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RADIO for EVERYBODY 





LISTENING to the foremost citizens of the nation; 
keeping in touch with the affairs of the world; 

enjoying the classical and popular music of yesterday 
and of the very hour; spanning hundreds and even thou- 
sands of miles without physical conductors between the 
talker and the listener; handling current by the kilowatt 
and by the thousandth of a watt; starting with the 
simple receiver and culminating with a powerful trans- 
mitter, even one capable of spanning the Atlantic, as 

shown in this painting-all these features and many 
others make radio the fascinating subject which it is to 
layman and professional alike. 





PREFACE 

CLOTHES and books - good clothes and 
good books, to be sure - have something 

very much in common. Both must be made to 
fit a very definite type of person in order to 
prove satisfactory. So, in building or making 
a suit or a book for a given type of person, it is 
necessary first of all to study that type, take all 
the necessary measurements, learn what the likes 
and dislikes happen to be, and in every way 
study the type to be fitted. Then, with all these 
special facts in hand, there remains the task of 
building or making a suit or book to fit the type 
we have selected or the type that has selected us. 

This work is not a ready-made product; at 
least, that is not the way I have gone about put- 
ting it together. I spent some time studying the 
reaction of the general public to radio, follow- 
ing the inauguration of the first radio -phone 
broadcasting stations. I installed a radio -phone 
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receiving set in order to study this new art and 
its practical application at first hand. Indeed, 
the manuscript for this book was written on the 
very table on which I have my radio receiving 
set; and as urgent as this work has been in order 
to have it appear within the shortest possible 
time to be of greatest service to the public, I 
am free to confess that I have been unable to 
resist the temptation of donning the head 'phones 
and listening in on the radio -phone concerts at 
odd moments. So the work, you can rest as- 

sured, has been inspired by actual contact with 
the new art and with the persons seeking to 

gain a practical knowledge of this new art. The 
hundreds and thousands of inquiries which have 
found their way to the editorial rooms of the 
SCIENTIFIC AMERICAN alone, not to speak of 

conversations with persons met in and out of 

business, have been an invaluable guide in plan- 
ning this work to fit the new radio layman. 

Radio -phone broadcasting has changed the 
aspects of radio. A year or more ago, radio 
appealed to the boy and young man in search 
of some intricate, mysterious, time-consuming 
hobby in which to invest spare moments and 
inventive ability. These radio amateurs, as they 
are called, care more for the construction and 
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wiring and theoretical functioning of their re- 
ceiving and transmitting equipment than they 
do for the actual signals they handle. They 
look upon radio as an engineering study. The 
radio -phone music and dot -dash messages are, 
in many instances, purely incidental. 

But our present radio -phone concerts have 
brought a new element into radio. What with 
talks by prominent men, weather forecasts, crop 
and market reports for farmers, bed -time stories 
for children, shipping news, fashion talks, health 
chats, musical selections and other features 
which can now be received every day and eve- 
ning right in the home, radio has become a 
means to an end. That end is the entertainment 
and educational value of the radio -phone broad- 
casting service. And the public is becoming 
more and more interested in that end, and with 
radio only so far as it is necessary in order to 
secure the radio -phone service. 

However that may be, the radio -phone service 
is a radio proposition. It calls for radio ap- 
paratus and some knowledge of radio com- 
munication as a whole, just as the owner of an 
automobile should have a general knowledge of 
the mechanism of the automobile, even though 
it is not necessary to delve deeply into the minute 
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construction of his machine and into the expan- 
sive field of automotive engineering. What is 

required is practical and helpful information 
about the mechanism with Which the desired re- 
sults are obtained. 

This work has been written with that very 
thought in mind. It has been built or made for 
the layman who wants to enjoy radio -phone 
concerts and talks and bulletins to the utmost, 
but does not want to take up time and trouble 
studying the intricacies of radio engineering. It 
aims to give the essential information without 
the theory and mathematics. It has much of 
interest to the beginner who is going to build 
or buy a radio set; it can teach not a few things 
to the radio devotee who possesses a radio re- 
ceiving set and wants to learn more about his 
set and better sets; it may possibly have some- 
thing of interest for the radio amateur who has 
progressed pretty far along in the art, although 
I am frank to say that for the dyed-in-the-wool 
radio amateur and the radio engineer, this book 
is no doubt too elementary. 

I take this opportunity of thanking the radio 
fraternity as a whole for its co-operation. More 
particularly, I wish to thank Mr. Pierre H. 
Boucheron for going over the more technical 
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parts of this book; the General Radio Company, 
the Westinghouse Electric and Manufacturing 
Company, the Radio Corporation of America, 
the Pacent Electric Company, and C. Brandes, 
Inc., for their practical co-operation in enabling 
me to obtain much of the following data at first 
hand. 

In reading the following pages of this little 
book you will, I hope, obtain as much pleasure 
from its practical application as I have had in 
gathering the material together and writing it 
for you. 

THE AUTHOR. 
New York, 
April Loth, 1922. 
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Chapter I. 

THE ELEMENTS OF RADIO RECEP- 
TION AND 1'RANS\IISSION 

AS far as nine persons out of every ten are concerned, 
the main interest in radio is to' receive the radio- 

phone music and talks. Whether the receiving set is 
of the loose -coupled type or whether it employs the Arm- 
strong regenerative scheme makes little or no difference. 
These details are as so much Latin or Greek to the 
average person. The main object. after all, is to know 
just what kind of set is necessary, how simply it can be 
installed, and what it will cost. Otherwise stated, the 
average man is interested first and last in the performance 
and not in the thing itself. Ile wants to receive the 
radio -phone service without delving into the intricacies 
of radio-and we (lo not blame him. 

It should be that way. The radio -phone broadcasting 
service has given radio a popular mission to fulfill. It 
has brought radio out of the laboratory and commercial 
world and introduced it into the home circle, the -e to 
enlighten and to entertain as nothing else ever could. 
Formerly, radio svas known and appreciated by the pub- 
lic at large in a very general and vague sort of way; but 
it was only on rare occasion that the average man came 
into intimate contact with radio. Certain persons who 
became interested in radio were mostly of that kind 
who delve deeply into intricate things and master numer- 
ous and difficult details. They have an engineering or 
even an experimental and inventive turn of mind. Such 
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persons no doubt care more about the arrangement and 

delicate manipulation of the components of their recei\- 

ing sets than they (lo about the kind of messages that are 

picked up. Listening to a radio -phone service, they are 

thinking all the \v hile in terms of decrement and modula- 

tion and continuous wave transmitters, and in many in- 

stances they do not ei en know what has been said or 

played at the end of the performance! Their's is a real 

interest in radio for the art's sake, but they are decidedly 

in the minority. 
Today, be it renienibered, the radio -phone service be- 

longs to every body. It is intended for the public at 

large. And by the same token that branch of radio ac- 

tivity for which it stands must be kept devoid of techni- 

calities as far as possible if it is to expand and gain still 
further favor. Devotees of the radio -phone look upon 

the broadcasting service just as they would the phono- 

graph. \Vhen they purchase a phonograph they do not 

have to learn how the records are made, what makes one 

record better than another, what the rate of vibration is 

for the various instruments recorded on a given record, 

what is the wave form of each instrument as impressed 

on the record, and so on. Their interest starts and ends 

with the desire ro hear music. And. notwithstanding the 

intricacies of the radiophone, they look upon the radio- 

phone in exactly the same way. 

RADIO WITHOUT A STRUGGLE-CAN IT BE DONE? 

Let us have no illusions on the subject. Radio is a 

difficult and intricate branch of engineering; indeed, it 

represents the highest technique in applied electricity. 

Hence it becomes impossible to give real, helpful informa- 

tion on radio reception and transmission, yet steer clear 

of such formidable terms as variometers, condensers, 

regenerative circuits, logarithmic decrement, damped and 

continuous oscillations, and so on. However, it can all 

be explained in a simple and elementary way, and it must 

be done. That, precisely, is the purpose of this book. 

0 
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Starting out with the very rudiments of the art, you, the 
reader, are to be introduced step by stet, to the various 
phases of the radio art until you have mastered the essen- 
tial elements of the subject. Then, should you desire to 
delve deeper into this most interesting of hobbies, you can 
readily turn to the more advanced works which are now 
available in large numbers. 

To begin with, radio communication, whether it be the 
radio -phone or the radiogram, is based on a cause and an 
effect, separated by a greater or less distance. The cause 
is the transmitter, which sets up certain disturbances or 
waves in space which travel in all directions until they 
reach the distant point and create the desired effect. 
which is the result obtained with the receiving set. 

In the instance of the radio -phone service, the cause 
is the radio -phone broadcasting station. There are a 
number of such stations located in various parts of the 
United States; indeed. virtually every section of the 
country is now served with music, news of the day. 
weather forecasts, crop and market reports. and so on. 
The radio -phone station sets up disturbances or waves in 
space which travel in all directions. These disturbances 
or waves may be intercepted at any point within the range 
of the station, and when so intercepted can he brought 
to suitable receiving instruments and reconverted into 
the original sounds of the music or talk, as the case may 
be, so as to give a faithful rendition to the radio audi- 
ence. That is the effect. 

Now, just how the disturbances are set up and how 
they travel through space is still a problematical matter. 
Until Einstein came along and upset many of our pet 
theories with which we had explained so many things 
daring several generations past, it was usually held that a 
radio transmitter set up vibrations or wave motions in 
ether. Ether is the name given to a hypothetical sub- 
stance held to exist everyw here, even in a vacuum. But 
with the ether explanation rendered more or less obso- 
lete 1w the said Einstein, as well as by certain astronomi- 
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cal experiments which have produced interesting and tell- 
ing results by way of confirming Einstein's theories, our 
pet radio explanation has been rather shattered. 

Still, for all practical purposes we can state that cer- 
tain kinds of waves of an electromagnetic character are 
produced by a radio transmitter, and that these waves 
travel through space at 186.000 miles per second. These 
waves, too, have much the same characteristics as the 
waves which we call light, except as regards their wave 
length and as regards their frequency of vibration. 
Whereas the waves of visible light have a length to be 
measured in millionths of a millimeter, and a frequency 
of vibration of billions per second, the waves used in 
radio work are seldom less than 100 metres in length, and 
may be as long as 20.000 meters or more in the case of 
long-distance, high -power transmitters such as span the 
Atlantic. At the same time the frequency of radio waves 
is to be measured in millions down to thousands per sec- 
ond. These radio waves pass through space and pretty 
much through everything that stands in their way. They 
pass through stone walls, frame buildings, mountains, 
forests, and so on. Certain things. particularly masses 
of metal such as a huge steel structure, absorb a consid- 
erable volume of the radio waves, especially those of short 
wave length, but there is always a sufficient volume left 
to affect all receiving sets within range. 

The radio waves are every where. yet cannot be seen 
or felt. Without a receiving set it is impossible to tell 
if the air is permeated with radio traffic or whether it 
is absolutely barren. So far as is known, even the 
strongest radio waves have no direct effect on any of the 
five senses, which are the sole avenues whereby we ap- 
preciate anything that is external to ourselves. Directly, 
we cannot feel, hear, smell, taste or see the radio waves. 
While it is true that the eye is a detector of electro- 
magnetic waves such as light consists of. still, the unaided 
eye can only detect the very short waves of visible light 
which. as already mentioned. are minutely short and are 
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all contained within the narrow limits of a single octave; 
and while by means of certain luminous screens known 
as fluorescent screens the range of visibility can to some 
extent be increased, no such method will render visible 
even the shortest of the waves used in radio. 

RADIO AND THE POND OF STILL WATER 

Other methods have had to be developed to detect 
radio waves. These methods intercept the radio waves 
and convert them into some form of energy which will 
come within the scope of our senses. The receiving set 
presents the usual means of converting radio waves into 
sound waves which affect the human ear. 

Now let us consider a pond of still water as space, 
in order to follow the formation and propagation of radio 
waves. \Vhen a pebble is thrown into the smooth water 
it starts a series of concentric ripples or waves, which 
spread out indefinitely with a speed of a few hundreths 
of a yard per second, Similarly, the electro -magnetic 
disturbance set up by a radio transmitter spreads out in 
all directions in ever increasing circles, at the astounding 
speed of 186,000 miles per second-virtually instantane- 
ous. in the practical sense. As the waves spread out 
over the pool, little bits of straw or grass may be seen 
to move as the waves reach them. These hits of straw 
or grass may be compared with the radio receiving sta- 
tions which are also affected as the radio waves reach 
them. 

It will be noted that the waves in the pond grow 
weaker as they extend farther and farther away from the 
point where the pebble was thrown into the water. The 
same thing occurs in radio; as the waves spread farther 
and farther away from the transmitter, they become 
weaker until they no longer have sufficient power to actu- 
ate a receiving set. I lere, then, is an important point 
to bear in mind. The waves become weaker with dis- 
tance. Thus at a short distance from a powerful trans- 
mitter, a relatively crude receiving set can be employed to 
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detect the powerful waves. At a greater distance, the 
same relatively crude receiving set no longer responds to 
the attenuated waves. At a still greater distance the 
waves are so weak that they (lo not produce proper re- 
sponse in better receiving sets, and it becomes necessary 
to resort to some form of amplifying device for the pur- 
pose of building up the strength of the waves in order to 
obtain the proper degree of audibility. 

All of which indicates that the question of distance in 
radio communication is governed by several factors. Be- 
ginners in radio will insist on being informed how far 
this receiver will work and how far that transmitter can 
send. and they are always disappointed when told that 
questions such as these are not answerable. First of all, 
a receiving set cannot determine the distance over which 
it will receive. From a powerful transmitter it may re- 
ceive over a distance of 1,000 miles, but from a small 
amateur transmitter it may receive over a distance of only 
25 miles. it is the transmitter, then, that determines the 
receiving range. On .the other hand, the transmitter may 
actuate a high-grade receiving set at a distance of 1,000 
miles, but a cheap set will not be actuated at a greater dis- 
tance than 100 miles. Again, atmospheric conditions have 
much to do with the range. Under ideal conditions the dis- 
tances covered may be three times the usual spans. Hence 
in all questions of receiving or transmitting ranges, it is 
necessary to take the receiving set, the transmitter, ,and 
the atmospheric conditions into consideration in order to 
obtain a satisfactory answer. There is no definite range 
for am given instrument ; specific conditions at any given 
moment decide the range. Otherwise, all statements of 
ranges must be approximations of a very crude sort. 

THE IMPORTANT QUESTION OF WAVE LENGTH 

Returning to the pool of water, it will be noted that 
the waves in spreading out from the transmitter maintain 
a certain distance between themselves. If the distance 
from the crest of one wave to the crest of another is 
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measured, we obtain the wave length, as in a-b in the 
accompanying sketch. In the case of the waves in water, 
the wave length is determined by the size of the stone. 
the wave length being greater when a larger stone is 
dropped into the water. In radio, however, the wave 
length has nothing to do with the size of the transmitter. 
although it is true that short wave lengths are emploN ed 
for the smaller amateur transmitters, and longer wave 
lengths for the commercial stations. especially the huge 
transatlantic stations. While the waves are larger and 
therefore more powerful when a large transmitter is em- 
ployed, the wave length is determined by other factors 
as will be explained further on. 

l hat happens when 1t pebble and n large stone are dropped 
In still water. Note how the pebble causes small Naves. x11(1 
the large stone large waves. Measured from crest to crest. 

such as a-b, we obtain the wave length of the waves. 

The wave length determines the tuning of the trans- 
mitter and receiver alike. Tuning is such a confusing 
term to the layman, yet nothing could be simpler to 
understand. Tuning is nothing more than the adjusting 
of a receiver or transmitter to a given wave length, so 
that it will receive that wave length, in the case of the 
receiver, and transmit that wave length, in the case of 
the transmitter. Thus a transmitter is adjusted to 
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200 -meter wave length. The waves emitted by that trans- 
mitter are of 200 meters wave length. As they travel 
through space in all directions, they are intercepted by 
receiving sets. However, only those receiving sets that 
are tuned to 200 -meter wave length receive the signals 
from the transmitter in question. Other receiving sets. 
tuned to a shorter or longer wave length, do not respond. 
On the other hand, if another transmitter is sending at 
the same time on a 600 -meter wave length, then the 
first batch of receiving sets, adjusted to 200 -meter wave 
length, will not respond to this second transmitter but 
will keep right on receiving from the 200 -meter wave 
length transmitter. Other receivers, adjusted to the 600 - 
meter wave length, will receive from the second trans- 
mitter, and so it goes. 

It is tuning that has made practical radio communi- 
cation possible. \Vere it not for tuned waves, it svould 
be impossible for more than one transmitter to operate 
in a given area, for the simple reason that confusion 
would result if other transmitters operated at the same 
time. Now, with tuned eaves, several transmitters can 
operate at the same time, and the receiving sets can be 
adjusted so that only the desired transmitters are inter- . 

cepted and heard. Thus the radio broadcasting stations 
generally operate on 360 -meter wave length. Amateur 
transmitters are by law limited to 200 -meter wave length 
or less. Commercial stations operate on higher wave 
lengths. By dividing the wave length field into various 
classes, a minimum of interference results between trans- 
mitters. One can spend an entire evening listening to a 
radio -phone broadcasting station with hardly any inter- 
ference from radio telegraph stations. thanks to the 360 
meter wave length reserved for radio -phone service. 

Another question which rather confuses the beginner 
in radio is w nether there is a limit to the number of 
receiving stations that can listen in to a transmitter. As 
a matter of fact, there is no limit-ai least in practice. 
Any number of receiving stations can be operating at the 
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same time, picking up the signals or music from one 
transmitter. Furthermore, the transmitting operator can- 
not tell how many receiving sets are listening to what he 
is sending. He simply sends. anti there is no telling how 
far his signals are going or how many persons are listen- 
ing in. 

DAMPED AND UNDAM rED WAVES-WHICH 
The waves dealt with so far in the pool of water are 

highly damped. Which means, in plain language, that 

Tile difference between damped or eliNeolet Cn waves, and 
undamped or continuous waves in water. Dropping a pebble 
into water vauses damped aawes, while using a paddle steadily 

produees eontinuo uN WOVCN. 

the die down quickly. The pebble is dropped in the 
pool of water, and the waves created reach but a short 
distance away before they have virtually disappeared. 
In order to keep up a disturbance in the water, it is 
necessary to drop one pebble after another, so as 'to 
create a steady supply of waves, represented by groups or 
trains. Each group or train soon dies down, and is fol- 
lowed by the next one. and so on. 

In radio, we have the same condition when the usual 
spark transmitter is employed. The group or train of 
waves starts out strong but soon dies down, and a second 
train of waves must be started, only to die in the same 
manner. Such damped waves may be likened to the ac- 
tion of a pendulum. When the pendulum is ON en a 
push, it swings from side to side, but each swing is a 
trifle shorter than the preceding one, until the pendulum 
conies to a dead stop. Its action is damped. in other 
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words, and corresponds precisely to the action of damped 
radio transmitters. 

Of late years the undamped transmitter has gained 
much favor in radio. Unlike the damped transmitter, 
the undamped type produces a steady flow of waves. 

There are no groups or trains. It is just as though a 

paddle Nvere used in the pool of water, said paddle being 
worked back and forth so as to produce a steady series 

of waves, all of the same size and strength, Ivith a 

uniform wax e length maintained throughout. Or again, 

as though the pendulum were given a fresh push at each 

swing, so as to restore the initial energy, and in that 
manner it would not (lie down just so long as the energy 
was supplied. 

Undamped wave transmitters are employed in many 

commercial and amateur transmitters. They are also 

known as continuous wave transmitters or C\V trans- 
mitters for short. Radio telephony is always carried on 

by means of a continuous wave or undamped wave trans- 
mitter. In the case of the undamped wave telegraph 

transmitter, the steady flow of waves is altered into short 
and long trains to represent the clots and clashes of the 

telegraph code. In the case of the radio telephone, how- 

ever, the steady supply of waves is modulated or varied 

by means of a telephone microphone, such as the trans- 

mitter of the usual telephone instrument, in order to 

impress the characteristics of music or speech on the con- 

tinuous waves. 
Electricity may be made to vibrate or oscillate and it is 

this vibration or oscillation that creates radio waves. Cur- 

rent from a storage battery or dry battery flows steadily 

and only in one direction. Current flows out of one ter- 
minal of the battery, through the circuit, and back to the 

other terminal of the battery. That is direct current. 

However, there is another form of current known as al- 

ternating current, which is generated by machines known 

as alternators, and by other methods. Alternating current 

does not flow steadily, nor does it maintain the same 
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direction of Clow. At one instant the alternating current 
is flowing through the circuit in one direction, and the 
next instant it is flowing in the opposite direction, only 
to change back to the first direction the next instant, and 
so on. Each complete change of direction is known as a 
cycle. Commercial alternating current; which is generally 
used for lighting and power purposes in most sections 
of the country today, is known as 60 -cycle current; that 
is to say, it has gone through 60 cycles of change in one 
second, each cycle consisting of a rise in positive voltage 
from 0 to the maximum voltage and a fall to zero, and 
then a reversal with a negative rise in voltage from 0 
to .the maximum voltage, and back to 0 again, and a 
repetition of the performance for the next cycle. 

Vibrating or oscillating currents of this kind are neces- 
sary to produce radio waves. However, the rate of vi- 
bration or oscillation, or the frequency, to use the radio 
term, must be of a much higher order than the 60 -cycle 
frequency of lighting and power circuits. Thus the 200 - 
meter wave length of the usual amateur transmitter repre- 
sents 1,500,000 cycles per second, while the 10,000 -meter 
wave length of a highpower station- represents 30,000 
cycles per second-. It will be noted that the frequency or 
number of cycles .per second determines the wave length. 
The frequency, on the other hand, in both the receiver 
and the transmitter is determined by two factors, known 
as inductance and capacity. 

Inductance is the length of conductor in a circuit, so 
far as the layman is concerned, and we must keep to 
simple explanations in this Mork if we are to live up 
to its title. Thus if we have 100 feet of wire in a cir- 
cuit, we have four times as much inductance as in the 
same kind of wire 25 feet long. Inductance, for the sake 
of convenience, is generally arranged in the form of 
a spiral or a helix for the transmitter, using heavy 
conductor since the current being handled is rather a 
powerful one; for receiving purposes. on the other hand. 
the inductance is in the form of insulated wire wound 



12 RADIO FOR I:,V<:I:YI1OI)1' 

on tubes or wound in compact spools or coils for ready 
handling. 

The capacity is the ability of the circuit to store elec- 
tricity. Capacity is generally represented by a condenser, 
which is a reservoir or storage for electricity. In fact. 
the condenser is a real reservoir or storage for electricity. 
The storage battery is something entirely different, al- 
though it does serve to store electricity. It accomplishes 
this end by causing certain chemical changes, and these 
chemical changes in turn generate electric current which 
may he drawn front the battery until it is restored to its 
original chemical condition, or .completely discharged. 
Thus the current proper is not stored : it only serves to 
create certain chemical conditions. For most practical 
purposes. however, the storage battery is the only means 
available for storing ordinary current. 

The condenser is always made up of sheets of brass. 
aluminum, copper or tinfoil. separated by some non-con- 
ductor of electricity, referred to as the dielectric. A cer- 
tain number of metallic sheets are connected to one side of 
a circuit, while the same number of metallic sheets are con- 
nected to the other side. The non -conducting material or 
dielectric separates two sets of sheets. Between the sheets 
of metal there is created a static pressure. This 
pressure accumulates or becomes greater until the con- 
denser, no longer capable of retaining the pressure, dis- 
charges the accumulated electricity hack through the cir- 
cuit of which it forms part. The discharged current 
flows through the circuit from one set of plates to the 
other, and recharges the condenser with the opposite 
polarity. No sooner is the recharging accomplished. 
when the condenser discharges again, this time in the 
opposite or original direction, of course, and so it goes. 
until the charge, getting weaker with each discharge, is 
entirely spent. All this can take place in a fraction of a 
second. Thus the discharge from a condenser takes the 
form of a vibrating current or oscillating current, which 
is the basis of radio waves. 
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T HE ANTENNA OR AERIAL 

l.et us return for a moment to our pond of still water. 
instead of a pebble. let us use a hinged paddle which 
can be moved back and forth to create waves. This 
paddle then becomes the agency for transferring power to 
the pool, which is the medium for distributing the waves. 
In radio the energy for creating the waves is generated 
by the transmitter, and a system of elevated and insu- 
lated wires, known as the aerial, serves to impart the 
energy or waves into space. .\n aerial or, as it is more 
popularly called in the case of the receiving end of radio. 
an antenna, is employed at the receiving end to inter- 
cept the waves and to bring the energy down to the 
receiving set. The receiving antenna may be likened to a 
hinged paddle at some remote point from the first paddle 
creating waves in water. The receiving paddle is pro- 
vided Nvitli a bell. As the waves travel over the pond 
ami finally reach the receiving paddle, the\ cause the 
paddle to sway and this action, ill tarn. rings the bell. 
This action is precisely that of the receiving antenna and 
the actuating of the receiving set. 

Aside from the aerial or the antenna, a ground con- 
nection is required in radio communication. The ground 
side means a good connection with any object that runs 
into the ground, such as a water pipe or a gas pipe, or even 
some object which is eventually connected with the ground. 
such as steam -heating pipe. In the country. where such 
Pipes are not available. a good ground may he secured by 

fastening a wire to a bucket which is dropped into a well or 
other body of water. Again, all iron rod may he dri\en 
down into moist soil, or a large sheet of copper or gal- 
vanized iron may be buried in moist soil. However, the 
securing of a good ground, as well as the construction 
of the aerial or antenna, is reserved for other chapters. 

In reality, the aerial and the ground form a con- 
denser. The aerial and the ground are the plates of the 
condenser, while the space between is the non-conductor or 
insulator or dielectric. 'chichever you wish to call it. To 
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create radio waves it is necessary to have two surfaces 
separated by a distance of from ten to several hundred 
feet and to create between them an electric pressure which 
changes its direction first toward one surface, then toward 
the other. In other words, we must have a condenser 
effect. The current must change direction several thou- 
sand times per second. The aerial and the ground af- 
ford just such an arrangement, and between these we 
create an electric pressure of front one to 20.000 volts 
by means of a suitable transmitting equipment, which 
starts waxes radiating out in all directions. These pres- 
sure waves are, however, only part of a radio wave. 
Front any wire in which current is flowing electromag- 
netic waves are radiated ; therefore, radio waves are made 
up of both electro -magnetic and pressure electro -static 
waves. The creation of these waves may he compared to 
the action of hurling the pebble into the pond of still 
water, as already explained. The amperes (the measure 
of current tlow) put into the aerial corresponds to the 
size of the pebble, while the volts (the pressure or poten- 
tial of an electric current) are equivalent to the force 
with which the pebble is hurled. The larger the pebble 
and the greater the force behind it, the bigger the splash 
and the consequent waves. The more amperes of cur- 
rent flowing in the aerial circuit and the greater the 
pressure in volts between the aerial and the ground, the 
stronger the waves radiated and the farther they w ill 
travel. 

ELEMENTS OF R \DIO COMMUNICATION 

So far, so good. in order to make use of radio waves 
for the practical purposes of sending messages and then 
receiving them at a distant point, it is necessary : 

(a) To produce regular electrical disturbances in a 
circuit which starts the waves. These disturbances are 
electrical currents which reverse rapidly in direction, or 
vibrate, so to speak. In radio parlance this characteris- 
tic is know n as oscillating, and we speak of transmitting 
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circuits as oscillating circuits, and of transmitters as os- 
cillators. The rapidity of the reversal determines the 
wave length, as we have already learned. 

(b) To get the waves into surrounding space. through 
which they travel with great speed. This is clone by 
means of the transmitting aerial, which will be described 
further on. 

(e) By means of these waves, to set up electric cur- 
rents in a receiving circuit at a distant station. The 
device which these waves strikes as they come in, and 
which turns them over to the receiving circuit, is called 
the receiving antenna or aerial. 

(d) To change these currents so that they mas be 
detected by suitable apparatus. The operator usually re- 
ceives the messages through sounds in a telephone re- 
ceiver. 

"There are various ways in which radio waves may be 
set up. The simplest consists of a spark coil, such as 
the type employed in automobile ignition systems ; a con- 
denser represented by the aerial and the ground, and a 
spark gap arranged as shown in the accompanying diagram. 
The spark coil has two windings, namely, a primary and a 

secondary. To the primary coil, which consists of a rela- 
tively small number of turns of wire wound about the 
iron core of the coil, are connected the battery supply- 
ing the initial current and the vibrator or interrupter, 
which breaks up the current flow from the battery. The 
secondary consists of a large number of turns of wire 
wound over the primary winding. In the nature of elec- 
trical things, when current is passed through the primary, 
a high voltage current is produced in the secondary wind- 
ing. The primary current may be only six volts, but 
the secondary winding produces perhaps 5 to 10.000 volts. 
This stepping up of the voltage is a necessary part of 
radio transmitting. Transformers are larger devices in- 
tended for stepping un the voltage of heavy currents. 

At any rate, high voltage current is produced in the 
secondary winding. The interrupter causes the secondary 
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to flow- first in one direction. and then in the other, as 
the primary current is interrupted. The secondary cur- 
rent. flowing for a moment in one direction, charges the 
condenser, consisting of aerial and ground. however. 
the capacity of the condenser is limited, and when it is 
charged to overflowing, it releases its energy which jumps 
the spark gap in the form of a fat spark, only to pile 
up on the other side of the condenser. Again the con- 
denser is filled to overflowing, and it discharges once 
more. this time causing the current to flow in a direction 

Aerial 

Induc}ance 

The esscnllals of transmitting radio signals. contpris'ns a 
spark roll, aerial, ground, spark sap, key, and battery, as well 

as an Inductance roil for tuning purposes. 

opposite to that of the first time, and again the condenser 
is charged. Thus the discharges take place hack and 
forth, but far faster than it takes to explain their action 
here. Indeed, the discharges travel back and forth with 
the speed of light, but gradually diminish in strength until 
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the charge is exhausted. Every time the vibrator in the 
primary circuit makes or breaks the current in the prim- 
ary, one of these trains of alternating current or oscilla- 
tor} current is started. Since they die down rapidly, 
they are known as damped oscillations. Each one of 
these trains produces a single tick in the distant receiving 
station telephone, and it is the rapidity with which these 
trains follow one another that characterizes the "spark" 
or sound of a transmitter. If we increase the capacity 
or the inductance in the transmitting circuit, we increase 
the wave length. just as the increasing of the length or 
the weight of the pendulum affects its rate of swing. 

In actual practice the transmitter is connected to the 
aerial and ground. The oscillations charge the aerial 
and the ground, which act just as a huge condenser. as 
already explained. The longer the aerial, the longer the 
wave length of the aerial by itself. This is known as its 
natural wave length, as distinguished from what its wave 
length may be raised to or lower to by external capacity 
and inductance. The waves travel out from the aerial 
through space, and through the ground to the various re- 
ceiving stations. 

These waves can be intercepted at any point within 
range of the transmitting station. Obviously, the waves 
become weaker as they travel out from the transmitter. 
A short distance away, the waves may be intercepted by 
an inexpensive and relatively crude receiving set. but at 
a greater distance, when the waves are considerably 
weaker, a more elaborate and more sensitive receiving set 
must be employed. 

For receiving the waves. an antenna and a ground con- 
nection are necessary. The first step is to tune the an- 
tenna -ground circuit so as to bring it into harmony or 
resonance with the desired waves. When this is done, 
the waves flow down from the antenna to the ground. 
They may be diverted into suitable receiving apparatus by 
the sitnv a arrangement show n in the accompanying il- 
lustrrtion. However, even when they are diverted in this 
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manner, they are of frequencies of the order of several 
thousand cycles, and will not produce any sounds in the 
usual telephone receiver because they are beyond the 
range of audibility. But remember, the waves are in 

trains or groups. By making use of a device that can 
convert these trains or groups into direct current-current 
flowing in only one direction, we secure a series of im- 
pulses flowitng in one direction. The device which accom- 
plishes this purpose is known as the detector. The current 
flowing through the telephone receiver is smoothed out 
into single impulses of a frequency corresponding to the 

Antenna 

Crystal defector 

Inductance 

i'i' '1'i 
Ground 

Telephones 

The essentials of reeelving radio signals, comprising the an- 
tenna, inductance coil for tuning. crystal detector, telephones, 

and the ground. 

speed of the vibrator or current supply at the transmit- 
ting end. Thus the diaphragm of the telephone is actu- 
ated at an audible frequency. 

In the case of undamped waves, which are produced in 
a different manner and received by more elaborate re- 
ceiving equipment, it is also necessary to bring the inter- 
cepted waves down to audibility. In the reception of con- 
tinuous wa\e radio telephony, however, the waves are 
modulated or altered by the impressed telephonic char- 
acteristics. and while the receiver may not make tfie actual 
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waves themselves audible because of their high frequen- 
cies, it does make audible the fluctuating potential of the 
waves and reproduces the sounds uttered at the trans- 
mitter. In other words, it does not concern itself with 
the carrier waves, but only with the sounds carried. 

FITTING THE RADIO APPARITUS TO THE TASK IN HAND 

In entering upon radio as a hobby, the beginner is 
confronted with a question of choice of apparatus. Thus 
he can buy the parts and build his own receiving set and 
transmitter : he can buy the separate pieces of apparatus: 

+ 
o 

Diagrammatic explanation of why a detector detects radio 
uates. The high frequency current produced by the inter- 
eepled wave is shown in the upper half of the diagram, while 
the lower half show how the detector, being a one-way 
conductor. only permits half the current to flow through, 
therefore making it as direct current, uhich affects the tele- 
phone reciter. Certain factors cause the individual pulsations 
of a wave train or group to slur into one note In the tele- 
phone receiver. Therefore, there is one sound for each train 

or group of waves. 

all finished and ready to be connected with other instru- 
ments so as to form a complete set; or he can buy a com- 
plete receiving set and sending set, all wired, ready to be 
used. Latterly, because of the popular interest in radio, 
there have appeared various types of phonograph -like 
receiving sets, in which the radio mechanism is so simple 
that virtually no knos ledge of radio is required. 

If the layman is only interested in receiving radio- 
phone service, and does not care to be troubled with even 
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an elementary knowledge of radio, then by all means the 
simplest type of apparatus is urged. In that event it is 
well to purchase a complete receiving set, already wired, 
as self-contained as possible, which only needs to be con- 
nected to the aerial and ground for immediate results. 

1 f the layman wishes to do a little experimenting and 
little by little master the details of radio communication, 
then it may be well for him to purchase separate radio 
units, each one finished but so arranged as to permit its 
use with other units for all kinds of purposes. 

Finally, if the layman wishes to build his own receiving 
set not only because of the experience gained but also 
on the grounds of economy, then the various parts can 

simple receiving set, consisting of a variable inductance, a 
crystal detector, and a pair of telephones. Much a set, will re 
cei ve radiophone concerts over 25 miles and perhaps more with 

good conditions obtaining. 

be purchased and assembled. Some manufacturers today 
offer all the parts for a complete receiving set, thus facili- 
tating work of this kind. 

For transmitting work, the same applies. However, it 
is well to say here that transmitting is something quite 
different from receiving. AT one can receive. without 
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licenses or other formality ; but one must obtain licenses 
for transmitting. The transmitting station must be 
licensed by the Department of Commerce, as explained in 
another chapter. and the operator of such a station must 
pass an examination in sending and receiving in order 
to obtain an operator's license. without which one is barred 
from transmitting work. So, all in all, the layman ,had 
best confine his efforts to receiving only until some subse- 
quent time when he can afford to put in the necessary 
time to master the various details of :adio in order to 
pass the Government test and obtain his operator's license. 

The growth of radio -phone broadcasting has created 
a demand for simple receiving sets with the minimum of 
controls and adjustments. Thus there have appeared re- 
ceiving sets made in the form of phonographs which repre- 
sent an effort to cater to the desires of persons who want 
the radio -phone service with all the radio left out, so 
to speak. These sets must he developer) to a high state 
of perfection in short order, but for the present they 
must be looked upon as being somewhat premature at- 
tempts. In fact. much of the receiving apparatus which is 
now on the market is designed for radio communication 
work rather than for radio -phone broadcasting work, and 
this applies particularly to those sets making use of large 
horns for throwing the sound out into a room, in place 
of the head 'phones. The rime must come when such 
sets will he designer) with special attention given to the 
acoustical properties of the various components, just as 
the better types of phonographs have been consistently 
developed through unceasing experimentation and re- 
search until they ha\e been taken out of the talking ma- 
chine class. 

For short ranges, inexpensive radio receiving sets can 
he obtained. There are sets selling as low as $15.00. 
which give passable results with the broadcasting station 
but ten miles or so away. For $25.00 there are several 
receiving sets available which give good reception of 
radio -phone service up to 25 miles or more. These sets 

f 
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are quite simple, having only one or two controls for 
varing the wave length, and a simple detector of the so- 
called crystal type. Such a detector, as will be explained 
further on in the chapter dealing with receiving appara- 
tus, requires no battery current. 

Stepping beyond the 25 -mile range, we come to the bet- 
ter kinds of receiving sets with more elaborate tuning 
devices and the so-called vacuum tube detector. This 
detector, unlike the simple crystal detector, requires two 

t 
a. 

_11 
tit. 

4. 

The Interchangeable panel idea is quite popular al present. Each 
component of a receiving set is n ted on i standardized 
panel, and as many panels as are desired can he used at one 
time with or without cabinets. The idea Is quite similar to the 

sectional I kease, which grows with ones needs. 

batteries for its operation. It must have a low -voltage 
battery, giving from 1/ to 6 volts, depending on the 
type employed, and a high -Voltage battery giving from 
15 to 221/2 volts. The low -voltage battery is known as 
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A or filament battery, because it operates the filament just 
as in the case of an ordinary electric light, while the 
B battery or plate battery has to do with the intricate 
workings of the tube. In one type of receiving set sell- 
ing for $75.00, and quite effective for ranges up to 75 
miles, a special 1/ -volt tube is employed which can be 
operated on a single dry cell. Otherwise, the usual vacuum 
tube requires a storage battery because it draws over 
one ampere of current at a voltage of 6. 

Passing on to ranges over 100 miles, a still better 
set is required. \Ve now reach a point where rttdio 
begins to cost real money. Figuring on the basis of 
$1.00 per mile, which is the figure generally quoted by 
conservative radio men, we come to sets of elaborate 
design costing upwards of $100.00, with numerous ac- 
cessories bringing the total cost up to $200 and $300. 
These sets are generally used in connection with what is 
known as an amplifier, which is a device for building up 
the weak signals or music or talk. The amplifier may 
be obtained in the one-step, in the two-step. or in the 
three -step models. Generally, the two-step model is em- 
ployed. for the reason that it gives an amplification of 
several hundred times the original- signal strength, and 
does not cause too many foreign noises. Amplifiers make 
use of vacuum tubes, which in general appearance are 
very much like the detector tubes. They differ only in 
the vacuum content of the tube. Since the amplifiers 
magnify all sounds and irregularities in a circuit of which 
they form part. it stands to reason that everything is 
amplified together. For this reason the amplifier should 
only be used when the signal strength is quite low and 
must be increased for proper reception. Furthermore, 
amplifiers must he used in connection with loud -speaking 
telephones. It is often necessary to use the usual two-step 
amplifier, and then a separate amplifier for the loud- 
speaker when extremely loud music or talk is required 
for a large hall. 

At this point it becomes necessary to study the various 
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terms encountered in radio work, as well as the accom- 
panying diagram giving the various symbols showing how 
the different pieces of apparatus are designated in the 
wiring diagrams that follow. The author had wished to 
avoid all wiring diagrams, brut found that there vas no 
other manner in which specific information concerning 
the arrangement of radio apparatus, could be given. 
Simple transmitting and receiving sets could be shown in 
more pictorial form, but when the more advanced equip- 
ment is to be shown we must resort to the conventional 
wiring diagrams. However, a little attention given to 
these symbols will enable even the layman to master the 
art of reading a radio wiring diagram, and he then be 
comes competent to read any wiring diagram to his very 
substantial benefit. 

The most common terms employed in everyday radio 
work are as follows: 

Aerial-One or more wires insulated from and sus- 
pended at a certain height above the ground and 
used to radiate energy in the form of electric -mag- 
netic waves produced a transmitter. \\'hen used 
for receiving purposes, the correct name is antenna, 
though both terms are used interchangeably for 
either reception or transmission. 

Alternating Current, (Abbreviated A. C.)-.\n electrical 
current whose direction of flow is constantly chang- 
ing during a period of time. Thus, when we speak of 
a 6O -cycle alternating current. we mean one that com- 
pletely reverses its direction of Clow sixty times per 
second. Alternating current plays a prominent part 
in many phases of the radio art. 

Annneter-.\n instrument used for measuring the flow 
of current in amperes through a given circuit. AT" 

ammeter is invariably connected in series with a 
given circuit, so that the current has to flow through 
it.. Sometimes, the current is.passed through a heavy 
conductor placed across the ammeter proper. such a 
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Defector 
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fititndard symbols ilsed in radio wiring diagrams. These symbols should he mastered RO that the radio devotee can understand wiring 
diagrams and follow out their instructions. 
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conductor is known as a shunt, and permits of 
handling heavy currents. 

Ampere-The standard electrical unit of current flow. 
Amplifier-This term is used in referring to either an 

amplifier tube or an amplifier receiving unit. It is 

the device which builds up or magnifies the waves 
or sounds in a radio receiving set. (See vacuum 
tube.) 

Arnplºtude-1n radio work, this refers to the highest 
point reached by a wave or oscillation, i. e., the crest 
of each wave. .\ wave may. therefore, 'lave a high or 
low amplitude according to the initial energy which 
created it. 

Antenna-See aerial. 
Armstrong Circuit-See Regenerative Circuit. 
Atmospherics-Also known as static, strays, X's. "The 

noises of space." Natural electrical discharges oc- 
curring in the ether and in reality miniature lightning 
storms. Since these discharges travel through the 
same medium as radio waves, they are readily picked 
up by receivers and prove very troublesome at times. 
It is comparatively difficult to tune out these (lis. 

turbances for they have no definite wave length. 
Audio Frequencies-Frequencies corresponding to vibra- 

tions which are normally audible to the human ear. 
All frequencies below 10,000 cycles per second are 
termed audio frequencies. (See radio frequencies.) 

B Rattery-The battery used for supplying the plate 
current for the vacuum tube. This battery generally. 
runs from 15 volts to 22/ volts. 

Broadcasting-.\s applied to radio work, this stands for 
the simultaneous sending of intelligence either by 
radio telegraphy or telephony from a given central 
point for the benefit of a great number of receiving 
stations located within the broadcasting station's 
range. 

Capacity. (abbreviated C)-Capacity as used in radio 
work plays a very important part. The unit of elec- 
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trical capacity is the Farad, but the farad being too 
large for practical radio work, the micro -farad (ab- 
breviated m. f. d.-one millionth of a farad) is used. 
Thus we speak of a receiving or transmitting con- 
denser having a capacity of .001 mid, or one thou- 
sandth part of a microfarad. 

Cascade _-Iur/1li/ication-This refers to high amplification 
of received radio signals. wherein several vacuum 
tubes are employed in cascade fashion which mean, 
that one amplifies the sounds or waves and passes 

ANTENNA LEAD 

TELEPHONr. 
RECCIVCR 

A 

GROUND WIRE 

_-TUNING COIL SLIDER 

TUNING COIL f, CARE WIRE WINDING 

CRYSTAL DETECTOR 

ArceiVing set of wimple Construction, making use of a tuning roil with single slider. II cry.lal drLeetor. and a single telephone 
reeei cer. This set nsav lie used for .hurt distances. 

Chem on to another, which amplifies the sounds and 
passes them on to another, and so on. Thus, we 
may speak of a three -step (cascade) amplifier. 

Choke Coil-A coil wound to have great self-induction or 
choking effect when in the path of alternating cur- 
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rent. Choking action when introduced in a radio cir- 
cuit is called impedance. 

Circuit-In radio and electrical work the path in which an 
electric current flows is called a circuit. A circuit 
may be open or closed or oscillating. 

Close Coupling-.\ tuning coil, set of coils, or a trans- 
former is said to he close -coupled when the primary 
and the secondary are very close together, thereby 
causing much mutual inductance. Coupling permits 
of the transference of energy from one circuit to an- 
other. Therefore, the closer the coupling. the greater 
the transference of energy and the interplay of the 
circuits. The primary of any coupler or transformer 
device is the winding- which carries the initial cur- 
rent ; the secondary is the winding which receives its 
current from the primary. In a coupler the primary 
is connected to antenna and ground. and. the second- 
ary is connected with the detector circuit. 

Condenser-Two or more sheets of metal separated by 
an insulator called the dielectric. A condenser is 
used in radio work for collecting electrical energy. 
and for bringing circuits into tune or resonance. 

Counterpoise-One or more wires stretched immediately 
above the earth. but insulated from the earth. The 
counterpoise wires are usually directly beneath the 
regular aerial. This device is employed in trans- 
mission and reception when a good ground connection 
is not available. The counterpoise is used in aircraft 
radios, where a ground connection would he out of 
the question. It is also used extensively in continu- 
ous wave transmission. 

Continuous II'ave, (Abbreviated C. \V.)-A form of clec- 
tro-magnetic wave used expensively in radio work. 
C. \V. waves have a constant amplitude and by the 
same sign no damping effect, as distinguished from 
the older form of discontinuous waves which are soon 
damped out. C. W. makes possible long-distance 
amateur radio telegraphy, as well as radio telephony. 
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Conplcr-.\ device for transferring radio energy from 
one circuit to another. Ordinarily, the primary 
winding of the coupler is connected with the antenna 
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Reeelvi ng set made In the form of a phonograph; in fact; this 
cabinet may he used as a Phonograph or radio telephone receiv- ing set at will. The radio wet makes use of the phonograph horn. 

and ground, and the secondary with the detector 
circuit. Couplers are of several different types, such 
as the loose -coupler and vario -coupler. 

Crystal Detector-Certain metallic cr}stals when intro- 
duced in a radio receiving circuit have the property 
of rectifying the incoming signal oscillations, which 
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are high frequency alternating currents. into direct 
current, so that the resultant intermittent direct cur- 
rent will work a sensitive telephone receiver. 

Detector-Any apparatus which transforms the oscilla- 
tions received by the antenna into visible or audible 
indications. 

Direct Current, (abbreviated D. C.)-An electric current 
flowing continuously in one direction. In ,a two -wire 
circuit, for example, direct current always flows 
from the positive source to the negative return. 
Therefore, direct current always has a readily dew 
terminable polarity, while alternating current (A. C.), 
which is constantly reversing its polarity while flow- 
ing through a circuit. has no apparent polarity. 

Electron-'the ultimate particle of negative electricity, 
which play a fundamental part in the constitution 
of matter as well as in the electric current. Radio- 
actile emanations, electric discharges, etc., consist of 
streams of electrons, ejected at immense velocities 
from the atoms of which they formed part; and 
ordinary electric currents are in some way an elec- 
tronic phenomenon. 

E. M. F.-Electromotive force or electrical pressure or 
potential, the unit of which is the volt. 

Ether-A hypothetical medium of great elasticity and 
extreme minuteness. supposed to pervade all space as 
well as the interior of solid bodies. it is the medium 
through which light, heat and radio waves have here- 
tofore been said to be transmitted. The Einstein 
theories have shattered the ether theory for the 
moment. howeN er, although many radio men still cling 
to it in explaining radio transmission. 

Flat -Tor Aerial-One whose suspended wires are 
stretched parallel to the earth. 

Frequency-in alternating currents. the rapid reversal of 
the current through a circuit. Thus, we speak of a 
60 -cycle current as one which has sixty complete re- 
versals per second or a frequency of 60 cycles. (See 



A huge radio receiving met and loud -speaker, made In the form of a 
huge cabinet. Such a reeeivinac set gives load enough music to ell a 

large halB or motion picture theatre. 
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Alternating Current and Audio and Radio Frequen- 
cies.) 

(.rid Leak- \ very high. non -inductive, resistance con- 
nected across the grid condenser or between the grid 
and the filament of a vacuum tube to permit exces- 
sive electrical charges to leak off to an external 
source, thus furnishing stable control under all opera- 
ting conditions. 

Ground, (or Earth which is the term used in England)- 
In radio work the ground is the other side of the 
wave distributing system. It functions in connection 
with the aerial or antenna of most sending and receiv- 
ing systems as a large condenser. The term "ground" 
is used for any connection with the earth, river or 
sea. (See counterpoise.) 

Harmonics-In radio, harmonics refer to the incidental 
waves mostly noticeable in undamped or C. \V. wave 
operation. These harmonics differ in length and fre- 
quency to the true and original operative wave of 
such transmitters. The first harmonic is three times 
that of the true frequency, or one-third the wave 
length of the aerial ; the second harmonic is five times 
the true frequency or one -fifth the wave length ; the 
third harmonic is seven times the true frequency or 
one -seventh the wave length. .\t times, amateurs will 
hear the harmonics of high power long wave stations 
while their tuners are set for much shorter waves. 
This accounts for the reception of a radio -phone sta- 
tion at two entirely different points on the tuner of 
the receiving set. 

Henry-The unit of inductance. 
IIertzian Waves-Electro-magnetic waves named after 

the discoverer, Prof. Heinrich Hertz, in 1887. These 
waves are the basis of radio communication. 

i/ook-ur-A diagram showing the wiring of any wireless 
receiving or transmitting set. Diagrams of this kind 
make use of certain conventional sN mbols to repre- 
sent the various pieces of apparatus. 
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Hot Wire Anuneter-An instrument used in radio trans- 
mission work for measuring the current in amperes 
by means of a wire that expands in proportion to the 
heat generated by the current passing through it. 

Impedance-This is the term applied to the resistance 
offered by a coil of ire to a current flowing through 
it due to the counter -electromotive pressure. irre- 
spective of the actual resistance of t:te conductor in 
ohms. Counter -electromotive pressure is developed 
in certain forms of inductance. and this counteracts 
the flow of current to a greater or less degree. Impe- 
dance may be said to be the result of reactance. 

Inductance, (abbreviated L)-Inductance, like capacity, 
plays a very prominent part in radio circuits. It is 
the transfer of an electric or magnetic current from 
an electrified or magnified body to a non -electrified 
or non -magnetized body by close proximity but with- 
out actual contact. The unit of inductance is the 
Henry. in radio work the mil -Henry and the 
micro -Henry are the more practical terms used. 

Insulator-A non-conductüive material through which 
electricity ;ill not pass. 

/\ ilowatt, (abbreviated K. \\ .)-One thousand watts, a 
unit used in measuring large amounts of electricity. 

Loop Antenna-A small frame wound with a number of 
turns of wire used in reception and thus eliminating 
both outdoor antenna and ground connections. 

Loose-Coupler-(See Coupler.) 
Lon.rl-speaker-Any receiving device designed to repro- 

duce signals or speech loud enough to be heard with- 
out the use of the conventional telephone receivers. 

Megohnt-One million ohms. 
.11icrofarad, (abbreviated mfd.)-One millionth part of 

a Farad and the practical unit of capacity. 
Microphone-A device for converting sounds into elec- 

trical equivalents in a given circuit. In other words, 
the microphone transfers sounds to a given electrical 
circuit by causing certain variations in the flow of 
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electricity. It is the instrument used in both wire 
and radio telephony to transmit speech, and generally 
consists of a mass of loosely packed carbon grains 
held between carbon blocks, and subjected to vary- 
ing pressure by the vibration of the diaphragm. 

Milliampere, (abbreviated \l. A.)-The thousandth part 
of one ampere. 

Natural Frequency-The natural \\ave length obtained 
with any aerial or circuit without the introduction 
of other elements. 

Ohm-The unit of electrical resistance. 
Ohm's Law-The fundamental law of electricity. It states 

that the current in amperes flowing through á cir- 
cuit is equal to the pressure in volts divided by the 
resistance in Ohms. 

Oscillations-Alternating currents of very high frequen- 
cies are called electrical oscillations. If the amplitude 
of a series of oscillations is constant, the oscillations 
give rise to continuous or undamped waves ; but if the 
amplitude is not constant and is of a decaying nature, 
as in the spark method of transmission, we obtain 
damped waves. 

