and at which the electrical energy is sent
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or received and any system by means of which such trans-
fer of encrgy is effected.

Section 32. Any person, firm, company, or corporation
failing or refusing to observe or violating any rule, regula-
tion, restriction, or condition made or imposed by the licen-
sing authority under the authority of this Act or of any
international radio convention or treaty ratified or adhered
to by the United States, in addition to any other penalties
provided by law, upon conviction thereof by a court of com-
petent jurisdiction, shall be punished by a fine of not
more than $500 for each and every offense.

Section 33. Any person, firm, company, or corporation
who shall violate any provision of this Act, or shall know-
ingly make any false oath or affirmation in any affidavit
required or authorized by this Act, or shall knowingly swear
falsely to a matcrial matter in any hearing authorized by
this Act, upon conviction thereof in any court of competent
jurisdiction shall be punished by a fine of not more than
$5,000 or by imprisonment for a term of not more than five
years or both for each and every such offense.

Secetion 34. The trial of any offense under this Act
shall be in the district in which it is committed; or if the
offense is committed upon the high seas, or out of the juris-
diction of any particular State or district, the trial shall
be in the district where the offcnder may be found or into
which le shall be first brought.

Section 35. This Act shall not apply to the Philippine
Islands or to the Canal Zone. In international radio mat-
ters the Philippine Islands and the Canal Zone shall be
represented by the Secretary of State.

Section 36. The licensing authority is authorized to
designate any officer or employce of any other department
of the Government on duty in any Territory or possession
of the United States other than the Philippine Islands and
the Canal Zone, to render therein such services in connec-
tion with the administration of the radio laws of the United
states as such authority may prescribe: Provided, That
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such designation shall be approved by the head of the
department in which such person is employed.

Section 37. The unexpended balance of the moneys ap-
propriated in the item for “wireless communication laws,”
under the caption “Bureau of Navigation™ in Title 111 of
the Act entitled “An Act making appropriations for the
Departments of State and Justice and for the judiciary,
and for the Departments of Commerce and Labor, for the
fiscal year ending June 30, 1927, and for other purposes,”
approved April 29, 1926, and the appropriation for the
same purposcs for the fiscal year cnding June 30, 1928,
shall be available both for expenditures incurred in the
administration of this Act and for expenditures for the
purposes specificd in such items. There is hercby author-
ized to be appropriated for each fiscal year such sums as
may be nccessary for the administration of this Act and
for the purposes specified in such item.

Section 38. If any provision of this Act or the applica-
tion thercof to any person, firm, company, or corporation, or
to any circumstances, is held invalid, the remainder of the
Act and the appiication of such provision to other persons,
firms, companies, or corporations, or to other circumstances,
shall not be affected thereby.

Section 39. The Act entitled “An Act to regulate radio
communication,” approved August 13, 1912, the joint reso-
lution to authorize the operation of Government-owned
radio stations for the general public, and for other pur-
poses, approved Junc 5, 1920, as amended, and the joint
resolution entitled “Joint resolution limiting the time for
which licenses for radio transmission may be granted, and
for other purposes,” approved December 8, 1926, are
hereby replaced.

Such repeal, however, shall affect any act done or any
right accrued or any suit or proceeding had or commenced
in any civil cause prior to said repeal, but all liabilities
under said laws shall continue and may be enforced in
the same manner as if committed; and all penalties, for-
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feitures, or liabilities incurred prior to taking ecffect
hereof, under any law embraced in, changed, modified, or
repealed by this Act, may be prosecuted and punished in
the same manner and with the same effect as if this Act had
not been passed.

Nothing in this section shall be construed as authorizing
any person now using or opcrating any apparatus for the
transmission of radio energy or radio communications or
signals to continue such use except under and in accordance
with this Act and with a license granted in accordance with
the authority hercinbefore conferred.

Section 40. This Act shall take effect and be in force
upon its passage and approval, except that for and during a
period of sixty days after such approval no holder of a
license or an extension thereof issued by the Secretary of
Commerce under said Act of August 13, 1912, shall be sub-
ject to the penalties provided herein for operating a sta-
tion without the license herein provided.

Section 41. This Act may be referred to and cited as
the Radio Act of 1927, (Approved Feb. 23, 1927).



SUPPLEMENTARY INFORMATION

By GEORGE C. BAXTER ROWE
Assistant Editor Radio News

Radio Frequency Amplification

The majority of radio frequency transformers that are
employed in reccivers using this type of amplification are
extremely simple in construction. There are several dif-
ferent styles of windings used on the coils forming the

Basket-weave Spider Web Taroilal
Fic. 101.—Types of Inductance Coil Windings.

primary and secondary of these transformers, such as the
basket-weave, the pan-eake, the spider-web, the taroidal
and the cylindrieal, but the last one mentioned is not only
thoroughly ecfficient electrically, but has the added ad-
vantage of being easily constructed. For different styles
of windings sce ¥ig. 101.

It should be borne in mind that when very small elee-
trical currents, such as are present in the radio frequency
amplifier, arc being dealt with, it is of the utmost im-
portance that all possible losses should be reduced to a

389
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minimum. One of the largest losses met with in radio
receivers generally is that of high resistance in connection
wires and in coils. Coils may be wound of No. 22 B. & 5.

¥ic. 102.—Straight Iine Wave Length Condensers.

gauge D.C.C. wire and in some cases No. 18 bell wire may
be employed. In using wire of this size, not only will
the resistance of the coils be lower, but a minimum of in-

Fre. 103.—Straight I.ine Frequency Condensers.

sulation tubing will be necessary as the coils can be made
self-supporting.

Generally the secondaries of radio frequency 1irans-
formers are shunted by a variable condenser in order to
have each stage exactly in resonance with the others. The
condensers that are used have in general 23 plates, which
means that the capacity of the condenser is approximately
.0005 mf.
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As in the case of the coils there are different types of
condensers used; i.e. straight line capacity, straight line
wave-length and straight line frequency. (See Figs. 102
and 108.) These titles mean that if the dial settings of
the condensers are plotted on graph paper against the
capacity, wave-length or frequency as the case may be,
the points obtained would fall on a straight line. Each
of these three types of condensers has its own advantage,
but for radio frequency receivers the last one mentioned
is superior, because the dial settings of the stations received
are spread over a greater range, making the tuning of the
set much easier.

A4 Tuned Radio Frequency Receiver

There are a great many variations of this type of circuit
and the majority of the higher-priced receivers employ it.
as it is excellent for distant reception as well as volume
of reprodaction. It will be noticed that there is a similarity
between the circuit in Fig. 104 and the Neutrodyne shown
on page 114, the main difference being in the addition of
a 400 ohm potentiometer, which replaces the neutralizing
condensers.