Potential-Term applied to voltage or electrical pressure. 
(See E\IF and Volt.) 

Radiation-The transmission of energy through space in 

the form of electro -magnetic waves. By the radiation 
of a transmitter is meant the volume of high fre- 
quency current which is being delivered to the aerial 
for propagation in the form of waves. 

Radio Frequencies-Frequencies corresponding to vibra- 
tions not normally audible to the human ear. All 
frequencies above 10,000 cycles per second are termed 
radio frequencies. (See Audio Frequencies.) 

Reactance-See Impedance. 
Rectifier-An apparatus which converts alternating cur- 

rent (A. C.) into pulses of direct current (D. C.) 
Tungar, Rectigon and Kenetron apparatus are em- 
ployed for rectifying purposes. Certain metallic 
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crystals also have rectifying action when used as de- 
tectors in reception. 

Regenerative Circuit, (also known as the Armstrong cir- 
cuit) a radio circuit comprising a vacuum tube so 
connected that after detection and rectification. the 
signal introduced in the plate circuit is led back to 
or caused to react upon the grid circuit, thereby n- 
creasing the original energy of the signal received by 
the grid and greatly amplifying the response to weak 
signals. In reception, the leading back or feeding 
hack of plate energy to the grid for further strength- 
ening is usually accomplished by means of a small 
coil placed close to the secondary of the receiving 
tuner. This small coil is frequently called the 
"tickler." 

Resistance-Opposition to the flow of an electric current 
through a conducting medium. All metals have more 
or less electrical resistance. Copper is used univer- 
sally for both electrical and radio work on account 
of its low resistance, comparatively low cost and 
ready supply. Silver is a better conductor. but it is 
too expensive. The unit of resistance is the Ohm. 

Resonance-A very important function of radio circuits. 
Resonance in a given circuit is said to exist when 
its natural frequency has the same value as the fre- 
quency of the alternating electromotive force intro- 
duced in it. The current is then in tune with the 
natural period of vibration of the circuit. The 
theory of electrical resonance is the same as that of 
acoustics, readily demonstrated by the tuning forks. 
where one tuning fork will not respond to another 
unless it is of the same key or pitch. Bringing a cir- 
cuit into resonance means bringing it into tune with 
another circuit or transmitter. 

Rheostat-A variable resistance usually employed to con- 
trol or regulate current flow. 

Selectivity-In radio work, the ability to select any par- 
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ticular wave length to the exclusion of others ; the 
fineness of tuning, in other words. 

Sharp Tuning-Where a Dery slight change of a tuner or 
tuning system will produce a marked effect in the 
strength of signals. The sharper the tuning, the 
greater the selectivity. 

Storage Battery-Battery hich can be recharged at inter- 
vals whenever it is run down ; a storage battery is 
employed to supply .current for operating vacuum tube 
filaments. 

Static, (See Atmospherics)-Disturbances of an electrical 
nature which are creates by natural causes and which 
interfere materially with radio work \Vhen static 
is exceptionally had it may be impossible to receive 
radio telegraph signals or radio -phone service through 
the heavy crashes and frying sound of the static. 

Transformer -Any device used in electrical and radio 
work for the transference of energy from one circuit 
to another, u ith or without a change in the voltage as 
desired. l'hus we have Power Transformers, \m- 
ph tying Transformers. Telephone Transformers, Os- 
cillation Transformers. Tuning Transformers, etc. 
All transformers have a primary and a secondary 
winding. The primary winding receives the initial 
current. which it passes on to the secondary winding. 
with the same voltage, a higher voltage, or a lower 
voltage, according to the ratio .which the primary 
and secondary windings hear to one another. 

Tuning-The act of altering capacity or inductive values 
or both in a radio circuit so as to bring the circuit 
into resonance u ith an external source of similar 
character. In radio receiving, the greatest signal 
strength is possible only when the combined induc- 
tance and capacity values of the receiver match those 
of the transmitter. 

Undamped-A train of high frequency oscillations of 
constant amplitude such as continuous waves or C. W. 

Vacuunr Tube, (abbreviated V. T.)-In radio work this 
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term is applied to a glass tube exhausted of air and 

containing essentially a filament for the creation of 
eler:trons ; a plate, positively charged, to which the 

electrons are attracted; and a grid. consisting of a 

helix of fine wire. inserted between the filament and 
the plate. for controlling the amount of electronic 
How. This action of the vacuum tube plays three 
leading functions in radio work, namely.. detection, 
amplification. and generation of high -frequency elec- 
tro -magnetic waves. 

Vario-Coupler-(See Coupler.) 
Varionretcr-An instrument which serves to vary the in- 

ductance and wave length value of any circuit in 
which it may be used. it consists of a set of fixed 
\I findings and a set of movable windings, the latter 
being rotated on twin axis in the usual construction. 
When both sets of coils carry the current flow in the 
same direction, the variometer has the maximum 
inductance value or wave length. When the coils 

'are turned around so that the current flow in both 
sets of coils ís in opposite directions. the coils are 
said to be "bucking" each other and the inductance 
and wave length value are at a minimum. 

Velocity of iVaz'es-Radio, electricity and light waves 
travel through space at the speed of 186.000 miles per 
second, or 300.000 meters per second. 

Volt, (abbreviated V.)-The unit of electric pressure. 
Voltameter-.\n instrument for measuring the voltage of a 

current flowing through an electric circuit. 
Watt, (abbreviated \V.)-The unit of electric power. To 

find power in \Vatts multiply voltage by amperage. 
746 \Vatts equals one horsepower. 'I.000 Watts 
equals one kilowatt (K. \V.) 

Wave Length-Radio waves in their passage througa time 

ether. travel in undulating wave form similar to the 
waves at a seashore. When the wind is blowing hard 
and steady the distance between each wave crest is 

comparatively long while if the wind is blowing more 
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mildly and in short spurts, the distance between wave 
crests is accordingly shorter and we have short waves. 
in radio, substitute the wind for the transmitter and 
you have the same action, so to speak. Wave length 
is, therefore, closely related to frequency,' i. e., long 
wave lengths have low natural frequencies while 
short wave lengths have greater natural frequencies. 
in general, short wave lengths are used for short 
distance low -power work, while long wave lengths are 
employed for long-distance, high -power work. 

The foregoing list by no means covers all the terms 
which will be encountered in radio, but it corers the 
more common and 1)erhaps least understood terms con- 
fronting the layman at the very outset. As one gets along 
ever so little in the radio art, one accumulates a vocabu- 
lary of radio terms quite readily and with no effort. 

after all, radio is a subject which one soon masters. it 
is relatively simple after the essentials are clearly under- 
stood. Furthermore. in no other line of endeavor will 
one find so much good fellowship and so many oppor- 
tunities of receiving a helping hand. In all parts of the 
country there are radio amateurs who are ever ready to 
extend -a helping hand to the novice. and one will do well 
to get in touch with the radio amateurs of the vicinity at 
the earliest possible moment. They are the greatest asset 
the novice has at his disposal. Furthermore, the radio 
and electrical dealers handling radio equipment are always 
ready to extend all possible co-operation and information 
to those in need of radio aid. It is part of their service; 
for, in purchasing radio apparatus. one is seeking a definite 
service rather than so much equipment. 

The reader is advised to keep in touch with radio deel- 
opments by reading the various periodicals devoted to the 
subject. as well as the radio sections of the various news- 
papers now paving special attention to the greatest hobby 
of the age. A real fund of valuable information can he 
picked up in this manner, especially after acquiring the 
very necessary fundamentals of the art, the imparting of 
which is the purpose of this book. 



Chapter II. 

RADIO -PHONE BROADCASTING- 
WHAT IT IS AND WHAT IT 

MEANS 

«r ADIES and gentlemen, we take great pleasure in j introducing Percy Grainger, the famous 
pianist and composer, who will entertain us this evening 
with several of his favorite pianoforte selections. After 
that. please,stand by until 9.55 for the re -transmission of 
the\rlington time signals /I 

A concert? No. A vaudeville performance? Hardly. 
A musicale in the home of a society leader? Yot this 
time. 

It is merely a bit of radio -phone service taken at ran- 
dom. Another time it might be Mine. Ly&a Lipkovska, 
court singer to the late Czar of Russia, or Miss Valentina 
Críspí, violinist, or Miss Sophie Tucker, famous delin- 

eator of darkv and character songs. Again it might be 

Governor Edward I. Edwards of New Jersey, with his 
latest message, or Ed. Wynn and the entire company of 
"The Perfect Fool," representing the first attempt to 

broadcast an entire theatrical performance ; or Walter 
Camp, foremost authority in American athletics. 

TILE RADIO VOICE AND ITS AUDIENCE 

Still again, at a different hour of the day, it may be 

the news of the moment, carefully selected and clearly 
heralded word by word; marine news, weather reports, 
children's bedtime stories, health talks, business talks, 
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fashion talks, agricultural reports, Babson's statistical 
service, or the official time signals. For the radio -phone 
service is unlimited in its scope of subjects, just as it is 
virtually unlimited in the size of its audience. 

But what is the radio -phone service? Where is it 
obtainable. and how? What does it cost? Why is it free? 

Typical questions, these, at a time when radio is at the 
height of popularity. Only a short while back, the hobby 
of radio was indulged in by boys and young men, with 
occasionally a full-grown man, who, perhaps, were more 
fascinated by the technicalities of .the radio art than by 
the actual feat of communication through space. Yet it 
is true that these enthusiasts, then as now, were carrying 
on radio conversations among themselves by means of 
the dot -and -dash language of the telegraph code; but it 
was certainly evident that they spent a goodly part of 
their time arranging and rearranging their radio trans- 
mitters and receivers in their insatiable ambition to span 
greater distances. 

Then came the radio -phone service, not as an occasional 
thing to startle the radio amateurs already engaged in 
sending and listening to the dot -clash messages, but as a 
regular established practice. A subsequent development 
brought about a definite operating schedule and a pre- 
determined program, so that now the person with a radio 
receiving set knows what is in store for him tonight, to- 
morrow night. or even next Sunday evening. Radio- 
phone programs are printed and mailed to persons on the 
mailing list of the various organizations doing this kind 
of work. 

In various cities throughout the country there are radio- 
phone broadcasting stations now in operation, which send 
out all kinds of information. talks, and music. With the 
proper type of receiving equipment it is now possible for 
any one to receive the radio -phone service from the nearest 
station, and, if there are several stations within receiving 
range, it is often possible to receive several radio -phone 
services, one by one, with absolute selectivity, although 
they may he operating simultaneously. That is to say, 



RADIO FOR- EVERYBODY 41 

with the apparatus properly' tuned, one station may be 
heard ; then, by slightly altering the tuning, another station 
may be picked up, and so on. Further tuning may pick 
up an amateur radio -phone transmitter or a commercial 

The radio -phone receiving set finds a ready place in every pro- 
gresslve home. .lany an hour can be spent listening to the 
musical programs, news of the day. weather forecasts, talks by 
prondnent men, and other radio -phone broadcasting features. 

station operating or "taping" in the dot -dash -dot language 
of the Continental telegraph code, or again a powerful 
transatlantic station transmitting its messages at an ex- 
treme rate of speed, thanks to automatic transmitters at 
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one end and the photographic or phonographic recorders 
at the receiving end. 

Radio -phone broadcasting stations are sharply tuned; 
in fact, all radio -phone transmitters are sharply tuned; 
for, as we shall learn further on, this is one of the cardinal 
points in favor of the continuous wave transmitter, which 
is the basis of the radio -phone. Thus the utmost selec- 
tivity is obtained at the receiving end, and interference is 

reduced to a minimum. Indeed, the day is not far distant 
when a broadcasting station will be sending various serv- 
ices simultaneously, ranging all the way from a sermon 
to a jazz dance piece, and from a talk on economics to 
a fashion chat. The listener will merely have to tune his 
or her receiver to any one of several wave lengths in 
order to obtain the desired service at that time. 

BACK TO THE HUMBLE BEGINNING 

There is no end of romance in the store of the radio- 
phone, radio telephone, or wireless telephone, whichever 
you please to call it. It is an invention that carne back, 
so to speak. in a big way after an ignominious career. 
Such a 'wonderful thing-this idea of speaking through 
space without wires, cables, tubes or other physical con- 
nections-was almost certain to fall ín the hands of un- 
scrupulous promoters, long before the serious, honest ex- 
perimenters had had an opportunity of evolving something 
more than a crude, laboratory demonstration. So a dozen 
years ago we find the radio telephone nothing more than 
a crude device. making use of a sputtering, uncertain 
electric arc as the generator of the high -frequency energy. 
This high -frequency current, so uncertain as to he almost 
hopeless, was modulated or varied by means of some form 
of carbon microphone. This instrument, as any one 
familiar with its construction must know by now, is quite 
unsuited to the handling of heavy currents. It consists 
of little more than a mass of tiny carbon granules held 
between two carbon members. The passage of a heavy 
current through such a mass causes the carbon granules to 
fry or bake because of the heat developed through the 
imperfect contacts. 
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it was the good fortune of the author to participate in 
wireless telephony hack in 1908 and 1909, with a trans- 
mitter of the Telefunken type made in Germany. A series 
of experiments were being conducted for the United States 
Signal Corps, with a view to proving the practicability 
of radio telephony in military communication. The dis- 
tance to be spanned was some 18 miles, or the air line 
between Fort Hancock, Sandy Hook and Fort Wood, 
Bedloes Island, in the very shadow of the Statue of Lib- 
erty overlooking New York harbor. The high hills of 
Staten island intervened, making communication between 
the two points all the more difficult. 

For the transmitter we were using ten electric arcs, 
arranged in series and supplied with a 550 -volt direct 
current. Each arc consisted of a copper tank, fi'l'led with 
water, and a large carbon button. The ten arcs were 
arranged in two banks of five arcs each, and each bank was 
struck or started at the same time by pressing a single 
handle controlling five arcs at a time. Three sensitive 
ammeters indicated the state of each circuit-the input 
circuit, the closed oscillating circuit, and the antenna cir- 
cuit. The main object in this little game of wireless 
telephony was to get the three circuits, as reported by the 
meters, to behave-and what a job! No sooner was one 
circuit tamed, so to speak, so that the needle of its meter 
remained practically stationary, when attention would 
have to be given to the other two circuits whose meters 
were playing all kinds of antics. Then, at the moment 
when by mere chance all three meters were more or less 
steady, we uuere ready,to talk. 

There was little to say, because if we were heard at the 
receiving end. it was more of a miracle than anything 
else. So we simply shouted numbers into the huge horn 
connected with the carbon microphone-"One, two, three, 
four." and so on, followed by "Fort Wood, Fort \Vood : 

how do you get me now? (')ne, two, three, four," and 
so on again, until the meters began their antics once more. 
Occasionally we played a phonograph, just as did so many 
other radio telephone workers in. the pioneer days. 



RADIO FOR EVERYBODY 45 

The microphone vas a renewable affair. The German 
builders of the apparatus, with all their characteristic 
thoroughness and fine workmanship. made the microphone 
in the form of simple cartridges which fitted into a holder 
at the small end of a long but narrow cardboard horn. 
Each microphone did not last much longer than five 
minutes after which it was little more than plain junk. 
While the author never knew the exact cost of these 
microphone cartridges, it is a. safe bet that they cost at 

least $2.00 each. Imagine wasting a $2.00 microphone 
for every five minutes of uncertain telephonic communi- 
cation! 
I NSURMIOUNT \BLE OBSTACLES T 1AT \\ERE FORGOTTEN 

What of the results? Rotten, absolutely rotten! ;n 
all the long months of untiring efforts to work over the 
short eighteen -mile span between Fort Hancock and For: 
Wood, the voice and the phonographic music only got 
through a half -dozen times. and then only for a few mo- 
ments so that odd bits of conversation or music were 
heard by the Signal Corps officers gathered at the receiv- 
ing end. 

There u ere many workers engaged in solving the wire- 
less telephone problem. Most of them used the arc gen- 
erator, following in the footsteps of the Danish scientist. 
Poulsen. Some used high -frequency alternators, but the 
design of these early machines was such as to give a low 

degree of efficiency. Nothing like reliable communication 
seemed possible, for the technical obstacles were far too 
great and too numerous. 

But all the while certain stock promozers were reaping 
a harvest. To them, the wireless telephone presented an 
exceptional opportunity. The ever -credulous public liked 
the word pictures of the wireless telephone as painted by 
the clever stock salesman. The story of ;he Bell telephone 
was to be duplicated, but on a larger scale ; wireless tele- 

phones were to be installed in every home; wires and 
cables were to be done away with; every one would carry 
a v ireless telephone about in one's vest pocket or hand- 
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hag, so as to ensure immediate communication with any 
one else, and so o11. What a vivid picture, to he sure! 
Even at this late day. with the marvelous development that 
has taken place in wireless telephony, such a picture is 
quite out of keeping with w hat we can reasonably expect 
for decades to come. In fact, so long as the present sys- 
tem of wireless telephony is in force, it is doubtful if we 
can ever realize all the remarkable things that were prom- 
ised to the gullible stock purchasers of but a decade or 
more ago. 

Of course there were proofs. There had to he some- 
thing for the public to take interest in this latest scientific 
development, especially to the extent of parting with so 
much hard-earned money. Thus there was a demonstra- 
tion of the radio telephone between two of our cities. 
Everything worked to perfection. The results were abso- 
lutely wonderful. The public was enchanted, nothing less: 
but the true scientists and radio workers were completely 
baffled. Then. when certain interests were closely inves- 
tigated, an unpaid bill for the leasing of a telegraph line 
between said two cities on a certain date, came to light. 
Needless to say, the date corresponded with that of the 
successful test of the wireless telephone. The inference 
is obvious. 

Another time, it was a German company's turn to make 
a demonstration for the German army. The test was to 
be between Berlin and another cifv over one hundred miles 
away. Although nothing of much consequence had ever 
been done with this particular German wireless telephone 
system, on this occasion it worked like a charm. An in- 
quisitie German officer, seeking some explanation for the 
sudden upward jump in the radius covered by the wireless 
telephone. not to forget the remarkable clearness and loud- 
ness of the received conversation, suddenly discovered a 
telegraph line running direct between the transmitting 
station and the receiving station. There was no physical 
connection between the two, please he sure to note : hut 
the transmitting aerial was parallel to and but a short 
distance away from the telegraph line at one end, while the 
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receiving antenna was parallel to and but a short distance 
away from the direct telegraph line at the other end. As 
far as wireless waves are concerned, there could lie little 
gained by having a direct connection. It was scarcely 
more than straight wire telephony, except for the short 
jump at either end. In fact, this form of wireless tele-. 
phony has, strangely enough, come to be used during the 
past year or two for transmitting telephone messages over 
high -power transmission lines. It is also used in wire 
work in a somewhat modified form, hieing known as "wired 
wireless." as will be explained farther on. 

MIEN A RIv\L BECAME A PARTNER 
And skipping over the numerous attempts to make 

something out of this remarkable laboratory toy, the wire- 
less telephone, we come to the time when the American 
Telephone and Telegraph Company took an interest in 
the vacuum tube perfected by Lee de 1 orest, as is explained 
elsewhere in this work. In the vacuum tube the telephone 
engineers realized that they had found a solution to many 
of their problems. The vacuum tube is nothing short of 
an electrical acrobat ; it can do all sorts of tricks which 
no other electrical device has ever been able to perform. 
Thus it is a wonderful alternating current generator ; feed 
it direct current and it gives forth alternating current of 
a wide range of frequencies. It is this characteristic which 
makes it available for wireless transmission purposes. 
Feed it alternating current, and it delivers direct current. 
This characteristic, just the reverse from the preceding 
one, makes it available as a rectifier for charging storage 
batteries, and, some day in the near future, as a substitute 
for the elaborate and costly rotary converter units now 
necessary in electrical transmission work, for converting 
alternating current used in high -voltage transmission, back 
into direct current of suitable voltage for commercial use. 
Feed it high -frequency alternating current, such as radio 
waves, and it converts them into audible pulsating currents 
which affect telephone receisers and thus are converted 
into audible sounds. That is how it is used as a detector. 
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Feed it ever so slight a fluctuating current, and it will con- 
trol or modulate or modify a far more powerful current; 
thus we have the weak current moulding a powerful cur- 
rent, and it is this feature which gives us the amplifier. 
It is this characteristic, too, that makes the vacuum tube 
the finest telephonic relay ever devised. It is used in long- 
distance telephone communication. so that the voice cur- 
rents. when greatly attenuated after traveling over hun- 
dreds of miles of wire, are brought to the grid member 

The farmer. using an inexpensive radio receiving set, can now 
keep in touch with the outside world. Ile hears the latest 
musical "hits." and he receives weather forecasts, crop reports, 

and other information of real value. 

of the vacuum tube, and there serve to control a fresh 
and far more powerful current which starts off on the 
next lap of the journey, only to reach another vacuum 
tube when it in turn has become weak as a result of a long 
stretch. Again, the vacuum tube, because of its modu- 
lating Characteristic, is the link between the carbon micro- 
phone or telephone transmitter of the ordinary kind. and 
the powerful currents of the radio telephone transmitter. 
At a stroke it eliminates all the troubles that seemed im- 
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possible of solution hack in the early days of the wireless 
telephone. 

It was in 1915 that definite progress was first recorded 
in the history of the wireless telephone, for it was during 
the latter part of that year that the engineers of the Amer- 
ican Telephone and Telegraph Company succeeded in 
telephoning by wireless between Arlington, Va., and the 
Eiffel Tower, in Paris, or over a distance of three thou- 
sand miles. Over three hundred N acuum tubes were em- 
ployed to generate and modulate the high frequency cur- 
rent employed to span the Atlantic expanse. During the 
same tests the voice was carried through space all the way 
to Pearl Harbor, in the Hawaiian Islands, or a distance 
of almost five thousand miles. 

Do not forget that the stock promoters, hack in the 
days when wireless telephony seemed so impossible to 
the really wise men, were telling us that the wireless tele- 
phone would be the great rival of the wire telephone. 
The wire telephone would certainly be put out of business 
in due course. Yet it was only when the engineers of the 
wire telephone came to take an interest in wireless tele- 
phony that this art made real progress. What is more. 
they developed wireless telephony to something practical : 

and the wireless telephone, in turn, gave wire telephony 
the ' acuum tube and other valuable devices which made 
long-distance telephony practical. So instead of proving 
rivals. these two great means of communication have come 
to he partners, and always will remain partners. 

TILE RADIO LINK IN OUR TELEPHONE SYSTEM 

Cante the tvar, with still greater progress. Radio tele- 
phony on a small scale had to he perfected. because instant 
communication had to be made as ailahle between airplane 
units and the ground posts. \\ hen the United States 
entered the war, the best radio talent was put to work on 
this problem. with the result that the radio telephone in 
small units as well as large units, became a reality. Today 
it is possible to obtain a radio telephone of 5 -watt rating 
capable of transmitting over a distance of five to fifteen 
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WLEKLY PROGRAM 
RADIO -PHONE SERVICE 

W ESTINCIIOUSE ELECTRIC & Alf 6 Co. 
STATION W J Z. NEWARK. N. J. 

MON., DEC. 12th, TO SUN., DEC. lets. 131. 

This program can be heard by any one with 
suitable radio receiving apparatus within a radius 
of ICC miles of Newark. 

The service is absolutely free. 
Tune Instruments for 360 -meter waves. 

REGULAR CONCERT 
DAILY. eae to 9:I3 P. AI. 

MONDAY - - - Mme. May Peterson, Prima 
Donna Soprano, Opera Comique, Paris 
TUESDAY .- - OsKe-NonTon, Indian Bar- 
itone; Messrs. Bertram Haigh and Ralph Brown, 
French horns; Miss Anita Wolf, Pianist 
WEDNESDAY -Mme, Gretchen Hood, Prima 
Donna Soprano, Theatre de la Monnal, Brussels 

THURSDAY - Miss Helen Davis, Soprano 
M. Cliff Young, Pianist 
FRIDAY - - 

- Westminister Orchestra 
SATURDAY Dance music 

SUNDAY - - Miss Ethel Mackey, Soprano and 
Miss Mary Emerson, Pianist. Sacred Music 

OTHER FEATURES 

General News - - Newark Sunday Call News 
Service, daily, 7:55 P. M. 

Children's Hour "Man -in -the -iv oon"stories, 
by Miss Josephine Lawrence 
e Newark Sunday Call 

'Tuesday and Friday, 7:00 P. M. 
Hourly News Service - Newark Sunday Call; 

weekdays, every hour 
from 11.00 A. M. to 
7:00 P. M. on the hour 

Radio Amateurs' Night - Thursday 7 P. M. 
J. B. WALKER editor Scientific American 

Weather Forecast (Official Gov't) Daily, 
11:00 A. M.,5.UOand 10:03 P. M. 

Marine News - Marine Engineering Service, 
weekdays (except Saturdays), 2:05 P. M. 

Official Arlington Time Daily,,9:55 P. NI. 

fPropa'n saltect to chante/ 

One of the II rot programs of the radio- 
phone hroadea at ng serwi ce. Compare 
this program with one of the present 
programs reproduced on facing page. 

miles, as well as a 
500 -watt transmitter 
capable of spanning 
500 miles or more. 
The \vat made radio 
telephony what it is: 
it was not an ill wind, 
for it blue some good. 

Today, the radio 
telephone is part and 
parcel of our wire 
telephone system, and 
it is fast becoming as 
practical in its true 
field as the latter. In- 
deed, were it not for 
the high cost of this 
form of coniniunica- 
tion, it would be quite 
within the scope of 
present achievement 
for any telephone sub- 
scriber to call up a 
relative or friend on 
an ocean liner several 
hundred miles out at 
sea, the voice being 
carried over the usual 
telephone line to the 
central office, through 
trunk lines to the dis- 
tant radio transmitter. 
and thence transmitted 
through the air to the 
steamer. Two-'var 
conversation could be 
effected. as with our 
usual telephone sys- 
tem. The radio link. 



RADIO TELEPHONE 
BROADCASTING PROGRAM 

.t'em told O D'0m9 
SUN.FT9. Ilrh. TO SUN, P00.19.5, 192! 

Sunday 
9 P. IL -Rodin -Chapel services. 'The Spirit of 
Lincoln in 

a 
Radio Unified World", by Rev. 

Edgar Swan Wiers, D.D.. assisted by the qua, 
tette-Mrs. Wm. 71. Rockwell. Mrs. 71. S. 
Powell, Fred P. Taylor and George Itoubaud; 
F. F. Ruaharo, organist -from the Unitarian 
Church. Montelmir. N. J. 
4 P. M. -"Abraham Lincoln', address by 
Rev. Robert Scott Inglis, of Newark. N. J. 
4.30 I'. 111 .-"81/ Country T!s of Thee'. 'Star 
Spangled Banner ; also several popular selection.. 
including "Ty Tee', ":ill That I Need Is Yon"; 
played by Paul NLilemads Ohdrentra, from the 
Patois Royal, New York. Arranged through the 
courtesy of Leo Feist. Inc. 
7.00 I'. 81. -Sacred Music played by the Aeolian 
Orchestrelle. 
8.00 P. M. -"Listen to Me", 'Sweet lady", 
"]law ,i n Blurs", and several other selections 
from CarletonsTangerine. by members of the 
Tangerine Company, accompanied by the Casino 
Theatre Orchestra. Arranged through the cour- 
tesy of Leo Feist, Inc. 

Monday 
4.v0 P. M.-Itwr51lllor s Retool Oreb stye, assis- 
ted by Cliff "Ukelele Ike' Edwards. 
8.15 I'. 51. -Miss Ethel Grow, contralto, who ap- 
peared in English Opera and Corieert. and in 
Oratorio in Englund, under the direction of Sir 
I tray Wood. 
8.43 I'. 81. -Gustav O. Ilornbcrger, cellist of the 
Enitenborn String quartette, who appeared in 
concert with the leading orchestras of Europe 
as solo cellist under Con Bolow, Rubinstein. 
Weingartner and Richard Strauss. Mr. florn- 
berger will ploy a programme of selections by 
Golternroun, Chapin, and Makowski. 

Tuesday 
7 P.1I -"ktao-In-the-lion stories for children. 
7.45 P. M. -Tuberculosis, Induem:a and Com- 
mon Colds', a preventive lecture by Dry Charles 
.1. Hatfield, Managing Director of We National 
Tuberculosis Association. 
8.00 P M. -An address on radio by Paul F. 
Go 
8.40 Í. M. -A mental recital to the radio -phone 
audience by Mme. Gretchen flood, Primo Donrm 
Soprano, Theater Dr Lo 7lonnaics Brussels: also 
of the San Carlo Opera Company. and prominent 
concert singer. Iles program Includes "Seger- 
lellé' from Carmen. Bird, and a group of bal- 
lads. Courteoy of Aeolian Company. 
8.45 a- M.'Che Gelido Manilla" from t he opera 
Boheme. Ruacini, eta. by Charles !damson Tenor 
Soloist, Filth Avenue Brick Presbyterian Church. 
for lour years; studied with Frederick Bristol. 
9.40 I'. Ai. -Songs and readings by Mr. and Sirs. 
E. E. Iloilo% of Newark, N. J. 

Wednesday 
8.15 P. 5I -Pear iptive recital with mule, of 
Verdi'. opera, "D Trovatore." 

Thursday 
7.45 P. D1 -"Maier'. Health Problems". an ad- 
dress by Dr. Royal S. Copeland. Commission - 

. 
of Health. New York City. 

8.00 P. 111. -"What is a Rotary Club and What 
Are ita Relations to the Public" by Albn Smith. 

THURCDAY (sa.tisnrd) 
Pa -President of the Newark Rotary Club. Also 

rotary song by Andrew Krenrich. 
8.40 P.M. -Classed mole. 
9.40 P. 81.-A program of songs by Janet Bush-. 
llecht. contralto soloist, First Congregational 
Church, Montdalr, N. J., and a prise winner in a 
Newark Music Feitival Contest. The progrom 
includes "In Flanders Fields", "Would You," 
"Bubbles", and "Joyous Youth". composition, 
of SI atelanna Corry, w ho will be the accompanist 
fm these and other selections. Courtesy, Aeolian 
Company. 

Friday 
7.00-"Muo.in-the-Moon" stories for children. 
8.15 P. S1 -"Party Night," when several well- 
known artists of .vudeville and the mu,ical com- 
edy stage will entertain with songs and mono- 
logues. 

Saturda 
7.00 I'. M.-Iry Pages Cornell Orchestra, Cornell 
University, composed of the follow'ng: by Page, 
banjo; Geo. Coo, banjo; Lyman Breese, banjo; 
Sam Binh traps and drums; Jack Wallace, man - 
phone; and Paul Stiller, cornet, banjo and violin. 
7.45 P. 81 -"fashion Talks to Women", Mar- 
jorie Wells. N. Y. World.. 
8.00 P. 81.- The "Daily Ibsen' nrreirn 
address, by Walter Camp, foremost authority 
American athletin. 
8.20 r. SI. Dance Music by the Fernwood Dance 
Orchestra of Newark. N', 1. 
9.00 P. M. -Popular and character songs by 
Aileen Stanley, soprano, well-known !o vaudeviie 
Circles. 
0.43 I'. 11I-"IIfJO Prosperity'. "Don't Leave 
hie Mammy", etc., by Max Ililrig, dramatic 
tenor, known from Coast to Coast. 

Duo Art ('.ano Recital. 
Sunday 

3 P. SL-RwdioCba1el Services, Rev- Clarence 
II. Wilson, D.D., Glen Ridge Congregational 
Church. 
4 P. M. -"Boys of the World", an address by 
C. II. Scott, Sole Secretary of Boys' Work, 
Y. NI. C. A., Newark. N. J. Music by quartette 
including Miss May Korb, soprano solo! t South 
Park Presbyterian Church: Miss Madan Adams, 
contralto soloist, Church of the Redeemer; (truce 
Campbell, tenor, anal Louis Burke, baritone, Clin- 
ton Avenue Reform Church. 
e P. M. -Program of denied, music I,y Mn. 
Robb Baldwin, violinist and SIn. Emcat II. 
(larder, plod.(. 
7.45 P. M. -Sacred Music recital by the Aeolian 
O rrhe.trelle. 
8.00 I'. 111. -Ed Wynn and the entire company 
of "The Perfect Fool", now plying at Geo. M. 
Cohan: Theatre. New ] ork, ('or the first time 
in the history of odio an attempt will be made to 
broadcast an entire theatrical performance. Ar- 
ranged by the N. Y. Globe. 

OTHER FEATURES 
Illogical Program urrkdayt, rang hour from 11 a.m. 

(ohp. m. on the h 
-Fssmrot llSruwmote". mark,. w.ua N. e, sown 

::Paiifr .daiuse mrawu - .rr. .. n m .. 
ñaóK:.:'a:?T.iarte ate. u.apno,ar and lie Warm. 

Y.noOnne a,a a . An. 
vriC:I.aaitÍJNOIOÑ 1Wi.íár r. r'u' 

r:i."s1.14Viisioll.cash. 
cassia. tsi:.r a óiei::::'.wu tea,:., ;..day Carr. 

.w. 

¡Doman wall ú ann .,ad daily rbr tolls phone r4.t P. M.1 

.A typical printed program of a single radii -phone broadcasting 
stilt ion. Such programs are mailed out to Interested parties In 
order 1hltt one may know what to look for every evening of the 

fort (icon,( rig week. 
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as the radio telephone service is called when used in this 
manner, is destined to become commonplace within the 
next few years. 

Now the foregoing is no mere flight of fancy. It is a 
matter of record that the American Telephone and Tele- 
graph Company recently conducted a series of experiments 
with radio links and the trans -continental telephone line. 
Telephonic communication was established between the 
steamship "Gloucester." cruising off Deal Beach, N. J., 
and Santa Catalina Island, situated some thirty miles off 
the California mainland in the vicinity of Long Beach. 
The telephonic communication. in this case, passed from 
the "Gloucester" to Deal Beach, N. I ; from Deal Beach 
to New York via telephone line: from New York to San 
Francisco via trans -continental telephone line: from San 
Francisco to Los Angeles is telephone line: from Los 
Angeles to Long Beach vía telephone line ; and from Long 
Beach by radio to Pebbly Reach, on Santa Catalina island, 
and from Pebbly Beach to the Avalon exchange. From 
ocean to ocean via radio, telephone line. radio again and 
telephone line, through all the various circuits without 
appreciable distortion! 

The first commercial radio and connecting land toll line 
is the Santa Catalina Island and California ,radio link, 
which was set in operation the latter part of 1920. Radio 
telephone service between Santa Catalina and the main- 
land to connect up with the Bell system exchanges was 
installed at the request of the local telephone company. 
Catalina is one of the great tourist resorts in California. 
It attracts thousands of visitors daily throughout the 
year, who, heretofore. when they left the California main- 
land. remained completely isolated from the rest of the 
world until they returned tothe mainland, except for the 
much overloaded naval radio telegraph station on the 
island. 

That this radio link. which bridges the 31% -mile gap 
between the island and the mainland. is not in the experi- 
mental stage may be gathered from the fact that it handles 
hundreds of messages each clay. The large amount of 
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commercial traffic with scarcely any interruption which 
the Avalon -Los Angeles toll circuit has carried since its 
inauguration is ample proof of the practicability of toll 
lines containing radio links, where, due to physical condi- 
tions, direct -wire connections are impracticable. 

It is virtually impossible to delve deeply into the intrica- 
cies of the Avalon -Los Angeles radio link and wire cir- 
cuit, since it involves the most elaborate telephone and 
radio engineering practice extant. Suffice it to state that 
the circuit consists of a little more than one mile of wire 
line from the Avalon central office to Pebbly Beach. a 
31% -mile radio link to I ong Beach, and 25 miles addi- 
tional wire circuit to Los Angeles. This combination 
wire and radio circuit is operated as a unit, providing 
through telephone and signalling from Avalon to Los 
Angeles. At Avalon the circuit may be connected to any 
local su'bscriber's line, and at Los Angeles to any local 
subscriber's line, through local exchanges, or with other 
long-distance lines reaching practically any subscriber in 
the Bell system. 

The radio link is a duplex system: one message may 
be sent in each direction simultaneously. For transmit- 
ting, a fair-sized aerial is employed, while for receiving 
a loop antenna is used at each end. These loops are of 
the solenoidal or helical type, six feet square, and consist 
of only four or five turns each. To make the duplex 
operation a success, it goes almost without saying that 
exceptional measures had to he taken, otherwise the trans- 
mitter at one end would drown out the incoming signals 
on the loop antenna but a short distance away. The elimi- 
nation of such interference was attained by the use of 
different carrier frequencies for transmission in the two 
directions. 

Great things can be expected of the radio link. Whereas 
it would otherwise be necessary for a person. desiring 
to telephone by wireless, to have a radio telephone trans- 
mitter of his own or to visit a radio telephone station, it 
now becomes possible to employ a distant radio telephone 
transmitter through any Bell system telephone. It is only 
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a matter of time when we shall talk over our telephone 
lines to our friends at sea, thanks to the radio link, 
although this service will always of necessity be expensive. 

How RADIO-PIIONE BROADCASTING CAME ABOUT 

But the average reader of this book will no doubt be 
more interested in the radio -phone broadcasting develop- 
ment, which is a later -day phase. Before this broadcast- 
ing service became a regular thing, there were spasmodic 
efforts to send out musical programs, made by several 
radio companies, but these were intended rather as tests 
than as entertainment for tens of thousands of listeners. 
The present form of radio -phone broadcasting dates back 
to the latter part of 1920, when the Westinghouse Elec- 
tric and Manufacturing Company inaugurated the first 
radio -phone concert through its Pittsburgh station. Only 
a small number of persons heard the musical numbers 
sent out by KDKA, the "Westinghouse station in Pitts- 
burgh. The phonograph was the only source of music. 
and the operator's announcements sufficed for lectures 
and talks. The novelty of the feat was sufficient, of 
course, for the public had not yet been pampered. so to 
say. Problems arose over the manner and method of 
broadcasting, which had to he solved by experiment. 
There were manv times during the first few weeks of 
broadcasting when the concerts were anything but pleasant 
to the ear. Then, as time passed on and through experi- 
ence the operators found out for themselves the kind of 
phonograph records which transmitted clearly and those 
which did not, what to avoid in the way of speech, what 
pleased the public and what raised its ire, and the various 
other little details \ hich made or marred a radio perform- 
ance, the concerts began to pirk up not a little. 

During this experimental stage letters began to trickle 
in front various parts of the country, telling of the re- 
ception of music and talks from KDKA. At first, returns 
were small, and mostly replies from established stations, 
which are always on the lookout for new developments 
in radio. These stations, by the way, lose no time in 



RADIO FOR EVERYBODY 59 

corresponding ith other stations they hear. After a 
- time letters began to come from persons who had only 

recently purchased receiving sets, perhaps after hearing 
the concerts at one of the amateur stations. These lay- 
men increased in a steady stream and their number even 
at this writing increases steadily by leaps and bounds, 
Radio manufacturers are months behind in their produc - 
tion. 

Practically all the broadcasting by KDKA was pioneer- 
ing work. For instance, rake the case of the radio church 
services. When the station was started, there was no 
program developed for Sunday evening. It was sug- 
gested that church services he tried. There was no prece- 
dent for this method of radio transmitting and conse- 
quently it was not known whether church services would 
broadcast well or, indeed, if the churches would consent 
to this method of handling their services. After some 
persuasion, however, permission was received from Cal- 
vary Episcopal Church of Pittsburgh, to broadcast its 
services. A district telephone line was installed between 
the church and the radio station for this purpose. 

Four microphones were installed in the church, to 
catch the *1oice of Edwin T. Van Etten, rector of the 
church. the choir, the chimes. and the organ, and the en- 
tire services were first sent out January 2nd, 1921. No 
one thing ever broadcasted by the radio station has been 
so popularly received. Letters poured in by the score to 
the Radio Division. telling of the pleasure and benefit of 
this new department in radio. Newspapers all over the 
country carried editorial announcements of the fact that 
church sermons were being broadcasted from Pittsburgh 
through the medium of the radio -phone. This was the 
first effort of its kind; and it made the radio -phone safe 
for the future. 

FROM CANNED MUSiC TO TIlE REAi. THING 
After a time, when the church services were well known 

to all radio enthusiasts because of the clearness of trans- 
mission. the Westinghouse Company was requested by 
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members of the Herron ,\ venue I'resbvterian Church to 
install a receiving set and loud speaker to take the place 
of a long absent pastor. This was done, and the church 
assembled for an Episcopal service. But it listened to a 
sermon preached about fourteen miles away. This serv- 
ice, it goes without saving, was also a record, a milestone, 
if you please, since it was the first time two congrega- 
tions in separate churches had ever worshipped to one 
service, when a distance of miles separated them. it was 
also the first time that a metallic horn ever took the 
place of a flesh -and -blood minister. :\gain. this feat, al- 
most in the miracle class were it not for the fact that we 
have come to expect such marvelous things fróm modern 
science. attracted the attention of the press. with the result 
that more people than ever began to take an active inter- 
est in the radio telephone. 

In the meantime phonograph records comprised most 
of the evening musical programs. it was decided to do 
away as much as possible with the "canned" music and 
substitute real singers and musicians. Talent was not 
hard to obtain for this work, in most cases volunteering 
its services. Human voices began to come over the radio 
telephone instead of records, and were an agreeable change. 
.\gain an improvement was made in radio broadcasting- 
another milestone. Not satisfied with having merely local 
talent, the Radio i)ivision of the Westinghouse organi- 
zation entered into an agreement with the managers of the 
local operatic concerts, with the result that when stars of 
the first magnitude came to Pittsburgh, their efforts, vocal 
and instrumental, were and are being broadcasted over 
hundreds of miles. 

Not only in opera, but in the world of sport, the 
radio -phone service has been introduced. Casting about 
for features that would enliven the evening programs. it 
was decided to broadcast, as an experiment, blow-bs-blow 
returns of a boxing match held in Pittsburgh. A private 
wire was installed from a boxing club to the radio sta- 
tion, and a man prominent in sporting circles engaged to 
render a round -by -round version of the progress of the 
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fight. So KDlí.\ was the first broadcasting station ever 
to send out fight returns. Afterwards, the Dempsev- 
Carpentier bout in Jersey City. N. J., was broadcasted by 
a Radio Corporation station round by round. 

But operatic engagements and boxing bouts do not 
cover the entire gamut of public interest. So to the 
existing features there were added the news of the day, 
weather forecasts, agricultural reports, and other items of 
general interest, not to forget the occasional addresses 
by prominent men. 

Tu order to perfect the transmission of music arid 
speeches by radio, the Westinghouse engineers have made 
considerable researches of the different frequencies of 
both. A studio has been built especially for the artists who 
sing. so that the radio -phone reproduction will be accur- 
ate. The studio in East Pittsburgh consists of a room 
20 by 30 feet, completely lined with burlap and devoid of 
windows, so that there will he no reflection of sounds. 
.\ report is made of every song, where the singer stands. 
how far away from the transmitters, and other incidental 
details. Phis report is checked up later with a receiving 
station and from this data considerable information has 
been obtained regarding the transmission of various kinds 
of music. This is only by way of showing how the new 
art has had to be developed. step by step. 

EXTENDING THE BROADCASTING .\ttEA 
So successful did the East Pittsburgh radio -phone sta- 

tion prove and so great was the interest shown by the 
public and reflected bl the unprecedented and even un- 
dreamed of demands for radio receiving equipment that 
the Westinghouse organization set to wort: opening up 
other broadcasting stations. At Newark, N. J., on the 
roof of the Company's plant. there was installed a power- 
ful broadcasting transmitter known as WIZ. Down on 
the first ftoor of the building there is an attractive studio, 
equipped with various musical instruments and hung 
with curtains to make it sound -proof. In this studio ar- 
tists have been singing and playing, while speakers have 
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delivered their messages, for the benefit of the greatest 
audience ever gathered at one time. It is estimated that 
over 300,000 persons hear the concerts and talks broad- 
casted by the Newark radio -phone station, and that the 
effective area covered by this service takes in one -tenth 
of our total population. The service of this station can 
be heard bv anyone within a radius of 100 miles of 
Newark, though as a matter of fact reports of the re- 
ception of the musical numbers and talks have come front 
Canada, Wisconsin, Florida, Cuba, and 600 miles out at 
sea. 

''lien there is the Springfield station, known as \\'I,'Z, 
which supplies New England with the Westinghouse 
radio -phone service. Another station has been established 
in Chicago, known as h\WY, and is intended .for the 
Middle West and the Western States. 

The Westinghouse programs are of a high order and 
provide a wide variety of entertainment. Thus the New- 
ark station, \WJZ, every evening from 8:20 to 9:15 broad- 
casts a concert with well-known operatic or concert stars 
frequently singing or playing in person. At 8 :00 a digest 
of the day's news is sent out. An especially popular 
feature is tite `'flan -in -the -Moon" fairy tales for children. 
As this is written these bedtime stories are sent out on 
Tuesdays and Fridays at ; :00 p. nt. The stories delight 
the youngsters all over tite reception area. At many 
of these parties the children are ushered into a darkened 
room just before 7:00 p. in., and each is handed a tele- 
phone receiver connected with the receiving set. An 
illuminated moon lends atmosphere to the occasion. Sud- 
denly, out of the silence, conies a voice-"llello children, 
are you listening? This is the \lan-in-the-Moon" talking. 
What do you suppose I saw today ?"-and a wonder -story 
follows, interspersed with musical selections. 

In addition, news bulletins are given out during the 
day, every hour on the hour ; the official Government 
weather forecast is sent out three times a day; and the 
official Arlington time signals are made available for 
amateur receivers at 9:u5 p. m., with the final dash at 
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10:00 sharp. Other features. such as election returns, 
bulletins of championship baseball and football games via 
direct telephone line from the fields, lectures by famous 
scientists, and so on, are given from time to time. These 
details are announced in advance over the radio -phone and 
are given in weekly programs issued by the Company. 
Indeed, it is the certainty of the present radio -Rhone serv- 
ice that makes it so interesting. One can look forward to 
some definite evening because the musical program of 
that evening happens to be of most interest. It is very 
much like going to a concert or vaudeville ; for, while 
the actual performance cannot be seen, although it is 
clearly heard, this obstacle is perhaps more than counter- 
balanced in many instances by the fact that the audible 
side of the performance is brought right into the home. 

The Springfield station, in addition to many of the 
foregoing -mentioned features, sends out a periodical talk 
to farmers about market and stock conditions. 1 he com- 
pletetransmission of grand opera from the Chicago Opera 
Company productions has been the feature of the recently 
established station on the Commonwealth Edison Build- 
ing in Chicago. It is possible that the radio -phone in 
time will be as popular in the home as the phonograph 
is today. But its destiny rests entirely in the hands of 
those who supply the broadcasting service, to be sure. 

\side from the Westinghouse organization, there are 
other broadcasting stations. During the pioneer days of 
broadcasting the Radio Corporation of America's station 
at Roselle Park, Y. J., known as \WDY, did excellent 
pork. .\t the time of this writing this station has been 
discontinued, leaving much of the broadcasting in the 
Middle Atlantic States to AWJZ. The Roselle station was 
known for its operatic concerts. which included a lecture 
on the opera of the evening, together with the best selec- 
tions from that opera. Then there were the radio par- 
ties, which were made up of songs. talks, dialogues, mono- 
logues and other vaudeville features. 

There are various other organizations devoting a 
goodly part of their efforts to broadcasting radio -phone 
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news and concerts. In fact, as things stand at present 
it is safe to state here that virtually every part of the 
United States is covered by one or more stations. To 
give a list of stations is virtually impossible, for in an 
art that is so new there are bound to be frequent changes. 
Hence no attempt is being made to offer a list, because it 
would be hopelessly obsolete by the time it got into print. 
The reader is referred to the radio periodicals and to the 
daily newspapers that have radio sections, for the last- 
minute information on radio -phone stations. 

As it is, the \VJZ or Newark station of the Westing- 
house organization is shortly going out of existence as 
this is being written. Word has gone out to the effect 
that the American Telephone & Telegraph Company, 
which is a factor in the Radio Corporation of America 
combine, is about to open a radio -phone broadcasting 
station on the roof of its 24 -story building on Walker 
Street, New York City. Steel towers 100 feet high will 
support the aerial, and the station will be far more 
powerful than \VJZ which it is replacing. 

\VITIH AN EYE TO TILE FUTURE 

This radio broadcasting station will be unique in many 
respects. The distributing station is to be equipped with 
the latest developments of the Bell system, including the 
use of electrical filters and new methods whereby, as the 
business grows, several wave lengths can be sent out simul- 
taneously from the same point, so that the listening 
station may receive at will any one of several services 
sent out at the same time. 

The telephone organization will provide channels 
through which any one with whom it makes a contract 
can send out his O\vT1 pragrams, just as the company leases 
its long-distance telephone wire facilities for the use of 
newspapers, banks, and other concerns. There have been 
many requests for such a service, not only from news- 
papers and entertainment agencies, but also from depart- 
ment stores and a great variety of business houses, ac- 
cording to a telephone official. 
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The station when completed will cover a territory 
within a radius of from 100 to 150 miles of New York 
City. and unrler particularly favorable conditions may 
be able to operate over a greater territory. It is estimated 
that more than 11,000.000 persons reside in the territory 
to be covered by the new plant. 

This is a new undertaking, true, and the fact is fully 
appreciated by the telephone organization. If there should 
appear to be a real field for such service and it can be 
furnished sufficiently free from interference in the ether 
from other radio services, it will be followed as cir- 
cumstances warrant by similar stations erected at impor- 
tant centers throughout the United States by the American 
Telephone and Telegraph Company. As these additional 
stations are erected, they can be connected by the toll and 
long-distance wires of the Bell system so that from any 
central point the same news, music or other program can 
be sent out simultaneously through all these stations by 
wire and radio with the greatest possible economy and 
without interference. 

While ít is entirely possible, as has been demonstrated. 
to talk across the continent or even for much greater dis- 
tances over water by radio when all atmospheric conditions 
are favorable, such long-distance radio telephone trans- 
mission ar present is not dependable and is not to he 
compared from a standpoint of service or economy with 
the transmission which is provided over wire. However, 
for a broadcasting service, which involves only one-way 
transmission, where the same message is given simultane- 
ously to a great number of people within reasonable dis- 
tances of the transmitting station, radio telephony offers 
a promising field for development. 

Heretofore, the broadcasting services have been sent 
out at considertrble expense by the companies operating 
radio -phone stations, without charge to the sender or the 
receiver of the messages or music. However, it is abso- 
lutely obvious that the interest created in radio has been 
multiplied thousands of times by the rarlio-phone service. 
and there has sprung up a demand for radio receiving 
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apparatus that has exceeded the wildest expectations. 
Radio 'maim facturers in many instances are months behind 
in their deliveries, and their greatest problem is produc- 
tion. This, mind you, at a time when practically every 
other line of business is searching every nook and corner 
for a buyer! 

However, it must be obvious that this gratuitous service 
cannot continue indefinitely. A time must come when 
the radio market I\ ill be pretty N ell saturated. and it will 
no longer be attractive for companies to furnish free 
radio -phone service. No doubt by then the Government 
will be furnishing all kinds of news, such as agricultural 
reports, weather forecasts, official time signals, commer- 
cial reports, and so on by radio -phone, but there will still 
he a demand for musical entertainment. 

So. the way it seems nofl, the radio -phone service of 
the future must be a cross between a special publicity 
service and a free program. There will be free service. 
the same as now ; there will be musical numbers. news 
of the day, weather forecasts, and so on ; but in addition 
there must be an occasional talk on the offerings of the 
leading department store, a subscription -getting chat by 
the editor of a large magazine, a campaign speech by a 
candidate for public office, and so on. It will be the 
toll charged for such broadcasting service that ill pay 
for the radio -phone concerts and news. It must come 
to that, sooner or later. 