In tuning this receiver, the three variable 23 plate con-
densers are placed at approximately the same dial readings.
When a station is heard the quality of reception can be
brought to maximum by varying the potentiometer, which
varies the grid bias of the first two tubes. The volume
of the loud speaker can be regulated by changing the fila-
ment rheostat of the last two tubes.

The Parts and How To Connect Them.—You will require
(1) 8 radio frequency transformers; (2) 3 23 plate variable
condensers, (.0005 mfd.) preferably of the straight line
frequency type; (8) 2 fixed condensers, (.00025 mfd.) and
(.001 mfd.); (4) a grid leak, 2 megohms; (5) 4 amplifier
vacuum tubes; (6) 1 detector vacuum tube; (7) 5 tube
sockets; (8) a potentiometer, 400 ohms; (9) 3 filament
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rheostats; (10} 2 audio frequency transformers, ratios of
5 to 1 and 3 to 1; (11) an “A” battery; (12) a “B”
battery capable of delivering 90 volts; (18) a “C” battery
of tlh volts; (14) a pair of head-phones or loud speaker.

The radio frequency transformers can be wound by the
constructor. Frocurc sufficient hard rubber or bakelite
tubing, 8 inches in diameter, for the three transformers
and a 14 Ib. of No. 22 B. & B. gauge D.C.C. wire. The
secondary winding consists of fifty turns of the wire and
the primary, which is wound over the secondary and in
the same direction, has ten turns. The ends of the coils
should be securely fastened to the tubing. Fig. 104 shows
the diagram of connections. If the oscillations, or howls,
cannot be eliminated completely by means of the potea-
tiometer, try rcversing the leads to the radio frequency
transformers.

The Regenerative Interflex

This is one of the most interesting cirenits that has been
brought to the public’s attention rccently and although
only the fundamental eircuit is shown in Fig. 104A it is an
extremely simple matter to add audio frequency amplisi-
cation tc its output.

The Parts and How to Connect Them.—You will require
one vacuum tube socket; one S.L.F. .0005 mf. variable
condenser; one 6 ohms rheostat; one .00025 mf. fixed con-
denser; one 2-2) mmf, variable condenser; one 25 turn
honeycomnb coil; one fixed earborundum detector ; one 201-A
vacuum tube; onz 3-inch bakelite tube; No. 22 D.C.C. wire
for winding the inductances; “A” and “B” batteries.

The two inductances are wound on the same 3-inch
tube with 14 inch between them. The 25-turn honeycomb
coil is mounted inside this tube so that it can be raised and
lowered with respect to the 146 turns of the secondary. This
is done by fittiny a piece of hard rubber 345 by 14 inch
in the diameter of the tube and a hole drilled through it
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to take a threaded rod to the end of which is fastened the
tickler, i.e., the honeycomb coil. Two guide rods are also used
on which the tickler slides without turning.

Y 25 turn honeycomb

.00025
mt.

7

770005 7z-20
mf mmf

- L

\ 46 turns No.22 D.c.c.
L on 3"diam,.

= 8turns No.22D.C.C.
on 3"diam.
Fre. 104A.—Regenerative Interflex Receiver.
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The circuit, which has but a single control, will not
squeal or howl when it is properly adjusted; loud speaker
operation is possible on local stations; with two stages of
audio-frequency amplification a 1,000 mile loud speaker
range is possible and the set tunes with extreme sharpness.

When the set has been tested a station is tuned in and
the tickler varied up and down and the rheostat varied
until there are no howls when the eondenser is varied. A
fixed crystal detector is used to eliminate trouble with the
adjustable types. After the adjustments mentioned above
have been made it is unnecessary to touch the rheostat and
the tickler, the variation of the condenser becing the only
thing needed to tune stations in.

If audio-frequency amplification is added. any one of
the systems mentioned in the section devoted to that sub-
Jject may be used, the input of the amplifer being connected
to the output of the detector eircuit, which is in this ecase
the headphones.
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An Interbalanced R.F. Regenerative Receiver

The circuit which is shown in Fig. 10#B has several
unique features. It has a stage of radio-frequency ampli-
fication, a regenerative detector, and three stages of resist-
ance-coupled audio-frequency amplification. The regenera-
tive action of the detector and the coupling between the
radio-frequency and detector tubes are controlled by the
same adjustment, i.e., the 10,000-ohms resistor in the plate
circuit of the first tube, The action of this resistor is aided
by the resistance and condenser enclosed by the dotted
line, this combination being called a “phasatrol”—a phasc
shifting device.

The Parts Needed and How to Connect Them.—The
following apparatus is required: L1, antenna coupler; L2,
R.T. transformer; L3, tickler coil; two .0005 mf. variable
condensers (connected in tandem); C, midget balancing
condenser; RIFC, R.I'. choke coil, 85 millihenries; two
5 mf. by-pass condenscrs; one .00025 mf. fixed condenser;
one .002 nf. fixed by-pass condenser; one variable resistor,
0-10,000 ohms; R, two filament ballasts, 5 volts, 14 am-
pere; R5, one filament ballast, 5 volts, 1 ampere; one grid
leak, 2 megohins; one Phasatrol; one resistance coupled
AT. amplifier (this may be purchased complete}; two
coil shields; one filament switch, SW; two UX-tvpe sock-
ets; one dial; one panel, 7 X 18 X 3¢ inches; two 201-A
vacuum tubes; two high-mu vacuum tubes for first two
stages of A.F. amplifier; one power tube for last stage;
“A," “B” and “C’ batteries.

The inductances. .1 and L2, are constructed in the same
manner. On a form 23/ inches in diameter are first wound
55 turns of No. 22 D.S.C. wirc. Over the lower part of
these turns are wound two or three layers of paper or
insulating cloth, over which is wound the primary of 10
turns of the same sjzc wire. Ior the fixed tickler coil,
1.8, 15 turns of No. 24+ D.S.C. wirc is wound on a 2-inch
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form that is 114 inches in length. This is mounted inside
the R.F. transformer, L2.

The only apparetus that nced be mounted on the panel
of the set are the gang condenser, the midget balancing
condenser and the 10,000 ohms resistor, the remainder of
the parts being mounted on the baseboard. No rheostats
are required as the filament ballasts fulfill the duties of
these devices automatically.

Shields are used around the R.F. inductances in order
that there may be eliminated all possibility of feed-back
and interaction bezween the R.F. coils and the detector
inductances. It is very important that thecse aluminum
cans be of such a size that they do not come too close to the
coils, for in that case they would be worse than useless,
as they would absorb more of the energy than they would
keep out.

The tuning of this receiver is extremely simple after
the initial adjustments have been made on the phasatrol,
the 10,000 ohms resistor and the balancing condenser.

40-Meter Transmitter

Amateurs are doing more and more work on low wave
lengths under 100 meters. One of the most satisfactory
wave lengths for distance and general reliability is 40
meters and the constants for the circuit in Fig. 104C are
for that number of meters. This circuit, which was de-
veloped by John L. Reinartz, is one which has been the
subject of a great amount of experimenting and should
prove satisfactory, not only because of its relatively low
cost but on account of its efficiency.