Already department stores and others have planned and 
are going ahead with radio -phone transmitters, with the 
object of sending out entertainment, nesss, and their own 
particular brand of ,publicity. Interesting as this work 
may be. there is always a grave danger that it may be 
overdone. For, let, it be remembered, there is only a 
limited amount of radio traffic that can he borne on the 
ether highways. It wouldn't take many radiophone trans- 
mitters in any one locality to crowd each other so hard 
that a hopeless tangle would ensue. That is why the 
thought of radio -ph -one transmission. which is unfortun- 
ately so persistent with many amateurs and business or- 
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ganizations. must be discouraged, particularly in crowded 
areas. The ether must be kept free and clear for the 
better class of radio -phone services. It must and will be a 

survival of the fittest, for the Government must step in 
and see that only those with a real service to offer are 
permitted to travel the ether highways, so long as our 
present knowledge of the art affords but a limited number 
of available \s ave lengths with which to operate. 

AND AT TILE RECEIVING END 

The radio -phone service of the present or the future 
is available to everyone provided with a suitable receiv- 
ing set. All that is necessary is some king of aerial, which 
for this purpose may be a single wire, elevated 20 or more 
feet off the ground. and running longer than 100 feet if 
possible. About 150 feet is the best length, and there is 
no decided advantage in running a longer wire for the 
reason that the wave length of the radio -phone services 
is generally around 360 meters, and it is best to have the 
natural wave length of the aerial as near this value as 

possible. With a much longer wire, it becomes necessary 
to insert a condenser in series, and this only reduces the 
efficiency of the aerial by that much. Hence 150 feet of 
wire is recommended. Aside from this simple aerial, a 

ground connection is necessary. For this purpose a con- 
nection may be made to a steam radiator pipe, water pipe, 
gas pipe, or to any object which is known to be connected 
with the ground in an efficient manner. In the country, 
where steam pipes, gas pipes and water pipes are not 
available, a good ground may be obtained by running a 

wire to a zinc or copper plate, and then bur} ing the plate 
some six feet under the ground, in moist soil. Again, a 

wire may be connected to a pail which is lowered into 
a well or into a brook or lake. 

As will be explained in detail further on, the receiving 
set to use depends entirely on the distance between the 
receiving station and the broadcasting station. Thus 

ithin a 25 -mile range, a simple receiving set will do. 
Beyond this range and up to 50 or 75 miles, a better re- 
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ceiving"set must be used, and it calls for a storage bat- 
tery or large dry battery to operate the vacuum tube 
detector which then replaces the crystal detector used for 
shorter ranges. For still greater ranges, a vacuum tube 
detector and a vacuum tube amplifier unit must be em- 
ployed, and the set then begins to mount up into con- 
siderable money. Even for short ranges, where a loud - 
speaking telephone is desired, an amplifier must be em- 
plo\ ed. for it is the amplifier which builds up the radio 
waves so that they can be converted into loud sound waxes 
and heard throughout a larger room, thus doing away 
with the necessity of xx earing the usual head 'phones. 

There is nothing more facinaring than listening to the 
radio -phone concert and service. One turns the tuning 
handle of the receiving set : short and long buzzes, fol- 
lowing each other in a lazy sort of way, indicate some 
amateur radio telegraph transmitter at work. The tuning 
handle is turned a little more, and a peculiar moaning 
sound is heard. Turned still more, the sound becomes 
a weak voice or music, and a final turning of the handle 
brings in the radio -phone loud and clear. The tuning is 
exceedingly sharp. :\ slight turn one way or the other 
throws out the radio -phone altogether. 

The author. using a G0 -foot xvire as an aerial, running 
berween the second floor of his house and a large tree, 
has been listening to the Newark broadcasting station 
evening after evening. In an airline, some forty miles 
separate hint from the \V iZ station, yet the radio -phone 
comes in loud and clear, using the vacuum tube detector 
only. \Vith one stage of amplification, the sound is greatly 
increased. and with two stages it becomes possible to use 
a loud -speaker so that the radio -phone is to all intents 
and purposes on a par with the phonograph, and the head- 
phones become unnecessary. Still more remarkable. with 
certain atmospheric conditions it is possible to pick up the 
Pittsburgh radio -phone station just as loud as Newark, 
although under normal conditions Pittsburgh is only a 
trifle as loud as the nearest station. 

It is well to mention here that the radio -phone receiver 
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'is subject to that bete noir which is dreaded by all radio 
men, namely, static, or atmospheric electricity. Static 
asserts itself by making all kinds of noises in the telephone 
receivers, ranging all the way from a frying sound to a 
loud scratch, which are most disagreeable and interfere 
materially with the radio -phone service. During the 
winter, the static is almost negligible, this being especially' 
true (luring cold, dry 'winter nights. During the summer. 
however, especially with the super -sensitive radio receiv- 
ing sets now employed, static is quite troublesome, al- 
though it is seldom sufficiently heavy to .break up the 
radio -phone reception altogether. 

The radio -phone is one of 'the greatest inventions of 
the age. It brings right into our homes the very informa- 
tion which we desire, and the best there is. in music. Not 
so long ago an entire musical comedy was broadcasted, 
and the listener could almost visualize the performance. 
Even the dances were broadcasted, the actors wearing 
special shoes so that the sounds of their (lancing could 
be transmitted. Imagine what the radio -phone means 
to the farmer, far removed from the city, yet at last in 
daily touch with the metropolis! And there are many 
others \yho know or should know how the radio -phone 
now makes life more interesting and more enjoyable. 



Chapter III. 

DOT -AND -DASH BROADCASTING: 
FROM MARKET NEWS TO 

TIME SIGNALS 

TO the layman, of course. the radio -phone broadcast- 
ing is the only thing that counts. The dots and 

dashes that are picked up are meaningless. It may be 
interesting to note the different kinds of radio telegraph 
transmitters that can be picked out of the air; perhaps 
there is some interest in noting their relative strength: 
but from a truly practical standpoint, they have little 
value to the layman who has not as yet mastered the 
telegraph code. 

However, aside from the radio -phone broadcasting 
service, there is an excellent. radio telegraph broadcasting 
service now available in practically every part of the 
United States. It is known as the radio market news 
service of the United States Bureau of larkets and Crop 
Estimates and represents an effort on the part of the 
Bureau to make its market news more immediately avail- 
able and more effective than it can be made in any other 
way. Ever since the inauguration of the first market news 
service on fruits and vegetables in clay, 1915, the special- 
ists of the Bureau have given continuous study to the 
problem of supplying market news on agricultural com- 
modities to those vho may have use for such information 
as quickly as possible after it can be obtained. The 
market news services of the Bureau cover live stock and 
meats; dairy and poultry products; fruits and vegetables; 
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hav, feed and seeds, and some other commodities asso- 
ciated with these four general groups. The information 
is supplied to and is utilized by producers, shippers, 
dealers, brokers and commission men, manufacturers, 

arehousemen, demonstration and extension workers, 
banks, transportation agencies, chamber of commerce, buy- 
ing and selling organizations, and other commercial, exten- 
sion and educational agencies. 

GETTING THE NEWS TO THE PUBLIC 

It is the function of the Bureau of Markets and Crop 
Estimates to gather or assemble market information from 
reliable sources and distribute it in such a way as to make 
it available to the greatest possible number who wish to 
use it. In performing this function it utilizes and co- 
operates with all agencies possible. It affiliates with State 
agencies which may or may not have similar functions with 
respect to the State as the United States Bureau of Jlar- 
kets and Crop Estimates has to the Federal Government. 
It utilizes the railroads for information relative to ship- 
ments and movements. In one way or another, it assem- 
bles information from every available source where such 
information can be obtained. 

In utilizing radio communication as a means of dis- 
seminating crop and market information, the Bureau of 

larkets and Crop Estimates is taking advantage of one 
of the agencies which has certain possibilities possessed 
by none that has been used in the past. This new method 
makes it possible for all who wish this information to help 
themselves to ít, if they will but equip themselves to 
receive it in the form in which it is sent. The advantages 
of broadcasting information by radio are (1) that the 
information can be intercepted or copied by means of suit- 
able equipment at any point within certain approximate 
limits, whether or not such point is connected by railroad, 
telegraph or any other of the ordinary means of communi- 
cation, and (2) that the transmission of the news is 
instantaneous. These two factors in radio communication 
make it possible for any one, whether he is located in a 
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congested city or in the country a hundred miles from 
the railroad or telegraph wire, to receive the information 
with equal dispatch. Radio transmission can be effected 
either by the international telegraph code, using clots and 
clashes, or by radio -phone. The radio -phone will probably 
present the most good to the greatest number. For the 
present, and for some time to come, so it seems, the radio 
telegraph mostly is used for this work. This necessitates. 
for the time being, at least, a knowledge of the Continental 
telegraph rode, which can be readily acquired if one is but 
willing to devote a few months to intense study and prac- 
tice. in another chapter we shall have more to say regard- 
ing the code and how it can be mastered. 

GETTING TilE CROP AND MARKET REPORTS 

Crop and market reports sent out broadcast by radio 
can be received by any agency having suitable equipmen'. 
With the development of broadcasting by radio -phone. 
there is sure to he a demand for receiving equipment 
from many sources. Not mach greater technical knowl- 
edge will be required to receive the reports by radio than 
to use an ordinary telephone. 

In general. at present the broadcasted reports are being 
utilized by various marketing agencies in giving to farmers 
the national crop and market reports combined with local 
market information which is distributed in other ways. 
by county farm organizations or other local agricultural 
agencies acting as centers of information for the county 
or locality, and by banks, shipping associations, commer- 
cial exchanges, commercial clubs and newspapers, all of 
which may serve as agencies for secondary distribution of 
the reports. In addition, the reports may be received 
direct by farmers, country elevators, dealers, shippers, and 
many others who will use the information in the transac- 
tion of their business. The extent to which this larter class 
will receive market reports direct remains to be seen. It 
is certain, however, that the State and county radio receiv- 
ing stations will be developed rapidly because of the 
economical reception and distribution of crop and market 
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reports through them. Certain individuals or a small 
group of individuals may find it advantageous to solicit 
the aid of radio amateurs in the community. This should 
be arranged for very carefully to ensure that the amateur 
is capable of receiving a true copy of the reports as broad- 
casted. 

THE RADIO MARKET NEWS SERVICE IN THE MAKING 

Since the radio market neu s service was begun experi- 
mentally by the United States Bureau of Markets, on 
December 15, 1920, it has developed very rapidly, so that 
at the present time the national market news is not only 
being distributed by the United States Bureau of Markets 
and Crop Estimates, but other agencies are extending the 
distribution of the national crop and market reports as well 
as local market reports. The service was started by the 
United States Bureau of Markets at Washington, on the 
elate already mentioned. One report 11 as sent out at 5 :00 
p. m. each day from that station. This was continued 
for four months to determine the practicability of the 
method. When it became apparent that this method 1voulrl 
not only be practical but also more economical and efficient 
for certain kinds of distribution than any other agency, 
the Bureau of Markets took up the matter with the Post 
Office Department and accepted their offer to utilize the 
radio stations of the Air Mail Service in the dissemination 
of crop and market reports. At the present time. the 
larger part of the radio market ne11 s service of the Bureau 
is handled through the Post Office radio stations. Many 
of the agricultural colleges giving instruction in radio 
communication in connection with their departments of 
physics or electrical engineering, either alone or in co- 
operation with the State marketing agencies, have set up 
programs of broadcasting. These began 1vith the dis- 
semination of weather reports from the Kansas State 
Agricultural College in 1916. Crop and market reports 
are now being broadcasted from several other colleges. 
Some privately owned stations are also broadcasting the 
information by radio -phone or by radio telegraph. 
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The map on page 79 shows the location oí the stations 
now broadcasting. The leased wire connections of the 
Federal Bureau are also shown. The leased wire service 
of the Bureau of Markets and Crop Estimates was estab- 
lished in 1916 and during the past six years as many as 
17,600 miles of leased wire and 6I branch offices have 
been in operation. The leased wire has been used to carry 
reports from the markets, shipment information and re- 

ports from shipping points as to supply and demand, and 
f. o. h. prices. Even in its most extended form, the leased 
\vire with the largest number of branch offices was never 
able to reach more than a small percentage of the people 
interested. 

The function of the leased wire will not be changed or 
curtailed by the establishment of the radio method, but 
will still be the nucleus of an effective system employing 
wired telegraph and telephone as well as radio telegraph 
and telephone. 

The Air Mail Radio Service of the Post Office Depart- 
ment was established primarily to give communication 
between the flying fields, in connection with the transpor- 
tation of mail by airplanes. These stations have to be 
available for service a large part of the clay but have con- 
siderable time which is not necessarily occupied in the 
business of the mail service. The market reports are sent 
out on schedules which are adapted to the unoccupied 
time at the stations. This incurs merely a nominal ex- 
pense to the Post Office Department and inasmuch as 
the market information is obtained for other uses by the 
United States Bureau of Markets and Crop Estimates, 
the service as constituted at present incurs practically no 
additional expense to this Bureau. Because of the neces- 
sity of using stations not intended primarily for broadcast 
transmission but ratite- for interstation traffic it is not 
possible to organize as effective and complete a sere ice 

as could be furnished by a chain of stations equipped 
solely for radio broadcast transmission. It is thought 
desirable, however, to take advantage of every facility 
at hand in order to obtain experience in handling market 
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news by this method and be reads, to install a more effec- 
tixe service should special facilities be made available at 
a later date. 

THE FORM OF CROP AND MARKET REPORTS 

Certain types of market information can be put into a 
form for rapid transmission by use of standard forms 
and code letters. This does not involve the ordinary use 
of code words and the necessity of coding and decoding 
the messages received, but it does make necessary the send- 
ing and receiving of the reports on special forms. Inas- 
much as the sender and the receiver use identical forms, it 
is possible by the use of code letters preceding each blank 
space in which information is to be copied, to transmit 
rapidlN a large amount of information prepared in stan- 
dardized form. By the use of such special forms and 
regular transmitting schedules a very effective service can 
he developed. This held has only been touched upon and 
great improvements undoubtedly will be developed in the 
handling of information in this was,. 

The receiving of reports by telegraph codes. using clots 
and dashes, makes it necessary that receiving operators 
understand the international (Continental) code and be 
able to copy at least 15 words a minute. Wherever radio 
telephone communication is established, it is necessary 
only that the operator be able to adjust the radio receiving 
equipment properly, since the telephone reports are repro- 
duced in the radio receiving equipment just as they would 
be in a wall or desk telephone. Wherever it is desired 
to utilize the reports sent out by radio telephone, for pub- 
lication or further distribution, they can be received and 
copied by a stenographer. \t the present time only a few 
special forms of reports have been developed for use in 
radio broadcast communication. Others will be developed 
from tinte to time as the service grows and modifications 
of the present forms undoubtedly will be made. 

In the forms already in use. two -letter corle symbols 
are used to designate the information sent. These are used 
in two different ways : (l) A two -letter symbol is placed 
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at the beginning of the blank space which is to contain 
a certain type of information. The operator simply sends 
the two code letters and the information occupying the 
blank space. For example, in sending "New Jersey sacked 
Irish Cobbler potatoes per 100 lbs. in consuming markets, 
New fork (SR) $1.75-2.10," the operator would send 
only "(SR) $1.75-2.10." Code letters are also used to 
designate certain options or alternatives to indicate types 
of information. For example "Demand for 1Vheát, Mill- 
ing, Strong (llK) , Fair (DL) -, Poor (DM) 

" The operator would send (DK), (DL), or (DM). 
as indicating one of the three alternatives and the receiving 
operator would put a check mark in the blank space fol- 
lowing the letters received. Fractions are avoided wher- 
ever possible_ but when necessary are sent as follows: 

$1.50 is sent as 1R50. 
$1.50/ is sent as 1R50 and 1 DN 2. 
7/8 of 1 cent is sent as 7 DN 8 cents. 65/ cents is sent as 65 and 7 Del 8 cents. 

All this, it wrill he noted, is to avoid confusion and 
error, for if there should be any doubt about the figures, 
it goes without saving that the entire value of the reports 
would be rendered worthless. 

A QUESTION OF CO-OPERATION 

A number of States, through Statebureaus of markets 
and State extension departments, are co-operating with 
the Federal Bureau of Markets and Crop Estimates in 
organizing their States to receive and utilize radio crop 
and market reports. In some cases they have established 
regular information centers which serve as distribution 
points for sending out the information through other 
channels. In other cases progressive agricultural counties 
have installed receiving equipment in connection with 
farmers' organizations so that the information will be 
available to the county agent for further extension either 
through the daily newspapers, telephone exchanges, or 
other agencies. For the present it is probable that the 
larger application of the radio service will he through 
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organizations or institutions which will obtain operators 
and equipment to receive the reports and distribute them 
or make them available to individuals or groups or organi- 
zations of producers. As the radio -phone conies into 
more general use, many of those engaged in producing or 
marketing farm products wi1I undoubtedly obtain equip- 
ment to receive the reports directly as no special trained 
operator will then be necessary. In several States radio- 
phone equipment is being utilized so that the reports 
which are received in code over the leased wire or by 
wireless may be re -transmitted by radio -phone for the 
benefit of producers in the State. 

There are many technical problems in connection with 
radio telegraphy and radio telephony that have to be con- 
sidered in the dissemination of broadcast reports. The 
questions of wave length and kind of transmission are both 
very important. Although the amateurs are restricted to 
the use of 200 meters or less for transmission, a large 
percentage of them are equipped to receive messages over 
a much wider range of wave lengths. Questionnaires 
sent to a limited number of amateurs having radio trans- 
mitting sets show that about 50 per cent are now equipped 
to receive messages transmitted on wave lengths between 
150 and 3000 meters. At first thought it would seem 
best to have the market reports transmitted on a short 
wave, but the lower wave lengths lack carrying power. 
The shorter waves have additional objections owing to 
interference. Since amateurs are licensed to transmit on 
the shorter waves. it would be very difficult for the one 
receiving market news to get solid copy-a complete and 
accurate coPe of the message as sent-if several nearby 
amateurs were transmitting at the time the Post Office 
station was transmitting. Because of the greater trans- 
mitting range and the decreased interference. wave lengths 
of 2500, 3000 and 4000 meters are being used at the 
present time. 

The stations from which the market reports are now 
being sent by radio. the type of transmitting sets, the wave 
lengths used. and the time at which the several reports are 
sent are given in the transmitting schedule that follows: 
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The arc stations, it is interesting to note, usually have 
a greater transmission range than the spark stations. 
Furthermore, it should be borne in mind that spark stations 
transmit damped waves and the arc stations transmit un- 
damped or continuous waves. This information is neces- 
sary for the selection of the proper receiving sets, and 
more will be said about this matter in the chapter on re- 
ceiving apparatus. 

\VI I Y RADIO TELEGR \PHY IS USED AT PRESENT 

The subject of radio telegraph and radio telephone 
transmission has been touched upon before. All things 
being equal and in readiness, radio telephone transmission 
would be the logical method to use. At present, however, 
it might be quite difficult to purchase reliable, high power 
radio telephone equipment on the commercial market. so 
claim the authorities; furthermore, if the Bureau of Mar- 
kets and Crop Estimates had waited until the high -power 
telephone transmitter had become commercially available 
it would not have made the year or more of gratifying 
history which the service now has. After the broadcasting 
of market news by radio telegraph was shown to be prac- 
tical it was decided to use the radio transmitting stations 
of the \Ar Mail Service which were already installed and 
in operation. This forms the first chain of information - 
disseminating radio stations without the delay and cost of 
constructing new ones. It is probable that these and other 
like ones will remain the master stations for some time. 

Furthermore, when the Bureau of Markets and Crop 
Estimates is successful in its work of getting the various 
States, country and private organizations to equip them- 
selves to receive the radio telegraph market reports, great 
advancement will have been made, for those stations will 
be ready tó rebroadcast the reports by radio telephone 
when that system can he installed. In other words, a radio 
receiving station that will pick up the telegraph messages 
from the ether will, without any alteration, pick up the 
radio telephone messages as well. 
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The Bureau of Markets and Crop Estimates is under- 
taking to establish on an efficient basis the radio market 
news service. There undoubtedly are many obstacles in 
the way of making it an immediate, complete success, but 
so far as these have been considered up to the present time, 
they are not insurmountable and it is thought that with 
the radio operators located over the country who are trying 
to receive the reports, it may well be that the Bureau will 
be able 5n a very short time to put the service on an entirely 
practical, substantial basis. 

\t the present time the Bureau is entirely dependent 
upon the co-operation of the Post Office Department in 
the dissemination of the reports and they are giving their 
heartiest assistance to the Bureau in this work. It will he 
some time before receiving stations ss ill be distributed all 
over the country, receiving the reports regularly. \ great 
many of the licensed amateur operators are receiving the 
reports and many of them are fully competent to do this. 
However, it cannot be considered as on a permanent basis 
until the State and county agencies llave made provision 
for equipment and regular operators to receive tite reports 
regularly. These are all controllable factors. The ap- 
parently uncontrollable factor NN bleb must be given con- 
sideration is the one of natural conditions. such as weather, 
strays and dust storms. These will be real obstacles, which 
in some localities and in some seasons will be found worse 
than in others. During midsummer. radio reception during 
daylight hours may be frequently interrupted. In fact, it 
quay be impossible to receive the reports at times. 

It will not be necessary for our immediate needs to 
discuss the probable reasons for these peculiar atmospheric 
conditions which interfere with radio reception. It is a 
fact, however, that frequently during ahe summer months, 
the strays may completely drown out the radio signals 
picked up by the receiving set. The idea that higher 
amplification will relieve the situation is erroneous. The 
amplifier usually amplifies the strays along with the in- 
coming signal, so the amplified signal is often less intel- 
ligible than the signal received on a simple detector. The 
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use of high -power transmitting stations is an advantage 
in this respect. 

During storms it sometimes is not only impossible to 
receive any messages, but it may be unwise, especially if 
the storm is accompanied by lightning discharges. At such 
times the antenna should be grounded to protect the ap- 
paratus and no attempt made to receive radio messages. 
Although dust storms are not generally prevalent, they are 
to be reckoned with. Occasionally the transmitting range 
of a station will be limited in a certain direction owing 
to an intercepting dust storm. There are yet other diffi- 
culties, such as fading of signals, which niust be encoun- 
tered, but some of these are avoided by using the long 
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Diagrammatic explanation of the official Navy time signals as sent 
out by the Arlington station. These signals are re -transmitted by 
se.eral of the broadcasting stations. Each black dot represents a 
transmitted dot. while the white dots represent spaces. The time 
signals start 11 ye minutes before 12 o'clock and DI o'clock Y. 31. 
and follow the schedule here depicted, terminating with a dash 
on the hour. followed by a four dot space nail the call letters 

"N A A." 

waves. However, after taking all of these things into 
consideration it is quite probable that a high percentage 
of completeness may be anticipated in handling this kind 
of service. 

FROM GENERAL ICE\\'S TO TIME SIGNALS 

Then there are other radio telegraph broadcasting serv- 
ices available to the owner of a receiving set. The most 
important of these is the broadcasting of time signals and 

00000 
a» NM0000000000 
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weather bulletins b) the high power naval station at 
\rlington, Va. The time signals and weather bulletins are 

sent out twice daily on a wave length of 2500 meters, at 
11.55 a. m. and 9.55 p. m. The signals begin at these 
times and the final dash is sent at 12 noon and 10 p. m. 
and are astronomically correct for the meridian of 75 
degrees west of Greenwich. 

The signals are sent out as follows : Beginning at 11.55 
a. tn. or 9.55 p. m. a dot is sent every second for the first 
thirty seconds, then one second is skipped, and beginning 
with the thirty-first second to the fifty-fifth second the 
dots are again sent, one each second. The last five seconds 
of the first minute are skipped, and the signals begin 
again at exactly the beginning of the fifty-sixth minute. 
The same schedule is maintained through the fifty-seventh 
and fifty-eighth minutes right through until the fiftieth 
second of the last minute is attained. Then comes a 

silence or blank for ten seconds, and the next dash is 
exactly 12 o'clock noon or 10 o'clock in the evening, as 
the case may be. The general scheme of the time signals 
is perhaps made clearer by studying the accompanying 
chart. This time is absolutely accurate and is employed 
by ships at sea for the setting of chronometers, and by 
progressive jewelers and others desiring an accurate time 
service. The signals are transmitted at Arlington, to be 
sure, but the clots originate in a master clock at the Naval 
Observatory. 

No sooner are the time signals over than the Arlington 
station sends out the weather bulletin in code-a code, 
however, 11ahich is quite simple to understand. A weather 
bulletin, as sent out by Arlington, runs as follows: 

QST de N.\.\, USWL. S01081-T02261- 
1) 110251 -H00814 - C01261 - K00441- 
P1212. 

All of which means, when reduced to plain English, 
that the letters stand for K-Key \Vest, Fla.; S-Sidney, 
Nova Scotia; T-Nantucket, R. I.; I)B-Delaware Break- 
water; H-Cape Hatteras, N. C.; C-Charleston, S. C.; 
Y-Pensacola, Fla.; B-Bermuda. The first three figures 
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following the letter are the barometer reading at the 
various places. Taking the first set of figures sent out, 
S01081, the figures 010 represent the barometer reading 
of 30.10 inches, and the next figure represents the direc- 

tion of the wind, which hap- 
pens to be NW in this case, 
since the numerals begin with 
1 for North, 2 for NE, 3 

for E, 4 for SE, and so on, 
as shown in the accompanying 
diagram, reading around the 
compass in the same direction 
as travel the hands of a clock. 
The last numeral means the 
velocity of the wind, and the 
following table gives the fig- 
ures and their values in statute 
miles (1.15 nautica miles) per 
hour: 

0-Calm 0 to 3 miles per lour 
1-Light air 8 miles per lour 
2-Light breezes 13 miles per four 
3-Gentle breezes 18 miles per lour 
4-Moderate breezes 23 miles per tour 
5-Fresh breezes 28 miles per tour 
6-Strong breezes 34 miles per lour 
7-\loderate gale 40 miles per -lour 
8-Fresh gale .11.8 miles per our 
9-Strong gale 56 miles per iour 

10-Whole gale 6a miles per .lour 
11-Storm 75 miles per hour 
12-Hurricane . 90 miles per hour 

Now, therefore, take the code signal K0044I1. The K, 
it will he noted, stands for lieu \Vest : the figure 001 
states that the barometer stands at 30.04 inches; the next 
figure indicates that the direction of the «ind is South 
East, and the last figure, 1, represents the velocity of the 

N 

s 
'tom numerals are used to 
indicate the Points of the 
compass in connection with 
the direction of wind num- 
erals used In the Arlington 

weather but let i us. 
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wind, which in this instance is light air, or a breeze having 
a velocity of only eight miles an hour. 

The Arlington time signals and weather bulletins are 
sent on a wave length of 2500 meters. The call letters of 
this station are N A A, which are signed immediately 
after the final dash in the time signals. Fortunately, the 
weather bulletins are sent at a slow, even speed, so that a 
person with only a slight training in the telegraph code 
can copy- down the letters and figures. It is well to men- 
tion here that the bulletins are sent out by automatic 
transmitter, so that the dots and clashes are perfectly 
formed. 

Certain radio -phone broadcasting stations give out the 
time signals by radio -phone. This is accomplished by 
receiving the time signals from \rlington on a long-range 
receiving set. and then amplifying these signals until they 
are sufficiently loud in a telephone receiver which is held 
up to the transmitter microphone for retransmission via 
the radio -phone. In this manner the persons in the vicinity 
of the radio -phone broadcasting station can receive the 
time signals without having to tune up to the long wave 
length of the Arlington station. Furthermore. the radio- 
phone broadcasting stations receive the weather bulletins 
and broadcast them In plain English, which requires, of 
course, absolutely no knowledge of the telegraph code. 

Time signals and weather bulletins are broadcasted by 
other naval stations. Thus the Great Lakes station NAJ, 
transmitting on 1512 meters, sends out time signals at 10 
p. m. (90th meridian time). :\lso, North head, Wash., 
San Francisco. Cal., and San Diego, Cal., transmit the 
time signals at 10 p. m. (120th meridian time), followed 
by the weather bulletins. The Pacific coast stations broad- 
cast the information first on their usual working wave 
length, next on 952 meters, and finable on 600 meters. 
Reports from these stations are preceded by "US\VBSF," 
the first four letters standing for "United States Weather 
Bureau" and the last two for San Francisco. 

Weather reports from the Pacific coast stations are 
broadcasted at 8 a. m.. noon, 4 p. m., and 8.00 p. m. Cape 
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Blanco broadcasts Tatoosh, North Head and Eureka 
weather after local report. At 8 a. m. and 8 p. in. Eureka 
broadcasts the 6 a. m. and 6 p. m. weather conditions at 
Farallones ; Farallones, in turn, broadcasts the 6 a. m. 
and 6 p. ni. weather conditions at Eureka, and 7 a. in. 
and 7 p. m. weather conditions at the Farallones. 

Aside from the Atlantic coast abbreviations already 
given, the following are also necessary: 

GREAT LAKE REGION 
Duluth DU 
.\largnette 1 
Sault Ste. \larie L' 
Green Bay G 
Chicago y CH 
Alpena L 
Detroit D 
Cleveland V 
Buffalo F 

PACIFIC COAST REGION 
Tatoosh T 
North Head N H 
Eureka E 
San Francisco SF 
San I)iego SD 

Aside from the time signals and weather bulletins, there 
are various press broadcasting services operating from 
time to time. Some of these have the amateur very much 
in mind. and in consequence transmit the press items at a 
slow rate of speed. All in all, there is quite as much 
interesting news and general information to be obtained 
through the radio telegraph broadcasting as there is by 
radiophone, although it goes without saying that the first 
can be received by any one without training of any kind. 
while the second presupposes at least a working knowledge 
of the dot -and -dash language of the telegraph. 

FROM RADIO TELEGRAPH TO RADIO -PHONE 

As this is being written word comes to us to the effect 
that Government information is shortly to be broadcasted 
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by radio -phone, this ser\ ice taking the place of the present 
radio market news service of the United States Bureau of 
Markets and Crop Estimates, as described early in this 
chapter. A radio -phone has recently been installed on the 
top floor of the United States Post Office Building in 
\Vashington, D. C., and sufficient power is now available 
to broadcast Governmental messages to the public over a 
wide area. Governmental information-data assembled 
by the various departmental bureaus relating to farming, 
fruit -growing, lumbering, lining, and general knowledge 
-is being distributed throughout the United States. Con- 
gress is being urged to establish a "Bureau of Communi- 
cation" in the Post Office Department, appropriating $500.- 
000 annually for its maintenance, thus designating a clear- 
ing house for the broadcasting of knowledge of a varying 
nature by radio, catering to the diverse interests of 
110,000,000 citizens. 

The abandonment of radio telegraphy in favor of radio- 
telephony as a vehicle for the transmission of weather and 
market information, .which service was introduced April 
15, 1921, marks the advent of a hitherto unprecedented 
popularity for the distribution of Governmental data by 
radio communication. Radio telegraphy, after eight and 
one-half months of practical application, proved to be too 
specialized in nature, involving, as it does, a knowledge 
of the international telegraph code for use as a medium 
of circulating weather forecasts and the fluctuating ten- 
dencies of the markets. Hence the decision to adopt radio 
telephony as the distributing vehicle, the operation of the 
radio -phone being little more complicated than the use 
of a common telephone. a sewing machine, or phonograph. 
It is contemplated that instant and almost universal popu- 
larity will he accorded the latter system. 

The present installation in the Post Office Department 
Building at \\ ashington is the first unit of its kind to 
be placed in operation, and claims to novelty may be ad- 
vanced with regard to its mechanism. This wireless 
telephone puts 14 amperes into the antenna at 1160 meters 
wave length, which is a goodly amount of radio energy, as 
radio transmitters go. The modulation of the voice is 



92 RADIO FOR EVERYBODY 

said to approach perfection. Preliminary tests have suc- 
ceeded in flinging the voice, so to speak, as far west as 
Bryan, Ohio, and southward to Atlanta, Georgia, dis- 
tances exceeding 1,000 miles. The transmitter is quite 
flexible, so that the service may be varied to suit varying 
operating conditions if necessary. 

Contingent upon the will of Congress in appropriating 
the requested $00,000 for establishment of a "Bureau of 
Communication," the service will be extended in its reach 
as well as expanded in nature. Isolated areas, as well as 
frequented points in the United States, will be visited by 
this hurry -up method of spreading the nets s. 1t present 
there are eight radio stations, as already described, orig- 
inally established in conjunction with the transportation of 
mail by airplane, used as distributing agencies of market 
and weather reports. These are located at Washington, 
D. C. ; Cincinnati, Ohio; Omaha and North Platte, Neb.; 
Rock Springs, Wyo.; Elko and Reno, Nev. Radio -phone 
stations in prospect, by reason of the expansion of the 
service, will be located in Georgia, Texas, California. Mon- 
tana, Illinois and at some point in the New England 
States. A survey being conducted by the Post Office 
Department is ill determine the exact locations of these 
information -distributing stations. 

The Post Office Department voices the belief that the 
videspread dissemination of Governmental knowledge will 
not only prove of economical value to a varied citizenry 
of the -United States, but will serve as a leavening process 
in lmericanizing the increasing element of foreign popu- 
lation in our midst. The Post Office Department will not 
only give circulation to market news and weather fore- 
casts, in the event that Congress sanctions an enlargement 
of the service, but the different Government bureaus will 
be drauu n upon for facts pertaining to discoveries and 
developments that will serve the diverse interests of the 
farmer. miner, rancher, fruit -grower, forester and lumber- 
man. Then, too, the public in general can appropriate to 
advantage much of the information circulating through 
space by reason of its practical value and entertaining 
quality. 



Chapter IV. 

RECEIVING EQUI 1'M ENT AND THE 
INTERCEP I'ION OF RADIO NAVES 

THERE is nothing complicated about radio reception. 
The apparatus ma be of the simplest sort, if the 

distance to be spanned is relatively small ; virtually no 
experience is required, for anyone can turn the few 
knobs and adjust the detector; no licenses are required. 
and anyone can intercept radio waves without formality 
of any kind ; and the cost is low, considering the wonder- 
ful possibilities of a radio receiving set. It is only when 
one desires to span great distances and to have the clots 
and dashes or the radio -phone music amplified so as to 
be heard throughout a room, without the use of the usual 
telephone head set, that the cost mounts up. Even so, the 
cost is still no greater than that of a good phonograph, and 
certainly less than half the cost of a low-priced automo- 
bile. .\fter all, it is a question of what is expected of 
the receiving equipment, and successful results demand 
that the receiving equipment be fitted to the requirements. 

ESSENTI \LS OF R \DIO RECEPTION 

No matter how simple a receiving set may be and how 
modest the requirements, there are certain essentials which 
must be pro\ ided. Thus we have: 

First-One or more wires elevated from the ground 
and properly insulated, to form the antenna or the aerial. 
The purpose of the antenna, or aerial, is to intercept the 
radio waves and to convey them to the receiving apparatus. 
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An alternative to the aerial is the loop, which is simply 
a large trame with several turns of wire, which may be 
used indoors with fair results. 

Second-A good connection with the ground, which 
may take the form of a connection with a gas, water, or 
steam pipe. In the absence of any one of these pipes, such 
as in remote country districts, a good ground may be ob- 
tained in other ways, as described further on. Again, 
the ground may take the form of an insulated network 
of wires, placed below the aerial but elevated from the 
ground by a few feet. Such a ground is known as a 
counterpoise, and is frequently used. No ground is re- 
quired when a loop is employ ed instead of an aerial. 

Third- \ means of altering the wave length of the 
aerial circuit and the receiving apparatus, so as to inter- 
cept and detect any desired radio waves to the more or 
less complete exclusion of undesired waves. Tuning is 
accomplished by a wide variety of instruments and meth- 
ods, as will he explained. 

Fourth-A means of changing the frequency of the 
incoming waves from radio frequency to audio frequency 
so that they may be heard. The instrument that accom- 
plishes this result is known as the detector, and is of 
the crystal type or the vacuum tube type. 

Fifth-A companion instrument to the detector, which 
takes the audio frequency current delivered by the detec- 
tor, after the latter has cónverted the radio frequency 
into audio frequency current, and makes it audible to 
the human ear. This instrument may be any form of 
telephone receiver, ranging from the single receiver to 
the head set and to the loud -speaker. 

The first step, then, is to consider the aerial or an- 
tenna for receiving purposes. While the same aerial or 
antenna may he used for both receiving and transmitting 
purposes, as a general thing these purposes are by no 
means interchangeable if really efficient results are de- 
sired. Thus the ideal antenna for receiving-antenna, 
b the way, is a happier term for the receiving end than 
aerial, the latter apply ing more particularly to transmis- 
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sion work-is a single wire, insulated at both ends, ele- 
vated some 20 or more feet from the ground and mea- 
suring 150 feet in length. A shorter wire makes for a 
lower efficiency, while a longer wire, strange as it may 
seem, also detracts from the receiving efficiency. The 
reason for this is that the wave length of the aerial 
should be as nearly as possible that of the radio waves to 
he intercepted. Otherwise, in the case of a shorter wire. 
it is necessary to add inductance in order to bring up the 
wave length, and such inductance means some loss of 
energy. Furthermore, a shorter wire will not intercept 
as much of the radio waves as a longer one. Nrn., on the 
other hand, a longer wire intercepts more of the radio 

llow a receiving antenna matt, lie installed in the couuln. The 
sIngle wire may he run front the house to a barn, tree, clothes 

pole or other support. 

wave, but it is necessary to use either a variable or fixed 
condenser in series with the antenna in order to bring 
down the wave length, and such practice means a loss of 
energy. Of course, we are considering the receiving set 
on the basis of amateur and radio -phone reception. I f one 
desires to receive the long -wave commercial stations, a 
longer wire is quite satisfactory. Indeed, for the best 
'kind of work it may be well to have several antennae, 
arranged for various classes of service. 

TILE AERIAL AND TILE GROUND FOR RECEIVING 

is for the kind of wire to use, there is considerable 
latitude; indeed, in this general subject of antennae for 
receiving purposes there are no fixed rules to go by. 
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Various kinds of wire are used, among these being plain 
aluminum wire, which has the advantage of being exceed- 
ingly light and quite low in cost; plain copper wire, which, 
of course, is an excellent conductor, although somewhat 
costly, especially in the larger sizes; hard -drawn copper 
wire, which has all the advantages of plain copper, plus 
greater strength; copper -clad steel wire, which has great 
strength coupled with good conductivity; stranded phos- 
phor -bronze wire, which has long been the standard aerial 
wire in commercial and Government work ; and annunci- 
ator or bell wire, which is insulated. The last-mentioned 

-- _- :.. 
. 

_sr, 

Mittrriolw with which to erect the antenna, compris- 
ing a coil of bare copper or copper -clad steel wire, 
insulators, ground clamp, insulated wire for lead-in, 
porcelain tube to insulate lead-in passing into build- 

ing, and a light ui ng arrester. 

wire may sound freakish and merely an improvision; but 
as a matter of fact the insulation makes little difference. 
Why? Simply because if the insulation were not there, 
the space immediately surrounding the copper wire would 
he taken up by air, and the air is about as much of an 

insulator as the usual cotton and paraffin insulation. 
Hence it makes little difference one way or the other, and 

annunciator or bell wire recommends itself in many in- 
stances because it is so easy to obtain. A pound of No. 
18 Wire is sufficient for a good single -wire antenna. 

Aluminum wire is not recommended very enthusiastic- 
ally by the author. Back in the early clays of amateur 
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radio, when we used to spend our hard-earned money by 
the cent rather than by the dollar, aluminum wire was 
widely employed because a good many feet of it came 
with each pound. IIowever, it has not the conductivity 
of copper by a good margin, and even when using No. 
11 size it is not as good as No. 18 copper. Furthermore, 
it is difficult to solder aluminum wire joints, yet they 
should be soldered. If the joints are not soldered, water 
gets into them and oxidizes the aluminum wire. The 
oxide takes die form of a white crust, and is of such 
high resistance that it reduces the efficiency of the antenna 
materially. 1Ience aluminum wire should not be used ex- 
cept w here cost is a prime essential, and even so, a small 
sized copper wire is preferable. 

Copper clad steel wire is almost as good as solid copper, 
and costs considerably less. It is the kind of wire that 
is supplied with the usual antenna equipment as sold by 
wireless dealers. Hard -drawn copper wire of No. 12 or 
No. 14 guage is satisfactory for antenna construction; 
however, stranded silcon bronze or phosphor bronze wire 
is more durable and will stand greater strains. 

Now then, 'having selected the wire, the next step is 
to erect the antenna. Supports are sought, since for re- 
ceiving purposes the height of the antenna is not so im- 
portant and the antenna may be supported by any suitable 
object, such as a house, tree, flag -pole, clothes -Pole, and 
so on, makingmasts or supporting towers unnecessary. 
if possible, the wire should be horizontal, which means 
that the supports at both ends must be of the same height. 

It is necessary to insulate the antenna wire. This is 
done by placing little porcelain knobs or porcelain cleats. 
such as are used in exposed electric light wiring, at each 
end of the wire, as shown in the accompanying sketch. 
Such improvised insulators will serve quite nicely for 
ordinary installations, but if the antenna is apt to be sub- 
jected to considerable strains from high winds as well 
as coatings of ice, it may be well to substitute regular 
antenna insulators. These take the form of special 
moulded electroe insulators, with heavy galvanized rings 
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eIJmple wily to i 'isolate and fasten the farther end or free 
end of a single n'ire antenna. 

moulded right into the brown insulating material. The 
insulator proper is provided with many deep grooves, so 
as to lengthen the surface of the insulator and therefore 
increase its resistance to leakage or loss. Small electrose 
insulators will rio for the receiving station, if placed at 
the ends of each antenna wire, between the wire and the 
support. 

Another popular form of antenna insulator is one made 

How the nearer end or lead-in end of the antenna is fastened 
and insulated. The lead-in wire is fastened to the antenna 
wire by means of a connector, or is soldered so as to insure 

a perfect and lasting joint. 
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of micarta, with a metal lined hole at each end. This 
kind of insulator is supplied with an antenna equipment 
now on the market, and has the advantage of considerable 
mechanical strength with good insulating properties. 

in the country the erection of the antenna is a simple 
matter, for there are virtually no restrictions such as one 
encounters in the crowded city. Thus the antenna wire 
may be run from the roof of the house to the roof of 
the barn, or even from the second floor of the house to 
the roof of the barn. If no barn is available, then the 
farther end of the w ire may be supported by a clothes - 
pole or tall tree. 

The author, while this hook is being written, is using a 

small antenna consisting of a single wire about 60 feet 
long, running from the third floor of a frame house to a 
tree in the yard. The antenna, made of No. 18 annun- 
ciator or bell wire, is about 40 feet high at one end, and 
certainly not oser 10 feet at the farther end. While this 
antenna is an improvised one and is to be replaced by 
a single length of hard -drawn copper wire. some 150 feet 
long, running from the house to a taller tree than the 
present one, it has proved quite satisfactory for receiving 
the radio -phone service from the Newark station, about 
45 miles distant, and the radio -phone service from the 
Pittsburgh station, considerably more than -1:00 miles dis- 
tant. However, the less efficient die antenna happens to 
be, the better must be the receiving equipment. The Pitts- 
burgh station ordinarily is received by the author with 
one stage of amplification, and when the atmospheric con- 
ditions are unfavorable, two stages of amplification must 
be employed. The Newark station is generally heard with 
the vacuum tube detector alone. although one stage of 
amplification makes it more enjoyable. 

In the city. the antenna presents a problem. What with 
congested conditions and a none too obliging landlord. 
the radio enthusiast is often forced to resort to a little 
strategy. The author. only recently a resident of the 
suburbs, traveled a rather thorny path ir. pursuit of radio 
while residing in New York City. One antenna after 
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another was removed by a highly militant janitor, carrying 
out the instructions of an overbearing landlord. The 
antennae took all kinds of forms, ranging from single wires 

/INSULATOR INSULATOR) 

LEAD. IN >1 .. 
SIMPLE SINGLE -WIRE L -TYPE 

How the 1. -type single wire antenna is 1IIRt al led. Such an- 
tennae should not he shorter than 60 feet and not longer than 
150 feet for best results in the reception of short WIIVP9 surh 

as are used in amateur and ratio -phone work. 

running from one house to another across a court or large 
open space, to a number of wires supported on poles or 
supported by the dumbwaiter houses on the roof. Finally, 
the author simply ran a single wire down a chimney, from 
the roof to the cellar, a distance of about 75 feet. This 
wire was never detected, and it was tapped in the kitchen 
of the apartment, through a flue that led into the chimney. 
A poor antenna at best, it served to receive the Newark 
radio -phone service some 15 miles distant. 

All sorts of improvisions may be resorted to when an 
outdoor antenna is not practical. A metal bedstead, the 

/INSULATOR INSULATOR., 

/LEAD-IN 

T -TYPE ANTENNA, TAPPED IN CENTER 

Arrangement of a T -type single mire antenna. When thee 
antenna runs longer than 1511 feet, it may be desirable. to tap it in the renter for the lead -In, provided the lead-in tan be 

dropped straight down to the reeeivlag apparatus. 

telephone line with a fixed condenser in series, the bell 
wiring of the house. the lire -escapes, an indoor antenna 
of any shape and size-all these iiuprovisions are possible 
for nearby signals. 
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So far, onl. single wire antenna have been dealt with. 
The wire is tapped at one end hs another length of wire 
leading to the receiving instruments. This second wire is 
called the lead-in, and it is preferable to have it of insulated 
wire, so that if it touches a wall or roof coping or other 
object there will not be the leakage that would occur with 
bare wire. 

But supposing the antenna is stretched over a greater 
distance than say 125 or 150 feet, and the receiving station 
must he located near the middle of the span, then what 
Simple enough. The antennae so far described are called 
the i. -type, because the antenna proper and the lead-in 
form an inverted i, shape. If the antenna is to be 200 or 

INSULATORS 
INSULATOR) 

lY 

LEAD-IN 

Ivy 

V -TYPE ANTENNA 

The V-0 pe antenna, consisting of Iwo wires of about equal 
length, diverging to two different supports. 

300 feet long. then the tap is taken at the center, and to all 
intents and purposes the antenna is equivalent to two 
single wires 100 or 150 feet long. In other words, the 
wave -length of the long wire is halved by tapping it at 
the center. This type of antenna is known as the T -type. 
Another modification of this type is the V -type, in which 
two wires of about the same length run from the lead-in. 
at one end, divergingly to two more or less separated sup- 
ports at the farther end. This form of antenna has the 
same wave -length as the average of the two wires, and is 
more efficient than a single w ire. 

Then there is the umbrella type which must be employed 
where a stretch of over 40 feet is not to he had. In this 
case a tall pole must be used as the center support, and 
the wires numbering six to ten, radiate downward in all 
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directions, being insulated at the top and bottom ends. 
The lower end of each wire should be 20 feet from the 
base of the pole, so as to obtain as much spread as possible. 
The lead-in wire is taken from the top, the various wires 
being connected together and spliced to the lead-in wire. 
The erection of the umbrella type is somewhat complicated, 
as compared with the simple single wire antennae, and is 
therefore not recommended for receiving purposes except 
in eases of absolute necessity. 

For receiving purposes, a multi -wire L -type or T -type 
antenna is not necessary, hence a description of the m ulti- 

wire antenna e-or more 
properly called aerials, since 
they are to be used for trans- 
mitting-will be left for the 
chapter dealing with trans- 
mission. 

The lead-in connects the 
antenna with the receiving 
instruments. One of the 
problems is to bring the an- 
tenna through the wall or 
window into the station, no 
matter where it may be lo- 
cated. Some amateurs pre- 

fer to bore a hole through the glass pane of a window, but 
this is a somewhat tedious job and one that is apt to end 
in a disaster unless there is considerable skill behind it. 1 
better plan is to cut a board in order that it will fit in the 
windo\\ frame below the partly raised window, so as to 
keep out the air. The window is brought down on the 
board. \ hole is made in the board and provided with a 
porcelain tube insulator, through which is passed the lead- 
in. The lightning switch or arrester can be mounted on 
the board, if desired. 

Then there is the ground connection, which is highly 
important. Indeed, the effectiveness of the antenna system 
depends largely upon the character of the ground connec- 
tion. The most practical ground connection is the water 

UMBRELLA TYPE ANTENNA 
'Pile umbrella type antenna. 
which in only employed when 
it is impossible to obtain a 
sufficient span for the antenna. 
This type is quite popular in 

transmission work. 
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supply system. Where this is not available, pipes con- 
nected with the heating or gas system may be used, al- 
though these are to be regarded with some suspicion. 
Sometimes a non -conducting length of pipe is inserted in 
the gas line before it reaches the earth, so that it is not a 
true "ground" connection. However. the results obtained 
soon disclose whether the pipe is grounded or not. 

At any rate, the pipe selected is scraped with a knife 

LEAD-IN 
I:N9 U LATOR 

A convenient manner In tchich to brim the lead-in wire 
Into the house. A hoard of about the Name width as the 
window frame is Inserted at the bottom or top of the win- 
dow frame, and the window is then pushed against it so as 
to shut out the air in cold weather. The lead-in passes 
through a hole in the hoard, which may he insulated. Thus 

the window can lie raised or lowered without trouble. 

or rubbed clean with sandpaper until it is bright, and 
connection is made by means of ground clamps, which 
can be obtained at any electrical supply store, or by wrap- 
ping ten or more turns of copper wire about the cleaned 
section of the pipe, good and tightly so as to make firm 
contact. No. 14 wire is preferable for the ground lead. 
although anything up to No. 20 will (lo. Naturally, the 
insulation is removed from the wire at the point where it 
makes contact with the pipe. If possible, the wire should 
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be soldered, for one cannot take too much pains with the 
ground connection. More receiving troubles originate 
with a poor ground connection than from any other 
source, for the good and sufficient reason that this end 
of the installation seems so simple that it is often slighted. 
Too much is taken for granted. However, if no solder is 
used, then it is well to wind insulating or friction tape 
about the connection, so as to hold it firmly in position 
and to prevent corrosion between the copper wire and 
the pipe. 

Where the above -mentioned means of ground connec- 
tion are not available, wires or plates may be buried in 
the earth and connected to the apparatus. Such wires or 
plates should include an area of at least 30 square feet, 
buried in damp soil. Another method is to attach the 
ground wire to a metal bucket which is tllen lowered into 
a well, .a brook, a pond or a lake. 

DOING A\VAY WITH THE GROUND CONNECTION-THE 
COUNTERPOISE 

There are places where a ground connection is out of 
the question. Take, for instance, desert country, where 
the soil is sandy and without moisture of any kind. Or 
again, take rocky country, where there is just a thin layer 
of soil over soliel rock. Obviously, a ground is out of the 
question. It then becomes necessary to resort to what is 
known as the counterpoise, which consists of at least the 
same number of wires as the antenna, suspended beneath 
the antenna and used in place of the usual ground connec- 
tion. The counterpoise wires should he elevated but a 
few feet from the ground, and just as carefully insulated 
as the antenna wires. 

In aircraft, the counterpoise form of ground is em- 
ployed. It must be evident that no ground connection is 
possible when the machine is in flight. So the antenna 
consists of one or more wires which are paid out while 
the machine is in flight, and which trail behind some 100 
or more feet in length, while the ground is represented 
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by a counterpoise made up of all the metal fittings and 
stay wires and control cables of the machine. 

The counterpoise is especially efficient and almost neces- 
sary in conjunction with continuous wave transmission, as 
will be described farther on when we come to transmitting 
equipment. 

When the summer comes along in such localities where 
thunder storms are common occurrences, it is necessary 
to give some consideration to lightning. The antenna, 

How the lightning switch is installed. it should ahiays he installed on the outside of the building, with the ground wire 
going as straight as Possible. The blade of the switch is con- 
nected with the antenna, one Jaw is connected with the receiving 
set, and the other is connected directly to the ground. Thus 
the antenna may be connected with the receiving set or 

grounded." 

after all, presents brit a small target to lightning, but even 
so it is well not to take chances. just as electric power 
lines and telephone and telegraph lines must be protected 
against lightning, so must the antenna be provided with 
some protective device. The Fire Underwriters require 
the installation of a lightning switch or protective device, 
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and this should be done as a precautionary measure. The 
approved type of lightning switch is a single -pole, double - 
throw, 600 -volt. 100 ampere, knife switch, mounted on a 

composition base. The slate base so often provided with 
such switches is not satisfactory, because it absorbs 
moisture and causes quite a little leakage of the radio 
currents when used in this manner. Lightning switches 
are required to be mounted on the outside of the building, 
and the ground connection may be made to an iron pipe 
driven several feet into the ground. This connection 
should be made with weatherproof copper wire, No. 6 

B. & S. guage or larger. It may well be worth while for 
the radio enthusiast to mount the switch on electrose pil- 

lars, since these offer the maximum insulation, and the 

pillars, in turn, can be mounted on a stout oak board. 
However, where only receiving apparatus ís being used 

-and we are dealing with receiving apparatus only in this 
chapter-lightning protection may be obtained by the use 
of a vacuum -gap protective device. This device should 
be installed in place of the lightning switch and should be 

permanently connected to both the antenna and ground 
wires. The vacuum -gap lightning protector is made in 

several different types both for indoor and outdoor in- 

stallation. The outdoor type is preferable, because the 
shortest possible route to the ground should be provided 
for any possible lightning charge. All radio supply 
houses handle the various types of vacuum -gap lightning 
protector. 
USING THE LOOP IN PLACE OF ANTENNA AND GROUND 

Interesting results may he obtained by using a loop in 

place of the usual antenna and ground, although it ís well 

to remember that the loop is by no means as effective as 

an outdoor antenna. A loop consists of a suitable 'wooden 
frame on which are wound a number of turns of bare or 
insulated wire. The frame should be suspended or mourned 
in such a manner as to permit of being swung in all direc- 
tions. The loop receives best when it is pointing edge on 
towards the transmitter, and it is this characteristic of the 
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loop which makes if interesting. It indicates the direction 
of the transmitter being intercepted, and this forms the 
basis of the radio compass which has found such wide 
use in modern navigation. 

Loops are of two general types: there is the spiral loop, 
which is of the flat type, inasmuch as all turns are in the 

A solenoidal type loop of simple construction. 
,chick eon be used in ¡tame of the usual antenna. 

same vertica plane and each turn encloses an area smaller 
than the preceding turn; and there is the solenoid loop, in 
which the coils are ali of the same dimensions, spreading 
out horizontally so as to form a square helix. A loop 
only three feet in diameter is sufficiently large to pick up 
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radio -phone broadcasting stations a few miles distant, and 
larger loops may be employed at greater distances. Trans- 
atlantic reception is effected by means of loops, which 
have the advantage of reducing atmospheric disturbances 
and other interference to a minimum. However, loops 

The spiral or flat type of loop. 
whirl' may he readily mule 1100 
which affords no end of interest - 

lug; possibilities. 

do not begin to prove as effective as outdoor antennae, 
hence amplifiers must be resorted to when using loops. 
Since the number of turns comprising any loop depends 
largely on the wave length desired and the dimensions 
of the frame, it is best to decide the exact number in each 
case by experimentation. To this end the loop should 
be made with bare wire so that one can tap any number of 
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turns, or the insulated wire should he hared at certain 
points so as to permit of tapping. More will he said 
about loops in the chapter on operating the receiver. 

One of the ¡leafiest forms of loop. The turns of wire are spaced 
about one inch apart for the best results. 

THE IRREDUCIBLE MINIMUM AMONG RECEIVERS 

With the antenna and ground accounted for, the next 
step is to consider receiving equipment. The simplest 
receiving equipment comprises a detector and a single 
telephone receiver. The detector, as we have already 
learned, is a device which changes the frequency of the 
incoming waves from radio frequency to audio frequency 
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so that they may be heard in the telephone receiver. Let 
us consider the simplest kind of detector. 

Nothing could be less complicated or less expensive 
than the crystal detector. It makes use of one of se\eral 
different kinds of mineral crystals which possess the de- 
sirable characteristics. The most popular crystal body 
today is galena (lead peroxide), a silvery gray mineral 
which breaks in squares with mirror-like surfaces. Rest- 
ing on the galena crystal is a line piece of wire, and it is 

GALENA DETECTOR WITH SPRING 
GALENA AND CRYSTAL / SWITCH FOR EITHER CONTACT DETECTOR DETECTOR 

A crystal detector unit. In this ease two detectors are mounted 
on the saline base, crilII n switch for selecting either detector. 

the contact between the crystal and the wire which sloes 
the rectifying of the high frequency radio energy, of the 
order of 20.000 to (i.000.000 changes of direction per sec- 
ond, to impulses of varying strength traveling in one 
direction only, and therefore capable of operating a tele- 
phone receiver. Sometimes another crystal is employed in 
contact with the galena, in place of the wire. 

Now with all crystal detectors the matter of adjustment 
is an important one. Unfortunately, the crystals are not 
uniformly sensitive. I lere and there on a given surface 
there are sensitive spots, and these must be sought out. 
Hence 'when using a crystal detector the wire member 
must be shifted about on the surface of the galena crystal 
until a sensitive spot is found. Once a sensitive spot is 
found, the detector need not be readjusted for some time. 
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However, if it is jarred the sensitive contact may be lost, 
and readjustment is then necessary. 

While the crystal detector is far more sensitive than the 
earlier forms of detector employed during the pioneer 
dais of radio coimtlunication, it is not nearly as efficient 
as the vacuum tube type, which will be described further 
on. however, the crystal type is inexpensive and may 
be used with the simplest kind of equipment. It requires 
no batteries of any kind. 

The simplest receiving set, therefore, consists of the 
antenna and ground connected to a plain crystal detector, 
with a telephone receiver in parallel; and no attempt is 
made to tune such an arrangement. -\t short distances 
from a powerful radio -phone or radio telegraph station, a 
crude receiving set of this kind serves quite nicely. 
Indeed, from France comes the little receiving set ss Ilich 
may be carried about in one's pocket. It comprises a 
telephone receiver, on the back of which is mounted a 
crystal detector. Such an arrangement is used in Paris 
for receiving time signals from the powerful Eiffel tower, 
and even radio -phone concerts are picked up at consider- 
able distances outside the French metropolis, when using 
this diminutive receiver. Instead of using a single wire 
resting on the galena crystal, this device has ten wires 
resting on ten different places on the crystal, and a switch 
is provided so that the operator can select any one of the 
ten wires. Obviously. one or more of the wires are almost 
certain to he resting on a sensitive spot; if not, the crystal 
can he shifted slightly, so as to give ten new spots. This 
idea is truly ingenious, and works out very well in prac- 
tice. The little set is provided with tiny spools containing 
the necessary connecting cords and clips. so that one can 
hook up to any suitable ground and to anything that will 
act as an antenna. The framework of a large awning, 
the fire escape, an iron bedstead, an umbrella-all these 
and other similar metallic objects may he used for receiv- 
ing messages from powerful stations but a very short 
distance away. 
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SIMPLICITY COMBINED WITH EFFICIENCY 
With no provision made for tuning, a receiving set must 

perforce be of a low order of efficiency. Furthermore, 
all signals come in at the same time, if several transmitters 

are working in the immediate 
vicinity. By providing the 
simplest kind of tuning device. 
the efficiency of the crystal de- 
tector and telephone receiver is 
immediately improved. 

There are several simple types 
of tuning devices. One of these 
is the inductance coil, which con- 
sists of a large number of turns 
of copper wire, wound in a single 
layer on a solid mandrel or tube, 
and provided with some means 
for varying the number of turns 

G 
of wire which a -e used. A 
switch may be employed, with 
contact points so a: ranged as to 
represent say every ten turns of 
wire, in order that ten, twenty, 
thirty, forty and so on turns may 

be obtained at will. Again, two switches may he used, 
one switch working by groups of ten or twenty, while the 
other switch cuts in one turn at a time. Ir this manner 
a relatively fine adjustment may be obtained. If 68 turns 
represents the proper adjustment, the first sAv itch is turned 
to the point connecting with 60 turns, and the second 
switch is turned to the eighth turn of wire. This arrange- 
ment is found in certain of the present-day receiving sets. 

\pother means of varying the number of turns of an 
inductance coil is a sliding contact, which moves over the 
bared section of the wire. Such a device is termed a 
tuning coil. and is illustrated on page 717. Bare or 
insulated wire may he used on the tuning coil, so long as 
the adjacent turns are insulated one from t'ie other, and 

The simplest receiving set 
that will give fair results. 
using a rough timing coil. 
crystal detector, fixed con- 

denser anti telephone. 
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the proper contact is afforded between slider and wire. 
There are several ways of connecting the tuning coil, 

a typical one being indicated in the accompanying diagram. 
It will be noted that the best arrangement calls for two 
sliding contacts or "sliders" as they are termed, and 

that in this instance the detector is 
really in a separate circuit from the 
antenna -ground circuit. It will be 
noted that this two -circuit arrange- 
met:t is by far the most efficient, and 
in the most advanced types of receiv- 
ing equipment the two circuits are even 
separated from each other, so that 
there ís no physical connection between 
the two. A small fixed condenser is 
placed across the telephone receiver. 

T as indicated, in all crystal detector cir- 
cuits of this general category. 

The tuning coil, with its sliding con- 
tacts which (lo not always make per- 
fect contact, has more or less become 
obsolete. In its place we 110M1V find 
more delicate devices which give a finer 
adjustment, since the continuous -wave 
transmitters now widely employed in 
radio telephony and in radio telegraphy 
are exceedingly sharply tuned and even 

a fraction of a turn of inductance makes a considerable 
difference. So present practice favors another form of 
tuner known as the variometer. 

The variometer, which is shown in the accompanying 
illustration, comprises a fixed set of coils and a movable 
set of coils. As the knob of the variometer is turned, the 
relationship between the fixed and the movable coils is 
altered. When the variometer dial is set at 180, or what- 
ever may be the maximum dial reading. the coils are so 
arranged that the current will flow in the same direction 
in each set of coils, thus adding wave length to the circuit 

A 

.% tuo-slide tuning 
coil arranged for 
tuning the untennn- 
grouud circuit and 
the closed detector' 

circuit. 
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in which the variometer is placed. When the dial is set 
at 0, the two sets of coils are so arranged that the current 
will he flowing in opposite directions in both sets of coils. 
and the coils are then said to be in opposition or "bucking" 
each other. In that condition the inductance is greatly 
reduced, and the wave length is therefore at a minimum. 
Hence a considerable range of wave -length values may 
be obtained with very fine adjustment by the turning of 
the variometer knob. There are no loose contacts to bother 

FIXED COIL OR WINDING 

MOVABLE COIL OR WINDING 

The mechanism of the variometer. This instrument consists of 
two sets of coils, one fixed set and one movable set. 

with, and the rotary action is far more convenient than 
the movement of sliders along a tuning coil. 

In the inexpensive receiving sets now being offered to 
the public, the tuning is effected by several methods. The 
lowest priced sets use merely an inductance with taps taken 
off at regular intervals and connected to the points of a 



RADIO FOR EVERYBODY 115 

switch. This rough tuner is placed across the detector and 
telephone. Since the telephone otters too much resistance 
to the passage of high -frequency current to the detector, 
a small fixed condenser is placed across the telephone. 
Such a set, it must be evident, is satisfactory for short 
distances only, and cannot tune with any degree of ac- 
curacy so as to throw out undesirable stations and con- 

centrate on any given station. 
The sets selling for $20.00 or 
$25.00 are of a better grade. 
being provided with either a 
two -slide tuning coil, with the 
sliders arranged in the form 
of swinging arms so as to be 

T 
operative by means of knobs, 
or a variometer. A crystal de- 
tector is supplied with such 
sets, as well as a pair of tele- 
phone receivers. A finer ad- 
justment may be obtained with 
such arrangements than can 
possible be obtained with the 
simpler sets. and of course the 
results are accordingly ever so 

much better. Sets of this kind niav receive radio -phone 
service over a distance of 25 miles or less, and with good 
conditions obtaining the range may be increased to 50 
miles. The Newark radio -phone broadcasting station re- 
ceived word some time ago that an amateur in \lbany 
some 120 miles distant, was receiving the radio -phone 
music with a crystal detector, and this case is perhaps 
not so unusual_ however, freak conditions are not to 
he depended upon. and when a definite distance must he 
spanned clay after clay. the receiving set should be con- 
sidered on the basis of minimum performance. Radio 
telegraph stations carry much farther than radio -phone, 
so that these same sets may receive radio telegraph sig- 
nals over 100 miles distant. 

\Viring' scheme for it Ki stile 
%or' ter rind crystal de- 
tector. '1'h is rirrri tltrnunl pro- 

drice% excellet t rrsnit s. 
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THE \iISSION OF THE V \KIABLE CONDENSER 

So far, we have only dealt with inductance as a means 
of tuning. Inductance makes for greater wave length : 

the more inductance is placed in a circuit, the greater the 
wave length. There is another device for varying wave 
length, and that is capacity, which was described in the 
first chapter. Capacity is presented by a condenser, which 

KNOB ON DIAL SHAFT FOR 
MOVABLE PLATES 

FIXED PLATES 

. 

. I 

VARIABLE r 
PLATES 

Outside it lid inside views of a variable condenser. showing Its 
simple mechanism for varying capacity. 

may be of the fixed or variable kind. For the present we 
are interested in the variable kind. Various forms of 
ariahle condenser are available, some with fixed and 

movable plates, the movable plate being hinged so that it 
can be moved toward or away from the fixed plate; others 
with a set of fixed plates and a set of movable plates that 
slide in grooves and pass in between the fixed plates with- 
out touching them; still others with a delicate means of 
increasing or decreasing the distance between a fixed and 
a movable plate; and, finally, the rotary type, in which 
there is a set of fixed plates and a set of rotary variable 
plates sshich glide in and out of the fixed set without 
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touching them. The maximum capacity is secured when 
the plates are nearest to each other or lien the plates are 
entirely meshed. as the case may be. 

There is a simple rule that applies to the use of lariable 
condensers in affecting wave length. When the condenser 
is in series. the wave length is reduced considerably, and 
fine variations may be obtained by adjusting the condenser. 
\Vhen the condenser is across or in parallel with induc- 

tance, it augments the wave 
length in proportion to the 
amount of capacity use. 

The value of the variable 
condenser conies in the fine 
adjustment of which it is 
capable. Thus the inductance 

1 typirad two -slide units may be relatively crude, 
tuning 

coil, yet the variable condenser con- 
nected in series or ill parallel with the inductance will 
serve as the finishing touch. It is much like a weighing 
operation, in which weights of several pounds are placed 
on the scale, while the delicate balancing is accomplished 
by a sliding beam weight. it is for this reason that in 
many radio receiving sets the inductance is varied in pretty 
big steps. while the finishing off. so to speak, is left to one 
or more variable condensers or even variometers. since 
the lariometer is also capable of fine adjustment. 

The crystal detector is limited to short distances and 
to IN eak or moderate audibility in the telephone receivers. 
it is out of the question to ask for a loud -speaker in 
connection with a crystal detector. \gain, a fairly large 
aerial must be used in connection with a crystal detector, 
unless one is situated within five to ten miles of a radio- 
phone broadcasting station. or within thirty miles of a 
radio telegraph station. Hence. sooner or later, and rather 
sooner than later, the radio enthusiast gets around to the 
vacuum tube detector. even though it does mean storage 
batteries and dry batteries. as well as more elaborate re- 
ceiving equipment. But the results are so much more 
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satisfactory with the vacuum tube detector that there is 
scarcely any comparison between such a set and the 
crystal type. 

TILE VACUUM TUBE AND WHAT IT DOES 

The vacuum tube is the most interesting as well as the 
most useful device which has been developed during the 
progress of the radio art. Without going into the history 
of this device, it may be said that Edison originally discov- 
ered the peculiar behavior of an incandescent lamp fila- 
ment by inserting an extra wire in a lamp bulb. He 
discovered the fact that when a lamp filament is cold, no 
current can be passed across the vacuum between the 
filament and the extra wire or plate inserted in the vacuum. 
However, the moment the filament is brought up to incan- 
descence, a current can be passed across the vacuum gap 
between the filament and the plate; but the current can . 

only be passed in one direction, since this device is a uni- 
directional or uni-lateral conductor of electricity. Thus 
the vacuum tube, as this device is called, may be used to 
rectify alternating current, since it allows the current to 
flow in one direction only and therefore converts alter- 
nating current into pulsating direct current. This prin- 
ciple is employed ill certain storage battery recharging 
outfits, as well as in the detection of radio signals. 

What really takes place in the vacuum tube is subject 
to a good deal of theorizing, and bulky volumes have been 
prepared on the subject. It is not within the province of 
this book to deal with theories, but suffice it to state that 
the t+hite hot filament gives off millions of infinitesimal 
electrically charged units known as electrons. These 
electrons travel from the filament to the relatively cool 
wire or plate placed in the vacuum tube, and thus form a 
bridge over which one-way traffic of outside electric cur- 
rent is permitted. Depending on the number of electrons. 
the bridge is of greater or less capacity, and therefore 
accommodates more or less traffic. 

Now in the present-day vacuum tube there is a traffic 
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officer, so to speak, who decides how much traffic shall 
pass over the electronic bridge. It was Dr. Lee de Forest, 
the radio pioneer and inventor, who discovered how the 
traffic could be regulated, and introduced what we are 
pleased to call a traffic officer for the purpose of an ana- 
logous explanation. This third member, known as the 
grid. surrounds the filament and comes betw een it and 
the plate, so that the electrons must pass through the 
grid in order to reach the plate. \ny charge which is 
impressed on the grid immediately affects the electronic 
flow, allowing a greater or less flow ; and, consequently, 
the external current being passed over the electronic 
bridge, between the filament and the plate. is likewise 
altered by the grid charge-our little traffic officer, as 
it were. The grid consists of a piece of wire bent in zig 
zag form or again as a perfect helix or flattened helix, 
surrounding the filament and separating the latter from 
the plate. 

The vacuum tube is a most sensitive device. The slight- 
est charge impressed on the grid controls faithfully and 
instantly a rather strong current flowing between filament 
and plate. In this manner it. becomes possible to control 
a strong current by means of a weak current. The incom- 
ing radio waves are led to the grid, where they serve to 
control the electronic flow, and this in turn controls the 
flow of current through the tube to the telephone receiv- 
ers. The arrangement is such that the radio waves are 
converted into audible sounds in the telephone receivers- 
loud, clear signals, such ás never could be obtained with a 
crystal detector. 

The vacuum tube can be used for a great many differ- 
ent things. It is a rectifier of alternating current ; that is, 
it converts alternating current of almost any frequency 
and of any strength within its capacity into direct current. 
It can, conversely, convert direct current into alternating 
current of a wide range of frequencies. It permits of 
controlling a powerful current with a weak current ; this 
feature is the basis of the amplifier, since the character- 
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istics of a weak current are impressed on a current several 
times as pomerful, therefore giving that much louder 
response in a telephone receiver. This characteristic is 
also the basis of the telephone repeaters. now employed 
in long-distance telephony. Vacuum tubes permit of re- 
building attenuated telephone currents at any desired in- 
terval of line, so that a greater distance may be spanned. 
The vacuum tube, of various capacities ranging from the 
small 5 -watt tube to the large 250 -watt tubes, can also be 
used for transmitting purposes, but that is another story 
which is left for later on. 

TiiE "A" BATTERY AND THE "B" BATTERY OF V \CUUM 
TUBES 

Now the use of any sacuum tube involves a battery for 
heating the filament, which is the "A" battery but is more 
commonly referred to as the filament battery, as well as a 
high -voltage or "B" battery which serves to pass current 
across the electronic bridge from the filament to the plate, 
when the filament is heated for the device to be actuated. 
whether it be a telephone receiver, an amplifier circuit, a 
recorder or other instrument. The filament battery, ill the 
case of the more common vacuum tubes, is a 6 -volt bat- 
tery although there are special vacuum tubes which oper- 
ate on lower voltages. A special tube used on certain 
Westinghouse receiving sets operates on a single dry cell, 
or about 1.4 volts at the outside, and draws but Y/ 
ampere of current. The usual vacuum tube. such as the 
Radiotron, requires close on to 6 volts and a trifle over l 

ampere. Another standard tube, known as the A -P tube, 
requires not more than 5 volts and about .7 ampere. 
This means that dry cells are quite extravagant in this 
connection, since xs ith a drain of about one ampere, 
any (Iry cell will not last very long. If dry battery must 
be used, it is well to employ two sets of five cells each, 
the two sets being connected together. In other words, 
the five cells of each battery are arranged in series, with 
the carbon of one cell connected to the zinc of the other, 
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and then the end carbons of both sets are connected to- 
gether for one side of the combined battery, and the 
zincs of both sets are connected together for the other 
side of the combined battery. This virtually means a 
battery of .twice the life of a single lrattery, although the 
voltage remains the same. The name of this arrangement 
of batteries is series -parallel. 

Still, there is nothing that really takes the place of the 
storage battery in operating vacuum tubes. This is espe- 
cially true where more than one vacuum tube is being 
used, such as when using one or two stages of amplifica- 
tion, as is explained in the following chapter. The storage 
battery may he of any standard type, although since the 
heavy demand for radio equipment began some few 
months back, there have appeared several special storage 
batteries particularly intended for radio work. These 
storage batteries are characterized by all -rubber cases. 
eliminating the possibility of leakage from cell to ground 
or from cell to cell, and doing away with one of the most 
frequent causes of noisy sets. Furthermore, such batteries 
are of a smaller ampere -hour capacity than those used for 
automobile starting and lighting service, thus making them 
lower in cost and more convenient to handle and recharge. 

A storage battery must be recharged when it runs down. 
In a subsequent chapter we shall consider the care and 
recharging of the storage battery. Suffice it to state that 
where a radio set employs several vacuum tubes, so that 
the drain on the storage battery ís considerable, it pays 
good dividends to install some form of recharging ap- 
paratus. In this manner the storage battery may be re- 
charged whenever necessary, at a minimum of expense 
and without losing valuable time. 

Aside from the storage battery for the filament, a "B" 
battery must he provided. This battery must be a high - 
voltage one. In the early days of vacuum tubes a number 
of flash -lamp batteries were connected together so as to 
obtain the necessary current, but today there are special 
dry "13" batteries put up in compact units of 22% volts 
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each. These "B" battery units come in a small size and 
a. large size. If the receiving set is to be used at regular 
intervals, it is the part of better judgment to buy the 
larger size. A single "B" battery unit is necessary for 
a vacuum tube detector circuit, and two units are neces- 
sary if an amplifier is also used with headsets, and three 
or four units if a loud -speaker is employed, as will be 
explained in the next chapter devoted to amplifier circuits. 

The dry "B" batteries come in two types, aside from 

I'ri lid pie of vitro inn l ube's opera) ion: GI.--1:rid leak; 
CC-,ondenser ; F-tilament; G-g rid ; 1'-plate; VT-vacuum 
Lobe: 1,"-Storage battery for operating vacuum Lillie fila- 
ment; It-rheostat for filament current; "It"-hi gill voltage 'II" battery or plate battery, and telephones. 

the two sizes. There is the fixed voltage type, in which 
two leads or terminals give the full voltage of the battery, 
and there is a variable oltage type, in which lugs, binding 
posts, or holes and plugs permit of using a number of 
different voltages. The variable type is especially useful 
in using certain types of vacuum tube with which the "B" 
voltage must be carefully adjusted. When it comes to 
amplifier tubes, the "B" voltage may he anything from 
45 volts up. 

There are also availáhle special low -capacity high voltage 

J 
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storage batteries, which may be used in place cf the dry 
battery units when a set is subjected to extensive use. 
St ch storage batteries may be readily recharged and their 

"' ,.._ 

.. i- 4 
. .,, . .. \ . +.o . . \ . i `. 

' CRYSTAL 
DEC TECTOR 

r. _ -1s-, i 1 _ -. 
HEAD BAND 

OF 
TELEPHONE5 

i 

Inexpensive receiving set making use of a var. ter tuner 
and a crystal detector. Such iu set is good for a range of 
23 tulles, perhaps a little noire, when receiving radio -phone 

grog ratust 

operating cost must of necessity be lower than when using 
dry batteries, which, when discharged, are worthless and 
must be thrown awaN . 

Often the question is asked : \\'hy is it not possible to 
use the usual lighting current for operating vacuum tubes. 
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The fact of the matter is that we are dealing with delicate 
fluctuations in the vacuum tube. If the filament voltage 
should vary even in the slightest degree, the electronic 
flow would likewise vary and cause a corresponding noise 
in the telephone receie_s. Therefore, for absolutely quiet 
operation it is necessary to employ a steady and positive 
flow of current such as can only be supplied by a battery. 
Lighting current, whether of the alternating or direct 
variety, could readily be reduced down to six volts, but in 
either case there is a distinct "hum" which would be con- 
stantly heard in the telephone receivers and which would 
drown out the delicate radio signals. Hence lighting cur- 
rent is out of the question. 

A VACUUM TUBE FOR LVERV PURPOSE 

It is well to remember that all vacuum tubes are not 
identical, nor are they absolutely interchangeable. They 
may look alike if they are of the same size and kind, but 
there may be slight differences in internal dimensions and 
degree of vacuum or gas content which are not apparent 
even upon close examination. 

Thus the type now in most general use is classed as a 
soft or gas content tube and requires a critical adjustment 
of both the "II- or plate voltage and the "A" or filament 
current. Tubes of this type are extremely sensitive when 
properly adjusted. The variation of the filament current 
is accomplished by means of a variable resistance or rheo- 
stat placed in series with the filament lighting battery. In 
some receiving sets the rheostat may be calibrated in ohms 
or even in plain divisions. but in most sets it is not cali- 
brated at all, a simple a -row indicating in which direction 
to turn the knob in order to increase the voltage or 
brighten the filament. The "B" or plate voltage, on the 
other hand. is variable in steps of 172 volts, by means of 
a ariable voltage "B" battery as already described. The 
proper terminal or lug or plug bole of the "B" battery is 
found by experiment, and no further adjustment is re- 
quired for a long time to come. The majority of vacuum 
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tube detectors operate best on '`B" voltages between 16/ 
and 22/, and this range is covered by the variations pro- 
vided on the various types of variable plate batteries. 

1 medium-priced receiving set molting use of a special vacuutn 
Lien- which operates on a single dry cell, instead of a ti -colt 

storage battery. 

However, there is no harm in using a fixed voltage '`B" 
battery, except that the best results are not likely to be 
obtained except if the tube should happen to be one that 
works best on 22í/z volts. 
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.amplifier tubes, which look just like the detector tubes 
and cannot be told apart except by testing their electrical 
characteristics, are not critical in adjustment when com- 
pared with detector tubes. and they will operate success- 
fully on plate voltages of 40 to 80 volts. Where a detector 
and two -stage amplifier combination is used, three or four 22/ volt units may be connected in series. and connections 
to the receiver are made in a manner which permits the 
use of the full voltage on the amplifier tubes, while a 
variable portion of the same battery is used for the de - 

INDUCTANCE 
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Rear view of a simple receiving set which makes use of a simple inductance and a variable condenser, as well as it crystal detector. 

tector tube. Where extremely loud signals are desired 
plate voltages of 100 or over may be used without damag- 
ing the amplifier tubes, but the use of this voltage increases 
tube noises and is therefore not desirable when receiving 
signals with the telephone head set. However, this infor- 
mation is only included here as part of the receiver prob- 
lem. and more will be sail about amplifying tubes in the 
next chapter devoted exclusively to amplifiers. 
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A detector tube which does not prove to he critical as 
to plate voltage and filament current is usually defective. 
A good detector tube will give greatly increased signal 
strength with a certain plate potential and filament bril- 

2 _ 
f' 

CRYSTAL DETECTOR 

Or. t:. j. 

VARIABLE INDUCTANCE 
CONDENSER . CONTROL TELEPHONE 

JACK' 

Front view of receiving set slim n on page 127. The cabinet of 
this set Is made of metal instead of the usual wood. 

liancy. An amplifier tube which requires a critical plate 
voltage or filament current adjustment will not give satis- 
factory results as an amplifier. Tubes of this character 
will generally be found useful as detectors. In certain 
receiving sets which include an amplifier, it is sometimes 
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found that amplifier tubes are recommended for use 
throughout. for the reason that the wiring provides for a 
common plate voltage and filament current adjustment. 
Such practice may simplify the construction and operation 
of the set, true, but from the standpoint of efficiency, it is 
mighty poor business. A soft or gassy tube, known as a 
detector tube, should be used for the detector, and a hard 
tube should be used for amplifying. These tubes, while 
they may look alike, are by no means interchangeable, 
except where the best results are not expected or de- 
manded. 

Having been introduced to the vacuum tube in a general 
way, we can now return to receiving sets once more. The 
vacuum tube can be used in place of a crystal detector 
in almost any circuit, and in such applications it will prove 
a considerable improvement over the latter. Then, by 
using special vacuum tube circuits, especially of the so- 
called regenerative variety. which will be described later 
on in this chapter, the sensitiveness of the vacuum tube is 
so much superior to the crystal detector as to make a 
comparison quite out of order. 

The wiring scheme already shown gives the fundamen- 
tals of vacuum tube hook-ups when used as a detector. It will be noted that a small fixed condenser and an ex- 
tremely high resistance, known as a grid leak, are placed 
in series with the tuner. Furthermore, the polarity of 
the connections is of utmost importance. 

PRIMARY AND SECONDARY CIRCUITS AND How THEY ARE 
C.OUI'LED 

So far, the circuits have been of the simplest type, with 
a physical connection between the aerial -ground circuit 
and the closed circuit, known as the oscillating circuit, in 
which the detector is placed. Now for reasons which need 
not be explained here, since this work does not attempt 
to concern itself with the theories or the mathematics of 
radio but rather with the application of the results. many 
sets make use of distinct aerial -ground and oscillating 
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circuits, with no physical connection between them. Trans- 
ference of energy between the former and the latter is 

effected by means of two windings which are brought into 
more or less close inductive relation. In one form these 
windings are known as a loose -coupler, in another they 

form a vario -coupler, still an- - - other arrangement calls for 
?_-.yd compact coils held in hinged 

holders so that they may be 
- swung towards or away from - t each other. 

The loose -coupler is the 
forerunner of the 
coupler and the compact coil 
arrangement. It consists of a 

Loose -coupler of the old type 
which has be, e large tube on which are wound 

or Iess obsolete. many turns of wire, which is 

the primary and is connected with the antenna and the 
ground. and a smaller tube, which slides in and out of the 
large tube and is wound with many turns of wire. Some 
means, such as a slider or a multi -p&: -:t switch, is generally 
employed to vary the number 
of active turns in both the pri- 
mary and secondary of the loose 
coupler. 

In keeping with modern prac- 
tice, \vh.ch has done away with 
sliding arrangements in favor 
of rotary adjustments, the vario - 
coupler has become the stand- 
ard device for coupling the 
primary and secondary circuits 
of a receiving set. The vario Vurio-couplrr, .chleh haw 
coupler has a tube wound with taken the place of the old 

many turns of wire, forming type loose -coupler. 

the 'primary or antenna -ground circuit, and a wooden 
ball or composition frame, which is mounted on a rorahle 
shaft and is also wound with many turns of wire to form 



110w a loose -Coupler or vnrio- 
coupler Is Introduced in a crystal 
receiving Net. In this instance 

the primary Is adjustable. 

ploved. The radio amateur 
soon learns to arrange and re- 
arrange his receiving equip- 
ment until he obtains the best 
results-if he is ever satisfied. 
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the secondary or the oscillating 
circuit member. 

The accompanying diagrams 
indicate better than words 
ho w t he loose -coupler, 
vario -coupler. or inductance 
coil mounting may be em- 
ployed in connection with a 
vacuum tube or a crystal 
detector. Obviously t h e 
vacuum tube is to be used 
wherever possible. There 
are also given several cir- 
cuits in which fixed in- 
ductance units, vario -meters 
and condensers are em - 

A 

V 

INDUCTANCE IN SMALL PACKAGES 

The tuning coil has more or less 
become obsolete, and in its place 
we find more compact forms of in- 
ductance. One of these later -day 
forms is a single laver of wire 
wound on a tube, after the fashion 
of the tuning coil, but having a mul- 
ti -point switch connected with vari- 
ous numbers of turns. in- 
stead of a slider. Then there 
are the compact inductance 
coils, such as the Duo - 

o 
Using a loose -coupler or vario - 
coupler in connection with a 
variomneter and a variable con- 
denser for increasing or decreas- 
ing the antenna circuit wave 

length. 



132 RADIO FOR EVERYBODY 

Lateral and the Honeycomb types, which, while fixed as 
regards their wave length values, are used interchangeably 
so that the operator can readily shift from one coil to 
another and. thus vary the wave length in big steps, de- 
pending on a variometer or a variable condenser for the 
finer tuning. 

Second only to the del elopment of the vacuum tube, the 
concentrated inductance has marked a new era in radio. 
Prior to the war there were in general use the huge, bulky, 
single -layer inductance coils then so closely identified with 

long -wave recep- 
tion. Compact re- 
ceiving sets, sim- 
p 1 e adjustments. 
anti the neatness 
that goes with 
snwtll units, were 
not to be thought 
of because of the 
bulkiness of the 

' inductance t h e n 
employed. 

The demand for 
compactness a n d 
simplicity, to- 
gether with the 

One style of mounting chich takes two or f a r greater elft- 
three a pact inlllletnnee coils for a loose- ciency and prac- 
coupler, and tickler coil a bi nation when 

using a regenerative circuit. ticabillty, on the 
part of the war- 

ring nations, called for a radical change in inductance de- 
signs. As a consequence, so-called hank -wound coils were 
employed to an increasing extent, followed soon after by 
the present types of concentrated inductances. Today 
practically all receiving sets with a long -wave capacity 
are provided with these compact inductance units since a 
long wave length can be obtained in a very small space. 

Special mountings have come into use for these compact 

,. 



RADIO FOR EVERYBODY 13;_. 

inductance coils. 1 he usual method is to mount the coils 
on a block by means of a fiber hand which passes around 
the coil to hold it in place. The block, in turn, is provided 
with bayonet plugs so that it can be readily plugged into 
a circuit. A loose -coupler arrangement is effected by 
means of a stand which permits of moving the coils 
towards or away from each other, and, in some cases, even 
turning one of the coils from the \ertical to the horizontal 
position. 

Another form of compact inductance is known as the 
spider -web inductance. 1 his consists of a sheet of in- 
sulating material in which radial slots have been cut, and 
the wire is wound spirally in and out of these slots, so 
as to make a slat or pancake inductance unit. Such 
inductance units can be used as a loose -coupler by having 
one fixed and the other hinged. 

THE QUESTION OF TELEPHONE RECEIVERS 

Little or nothing has so far been said regarding the 
telephone receivers, yet here is an important member of 
any receiving set. In fact, no matter how elaborate a 
receiving set may be, if the receivers are not of the best 
available type, the results are not as good as they might be. 

Radio telephone receivers are not just ordinary tele- 
phone instruments. They are far more sensitive than 
anything which is ever used in regular wire telephony. 
Pirst of all, they are constructed with the utmost care; 
secondly, the\ have windings of \ery tine wire, as com- 
pared with ,the relatively large wire used in the ordinary 
telephone receiver. Thirdly, the diaphragm of the usual 
wireless receiver is far thinner and therefore more delicate 
than that used in the ordinary telephone receiver. 
Fourthly, in certain types of wireless receivers the two 
receivers of a head set are matched in tone, so that both 
ears receive precisely the same sounds. This feature 
stakes for the utmost response on the part of the ears, 
and therefore the best signals. 

No matter how inexpensive a receiving set may be. it 
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is poor business to economize on the telephone receivers; 
for it is a fact that a receiving set is no better than its 
telephone receivers. The telephone receivers, after all, are 
the final link in the chain of reception ; they comprise the 
agency which actually cons eys the radio signals or music 
or what not to the operator's ears, and as such they can 
add to or detract from the receiving set as a whole. 

PRIMARV 
CONDCN5ER 

sECO"tDART 
CONDCNSLit 

ADJUSTABLE INDUCTANCE 
¿f COIL 

WINUO'N FOR O[T[CTOR TUBES 

WINDOWS POR AMPLIFIER 
TUISES 

6I ., 
PLUG FOR 

TELF.FVONES 

r 

J 

Receiving Net in trhlch three rom;laet tnductanre coils, adjusta- 
bly ten on top of cabinet, permit, of variable coupling; and 
regenerative aetlon. The unit at right, la the vacuum tubr de- 

teetOr gain t tvo-Nt age amplifier. 

Of radio telephone receivers, there are various types 
and special merits are claimed for each type, as might 
well be expected. I lowever, there is one fact that applies 
to all types, and that is the care with which a really good 
receiver must he constructed. That is why the better 
offerings cost considerably more than others; and it will 
generally be found that the better offerings are well worth 
the extra cost. If the radio amateur does not feel he can 
afford the better kind of telephone receivers, he can at 
least start with an inexpensive pair, anti later on go to 
the better kind, experiencing thereby considerable pleasure 
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in the increased range and clearer signals or telephone 
messages which he obtains with his receiving equipment. 

Certain types of receivers have been carefully matched 
for tone and pitch, and respond loudly to signals over a 
wide range of frequencies. especially those of high pitch, 
thus permitting reception that would not be possible with 
inferior head sets that do not respond to signals of high 
frequency. Other types have two solenoids wound on the 
pole pieces of a laminated permanent magnet which acts 
upon an iron reed fastened to a conical aluminum 
diaphragm. The reed is adjustable and, therefore, the 

_/COMPACT INDUCTANCE 

CRYSTAL. DETECTOR PA' TUNING DIAL 

\ ¡ VACUUM TUSE 

. 

HEAD PHONES 

°e 

t 

COIL 

FILAMENT 
'RHEOSTAT 

, s \' n o. TELEPHONE P'LUG 

leeching net making use of pact inductance coil. for rlIpidly 
changing the eave length range in erg steps. The unit at 

right in the rncum.' tube detector. 

reed note can be made identically the same in both ear 
pieces to coincide with the spark frequency of incoming 
signals or what is known as the beat frequency. An ad- 
justment screw is mounted on the hack of each receiver 
case and is designed so that excess adjustment cannot be 
made. The diaphragm is of unusual design, being of a 
conical shape with greater thickness toward the center. 
This design is said to result in improved reproduction. 
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There is still another type of wireless telephone receiver 
in which a solenoid winding is mounted in such a manner 
with relation to the long permanent magnet within the 

TUNING HANDLE AND DIAL 

" TICKLEW 
'r VEÍZNJ ?i..R HANOLÉ -ANUSTTIENT 
AND .DIAIL \, 

f 1$s 
u 

. 

i 

J.1 

A single circuit tuner making use of a car. ter aód u variable 
condenser. us well as a tickler for regenerative effects. The 
general tailing is done with the firs) handle. the fine tuning 
with the lower left-hand knob, and the regenerative effect is 

controlled with the lower right-hand knob. 

case as to actuate an armature which connects with a mica 
diaphragm. The slightest current variations throughout 
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the solenoid windings will actuate the armature which in 
turn vibrates the diaphragm. 

With all receiving sets, whether of the crystal or the 
vacuum tube type, it is generally impossible to use a loud- 

P . 

t 
: FILAMENT 

RHEOSTATS 

Eor.TROI 
SACKS 

TCLCPHONE 
HEAD -SET 

TELEPHONE - 
PLUG 

Companion unit to tuner shown on preceding page. This unit is 
the vacuum tube detector and tiro -stage amplifier. The two knobs 
are the rheostat controls for the detector and amplifier tube fila- 
ments. The telepl plug may be inserted in one of three holes 
or Jacks, if detector only, one stage or two stages of amplifica- 

tion are desired. 

speaking telephone-an instrument equipped with a horn 
that projects loud sounds throughout a large room, thus 
making the use of telephone head sets unnecessary. A 
loud -speaker must be operated by means of an amplifier, 
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and this phase of radio reception will be described in the 
next chapter. It occasionally happens that nearby trans- 
mitters are received so loudly that they may be heard 
some distance away from the telephone receivers. Under 
such circumstances, it is obviously possible to attach a 

P 

Rege lenitive Pict making use of tickler 1ai 1. P-primary of 
vario coupler; TIC-tickler coil; VCI-variable condenser for 
varying :antenna -ground waive length; VC2-variable con- 
denser for varying secondary of va rio-coupler GL-grid 
leak; GC-grid condenser; VT-v:uuum tube detector; If -- 
high voltage or plate battery; F1'-11xev1 condenser; T- 
'pl s. The dotted line Indicates how wiring would run 

for un ordinary, non -regenerative set. 

horn to a telephone receiver and thus have an improvised 
loud speaker, but this is certainly the rare exception rather 
than the general rule. 

REGENER \TIVE RECEPTION OR SELF AMPLIFICATION 

So far, the various receiving layouts or hook-ups have 
brought the radio frequency energy right to the detector, 
which in turn rectified it and passed it on to the telephone 
receivers. Now if the energy which is about to be passed 
on to the telephones is partly re -impressed on the grid 
of the vacuum tube, it will add materially to the voltage 
of the incoming signal. This will naturally give a greater 
charge on the grid, and consequently a greater variation 
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of plate current, which in turn means louder signals. In 
this manner the sensitiveness of the vacuum tube is greatly 
increased ; indeed, it is operating as a detector and an 
amplifier combined. This practice is known as the regen- 
erative or feed -back reception. 

But how is the plate energy re -impressed on the detec- 
tor? There are two methods in general use for obtaining 
the regenerative effect. The first makes use of what is 
known as the tickler-an extra coil which is brought near 
the inductance or wincling of the detector or oscillating 
circuit. Thus the simplest type of regenerative receiver 
consists not of two compact inductance toils but of three 
coils, adjustably mounted, as shown in the diagram on 

vC, 

A 

C 

G 

GL 

T 
Ano tier method of obtaining regenerative results. A- 
ante ma; J'-prImary; b-secondary, of the vario -coupler C; Vel-variable e tenser in antenna -ground circuit: VI- 
vanion eter; lib-grid leak V(`2-variable a tenser as grid 
eon« closer; T-vacuum tu;be detector; V2-plate tarlometer 
for feed back; Fe-Uzi d condenser; T-telephones; "W- 
hig!' voltage or plate hatters ; ft-filament rheostat ; 1t1- 

high voltage battery rheostat. 

page 138. The first coil is the primary, connected w ith 
the aerial -ground circuit as already mentioned, and the 
second is the secondary, connected with the detector. The 
third is the tickler, and is connected in the plate circuit, 
as indicated by "TIC" in the wiring diagram. The 
adjustment between the tickler coil and the secondary coil 
is of great importance, for the regenerative effect must 
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often be regulated to obtain the best results, as will be 
explained in the chapter on operating radio stations. 

The tickler coil also comes in handy when receiving un - 
clamped signals, which, as explained in our first chapter, do 
not affect the simpler types of receiving sets and therefore 
cannot be detected. \\ ith the tickler it becomes possible 
to adjust the coils in such a manner that the detector 
begins to oscillate; in other words, it is generating high 
frequency current on its own account. If this high fre- 
quency current is modified until it varies but slightly from 
the frequency of the incoming radio wave, then there will 
be heard in the telephone receivers the difference between 
the two frequencies. For instance, if the incoming radio 
wave is 100,000 cycles frequency, the detector circuit 
can be adjusted to 102,000 cycles frequency, and there 
will then be heard in the telephone receivers a note of 
2.000 cycles, which is clearly audible. The note detected 
is known as the "beats." and can he varied in tone accord- 
ing to the adjustment of the circuit and the incoming 
frequency. Obviously, this method gives almost any note 
desired, therefore the transmitting stations received in 
this manner do not have a characteristic note such as is 
obtained by other methods of transmission and reception. 

Another method of receiving undamped waves, such as 
are sent out by arc stations, is to employ a "tikker." Such 
practice is only resorted to with a plain receiving set, such 
as one using a crystal detector, with no provision for set- 
ting up local oscillations so as to obtain "beats." This 
is merely some means of breaking up the incoming high - 
frequency wave energy so that it becomes audible and 
therefore can be detected in the telephone receiver. One 
method is to use a small pulley mounted on an electric 
motor, and to have a wire resting in the groove of the 
pulley. When undamped waes or CW signals, as they 
are called, come through such an arrangement, they are 
received in the form of short or long scratchy sounds, 
because of the tikker's interruptions. However, a tikker 
is in reality an imperfect contact and as such it takes away 
from the strength of the incoming undamped or C\V 
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signals. Therefore the regenerative arrangement is to 
be preferred. 

Two other methods in general use for regenerative 
reception are shown in the accompanying diagrams. It 
will be noted that instead of a tickler coil, use is made 
of a variometer in the plate circuit. This variometer 
serves to tune and feed hack into the grid the added 
voltage of the plate circuit. 

All regenerative sets are delicate to operate, for the 
regenerative effect gives rise to all kinds of noises in the 
telephone receivers ranging from a hissing steam sound 

A 

GL 

c 

G 

Still another method of regenerative operation: A-:utleana: 
P-priuutry; S-seenndary, of vario -coupler C; VC1-variable 
e tenser in antenna -ground circuit; VC2-variable con- 
denser; VCS-variable condenser used as grid e 'eneer: 
1;1.-grid leak; 'A"-filcunent battery: VT-vam:t at tube 
detector; V-plate variometer; FC-II Iced condenser; T- 
teR.phones; "It"-high voltage or plate battery; 11-plate 
battery rheostat: 1:-ground. Note the extra inductance 

coil of few turns, developed by experiment. 

Fi..e,. III 

FC 

to the babel of sounds that alight be expected in a monkey 
house riot. The operation of such a set is considerably 
more involved than the plain receiving equipment, but on 
the other hand the self -amplifying feature greatly adds to 
the results. Furthermore, it is necessary to use metallic 
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shields between the operator and the components of the 
regenerative set, since the capacity of the body of the 
operator materially affects the delicate adjustments of the 
regenerative set. Most of the better regenerative instru- 
ments are provided with metallic shields inside the cabi- 
nets, so as to reduce the body capacity trouble to a mini- 
mum. In other instruments the dials are of metal and 
are grounded to act as shields. 

GL 

VC 
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11111--1 R 

11111111111111111i 

B 
Another method of out ai thing a regeneral ice receiver. L- 
loose-coupler or vat rio-coupler; VC-va riu tile condenser in pri- 
mary circuit ; VI-variometer in grid circuit; lit.-grid leak; 
%-filament battery; It-filament rheostat; 11-"11" or plate 
batters; FC-fixed condenser; T-telephones; V2-plate or 

"feed -back" varl ter; G-ground. 

There is virtually no end to the different arrangements 
which can he followed in receiving radio signals. The 
wiring diagrams shown in the foregoing pages are only 
intended as a preliminary guide, and are offered as sug- 
gestions to the beginner. As one becomes more proficient 
and versed in the radio art, one soon learns other arrange- 
ments which may prove more interesting and efficient. 



Chapter V. 

OPERATING THE RADIO RECEIVING 
SET 'kND MASTERING 1'HE 

TELEGRAPH CODE 

Tl l E clay may arris e when the radio receiving sets, 
capable of receiving clear, loud music from distant 

points, vill be reduced to the simplicity of the phono- 
graph. For the present, however, simplicity exists only 
in the inexpensive receiving sets, which are intended fo- 
the reception of radio telephone and telegraph signals at 
short range. \When it comes to receiviag sets for ranges 
of 25 miles or more. good results can only be obtained 
with elaborate apparatus. And the more elaborate the 
apparatus becomes, the greater the care and skill required 
for its successful operation. 

Take the simple receiving sets, for example. There 
is little or nothing to master in the way of operation. Such 
sets generally have a multi -point switch for controlling 
the wa'se length, and a crystal detector. The crystal de- 
tector must be accurately adjusted for the utmost sen- 
sitiveness, and this requires a little care. The crystal used 
in such a detector is not of uniform sensitiveness through- 
out. hence the little metal point or the fine wire, making 
contact with the crystal, must be shifted about until a 

sensitive spot is obtained. 
At almost any hour of the day there is a radio telegraph 

station working within range of the simplest receiving 
set, unless the latter happens to be located in some very 
remote spot. In that event, the simple set should not 
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have been selected in the first ,place, for its radio telegraph 
range, as a rule, is certainly no more than 50 to 100 miles, 
while its radio -phone range is less than 25 miles. In this 
connection it is well to point out that many persons have 
been and are buying little $15.00 receiving sets for use in 
some remote part of Canada or Texas or Montana or 
some other section far removed from the existing radio- 
phone broadcasting stations, and are surprised and bitterly 
disappointed at not receiving the music and talks which 
they have read so much about. \lost radio manufacturers 
are careful not to sell their instruments under such circum- 
stances, for they realize that disappointments of this 
nature only result in giving the public a wrong impres- 
sion of radio, which may persist despite all future efforts 
to explain why they failed in their first attempt. 

At any rate, if a person is located well within the range 
of radio telegraph and radio telephone stations, the crystal 
detector can be readily adjusted. \\ bile listening with 
the telephone receivers, the operator shifts the little point 
or wire about on the crystal. If there is a radio telephone 
or telegraph station working w ithin range. one soon hears 
the music or talk or again the short and long buzzes. as 
the case may be. There may he no trasmitter operating 
at the time. and no sounds will be heard. For this reason. 
it is sometimes necessary to use some simple form of 
tester to determine the sensitiveness of the detector, 
without depending on actual signals. 

IS THE CRYSTAL. DETECTOR SENSITIVE? 

\Vhen the crystal detector is adjusted properly, it 
should respond to disturbances other than actual radio 
waves. Thus in the city, where there are electric light 
wires, telephone lines, trolley cars, elevators and other 
electrical appliances and machinery, the detector should 
respond to the electromagnetic eaves given off by elec- 
trical machinery of all kinds within range. in other 
words, if the detector remains absolutely silent, then it is 
evident that no sensitive spot has been found ; but if it 
causes clicks, scratchy sounds, buzzes and other noises to 
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be heard in the telephone receiver, thee: it may be taken 
for granted that the detector is satisfactorily adjusted. 
Sometimes the sensitiveness may be tes:ed by turning on 

and off a nearby electric lamp. This should produce a 

loud click in the telephone receiver. However, if a hum 
is heard, this should not be considered as an indication of 
the sensitiveness of the detector adjustment. Indeed. the 

hum is caused by what is 

'Ntn known as induction. given off 
by an alternating current line. 
This hum may he picked up 

áf.7 when the point or wire is not 
even pressing on the crystal; 
so that, far from indicating a 

A r blunt ion receiving quid CV.' transmitting Met of the 
i oter-ptuhei type. with I.te voriour units Mt andardixed so 1hat 
they en it be aMsembled to forth any desired ernu,gement for 

the tuuateur station. 

sensitive detector, it should indicate that the detector 
members are not even in proper contact. 

For those desirous of making sure of their crystal 
detector adjustment. it is perhaps best to use what is 
known as the buzzer test. This calls for a small buzzer, 
such as is used in bell circuits. The buzzer is connected 
in the usual manner with a push button and cell of dry 
battery. but a wire is brought from one side of the buzzer 
interrupter to the ground lead of the receiving set to be 
tested. Then, when the buzzer is operated, the electro- 
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magnetic waves given off by the buzzer interrupter are 
impressed on the radio receiving set and the detector can 
he adjusted for sensitiveness in the same manner as 
though the operator were listening for a radio transmitter. 
The buzzer test is still used in some forms of elaborate 
receiving sets which include a crystal detector, for the 
reason that it serves as a positive indication of the sen- 
sitiveness of the crystal detector. 

For the general run of radio recei\ ing, however, a 
buzzer test is hardly necessar\. If a crystal detector set 
is being used well within the range at which such appar- 
atus is operative, the detector can soon be adjusted while 
listening to actual transmitters. however. if the crystal 
detector receiving set is being used beyond the usual range, 
then it may be necessary to use some form of buzzer test 
in order to make certain that the detector is adjusted to 
the utmost sensitiveness. 

As for the tuning of simple sets, there is little to be 
said. The switch handle or the tuning handle is moved 
about until the desired transmitter is intercepted. With 
any aerial up to 150 feet long, the simple set should give 
excellent results. However, in the event that the aerial 
is over 150 feet long, or that a long lead-in \\ire has had 
to be used in order to connect the antenna with the receiv- 
ing set, it may so happen that the natural wave length 
of the antenna circuit is greater than that of the desired 
radio -phone or radio telegraph waves. In such instances 
a fixed or \ ariable condenser should be placed in series 
with the antenna or the ground, thus reducing the wave 
length. 