The inductances are of 34-inch copper ribbon 7 inches
in diameter and the turns are spaced with 1j-inch glass
beads. The radio-frequency chokes, RFC, consist of 70
turns of No. 24 D.C.C. wire wound on a tube 2 inches in
diameter. Any power vacuum tube may be used; the size
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and necessary equipment for its operation depending on
the constructor’s pocketbook.

The apparatus can be easily mounted on three 4-inch
boards 16 inches long fastened to two 1l4-inch square

Antenna ammeter
8turns

rrc  Plate Milliammeter

+500 to2000v.

o # filament voltmeter
otA
—-o-A
_nun_wmv—i(eying I.:I
8turns RFC 5000W pelay 1]
Counterpoise -500-2000V.
Ammeter '

I'16. 104C.—40-Meter Transmitter.

uprights 24 inches long. On the upper board can be
placed the antenna and the counterpoise ammeters with
the antenna condenser; on the middle board the three other
condensers and on the bottom one, the other two meters
with the nccessary binding posts. The vaeuum tube is
mounted on a shelf at the rear together with the choke
coils.

The Parts and How to Connect Them.—You will require
four 250 mmf. variable condensers; two ammeters; one 15-
volts A.C. voltmeter; one 250 milliammeter; three induct-
ances (Sce Fig. 104C for sizes) ; two radio-frequeney choke
coils; one keying relay; one vacuum tube and apparatus
for its operation. The information regarding the necessary
equipment for operating the tube can best be had from
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the dealer who supplies you with the tube, as for some
types a siorage battery and dry-cell plate batteries are
sufficient, while with the higher-powered tubes a motor-
generator set is imperative.

The antenna should be a vertical wire 40 feet long and
the counterpoise, which is horizontal, should be about 20
feet in length. There are several precautions to observe.
The antenna ammeter must be between the antenna con-
denser and the point where the antenna is connected to the
set. The condenser side of the antenna inductance should
be next to the grid inductance, thus eliminating harmonics.
The information given in other sections of this book should
be read and digested before this circuit is tried, the circuit
being given here because it is new.

Short Wave Receiver

One of the most remarkable circuits for the reception
of short waves is that shown in Fig. 104D, this being also
developed by Jolin L. Reinartz. With an antenna only
about 15 or 20 feet long amateur stations all over the
world have been received and the set itself is extremely
simple to construct.

The Parts and How to Connect Them.—The following
apparatus will be required, two .00025 mf. variable con-
dersers; one 55 mmf. variable condenser; one 6:1 ratio
audio-frequency transformer; one .0005 mf. fixed con-
denser with grid leak mounting; one 7 megohms grid leak;
one 6-ohm rheostat; two UX-type sockets; one single-
circuit jack; one 201-A and one 112-type vacuum tubes;
one radio-frequency resistor, 1,000 ohms; one panel 7 X
11 X 314 inches; No. 16 D.C.C. wire for coils; eleven
binding posts.

When & set is operated at waves under 100 meters it is
necessary to have a set of coils for the different wave bands.
Coils may be wound according to the following table which
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covers wave lengths from about 15 meters to approximately
190 meters,

RS

Wave Length Coils L1 Lz L3 Lj

20 Meters e 4 2 2 ..
40 Meters e 8 4 + ..
80 Mcters v 16 8 8 4
150-200 Meters © 000 16 16 8 8

The coils are bunch wound, i.e., they are wound with no
thought of keeping the turns side by side. Their diameter

Y

7 megohms

Ratio
200A 1000 ohms 6l

H2

Li .oboSmf RFC élf I
~00025
L mf J
L3 .00025m¢ # ¢
[Tl
Al
L4 l 6
ﬂ% = ohms
midget (SSmmf.

. «

+ 222y +tA A -vso;.

Fia. 104D.—Short Wave Receiver.

is approximately 3 inches and the turns are held in place
by a few turns of tape. These coils are connected to bind-
ing posts (indicated by X in Fig. 104D) which are mounted
on the front of the panel.

The simplest way to mount the apparatus is to place it
all on the panel. A tube socket is placed in each of the
upper corners, so that the tube will be horizontal. The
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transformer is mounted between them with the midget
condenser on one side of it and the grid condenser and leak
on the other. In the two lower corners are mounted the
two variable condensers and between them the rheostat.
The panel may be kept in an upright position by making
two feet of }jg-inck brass and fastening them to the con-
densers.

It will be noticed that for the 20 and 40 meters bands there
are only three coils required. This is becausc the set oper-
ates more eficiently with the 55 mmf. condenser in serses
with L3 at these high frequencies. The 1000 ohms choke
coil, RFC, is an irductive resistance, the coil being em-
bedded in a porcelain tube. Only one stage of audio fre-
quency amplification is needed as headphones are used al-
most entirely.

Audio Frequency Amplifers

This type of amplification can be divided into four
groups, as follows:

a. T'ransformer coupled.

b. Impedance coupled.

c. Resistance coupled.

d. Push-pull.

Two of these types of amplifiers are covered in the text
on pages 119 to 12&.

Each of these four styles of amplification has its own
advantages and disndvantages. The first one mentioned,
transformer coupled, is thc one that is most frequently used,
as the cost is relatively low for the necessary apparatus
and the resvlts arc generally satisfactory.

The second type, impcdance coupled, uses an auto-
transformer, a high capacity condenser and a resistor in
each stage. The advantage of this type of coupling is that
a higher plate voltage may be used on the amplifying tubes,
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which results in greater volume. However this type is
more or less subject to the disadvantages of transformer
coupling, because of the difficulties experienced in the con-
struction of transformers that will have a uniform distor-

1 mf imf, /amegohm 0.imegohm
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B. Resistance Coupled A.F. Amplifier.
Fre. 105.—Audio Frequency Amplifiers.

tionless range. Another drawback is that as the tubes alone
amplify the signals, there being no turns ratio of trans-
formers to aid them, there should be three stages used in
this type in order to get good volume. See Fig. 105A for
circuit of impedance coupled amplification.

The advantages of the resistance coupled type of am-
plifier is in its low initial cost, the high plate voltages that
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may be used and its relatively distortionless output. The
disadvantage is the same as that mentioned last in the
previous paragraph, the use of three stages of amplification
being almost impearative.

The push-pull amplifier (see page 120) is conceded to
be the best all-around type, but the initial and upkeep costs
should be considered.

The Parts and How They are Connected.—I'or the im-
pedance coupled type of amplifier you will need the
following parts, (1) 8 amplifier vacuum tubes; (2) 8 tube
sockets; (3) 8 impedances or autoformers; (4) 8 grid
resistors, values 0.1, 0.25 and 1 megohm; (5) 3 condensers,
fixed type, 1 mf. capacity; (6) a 4.5 volts “C” battery;
(7) an “A” battery; (8) a “B” battery capable of deliver-
ing 120 volts; (¢) a rheostat for the “A” battery; (10)
a loud speaker.

The circuit of the impedance coupled amplifier is shown
in Fig. 165A. This circuit can be employed with any type
of detector by connecting the plate of the detector tube
to the center tap of the impedance coil and the positive
“B” detector plate voltage to the end of the same coil.
These connections are shown at Input in the diagram.

The Parts and How They are Connected.—You will
require the following parts for a resistance coupled am-
plifier, (1) 8 amplifier vacuum tubes; (2) 8 tube sockets;
(8) 8 resistors, values 0.1 megohm; (+) 4 fixed condensers,
capacities; .00025 mf., .005 mf., and two of .006 mf.; (3)
3 grid resistors, values 0.1, 0.25 and 1 megohm; (6) a
“B” battery capable of delivering 135 volts; (7) an “A”
battery; (8) a 4.5 volts “C” battery; (9) a rheostat for
the “A” battery; (10) a loud speaker.

The connections for this amplifier are shown in Iig.
105B. As in the case of the impedance coupled type, this
amplifier can be used with any type tuner, the connections
being made to the Input terminals.

It should be noticed that when amplifiers are spoken of
as being “distortionless” it means only that they will re-



404 Appendiv

produce exactly what is put into them. Do not expect
audio frequency amplifiers to take howls out of oscillating
radio frequency amplifiers or squealing regenerative de-
tectors.

Recently there has been announced a new system of audio
frequency amplification, which is called double impedance
coupling. In Fig. 105C is shown the circuit of an amplifier
of this type. This amplifier can bc so adjusted that it
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Fie. 105C.—Double Impedance Audio-Frequency Amplifier.

compensates for any discrepancies in the loud speaker, the
result being reproduction of the highest quality.

The Parts and How to Connect Them.—You will need
the following parts; three double impedance units; three
fixed coupling condensers, values being .08, .04 and .03 mf.;
two 1) ampere, 5 volt filament ballasts; one 14 ampere,
5 volt filament ballast; one fixed resistor, 25,000 ohms;
one fixed resistor, 50,000 ohms; one variable resistor,
25,000 ohms, three vacuum tube sockets; two 201-A vacuum
tubes; one 112 or 171 power amplifier; “A,” “B” and
“C” batteries,

The quality of reproduction that may be had with this
amplifier is due to the fact that use is made of regeneration,
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which is usually the curse of amplifiers. This is adjusted
by means of the resistors in the grid return leads of the
second and third tubes. These are shown as fixed resist-
ances in the diagram, for the values given have been de-
termined as being about eorreet for the average loud
speaker. If the experimenter wishes to better his results
and to learn somcthing more about the amplifier, variable
resistors can be inserted instead of the fixed ones. The
coupling condensers in some cases eome in the same case
as the impedanee unit and in that case, of course, the ones
shown are not included in the circuit,

Loud Speakers

The loud speaker is one of the parts of a radio receiver
that is too often blamed for faulty reproduction. If the
music or speech is harsh or distorted, there is an excellent
chanee that the trouble is somcwhere in the set itself. for
today loud speakers are rapidly approaching the acme of
perfection.

There has been no radical change in design of loud
speakers lately, but great improvements have been incor-
porated in the two main types of speakers, i.c., the cone
and the horn. It has always been the goal of engineers
working on loud speaker problems to reproduee the bass
notes with the same fidelity with which the treble notes
are. 'To 2 great extent this has now been accomplished.

The average size loud speaker using a paper diaphragm
to move the colmnn of air has been in the neighborhood
of eighteen or twenty inches in diameter. This size cone
was found to be cntirely too small and almost perfect
reproduction is being obtained now with diaphragms that
are thirty to thirty-six inches in diameter. Improvements
in the design of actuating units have also been made as
well as methods of attaching them to the paper. This loud
speaker was designed by Clyde Fiteh, (See Fig. 106.)
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This cone speaker has a diameter of thirty-six inches and
uses but a single sheet of heavy paper. The driving unit
is extremely simple, being no more than a bar magnet, the
flux of which is changed by the fticld set up by the changes
in the coil caused by the variations in the plate current of

LARGE PAPER CONE-—»,

Zl —SMALL PAPER
BRASS CONE CONE

APEXES

......

ORIVE PIN
OF UNIT

Fie. 106.—Fitch Loud Speaker.

the last tube in the receiver. The driving rod of the
unit is fastened to the paper cone by means of the two
small metal cones which are glued to the larger one.
Another advance in design has been the work done on
horns. It was found that a horn which expanded in a cer-
tain ratio, that followed the exponential law, reproduced
the bass and treble notes with equal faithfulness. The
length of these horns also was found to be a function of
the reproduction. Without going into the mathematics of
design it may be said that if an exponential horn, whether
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it have a round, square or oblong cross section, be six feet
in length with a throat about one-half ineh in area and a
mouth about four square feet in area, it should reproduce
all the frequencies that the ordinary receiving set will
pass. This is provided, of eourse, that there is a good
unit at the throat. It must not be expected that if an
inferior grade of unit is used first-class music will result.

While on the subject of loud speakers it might be fitting
to mention something about the power tubes that have been
introduced. These tubes are capable of handling much
more power than the 201-A tubes and they are used in the
last stage of the audio-frequency amplifier. With the
UX-171 type there is used about 180 volts on the plate
and 40 volts negat.ve bias on the grid; sometimes the plate
voltage is even higher. With a tube of this type in a set
it is possikle to pass to the loud speaker a greater amount
of current than has hitherto been done and this without
distortion,

Here another problem presented itself to the designing
engineers. If a large current and voltage were needed to
operate these power tubes it would doubtless burn cut the
windings of the leud speaker coils which are of relatively
fine wire. In order to overcome this two mecans were at
hand: an output transformer or an output filter circuit.
The former is no more than a transformer having an iron
eore and whose turns have a 1:1 ratio. The secondary of
the transformer is connected directly to the loud speaker
terminals and all the heavy current goes through the
primary windings.

The filter type is no more than an audio-frequency choke
coil and a condenser, the latter being placed in the circuit
between the plate of the tube and the loud speaker wind-
ings. Either of these types have proved to be thoroughly
efficient.

Another innovation is the loud speaker developed by
Messrs. Riee and Kellogg of the General Eleetric Co. This
instrument has also a paper cone that is used as a dia-
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phragm, but that is the only similarity. As can be seen
from Fig. 107 the larger diameter of the come, which is
about cight inches, is attached to the baffie wall, or panel,
by means of a very thin rubber membrane. This permits
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Fia. 107.—Construction of Free Edged, Coil-Driven, Conical
Diaphragin Loud Speaker. (General Llectric Co.)

the cone to vibrate back and forth with hardly any
mechanical resistance.  On the smaller diameter of the
cone there is a coil of wire in which are induced currents
by the magnetic field surrounding it and set up by the
field winding.