\Vhile it is desirable to keep receiving sets as simple 
as possible, especially where laymen who will always be 
laymen are concerned, good results, more particularl\ at 
a considerable distance from the transmission station, 
can only be obtained with tine tuning facilities. Fortu- 
nately, one soon becomes used to tuning a recei\ ing set. 
no matter how many handles may be involved in the 
timing operation. Even with a tuning coil, the operator 
soon learns lust where to place the single or double sliders 
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in order to pick up any given radio telephone or radio 
telegraph station. With a loose -coupler tuner, the oper- 

r 

Nothing is simpler than erecting the antenna for receiving pur- 
poses. A single wire, with Insulators at either end, is run 
between the house and a burn, tree, or clothes pole. Then a 

tap is taken off the near end of the antenna and brought into 
the house. This is known as the lead-in. 
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It is hest to pass all wires ihrongh porcelain tubes when they 
enter the house. as shown here, even though the wires may he 
heavily insulated. It is an additional precaution well worth taking. 

ator soon learns how to adjust the primary and secondary 
circuits, and how much coupling to use. With condensers 
or variometers, the operator becomes familiar with the 
adjustments of the various dials for picking up any desired 
transmitter. Indeed, some instruments are provided with 
dials that have plain subdivisions, without numbers of any 
kind, or even with plain pointers and blank backgrounds.: 
yet the operator soon learns just where to place the dials 
or pointers in order to obtain the desired results. 

At first, the operation of a radio receiving set is apt to 
be a little complicated and possibly disappointing, for the 
reason that the operator may not obtain the best results 
immediately. But at the end of an hour or two the oper- 
ator readily masters the various adjustments and knows 
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just where to place the dials and pointers in order to pick 
up the transmitters which he wants to listen in on. Fur- 
thermore. it is interesting to note that any extensive 
change in the antenna \aries the relative adjustments of 
the receiving set. Thus if the operator is accustomed to 
a given antenna, the changing of the proportions of that 
antenna or its height will upset the previous tuning values 
and the operator will have to learn his adjustments all 
over again. however, much of the fun that is afforded 
by radio comes in learning how to tune the receiving set 
and in searching for new transmitters. 

ISTAL.ING THE RECEIVING SET 
In a way. the few pointers regarding the installation 

of the recei\ ing set should come ahead of the foregoing 

The Mica gap type of lightning arrester is widely employed for receiving stations only. It is autumMir in its operation, hoeing always ready for notion. no ter whether the receiving set is hieing used or not. 
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data on the operation of the simple receiving sets. But 
as a matter of fact one need pay little attention to the 
installation of the simple sets, for the reason that their 
simplicity limits their efficiency. so that the finer details 
of installation hardly apply to them. \\'hen it comes to 
elaborate vacuum tube receiving sets, it may be well to 
give a little thought to the installation for the purpose 
of obtaining the utmost efficiency. 

To begin with, the receiving apparatus should he so 
placed as to permit of the shortest possible leads from the 
receiver to the point where the antenna lead-in enters the 
building. Sufficient space should be provided between 
the instrument and the edge of the desk or table to allow 
the operator to rest his forearm when adjusting the con- 
trols. Right here we can draw a comparison with the 
simpler sets, which have a single knob or perhaps two 
knobs on top of the case or on the side, the ;adjustment 
of which does not have to be so delicate as to call for the 
resting of the forearm. In the case of elaborate vacuum 
tube apparatus, howe\er, the turning of a knob a hair's 
breadth may make for all the difference between distorted 
music or talk, or perfect reception. 

The antenna lead front the lightning switch should pass 
through the wall or window within a porcelain tube or 
special lead-in insulator. \Ve have already read of the 
board which can be placed in the window frame so that 
the window may be raised or lowered without interfering 
with the lead-in passing through the board placed at the 
top or the bottom of the window frame. I f the lead-in 
is not insulated itself-heavily insulated wire is generally 
employed for this purpose-then it should be supported 
away front the walls by means of small wall insulators. 
7 he ground connection lead does not require an special 
insulation; ordinary No. 14 rubber covered copper \\ ire is 
well adapted to this purpose. 

FROM BED SPRINGS TO FIRE ESCAPES AND TO Loors 
There are times when one cannot install the usual type 

of antenna for receiving purposes. In such an event one 
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4 

ti 

Too much pains cannot he taken aith the ground connection. 
The ground may seem simple enough-and It is; but one should 
use to good ground clamp whenever possible, and connect it 

%%ilh the cold water pipe for best results, as shown here. 

need not give up the idea of radio, for almost anything 
will serve for an antenna especially when receiving from 
nearby stations. Excellent results may be obtained with 
a piece of wire about 40 feet long, just strung back and 
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forth in a room or placed behind the picture moulding 
so as to be out of sight. \Ve know of a man who 
uses an antenna for receiving from the Newark broad- 
casting station at a distance of 250 miles, and, on oc- 
casion, from Pittsburgh, some 650 miles away. The same 
man receives the signals of Nauen, Bordeaux, and other 
European high power stations with the same antenna. 

The usual fire escapes found in 
the city make excellent antennae. 
however, care must be taken in 

LOOP 

GL 

VC 

A 
Simple vacuum tube hook-up for use with a loop antes n... 

01 that VC Is a variable condenser; t:L-xri,l leak; Y- 
va Hornet er act lug as the .feed back" induclanee; 
phone receivers; receivers; U---"13" or plate battery: F('-fixed con- 
denser; It-rheostat for filament current: \-111 nt battery. 
This arrangement will operate over short <list:maces. For 

greater range a radio frequency amplifier must be used 

scraping the paint oft clean in order to make a good con- 

nection \vith the metal. Sometimes a gas pipe makes an 
excellent antenna, while the water pipe is used for the 
ground. If nothing better presents itself, a metal bed- 

stead or bed spring serves as an antenna, with good re- 

sults. Indeed, the problem of the antenna need never 

V 

FC- 
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trouble the radio devotee, for the reason that with the 
sensitive receiving equipment of today most anything will 
serve as an antenna when working over short distances. 

Then we have the loop, which takes the place of antenna 
and ground connection. The loop is connected in the 
same way as would be the secondary of a vario -coupler or 
loose -coupler. .-\ condenser is placed across the loop 
terminals so as to vary the wave length. A typical loop 
hookup is gixen in the accompanying wiring diagram, 
which, it will be noted, makes use of a plate variometer 
as the feed -back in order to obtain regenerative action. 
A loop outfit of this kind gives good results over reason- 
able distances. although it sloes not cover the same dis- 
tance as would the same equipment when used with a 
good antenna. However, during the summer months 
when there are many lightning storms and when static is 
at its very worst, the loop presents an interesting means 
of reception. To begin with, the loop is safe from light- 
ning even at the height of a lightning storm, since it 
can be used indoors. Furthermore, the loop does not 
pick up static as does the usual antenna, for the reason 
that it <loes not make use of a ground connection. liut 
ít is well to remember that a loop intercepts lint a small 
Portion of the usual energy intercepted by a good antenna. 
Therefore, for best results a radio frequency amplifier. 
such as described in the chapter on amplifiers, should be 
employed in order to build up the wave energy intercepted. 
The loop is a directional receiver-it receives best when 
pointed end on towards the transmitter. \lany inter- 
esting experiments can be performed with a loop. 

Elaborate receiving sets presuppose the use of the 
vacuum tube detector, for no really efficient radio reception 
at considerable distances can be obtained without this form 
of detector. With the introduction of the vacuum tube, 
however, the operation of a receiving set becomes a trifle 
more complicated than with the crystal detector, for while 
the latter does not give forth sounds of its own and is 
virtually silent except for the wireless telegraph and radio 
telephone waves, the vacuum tube creates plenty of noises 
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of its own in addition to the desired signals and telephone 
messages and music. A person passing from a simple 
crystal set to a vacuum tube set may be disappointed at 
first, because the vacuum tube makes so much noise and 
has to be tamed occasionally, so to speak, in order to 
subdue it, especially when using the utmost regenerative 
action. But when the vacuum tube is once adjusted prop- 
erly, the clarity of the received messages or music, together 
with the strength of such messages or music, is so far 
ahead of the crystal detector as to make a comparison a 
sheer waste of time. 

Vacuum tubes should not be put in place until it has 
been ascertained that all battery connections have been 
correctly made. This will avoid the accidental destruction 
of the tubes. The tubes, which cost upwards of $5.00 
each, may he burnt out just as any electric lamp can be 
burnt out by apply ing excessive voltage on the filament. 
There are on the market little fuses which fit on the con- 
necting pins of any vacuum tube, and it may be the part of 
good judgment to provide one's vacuum tubes with these 
little fuses as a measure of protection. At any rate, if all 
battery connections are checked over and found to be 
correct, it will avoid the accidental destruction of the 
tubes whether fuses are provided or not. 

The filament lighting battery, which is generally a 
storage battery, may be placed on the floor directly be- 
neath the apparatus and the wires connecting this battery 
with the apparatus should be at least No. 14 B. & S. copper 
wire, properly insulated. Dry battery, consisting of four 
cells, may be used with a single standard detector tube. 
but it is expensive practice and not very satisfactory. 

The condition of a storage battery may be tested by 
means of a hydrometer or a voltmeter. The hydrometer 
is an instrument which measures the specific gravity of 
the storage battery liquid or electrolyte, to give it the 
technical name. The cap or plug of each cell of storage 
battery is removed. and the hydrometer tube is inserted 
in each cell. Squeezing the rubber bulb of the hydrometer, 
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and then releasing it, causes the electrolyte to rise in the 
glass tube of the hydrometer. The specific gravity can be 

Large loop antenna employed for the reception of trans-Athrnt le 
nren+ages Iry a New York newspaper. The I is mounted so 
that It can he orientated or pointed towards the transmitting 

station. 
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readily determined, and the relative charge of the cell ob- 
tained in this manner, by means of the bob or float. 

One popular form of hydrometer now on the market 
has three colored balls in the glass tube, instead of the 
usual bob with buckshot, which may be a little confusing 
to the layman. If all three balls of this new hydrometer 
stay up when the electrolyte is introduced, the battery 
is fully charged. I f the white ball goes dol:n or sinks, the 
battery is all right. If the green goes down, the charge 
is lean. If the red goes down, the charge is dead. This 
hydrometer affords a simple test for an\ storage battery. 

\Vhen using a voltmeter, it is necessary to have an 

.,,., =` 

......:.. 
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The construction of a "13" battery, showing- the separate cells, 
the waterproof partitions, the special insulation. the terminals, 

and the method of sealing the entire battery. 

instrument especially intended for the purpose, which 
measures from 0 to 3 volts, or 0 to 5 volts. The fully 
charged cell registers 2.2 volts. When the voltage drops 
to 1.8 volts per cell, the batter) should he recharged. To 
allow the cell to drop below 1.7 \olts is bad practice, for 
it hastens the wear and tear on the battery. 

Storage batteries are rated in ampere hours. Generally 
speaking, a 20 -ampere -hour battery will furnish a current 
of 1 ampere for 20 hours, 5 amperes for four hours. and 
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so on. If a vacuum tube detector alone is being used. 
then a 20 -ampere -hour capacity is sufficient. If ampli- 
fiers are employed, a GO -ampere -hour storage battery 
should be used, Vacuum tubes of the standard type re- 
quire about i ampere each, so that a 60 -ampere -hour bat- 
tery should operate a receiving set of detector and two- 
step amplifier for about 20 hours, after which the battery 
must be recharged. 

Storage batteries may he recharged by means of a simple 
home recharger. or can be sent to a nearby garage or 
battery service station. The home recharging sets are 
designed for direct or alternating currents. The latter 
class are of two general types, namely, the vibrating reed 
type and the vacuum tube rectifying type. The former 
has a vibrating reed which rectifies the alternating current 
and steps it down to a suitable charging current. The 
vacuum tube rectifying type has a special vacuum tube 
which rectifies the current. A transformer steps down 
the current. The author has used a vibrating reed re - 
charger with excellent results, and at a cost of but a few 
cents for each charge. In fact, in the long run a recharg- 
ing set pays for itself many times over, since the regular 
price of recharging a battery is 50 cents to $1.00 in most 
service stations, while the cost with a home recharging 
set is a matter of 10 to 20 cents, depending on the size of 
the battery and the length of charge. 

The plate batteries. which are the high voltage batteries, 
will be most accessible if placed directly back of the 
receiver so that the wires can be readily brought to the 
proper binding posts of the receiver and amplifier units. 
Of late a number of II storage batteries have appeared 
on the market. It is claimed that the storage battery type 
is more economical in the long run than the dry battery, 
and that it furnishes a more uniform and less noisy cur- 
rent, which is an important consideration in vacuum tube 
work. These batteries run about 22 or 2-I volts per unit, 
and two units can be used for amplifier operation. They 
can be readily recharged. since their ampere hour capacity 
is 2 or less. 
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All recek ing sets and amplifier units are provided with 
jacks or binding posts for one pair of telephone receivers. 
I f the jack is used-the jack is simply a metal hole or 
socket in which fits a plug fastened on to the cords of a 
telephone receiver-only one telephone receiver or head 
set can he used at a time. However, there has recently 
appeared on the market a multiple plug, which is inserted 
in the jack in the usual manner and which provides two 

Vlbnding type of rectifier and stepdocvn transformer outfit 
for recharging storage batteries on the usual alternating cur- 
rent supply line. The vibrating reed, which appears under the 
handle, rectifies both sides of the alternating current so that 
direct current is obtained. The volume of direct current is 

indicated by the ammeter. 

holes or jacks for two head sets or for a head set and a 
loud -speaker, each instrument being provided with the 
proper plug. Furthermore. there is also available a mul- 
tiple jack which may be mounted on an instrument or on 
a table near the instrument. The multiple jack presents 
three jacks all connected in series and so constructed that 
one, two or three plugs can he inserted. .As each plug 
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is inserted, it connects itself automatically in series with 
the circuit, while the unused jacks are short-circuited so 
that the circuit will remain closed except for the jack or 
jacks being used. The use of these devices is to be recom- 
mended where more than one person is to listen in. Of 
course, where binding posts are used for the telephone 
connection, two pairs of telephone receivers can be clamped 
under the binding posts. 

\\'hen the telephone receivers are connected directly 
with a vacuum tube detector, they may be arranged in 
parallel, but when they are used with a one or two-step 
amplifier, they should be arranged in series because of the 
high voltage used. In the latter case they are arranged 
with one tip of each telephone set going to one of the 
binding posts, while the two remaining tips of the tele- 
phone sets are connected together, thus putting the sets 
in series. The use of the multiple jack or multiple plug 
simplifies this matter and makes positive and noiseless 
connections. 
A FEW POINTERS ON OPERATING TIIE RECEIVING SET 

\\ ith the fifty-seven varieties or more of receiving sets 
now on the market, it would be impossible to give precise 
directions on the operation of each set. However, the 
vacuum tube receiving sets fall into a few general classes, 
so that broad instructions on each class are certain to fit 
every individual case with due allowance made for the 
peculiarities of each particular set. 

The simplest vacuum tube set is of the single circuit 
type, in which no loose -coupler or vario -coupler is used. 
Furthermore, no regenerative action is employed, which 
greatly simplifies the operation but also makes the set 
less sensitive than it might be. Such a set makes use of 
a tuning coil or variometer, and perhaps a condenser. "1 he 
inductance may be fixed, in the form of a compact in- 
ductance unit, with a condenser in series or in parallel 
to vary the wave length. However that may be, the ad- 
justment of (wave length comes down to the one or two 
components, and is soon restored in each case.. 

L 
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The operation of the vacuum tube requires a little care. 
The filament rheostat must be varied until the best signals 
are obtained, after tuning them in to the utmost strength. 
Generally the signals are loudest and clearest when the 
filament rheostat is moved up to a point just before the 
hissing sound is heard in the telephone receivers. With 
most vacuum tubes, the plate voltage is critical for best 
results, so that the B battery should be varied in order 
to obtain the loudest and clearest signals. Either a B 
battery of the variable voltage type can be employed, or a 
rheostat can be placed in series with the battery and the 
plate circuit. 1'or the very best results, a potentiometer 
should be used with the B hatters for the most accurate 
adjustments. The potentiometer is a resistance placed 
across the source of energy; while hooking up to one side 
and using a sliding contact to take current off the resist- 
ance at any point, thus making for very delicate control 
as compared with the simple series resistance of the usual 
rheostat. 

1 he use of the regenerative arrangement complicates 
the operation of a set not a little but it also makes for 
louder signals than could ever be obtained with a simple 
circuit. Regeneration is obtained either by means of a 
tickler coil or by a grid variometer, as a general thing. 
Take the case of the tickler coil, which controls the 
amount of regenerative or feed -back action. First the 
detector tube is adjusted until it is as near silent as pos- 
sible, yet responds to the spark signals. This is generally 
before the point where the tube becomes noise, although 
at times the temperamental tube works best when the 
rheostat has been moved past the noisy point and into 
another zone of relative silence. Then the tuning handle 
or handles are adjusted so as to bring in the desired sig- 
nals or telephone messages. Furthermore, by means of 
the tickler handle, the quality of the reception can he 
improved if necessary. If too much tickler action is used. 
the signals or the radio -phone are apt to be mushy and 
distorted because of excessive regeneration. Finally, the 
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signals or radio -phone are refined by turning the vernier 
adjustment. if the set is provided with such a device. 
The vernier is simply an auxiliary tuner which deals with 
much finer variations than the main tuner. It is neces- 
sary in the best types of receivers, because regenerative 
circuits are extremely sensitive and sharply tuned for the 
best results. 

Generally, when using the regenerative method of recep- 
tion, a radio -phone station denotes its presence by a 
whistling sound as the tuner is varied. By moving the 
tuner back and forth over the entire range of wave 
lengths, whistling sounds may be detected at certain points. 
Then the tuner is finally adjusted so as to get in between 
these whistling sounds, where there is a silent zone. It 
is in this zone that the radio -phone music or talk is heard. 
\t other times these whistling sounds are due to contin- 

uous wave or undamped wave transmitters, which, like 
the radio -phone, make use of the same kind of waves and 
therefore have the same characteristics. 

Once adjusted, a regenerative receiving set will main- 
tain its adjustment fairly well. Occasionally, the vernier 
or the tuner may have to be readjusted, especially if the 
character of the music, if one is listening in to a radio- 
phone concert, is changed materially. The filament 
rheostat may also be altered at times to improve the 
strength or the clarity of the music. 

When it comes to two- and three -circuit receiving sets, 
the tuning requires more care, otherwise the operation is 
the same. Again the tickler adjustment, starting at zero, 
is gradually increased until a position is reached just 
below the oscillating point. The oscillating condition is 
indicated by a soft hissing sound in the telephone. The 
final adjustments are mane with the vernier or verniers. 
Sometimes it may he found necessary 'to adjust the tuner 
and the tickler at the same time in order to maintain the 
proportion necessary to keep the receiver on the verge 
of the oscillating condition, which is the most sensitive 
one. The adjustment of the coupler will also be found 
most important, more so when one is endea\oring to cut 
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down interference to a minimum. After all, the main 
advantage of the two- and three -circuit receivers, over the 
single circuit regenerative receivers, is that they provide 
real means of eliminating troublesome interference. 
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Il ow CIV waves are detected with an undamped receiving 
arrangement. The CW wave is shown to represent the in- 
coming signals. The local circuit, employing a vacuum 
tube, is made to oscillate, producing Its own wave or local 
current, which differs but slightly from the frequency of 
the Incoming signals. This slight difference sets up a 
"beat current." This beat current, in turn, modulates the 
plate current as shown, which is pulsating direct current, 
having been rectified front the alternating beat current. 
Finally the telephones slur the modulated plate current 

variations Into the large pulsations Isulicated. 

SPARK SIGNALS AND C \`T SIGNALS 

The reception and amplification of spark signals will 
be most satisfactory when the regenerative action is con- 
trolled to a degree which will produce maximum ampli- 
fication without causing an oscillating condition in the 
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circuits. When the oscillating condition is reached, which 
is indicated by hissing noise, the tone of the spark signal 
will be destroyed and reception through interference will 
become virtually impossible. The tone of a spark trans- 
mitter, which means a damped wave transmitter, may be 
altered when adjusting the receiver from the plain de- 
tector action to the oscillating condition. That accounts 
for the fact why a transmitter, which is heard as a series 
of flute -like clots and dashes one moment, becomes a mushy 
but extremely loud series of dots and dashes the next. 
The flute -like sounds are the real sound values of the 
sparks, while the mushy sounds are the false sound values 
given to them by the oscillating action of the detector. 

\Vhat are knonn n as continuous wave signals, including 
the interrupted continuous eaves and the modulated con- 
tinuous waves, all of nn hich are explained in the chapter 
further on dealing with continuous wave transmission, as 
well as the radio -phone, may be received in like manner, 
but a special condition may be obtained by allowing oscil- 
lations to take place in the receiver, producing the exact 
frequency of the incoming wave length. This is known as 
the "zero beat" method and in this condition amplification 
is greatly increased due to the augmented feed -back of 
energy from the plate to the grid circuit. It is only pos- 
sible to make use of this method while the incoming fre- 
quency remains constant, and its successful application 
requires considerable skill. 

In the reception of continuous waves the plate circuit 
feed -back or tickler action is to be increased to a point 
where oscillations are constantly raking place and this 
condition must be maintained throughout the entire tuning 
operations. 

The most successful means for reducing spark inter- 
ference while receiving modulated continuous wave sig- 
nals, including radio -phone, is the use of the zero beat 
method described above. This will cause the spark signal 
to become distorted and suppressed while greatly increas- 
ing the amplification of the desired signal. \s the oscil- 
lating condition is a prerequisite in the reception of 
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continuous wave signals, it follows that spark signals .are 
more readily suppressed than are the modulated contin- 
uous wave signals. Where the carrier wave length of the 
modulated continuous wave signal and the wave length 
of the undesired signal are almost identical, it may be 
possible to suppress the undesired signal by changing the 
frequency of the desired signal to the point where the 
carrier wave frequency of the modulated continuous wave 
signal is beyond audibility. The coupler adjustment also 
makes for additional freedom from spark interference. 
The elimination of continuous wave signals while receiving 
spark signals is easily accomplished by reducing the plate 
variometer or tickler dial settings until the oscillations 
cease. unless the continuous wave station is very powerful 
and located nearby. 

FROM RADIO -PHONE TO DOTS AND DASHES 

Sooner or later, and better sooner than later, the radio 
enthusiast turns to clots and dashes because, after all, the 
radio telegraph still dominates the air as far as the volume 
of traffic is concerned. While the music and the radio- 
phone talks may be most interesting to the laity, the fact 
remains that many things of great importance are being 
missed if one does not understand the telegraph code. 

Formerly, the Morse telegraph code was largely em- 
ployed in radio telegraph work in this country. At that 
time the Marconi land stations and ship installations used 
the Continental code, which is the present code. while the 
other radio organizations as well as the Government and 
amateur stations used the Morse code, which is the code 
used on our telegraph lines. i lowever, in order to have 
a uniform code with the rest of the world, the' Continental 
code was finally adopted as the standard radio code. This 
code differs from the former Morse code in the fact that 
it has no spaces between the letters themselves. In the 
Morse code. for instance, the letter C is represented by 
clot clot space dot. The letter R is just the reverse, namely, 
clot space dot dot. Now, since there are spaces between 
the letters Themselves, it stands to reason that the space 
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1. A dash ts equal to three dots. 
2. The spaco between parts of the same letter Is equal to one dot. 
J. The space between two letters Ls equal to three dots. 
4. The space between two words A equal to five dots. 

Á (German) . - . - 
I or Á (SpaoLsh-Scandinat'lon) 

CII (German -Spanish) 

F (French) 
F (Spanish) - - . - - 
(i (German) - - - . 
U (German) .. - - 

Period 

Semicolon r 

Comma 

Colon 

I ntorrwg.lio, 

Exclamation point 

Apostrophe 

111 phen 

Itsr Indicating frattton.... 

Parenthesis 

Interred commas 

Underline 

Double dash 

Distress Call 

Attention call to precede es fry trans 
misslop - . 

General inquiry tall 

From (de) 

Invitation to transmit (go shred) 

W.rn'.ng-high power 

Question (please repent totter)- 
Interrupting long messages- 

Wait 

Break (Bk.) (doable dash) 

toderatand 

Error 

B ed (0. A.) 

Position report (to precede all position 
roe.ssges) 

End of each message (crow) 

Traoemisolon (lobbed (end of work) 
(acotlusloo of torrespoodeort) 

f h;Ir( of the Continental radio rucia ase now employed in all radio 
gotlltnllnieJlt 1,111. 
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between the dots and dashes forming a single letter must 
be shorter than those between letters, and it is this fea- 
ture which makes the code more complicated and more 
liable to error than the Continental code, which has no 
spaces within the letters themselves. 

The Continental code may be readily mastered with a 
.little patience. The best method to proceed in learning the 
telegraph language is to learn the code letters not so 
much by remembering the dot and dash combinations 
as by learning the sounds. In other words, when an 
operator listens to a telegraph message he sloes not notice 
the dot and dash combinations of each letter and then 
translate these combinations into the proper letter or 
numeral. Instead, he catches the certain sound or com- 
bination of each letter or numeral, and automatically his 
trained mind reads off the message in letters. The 
trained operator never thinks of the letters in dots and 
dashes, just as the reader, in reading this line of type, 
loes not notice the letters in each word but recognizes 
words as complete units by their general appearance. 
In writing, the same is true. 1 he rapid writer does 
not think of each letter as he writes; his words are his 
units, and he writes as he thinks. 

Therefore, the code must be learned by means of some 
instrument which simulates radio dots and dashes. For 
this purpose a simple buzzer operated a battery and 
a telegraph key, may be used. Again, one can purchase a 
regular practice set, which has buzzer and key com- 
bined in one unit. A very ingenious little practice set is 
shown in the accompanying illustration, which contains 
a battery, buzzer, telegraph key, and a lamp for visual 
signals. 

The first step, once the practice set is at hand, is to 
learn the code letter by letter. The code is given in the 
chart on page 165. Note that A is a dot and a dash 
This is translated into a short snappy push on the tele- 
graph key followed by a longer push. The key should be 
held with the index and middle fingers of the right hand 
resting lightly but firmly on top of the knob, with the 
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thumb in light contact at the side or beneath the rim of the 
key knob. All characters should be made by wrist motion, 
with the elbow stationary, and all muscles of the arm 
and fingers should remain perfectly flexible. One of the 
most difficult things for the beginner to learn is -proper 
wrist motion, which is so essential to good transmitting. 
The beginner should never start with the key knob close to 
the table, due to the fact that this will interfere with 
the forearm and free wrist movement. Transmitting in- 
volves a downward pressure on the key of short or long 
duration, it being unnecessary to do any elevating of the 

key as this is pro- 
vided for by the 
spring compression 

" mo. L ,. _ .... under the key. 
' . -^'' The beginner 

_ - :-- should first learn to j recognize the letters 
` r '-f11 4;1 -1 of the Continental or r y+ ! 

International code in- 
stantly when heard, 

ithout conscious ef- 
Buzzer practice set employed in fort. In order to ac - learning the radio code. This little 
nett is also provided ,with a small quire this knowledge lamp which gives visual erode nilnals 

when desired, he should start to 
send at a slow rate of 

speed, remembering that a dash is equivalent in duration 
of time to that taken for making three clots. When opera- 
ting the key, listen to the sound produced by the buzzer, or, 
if the practice set has a visual indicator such as a lamp. 
watch the flash produced by the blinker, as it is called. In 
a surprisingly short time smoothness and speed in both 
sending and receiving will be developed. In some prac- 
tice sets a head receiver is worn so that the buzzes are 
heard in the same manner as though they were received 
from a radio telegraph transmitter. 

Taking the telegraph code, the beginner should start 
with the first four letters, mastering them in turn. Thus, 
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the beginner w ill note by studying the code chart that 
slab de dab de-and not clash dot clash dot-is C, in- 
stantly, and that dah (le de de is B. In other words, he 
learns what sounds represent each letter, and he does not 
stop to figure how many clots and dashes he has heard. 
It is left to the mind to perform two functions for each 
letter, namely, to think of the symbol and then the letter. 
It will be found that as the code is mastered, the letters 
will form in the brain automatically, and when this stage 
is reached the speed can be greatly increased. 

After mastering the first four letters, the beginner goes 
on to the next four. With these mastered, he repeats 
ail the letters from the beginning again, and then passes 
on to the next four, and so on. It may require several 
evenings to memorize all the letters and numerals, and 
finally- one can go on to the various punctuation mai-ks 
and other characters. To recognize the symbols instantly, 
even when they are sent at slow speed, takes much 
longer, of course. Sending is much simpler than receiving. 

With all the symbols memorized, the beginner should 
sit down by the hour and translate newspaper articles or 
magazine articles or any other "copy" into the Continental 
code, using the practice set. In this planner he trains his 
ear to the various sounds. and after all the mastering of 
the code is just that, nothing more. 

The next step is one which presents two alternatives: 
Either the beginner can get in touch w ith some other be- 
ginner and spend some time each week transmitting mes- 
sages hack and forth to each other by means of a buzzer 
practice set, or the beginner can listen in on his receiving 
set to the amateur transmitting stations, endeavoring to 
pick up letters here and there. The second method is not 
apt to produce immediate results, for the reason that 
much of the traffic is entirely too fast for the beginner. 
However, certain radio telegraph broadcasting stations 
have the beginner very much in mind these days, and 
transmit at a very slow speed in order to furnish prac- 
tice for the beginner. There arc automatic machines 
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which send messages at any desired speed for training the 
beginner. This is an excellent self -instructor. 

One method of learning the code is to attend a radio 
school. The schools, thanks to their wide experience, have 
perfected methods of training beginners which produce 
early results. But in the main one can teach one's self 
if sufficient patience is exhibited. listening to radio 
telegraph stations and attempting to jot down on paper 
as many letters as are recognized finally results in copy- 
ing more and more letters and words until perfection is 
attained. 

Aside from the telegraph code, there are certain abbre- 
viations that have been inaugurated by the International 
Radio Convention. The list of these abbreyations is pre- 
sented on the facing page, and while it may not neces- 
sarily be memorizd, it is well to remember the more im- 
portant ones. 

WIZEN AND \VIIERE \ RADIO LICENSE IS NECESSARY 

Having mastered the code and become a radio operator 
of more or less ability, a person can consider a trans- 
mitting set. Otherwise a transmitting set is out of the 
question, unless. one has a licensed operator to run it. 
The owner of an amateur transmitting station must ob- 
tain a station license before it can be operated if the 
signals radiated therefrom can he heard in another state, 
and also if such a station is of sufficient power to cause 
interference with neighboring licensed stations in the 
receipt of signals from transmitting stations outside the 
state, which means that virtually all transmitters must he 
licensed. These regulations cover the operation of radio 
telephone stations as well as radio telegraph stations. 

Station licenses can be issued only to citizens of the 
United States, its territories and dependencies. 

Transmitting stations must he operated under the super- 
vision of a person holding an operator's license, and the 
party in whose name the station is licensed is responsible 
for its activities. 
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AIaS09. 
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PRR 

RA 
Rlt 
IlC 

1I1D 
Qltr 
RO 
Rll 
N 
BS 

SM 
RV 
110 
RI' 

ill.? 
RC 
MI 
IVY 
RR' 

ISRX RY 
117. 

A 
QSO 

SC 
SD 
SP 

SO 
811 

CSJ 
(SK 
(SL 
(SM 
CSN 
LSO 

QSP 

( 

Y+`n 
11yyRT 

SU II 

WSv 

4W 
SX 
SY 

QsZ 

QTA 
yTP. 
IITP 

Do ln by meant of the 
lern.rtlooal Signal Code? 

What ship or eosin Mallon Is that? 
What la your distance? 
Il hat In your true bearing? 
w here are you bound fort 
11 here are you bound from? 
11 hat line do you brionr to? 
What la your ware length la meter ? 

Bow many words have oa io rend? 
How do you receive ? 

Are you receiving badly? Shall I send 201 

for adjual men I? 
Are you brio. Interfered with? 
Are the atmoapherlea strong? 
Shall I increase power? 
Shall I deereeee power? 
Shall I send faster? 
Shall I send Sower? 
Shall I atop sending? 
Ilare you anything for re.? 
Are you ready? 
Are you busyl 

Shall I eland my? 
When ill be y tun? 
Are my alrnala weakt 
Are my alms. slrongt 

f¡I1 my tone had? 
lln my spark bast 

la my sparing had? brat la your lime? 
la Iranamlaslon to be In alt. -rule order or to 

&tried 

What rate nhau I lelle.t for 
la the let radiogram raore:n 
Dld you get my receipt? 
What is your Use mane? 
Are you In eommoalealloe with land? 
Aye you In eommuelrauon with any .hip or 

Mallon (or: wills )? 
Skull I Inform tut low are 0.111 g 

kind 
Ta ullug 

el Will you forward eke radiogram? 
(rare you rerrlrrd iba;renal rail? 
Please ell me when you bare Cabled (or: 

at o'respont 
la public correspondence beta; baadledi.... 
Shall I lacren.e my spark frequency? 
Shall I d i spark fregnenc t 
Shall I bend on ware la.11 of 

meters? 

Whet la my trae beerier? 
M hat la my p0.111001 

I In.ernl ?local bignal Cod. 
commonicate Olemeans of e 

ThV Is 
My dlata on le 
My Irne beermg la degrees. 
I am bound for......., 
I am bound from 
I belong lo the Line. t ware lenwth la meters. 
I ere........ rds to send. 
I am reerlrlmt well. 
I am recelving badly. Please aced 20. 

for adJo.tmeot. 
I am brine leterfrrrd with. 
Atmospheric. are eery .[tong. 
Intros.. pow! 
Decree. power. 
Send fluter. 
Send sower. 
Slop nendlet. 
I have 001111, for you. 
I am ready. All right now. 

bony for: I am bey with 
Please do not Interfere. 

Stand by. I will call you when rrgnired. 
Your ton will be No. 
Town signal. are weak. 
Yoar Signal. are at000g. 
The tone is bed. 
The opark u bad. 
Your .paring IA bad. 
Ny time la 
Trnu0Wloa will be to alternate order. 

Tranemin.lon will be In aeries of I manse... 
Tronsmlonloo will be in cede. of 10 mos.... 
Collect 
The let radiogram la canceled. 
Plea.. acknowledge, 
N7 true tisane Is decrees. 
I am not la mm:ouoleatlo. with land. 
I in communication with 

(throw. 
lagoon ualII am calllag Dian. 

Yoe are being caned by 
I will forward the radiogram. 
General call to all stations. 
Will tall when 1 have Deleted. 

Public rorreapoodrare le being Candled. 
Please do rot Interfere. 

Increase your .park frpueney. 
Decrease your apart frequency. 
Let with/urge to the ware length of 

meter*. 
Send each wart twirl. I have dimcplty la 

eeelvleg you. Tou m t the but radlom. 
Vow tree bearing.. decree* from 
Vow position V .... 1.1h:de ..., loagitnde 

Public correspondence is any radio work, official or private, kindled on com- 
mercia wave lengths. 

When an abbreviation is followed by a mark of interrogation, it refers to the ques- tion indicated for that abbreviation. a-earn 

List of abbreviations now employed In radio communication for the 
purpose of saving time and trouble. 
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The Government licenses granted for amateur stations 
are divided into three classes as follows: 

Special Amateur- Stations, known as the "Z" class of 
stations, are usually permitted to transmit on wave lengths 
up to approximately 375 meters. 

General Amateur Stations, which are permitted to use 
a power input of 1 kilowatt and which cannot use a 
wave length in excess of 200 meters. 

Experimental Stations, known as the "X" class, and 
school and university radio stations, known as the "Y" 
class, are usually allowed greater power and also allowed 
the use of longer wave lengths at the discretion of the 
Department of Commerce. which has charge of the grant- 
ing of licenses and the enforcement of the radio laws. 

All stations are required to use the minimum amount 
of power necessary to carry on successful communication. 
This means that \\ hile an amateur station is permitted to 
use, when circumstances require, an input of 1 kilowatt, 
this input should he reduced or other means provided for 
lowering the antenna energy when communicating with 
nearby stations in which case full power is not required. 

Malicious or wilful interference on the part of any radio 
station or the transmission of any false or fraudulent dis- 
tress signal or call is prohibited. Severe penalties are 
provided for \ iolation of these provisions. 

Special amateur stations may be licensed at the dis- 
cretion of the Secretary of Commerce to use a longer 
wave length and higher pow er than general amateur sta- 
tions. Applicants for special amateur station licenses 
must have had two years' experience in actual radio com- 
munication. A special license will then be granted by 
the Secretary of Commerce only if some substantial 
benefit to the science of radio conununication or to com- 
merce seems probable. Special amateur stations located 
.on or near the sea coast must be operated by a person 
holding a commercial license. Amateur station licenses 
are issued to clubs if they are incorporated, or if any 
member holding an amateur operator's license will accept 
the responsibility for the operation of the apparatus. 
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Applications for operator's and station licenses of all 
classes should be addressed to the Radio Inspector of the 
cistrict in which the applicant or station is located, or, 
if this is not known, to the Bureau of Navigation, Depart- 
ment of Commerce, Washington, D. C. The accompany- 
ing map indicates the territory covered by each radio 
district. 

Each district has a Radio Inspector, whose address is 
given below : 

First District Boston. \lass. 
Second District New York City 
Third District Baltimore, \1d. 
Fourth District Norfolk, Va. 
Fifth District New Orleans, La. 
Sixth District San Francisco. Calif. 
Seventh District Seattle, Wash. 
Eighth District Detroit, \lick. 
Ninth District Chicago, Ill. 

Once more, let it be clearly understood that no license 
is required for a receiving set only or for the operator 
of a receiving set. IIowever, all persons are required 
by law to maintain secrecy in regard to any messages 
which may he overheard. This is a blanket law, of course, 
intended to safeguard the interests of those transmitting 
and receiving private dispatches and special press reports. 
and does not apply to broadcasted telegraph and telephone 
service. 

Persons who wish to operate a transmitting set must 
apply to the radio inspector of their district for the neces- 
sary form and, at an appointed time, undergo an exam- 
ination which covers their proficiency in receiving and 
sending telegraph messages, as well as in the theory and 
practice of radio. Operator's licenses are of the amateur 
and commercial grade, depending on the proficiency of the 
person examined. There is no fee or charge for either 
In operator's or a station license. 

Every person engaged in any form of radio conmiuni- 
cation should have a copy of a pamphlet. "Radio Com- 
munication Laws of the United States," which can be 
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secured by sending fifteen cents (not in stamps) to the 
Superintendent of Documents, Government Printing 
Office, Washington, D. C. 

The laws regulating the operation of private radio 
stations in Canada are different in several respects from 
those in force in the United States. For instance, a 
station which is used only for receiving must have a 
station license. For authoritative information, inquiry 
should be made of the Deputy Minister of the Naval 
Service, Ottawa, Ontario. 

CALL LETTERS AND WIIAT THEY MEAN 

All radio transmitters have call letters. just as auto- 
mobiles carry license plates with the State and a number 
plainly marked on them, so do all radio transmitting sta- 
tions use call letters consisting of two or three or four 
letters and numerals. If one station u ishes to call an- 
other station. it calls by means of the call letters of 
the desired station. The Government assigns call letters 
at the time the station license is granted. Every radio 
amateur should have a copy of the pamphlets "Amateur 
Radio Stations of the United States," and "Commercial 
and Government Radio Stations of the United States." 
The price of each of the pamphlets is fifteen cents, and 
orders should be sent to the Superintendent of Docu- 
ments. These pamphlets contain lists of the amateur, and 
commercial and Government stations in the United States. 
and of the call letters assigned to the stations. A new 
edition of each pamphlet is published on June 30 of each 
year. -N. monthly publication called the "Radio Service 
Bulletin" is issued which contains information regarding 
changes in the radio regulations and traffic. 



Chapter VI. 

MAKING BIG SOUNDS OUT OF LITTLE 
ONES, OR THE GENTLE ART 

OF AMPLIFYING 

MUCII of the present success of radio depends on the 
amplifier apparatus now in use.. The amplifier is 

the instrument which makes possible the magnifying of 
weak signals or sounds in an electrical circuit. An incom- 
ing radio -phone wave may be so weak that the sounds 
cannot be heard in the telephone receiver, yet throw ill 
one step or stage of amplification and immediately the 
sounds are loud and clear. The music or the talk as- 
sumes a depth and roundness that has been lacking when 
receiving with the ordiñary detector circuit. Throw in 
another step of amplification or two steps in all, and the 
sounds are so loud that they can be heard when the 
telephone receivers are laid on the table. Or, a loud - 
speaking device may be hooked up and immediately the 
sounds are heard throughout the room without the aid of 
the telephone receivers. 

The amplifier has served to increase the range of all 
transmitters to an unbelie\able extent. Thus with a 
gisen transmitter in the old day:, of crystal detectors, the 
usual range might have been say 100 miles. Today, thanks 
to the regenerative receiving circuit already described, 
which amplifies the signals considerably, and also thanks 
to a two-step amplifier, the same transmitter may operate 
a thousand miles with ease. Not that the transmitter is 
anv the more power ful or more efficient than it was 
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formerly, but the receiving set, because of the regenerative 
arrangement and the amplifier, responds when the waves 
are that much more attenuated or weakened. 

FROM TRANSATLANTIC RADIO TO TRANSCONTINENTAL 
TELEPHONE 

The amplifier is responsible for many of our recent 
achievements. For instance, the recent spanning of the 
Atlantic by twenty-nine amateur transmitters, using one 
kilowatt or less and a wave length below 200 meters, 
would have been impossible were it not for the highly 
efficient receiving equipment and amplifier employed by 
the American observer stationed in Scotland for the 
purpose of picking up the weak signals. An ordinary set 
would not respond to such signals, and the transmitters 
would be said, under such circumstances, to be incapable 
of spanning the 3,000 miles or more of space between 
America and Scotland. 

Yet with the proper receiving set and super -amplifier, 
the transmitters were found to span the intervening space 
with a varying degree of success. Which only serves to 
prove once more that no matter how weak the trans- 
mitter may he, its waves are propagated through space 
and keep on going farther and farther away with virtually 
no end. It may seem fantastic to believe that the waves 
from a little amateur transmitter when once started keep 
on going through space for years and years, until they 
may reach the moon and the distant planets ; but such 
must be the case. the whole problem is one of having 
a receiving set sufficiently sensitive to respond to the 
attenuated waves, and then an amplifier ='hick call build 
up the signals to audibility. 

The amplifier principle is used in telephone work. The 
trans -continental telephone would not be the success 
which it is were it not for the vacuum tubes now em- 
ployed as amplifiers or repeaters. After going through 
many hundred miles of .wire and becoming attenuated as a 
result, the weakened telephonic currents are passed 
through vacuum tithes in order to impress their charac- 
teristics on other circuits. which in turn have fresh and 
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powerful currents ready for another jump- of several 
hundred miles. These currents, in due course, become at- 
tenuated in their turn, and again resort is had to vacuum 
tube devices. The vacuum tube has proied to be the 
most reliable form of telephonic relay or repeater ever 

DETECTOR- 
AMPLIFIER 
5WITCIt 

TUNING 
PANEL -' 

DETECTOR AND AMPLIFIER FILAMENT 
RHEO5TAT.a 

D-DATTERY POTENTIOMETER 
FOR DETECTOR 

O J _ =11 
e 

G 
u 

. 
., _ ' " 

) `Z 
M 

Combination tuner and detector -amplifier set made up of two 
units rated one above the other as shown. Phis comprises 
an excellent receiving set, with detector and Iwo -stage ampli- 

fier completely self-contained. 

developed, working is ith virtually no distortion when 
properly designed and handled. 

In the previous chapter we had something to say re- 
garding the action of the vacuum tube. \Ve learned of 
the flow of electrons or ions from the hot filament, and 
how this flow of electrons or ions formed a one-way 
bridge for the B battery current connected with the tele- 
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phones. And the grid, as we learned, is the control fo- 
the traffic over this one-way bridge. In the case of the 
amplifier tube, the grid is again employed as the control 
Instead of using a pair of telephone receivers in the 
plate circuit of the receiving set, the two leads or `but - 
put" terminals are brought to the amplifier apparatus, as 
shown in the accompanying diagram. The first step is 
to pass the receiving circuit current through the primary 
of a special amplifying transformer. Such transformers 
are available .in many different styles but all serve the 
same general purpose. They are sometimes called inter - 
valve transformers. The secondary of the transformer 
is brought to the grid and to the filament of the amplifier 
tube, as shown. The plate circuit of the amplifier tube 
contains a B battery of higher voltage than the detector 
B battery, and the telephone receivers. However, if an- 
other stage or step of amplification is desired, then the 
plate current from the first tube is brought to the primary 
of a second amplifying transformer, and the secondary 
is connected w ith the grid and filament as before. This 
second amplifier bulb has a B battery and a pair of tele- 
phone receivers or the loud -speaking device, as the case 
may be. A third step may be added in the same manner. 
Three steps or stages of amplification are considered the 
limit in actual practice, for the reason that beyond that 
point t'. -.e adjustment of the circuits becomes too difficult 
for satisfactory work. Please note that the same fila- 
ment and I battery may be used for the detector and the 
amplifier tubes, but for the sake of simplicity most of our 
diagrams show separate batteries being used for each 
tube. 

Whereas the amplifier tubes and detector tubes may 
look alike, they are quite different as far as the electrical 
characteristics are concerned. Amplifier tubes are not 
critical in adjustment when compared with detector tubes 
and they will operate successfully on plate voltages of 40 
to 80 volts. Where a detector and two stages of ampli- 
fication are used, three 2?/ volt units may be connected 
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Simple mounting for at two -stage amplifier, comprising the fila- 
ment rheostats, the intervalve or amplifying transformers, and 

the tube sockets. 

in series and connections to the receiver made in a manner 
which permits the use of the full voltage on the amplifier 
tubes while a variable portion of the same battery is 
used for the detector tube, say anywhere from 16 to 22 
volts. Where extremely loud signals are desired the 
plate voltage may be 100 or over; and while such high 
voltage will not damage the amplifier, it will increase 
tube noises, and is therefore not desirable when receiving 
signals with the telephone head set. No more than 45 
volts is required even with several pairs of head phones. 
An amplifier tube which requires a critical plate voltage 
or filament current adjustment will not give consistently 
satisfactory results as an amplifier. Tubes of this charac- 
ter will generally be found useful as detectors. 

AUDIO OR RADIO FREQUENCY-` IIICII? 

The amplifying arrangements described so far, and for 
that matter the greater part of the amplifying apparatus 
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now available and in regular use, is known as the audio - 
frequency type. It is called the audio frequency type 
for the reason that it is handling currents of frequencies 
well within the audible range. There is another type of 
amplifier known as the radio -frequency type, which, up 
till the present time, has been rarely used. However, at 
this writing the radio frequency type is rapidly coming 
into general use for long-range reception, as well as in 
connection with loop antenna and diminutive antenna of 
all kinds. In the case of audio -frequency amplification. the 
amplifying is done after the signals have been passed 
through the detector and rectified so as to produce audio - 
frequency currents, while with the radio frequency ampli- 

6,1; LEAN 
AND CONDENSER 

RNEO3TAT :! t 
e 

r y . 
Twee r jOCKET `#- 

/ -+ . - THANSFORwER 
(AUDIO FREOUENC) TRAN5,ORMER 

NO,,, OR 
bACAO FRGOUENeY) 

CONNECTIONS . 

Components of a combination radio frequency amplifier, vacuum 
tube detector, and audio frequency amplifier, mounted In a neat 

steel cabinet. 
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fier the waves are amplified before they are passed to 
the detector. 

The advantage of the radio -frequency amplifier lies in 
the fact that it amplifies only the wave and not the 
many little irregularities and imperfections which exist in 
the usual receiver and amplifier equipments. Further- 
more, most detectors have a critical point at which they 

FILAMENT RHEOSTATS 

A j. 

/ 
. 

SWITCH FOR DETECTOR OR 
'AMPLIFIER CONNECTION 

t 

Two -stage audio frequency amplifier, with filament rheostat 
handles, switch handle for connecting the detector alone, or 
one stage or two stages of amplification into the circuit, as 
well as the input, output, and filament current binding posts 

mounted on the front panel. 

begin operating. Signals which come in weaker than the - 
critical point of the detector make no impression on the 
detector, and are therefore lost entirely. No matter how 
many steps of audio -frequency amplification may be piled 
up behind the detector, the signal which has failed to. 
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actuate the detector will certainly not be heard. With 
radio -frequency amplification, on the other hand, there is 
virtually no critical point, and even the weakest signal is 
built up to the desired degree before it is passed on to 
the detector, there to be rectified to audio -frequency cur- 
rent, which, if desired, can be passed on through one or 
more stages of audio -frequency amplification in order to 
build up the signal strength. 

In extreme long-distance work, it is not uncommon to 

FC VC 

Resistance type of radio -frequency amplifier. The set of 
wires b are for the plate battery current, with the polarit> 
indicated, while the a set indicates the filament battery current. 
The wire marked I is the grid wire from the tuner. R are 
the filament rheostats; RI. 2 are resistances; tin are ampli- 
fier tubes; I) is the detector tube; I't'-fixed condenser; T- 

teleplinlles; IT-variable condenser. 

find two stages of radio -frequency amplification, followed 
by a detector and two stages of audio -frequency amplifi- 
cation. 

When using a loop antenna, it is usually necessary to 
employ radio -frequency amplification unless one is near 
the desired transmitter. The radio -frequency amplifier 
builds up the wave energy before passing it on to the 
detector, and in that manner enables o to to hear signals 
which would not affect the detector otherwise. After 
all is said and done, it is really the radio -frequency ampli- 
fier which makes for extreme sensitiveness in the receiv- 
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ing set, and enables almost unbelievable distances to be 
spanned, while it is the audio -frequency amplifier which 
makes for loud signals and for the successful operation 
of loud -speaking devices. 

The simplest type of radio -frequency amplifier is 
known as the resistance -coupled type, and is shown in the 
wiring diagram on page 185. In this arrangement the 
amplifying transformers are replaced by suitable resis- 
tances and condensers, the amplified energy being passed 
from one circuit to the other by means of the resistance 
coupling. This method is preferable in many instances 
because of its simplicity and because of the fact that 
the radio or the audio frequency can be amplified at will. 

If the grid condenser is eliminated on some of the tubes 
in a multi -stage amplifier, as shown in the diagram on 
page 185, then the incoming radio frequency is amplified 
before it is rectified, and after it is rectified by going 
through the detector tube it is then amplified again at 
audio frequency in order tó obtain volume of sound. 
Amplifying at radio frequencies. although it is rather diffi- 
cult to do so at times, has numerous advantages and the 
experimenter is urged to try amplifying at radio fre- 
quencies wherever possible since . one of the principal 
advantages of this method is that radio frequencies are 
inaudible to the human ear and the amplifying action 
is therefore carried on without unpleasant noises to the 
listening operator. 

By using special transformers the transformer method 
can be applied to radio frequency amplification, reducing 
it to something almost as simple as the audio -frequency 
amplifier. There have been introduced of late special 
radio frequency transformers which function over the 
wave length band of 200 to 5.000 meters, and which have 
been designed particularly for the short wave band of 
200 4o 500 meters. These transformers mark a real 
step forward in the art, and must make for the wide appli- 
cation of the radio frequency method of amplifying. This 
method of amplification doubles and triples the receiving 
ranges ; it makes signals audiible that cannot be received 
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with other types of amplifying circuits; it is vastly 
superior to any other method of amplifying telephone 
speech ; it eliminates tube noises ; it increases selectivity ; it 
increases signal audibility at each stage at least twenty 
times; it makes possible the use of small loops or frame 
antenna to receive as well as with high antenna ; and it 
gives a 20 -watt amateur radio telephone set the trans- 
mitting range of a transmitter of several times the power. 

Please note that radio -frequency amplification can be 
used in connection with any existing receiving set, even 
if said set is of the simplest and most elementary type. 

VC, 

-. 