This loud speaker is capable of producing enormous
volume with a minimum of distortion. In the same cabinet
with it is a special audio-frequency amplifier and also a
rectificr for converting 110 volts A.C. to direct current for
the various requirements of the vacuum tubes. This speaker
reproduces the low tones of the bass notes as faithfully
as the high treble.
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Another departure from conventional design is in the
loud speaker shown in Fig. 108. The diaphragm of this
instrument is a thin sheet of aluminum that is loosely sup-
ported between two pan-cake tyvpe coils. The magnetic
field that is set up by these coils is so controlled that there
is almost a uniform force over the whole diaphragm. This
is the induction type of loud speaker invented by Dr. C.

\&\\\“ “‘“‘\iv s
\

Fic. 108.—Hewlett Induction Type Loud Speaker.

W. Hewlett and they have been made up to about three
feet in diameter, being capable of delivering a tremendous
volume of music. There is no horn used with this lond
specaker, the vibrations of the diaphragm being sufficient to
set up sound waves of great intensity.

The main thought of the designers of loud speakers has
been to reproduce with equal efficiency and quality ali the
tones and cvertones of the whole musical scale. It is rela-
tively simple to design an instrumment that will faithfully
reproduce a certain band of notes, but it is another matter
to be able to hear the low notes of the bass viol as well
as the trcble notes of the flute. Before a loud speaker is
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purchased it would be well to listen to the different types
of reccption, as instrumental and vocal music, speeches, etc.,
in order to ascertain thc merits of each.

“A” and “B” Socket Power Units

One of the grcatest problems that radio designing en-
gineers have been confronted with is the elimination of
the different batteries, substituting in their place some
device which will supply the necessary power from the
house lighting circuit. It was simple enough to arrange
a system of rectification from the A.C. lincs stepping the
power either up or down, but the main difficulty was getting
rid of the humming noise made by the 60 cycles alternating
current.

Filters of all kinds were devised to be used with trans-
formers, but still the hum persisted. Then the rectifying
tube was introduced and to some extent this eliminated the
hum, but insufficient power was passed. However, all
these obstacles have now bcen overcome with the result
that to-day it is possible to supply filament, plate and grid
bias for almost any receiver directly from the 110 volt.
60 cycles A.C. house-lighting mains.

Unquestionably this revolution in radio has been brought
about through the perfecting of the rectifier tubes. One of
the best is a “full-wave” rectifier, developed by the
Raytheon Mfg. Co. The term “Full wave” will perhaps
need some explaining. Ordinary 60 cycle current, such
as the majority of us get from our light sockets, if viewed
through an oscillagraph—an instrument that enables you to
see the wave form of an electrical current—would appear
like the cross section of a water wave or to be more exact
and mathematically speaking, a sine wave. The function
of the rectifier tube is to smooth out the ripples in this wave
and transform it into a current that is as near D.C. as
possible. This is done in the rectifier due to the fact that
in one direction current can easily flow but in the opposite
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direction there is practically no flow whatsocver. This is
in brief what happens in a “half wave” rectifier. In a
“full wave” rectifier tube both halves of the A.C. wave
are smoothed out, thus getting twice as much power as
with the other type.

The system for the most part consists of a power trans-
former with a secondary in one, two or three sections, de-
pending on the nature of the unit with which it is to be
used. Across the output of the rectifying tube are con-
nected some sort of an impedance and a heavy duty con-
denser bank, these being to take out all the ripples, which
would produce a humming noise in the loud speaker. Suit-
able resistances are placed across the output of this filter-
ing system so that the several voltages can be adjustcd
to whatever values it is desired. Such a rectifier circuit
is shown in Fig. 109, Such a system as is shown is rela-
tively costly to construct and rather difficult to adjust
properly, therefore no constants are given. It is recom-
mended that if the reader wishes one of these socket power
units he will go to some reliable dealer and purchase it
complete.

It might be also well to mention the new vacuum tubes
that have recently been introduced which need no rectifier
for their filament voltage. These tubes instead of the usual
filament have a small cylinder of some substance that emits
clectrons freely when heated. The heat is supplied to this
cathode by means of a heater wire coiled within the eyl-
inder and current is supplied to it from the A.C. mains
sometimes stepped down to 6 volts or lower. Due to the
heavy heater consumption of current the voltage is some-
times about 114 volts and the current, 215 amperes. In
a case such as this the heater elements of the tubes are
connected in series in order that an ordinary transformer
can supply the current without overheating.
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Light Sensitive Crystals

Due to the great progress rccently madc in the trans-
mission of pictures and scenes by radio much interest has
beer. shown by experimenters in this phase of the field. It
has been thought that in order to do any experimenting
along these lines expensive apparatus was necessary, but
this is not the case, With a comparatively small outlay
of capital it is possible to perform most interesting experi-
merts that will Jdemonstrate the principles involved in
television and furaish a great amount of food for thought
to the intelligent worker.

First of all it is imperative that some type of a light
sensitive eell be obtained. At present there are several
companies throughout the country where photoelectric cells
may be purchased at a very reasonable figure. However,
if the experimenter would prefer to construct his own cell,
while it may not have the sensitivity that one purchased
might possess, it will give very good results.

The most sensitive cell within the means of the exper-
menter to construct is one in which the substance used that
is sensitive to light rays, is the selenium eell. This sele-
nivm, wh.ch appears like a stick of black sealing wax, is
melted or to a sheet of mica over which has been wound
two No. 28 barc copper, brass, or German silver wires
spaced about 4o inch. See Fig. 110. It is necessary to
get a very thin coating of selenium on this base and this
is done easiest in the following manner: The wire-wound
mica sheet, which is about one by two inches in arca, is
placed oa a copper plate over a Bunsen burner. The
proper temperature of the mica sheet is about 425 degrees
Fahr. The selenium will act like sealing wax and can be
easily spread if the temperature is correct.

When a satisfactory thin surface has been spread over
the mica the latter is transferred to another copper plate
ta cool, while the burner is turned down to a temperature
about 220 degrees Fahr. When the mica sheet is again
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placed on the copper plate it has cooled quite a bit below
the temperature at which the burner now is. After heat-
ing it for awhile it will be noticed that the surface of the
selenium will turn gray. Then the temperature is increased
until the selenitm shows signs of melting. The heat is
at onee removed and the edges of the selenium watched
until they again turn to their original color. The burner
after being turned down is replaced under the copper
plate and the cell carefully watched for signs of melting.
When the temperature is just under the melting point the
cell is allowed to stand for three or four hours under these
conditions. The cell is then cooled off by turning the burner
down gradually for over a period of an hour.

When the cell has been finally cooled it may be mounted
in a small box having a glass cover, which has binding
posts or the outside to which the leads are brought from
the cell. This is the most convenient way for preserving
the cell.

It need hardly be mentioned that the main property of
selenium is that it changes its electrical resistance with the
intensity of light that falls upon it; that is, the more light
that falls on it the lower the resistance.

One interesting experiment that can be performed is il-
lustrated in Fig. 110. By means of the selenium cell it is
possible to transmit speech over a beam of light. Two
parabolic reflectors are needed; at the focal point of one
a source of light is placed, as an arc lamp, and at the focal
point of the otler, the selenium cell. In the circuit of the
arc light is connected a telephone transmitter as shown
and to the selenium cell is connected a pair of phones or
if desired the output of the cell may be put through an
audio irequency amplifier. The reflectors are placed in
such a position that the light beam falls exactly in the
middle of the second one.

If the apparatus is properly adjusted and the connec-
tions made as indicated, it should be possible to transmit
speech over a light beam for a distance of several hundred
feet.
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Abbreviations, of units, 299;
used in radio communication,
305; of conmon terms, 313—
814; code, 315

Acoustic resonance, 91

Addresses of radio inspectors,
381-382

Aerial counterpoise, 33, 34, 316

Aerial wire systems, 2, 813; set-
ting up, 4-6, 17-3+; kinds of,
18-2G; single-wire, 20-26;
two-wire, 26-27; inexpensive
good, 28; the best, 28-31; as-
sembling, 31-33

Air gap lightning arrester, 20-
21, 23-25

Alphabet,
304, 316

Alternating current continuous
wave telegraph transmitting
sets, 242-249

international code,

Alternating  current  power
transformer, 215, 249
Alternating  current  trans-

former, 244, 245
Alternator, defined, 316
Amateurs, radio laws affecting,
372-881; licenses for, 382-388
Ammeter, measuring instru-
ment, 56, 317; hot wire, 317;
aerial, 226
Ampere, unit in measuring
electricity, 56, 307, 317
Ampere-hnur, defined, 307, 317
Ampere-turns, 317
Amplification, audio frequency,
317; radio frequency, 318,
389; regenerative, 318
Amplifier, use of, 8; vacuum
tube, 109, 208-209, 318; push-
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pull, 120-122; magnetic. 286-
287, 318; audio frequency,
318, 401, 40+; multistage, 318

Amplifier receiving sets, vacuum
tube, 109-126

Amplitone loud speaker, 190-
191

Amplitron loud speaker, 191

Amplitude of wave, 318

Antenna, 2, 315

Apparatus, wireless, 2; receiv-
ing, 6-9, 35-51; transmitting,
7, 10-15; putting up, 17-34;
connecting up, for simple
vacuum tube detector receiv-
ing set, 94-107; for con-
tinuous wave telegraph trans-
mitter, 223-224, 231-241;
symbols used for, 306, 343-
344; manufacturers and deal-
ers in, 309311

Arkay loud speaker, 189-190

Armstrong, E. H., inventor, 153

Armstrong circuits, 127, 322

Assembled wireless receiving
sets, 35-36

Atoms, molecules composed of,
196-198; separation of elec-
trons from, in a metal, 200-
201

Attentuation, defined, 318-319

Audio frequency, 330

Audio  frequency
318, 401, 404

Audio frequency amplifier, re-
eeiving set, regenerative, 137,
139

Audio frequency transformer
amplifying receiving set, 119—
120

amplifiers,
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Autedyne receiving sets, 177-
179, 310; operation of, 214—
217

Auto-transformer type of tun-
ing coil, 13

Baird, John L.,
of, x

Bakelite, insulating compound,
224, 319

Bank-wound coils, 164, 168, 169

Basketball variometer, 146, 147

Batteries, 319; filament, heat-
ing and plate, 101-102

Battery and spark coil trans-
mitter, 69-71; vacuum tube
detectors, 99, 101

Beat long wave telegraph re-
ceiving set, 175-181

Blub blub, meaning of, 320

Books, wireless, 308-309

Booster battery, 319

Broadcasting, meaning of, 320

Bulkhead insulator, 20

Buzzer, for testing detector,
48—19; for continnous wave
telegraph transmitter, 227

Buzzer modulation, 336

Capacitance, 65-66, 320 units
of, defined, 307; centimeter
of, 321

Capacity, defined, 320; aerial,
320; distributed, 320

Carbon terminal of dry cell
battery, 105

Cascade, vacuum
nected in, 8

Cascade amplification, 321

Cat whisker contact, 292, 321

Choke coil, oscillation, 235, 265

Choke coils, 321

Circuits, secondary spark coil,
73-74; closed oscillation, 74-
75; systems of, producing re-
generative amplification ef-
fect, 127-128; different kinds
of, 321-322

experiments

tubes con-

Index

Cockaday four circuit regenera-
tive receiver, 160-162

Codes, the various, 322

Coils, honeycomb, 164-165; in-
duction, 323; loading, 323; in-
ductance, 323; repeating, 340

Collins, A. Frederick, invents
wireless telephone, viii

Compact coil tuners, 132-134

Condensers, 13, 323-324; fixed
and variable, 41-43; for con-
tinuous wave telegraph trans-
mitter, 221226 filter, 269;
operation of, 289-290; pro-
tective, 236; tvpes of, 390

Condensite, insulating com-
pound, 324

Conductivity, defined, 324

Continuous wave transmitting
sets with direct current, 220~
241; with alternating current,
242-219

Coto-coils, use of, 172

Coulomb, unit of electrical
quantity, 66, 307, 325

Counterpoise, meaning of, 33,
84, 325

Couplings, defined, 325; coeffi-
cient of, 325

Crystal detector, 3, 6, 36, 37—
38, 291-292; used as rectifier,
80; used in vacuum tube am-
plifier, 108

Current, electric, and its cir-
cuit, 54-56; and the amperc,
56; changing of, into mag-
netic lines of force, 62; high-
frequency, 64—67; changing
primary spark coil into sec-
ondary currents, 71-72; vari-
ous kinds of, defined, 325-
326

Cycle, defined, 326

Decrement, defined, 326
Damping, defined, 326
Detector, in receiving set,” 6;
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crystal, 6, 36, 37-38; vacuum
tube, 6; testing the, 48-50;
use of two and cf three elec-
trode vacuum tube as, 203-
208; various kinds of, 326-
327

De-tuning, defined, 327

Diaphragm of telephone re-
receiver, 81, 184

Dielectric, defined, 327

Dielectric strain, 327

Direct current coniinuous wave
telegraph transmitting sets,
220-241

Discharge, meaning of, 327

Don’ts, wireless, 319-355

Dry cell, use of, ir. testing de-
tector, 48-50; for continuous
wave telegraph transmitter,