TICK 

Az R3 

Anotl er radio-frequcney arrangement. VCI-it,Hattie con- 
denser in aerial -ground circuit; LC-loose-con pier or vario- 
coopl r; VC2-vnr iuble condenser across secondary; Aln- 
amplitier tube; RI, 2. 3, 4-rheostats; I'K-primary and sec- 
ondary of Inter valve or amplifying I ruusformrr T ; GI.-grid 
leak ; II-detector; It-plate battery % I and 2-filament bat- 
tery; F(-Ilxed condenser: T-telephones; TICK-tickler 

coil; 6-1: round. 

For radio -frequency amplification builds up the wave 
strength before it is passed on to the detector, so that 
in every sense of the word it is as though the receiving 
set were moved a considerable distance towards the trans- 
mitter. Thus a crystal detector can lx used in conjunction 
with the radio -frequency amplifier, for after the wave 
strength has been built up by the radio -frequency ampli- 
fier, it is rectified by the crystal detector. Then, if de- 
sired, the rectified current from the crystal detector can 
be amplified by means of audio -frequency amplifiers. 
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Sometimes the crystal is employed in this manner, for 
the reason that it is silent in its operation and is not apt 
to introduce noises into the circuit. 

\\MIEN AND WHERE TO USE AN AMPLIFIER 
Most receiving sets are complete without an amplifier. 

In other words, the amplifier is something apart from the 
regular receiving set ; it is an accessory ; it can be added 
at any time to the usual run of receiving sets. So the 
question arises as to when and where an amplifier should 
be employed. 

The amplifier of the audio -frequency type, which is the 
t} pe generally used, should be employed when loud sig 
nals are required. Take the case of the radio -phone 
service, for instance. At a reasonable distance the music 
and talk come in good and clear, but it cannot be denied 
that the music and talk are generally thin, so to speak.. 
The music or the talk has no depth, no sense of realism. 
It seems to be in one plane, just like the motion picture 
is in one plane when viewed on the ordinary screen. It 
lacks the depth so necessary for realism, even though it 
may be quite loud. At least those are the author's obser- 
vations, as well as those of many persons who have 
listened in on his receiving set. However, the moment 
the amplifier is used, even with one step, there is introduced 
a loudness and clarity, as u ell as depth, which make for 
realism. These features are particularly noticeable in 
the case of a radio chapel service, where the minister may 
be preaching and is followed by the choir. Without 
amplifiers, the voice of the minister and the voices of the 
choir are on the same plane, but with the amplifier we 
obtain a sense of depth and the entire rendition sounds 
as though it were in a large church. 

So the amplifier, then, makes for better results, let alone 
loudness. Fortunately, an amplifier is not such an elab- 
orate piece of mechanism. It consists merely of a 
vacuum tube of the amplifier model, a filament rheostat, a 
transformer, and the necessary batteries and connections. 
Like the vacuum tube detector, it requires a filament 
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battery and a high -voltage B battery. \Vhen telephone 
head sets are to he used, only 45 volts is required for the 
B battery. In that case two B battery units of 22V 

volts each are connected 
in series, and a tap is 
taken from the connec- 
tion between the units 

LOOP and brought to the de- 
tector in order that the 
detector v, ill not have 
more than 22% volts, 
while the amplifier will 
have the full voltage. 
It is well to mention 
here that a variable 
voltage battery should 

VC 

L 

A 

L2 

vCz 

T 

Mai 

T 

Dow the radio -frequency amplifier is used with the loop 
antenna for long distance reception. VC 1-variable con- 
denser across loop terminals; L I and L 2-Inductance colts; 
VC 2-variable condenser; FC-fixed condenser; Am-amplifier 
tube; 1)-detector tube; T-telephone receivers; It-plate bat- 
tery; A-filament battery; K 1 and 2-filament rheostat. Note 

the extra. resistance. 
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be used for the detector, since a good detector tube has a 
critical voltage adjustment for the B battery, and a fixed 
voltage battery for the other unit. Some battery manu- 
facturers are now supplying a combination B battery of 
45 volts, with part of the battery made variable so as to 
obtain the critical B battery voltage for the detector. 

Amplifier units can be purchased at a reasonable cost. 
They come in one -stage and two -stage models, and in 
some instances a three -stage model can be obtained, al- 
though this model is rare for the reason that its adjust- 
ment calls for considerable skill as compared with the one 
and two -stage models. Then again, there are units avail- 
able in which the detector is included. Thus one can 
obtain a detector and one -stage model, and a detector and 
two -stage amplifier model. 

Fortunately, the same storage battery is employed for 
the detector and the amplifier tubes, just as the B battery 
is used for all the tubes of one set. This simplifies the 
problem and makes for economy. 

A soft or gassy tube, known as a detector tube, should 
be used for the detector, while hard or highly exhausted 
tubes should be used for the amplifiers. However, in 
some sets where a single rheostat may be employed for 
the detector and amplifier tubes, and a rigid B battery 
voltage is used on all tubes, it is sometimes good practice 
to use amplifier tubes throughout, including detection. 
This is not the most efficient practice, but it makes for 
simplicity, since amplifier tubes do not require the delicate 
manipulation and adjustment that are called for with soft 
or gassy tubes. Of course, the sensitiveness when using 
amplifiertubes throughout is bound to be greatly reduced. 
for it is the delicate adjustment of the gassy tube which 
makes it so highly responsive to seak signals. 

THE QUESTION OF LOUD SPEAKERS 

Sooner or later the radio enthusiast wants to do away 
with head 'phones in order that the radio -phone service 
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may be used for danc- 
ing or even for enter- 
taining a roomful of 
persons. In that event 

C some form of loud- 
speaker must be used. -.` The simplest form 
of loud -speaker is one 
which makes use of 
the existing receivers, 

.i/ without extensive al- 
.,.r- p:4 terations of the re- 

r,.:-.; - - . 4'sw ceiving and amplify - 
I ing arrangements. ' There are horns avail - ás' , able which may be 

fitted to the regular 
Loud -speaker attnehment Unit fits on telephone head set. 
the tone -arm of and phonograph so These horns are pro - that the usual horn of the phonograph 

is used to amplify the sounds. vided \11th soft rub- 
ber pieces or even 

with clamps, so that the regular head set may be held in 
place while the sounds from both receivers travel up 
through a horn and are amplified so as to be audible some 
distance away. These devices are excellent in a limited 
way, and their main attraction is the fact that they can 
be used 11 ithout alteration of any kind. 

However, where something of a more ambitious nature 
is wanted, it becomes necessary to use special loud- 
speakers. The simplest loud -speakers are those which 
,make use of a single telephone receiver of the same 
general type as those used with head bands, as well as a 
special horn. There are all kinds of devices of this gen- 
eral class, ranging from horns of pressed paper or wood 
pulp, made in the general form of the channels of the 
human ear, and pressed copper reflectors, as well as horns 
of a more conventional design. 
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One of the most popular forms consists of a specially 
designed metal horn mechanically attached to the mechan- 
ism of a special telephone receiver, in which the stand- 
ard mica diaphragm has been replaced by a strong corru- 
gated metal diaphragm which will stand practically any 
amount of abuse without damage. A large amount of 
experimental work was carried on by radio experts before 
final decision was made on the horn and it is believed 
that the design furnishes as fine a quality of reproduc- 
tion as can be obtained except through the use of a 
very elaborate sound chamber such as is found in high- 
priced phonographs. 

The loud -speaker in question, which is shown in the 
accompanying illustration, will work satisfactorily from 
a two -stage audio -frequency amplifier and, using good 
amplifying tubes. 150-200 volts 
may be used without damage 
to the instrument. By good 
tubes is meant, in this case, 
especially "hard" 
tubes. The usual am- 
plifying tubes are 
operated on 15 volts. 'f 
and this voltage will 
produce only weak re- 
sults with the usual i 

loud -speaker. If more 
B battery is added, F 

such as by connecting i 

a third and even a 
f o u r t h unit to the 
usual B battery, the { 
results may be poorer 
with the regular am- 
plifier tubes. 

Some radio workers 
use the 5 -watt trans- One of the several load -speakers now 
mitting tubes as am- available for home Use. This model 

may he used In connection with any plifiers, in which case two -stage amplifier. 
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voltages up to and even exceeding 100 volts may be ap- 
plied. In such an arrangement it is well to try the 5 -watt 
tube in the second stage of amplification, and to use the 
regular amplifier tube in the first stage. 

One form of loud -speaker which is proving very popu- 
lar is a simple telephone receiver of special construction 
which may be attached to the tone arm of the usual phono- 
graph. In this manner one saves the cost of a special 
horn. and at the same time one has the pleasure of 
hearing the regular phonograph (lo duty as a radio re- 
ceiver. The results with such an arrangement are very 
good. and the volume may be made extremely great by 
using sufficient voltage on the telephone. 

Loud -speakers require plenty of voltage, and there is 
no getting away from this fact. The simple devices which 
take the the regular head sets or single receiver operate 
off the regular amplifier output without changes of any 
kind ; but when it comes to filling an entire room with 
loud music or talk, the problem becomes quite complicated 
and certainly expensive. 

All of which brings us up to the problem of real loud- 
speakers such as are used in the most ambitious kind of 
radio reception, as well as for public speaking and other 
work. Hence this subject is worthy of treatment at 
length, including a little back history. Loud -speakers of 
this kind are known as electrodynamic receivers. 

THE EARLY D \vs OF THE ELECTRODYNAMIC RECEIVER 

In 1911 two inventors, E. S. Pridham and P. L. Jen- 
sen, were actively affiliated with the development of arc 
radio transmission and reception at Napa, California. 
During the course of work, they made a very exhaustive 
study of various methods for the reception of rapid radio 
signals. Naturally enough, the development of what is 
known as the string galvanometer was carried out, and 
it was while conducting these experiments that several 
new and improved receiving devices were built. Among 
them was the first step in the development of the electro- 
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dynamic receiver, now well known for its loud -speaking 
characteristics. 

This early type was built along the lines of a modern 
voltmeter, with a revolving coil in a magnetic field at- 
tached by lever action to a diaphragm. This, however, 
was not a success as a telephone receiver, and while it 

Special power amplifier, used in connection aith es tra power- 
ful loud -epee kern such as are emplo>ed for projecting the radio- 
phone entertainment in a large hall. This amplifier in used In 

addition to the usual amplifier of the receiving set. 

did reproduce the voice with remarkable distinctness, it 
was not nearly loud enough, or even as loud as the or- 
dinary electromagnetic type. While this instrument was 
not important in itself it was to he taken into considera- 
tion as the forerunner of the practical electrodynamic 
reproducer of today. 
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After many experiments ttith the resolving coil, the 
idea was definitely given up and a new line of experiments 
started. The next instrument developed was the true 
electrodynamic loud speaker or receiver, although it was 
not known at that time that it had loud -speaking character- 
istics. Two very large electromagnetic structures were 
made, and a small coil of fine wire wound on mica about 
three inches long by one inch is ide, and very Hat and thin, 
was also introduced. This coil was suspended in the air 
gap of the two electromagnets. rigidly attached to a 
diaphragm. The coil was located in such a way that both 
the three-inch sides of the Hat coil were in a strong mag- 
netic field of the proper polarity when the magnets were 
energized. Both sides of the diaphragm were enclosed 
and ear tubes led out, one side for each ear. The total 
weight of the receiver was about sixty pounds. 

At once it was found that this new receiver had different 
internal characteristics than the electromagnetic type of 
reproducer. In spite of the great weight of movable 
parts attached to diaphragm alone, about two ounces for 
the movable coil, it was found that the new instrument 
gave better speech reproduction from weak impulses than 
the ordinary receiver. Overtones were held, consonants 
and sibulent sounds were reproduced perfectly ; in short, 
the quality of the speech was a revelation. But in spite 
of the fact that this instrument responded to impulses 
weaker than those necessary to affect the electromagnetic 
type of receiver, its loud -speaking qualities were still 
undiscovered ; in fact, they were not yet developed in this 
particular instrument. 

A number of experiments were performed with this 
instrument which were at that time nothing short of re- 
markable. The two inventors realized that there were 
great possibilities in the principle and proceeded to try 
out the new type against existing telephones. On a trip 
through the East in ,\ugust, 1913, one of the inventors 
remained in Denver, Colorado, while the other proceeded 
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- 

n - 

-_4. 
V. 

A popular small sized type of loud- 
speaker employed with the usual two - 
stage amplifier of the radio receiving 
set. A 6 -volt storage battery' is used 

to energize the field coils. 

test proved to the inventors that 
and that the next problem was 

to New York City. 
Arrangements w e r e 

then made to get a 
t h rough telephone 
connection from New 
York to Denver. Such 
arrangements, h o w - 
ever, N+ere not fav- 
ored by the telephone 
companies as articu- 
late speech was not 
possible over that dis- 
tance of straight wire. 
It must be remem- 
bered that this was be- 
fore the clay of vac- 
uum tube repeaters 
and that line condi- 
tions were very bad 
o v e r long distances. 
After three days the 
connection was made, 
and although the in- 
ventors were warned 
by the telephone com- 
panies that they would 
not be able to under- 
stand each other, very 
satisfactory sp e e ch 
was carried on using 
t h e electrodynamic 
telephone. At the 
s a ni e time, nothing 
could he understood 
over the receiver as 
ordinarily used. This 

their device had merit, 
to so condense and re- 
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design their receivers so that it would be commercially 
practical, for complete it weighed 60 pounds. 

This original receiver had a moving coil wound to 70 
ohms resistance, so that it might be interchanged with the 
ordinary 70 -ohm magnetic receiver. This amount of wire. 
however, was one of the things which made up the weight 
of the moving parts, and in order that these moving parts 
might be made as light as possible, the moving coil was 
cut down to 20 ohms resistance and a proper induction 
coil supplied to fit it. The coils were still wound flat on a 
mica sheet, but in or- 
der to reduce still fur- 
ther the weight of the 
complete instrument, 
one of the electromag- 
nets was done away 

ith and the little coil 
was found to function 
perfectly with o n 1 y 
one side of the coil in 
the magnetic field. 
This type was finally 
developed, and w a s 
the first of the electro- 
dynamic receivers to 
be commercially suc- 
cessful, out of all the 
types which had been 
developed by the in- 
ventors thus far. This 
type was brought out 
in July, 1915. 

Immediately the re- 
sistance of the mov- 
able coil was reduced 
it was found that the 
receiver had loud - 
speaking characteris- 

Another type of loudspeaker. larger 
than the one shown 00 the faring page 
and Intended for a medium-sized hall. 
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tics, and still retained its perfection of reproduction of 
speech. It was then realized that no loud -speaker could 
be expected to give forth loud speech unless sufficient 
modulated current was supplied to it, so it became neces- 
sary for the inventors to turn their attention for a time 
to the development of a transmitter for use in coniunc- 
ion with the electrodynamic receiver. :\ transmitter was 

The mechanism of the electrodynamic type of loud -speaker, 
consisting of the pole pieces of the elect ro -loa greet, the movable 

coil, and the diaphragm. 

accordingly built that would pass a little over one ampere 
of modulated voice current and deliver that amount to 
the induction coil supplying the movable coil, attached 
to the diaphragm. It was found that this transmitter in 
conjunction with the electrodynamic receiver would give 
a volume of sound that was enormous and which would 
carry for blocks even though the original speech was no 
louder than a person would ordinarily talk. This, then, 
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was the final stage in the electrical design of the electro- 
dynamic receiver, and whatever subsequent improvements 
were made were along the mechanical rather than on the 
electrical characteristics of the apparatus. 

LIMITATIONS OF THE ORDINARY TELEPHONE RECEIVER 

The ordinary telephone receiver such as is used on our 
present-day telephone lines operates on the electromag- 
netic principle. The voice current passes through a wind- 
ing on a permanent magnet, changing its tlux intensity 
and consequently its pull on a diaphragm placed directly 
over the pole ends. Its weakness lies in the fact that if 
the diaphragm is placed at a distance away from the pole 
pieces the magnetic influence is greatly lessened, and if 
placed too close the diaphragm hits the poles. A com- 
promise position is selected whereby the diaphragm is 
placed at such a distance from the poles to allow it some 
motion before hitting the poles, and yet near enough to 
get a fair magnetic pull. \nother weakness is that the 
diaphragm is under tension always and has to be made 
stiff to withstand this tension. All types of receivers 
using the electromagnetic principle will give forth sound 
only up to a certain point and then the diaphragm will hit 
the poles. 

In the electrodynamic recei\ er the diaphragm is in no 
way directly concerned with the magnetic flux. There 
are no pole pieces to interfere with motion, which may be 
as great as the elastic limit of the diaphragm. A large 
horn attached immediately above the diaphragm provides 
the air column for the diaphragm to move. In the present 
instrument the field is magnetized to a point approximat- 
ing 20.000 lines per square centimeter with a current of 
.Gtr amperes flowing in the field coil. The movable coil, 
with a resistance of 20 ohms will take care of approxi- 
mately 10 watts of modulated current as supplied by an 
amplifier through the proper step down coil and will give 
off sound accordingly. \Vhen it is remembered that only 
an extremely small fraction of a watt is necessary to pro- 



202 RADIO FOR EVL'1:1'B011Y 

duce an audible signal, some idea may be realized of the 
volume of sound generated by this instrument, produced 
by the flow of ten watts. It must be remembered also 
that due to the electrodynamic principle involved, all of 
the incoming energy is transferred into air vibrations, and 
that the instrument is not only capable of producing loud 
responses to large inputs, but also is superior for clear 
articulate response to very small currents and is fully 
as sensitive if not slightly more so in this respect than the 
best design of electromagnetic receivers. 

Commercial development of this type of receiver pro- 
ceeded along several interesting and different lines. For 
receiving telephone speech alone, without loud -speaking 
characteristics, with a 70 -ohm coil, a receiver was, built 
using permanent magnets to be used on ships and in 
marine stations where communication was difficult. This 
type of electrodk namic telephone. using a double ear tube 
arrangement from the diaphragm, has become standard 
equipment of United States Navy destroyers for marine 
telephone communication and is being used on hundreds of 
merchant vessels for the same purpose. in conjunction 
with the anti -noise transmitter. The receiver call easily 
be made water -tight and its clearness of reproduction 
makes it indispensable for talking to the noisy engine room 
of any vessel. 

A phonograph attachment was developed and placed on 
the market ill 1916 and consisted of an electrodynamic 

'receiver of the loud -speaking type, and its horn, a control 
box containing the proper induction coil and switches to 
control the current of the device, and a transmitter tone 
arm. Nally and varied were the experiments necessary 
to determine the proper location of the transmitter on 
the phonograph tone arm in order that needle scratch he 
eliminated, and yet perfect reproduction of the music be 
maintained. This equipment was also supplied with a 
hand transmitter in order that speech might be amplified 
by the same instrument. The voice and music from a 
phonograph can thereby be amplified enormously for out- 
door use. 
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MAKING TIIE SPEAKER'S VOICE CARRY FOR MILES 

Power vacuum tube amplifiers were built and at present 
the apparatus is such that voice, words and music have 
been transmitted through the air for over ten miles under 
favorable conditions and a very satisfactory arrangement 
made whereby speakers need not hold the transmitter in 
the hand, the amplifier being so sensitive that it will pick 
up impulses through a collecting horn and amplify them. 
for the assembled audience. At the same time the electro- 
dynamic receiver was modified mechanically and the flat 
coil changed into a circular one, still, however, moving in 
a strong magnetic field, and unchanged electrically. 

For radio signal amplification and broadcasting, the 
receiver is identical with the exception that the step-down 
coil is wound to adapt itself to the receiving circuits of a 
wireless receiving set. With ordinary radio type vacuum 
tube amplifiers signals are received in such volume as to 
make the use of head phones unnecessary, and also allow 
these signals to be heard by large numbers of people. It 
is especially popular in the reception of radio telephone 
speech and music. 

The public and commercial history of this electro- 
dynamic receiver, is very interesting. The inventors could 
have done no better When they called the device the "great 
voice," deriving the name magnavox from the Latin words 
magna and vox. It is truly the great voice and has had a 
profound influence in public affairs during the last few 
years. Its initial how to the public was made Christmas 
Eve, 1915, at the Municipal Christmas Tree Celebration 
at San Francisco, California. That it fulfilled the expec- 
tations of the inventors may be fully realized in the words 
of the San Francisco Bulletin of the following day- 
"The slender tone of a single violin plainly heard a mile 
away; Tetrazzini's voice on a phonograph record resound- 
ing from end to end of the vast stadium ; the words of 
Thos. W. Hickey reading Lincoln's Gettysburg address 
reverberating like the roar of a giant; a piano solo resem- 
bling the chimes of Westminster Abbey, played by a Co- 
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lossus of Rhodes-these things made possible by the new 
invention." 

Alter this first demonstration, attended by 50,000 peo- 
ple, the electrodynamic receiver has officiated at nearly 
every large gathering of public importance since the war, 
where speakers needed amplification of the voices. During 
the war no demonstrations were made because of the great 
pressure of government orders in the factory. Several 
notable examples are as follow s: Ex -President Wilson 
spoke at San Diego to 50,000 ; at Reno to 6.000 in three 
different theatres at the same tulle. The Prince of Wales 
spoke to thirty thousand also at San Diego. The Victory 
Loan was opened by an aviator delivering a speech by 
radiophone and magnavox to 30.000 at Washington, 1). C. 
President Harding and his political opponents used the 
electrodynamic loud speaker constantly during their cam- 
paign to talk to crowds varying from 40,000 to 100.000 
in the case of ex -Governor Cox at Sheepshead Bay. \Zany 
other instances may be cited where this apparatus has 
made it possible for a single speaker to address enormous 
crowds. 

The electrodynamic principle involved in the construc- 
tion of these loud -speakers is perhaps the only satisfactory 
principle by which a loud -speaker may be constructed to 
give great volume from one instrument. There is prac- 
tically no limit to the sound which can be given off by the 
electrodynamic receiver, and this volume of sound is 
directly proportional to the input of modulated voice cur- 
rent. \t present the instrument will satisfactorily take 
care of 10 watts of power through the movable coil and 
would take care of more if an amplifier were built to give 
more than this amount in its output. With 10 watts in 
the receiver coil, however, an individual has no trouble ill 
speaking well over a mile distinctly and can talk to as 
many people as can conveniently assemble. 



Chapter VII. 

TRANSMITTING THE DOT AND 
DASHES OF THE DAMIPED 

RADIO TELEGRAPH 

FOR those who are satisfied to listen to what others 
have to say and make absolutely no reply, a receiving 

set is all that is required. And the great majority of radio 
enthusiasts never go beyond the receiving stage, because 
they are satisfied to receive the radio -phone concerts and 
news, as well as the clot -dash messages of Government, 
commercial and amateur stations alike. When the radio 
enthusiast desires to do a little "talking" on his own 
account-when he tires of listening to others or when he 
wants to be able to take a hand in any discussion that 
may be taking place in the ether-he must resort to a 

transmitter of some sort or other for generating the waves 
that serve to affect the apparatus in distant receiving sta- 
tions. He may wish to send in clots and dashes, or again. 
he may desire a radio telephone transmitter in order that 
he may actually talk and have his voice heard at distant 
points; but in either event he must go through the for- 
malities of obtaining a station license as well as an oper- 
ator's license, both of which were unnecessary when he 
confined his efforts to receiving. In this chapter we shall 
deal only with the simple radio telegraph transmitters, 
leaving the more advanced types and the continuous wave 
apparatus, which makes radio telephony possible, for the 
next chapter. Please note, however, that most radio ama- 
teurs are now turning to the C. W. type transmitter, and 
that spark or damped wave sets must soon become obsolete. 
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\VHAT THE RADIO TRANSMITTER DOES 

Electromagnetic waves, by means of NA hich radio com- 
munication is carried on, are produced by the transmitting 
apparatus. Power must be supplied by some kind of 
electric generator or battery; this power must be converted 
into high frequency currents by means of an oscillator or 
wave generator; and the high frequency currents must 
be introduced into an aerial system consisting of the 
aerial and the ground connection, in order that the radio 
waves may be propagated in all directions through space. 

Now the radio waves, as we have already learned, may 
be of the damped or the undamped variety. Damped 

fVkiv 

A schematic r part eon between damped and undamped 
wave". The damped a aver, shown above, consist of wine 
groups or wave truing, while the tamped or CSV waves 
are of uniform height and wave length and without a break. 

waves consist of groups or trains of oscillations repeated 
at regular intervals, the amplitude or voltage of the oscil- 
lations in each train decreasing continuously as shown in 
the accompanying diagram, where the center line indicates 
O potential, and the length of the line the lapse of time. 
The number of these waves or trains per second is some 
audible frequency. When such waves strike a receiving 
apparatus, as we have already learned, they cause a tone 
in the telephone receiver. Signals are produced by means 
of a sending key, which lets the trains of waves go on for 
a short time (producing a clot) or for a longer time (pro- 
ducing a dash). The operator manipulates the key in 
order to form the dots and dashes which represent the 
desired letters, numerals, punctuation and other char- 
acters of a dispatch. 
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The principles of damped and undamped waves are the 

same in many respects, so that much of what is told 
regarding damped wave apparatus applies to undamped 
waves as well. Particular attention is first given to 
damped waves, as the apparatus is simple and easily ad- 
justed and has long been employed. 

Damped oscillations or waves are produced when a con- 

denser discharges in a circuit containing inductance. The 
condenser is discharged by placing it in series with a spark 
gap and apply ing a voltage that is high enough to break 

down or spark across the gap. Such an arrangement is 

presented in the diagram on page 208, u here a trans- 
former, supplied with current from a generator or battery, 
charges the condenser placed across its terminals until the 
condenser charge has been built to a point where the spark 
gap breaks clown. It is as though one \\ ere stretching a 

rubber band, thus storing up considerable mechanical 
energy, until the breaking point was reached. Then, as the 
rubber band snapped, all the stored up energy would be 

discharged. \Vhen the spark gap breaks down the pent 
up energy of the condenser is discharged. Unlike the 
rubber band, however, the charge in the condenser dis- 
charges across the gap and recharges the condenser in the 
opposite direction to almost the same extent as before, 
followed by another discharge which again charges the 
condenser in the original manner but of still less extent, 
followed by still another discharge, and so on with the 
current going back and forth just as sloes any pendulum 
which has been given a push, until its swings or oscillations 
become weaker and \\ eaker and the pendulum comes to 

rest. 
In discharging, which only requires the fraction of a 

second, the current passes through the inductance and sets 
up electric oscillations which are damped out or, to put it 

another way, soon reach zero. These discharges, which 
follow each other ín such rapid succession, form the groups 
or trains at regular intervals. 

Now the standard generator frequency for most radio 
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work today is 500 cycles per second. This causes the con- 
denser to charge and discharge 1.000 times per second, or 
once for each positive and once for each negative maxi- 
mum if the spark gap is of such a length as to break down 

Power 
Source 

Transformer 

Inductance 

Spark Gap 

The simplest kind of clamped radio wave generat or. consisting of a power source, an induction coil or transformer for stepping up the current, a condenser. a smirk gap, and an i mluctnnce. The charging and discharging of the condenser through the in- ductnitre and across the spark gap sets up the oscillations or 
radio waves. 

at the maximum voltage given by the transformer. The 
number of sparks per second is called the spark frequency. 
With the standard spark frequency of 1,000 per second 
the amount of power the set sends out is considerabll 
greater than it would be at the low rate of 60 cycles per 
second, because the transmitted radio wayes are more 
nearly continuous. The radiated wave trains strike a 
receiving antenna more frequently and their amplitude 
does not need to be as great to produce the same effect as 
stronger waves received at longer intervals of time. The 
higher frequency produces a tone in the receiving tele- 
phones that is more easily heard, because the ear is more 
sensitive to sound waves of about 1,000 per second and 
also the tone is more easily heard through atmospheric 
disturbances. A C0 -cycle supply may be used if the num- 
ber of sparks per second is increased by the use of a rotary 
spark gap giving several sparks per cycle, as will be 
described further on. 
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THE SIMPLEST OF TRANSMITTERS 

Nothing could be simpler than the arrangement shown 
in the accompanying diagram. Indeed, in the pioneer 
days of radio such a hook-up was employed for covering 
distances up to 100 miles with a 10 -inch spark coil, aml 
hack in the crude beginnings of amateur radio most ama- 
teurs made use of a spark coil and the plain aerial arrange- 
ment here shown. In those days the transmitters were 
gaged by the inch ; that is to say. the amateur talked of 
his transmitter by referring to the sparking distance of his 
coil. Thus he had a two-inch, three-inch. 10 -inch and so 
on set, according to his monetary resources or construc- 
tive ability as the case might be. 

Key 

The simplest form of damped radio transmitter. consisting; of 
a power source, telegraph key for making long and short 
signals of the radio code, a transformer for stepping up the 
current, a spark gap, and the aerial and the ground. In this 
arrangement, known as the plain aerial transmitter, the aerial 

and ground comprise the condenser. 

The arrangement shown in the diagram comprises a 
source of power. a means of raising the low voltage to a 
high one, say of 20,000 volts, which is sufficient to spark 
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across a one -inch gap between needle points, a simple spark 
gap, a telegraph key for making and breaking the primary 
circuit, and the aerial and ground connection. \Vhen the 
key is pressed the power supply passes through the primary 
of the induction coil or transformer, as the case may be. 
When the current is broken, or when the direction of the 
current is changed as in the case of alternating current 
which is used s ith a transformer. the secondary current 
flows out into the aerial and ground, which act as a con- 
denser, accumulating the charge. \\'hen the charge reaches 
a certain point it can no longer be contained in the aerial - 
ground condenser, and consequently it dis- 
charges across the spark gap, setting up 
oscillations in the aerial circuit. I , I A 

Simple as such a system may be. it is 
hardly permissible in 
general practice for the Tuning 
good reason that the inductance 
waves emitted are of 
such broad wave length that they 
cannot be readily tuned out at the 
receiving end. Any amateur of 
long experience can tell you stories 

P5 

T 
Hoc Inductance is added to vary the 
eace length of the aerial. In this in- 
stance the same apparatus as shown 
on page 2119 is employed, but a tuning 
inductance, known as an aerial induc- 

tance or loading coil, is added. 

56 

of the days before the present radio laws, when it was 
possible with even a one -inch coil and other simple ap- 
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paratus to prevent the most powerful stations from carry- 
ing on their business, if the amateur transmitter happened 
to be located a short distance away. The one -inch coil 
simply monopolized the ether in its immediate vicinity. 
It came in loudly at almost any point on the tuner, so 
that it could not be tuned out in order to receive a signal 
from a distant transmitter. However, it does not carry 
for any distance, so that outside of deliberate interference 
it was of no real value. Furthermore, one of the first 
things which the radio law accomplished was to put an 
end to these broadly tuned transmitters and in their place 
insisted on transmitters whose emitted waves must be 
sufficiently sharp so as to have them interfere as little as 
possible with other waves. 

The plain aerial arrangement, as this layout is called, has 
other advantages aside from its simplicity. Its effective- 
ness comes in when the sending operator wants all possible 
stations to hear him immediately, as for instance when a 

ship is sending out a distress call. At such a time inter- 
ference is a desirable thing, because the distress call must 
be heard by every possible receiving station within range. 
With the regular sharply tuned waves, a receiving oper- 
ator may never hear the signals for the reason that his 
receiver is adjusted for another wave length and is too 
sharply tuned to respond to a sharply tuned wave. The 
broadly tuned wave, on the other hand, can be heard with 
almost any receiving set adjustment. The plain aerial has 
also a definite advantage in military activities for the 
purpose of drowning out or "jamming" the enemy's sig- 
nals. For amateur purposes, however, the plain aerial 
arrangement is a thing of the past. 

A modification of the plain aerial arrangement is shown 
on the preceding page, which has a tuning inductance in 
the aerial circuit so that wave length of the emitted waves 
may be varied to some extent. Placing a condenser in the 
aerial or ground lead also varies the wave length, but 
instead of increasing it, as is the case with inductance, 
it decreases the wave length. 
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1'}IE TRANSMITTING AERIAL 
In transmitting the aerial problem is far more involved 

than it is for receiving. 1s we have already learned, a 
single wire of almost any length or even a bed -spring 

Inverted L -type aerial, with the lead-in taken off at one end. 

or fire -escape or other mass of metal will do for an an- 
tenna in connection with a good receiving set, but the 
aerial of a transmitting set must be properly constructed 
if satisfactory results are to be obtained. 

To begin with, a single -wire aerial is unsatisfactory 
for transmission purposes. Two or more wires must be 
used, and four wires or more give the best results. Then 

T -type aerial, with the lead-in taken off the middle of the 
aerial span. 

the height is important ; the aerial should never be less 
than 25 feet above the ground or roof, and preferably 50 
feet or more. 

In the accompanying diagrams several types of trans- 
mitting aerials are shown. The most common is the in- 
verted L-tvpe, with the lead-in at one end. The 1' -type 
should be used when the span is greater than 100 feet 
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in order to reduce the natural wave length of the aerial. 
The umbrella aerial should be used when one is working 
in a crowded space and there ís no room for the usual 
types of aerials. The umbrella aerial makes use of a 
single tall mast, with wires radiating downwards in all 
directions. The lower ends of the wires should be at least 
20 feet away from the base of the mast. 

The construction of the transmitting aerial is consider- 
ably more involved than that of the receiving antenna. 
It must be larger and therefore stronger, and it must be 
better insulated because it is handling high -voltage cur- 
rents. The drawing on page 215 gives a few pointers 

The % -type aerial-a rare type which should only be em- 
ployed when a sufficient »pan cannot be obtained. thus mak- 

ing a double aerial of this kind desirable. 

concerning the construction of a good, substantial multi - 
wire aerial for transmitting purposes. Note that the ends 
of each wire are insulated with hard rubber rods pro- 
vided with screw -eyes at each end. or with regular elec- 
trose insulators. As a further precaution, insulators may 
be inserted in the ropes or wires supporting the spreaders, 
as the sticks supporting the wires are called. Pulleys 
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are provided on the supports of the aerial, so that the lat- 
ter may be raised or lowered at will for inspection and 
repairs. Guy ropes or wires are arranged with insulators 
for the purpose of keeping the aerial perfectly flat. despite 
wind and the unequal sag of the wires. The lead-in wires 
are taken off each wire of the aerial, brought down a con- 
siderable distance to a point where they converge into 
one lead-in cable, just before entering the station. The 
special electrose lead-in insulator shown makes a very neat 
lead-in arrangement. It will be noted that this insulator is 
provided with a brass rod passing through it, both ends 
of the rod being equipped with nuts and lugs for making 
connections. 

The strop or egg insulator is a popular form of insula- 
tor for the reason that it possesses great strength and 
good insulating properties. Furthermore, in the event of 
mechanical failure, it will be noted that the two wires or 
ropes passing through different holes in this insulator 
merely come together, so that the mechanical arrange- 
ment still holds fast even ,if the insulation arrangement 
may he broken down. 

The same aerial may he used for receiving and trans- 
mitting. In former days the same aerial was always used 
for both purposes. The aerial, in such a case, is designed 
with the transmitting end in view, since any good trans- 
mitting aerial gives good results with a receiving set. In 
order that the same aerial may be used for both purposes, 
a send -receive or aerial change -over switch is employed. 
This switch is connected with the aerial and with the re- 
ceiving and the transmitting sets in such a manner that 
when it ,is thrown one way, the aerial is connected with 
the receiving set, and is used for receiving, and when it 
is thrown the other way, it is connected with the transmit- 
ting set and is ready for transmitting. Obviously, it would 
not do to have the receiving set connected with the aerial 
at the same time as the transmitter, since the latter, with 
its powerful output, would cause damage to the delicate 
receiving apparatus. 
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Many amateurs today prefer to use a separate aerial 
and antenna for transmitting and receiving. The aerial 
aml antenna are connected with a single switching device 
in such a manner that only one of them can be used at a 

insulators of chip antena 

Tellll1!II1Iy11;I ; 

u 

STrop or am iroulator 

luh 

Electrose luauIalor /et. 
Carryinb Lead-in Wires 

Throw e Wall 

Constructional details of a good flat -top transmitting aerial, 
the strop or egg type Insulator, and the elect rose lead -In in- 

sulator. 

time, so as to preclude operating the transmitter while 
the receiving set is connected with its antenna but a short 
distance away. 

In transmitting work a good ground is necessary, for 
the best results. A ground that is imperfect or of high 
resistance will take away from the transmitting range in 

no little degree. 
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TRANSMITTERS THAT ARE S11,\Rt'LY TUNED 

Single -circuit transmitters are not permitted under the 
present radio laws, for the reason that 
the waves emitted are not sufficiently A 
sharp. Too much cannot be said in favor 
of the radio laws in this direction; any 
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Tunint 
Inductance 
or Helix 

Simple transmitter arrangement for produc ng fairly sharp 
waves of the damped vari ely. I'S-power source; K-teleg rn ph 
key; T-t ransformer; C-condenser; SG-spark gap: A and 
G --aerial and ground; and the timing inductance or helix. 

one who has been listening in to the radio -phone service 
must have experienced the annoyance of some spark sta- 
tion breaking in on the music. it is only by assigning 
certain Is -aye length bands to the various classes of trans- 
mitters, and insisting that their waves be kept sharply 
tuned within narrow tolerances, that interference can be 
reduced to a minimum. 

In order to emit sharp waves which come within the 
stipulations of the radio laws, it is necessary to produce 
the oscillations in a closed circuit which is directly or 
inductively coupled to the aerial or "open" circuit. Such 
an arrangement is shown in the diagram on page 217, 
where the induction coil or transformer serves to charge 
the condenser, which discharges across the spark gap and 
through the inductance. The inductance, it will be noted, 
forms part of the "closed" or oscillating circuit and also 
part of the aerial or "open" circuit. Thus it serves as 
an auto -transformer, as a single coil transformer is called. 
Any number of turns of this inductance which is made 
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up of a number of turns of heavy wire or strip, may be 
cut into the closed circuit and into the open circuit, so as 
to establish the proper ratio between the circuits, The 
positions of the spark gap and the condenser are sometimes 
interchanged, bringing the spar: gap across the trans- 
former. There is practically no difference in the oper- 
ation. as a result of such a change. 

in connecting up the various components of a trans- 
mitting set, heavy wire. certainly not less than No. 12, 
insulated or bare, should be used. It is preferable to 
use copper strip, if possible, since it has a greater surface 
area and the currents with wihich we are now dealing 
travel on the suface rather than through the entire con- 
ductor. The conductors should be neatly run from one 
connection to the next, and arranged so as not to come 
near one another because of the danger of sparking. Fur- 
thermore, die conductors must be kept as short 
as possible, for in a transmitting set the induc- 
tance represented by a few feet of conductor 1_411 A 
is sufficient to make the wave 
length of the oscillating cir- Add;F;oo4 

Inductance for cult so great as to lie well Ion Waves 
beyond the permissible 200- 9 
meter wave length of ama - 

PS 

SG 

Short wove 
Condenser 

Same arrangement as shown on the fac- 
ing page, but with an aerial Inductance 
or loading coil for inereast ng the gave 
length. and a ground series condenser for 
reducing the wav Iengt h. of the aerial - 

ground circuit. 

Helix 
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teur transmission. So the components must be placed 
close together, and connected with the shortest possible 
conductors. This also applies to the connection with the 
aerial, which should he made as short and as direct as 
possible, in order to secure high efficiency and keep within 
the wave length requirements. 

In order to determine the proper number of turns for 
the closed and the open circuits, the usual method for the 
amateur is to use a measuring device known as a hot-\ ire 
ammeter in the aerial circuit, for the purpose of measuring 
the aerial current. Approximate results may be obtained 
by the use of a low resistance lamp, such as a small auto- 
mobile lamp or even a pocket tlashlamp .bulb. The lamp 
is used in place of the hot-wire ammeter, the maximum 
current in the aerial being indicated by the maxi- 
mum brightness of the lamp filament. if the L__...) A 

current is apt to be too great for the lamp, it 

PS C 
P 

SG Transmiitinc3 
Coupler 

Simple spark t ransmltter for product n;; 
sharply tuned waves of the damped variety. 
In this case u trauismitting coupler nr loose 
coupler arrangement is employed. so that the 
oscillating or closed circuit is cut ireb separ- 
ated front the open or aerial -ground circuit. 
The primary P and the secondary v comprise 

the transmitting coupler. 

should be shunted by a few turns of wire. The ammeter 
and lamp must be eliminated or even short-circuited ex- 
cept when actually needed, in order to keep the resistance 
of the aerial circuit down as low as possible. 

In actual practice, the closed circuit is first adjusted to 
the desired wave length, which can best be determined by 
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the use of an instrument known as a wave meter. Then 
the aerial circuit is adjusted until the lamp or hot-wire 
ammeter indicates the maximum output. proving that the 
two circuits are in resonance. Most of the progressive 
radio clubs-and there are radio clubs in practically every 
part of the country-have wave meters for the use of their 
members. The best method of tuning, aside from waiting 
for the radio inspector to tune the transmitter when he 
conies to inspect it, is to call upon the local radio club for 
aid in this direction. 

One method largely employed by amateurs in tuning 
their transmitters is to adjust their oscillating circuit and 
then the aerial circuit for maximum output. after which 
they ask a radio friend to listen in on his receiving set to 
the test signals and to determine whether they are higher 
or loner in wave length than those of other ámateur sta- 
tions known to be tuned to a wave length below 200 
meters, which is the maximum set for amateur transmis- 
sion. This latter method, however, is not very accurate. 

In most instances it is best to wait until the radio inspec- 
tor comes to the station in order to check up the trans- 
mitted wave length. The inspector. being provided with 
a wave meter, sees to it that the station is emitting a wave 
within the set limits and also that the wave is sufficiently 
pure or sharp to comply with the law. 

At this point it is well parenthetically to point out that 
the transmitter problem may be materially simplified by 
purchasing a complete transmitter in one unit. Today the 
practice is to make the transmitter apparatus into one 
simple unit in the form of a panel, the controls and 
meters being placed on the front face, and the various 
components at the rear. Such a transmitter has wave 
length adjustments and hot-wire ammeter. as well as other 
controls which simplify the tuning and general operation. 

If a complete transmitter is not employed, then it is 
necessary to purchase separate pieces of apparatus and to 
arrange them in some suitable manner. Any radio supply 
house will gladly furnish the necessary technical assistance 
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in the installation of a radio transmitter. Then again, if 
one has cultivated the friendship of the radio amateurs 
in the general vicinity, one can obtain all the necessary 
help in this direction. 

So much for the directly -coupled set which we have so 
far discussed, and the tuning of a transmitter. There is 
another arrangement known as the loose -coupled set, which 
is shown in the diagram on page 219. Here the closed 
and the open circuits are not connected directly, but are 
inductively coupled. Such an arrangement makes for 
sharper waves and a high degree of efficiency. The 
coupling may he varied so as to obtain the best results, the 
adjustment depending largely on the type of gap employed. 

TIIE QUESTION OF TItANSM ITTING CONDENSERS 

The most common types of condensers used ill radio 
transmitting circuits employ mica or glass as the dielectric. 
with tinfoil or thin colder as the conducting coatings. 
Compressed air and oil condensers are sometimes used in 
professional work, but they are balky and certainly well 
outside of the province of the amateur. For very high 
voltages the condenser plates are sometimes immersed in 
oil to prevent brush discharge. Brush discharge is the 
leakage of current which takes the form of tiny purple 
streamers or sparks about the edge or any conductor of 
high voltage current. For moderate voltage a coating of 
paraffin over glass plates. especially at the edges of the 
metal foil, will satisfactorily reduce brush discharge. 
Today, however, the amateur is indeed fortunate in that 
his condenser problem is solved by purchasing one or the 
other of the several manufactured condensers which come 
in compact molded units, or in wooden or metal cases. 
_\ condenser of suitable size can be obtained in one unit 
or built up of several units. 

The transmitting condensers mostly used today are of 
the mica insulated type. These condensers have been 
found to be superior to any other type. Each mica con- 
denser is composed of several sections or units enclosed 
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Panel type damped have transmitter. such as is employed on 
board steamers. Thia transmute. makes use of a quenched gap. 
which Is mounted on the front. of the panel. (See page 223.1 
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in a common casing of aluminum or wood, depending upon 
the capacity and voltage. Each of these sections or units 
comprises alternating sheets of mica and foil, over a 
thousand in number. The sections or units thus con- 
stituted are piled on top of one another in the aluminum 
casing, and each section or unit is separated from the 
next by a sheet of mica. The sheets of mica are larger 
than the sheets of foil, so as to avoid any brush discharge 
at the edges. 

Air, moisture, and small vacuum pockets must be elimi- 
nated from each section or unit, hence an insulating ad- 
hesive of special composition, having the required dielec- 
tric properties, is forced through the entire condenser. 
The moisture and air are expelled, and the vacuum pockets 
are filled with this adhesive, which is deposited in a thin 
layer on each of the thousand sheets of mica. Next a 

melted wax compound is poured into the aluminum casing, 
so as to till any empty spaces between the condenser sec- 
tions or units and the case. 

Before the wax has hardened a pressure plate is placed 
on the topmost section or unit. After the cover is screwed 
on, this plate presses all the sections together. Because 
they are pressed together, the sections cannot move about. 
It is highly important that the spacing between the metal 
foil and the mica be kept cons. ant-an end secured by the 
use of the pressure plate. A post passes up through the 
cover of the case and serves as one terminal, the case 
serving as the other when metal is used for the case. 

The efficient use of the space inside the condenser- 
the active surfaces taking up the larger part of this volume 
-is, of course, a big factor in making the mica condenser 
a fractional part of the size of the glass plate or Leyden 
jar condensers of equal capacity. The Leyden jar con- 
densers are the bottle -like contraptions with an inside and 
outside tinfoil coating, seen in physics laboratories and in 
connection with X-ray and electro -therapeutic apparatus. 
Yet the mica condenser has 2.000 square inches of active 
surface as compared with 175 square inches for a glass 
dielectric condenser of equivalent capacity and l oltage. 
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Since the mica condenser consists of over a thousand 
sheets of mica and foil, the full voltage across the trans- 
former is minutely subdivided. Hence the potential that 
does act across a single unit is so very small that there is 
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Panel type damped wave transmitter, the front slew of whirl 
appears on page 221. Simple as the front view may seem, it 
will be noted that the transmitter Is quite complicated with most 

of its mechanism mounted at the rear of the panel. 
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no destructive brush. The losses in the dielectric increases 
greatly with the voltage. 1 herefore, if the voltage of 
each section in the condenser is reduced markedly, the 
problem of preventing the brush discharge is met. It is, 
better to control several hundred volts in this manner than 
twenty -thousand volts individually. 

When the spark gap of a transmitter is broken down by 
the high voltage it becomes a conductor, and readily allows 
the oscillations of the condenser discharge to pass. Dur- 
ing the interval between discharges the gap cools off and 
quickly becomes non -conducting again. If the gap did 
not resume its non -conducting' condition, the condenser 
would not he charged again, since it would he short- 
circuited by the gap, and further oscillations could not be 
produced. The restoration of the non -conducting state is 
called "quenching." A device called the quench gap is 
described further on. 

SPARK GAL'S OF ALL KINDS 

A plain spark gap usually consists of two metal rods so 
arranged that their distance apart is closely adjustable. 
The gap must be kept cool. so that the discharge will not 
arc and to this end the rods are often provided with cooling 
fins. The length of the gan which can be employed is 
limited by the voltage that the transformer is capable of 
producing, the ability of the condenser dielectric to with- 
stand the voltage, and the fact that for readable signals 
the spark discharge must be regular. If the gap is too 
long, sparks will not pass, or only at irregular intervals. 
If the gap is too short, it may arc and burn the electrodes. 
Even if no arc takes place, the voltage is reduced by too 
short a gap and this results in reduced power and range. 
The length for smooth operation can usually he determined 
by trial. 

It is found that a. short gap between cool electrodes is 
quenched very quickly, the air becoming non -conducting 
almost immediately after it has broken down, or as soon 
as the current falls to a low value. This action is also 
improved if the spark gap is enclosed in an air -tight cham- 
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her. The standard form of quenched gap, as such a gap 
is called, consists of a number of flat copper or silver 
disks of large area, say three or four inches in diam- 
eter at the sparking surfaces, with their faces separated by 
a space about the thickness of a piece of heavy paper. To 
provide the necessary total length of gap for high voltage 
charging, a number of these small gaps are put in series, 
so that the spark must jump them all, one after the other. 
The disks are separated by rings of mica or paper. The 
larger gaps handling considerable power are kept cool by 
means of a small fan or blower. But all quenched gaps 
are provided with projecting fins for radiating heat, an(l 
in some designs air spaces are provided between the pairs 
of disks which form the successive gaps. The number of 
gaps is determined by the voltage, allowing about 1,200 
volts per gap. Eight or ten gaps are sufficient in most 
transmitters of this type. 

The quenched gap is not used in sets having a supply 
frequency as low as 60 cycles per second. The sparks 
obtained at that frequency are found to be irregular and 
not of a goo(l tone. For this case, a rotary gap is used. 
as will be explained. For 500 -cycle supply the quenched 
gap is adjusted to break down at the maximum value of 
the applied voltage; that is, with its total length so ad- 
justed as to give one spark for each half cycle of the 
applied current. Discharges at other times are not pos- 
sible, and as a result of this regularity a clear note is 
obtained. One advantage of the quenched gap is that it 
aids the production of a so-called pure wave-one which 
is sharply tuned. It has also the advantage of being noise- 
less in operation, on account of the very short gaps and the 
enclosure of the spark. 

A 500 -cycle current supply may he obtained by using 
what is known as a motor-generator-a motor operating 
off the usual supply current, directly connected with a 

500 -cycle alternating current generator which supplies 
current for the radio transmitter. Such motor -generator 
sets may be obtained in a wide range of capacities for 
the smallest as well as the largest transmitters. 
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A rotary gap consists of a wheel with projecting points 
or knobs, with a stationary electrode on each side of the 
wheel. The spark jumps from one stationary electrode 
to one of the moving points, flows across the wheel, and 
then, after leaping the corresponding gap on the other 
side, passes out at the second stationary electrode. The 
number of sparks per second is thus determined by the 
speed of the wheel which is motor -driven, so that signals 
of high pitch can be produced. An advantage of the 
rotary gap is the prevention of arcing, because of the 
motion of the wheel and the fanning effect, and because 
the electrodes brought successively up to the spark gap 
have time to cool in their idle intervals. 

There is still a more elaborate form of spark gap which 
is seldom found in amateur work but which might as well 
be mentioned here, since we have covered practically all 
forms of transmitters of the damped wave category. This 
more elaborate form is known as the synchronous rotary 
gap. The wheel of the rotary gap is mounted on the shaft 
of the motor -generator set which furnishes the alternating 
current. The mounting is such that the spark points or 
electrodes are brought opposite each other at just the mo- 
ment when the alternating current voltage in the condenser 
reaches its maximum value, positive and negative. Thus 
500 cycles will produce 1,000 sparks per second. This 
regular occurrence of the discharges gives smooth and 
efficient operation, as well as a pure musical tone. A 
rotary gap that is not so timed with the alternating cur- 
rent supply is called non -synchronous. 

Attempts to produce a high pitch spark with a 60 -cycle 
source by means of a synchronous gap giving, say, exactly 
six sparks per half cycle have not given satisfaction, be- 
cause the applied voltage is not the same at the time of 
the different sparks, and while the note is of high pitch, 
it is not musical. It has been found better to use a non - 
synchronous gap in such case, producing a large number 
of sparks per second and letting them occur wherever 
they may happen during the cycle. The irregularities will 
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somewhat balance up. While the tone is not strictly musi- 
cal, it can be made of high pitch. The non -synchronous 
gap is best used if nothing but a 60 -cycle or other low 
frequency source is available. Such a low frequency, 
however, is being avoided in modern apparatus, the stan- 
dard frequency being 500 cycles per Second. But for the 
amateur who cannot go to the expense and trouble of a 
small motor -generator set for generating a 500 -cycle cur- 
rent, the rotary gap will be found quite satisfactory on 
60 -cycle supply. 



Chapter VIII. 