-

Earphone, how made, 294-295

Earth connection, meaning of,
828

Electricity. simple explanation
of, 52-68

Electrodes. defined, 328

Electrode vacuum tube detec-
tors, 96-99

Electrolytes, defined, 329

Electrolytic interrunter, 13

Electromotive force, 56-58, 329

Electrons, 196-198, 329 ; separa-
tion of, from atoms of a
metal, 200-201

Examinaticns for operators’ li-
censes, 377-379; places where
held, 379-380; applications
for, 380-381

Fading, meaning of, 329

Farad, unit of capacitance, 65-
66, 307, &29

Feed-back aetion, 359

Feed-back currents, 127

Filament brilliancy, 106

419

Filament, heating and plate
batteries, 101-102

Filament rheostat, 101-1n2

Filter condensers, 269, 260, 324

Filter reactors, 290, 310

Fixed condensers, 40—l

Forest, Lee de, experiments of,

ix

Forty-Meter Transmitter, 397

Frequency, table of, 301; audio,
330; radio, 330-331

Full wave rectification trans-
mitter, 283

Gap, fixed, 331; non-synchron-
ous, 331; quenched, 331

Greek letters, pronunciation of,
301

Grid, defined, 99-331; in three
electrode vacuum tube, 205-
208

Grid characteristics, 331-332

Grid coil, 146

Grid condenser, 324

Grid, leak, 109, 111-113, 332

Ground, of acrial wire system,
5; connecting in the, 27;
making a good, 33-34; water-
pipe, 332

Headphones, wireless, 182-188;
how made, 294295

Ileadsets, 182

Henry, unit of inductance, 67,
307, 332

Hertz, Heinrich,
of, vii

Hetcrodyne receiving sets, 175-
181, 332; operation of, 214—
218; super receiver, 115-119

High-frequency currents, 64-65

Honeycomb inductance coils,
133, 164; table of character-
istics of, 165

Horse-power, defined, 307, 333

Howling, meaning of, 833; pre-
vention of, 126

experiments
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Impedance, defined, 333; of
headplones, 187

Inductance, 62, 66-67; units of,
308

Inductance coil windings, 389

Induction, electromagnetic, 61;
mutual, 62-66

Induction coil, telephone, 260

Inertia, defined, 86

Inspectors, radio, 10

Insulators, leading-in, 19-20;
for single-wire aerial, 21; for
two-wire aerial, 26; midget,
28

Insurance requirements, 356-
363

Interbalanced R. F. Regenera-
tive Receiver, 395

Interference, defined, 334

Intermnediate wave sets, 163—
170

International Morse code, 304~
322

Interrupter, electrolytic, 76

Ionization, meaning of, 198-200

Jamming, meaning of, 331

Jenkins, Francis, experiments
of, ix

Joule, defined, 307, 334

Joule’s Law, 334

Jump-spark, use of, 10

Key, telegraph, 11, 227

Key circuit, operation of, in
vacuum tube transmitter, 279

Kick-back, meaning of, 334

Kick-back prevention, 339

Kilocycles, 334

Kilowatt, defined, 9 n., 61, 307,
334

Lavite resistances, 157

Laws and regulations in the
United States, Radio, 364~
388

Leading-in insulator, 19-21

Leading-in wire, 18-20

Licenses, operators’, 3: for
transinitting, 9-10; laws con-
cerning, 373-377; to ama-
teurs, 383-389

Lightning arresters, 20; instal-
lation of, 21-26

Lightning switch, 20; installa-
tion of, 25-26

Light sensitive crvstals, 413

Litzendraht, meaning of, 334

I.oad flicker, 335

Lodge, Sir Oliver, experiments
of, vii

Long wave sets, 163, 170, 174

Loose coupled tuning coil, 40-
41

Ioud speaker, use of, 8-9, 95,
335; described, 188-195; 405

Magnavox telemegafone, 191-
192

Magnetic field, 62

Marconi, William, invents wire-
less telegraph, viii

Megaphone,  primitive  loud
speaker, 188

Metcalf, Herbert E., loud
speaker used by, 191-192

Meter, audibility, 335

Mho, unit, of conductanee, 335

Microfarad, defined, 66

Microphone modulators, opera-
tion of, 285-286

Microphone transformer, 256,
258, 260-261; in vacuum tube
transmitter, 286

Microphone transmitter, 2, 251,
253, 254, 345; in vacuum tube
transmitter, 283, 284

Midget insulators, 28

Milli-ammeter, defined, 335

Milliampere, 244, 336

Millihenry, 243

Modulation, buzzer, 836: chop-
per, 336; grid, 336; plate, 336
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Mbodulator, magnetic, 256, 261,
286, 287; operaticn of vacuum
tube as, 287, 288

Morse code, 304, 322

Motion, wave, 336

Motor-generator, 336

Mush, meaning of, 336

Mushy note, 337

Neutrodyne receiver, 112-115

Ohm, unit for measuring re-
zistance. 58, 67, 307, 337

Ohmic resistance of telephone
receiver, 184, 187

Ohm’s Law, 59-60, 337

0il cordenser, 321

One-tube reflex reeeiver,
126

Oseillation choke coils, 228-229,
265

Oscillation circuits, constants
of, 65; effect of capacitance,
inductance, and resistance
cn, 68

Oseillation s, eleetric, 86-88. 337-
338

Oscillation  transformer, 1%;
Lse of, £§9-90; for continuons
wave telegraph transmitter,
232; pancake, 338

Oscillators. coil units, 116-117;
heterodyne, 215-217; vacuum
tube, 227; 50-watt vacuum
tube, 238; operatior of
vacuum tube, 271277

Oscillator tube, 338

123

Permeability, magnetic, 333

Phase, meaning of. 338

Poles, battery, 338; magnetic,
338

Potential difference, 338

Potentiometer, 134137, 138

Quenched gap type of spark
gap, 12, 77-79, 331

421

Radiation, defined, 339

Radio-frequency amplification,
318, 389

Radio-frequency currents, 64

Radio-frequency receiver,
tuned, 391

Radio-frequency  transformer,
109-110
Radio-frequency  transformer

amplifying receiving set, 109-
112

Radio inspectors, 10

Radio laws and regulations,
364-388

Rasco baby detector, 291-292

Latio of transformation, 72

lieactance, defined, 339; capa-
city, 339; inductive, 310

Reactor, filtering reactance coil
called, 251; filter, for smooth-
ing out rectified currents,
270-271, 340; operation of,
289-290; plate eircuit, 339

Receiver, telephone, 2, 6, 3, 43—
41

Receiving apparatus, deserip-
tion of, 6-9

Receiving sets, simple tele-
graph and telephone, 35-51;
connecting up parts of, 44~
48; neutrodyne, 112-115; sim-
ple vacuum tube detector,
94-107; onc-tube reflex, 123-
126; vacuum tube amplifier,
108-126; regenerative ampli-
fication, 127-141; short wave
regenerative, 142-153; Rein-
artz regencrative, 157-160;
short wave super-regenera-
tive, 153-155; Cockaday four
circuit regenerative, 160-162;
intermediate and long wave
regenerative, 163-174; hete-
rodyne or beat long wave
telegraph, 175-181; operation
of vacuum tube, £209-211;
operation of short wave
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super-regenerative, 212-214;
operation of autodyne and
heterodyne, 214-218; super-
heterodyne, 218-219; making

inexpensive 291-297; short
wave, 399
Receptors, 2; vacuum tube,

196-214; heterodyne, 214-218,
3140; inexpensive, 291-297;
autodyne, 310
Rectification transmitter,
wave, 283
Rectifier, crystal, 81, 325, 310;
vacuum tube, 251, 269; oper-
ation of vacuum tube, 289
Regenerative amplification re-
ceiving sets, 127-111
Regenerative currents, 127
Regenerative Interflex, 393

full

Regenerative receiving  sets,
short wave, 142-153; 395
Regenerative Reinartz, 157-

160; Cockaday four circuit,
160-162

Reinartz receiver, 157-160

Relay, electron, 340

Repeating coil, 340

Resistance, electrical, 58, 67,
310; of headphones, 185-187;
aerial, 341; high frequency,
341

Resistance bridge, use of, 59,
341

Resistance coil, 59, 3t1

Resistivity, defined, 341

Resistor, meaning of, 341

Resonance, simple, in mechan-
ical tuning, 89, 3%l; syin-
pathetic, 90; acoustic, 90-91

Rheostat, 341; for storage bat-
tery currcnt, 101-102; car-
bon, 341; filament, 341-342

Rotary spark gap, 77

Rotating type of spark gap,
11-12

Rotor, secondary
143, 145, 342

coil called,

Index

Saturation, meaning of, 342

Secondary spark coil circuit,
73-74

Selenium cell, 413

Self-heterodyne long wave re-
ceiving sets, 177-179

Self-induction, defined, 62

Sender. See Transmitter

Sensitive spots, 342

Sharp wave, regulations con-
cerning use of, 368-369

Short wave receiver, 399

Short wave regenerative receiv-
ing sets, 142-153

Short wave super-regenerative
receiving sets, operation of,
212-214

Signals, conventional, 304, 342

Single-wire aerial, 20-26

Socket Power Units, 342, 410

Soft tube, defined, 342

Space charge effect, 312

Spark gap, 3; types of, 11-12;
quenced, 13, 77-78, 331; ro-
tary, 77; varying meanings
of, 342-343

Spark gap wireless
transmitter, 11-13

Sparking distances,
303

Speakers, loud, 8, 95, 188, 335,
405

Spreaders for aerial, 30-31, 342

Static, defined, 343

Stator, meaning of, 143, 145,
343

Stepping up and stepping
down of potentials of cur-
rents, 64

Stray elimination, 343

Super-heterodyne receiver, 218-
219

Super-regenerative

telegraph

table of,

receiving

set, 153-157; operation of
212-214

Supplies, manufacturers and
Xealers in, 309-311
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Switches, aerial, 343; lightning,
339

Syvinbols, for varions quantities,
3n1; for apparatus, 306, 343-
34

Telegraph, wireless, 2. See
under Azrial wire systems.
Telemegafones, described, 191-
195

Telephone, wireless, 2; trans-
mitting sets for, 250-273

Telephone receiver. 6, 4243
how made, 182-1¢¢

Television, ix, 3+%, 413

Three-coil coupler, 131

Three-coil loose coupler tuner,
131-132

Three-electrode vacuum tube,
action of, 205-208

Tickler, defined, 34t

Tikker, defined, 34t

Time pericd, determination of,

Transformation, ratio of, 71-72
Transformers, alternating cur-
rent, 244, 245; list of kinds
of, and meaning, 3#3-3t¢
Trensmitters, 2; expensiveness
of, 4; kmds of, 10-11; bat-
tery and spark coil, 69-71;
telegraph, 231-282, 236G-238,
241; operation of vacuum
tube, 274-290; microphone,
345; forty-meter, 397
Transmitting sets, method of
working, 69-80; continuous
wave, with direct current,
220-241; with altermating
current, 242-24¢; wireless
telephone, with direct and
alternating currents, 250-273;
forty-meter, 397
Transmitting stations, 9-16
Tuned R. F. Receiver, 391
Tuning, meaning of, 345;

mechancal, 84-90; clectrical,
90-93

Tuning coil, 6, 38, 50-51; single
and loose coupled, 6, 3; types
of, 12; double slide, 38-39;
triple slide, 39; loose coupled,
39-140; for continuous wave
telegraph transmitter, 224;
how to make, 292-204

Two-electrode vacuum tube, ac-
tion of, 201-205

Two-wire aerial, 26-27

Underwriters’ regulations, 356-
363

Units, abbreviations of, 299
prefixes used with metric
system, 299; definitions of
electric and magnelic, 307-
308

Vacuum tube, 3, 346; action
of, as amplifier, 208-209; 5-
watt oscillator, 234245

Vacuum tube amplifier receiv-
ing sets, 108-126

Vacuum tube chart, 33

Vacuum tube detector, 3, 6, 96

Vacuum tube detector receiv-
ing set, 94-107

Vacnum tube protector, 20

Vacuum tube receptor, opera-
tion of, 196-219

Vacuum tube rectifier,
operation of, 289

Vacuum tube telegraph trans-
mitter, 11; operation of, 274
290

Variable condensers, 41-43, 324

Variocoupler, 128, 142, 316; de-
scribed, 144-145

Variometer, 128, 316-317; de-
scribed, 145-146

Vernier condenser, 32t

Vibrations, damped and sus-
tained mechanical, 8+4-86

269 ;
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Volt, unit of electromotive
force, 58, 307, 347

Voltage, plate, 347

Voltmeter, measuring instru-
ment, 58, 347; filament, 235

Watchcase receiver, 339

Watt, unit of work of electric
current, 61, 307, 317

Wave, broad, 347

Wave length, defined, 347

Wave length band, 347

Wave lengths, table of, 301

Wave meter, 347

Wave motion, 347

Waves, electric, 347-348

Wire, table of enameled, 300;
number of feet per pound,
302; enameled, 348; phosphor
bronze, 348

I'ndex

Wired
348

Wireless systems, kinds of, 2;
parts of, 2-3. See .\crial
wire systems

Wireless telephone transmitting
sets, 250-273

Wires, horizontal, 18: leading-
in, 18-20; for single-wire
aerial, 21; for two-wire
aerial, 26; for the best aerial,
28, 29-30; resitance of, 58

Wiring of simple vacuum tube
receiving set, 103-106

wireless, meaning of,

Zincite detector,
327

Zinc terminal of dry-cell bat-
tery, 105

meaning  of,
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