THE RADIO TELEPHONE TRANSMIT- 
TER AND THE CWT TELEGRAPH 

TRANSMITTER 

THE transmitters described ín the previous chapter are 
of the damped or discontinuous variety. They are 

suitable for radio telegraph purposes, although the con- 

tinuous or undamped wave type has proved to be so much 
better than the former that more and more radio amateurs 
have turned to this latter method. The continuous wave 

transmitter carries farther with a given amount of power; 
the equipment is in many respects simpler ; it is silent in 

operation; it can be interchangeably used for radio tele- 
graph or radio telephone. 

\Ve have already learned that clamped eaves are sent 
out in trains or groups. and that the oscillations in each 

train or group die down or are clamped rapidly. The un- 
damped or continuous waves. known as C\V for short, 
are not clamped, nor do they die down. The waves are 
continuous just so long as the transmitter is operated. . 

The only change in the amplitude or potential of the waves 
is when they are mortified by means of a telegraph key to 

form the clots and dashes of the telegraph code, by means 
of a buzzer to give what is known as modulated C. \V., 
or by the voice modulations fur radio telephony. 

THE VACUUM TUBE TN A TRANSMITTING ROLE 

Thanks to the recent development of the vacuum tube 
as a generator of high frequency oscillations, it now 
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becomes possible to produce continuous oscillations or CW 
on a small as well as large scale. This fact has resulted 
in the production of compact, continuous wave transmit- 
ters which may be used for radio telephony or radio 
telegraphy by the amateur. In fact, at this writing the 
CW transmitters now being offered are no more compli- 
cated in their operation than the receiving sets ; in truth, 
at a glance one could not tell a small CW transmitter apart 
from a vacuum tube receiving set. 

Let us consider a typical radio telephone and telegraph 
transmitter now on the market. All the controls and 
apparatus necessary to operate this transmitter are mounted 
on two panels, each measuring 9 inches by 4/ inches. 
The left panel contains the grid, plate, and the antenna 
inductances and their control switches; a compact induc- 
tance unit serving as a choke coil ; a send -receive transfer 
switch ; and variable antenna condenser. The right-hand 
panel contains tube receptacles, standard modulation trans- 
former, filament rheostat, radiation ammeter, grid leak, 
grid stopping condenser, and filament insulating condenser. 
These various terms will become clearer as we read more 
about the elements of a CW transmitter. 

Using a 100 -volt "B" battery on the plates, this set 
radiates .1 to .2 ampere and the range is 10 to 15 miles. 
With 350 volts impressed on the plates .3 to .4 ampere will 
be radiated, giving a range of 25 to 30 miles. With 500 
volts plate voltage, the aerial ammeter reading will be 
.5 to .6 ampere, or sufficient to cover 35 to 50 miles. 

By the addition of a buzzer and key, modulated con- 
tinuous wave transmission is possible and the above ranges, 
which are for the radio -phone, are doubled. Adding a 
key only, provides continuous wave communication, trip- ling the ranges. However, with the key only, the waves 
are absolutely continuous, or what is known as straight 
C V, and do not serve quite as well for amateur purposes 
as the interrupted or modulated CW, which may be de- 
tected with any type of receiving set within range. The 
straight continuous wave can only be detected with a 
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receiving set intended for and adjusted for continuous 
wave reception, as explained in previous chapters dealing 
with receiving sets. 

A six -volt storage battery lights the filaments and pro- 
vides current for the microphone, while the plate current 
can be obtained from a rectifier unit and transformer 
operating on alternating current supply, or any motor - 
generator set. Any manufacturer of radio -phone trans- 
mitters will explain just what equipment and accessories 
are required for this kind of work. It is too involved 
to be treated in this popular work. 

Then there are the larger types of radio -phone trans- 
mitters. A relatively simple cabinet set, with a panel 
measuring 13 inches by 111/4 inches, and S inches deep, 
may be relied upon for uninterrupted, dependable trans- 
mission over distances up to 60 miles. Variable controls 
have been reduced to a minimum and operation could not 
be further simplified in many of the offerings of this class. 
On the face of the panel are the plate current milli -am- 
pere radiation meter, two filament rheostat knobs, the 
send -receive switch, a switch for changing from speech to 
modulated CW or straight CW, antenna condenser switch 
and motor control switch. On the rear of the panel are 
filter condenser, constant current coil, high frequency 
choke coils, grid condenser, plate condenser, filament in- 
sulating condenser, antenna condenser, grid leak, four tube 
receptacles, modulation transformer, antenna inductance. 
and microphone resistance. 

To supply the plates with a potential of 350 to 500 
volts, a 32 or 110 -volt dynamotor (a single motor and 
generator unit) or a 32 or 110 -volt motor -generator (a 
motor and a generator connected together) is required, 
while for the filaments and microphone a 10 -volt storage 
battery is necessary. The 32 -volt potential is mentioned 
because certain rural districts make use of this low voltage 
in their isolated plants that supply lighting current. 

So much for the complete sets of low and moderate 
power. When it comes to more ambitious ranges, running 
into the hundreds of miles, a much larger transmitter 
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must he considered. Following the panel idea, there are 
one-half, one -kilowatt, two -kilowatt, and larger CW 
telegraph and telephone transmitters. The various con- 
trols and meters are mounted on the panel, while the 
various components are mounted at the rear, both on the 
reverse side of the panel and on iron brackets and shelves. 

WIIY CW ?$ POPULAR 

In time it is believed that virtually all radio amateur 
stations and, for that matter, commercial statiáps, will 
be using CW or undamped wave transmitters for these 
reasons: 

Typical radio -phone transmitter, which is provided with 
rectifying tuhes so that it can he operated on an alternating 

current lighting circuit. 

(1) Radio telephony is made possible on a small or 
large scale. (2) Extremely sharp tuning is obtained and 
consequent reduction of interference between stations. 
working close together. A slight change of adjustment 
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Typical C'Y transmitting equipment, showing Its simplicity. 
The coil at the left IN a grid coil, while the instrument at 
the right is a transmitting helix, made up of a number 
of turns of flat copper strip. The clips are for the purpose 
of making the necessary connections at any points on the 

helix in order to obtain the proper wave length values. 

throws a receiver out of tune, and the operator may pass 
over the correct tuning point by too rapid a movement of 
the adjusting knobs, so sharp is the continuous wave 
transmitter. (3) Since the oscillations go on continuously 
instead of only a small fraction of the time, as in the 
case of damped waves, their amplitudes need not be so 
great and hence the voltage applied to the transmitting 
condenser and aerial are much lower. This means that 
the problem of installation is reduced to a minimum and 
the installation of such a set is made relatively simple. 
(4) With damped waves the pitch or tone of received 
signals depends wholly upon the number of sparks per 
second at the transmitter. With undamped or continuous 
waves the receiving operator controls the tone of the re- 
ceived signals, and this can be varied and made as high or 
as low as possible in pitch to distinguish the signals from 
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atmospheric disturbances and to suit the pitch to the 
operator's ears and to the sensitiveness of the telephone 
receivers. These advantages, freedom from interference 
caused by other stations, the use of high tones and low 
voltages, and the greater freedom from strays combine to 
permit a higher speed of telegraphy than could otherwise 
be obtained. ' 

How CW TRANSMITTERS WORK 

Persistent, continuous or undamped waves, whichever 
you wish to call them, can be generated by several distinct 
methods, each having its advantages and disadvantages, as 
follows : 

(1) The arc or Poulsen method, so named after its 
Danish inventor. Oscillations of radio frequency are 

A 50 -watt transmitting tube. showing Its principal elements. 
Like the aniplifler and detector tubes, It comprises a filament, 

grid, and plate. 
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obtained by means of an electric arc burning in an atmos- 
phere of hydrogen and in a strong magnetic field. The 
arc method produces undamped waves of rather long wave 
length, and is ordinarily operated on 500 volts direct cur- 
rent. It has been discovered that an electric arc between 
proper electrodes, shunted by an inductance and a con- 
denser, will produce continuous oscillations through the 
shunt circuit, and such a circuit is used to excite an aerial 
circuit for transmitting purposes. Depending on whether 
a telephone microphone or key is employed, the arc gen- 
erator may be arranged for radio telephony or telegraphy. 
Needless to say, the arc is unsuitable in many ways for 
amateur radio purposes, because it is too elaborate to 
begin with, the oscillations are of too great a wave length, 
and the arc cannot be constructed for small powers yet 
produce efficient results. 

(2) The high frequency alternator method, which is 
practically an alternating current generator of special de- 
sign having a great number of poles revolving at a high 
speed, in order to obtain the necessary high frequency. 
A standard General Electric Company two -kilowatt high 
frequency alternator designed for a frequency of 200.000 
cycles or 1,500 meters wave length must be revolved at a 
speed of 20,000 revolutions per minute. This is a very 
high rate of speed. Imagine a speed seven or more times 
as fast as the turning of the average electric fan! Again, 
needless to say, this is not a good method for the average 
amateur. 

Skipping over several other highly technical methods, 
we come to the vacuum tube oscillator method, which is 
brought about by using what is known as the Armstrong 
"feed back" or regenerative system, which has already 
made our acquaintance in the previous chapters dealing 
with receiving systems and methods. This kind of CW 
transmission is brought about by placing an inductance 
in series with the plate, and this, in turn, is placed in 
inductive relation with the grid, causing the plate current 
to act on the grid and producing oscillations of a frequency 
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dependent entirely on the constants or electrical values of 
the circuit. Perhaps the accompanying diagram makes 
the foregoing description clearer. It will be noted that the 
arrangement here shown is very much like the usual regen- 
erative receiving hook-up, except that the telephone re- 
ceivers have been left out, and a telegraph key is placed 
in the primary circuit of the oscillation transformer or 

Simple CW telegraph transmitter which 
nut,. be assembled by any one. A-aerial; (.-ground; P and t -primary and sec- 
ondary of the loose -coupler LC; VC1- 
variable condenser for reducing wave 
length of aerial -ground circuit if neces- 
sary; VC2-variable condenser; OT-oscil- 
lating tube; A-fliament battery; It-fila- 
ment rheostat; 11-filament battery; F- 

feed-back or tickler coil. 

transmitting loose -coupler in such a manner as to short- 
circuit several turns every time it is pressed down. This 
causes the wave length to fluctuate, and produces the dots 
and dashes in the sharply tuned continuous waves inter- 
cepted at the receiving end. 

The experimenter is practically limited to the vacuum 
tube for his experiments and work with undamped waves 
because of the cost and other deterrent features of other 



Mechanism of a commercial CW telegraph transmitter, using 
several 60 -watt tubes and a chopper for producing modulated 

continuous waves. 



210 RADIO FOR EVERYBODY 

systems. Even leaving aside the consideration of cost, 
ín most instances the undamped wave generators other 
than the vacuum tube operate best on long wave lengths 
which are barred to the amateurs. However, the fact 
remains that the vacuum tube makes an excellent generator 
-one that is quite flexible, too, since its power can be 
increased merely by connecting more bulbs in parallel. 

Placing the key across a few turns of the oscillation 
transformer, so that the C\V transmitter is tuned and 

detuned with the 
A ,II oper ten of the key,il 

is often (lone. It will 
be recalled that the 
sharpness o f u n - 

Z+ damped waves is quite 
z. marked at the receiv- 

VCr 

6 ing end, so that it fol- 
lows that when the set 
is detuned, even to 
the extent of two 
turns of the secondary 
o f t h e oscillation 
transformer, the 
waves are not heard 
at that moment. In 
this manner it is pos- 
sible to make dots and 
dashes with an or- 
dinary telegraph key 

even when handling considerable transmitting power, since 
little power is broken by the contacts. 

Another method of C\V transmission is to use mod- 
ulated persistent waves by having a transformer in the 
grid circuit and a buzzer and key in the primary winding 
of same, as shown in the accompanying diagram. The 
note emitted is similar to the tone of the buzzer used, and 
such signals can be received on any type of receiving set 
as distinguished from the straight C\V waves which 

Pimple method of prod tie na 
buzzer Minted Cw wove.. 
Note the buzzer inductively 
connected will the grid cir- 
cuit. %-aerial; I CI-vari- 
able condenser in aerial - 
ground circuit; I C2-vari- 
able condenser in oscillating 
circuit; It-filament rheostat: it -filament battery ; It-plate 

battery. 
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cannot be heard with the ordinary crystal detector working 
in a clamped wave receiving circuit. 

What is known as a chopper is also used to break up 
the continuous wax es in order to make them audible with 
any type of receiving set. The chopper is simply a motor - 
driven commutator or circuit breaking device, which breaks 
a circuit a given number of times according to the speed 
at which it is rex olved. The chopper can be placed in 
series with the grid resistance and its rate of rotation sill 
then determine the note of the C\V signals, and make them 
audible to any receiving set. 

The matter of the aerial is a very important consider- 
ation in CW transmission, for the reason that the waves 
are so sharply tuned that the slightest change in wave 
length affects the reception of the waves. 'Thus if the 
aerial should sway with the wind and change the distance 
between its wires and the ground, the wave length of the 
transmitted waves will also be varied, ever so slightly to 
be sure, but enough to give some trouble at the receiving 
end. 

For this reason special aerials are often used in C \V 
transmission. Instead of using the flat -top aerial, with 
the wires side by side supported on spreaders at either 
end, the cage type of aerial is often employed. This 
aerial has hoops or rings at each end instead of the usual 
spreaders, and the wires are arranged .on these hoops or 
rings so as to form a round or cage -like aerial which is 
supported in the usual manner. The cage type of aerial 
is more constant in its electrical characteristics and is 
therefore more satisfactory in C\V work. Furthermore, 
to ensure still greater rigidness, the counterpoise form 
of ground is also employed to a large extent in C\V trans- 
mission. 

The necessity for a rigid aerial system is, obviously, 
more essential when the dots and dashes or the telephone 
modulation is obtained through a change in wave length. 
,than when the dots and dashes and telephone modula- 
tion are caused by a change in amplitude or voltage. 
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C'V telegraph and radio -phone transmitter of the panel type, 
with the various controls and meters mounted nn the front 
face. Transmitters of this type are helm; used In several of 

the radio -phone broadcasting stations. 

The general subject of C\\' transmitters is such a large 
one that we cannot afford to go deeper into it at this time. 
Then again, it is very well covered by more advanced 
works, and certain radio companies have brought out ex- 
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ceptionally complete and explicit literature on CW trans- 
mission. 

RADIO TELEPHONY REDUCED TO ITS SIMPLEST FORM 

I f one is satisfied with a range of but a few miles, a CW 
transmitter may be readily assembled, and it can be almost 
as easily used for radio -phone work as for radio telegraph. 

First of all, the radio amateur must obtain the proper 
vacuum tube. So far we have spoken of the vacuum 
tube detector and the vacuum tube amplifier tubes, but 
now. we come to the 
transmitting tubes. 
The standard trans- 
mitting tubes n o w 

available on the mar- 
ket come in 5 -watt, 
50 -watt and 250 -watt 
sizes. For our pres- 
ent purpose the 5 - 

watt is the most pop- 
ular, since we are 
dealing with l o w 
power. Two 5 -watt 
tubes in parallel will 
put from one and 
one -quarter to one 
and three-quarter am- 
peres in the amateur's 
aerial. Using one of 
these tubes as a mod- 
ulator and the other 
as an oscillator, for 
experimental radio 
telephony, distances 
up to 10 miles can be 
covered, and at least four times that distance when the 
two tubes are connected in parallel for CW telegraphy. 
Four or five 5 -watt tubes can be worked in parallel with 
increased range. The 5 -watt tubes are also used as powe- 

A simple continuous wave telegraph 
transmitter, making use or a single 
r, -wilt tube. This set transnilts 
straight CM . A-aerial; I-aerial in- 
ductance; It-high voltage battery; 
VC1-variable condenser; G-ground: 
K-telegraph key; VC2-grid conden- 
ser; OT-oscillating tube; A-Illament 

battery; It-filament rheostat. 
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amplifiers in radio receiving circuits. The energy ampli- 
fication obtained therefrom is particularly useful for the 
operation of loud -speakers. 

The 50 -watt transmitting tube is intended for 
long-distance telephony and telegraphy. Two 

A 50 -watt tubes connected in a self -rectifying 
or in t straight direct -cur- 
rent plate excitation cir- 
cuit will give aerial cur- 
rents of three to four am- 
peres at amateur wave 
lengths. A single tube 
operated from a direct - 
current source or a recti- 

vcZ fied alternating cur- 
rent source will put 

B vet 411) OT two and a half to 
three amperes in the 

Illy amateur's aerial. 
K q R Hundreds of these 

TR tubes are already in 
Simple combination 
rndlo telegraph and use in amateur trans- 
radio-pl I rams- miffing s t at i o n s mitt er. \-aerial; 
I-aerial Inductance; throughout the coun- 

G lt-h:lth-voltage but try, and distances up Iery; Vel-variable 
condenser; '1'R-telephone microphone; to 1.900 miles have 
VC2-variable condenser ; l{-telegraph 
key ; I/T--oscillalinK tube; A-filament been covered by using 

battery; It-filament rheostat. in an appropriate os- 
cillating circuit. 

The 250 -watt tube is the most powerful tube of the 
series now on the market for experimental and general 
transmission purposes. This tube is equipped with a spe- 
cial filament which gives exceptionally long operating life. 

Let us return to the 5 -watt tube and to the simple trans- 
mitter, which is more in the province of this book than 
the more powerful, more elaborate transmitters. A simple 
radio -phone transmitter may he readily built or rather 
assembled by the radio enthusiast, who wishes to do a 
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little talking on his own account and is willing and ready 
to secure his operator's and station licenses. 

The first step is to obtain a 5 -watt transmitting tube. 
Then we need two 22/ -volt B battery of the same kind 
as we used for the receiving sets. On one battery a 5 - 

watt tube, under good conditions, will transmit 5 to 10 

miles. Then we need a variable condenser of 0.001 mfd. 
maximum capacity, which is connected in the ground cir- 
cuit, and another Variable condenser with a maximum 
capacity of 0.0005 mfd. which is placed in the grid circuit. 
A suitable .C\V helix or inductance is also required. This 
last-named piece of apparatus may be purchased already 
made, or it can be constructed of heavy copper wire made 
into a coil with the turns separated / to / inch apart. 
Clips are used to make connections with any desired part 
of the helix or inductance. A six -volt storage battery. 

vacuum tube socket, filament rheostat, and a 
telegraph key complete the outfit. A micro- 

/ A phone can be substituted for the key and the 
set converted into a short -distance telephone 
transmitter. If possible, a hot wire ammeter 

should also be included 
with the set. This instru- 

v0E-- anent is placed in the 
ground lead and serves to 

vcz 

= A C , 

K 

11 G 

A 

OT 

How two or three tubes mu} be arranged 
In parallel for obtaining greater power 
while still using the same simple arrange- 
ment. In this case straight CW telegraph 

is obtained. 
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indicate when the transmitter is adjusted to maximum 
efficiency. 

Tuning the set is accomplished in very much the same 
manner as with the damped wave transmitter. With the 
filament of the tube lighted and the set oscillating properly, 
the series and the grid condensers are varied until a max- 
imum output is indicated by the ammeter. However, 
this method. does not indicate just what the wave length 
may be, and one may be overstepping the 200 -meter limit. 
It may he well to have nearby amateurs listen in and say 
whether the emitted wave appears to be below 200 meters, 
and also when the transmission is at its best. 

The output of the transmitter can be increased by using 
a higher voltage on the plate. By means of additional 
B battery units, the voltage can be increased to 90 volts. 
It must be remembered in this connection that the energy 
for the waves is taken from that source. Just so long as 
the tube does not glow with a blue haze, the B battery 
voltage can be piled on, increasing the efficiency and the 
range. Another scheme is to use two or three tubes in 
parallel, with the grids connected together and also the 
plates. Only one I battery is required for all the tubes. 

Much could be said here regarding modulator tubes, 
which permit of modulating heavy transmitting currents 
by means of ordinary carbon microphones through the 
medium of vacuum tubes known as modulator tubes, and 
magnetic modulators. Then there are filter reactors, rec- 
tifiers, filters, microphone transformers, and other devices 
which enter into the more elaborate CW transmitters, but 
for further information along these lines we must look 
to more advanced works specializing in C\V transmission. 



Chapter IX. 

THE UNUSUAL USES OF RADIO ON 
LAND AND SEA AND IN THE AIR 

R\DIO has many uses aside from the broadcasting of 
entertainment and news and the linking of widely - 

separated points. In fact, it seems as though we hale 
done little more than scratch the surface of its vast pos- 

sibilities. and that the inventive talent of today must lead 

us to still greater and more startling achievements in the 
application of radio. 

In the early clays of radio, too much vas expected of it. 
There was much 'promise of the transmission of power 
by radio in order that airships and automobiles and street 
cars and ocean liners might be operated by distant power 
plants without the agency of wires or cables. Yet we 

know today that the transmission of power by radio is still 
a remote possibility; we know that, starting with one kilo- 
watt at the transmitting end. we obtain less than a thou- 
sandth of a watt, or one millionth of the original power 
expended at the receiving end. The radio method of 
transmitting power is a most inefficient one, and only if 
we hit upon some entirely new principle of transmission 
and reception can we hope to make anything of the idea 

of radio transmission of power. 
However, whatever radio wonders may have been ex- 

pected in the early clays have been more than realized, 
even though the present achievements may be along en- 

tirely different lines. 
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TILE MARVELS OF RADIO COYTROL 

One of the most promising fields of unusual radio, if 
we may call it such, is the one given the broad name of 
radio control. This means the controlling of machinery 
and other things at a distance through the use of radio. 
Thus small vehicles and boats controlled by radio have 
attracted no little attention wherever they have been 
shown. 

Mysterious as these things may be, there is really 
nothing very complicated about them. This does 11<n mean 
to say that anyone can construct a successful radio- con- 
trolled car or boat with little trouble, because there is 
a good deal of experimental work to be performed before 
such a delicate assembly can be made to work properly; 
but the principles are public property and may he em- 
ployed by anyone of an inventive turn of mind. 

The principle of radio control rests on the transmission 
of certain signals or radio waves which affect a detector 
in the same manner as the usual receiving set. Instead of 
rectifying the intercepted wave energy for a pair of tele- 
phone receivers or for a loud -talker, however, the detector 
in this case passes its output over to a delicate relay, 
which is a device that is actuated by a source of delicate 
current so as to open and close the circuit of a more 
powerful local current. The more powerful current can 
therefore be made to do whatever work is desired. So, if 
we press the key of a transmitter, tuned to the right 
wave length, the machinery to be controlled intercepts 
the signal and operates its relay, vv hich in turn closes the 
local current circuit for the performing of any desired 
task. However, such a simple system gives only one com- 
mand, so to speak, and since a number of different tasks 
must be commanded by means of the remote control, some 
other agency must be introduced of multiplying the num- 
ber of commands that can be issued. 

There are several ways in which a number of different 
things can be commanded or controlled by remote control. 
The simplest method is to use a revolving contact drum, 
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as it is termed, on which are arranged metal strips which 
can make various combinations of electrical connections 
and which come into action one by one as the drum is 
revolved. This drum is revolved continuously at a pre- 
determined speed, or step by step. In the latter case one 
combination of connections after another is brought into 
action by means of an electro -magnetically operated 
ratchet device, which functions through the closing of the 
relay contacts. Every time a signal is sent out by the 
transmitter, the relay of the receiving device closes the 
circuit, current is sent through the combination that hap- 
pens to be effective at that moment, and the drum is 
then given a one-step turn to the next combination.as the 
signal stops. The next signal sent through repeats the 
same performance, but with the combination then effec- 
tive being used. 

Now the combinations can be arranged to do all kinds 
of different things. Supposing we are dealing with a 
model submarine. controlled by radio. The first combina- 
tion on the drum starts the motors; the second steers the 
craft to the left; the third brings the rudder to the nor- 
mal position; the fourth steers to the right ; the fifth 
causes the driving motors to drop to half speed ; the sixth 
deflects time diving rudders so that the craft submerges; 
the seventh brings the craft back to the sur face again; the 
eighth stops the motors. 

But supposing we want the craft to steer to the right. 
when the combination then effective is the seventh, or 
the one that brings it back to the surface, what then? 
Simple enough. We simply send out one short snappy 
signal after another without appreciable pause between 
them, so that the craft does not have time to respond to 
any one of the controls, brought into play in rapid suc- 
cession until we reach the desired control, when we stop 
and the craft obeys. Generally, some indication is pro- 
vided so as to show just what combination happens to 
be operative at any given moment. Little colored lights 
can be used to indicate when the start of a cycle of com- 
binations is at hand. and the operator knows just how 
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many signals to send in order to reach the desired control. 
Another method is to use a steadily revolving drum 

aboard the vehicle or boat to be controlled. A watch, 
carefully synchronized so that its large hand will turn at 
the same speed as the revolving drum, is used by the 
operator. In this manner the operator, while watching his 
synchronized indicator, knows just the right moment to 
press the key in order to take advantage of any desired 
conditions for any desired command. 

THE RADIO COMPASS AND \\ HAT IT MEANS 

Something has been said regarding the use of loops 
for receiving purposes. A loop consists of a wooden 
frame with a number of turns of wire. The loop is 
used in the same manner as w ould the secondary of a 
coupler in a receiving circuit, with a variable condenser 
or variometer to vary its wave length. No ground is 
employed. The loop receives signals loudest when it is 
pointing end on towards the transmitting station, and this 
fact has brought the radio compass into existence. 

The radio compass is nothing more than a loop receiv- 
ing set. Thus the loop, which is mounted ill such a 
manner as to be readily swung about on its vertical axis, 
is orientated until signals are picked up and a line can 
then he drawn on a corresponding map to indicate the 
direction from which the signals are coming. However, 
the loop indicates only the general line along which the 
signals are being received, and there is no telling whether 
they come from one end of the loop or the other. How- 
ever, in most instances the operator knows whether it is 
in one direction or the other, and he only requires the 
directive line. 

The radio compass generally consists of two or more 
radio compass stations on shore, at the entrance to a 
harbor or some other point. A ship, wishing to know 
its exact hearings, calls up the radio compass stations, 
and these stations, by orientating their loops, secure two 
directive lines for the ship. Since the radio compass sta- 
tions are located a certain distance apart, forming the 
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base of an imaginary triangle, and since a pair of stations 
obtain an angle reading formed by the direction of the 
received signals and the base line, it is a simple matter 
with a known base line and two angles to construct an 
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imaginary triangle, the apex of which is the location of the 
ship. The radio compass stations then call up the ship 
and give the navigator his exact position. 

During the war the radio compass was employed for 
locating enemy radio transmitters. The Germans em- 
ployed the radio compass to guide their Zeppelins through 
the blackness of the night in their raids on London and 
Paris. That is why the Zeppelin flew with such rare 
precision over enemy territory and sea, and back to their 
flying fields. 

More recent developments in the radio compass have 
brought about a simpler method. Now the loop is carried 
on the ship, and the operator obtains directional readings 
from two shore stations whose locations are known, so 
that with a given apex angle and a known base line, it 
becomes possible to reconstruct an imaginary triangle and 
to determine the exact position of the ship. 

WIRED WIRELESS 

For some time back it has been possible simultaneously 
to transmit several telegraph messages over a single tele- 
graph circuit. Also, certain attempts have been made to 
develop a system of tuned or syntonic multiplex tele- 
graphy. But it has remained for the man who is at 
present Chief Signal Officer of the United States Army, 
Major General Squier, to develop a system of communi- 
cation known as wired wireless, which makes it possible to 
carry on as many as ten or more two-way simultaneous 
telephone conversations over one electrical circuit. It 
was in 1910 that Major General Squier (then Major), 
by a bold and ingenious adaptation of the fundamental 
principles and apparatus previously employed in radio 
telegraphy and telephony, developed the multiplex sys- 
tem which bears his name, and therefore established a 
distinct branch of the art of communication. 

The fundamental principle of the Squier system is the 
application of high frequency electrical resonance, or tun- 
ing as it is understood in radio work, to wire communi- 
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Catkins: ' *Previous attempts to solve the multiplex prob- 
lem had been based largely on electro -mechanical reson- 
ance. The system employs the elements of the radio 
telephone installation, the essential difference being that in 
place of the connections to earth and the usual antenna, 
we have, in this case, connections to the two wires con- 
stituting a physical pair. The two fundamental factors. 
then, in the Squier system of multiplex, are the utilization 
of electrical resonance and the use of a receiving device 
which delivers to the telephone receiver a varying undirec- 
tional current corresponding to the voice current supplied 
to the modulating device at the transmitting station. 
Whether the frequency of the carrier current is low or 
high does not modify the basic principles involved. In 
this system electro -magnetic waves of predetermined 
length are guided by the metallic circuit, instead of radiat- 
ing in all directions from an antenna. While there un- 
doubtedly is a certain amount of radiation from the phy- 
sical line, the over-all efficiency of the guided -wave sys- 
tem, as wired wireless is also called, is obviously materially 
higher than in the case of a free -wave system. This has 
been thoroughly confirmed by experience. 

It is reported that in general, guided -wave transmis- 
sion gives a more nearly perfect reproduction of the voice 
than does wire telephony. In ordinary telephony there 
are three inherent causes of distortion, to wit : the micro- 
phone, the telephone receiver, and that due to the line. 
The first two are, of course, present in the high fre- 
quency system. The distortion due to the line is, how- 
ever, absent. 

Another important aspect of communication is secrecy. 
\Vhen used as a direct private line of telephonic com- 
munication, as in the case of leased lines between busi- 
ness houses in different cities or for press work, we 
have in this method a system of communication which ac- 
cords a high degree of secrecy. Common experience in- 
dicates how little real privacy obtains when employing the. 
ordinary telephone. While radio telephone has a distinct 



 A
 

com
m

ercial 
radio 

telegraph 
station 

aerial 
located 

In 
N

ew
 

Y
ork 

and 
em

ployed 
for 

m
aintaining 

com
a 

m
unication 

w
ill, 

ships. 
T

he 
steel 

tow
ers 

and steel 
cross -arm

s 
serve 

to 
support 

the 
aerial 

airee. 



258 R \l)IO FOR EVERVUODY 

and very important field in communication at sea, it ob- 
viously has serious limitations when employed for strictly 
personal and business purposes. While there is no known 
means of communication which cannot be tapped, yet 
from the nature of the system direct guided -wave tele- 
phony possesses the greatest element of secrecy of any 
telephonic means of communication, according to Chas. 
A. Culver, Ph.D., to whom the author is indebted for 
these facts on wired wireless. 

Another advantage of the guided-tsave system is that 
communication may be maintained between two points 
when the physical circuit which serves as a guide for the 
high frequency waves is out of commission for ordinary 
telephone service. Loth wires of the physical pair may 
be cut, the line short-circuited, and at least one of the 
wires grounded without interrupting communication over 
the super -channel. This has been repeatedly demonstrated 
and naturally means much ill emergency service of all. 
kinds. 

Another feature to be noted in connection with guided - 
wave telephony is the flexibility of the system. When 
used as a through trunk channel, a given set of equip- 
ment may, as previously indicated, be instantly shifted 
from one physical circuit to another. Further, the en- 
tire guided -wave equipment may be quickly transported 
from one point on a physical system to another, thus 
making it possible readily to increase the traffic -carrying 
capacity of the lines between points where a temporary 
congestion exists, due to seasonal or other causes. 

Guided wireless is but another achievement of modern 
radio-but another instance of how radio has collaborated 
rather than fought the wire telephone and telegraphs as 
was expected of it ill the early days of the art. 



Chapter X. 

RADIO IN WORKING CLOTHES, OR 
THE APPLICATION OF RADIO TO 

EVERYDAY BUSINESS 

F radio has a legitimate place in the home in the way 
1. of amusement and education, it has an even greater 

place in everyday business. especially that kind of busi- 
ness which extends out beyond the narrow confines of 
our immediate city and State and country and even con- 
tinent. Radio is a logical method of long-distance com- 
munication. It is alone in the ship -to -ship communication 
field, and it takes its place beside the telegraph and cable 
systems in our present scheme of things. 

Little need be said about the marine end of radio. 
Suffice it to remind ourselves that virtually every ship 
that carries passengers and any freighter of consequence 
are equipped with radio. No greater factor was ever in- 
troduced in maritime circles than radio, for ships are no 
longer out of touch with the world for clays at a time. 
With the highly efficient ship installations as well as the 
powerful land stations, a ship is rarely isolated. 

RADIo \\oRLD-\VIDE CHAINS IN TILE \iAKING 

While radio may be used for short distances in place 
of telegraph lines, its real forte lies rather in long-distance 
ork, side by side with the usual cables. It has been 
employed for inter -city work with some degree of suc- 
cess; but if all inter -city communication were conducted 
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by radio instead of by the usual telegraph system it is 
obvious that the problem of interference would assume 
gigantic and finally prohibitive proportions. 

All the leading nations have fully realized the value 

Germany's scheme of 1913 for world comenunicat . A study 
of this network indicates that, it is clearly influenced to a 
great extent by military as well as c mercial considerations. 
The World M'ar caused the permanent abandonment of this 

scheme. 

of radio as a means of long-distance communication. The 
recent war taught all nations that cables and telegraph 
lines can be severed, but the radio system cannot be 
interrupted. The nation with powerful radio stations is 
always assured of communication with the outside world. 

A number of world schemes of radio communication 
have been proposed in the past, and some of them are 

.in the process of present realization. The earliest one 
is shown in the accompanying map. For this and the 
other maps shown in the following pages, as well as for 
much of the data on this phase of radio, the author is 
indebted ro Alfred \'. Goldsmith. Director, Research De- 
partment, Radio Corporation of .America, and to the 
Journal of the American Institute- of Electrical Engin- 
eers, in which \lr. Goldsmith's data appeared. The ac- 
companying map, in which the distances are given in 
kilometers (a kilometer is roughly 3/5 of a mile) repre- 
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sents the extremely ambitious German scheme of 1913 
and is clearly influenced to a great extent by military as 
well as commercial considerations. The length of some 
of the jumps from station to station, taking into consider- 
ation the transmitting powers and the types of receiving 
apparatus then available, indicate that only partial or oc- 
casional service over the longer spans could have been 
expected, and then only at low speeds. It also appears 
that each station was to handle several channels and 
therefore presumably to divide its time between it: vari- 
ous correspondent stations. This type of service is more 
suited to press and propaganda work and light traffic 
than it is to the more exacting high-speed commercial 
requirements. This plan was not carried far before the 
war brought about its complete destruction. 

Our next map represents the first British Imperial 
schemes for radio communication, the so-called "All -Red 
Chain." It dates from 1913, and was the plan of the 
British \larconi Company which submitted it to the 
British Government for anproal. It was adopted, and 
some work \ as done along the lines indicated when the 
\var intervened. The changes caused by the war and 

The British Imperial communication scheme of 1913, the so- 
called "All -Red Chain." This scheme was adopted and some 
,e ork u is done along the lines Indicated when the war Inter- 
vened. The distances were too great, however, and the scheme 

%va; abandoned. 



262 RADIO FOR EVERYBODY 

other causes led to its discontinuance and to rather seri- 
ous differences between the British Government and the 
Marconi Company. Afterwards the claims of the Marconi 
Company were in part allowed and suitable financial com- 

Itritlsh Imperial Hellenic of 1919 for radio communication. This is a texts amb[tiou% hat more practical scheme than that of 1915. London is connected with distant points by means of short spans and relays, so that the distances are entirely 
feasible. 

pensation paid by the British Government for the loss of 
the original contractual profits. The plan itself included 
two routes from England to Australia with only two re- 
lays. It was a scheme involving large spans. London 
was the main center from which most of the communica- 
tion to distant points radiated directly. 

In 1919 and 1920 a British Government Committee re- 
considered the entire project of the Imperial radio scheme 
and recommended the less ambitious scheme shown in our 
next map. I lere the Western Hemisphere is apparentl\ 
neglected. London is not connected directly (without 
relays) to the more distant points, the average span is 
shorter, and the terminal points chosen are indicated ap- 
parently only .in part by commercial considerations. This 
system will be Government -owned and operated, which 
niav account for the nature of this vial). which is now 
being carried out. Only a very small portion of this 
plan has been carried out thus far. 
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Another eery ambitious plan is due to France and is 
given in the accompanying map. It, too, is not planned 
entirely along commercial lines. Furthermore, it is clear 
that the French stations are intended to divide their time 
between a number of terminal stations and that ex- 
tremely long spans are planned. Of the stations shown 
on the French plan, several are built and several more 
are in process of construction. A considerable portion 
of this plan will, however, still have to be worked out in 
the future. It is noticeable that both the present French 
plan and the original German plan lay more stress on 
South .\merican traffic than does the present British Im- 
perial scheme. 

OUR SCHEME FOR \\ ORLD-\\ IDE RADIO 

Then we come to our own pet scheme for world-wide 
radio-America's plan. It differs in several important 
respects from the preceding plans. In the first place, 
every station shown thereon is either in operation or under 
construction, and by far the greater portion of the stations 
are those already .in operation. Furthermore, for the sake 
of clearness, the large contemplated expansions of this 
plvn are not shown on the map, although they will add 

The French communication scheme. The French station» are 
evidently intended to divide their time between a number of 
terminal stations and the spans are extremely long. How- 
ever, work Is progressing on several large stations for this 

world-wide scheme. 
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nearly as many more channels of communications to the 
system as those already shown. In the second place, the 
plan shown is preeminently a commercial one, Moth in the 
placing of the terminal stations and in the practically 
exclusive use of each American station for a single 
channel. This latter feature permits the speedy handling 
of large volumes of traffic and avoids the troublesome 
delays which result when the time of a transmitting sta- 
tion is excessively "chopped up" or divided between too 
many receiving stations. The system is one of moderate 
and long spans, this being dictated to sonic extent by the 

Our A Merin! 1/ nr4rme for world -wi dr ratio toms ruuni tallos. 
Eery slat' shown In lhls map in either I. operation or 
raider construction, and by tar the greater portion of the 

stations are those already in operation. 

geographical location of the United States, its particular 
communication needs, and the absence of American po- 
sessions at certain points. The needs of the United States, 
considering these circumstances, have very greatly stimu- 
lated to the technical improvement of radio communication, 
and have led to the satisfactory solutions of the problems 
of long-distance communication. The case is an inter- 
esting illustration of the stimulating and helpful influence 
of natural obstacles. 

It has long been known that traffic from one country to 
another is by no means evenly distributed throughout 



. 
... 

-. 
- ,_.._..: 

- 
-_ 

- i Ji 
. 

_ y .. - +
--'.b -^- 

i 
........ 

_'' 
- L-!'-' t, 

' 
_ 

y, 
-r 

.a. 
.a. 

. 

G
at 

-.+
..`. 

dr- 
- 

+
' s 

" 
. ..; 

+
 

thO
 

ppr 
1. 

. 
- ÍI 

1 

..q' 
' _ 

- 
ke a' 

_ 
. 

+
F' 

. , 
._ 

»i.ti 
'_s. 

97'; 
-. 

- 
- 

_
 
1
 

sa"- 

14-,"...y, 

-`_ 
rl. 

;+
^ ,o 

_ 
,s r .'" é..r 

':4«,,, 
s 

, 
" 

- 
-+

 
.. 

1 
L, !'j i 

t 
L- 

1l,, 
,..., 

}--'y 

"-x' 
- 

,1 
, 

, Sp ,1 
i 

,. 
t 

, ao ;.. 
, 

\ 
, 

- 
,n,, 

L
 . "1 

1t r 
,.....-. 

w
v 

'i 
1 ... 

1 
r 

i 
6---=

r;:" t.. 
%

."-:-.1(-~^'''. , , 
_ 

.¡ 
1 

` 
s.. 

;_ _. 
. J.. 

e. 
...4 

-x 
. 

'e"-""``yA
t. 

`.--.-:.,,\ 
. - 

`tiy it+
-.- 

, 
+

7,..' 
' 

--It-2r. 
.....h 

"_ -....;/: 
-,..9,41:...... 

rw
 

x,.." =
 

. 
F ,xr'=

s 
: t: +

e%
.- 

_ 

- 
'L

1 
..T

 

s-- 
lI 

?.:.`w
 

s....; 
('K

'Y
.,: 

r 
--a, , .'1-. 

i ̂ 
F^'^ 

`' -'a 
o, 

,. 
_ 

e' 
1 

1 
L 

L. , 
y 

- 
:r 

`i ̀
 

. 
r 

r. 

B
ird's-eye 

view
 

of 
the 

huge R
adio 

C
entral 

w
ireless 

station 
at 

R
ocky 

P
oint, 

Long Island, 
som

e 
seventy 

m
iles 

east of 
N

ew
 Y

ork C
ity. 

T
his station, as its 

nam
e Im

plies, is 
a 

group of transm
itters, operated 

as separate units 
but com

prising 
one huge sbdion. 

T
here are to be seventy-tw

o steel toners arranged 
as 

the 
spokes of 

the 
w

heel. 



266 RADIO POR EVERYBODY 

the twenty-four hours of the day, the days of the week, or 
the months of the year. There are very pronounced peaks, 
and depressions or lull of traffic found to exist. Thus. 
the traffic bet \\een two countries will generally be heaviest 
for the hours during which daylight is common to both. 
and will drop to a minimum during the week en(l. It 
would be desirable to handle the peal: of the load without 
permitting traffic to pile up, but this may not always be 
feasible for reasons of economy, both of equipment and 
of necessary personnel. This has led to the attempt to 
secure a high load factor for communication circuits by 
encouraging some of the users of the service to accept a 
certain delay in the delivery of their messages which are 
then sent at a reduced rate. Thus we find in addition to 
normal messages, which are sent in the order in which 
they are received, the "deferred' messages which are 
sent at the earliest opportunity when traffic has slackened 
sufficiently to permit their introduction. "Night letters" 
and "week end letters" are sent during the periods in- 
dicated, and are obviously intended to fill an otherwise dull 
period in the circuit. On some circuits, "urgent" mes- 
sages are accepted which take priority over all others, and 
require the payment of a considerably increased rate. As 
a general rule, the minimum number of classes of mes- 
sages required to maintain an acceptable load factor is 
desirable not only because of the increased routine in 
handling traffic of many different classes but also because 
of the confusion in the public mind and the possible dis- 
satisfaction which results when the type of service rendered 
ín any given case is not clearly understood in advance. 

The huge radio stations for inter -continental work are 
interesting studies. One of these stations is the Radio 
Central, located at Rocky Point, Long Island. some 70 
miles east of New York City. However, the actual opera- 
tion of this station takes place from New York City, the 
dots and dashes being formed by an operator in New 
York City and sent over telegraph lines to the Radio 
Central station, where they are automatically transferred 
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to the powerful radio transmitter, consisting of a num- 
ber of 200-kilo\\att high -frequency generators. Radio 
Central is in realty several stations in one. It comprises 
a number of separate transmitters so as to ensure simul- 
taneous communication with a number of stations abroad. 

.OPERATING A TR\NS-ATLANTIC STATION AT A DISTANCE 

It has always been a próblem to control several hun- 
dred kilowatts of power at frequencies of 20,000 cycles per 
second by breaking it up into the clots and clashes of the 
telegraph code at speeds as high as 100 words per minute 
or more. \Vhen it is considered that this is equivalent 
to starting and stopping the flow. of power fifty times 
per second, accurately awl faultlessly, and that the initial 
control power is merely the few watts that can be drawn 
from the terminals of a telegraph 'line, the magnitude of 
the problem becomes evident. By the development of 
high-speed power relays and the new "magnetic amplifier," 
the problem has been very elegantly sol ed. The mag- 
netic amplifiers at the Rocky Point station enable the 
powerful transmitters to be operated at long distance, so 
to speak. These ferromagnetic devices accurately modu- 
late or control the flow of power from the alternators to 
the radiating system or aerial wires. 

To radiate the large amounts of power required to 
bridge transoceanic stretches, a large and lofty radiating 
system or aerial is required.. The main tower at Tucker - 
ton (N. 1.) is 850 feet high. At the New Brunswick (N. 
j.) station a row of 400 -foot masts stretching 6,000 feet 
from the station support the "multiple tuned" aerial sys- 
tem. The latest form of aerial is that employed at the 
Radio Central station. It consists of a line of 410 -foot 
towers with 150 -foot spreaders at the top of each, and 
stretching a mile and a half from the station building. 
Twelve such row s Of towers, each fed by its own high - 
frequency alternators and constituting in effect a separate 
transmitting station, will enable the Radio Central sta- 
tion to be used for simultaneous communication with an 
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eittal number of receiving stations abroad when com- 
pletely realized. An area of about ten square miles is 
being devoted to this giant station, which will be by far 
the largest in the world when completed. 

In radio reception there have also been very marked 
advances during the last few years. Each row of appara- 
tus in its especially shielded cases .is capable of handling 
one transoceanic channel. Each operator is provided with 
a telegraph key controlling the transmitter on the corre- 
sponding circuit, so that he can, if necessary, "break" 
or interrupt the transmitting operator to obtain a correc- 
tion or other information from the station which he is 
receiving. 

\Vhen reception at high speed was desired, recording 
was sometimes accomplished on modified phonographs 
which were run rapidly and the records were later trans - 
scribed at lower speeds by a number of operators. This 
method of receiving at high speed has been superseded by 
modern forms of ink recorders especially developed! for 
radio reception. Photographic recorders, in which the 
received signals are photographed as a wavy line on a 
paper ribbon, have also been used in high speed reception. 

\Vire and radio communication, according to Ylr. Gold- 
smith, should work hand ín hand in any comprehensive 
scheme of world communication. The land wires and 
cables have very clearly demonstrated their great capabili- 
ties and usefulness; but radio communication, even at this 
early state in its development, has shown that it should 
be considered as an integral element of any well -considered 
plan for communicating all over the globe. Today ap- 
proximately 15 per cent of the traffic across the Atlantic 
front the United States is handled via radio, which is a 
hopeful showing for a new art, to be sure. To the extent 
that there is harmonious and intelligent co-operation be- 
tween the various communication systems, we may hope 
for the satisfactory soltition of the problem of giving every 
person on earth rapid and reliable communication. 
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WHEN WIRE AND WIRELESS WORK TOGETHER 

Fortunately, there are no physical limitations to prevent 
the interconnection by skilled persons of wire line and 
radio circuits. Messages received by radio telegraphy or 
radio telephony can be automatically transferred to wire 
lines and over them relayed to any point reached by them. 
Conversely, telegraph or telephone signals on a wire line 
can be used to control radio telegraph or radio telephone 
transmitters. So that any wire system may be extended 
by the addition of radio relays and, reciprocally, any 
radio system may be extended by the addition of wire 
relays. This process of adding wire and radio links or 
relays to each other can be carried on to practically any 
desired extent and should constitute an element in the 
communication systems of the future. On a moderate 
scale it is being carried out commercially today in the 
case of messages from European countries received by 
the Radio Corporation of America at its receiving stations 
on Long Island and in New Jersey. From these points 
the messages are automatically relayed o\er wire lines 
to the Yew York traffic office of the company in the heart 
of the financial district, where the receiving operators 
take down the messages by ear, if sent at hand speed, or 
the messages are automatically written down by ink, re- 
corders if received at high speed. 

A similar transfer of telephone signals to and from 
wire lines has been demonstrated as a commercial propo 
sition in highly successful fashion by the American Tele- 
phone & Telegraph Company, ill the Avalon -Los Angeles 
radio toll circuit, in which regular radio telephone mes- 
sages are sent by radio over a 31% air gap without the 
subscribers realizing that their conversation is being 
handled in any other manner than by wires. Experiments 
have been carried on with the steamship Gloucester and 
the Deal 'leach radio -phone experimental station, and per- 
sons have talked o\ er the regular telephone instrument 
in their home to the ship at sea. \lore recently, still 
more spectacular experiments ha\e been carried on with 



 

up through the center of 
f'h 

the J 
e this work optical" delicate because of its 'e.ici4Wp it 

possesses great strength beeuore of the diagonal bracing. 



274- RAT)IO FOR EVERYBODY 

the steamship "America.' while t00 miles out of sea. 
It is only a matter .,of time when we shall be able to 
'phone to the ship at sea with the same ease that we 
call up long-distance points. 

Certain countries. such as the United States, are so 
situated geographically as to serve naturally as important 
relay centers for inter -continental communications. Com- 
munications from Europe to South America, and from 
Europe to the' Far East naturallc pass over the United 
States. in view of the rapid rate at which the power, 
required to bridge a certain distance reliably 1w radio, 
increases with distance for spans of more than a few 
thousand miles, it is advantageous. holds \lr. Goldsmith, 
to establish relay points in the United States whereby 
communications from Europe to the regions named will 
be received in the United States and thence automatically 
or otherwise relayed to their destinations. 

TIIE TRAFFIC CAPACITY OF THE LONG-MST\\CE ETHER 
Some doubt may have been entertained by engineers as 

to the traffic -carrying capacity of the ether for long-dis- 
tance communication. The figures for long-distance tele- 
graphy can be at least roughly estimated without serious 
difficulty. We shall assume continuous \gave transmis- 
sion, with an appropriate form of key modulation in 
sending the clots and dashes, and without anx tone modula- 
tion whatever. Under these conditions, and taking into 
account both side bands produced as the result of actual 
transmission, it has been found that a speed of 100 words 
(or 500 letters) per minute corresponds to the occupa- 
tion of a band of frequencies in the ether roughly 100 
cycles wide. This is on the basis that the radio -fre- 
quency generator maintains its frequency constant during 
transmission. \Ve shall also assume that the receiver is 
sufficiently selective to exclude all signals on frequencies 
outside of this 100 cycle hand. Under these conditions, 
we may sax roughly that on each cycle per second of 
available ether frequencies we can transmit one word 
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per minute. Assuming further that long-distance traffic 
'\ ill be handled in the range of wave lengths between 
6,000 meters and -10,000 meters, a reasonable assump- 
tion on the basis of present-day practice-and also a 
conservative one-we shall have available a band of ether 
frequencies of from 50,000 to 7,300 cycles per second, 
or -12.00 cycles in all. According, we can ultimately 
transmit at least 42,500 words per minute via radio over 
long distances, or no less than 61.200.000 words per day. 
If we extend the range of available wave lengths for long- 
distance communication below 6,000 meters through the 
further reduction of atmospheric disturbances; if we 
eliminate one of the side bands resulting from transmis- 
sion; and if we assume the possibility of using the same 
wave length for transmission at several points of the 
earth's surface with directional discrimination bet\veen 
several transmitters at the receiving station, the already 
enormous daily message -carrying capacity of the ether 
will be greatly increased. As a matter of comparison, 
we may state that the figure of 61.200,000 words per 
day is roughly 150 times the actual traffic sent across the 
Atlantic Ocean by -cable and radio at the present time. 

A number of perfectly reasonable requirements must be 
met by transmitting and receiving stations in order to 
realize the ultimate capacity mentioned above, according 
to \lr. Goldsmith. The transmitters must have strictly 
constant generator frequency consistent with their key 
signaling speed and the receivers must he highly selective 
for a correspondingly narrow range of frequencies and 
yet follow the signals accurately. Even today radio en- 
gineers are confident that these results will shortly he 
obtained by carefully chosen technical expedients. 

The nature of world communication makes it interna- 
tional in character. Both Fire lines and radio waves know 
nothing of national boundaries, a fact which is sometimes 
resented by the nations, particularly during hostilities. 
It is this essentially international character of long-dis- 

.tance communications, particularly of the unguided 
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variety, which has led to the international regulation of 
radio communication. In 1912, the London Radio Con- 
vention was agreed to by most of the nations of the 
world and given force by corresponding national legisla- 
tion in each case. These regulations of the London Con- 
vention were fairly general in character and covered the 
most essential points only. Thus there was left con- 

' siderable and proper leeway for each nation to settle its 
own national problems in communication according to 
local needs and the nature of local institutions. It would 
seem that some such policy is wise, especially where im- 
portant matters of truly international scope clearly require 
settlement in the interests of effecive communication and 
to avoid inevitable disputes. Beyond this point which is 
defined without much difficulty by the experts in the art, 
regulation becomes burdensome and tends to retard the 
progress of the radio art and to discourage initiative. 

For the rapid growth of *odd communicatión, as far 
as a radio is concerned the degree of regulation of the art 
by the various governments should be restricted to the 
enforcement of the international regulations together 
with such control of the nationality of the owners and 
personnel of the radio companies as may be deemed nec- 
essary for national security. The entire field of un- 
guided coíninunication; as Mr. Goldsmith calls radio, is 
so new and is developing so rapidly that great harm can 
be done by well-meaning bur injudicious legislators and 
officials. Like all pioneer arts, its successful and speedy 
development denends on wide freedom of experiment by 
enterprising investigators and encouragement of effort on 
the part- of vs'ide-awake companies. 



Chapter XI. 

HOW TO CONSTRUCT SIMPLE RADIO 
RECEIVING SETS FOR RADIO- 

PHONE PROGRAMS 

AND now for those who wish to construct their own 
simple receiving outfits. here is a chapter devoted 

to their particular interests. 
First of all we shall describe an entire receiving station, 

including antenna as \Nell as a crystal detector receiving 
set. This station Swill enable one ro hear the messages sent 
from medium -power transmitting stations \vithin an area 
about the size of a large city. and to hear high -power 
stations within 50 miles. provided the waves used by those 
stations have wave frequencies between 500 and 1500 
kilocycles per second, which. translated into plain English. 
means wave lengths between (100 and 200 meters. Much 
greater distances are often covered. especially at night. 
If a person constructs the coil and other parts as indicated. 
the total cost of this set can be kept down to about $6.00. 
if, however, a specially efficient outfit is desired, the cost 
may be about $15.00. 

THE ESSENTi \L P\ItTS OF RECEIVING STATION 

The set about to he described has been designed by the 
Bureau of Standards at the request of the States Relations 
Service of the United States Department of Agriculture. 
for the use of boys and girls radio clubs. 

There are five essential parts to this receiving station. 
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as well as any other receiving station, namely : the antenna, 
lightning switch, ground connections, receiving set proper, 
and telephone receivers. The received signals come into 
the receiving set through the antenna and ground connec- 
tion. In the receiving set they are converted into an 
electric current which produces the sounds in the telephone 
receivers. The telephone receiver is either one or a pair 
of telephone receivers worn on the head of the listener. 
A number of telephones may be used with such a set. 
but a loud -speaking device. which does awa\ with head 
phones, is not practical with a simple set of this kind. 

The purpose of the lightning switch is to protect the 
receiving set from damage by lightning. It is used to 
connect the antenna directly to ground when the receiving 
station is not being used. When the antenna and the 
connection t0 the ground are properly made and the light- 
ning switch is closed, an antenna acts as a lightning rod 
and is a protection rather than a source of clanger to the 
building. 

The principal part of the station is the receiving set 
proper. in the set described in the following paragraphs 
it is subdivided into two parts. the tuner and the detector. 
and ill more complicated sets still other elements are added. 

TIIE \NTENNA, LIGHTNING S\ViTCH AND GROUND 
CONNECTIONS 

The antenna is simply a wire suspended between two 
elevated points. \Vhere\er there are two buildings, or a 
house and a tree, or two trees with one of them very close 
to the house, it relieves one of the need of erecting one or 
both antenna supports. The antenna should not be less 
than 30 feet above the ground and its length should be 
about 75 feet. (See Fig. 1.) While this figure indicates 
a horizontal antenna, it is not important that it be strictly 
horizontal. It is in fact desirable to have the far end as 
high as possible. The "lead-in" wire or drop -wire from 
the antenna itself should run as directly as possible to the 
lightning switch. If the position of the adjoining build- 
ings or trees is such that the distance between them is 
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greater than about 85 feet, the antenna can still be held 
to a 75 foot distance between the insulators by increasing 
the length of the piece of rope (D) to which the far end 
of the antenna is attached. The rope (I I) tieing the 
antenna insulator to the house should not be lengthened 
to overcome this difficulty, because by so doing the antenna 
"lead-in" or drop wire (J) would be lengthened. 

Details of Parts-The parts will be mentioned here by 
reference to the letters appearing in Figures 1 and 2. 

Fig. 1.-Construction of antenna for reception purposes. A- 
serew eye; 11-rope; C-pulley 11-rope; E-i osuintor; F- 
anlrnnu; 6-Insolat or; I1-rope; 1-screw e>e; .1-lead-in wire; 
F-lighóning switch; 1.-ground wire: .I-ground pipe; \- 

lead to receiving set; 11-Insalat itlg tube. 

-\ and I are screw eyes sufficiently strong to anchor the 
antenna at the ends. 

11 and 11 are pieces of rope % or % inch in diameter, 
just long enough to allow the antenna to swing dear of 
the two supports. 

D is a piece of 3 or % inch rope sufficiently long to 
make the distance between E and G about 75 feet. 

C is a single block pulley which may be used if readily 
available. 
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E and G are two insulators which may be constructed of any dry hardwood of sufficient strength to withstand 
the strain of the antenna ; blocks about 11,4 x 2 x 10 inches 
will serve. The holes should he drilled as shown in Fig. 1 
sufficiently far from the ends to give proper strength. If 
wood is used the insulators should be boiled in paraffin for about one hour. If porcelain wiring cleats are avail- 
able they may lie substituted instead of the wood insulators. If any unglazed porcelain is used as insulators, it should 
be boiled in paraffin the same as the wood. Regular 
antenna insulators are advertised on the market. but the 
two improvised types just mentioned will be satisfactory for an amateur receiving antenna. 

F is the antenna about 75 feet between the insulators 
E and G. The wire may he No. 14 or 16 copper wire 
either bare or insulated. The end of the antenna farthest 
from the receiving set may he secured to the insulator (E) by any satisfactory method, being careful not to kink the \vire. Draw the other end of the antenna wire through the other insulator (G) to a point where the two insulators 
are separated by about 75 feet, twist the insulator (G) 
so as to form an anchor as shown in Fig. 1. The re- 
mainder of the antenna wire (1) which now constitutes 
the "lead-in" or drop -w ire should be just long enough 
to reach the lightning switch. 

K is the lightning switch. For the purpose of a small 
antenna this switch may he the ordinary porcelain base. 
30 ampere, single -pole double -throw batter. switch. These 
switches as ordinarily a\ ailable have a porcelain base about 
1 by 4 inches. The "lead-in" wire ( ) is attached to this 
switch at the middle point. The switch blade should 
alwa.s he thrown to the lower clip when the receiving 
set is not actually being used and to the upper clip when 
it ís desired to receive signals. 

I. is the ground wire for the lightning switch; it may 
be a piece of the same size wire as used in the antenna. 
of sufficient length to reach from the lower clip of the 
lightning switch (K) to tile clamp on the ground rod (\I ). 

\1 is a piece of iron pipe or rod driven 3 to 6 feet into 
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the ground, preferably where the ground is moist, and 
extending a sufficient distance above the ground in order 
that the ground clamp mai be fastened to it. Scrape the 
rust or paint from the pipe before dri\ ing in the ground. 

Fig. lrrangement of receiving i nntrument and connections 
with antenna and ground.. .1-lead-in hire; l{-lightul ng 
swi teh; 1, gruu nil wire; N-lead to r. eei vi rug set; 11-Inru- 

6U,InK tube; 1'-receiving wet; tt-Kruu Id for receiving set. 

N is a wire leading front the uppe - clip of the lightning 
switch through the porcelain tube (0) to the receiving 
set binding post marked "antenna.'' 

O is a porcelain tube of sufficient length to reach 
through the window casing or wall. This tube should be. 
mounted in the casing or wall so that it slopes down 
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toward the outside of the building. This is done to keep 
the rain from following the tube through the \gall to the 
interior. 

Fig. 2 shows the radio receiving set installed in some 
part of the house. 

P is the receiving set which is described in detail below. 
N is the wire leading from the "antenna" binding post 

of the receiving set through the porcelain tube to the 
upper clip of the lightning switch. This wire, as well as 
the wire shown by Q, should be insulated and preferably 
flexible. A piece of ordinary lamp cord might be un- 
braided and serve for these two leads. 

Q is a piece of flexible wire leading from the receiving 
set binding post marked "ground" to a water pipe, heating 
system or some other metallic conductor to ground, except 
M, Fig. 1. If there are no water pipes nor radiators in 
the room in which the receiving set is located. the \-ire 
should be run out of doors and connected to a special 
"ground" below the window. which shall not le the same 
as the "ground" for the lightning switch. It is essential 
that for the best operation of the receiving set this 
"ground" be of the very best type. If the soil near the 
house is tlry it is necessary to drive one or more pipes or 
rods sufficiently deep to encounter moist earth and connect 
the ground wire to the pipes or rods. This distance will 
ordinarily not exceed 6 feet. Where clay soil is encoun- 
tered this distance may be reduced to 3 feet, while in 
sandy soil it may be increased to 10 feet. If some other 
metallic conductor, such as the casing of a drilled well, is 
not far away from the window, it will be a satisfactory 
"ground." 

TUNER, DETECTOR AND TELEPHONE 

At least the telephone \\ ill ha\e to be purchased. The 
tuner and certain accessories can be made at home. 

Tuner (!', Fiy. 3)-"this is a piece of cardboard or 
other non-metallic tubing with turns of copper wire wound 
around it. The cardboard tubing may be an oatmeal box. 
Its construction is described in detail below. 
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Crystal Detector (S, Fig. 3)-The construction of a 
crystal detector may be of very simple design and quite 
satisfactory. The crystal, as it is ordinarily purchased, 
may be unmounted or mounted in a little block of metal. 
For mechanical reasons the mounted type may be more 
satisfactory, but that is of no great consequence. It is 
very important, however, that a very good tested crystal 
be used. It is probable also that a galena crystal \gill be 
more satisfactory to the beginner. 

The crystal detector may be made up of a tested crystal, 
three wood screws, short pieces of copper wire, a nai , 

set screw type of binding post, and a wood knob or cork. 
The tested crystal is held in position on the wood base 
by three brass wood -screws as shown at I Fig. 3. A bare 
copper wire may be wrapped tightly around the three 
brass screws for contact. The assembling of the rest of 
the crystal detector is quite clearly shown in Fig. 3. 

Phone (T, Fig. 3)-it is desirable to use a pair of 
telephone receivers connected by a head band, usually 
called a double telephone headset. The telephone receivers 
may be any of the standard commercial makes having a 
resistance óf between 2000 and 3000 obits. The double 
telephone receivers will cost more than all the other parts 
of the station combined but it is desirable to get them, 
especially if one plans to improve his receiving set later. 
i f one sloes not care to invest in a set of double telephone 
receivers a single telephone receiver w ith a head band may 
be used ; it gives results somewhat less satisfactory. 

Accessories-Under the heading of accessory equip- 
ment may be lister) binding posts, switch arms, switch con- 
tacts, test_buzzer. dry battery and boards on which to 
mount the complete apparatus. The binding posts, switch 
arms and switch contacts may all be purchased from 
dealers who handle such goods or they may be quite readily 
improvised at home. There is nothing peculiar about the 
pieces of wood on which the equipment is mounted. They 
may be obtained from a dry .backing -box and covered with 
paraffin to keep out moisture. 
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DETAILS OF CONSTRUCTION 

The following is a detailed description of the method 
of winding the coil, construction of the wood panels, and 
mounting and wiring the apparatus. 

Tuner-See R. Fig. 3. Having supplied one's self with 
a piece of cardboard tubing 1 inches in diameter and 
about T/2 pound of No. 21 (or No. 26) double cotton cov- 
ered copper wire, one is ready to start the winding of the 
tuner. Punch two holes in the tube about / inch from 
one end as shown at 2 on Fig. 3. Weave the wire through 
these holes in such a way that the end of the wire will be 
quite firmly anchored, leaving about 12 inches of the wire 
free for connections. Start with the remainder of the 
wire to wrap the several turns in a single layer about the 
tube, tightly and closely together. After ten complete 
turns have been wound on the tube hold those turns snugly 
w hile a tap is being taken off. This tap is made by making 
a 6 inch loop of the wire and twisting it together at such 
a place that it will be slightly staggered from the first tap. 
This method of taking off taps is shown quite clearly at 
U, Fig. 3. Proceed in this manner until six twisted taps 
have been taken off at every ten turns. A fter these first 
seventy turns have been wound on the tube then take off 
a 6 inch twisted tap for every succeeding single turn until 
ten additional turns have been wound on the tube. \ fter 
winding the last turn of wire anchor the end by weaving 
it through two holes punched in the tube much as was 
done at the start, leaving about 12 inches of wire free for 
connecting. It is to be understood that each of the eighteen 
taps is slightly staggered from the one just above, so that 
the several taps will not be bunched along one line on the 
cardboard tube. See Fig. 3. It would be advisable, after 
winding the tuner as just described, ro dip the tuner in hot 
paraffin. This will help to exclude moisture. 

Upright Panel and Base-Having completed the tuner 
to this point, set it aside and construct tihe upright panel 
shown in Fig. 4. This panel may be a piece of wood 
approximately Y inch thick. The position of the several 



Fig. 3.-Const ruct tonal details of the simple radio receiving 
Net designed by the C. S. Bureau of Standards for the use of 

btytn en. 
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holes for the binding posts, switch arms and switch con- 
tacts may first be laid out and drilled. The "antenna" 
and "ground" binding posts may be ordinary g inch brass 
bolts of sufficient length and supplied with three nuts and t"o washers. The first nut hinds the bolt to the panel, the 
second nut bolds one of the short pieces of stiff wire, 
while the third nut holds the antenna or ground wire as 
the case may be. The switch arm with knob shown at V, 
Fig. 3. may he purchased in the assembled form or it may 
be constructed from a thin slice cut from a broom handle 
and a bolt of sufficient length equipped with four nuts 
and two washers together with a narrow strip of thin 
brass somewhat as shone u. The switch contacts (W, 
Fig. 3) may be of the regular type furnished for this 
purpose or they may be brass bolts equipped with one nut 
and one washer each or they may even he nails driven 
through the panel with an individual tap fastened under 
the head or soldered to the projection of the nail through 
the panel. The switch contacts should be just close enough 
that the switch arm will not drop between the contacts but 
also far enough apart that the snitch arm can be set so 
as to touch only one contact at a time. 

The telephone binding post should preferably be of the 
set screw type as shown as X. Fig. 3. 

INSTRUCTIONS FOR \\ iRIAG 

Haying constructed the several parts just mentioned 
and mounted them on the wood base, one is ready to con- 
nect the several taps to the switch contacts and attach the 
other necessary nnires. Scrape the cotton insulation from 
the loop ends of the sixteen twisted taps as well as from 
the ends of the two single wire taps coming from the 
first and last turns. Fasten the bare ends of these wires 
to the proper switch contacts as shown by the correspond- 
ing numbers in Fig. 3. One should he careful not to cut 
or break any of the looped tans. it would be preferable 
to fasten the connecting wires to >the switch contacts by 
binding them between the washer and the nut as shown at 
3, Fig. 3. A wire is run from the back of the binding 
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post marked "ground" (Fig. 3) to the back of the left- 
hand switch -arm bolt (Y), thence to underneath the left- 
hand binding post marked "phones." .\ wire is then run 
from underneath the right-hand binding post market 
"phones" to underneath the binding post (4. Fig. 3). which 
forms a part of the crystal detector. A piece of N'o. 24 
lure copper wire about 2f/z inches long, one end of which 
is twisted tightly around the nail (the nail passing through 

Assembled receiving set, ready for one. Thin little net will 
receive over dintamws of 25 to possibly 35 miles from radio- 

phone broadcasting slat funs. 

binding post 4) the other end of which rests gently by its 
own weight on the crystal (1). The bare copper wire 
which was wrapped tightly around the three brass wood - 
screws holding the crystal in place is led to and fastened 
at the rear of the right-hand switch -arm bolt (V), thence 
to the upper left-hand binding post marked "antenna. 
As much as possible of this wiring is shown in Fig. 3. 
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DIRECTIONS FOR OPERATING 

After all the parts of this crystal -detector radio receiv- 
ing set have been constructed and assembled the first 
essential operation is to adjust the little piece of wire, 
which rests lightly on the crystal, to a sensitive point. 
This may he accomplished in several different ways; the 
use of a miniature buzzer transmitter is very satisfactory. 
Assuming that the most sensitive point on the crystal has 
been found by method described in paragraph below, ''The 
Test Buzzer." the rest of the operation is to get the radio 
receiving set in resonance or in tune v ith the station from 

hich one wishes to hear messages. The tuning of the 
receiving set is attained by adjusting the inductance of the 
tuner. That is, one or both of the switch arms are rotated 
until the proper number of turns of wire of the tuner are 
made a part of the metallic circuit between the antenna 
and ground, so that together with the capacity of the 
antenna the receiving circuit is in resonance with the par- 
ticular transmitting station. It will 1 e remembered that 
there are ten turns of wire between each of the first eight 
switch contacts and only one turn of wire between each 
two of the other contacts. The tuning of the receiving set 
is best accomplished by setting the right-hand switch arm 
on contact (1) and rotating the left-hand switch arm over 
all its contacts. If the desired signals are not heard, mole 
the right-hand switch arm to contact (2) and again rotate 
the left-hand switch arm throughout its range. Proceed 
in this manner until the desired signals are head. 

It will be advantageous for the one using this radio 
receiving equipment to find out the wave frequencies 
(wave length) used by the several radio transmitting sta- 
tions in his immediate vicinity. 

The Test Buzzer-(Z, Fig. 3)-As mentioned previ- 
ously, it is easy to find the more sensitive spots on the 
crystal by using a test buzzer. The test buzzer is used as 
a miniature local transmitting set. \Vhen connected to 
the receiving set as shown at Z. Fig. 3, the current pro- 
duced by the buzzer will be converted into sound by the 
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telephone receivers and the crystal, the loudness of the 
sound depending on what part of the crystal is in contact 
with the fine wire. To find the most sensitive spot connect 
the test buzzer to the receiving set as directed, close the 
switch (5, Fig. 3) (and if necessary adjust the buzzer 
armature so that a clear note is emitted by the buzzer), set 

the right-hand switch arm on contact point No. 8, fasten 
the telephone receivers to the binding posts marked 
"phones." loose the set screw of the binding post slightly 
and change the position of the fine wire (6. Fig. 3) to 
several positions of contact with the crystal until the 
loudest sound is heard in the phones. then tighten the 
binding post set screw. (4) slightly. 

APPROXIMATE COST OF PARTS 

The follo\1 ing list shows the approximate cost of the 
parts used in the construction of this radio receiving 
station. The total cost will depend largely'on the kind 
of apparatus purchased and on the number of parts con- 
structed at home. 
Antenna- 

Wire-Copper, bare or insulated, No. 14, 
100 to 150 feet, about 0.75 

Rope-. or / inch 2 cents per foot 
2 insulators. porcelain 0.20 

I pulley 0.15 
Lightning switch -30 ampere battery switch 0.30 
1 porcelain tube 0.1.0 

Ground Connections- 
\\'ire (same kind as antenna wire). 

1 clamp 0.15 
1 iron pipe or rod 0.25 
Receiving Set- 

/_ pound No. 24 copper wire double cot- 
ton covered 0.75 

1 cardboard box. 
2 switch knobs and blades complete 1.00 

18 switch contacts and nuts 0.75 
3 bindings posts-set screw type 0.15 
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2 binding posts-any type 0.30 
1 crystal-tested 0.25 
3 wood screws, brass. . inch long 0.03 

\Vood for panels (from packing box). 
2 pounds paraffin 0.30 

Lamp cord 2 to 3 cents per foot 
Test buzzer 0.50 
Dry battery 0.30 
Telephone receivers 4.00 to 8.00* 

Total 11.00 15.00 
*Still more efficient and expensive telephone receivers 

are available at prices ranging to about $20.00. 
1 ff nothing but the antenna wire, lightning switch, por- 

celain tube. crystal, telephone receiver, bolts and buzzer 
are purchased this total can be reduced to about $6.00. 

A SIMPLE VACUUM RECEIVING SET 

Using the same antenna, ground connection and light- 
ning switch as already described, the more ambitious radio 
enthusiast may readily construct a simple vacuum tube 
receiving set which will give better results than the crystal 
detector set although it is considerably more complicated. 

This set, which is shown completely assembled in the 
accompanying drag ing, comprises a loose -coupler tuner. 
provided with primary and secondary switches, primary 
and secondary variable condenser, grid leak, vacuum tube. 
vacuum tube socket, filament rheostat, filament battery 
and high voltage or plate battery. If necessary, most of 
the material may be home made, v ith the exception of 
the vacuum tube, grid leak, vacuum tube socket, batteries. 
filament rheostat and telephone receivers. 

The first step is to construct the loose -coupler tuner. 
This consists of a primary and a secondary winding, each 
one being tapped oft at ery ten turns and the taps being 
brought to the switch points of the primary and secondary 
switches. The primary is a mailing tube measuring five 
or six inches in diameter. on which is wound 100 turns 
of No. 20, 22 or 21 B. & S. gauge double cotton or double 
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silk covered wire, with the adjacent turns side by side. 
At every ten turns the wire is looped and twisted together 
so as to form a tap, the loop being passed through a hole 
in the mailing tube and the tap brought over to its respec- 
tive switch point, to \which it is connected after the primary 
is ready for assembling. The final turn of the primary 
is passed through two holes close together so as to hold 
the winding firmly in place, and the end brought to the 
last switch point. When the primary is completely wound, 
it is mounted on a block of wood which acts as the sup- 
port. It is left largel\ to the builder as to how the primary 
is mounted. One method is to use a round piece of wood 
of about the same diameter as the inside measurement 
of the mailing tube. This block is nailed on the end piece 
and the mailing tube is slipped over the block to which it 
can he firmly glued or tacked. The taps have, of course. 
been scraped and connected with their respective switch 
points. 

Now for the secondary. This is constructed in virtually 
the same manner, using a smaller mailing tube which fits 
inside the primary tube. The winding is of the same sized 
wire for the sake of simplicity, and taps are taken at every 
ten points and brought to their respective points of a ten - 
point switch. The mounting of the secondary must be 
carried out in the same manner as the primary, except 
that the latter has a stationary support. nailed firmly on 
the base hoard of the loose -coupler, while the former has 
a movable support. The movable support is made up in 
the manner indicated in our drawing, so that the secondary 
can be moved in and out of the primary. between guides. 

This completes the loose -coupler. The next step is to 
construct variable condensers, which are necessary for 
fine tuning. inasmuch as the loose -coupler tunes only in 
big steps of ten turns at a time, it is necessary to employ 
variable condensers in order to effect sharp tuning so 

essential in the satisfactory reception of radio -phone 
service. 

The simplest variable condenser to construct is probably 
the so-called hook type, which is illustrated in our drawing. 
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This consists of two pieces of wood, which are fastened 
together by means of an ordinary hinge, so that they may 
be moved toward each other or drawn apart, as the case 
may be. :\ small wooden strip or even a nail prevents the 
two pieces from coming into actual contact. On each 
strip of wood is mounted a piece of sheet aluminum or 
copper. which acts as one of the condenser plates. Bind- 
ing posts are used in the manner indicated to make proper 

BINDING POST 

COPPER OR 
ALUMINUM PLATES 

BUMPER 

HINGE 

Top view of book type of variable condenser, consisting of 
two boards hinged together, two pieces of copper or nl inant 

sheeting, arranged as sbowu,. 

connections. The capacity of such a condenser is in- 
creased by moving the plates close together and lessened 
by moving them. farther apart. 

ITEMS Tul \T MUST BE BOUGIIT 

The grid leak consists of a very high resistance unit. 
This is obtained by drawing a pencil line on a sheet of 
paper, and clamping this pencil line between two heavy 
copper washers so that the grid current for the vacuum 
tube must flow through this exceedingly high resistance. 
However, the grid leak has to be constructed with con- 
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.siderable accuracy, so that it may be the part of better 
judgment to purchase a grid leak at any radio supply 
store. It is a matter of 50 or 75 cents, and it is certain to 
be correctly designed and constructed. 

The vacuum tube must be purchased, of course, and 
aside from the telephone receivers and batteries, it repre- 
sents the most expensive single item for such a set. The 
tube must be a detector tube, also know n as a gassy tube, 
and costs either $1.00 or $5.00, depending on the type 
employed. A vacuum tube socket must also be purchased, 
at a cost of anywhere from 50 cents to $1.50, depending 
on the type selected. 

A \acuum tube requires two batteries, namely, the 
filament battery of six volts and the I; or plate battery 
of 22/ volts. \ 6 -volt storage battery gives the best 
sere ice for filament current, because the heavy drain of 
the vacuum tube filament soon wears out any dry battery. 
Still, if the reader is going to construct his own set it is 
almost certain that he will not want to go to the expense 
of purchasing a storage battery, hence dry batteries must 
be used. Four or five cells of dry battery maN, be used, 
although it will increase the life of the dry cells a great 
deal if two sets are employed, connected in what is know n 
as series -parallel. That is to say, four or five cells are 
connected in series, with the carbon of one coil going to 
the zinc of the next cell. Then. the zinc of one battery is 
connected with the zinc of the other battery, and the 
carbon of one battery with the carbon of the other battery. 
This arrangement gives a battery of twice the amperage 
or current, and the drain caused by the tube is not so 
serious. 

The filament rheostat may be made, although it will 
hardly pay when simple rheostats can be purchased for 
one dollar or less. The rheostat serves to control the 
filament current, which must he accurately regulated for 
satisfactory results. since the vacuum tube is a delicate 
piece of mechanism. 

The B or plate battery must be purchased. This battery 



RADIO FOR EVERYBODY 29" 

comes in a compact block, either in the large or the small 
size. There are two ty pes of B battery, namely, the fixed 
voltage and the variable voltage types. The latter is rec- 
ommended, since it permits of regulating the plate voltage 
applied to the vacuum tube, and this is a most important 
consideration with man; vacuum tubes. 

The telephone receivers must be bought, and it is well 
to invest in good receivers. If there is anything that 
tends to make or undo a radio receiving set it is the tele- 
phone receivers. Inexpensive receivers are certain to 
prove the most expensive in the long run, because the 

rningement, of dry ells in series -Parallel, in order to 
olitaln a steadier voltage and a longer Ilfe from the dry 

battery used with vacuum tales. 

owner of such receivers may soon tire of them and ask 
for something better, only to find that his inexpensive 
receivers have no market value and must therefore be 
junked. 

\Vith all the various components constructed and pur- 
chased, ready for use, they are assembled as shown in our 
assembly drawing. To operate the set, the primary switch 
is placed on the middle sus itch point and the variable con- 
denser in the aerial -ground or primary circuit is varied 
slowly. Meanwhile, the secondary switch is also placed 
on the middle switch point, and the secondary condenser 
is also varied. \\'hen the desired signal or radio -phone 
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service is intercepted, the switches and variable condensers 
are rapidly adjusted until the best results are obtained. 
All the while, of course, the vacuum tube is lighted and 
the filament rheostat is carefully adjusted for the loudest 
yet clearest sounds. 

Such a set will work satisfactorily over a range of 50 
miles. although it is not as satisfactory as one using the 
:Armstrong regenerative or feed -back circuit, which is 

somewhat more involved and is described further on in 
simple form for home construction purposes. -However. 
the various radio supply houses are now offering the 
\a Hon s components for regenerative receiving sets, as well 
.as amplifier units. An excellent receiving set may be 
constructed by purchasing a \ ario -coupler, two vario - 
meters, grid heal: and grid condenser, and the various 
other accessories such as the rheostat, vacuum tube and 
socket, binding posts. and so on, connected as shown in 
our chapter on receiving sets. 

For really good results. as far as a home-made set 
is concerned, it is necessar\ to employ the regenerative 
arrangement. This arrangement, as has already been 
described elsewhere in this work, is virtually a self -am- 
plifier, and adds a great deal to the efficiency of the re- 
ceiving set. 

One of the very best yet simple receiving arrangements 
which has come to the attention of the author and which 
he has constructed for his own experimental use, is shown 
in the accompanying drawings. It is a very simple form 
of two -circuit receiving set, using a plate variometer 
for the feed -hack or regenerative agent. 

First of all, it is necessary to construct the main tuning 
member. which is simply a mailing tube measuring 3% 
inches in diameter by I inches long, on which two wind- 
ings are carefully wound. The first winding consists of 
twenty turns of No. 20 It, & S. gauge double cotton cov- 
ered wire, wound close together. of course, while the sec- 
ond winding, starting one -eighth away from the end of 
the first winding, consists of 40 turns of same sized :\ ire. 
also wound close together. The windings should be held 
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in place simply by making holes in the cardboard tube 
and passing the ends of thewindings through these holes. 
Under no circumstances should the windings be varnished 

40 TURNS 

FIBRE.. SHELL 
Il ow the fixed winding of the %ariometer 
Is made. A frame work is built up with 
sheet fiber on a square form, and held 
together with shellac or glue. The wind- 
ing is placed on this form, as . shown. 

or shellacked, as this introduces certain undesirable char- 
acteristics. Both windings are fixed. their wave length 
values being altered by variable condensers as shown in 
the accompanying wiring diagram. 

The variable condensers may be of the home-made 
variety, using the hook type already referred to in the 
previous set. Two such condensers will be necessary, 
and it is well to make them of good size so that they 
will have ample capacity. One condenser is placed across 
the primary winding-or in series with it if the wave 
length of the antenna -ground circuit is to be reduced- 
while the other is placed across the secondary winding. 



R 1DIO FOR EVERYBODY 301 

A fixed condenser must be constructed. This consists 
of nothing more formidable than 'a number of sheets of 
tin foil separated by pieces of paraffined paper. A good 
condenser may be made by cutting ten pieces of tin foil 
so that they will measure one inch wide by three inches 
long and cutting eleven pieces of paraffined paper so that 
they measure one and one -quarter inches wide by two 
and otie-half inches long. The paraffined paper and the 
tin foil sheets are assembled in staggered order as shown 
in the accompanying sketch. The pile of tin -foil and 
paraffined paper can be placed between two pieces of 
cardboard and held together by means of a rubber band 
or piece of thread wrapped around the cardboard end 
pieces. 

The grid leak had best be purchased, for it is a rather 

FIBRE SMELL 

Completed rariometer, showing the moxable coil partly turned. 
The fixed and the able o findings are Connected In series, 
so that the current must pass through both of them, one 

after the other. 
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difficult thing to snake even though it does not consist of 
more than a pencil line drawn on a piece of good paper 
and clamped hetween two copper washers. If the con- 
structor wishes to build the grid leak as well as other 
parts of the set, he is welcomed to try it, although it 

would seem that since this item costs but 50 cents to buy 
it ready made-and properly made-it is best not to 
waste time and effort in trying to construct a grid leak. 

Then we come to the filament rheostat. Here again, it 
is best to purchase a manufactured filament rheostat. 
which may run all the way from 75 cents to $2.00, depend- 
ing on how \yell it is made. The tube socket must 
also be purchased, representing an outlay of from 75 cents 
to $2.00, depending on the type selected. 

The ":\" battery is the filament battery, and consists 
of either a dry battery, preferably composed of ten dry 
cells arranged in series multiple as depicted on page 297. 
or a ti -volt 20 -ampere -hour storage battery. The "B" 
battery is the high -voltage battery for the plate circuit. 
It consists of a single block of battery supplying 22V2 - 
volt current. The telephone receivers may he a single 
receiver or a regular head -set, according to taste-and 
pocktbook. Finally, there is the variometer used as the 
feed -back device. 

The variometer had best be purchased, for it is a difficult 
instrument for the home constructor to tackle. Of course, 
a variometer may he constructed, because it consists 
simply of a fixed winding and a corresponding turnable 
winding. But the point in the case is to make a variom- 
eter that will work properly, and that requires a little ex- 
perience and skill. 

However, if the builder insists on constructing the 
variometer, he may do so. A simple design is shown in 
the accompanying sketch. It consists of a stationary 
wooden frame, built up in the manner indicated, and a 
movable frame. Now the stationary winding is placed on 
a form made of fiber strip, shellacked together to make 
it strong. This frame, with its winding, is placed inside 
the stationary frame. The movable winding, on the other 
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flow the fixed coupler is made. and the construction 
of the small fixed tenser. 'rhe first drawing 
shows the malting tube with twenty 'turns and forty 
turns for the primary and secondary windings. The 
second drawing shows the assembly of the fixed eun- 
denser. The third shows a side view of the assembled 

condenser. 
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hand, is wound on the movable form, as indicated. Each 
winding should consist of 60 turns of No. 20 double 
cotton covered wire. No nails should be used in making 
this instrument, glue or wooden pegs being used through- 
out. A suitable shaft should be provided, so that the 
movable coil can be turned by means of a handle. A dial 
can he drawn, with graduations from 1 to 100, or a dial 

G 

now the various c ponents of the simple rel:eneratite set 
are connected together. \-a ntrnnu; G-ground; I'-primar3 
S-srconda ry; V('1-primary condenser; VC.-secondary con- 
denser; F('-li xed condenser; 61.-grid leak; VT-del eelor talc; \-filament battery; 11-"I1" or plate battery; R-rheo- 

stat; T-telephone receivers; Y-vari unieter for feed -buck. 

and handle can he purchased from any radio supply house. 
However. after all is said and done. the best results will 
be obtained by purchasing a variometer. since this is a 
rather difficult instrument to construct-and construct 
right. 

The set is arranged as shown in our assembly drawing. 
It is a simple set to operate and permits of extremely 
sharp tuning. The regenerative arrangement makes for 
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excellent results, so that this set will receive from radio- 
phone broadcasting stations over 100 miles away under 
favorable circumstances, without an amplifier. With an 
amplifier, which may be readily constructed by purchasing 
the necessary components and assembling them in the 
manner indicated by the wiring diagrams in the chapter 
dealing with amplifiers, the range may he materially in- 
creased. 

Some companies are now offering complete receiving 
sets in knockdown form, so that the purchaser can wind 
the coils and assemble the components himself, thus sav- 
ing considerable money and gaining practical knowledge 
in radio construction. These sets are highly recommended 
to those who desire to build their own apparatus yet wish 
the hest type equipment now available. 



Chapter XII. 

THE RADIO TELEPHONE OF TODAY 
AND TOMORROW 

ASIDE from the broadcasting of interesting pro, 
grants, the radio telephone has other and very im- 

portant uses. It must become a part of the regular wire 
telephone system; indeed, it already forms part of our 
telephone system, although only in an experimental way. 

TILE RADIO LINK 

There is genuine romance in the story of the radio 
telephone. A dozen years ago it was a crude laboratory 
toy. with little prospect of ever becoming a practical, work- 
adav thing. It was handicapped with a most unsavory 
reputation, because it had been made the catspaw of 
fraudulent stock -selling enterprises. The very publicity 
which had been accorded in unstinted measure had clone 

untold harm, for the general public had come to expect 
too much of this young and quite unwieldy means of 
communication. 

The radio telephone started out as a competitor of the 
wire telephone, although in truth it could never hope to 

rival the more conventional system. Yet the radio tele- 
phone only started on its practical career when the tele- 
phone engineers-the very men against whom this newer 
form of communication \vas to compete-took an interest 
in certain radio equipment. particularly vacuum tubes, and 
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developed them to a practical point. Today, the radio 
telephone is not a competitor of the wire telephone: it 
is an accessory. It became practical through the efforts 
of the telephone engineers, but in turn it has made wire 
telephony possible over longer distances and with greater 
clearness than could ever have been possible with the 
former equipment. 

The radio telephone today is part and parcel of our 
wire telephone system, and it is fast becoming as practical 
as the latter. Indeed, were it not for the high cost of this 
form of communication, it N+ould be quite within present 
accomplishments for any telephone subscriber to call up a 

relative or friend on an ocean liner several hundred miles 
off shore, the voice being carried over the usual telephone 
line to the central office, through trunk lines to the distant 
radio transmitter, and thence transmitted through the air 
to the steamer. The radio link, as the radio telephone 
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land and the island of Santa Catalina, connecting the mainland lele- 
them a single system. The radio link in this Installation Is a duplex 
handled at one time, or one in each direction. 

service is called when made a part of the usual wire tele- 
pho le system, is destined to become commonplace within 
the next few years. 

Now the foregoing is not a mere flight of fancy. It 
is a matter of record that the American Telephone & 

Telegraph Company recently conducted a series of experi- 
ments with radio links and the transcontinental telephone 
line. Telephonic communication was established between 
the steamship "Gloucester," cruising off Deal Beach, N. 
J., and Santa Catalina Island, situated some thirty miles 
off the California coast in the Vicinity of Long Beach. 
The telephonic communication, in this case, passed from 
the "Gloucester" to Deal Beach, N. J.: from Deal Beach 
to New York via telephone line; from New York to 
San Francisco via transcontinental telephone line; from 
San Francisco to Los Angeles via telephone line; from 
Los Angeles to Long Beach via telephone line; from Long 
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Beach by radio to Pebbly Beach, on Santa Catalina 
Island. From ocean to ocean via radio, telephone line and 
radio again! 

The first commercial radio and connecting land toll line 
is the Santa Catalina Island and California radio link. 
which was set in operation well over a year ago. Radio 
telephone service between Santa Catalina and the main- 
land to connect up with the Bell System exchanges was 
installed at the request of the local telephone company. 
Catalina Island is one of the great tourist resorts in Cali - 

TO - 
SUBSCRIBE 

TRUNKS Tuu 

LOCAL ACM lie 

SAN 
FRA.NSISCOI 

DISTANG NCE' 
TOLL OFRC' 

LINES ot" 

2M. 
PERU 
BEACH 

. RADIO ! STATION 
TO SUBSCRIBERS 

LOS AtIGELES- 

fqPO 

SANTA 
CATALINA IS. . 

AVAION 

PEBBLY 
BEACH 

Nl ap and diagram showing the radio link between the Cali- 
fornia mainland and Santa Catalina Island, and the wire sys- 
tems at either end, all of which (inlet' as a single unit when 

connected together in Ihis manner. 

fornia. It attracts thousands of visitors daily throughout 
the year, who, heretofore, when they left the California 
mainland, remained completely isolated from the rest of 
the lvorld until they returned to Los Angeles, except for 
a much -overloaded naval radio telegraph station on the 
island. 

That this radio line:, which bridges the 31% -mile gap 
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between the island and the mainland, is not in the experi- 
mental stage may be gathered from the fact that it han- 
dles hundreds of messages each day. The large amount 
of commercial traffic with scarcely any interruption which 
the \valon-l.os Angeles toll circuit has carried every day 
since its opening, is an ample proof of the practicability 
of toll lines containing radio links, where, due to physical 
conditions, direct wire connections are impracticable. 

MECIL\NiSM OF Tue RADIO LINKS 

It is virtually impossible to delve deeply into the intri- 
cacies of the Avalon -Los Angeles radio link and toll cir- 
cuit, since ít involves the most elaborate telephone and 
ra(lio engineering practice. Suffice it to say that the dia- 
gram at the left of page 310 shows schematically 
the Avalon -Los Angeles circuit, consisting of a little more 
than one mile of wire line from the \valon central office 

to Pebbly Beach, a 31/ -mile radio link to Long Beach, 
and 25 miles additional wire circuit to Los Angeles. This 
combination wire and ra(lio circuit is operated as a unit 
providing through telephone and signalling from Avalon 
to Los Angeles. At Avalon the circuit may be connected 
with any subscriber's line and at Los Angeles to any local 

subscriber's line, through local exchanges, or with other 
long-distance lines reaching practically any subscriber in 

the hell `stem. 
The difficulties overcome to surmount interference from 

radio stations along tl:e Pacific Coast and a naval station 
on Catalina Island, together with the many sets on ships. 
were many, we learn from the engineers of the American 
Telephone & Telegraph Company and the Western Elec- 
tric Company, who installed the radio link. Practically 
uninterrupted service now has been made possible, how- 
ever, and the quality of the transmitted speech is almost 
perfect; so much so, ill fact, that a user of the telephone 
service that includes the radio link notices virtually no 

difference in the service. 
Among some of the technical obstacles it was found nec- 

essary to overcome before satisfactory operation of the 
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radio link was possible was the problem of housing the 
receiver and transmitting apparatus in the same building 
or in close proximity. This was accomplished by properly 
shielding all leads, shielding the receiver to prevent cross- 
talk front the transmitter, and the use of specially designed 
filter circuits for the receiver. 

The radio link is, in truth, a link. It functions as part 
of the regular telephone system with little or no extra 
complication, so far as the everyday operation and use of 
the system is concerned. Operators are located at the cen- 
tral offices in Los Angeles and Avalon, operating ordinary 
telephone switchboards. They handle the radio link traf- 
fic in the same manner as if the wire circuits were being 
handled. They ring up in the same way by the operation 
of the usual ringing key. In fact; the installation of a 

voice frequency ringing system, Nhich permits the use of 
a ringing key at the regular exchange switchboards in 
Los Angeles and Avalon, for signalling gave rise to some 
trouble and necessitated some changes in design before it 
vas successfully placed in operation. This was due to the 

fact that the apparatus was rushed for the installation 
before it had been given a thorough field trial by the engi- 
neering department of the Western Electric Company. 

The radio link is a duplex system; that is to say, one 
message may be sent in each direction simultaneously. 
ror transmitting, a fair-sized aerial is employed. as indi- 
cated in bird's-eye view on pages 308 and 309, while for re- 
ceiving a loop antenna is used at each end. These loops 
are of the solenoidal type, six feet square. and consist of 
only four or five turns each. To make the duplex opera- 
tion a success, it goes almost without saving that excep- 
tional measures had to he taken, otherwisé the transmitter 
at one end would drown out the incoming signals on the 
loop antenna but a short distance away. The elimination 
of such interference was attained by the use of different 
carrier frequencies for transmission in the two directions. 
Filters, amplifiers and repeaters are employed in large 
numbers, the basis of all this equipment being the im- 
proved vacuum tube. An interesting feature of the receiv- 
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ing apparatus is the provision of relays which close a 
buzzer alarm circuit when the filament of any vacuum 
tube fails. 

The radio transmitter employed at either end makes use 
of a circuit in which the oscillations are generated directly 
in the antenna circuit. The modulation of the radio car- 
rier frequency is accomplished by what is known as the 
"mustant current system." in which both oscillator an_I 
modulator tubes are of 50 watts rating. These tubes are 
of the coated filament type, having relatively low filament 
power consumption and very constant operating charac- 
teristic§. The transferring of the speech current from the 
telephone line to the radio link is an elaborate process. 
Briefly, it may be described in this manner : The speech 
current is applied to a speech amplifier tube, through an 
imput transformer. The output of this amplifier is im- 
pressed on the grid circuits of the two parallel modulator 
tubes through a transformer. The action of these modu- 
lator tubes is that of an amplifier and their ouput voltage 
is impressed on the plate circuits of the two oscillator 
tubes by means of a reactance, which is common to the 
modulator and oscillator plate circuits. This modulation 
of the oscillator plate potential results in speech frequency 
Variation of the amplitude of the antenna current. "1 he 
frequency of the antenna current when not modulated is 
nearly that corresponding to the free period of the antenna 
circuit. 

A RECORD TO BE PROUD Or 
Since the radio link is the only telephone channel be- 

tween the island and the mainland, it was very heavily 
overloaded from the clay of opening until the cessation of 
the summer tourist traffic in the latter part of September, 
I920. Due to the methods employed, the high grade cir- 
cuit, and so on, a great deal more traffic is handled over 
this circuit than is generally handled by a single toll line. 

.\ record of all of the interruptions to service is kept 
at both of the stations together with the cause of the delay, 
its duration, and other information. It is interesting to 



Vacuum type employed in radio transmission. especially for 
the sending end of the radio link. 
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note that although the circuit w as open to commercial 
service during the worst of the static season, subscribers 
had but little or no difficulty in using the circuit. Trans- 
mitting frequencies of 400 and 470 meters were chosen for 
the stations after an extensive survey of the ether, so that 
the telephone would cause the least interfernce to and be 
interfered with the least by radio stations in the vicinity. 
Some trouble was experienced from the Avalon span: 
station located about one mile from the receiving station. 
Avalon transmits on 300 meters. while the Pebbly Beach 
station had its receiving apparatus tuned to 470 meters. 
Upon investigation it proved that the wave emitted by the 
spark transmitter was a broad one, and that when the 
Nave is kept sharp and within certain definite limits of 
purity, so to speak, little or no trouble is experienced from 
this station. 

The circuit, due to the choice of sites, directional char- 
acteristics of the loop antennas, and selectivity of the 
radio receivers, is quite free from interference and it is 
only occasionally that an interfering spark signal is heard. 
The harmonics from the Poulsen arcs installed at the 
Naval Radio Stations at San lliego and Englewood, Cali- 
fornia, have given rise to some trouble. If the arc har- 
monic beats with the radio carrier and side frequencies of 
the radio telephone station at either an audible or nearly 
audible rate, the quality of the speech over the circuit 
may be affected materially. This is in effect the same 
result which obtains v hen speech signals are received on 
an ordinary heterodyne receiver when the local oscillator 
is not adjusted to the same frequency as that of the trans- 
mitter. Although this trouble can be eliminated as soon 
as it is discoverer) by shifting the carrier frequency of the 
radio telephone transmitter a few thousand cycles, it is 

obvious that in the future, when many stations may be 
expected to be operating, this difficulty must be eliminated 
in a more elaborate manner. 

The radio link also provides for a full duplex radio tele- 
graph circuit, capable of sending and receiving messages 
in two directions at the same time. Ordinary telegraph 



Special form of sat itchhoard and radio controls for connecting 
the radio link with the regular telephone Ny-tem. 
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instruments are used at the terminals and ordinary tele- 
graph lines lead to the radio installation. This duplex 
telegraph service operates simultaneously with the radio 
telephone with no interference whatsoever. 

TILE RADIO LIxis AT SEA 

The day is not far distant when every passenger 
steamer at sea will he just as much within reach of the 
regular telephone system and just as much an integral 
part of that system as the modern city apartment. There 
is nothing new in this prophecy : it has been talked about 
and virtually promised ever since radio telephony came 
into existence a decade and a half ago. But toda\ we 

re making very substantial progress toward the early 
realization of telephony from ship to shore, along with 
all the other things promised for radio telephony. 

.Already we are telephoning to sea over the regular tele- 
phone lines. Experiments are being carried on, and while 
much remains to be clone in the way of perfecting and 
refining the various details of this combined telephone and 
radio telephone system, the results indicate that the idea 
is feasible and most likely practical. A person talks over 
the regular telephone line and listens in the same manner 
as usual. The other person on board ship also speaks in 
the usual manner. \side from occasional interference 
from other radio transmitters, especially radio telegraph. 
there is nothing to indicate that the conversation is other 
than an ordinary telephone conversation. 

Recently an official of the Bell System was called to the 
telephone at his residence in New Canaan, Conn., to 
answer a call front Captain Rind, who vas on his ship 
the ".America" of the United States Line as it approached 
New York. At the tinte, the "America" was still 24 hours 
front port, or about 370 miles distant. 

"Hello, this is Captain Rind." 
"'Captain. this is \I r. Thayer of the telephone company. 

I'm up in New Canaan. I understand you are three or 
four hundred miles at sea." 
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"Yes, we were 370 miles from Ambrose light at 7 :30. 

We expect to dock tomorrow evening at 7 or 8." 
"What kind of a trip are you having?" 
"We're having a good trip for this time of the year." 
"Well, I'm glad to have had the pleasure of speaking 

to you. I think it is fine that we can meet and talk this 
way." 

That «as how the conversation ran. Over 100,000 per- 
sons heard the conversation; for the radio link, connecting 
the wire telephone system with the ship radio set, makes 

use of radio waves that may he intercepted and heard 

with the usual radio receiN ing set. It may he that at some 

future date some combination of wave lengths will he em- 

ployed to make the radio telephone link more or less pri- 
vate ; but for the time being the conversations are more 

or less public because of the large number of amateur 
receiving sets within range. 

Preliminary to her last voyage to Europe, the steam- 

ship "America" had been equipped with a radio tele- 

phone set. Throughout the east\sard trip tests were car- 

ried out between the ship and the radio telephone station 

of the Bell System located at Deal Beach, N. l., some 33 

miles south of New York in an air line. These tests were 

overheard night after night by numerous radio amateurs 
along the North Atlantic coast. and led to many questions 

concerning their purpose. Similar inquiries were antici- 
pated .upon the return of the ship and it was thought de- 

sirable by the telephone officials to advise the public by 

means of a demonstration before representatives of the 

press. 
The evening of March 5th was selected as the time for 

this demonstration. since the ship was scheduled to be then 

between 350 and 100 'miles from port, a distance consid- 

ered to be the fair working range, under normal atmos- 

pheric conditions, for the radio transmitters both on hoard 

ship and at Deal Beach. The success of the demonstration 

proved that the time had been well chosen; for, with the 

exception of 10 or 15 minutes during which the wireless 
waves were subject to "fading," as the radio engineers say, 
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telephoning between the ship and shore proceeded without 
the slightest difficulty. 

TYING SIIIPS AND SMOKE BY TELEPHONE 

The schematic drawing on pages 322 and 323 gives a 
general idea of how these experiments in ship -to -shore 
telephony have been carried on. The reader will note that 
two separate stations are being used on the Jersey coast, 
Deal Beach being the transmitting station and Elberon the 
receiving station. For those who are more technically in- 
clined, it might be pointed out that the wire circuit was 
operated on the four -wire principle between Walker Street 
and the radio stations, and on the ordinary two -wire prin- 
ciple from \\ alker Street to New Canaan. A hybrid coil 
and balancing netw ork, such as forms an essential part 
of all telephone repeaters. established the union between 
the two- and four -wire circuits. 

The steamship "America," belonging to the United 
States Shipping Board Ileet, is a 28.000 -ton vessel en- 
gaged in passenger service between New York, 'Cherbourg, 
and Bremen. On the trip of which we are writing she 
carried a large booking of passengers who, during the pro- 
gress of the tests, not only manifested considerable inter- 
est in them but also expressed in no uncertain terms 
their willingness to talk with persons on shore should they 
be given the opportunity. These passengers, in turn, had 
many friends in this country who were equally anxious to , 

communicate with them; indeed, the engineers in charge 
of the Deal Beach station reported an avalanche of more 
telephonic calls than they took time to count from parties 
who wanted permission to talk with friends on hoard. 
One of these requests actually came by telephone from as 
far west as Chicago. 

The demonstration not only brought out the possibilities 
of ship -to -shore communication, but also illustrated its 
shortcomings-shortcomings which are, in large measure. 
characteristic of radio in all its forms. :\t regular inter- 
vals throughout the test, which lasted for over an hour. 
intelligible communication with the ship was prevented by 
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interference from spark stations, most of which were on 
vessels at sea, the spark stations near New York very 
generously having stopped their sending during the period 
of demonstration. The elimination of interference be- t een stations, all engaged in carrying commercial busi- 
ness, is one of the important technical problems of radio 
still waiting solution. 

Another limitation of the radio telephone was forcibly 
brought out by the number of telephone calls which came 
in from persons who said they had simple radio sets in 

their homes and were listening in on the whole conversa- 
tion between the speakers on shore and on the ship. A 

telephone message, once it has been given to the radio 
transmitter for propagation through the air, is virtually 
public property, and as upwards of one-half million radio 
amateurs throughout the country know, it is the simplest 
matter in the world to listen in on such a message. How- 
ever, there are ways in which secrecy may ultimately be 

obtained for the radio link of a telephone system. 
Moreover, atmospheric conditions exert a marked in- 

fluence upon the ease with which a radio message traveis 
through space. These conditions vary greatly from day to 

clay and from hour to hour. This can well be illustrated 
by the observations which have been made in connection 
with the radio link of the telephone system operating be- 

tween Long Beach, 'California. and Catalina Island. The 
distance between the mainland and the island is 30 miles, 
and the sets have been made sufficiently powerful to trans- 
mit speech across this distance under the most unfavorable 
conditions. On the other hand, it has been found that 
this amount of power is sufficient under exceptionally 
favorable conditions to make these messages readily audi- 
ble in New Zealand, 5,000 miles away. One of the most 
difficult radio problems the telephone engineers have en- 

countered is the transmission of a fixed quantity of cur- 
rent over the telephone lines in spite of the extremely 
variable intensity of the radio signals which are to be 

relayed over these lines. 
Another atmospheric phenomenon which is a source of 
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most serious disturbance to radio transmission and which 
thus far has baffled all attempts to eliminate it, is the so- 
called "static." Fortunately, for the demonstration we 
have just described, there was very little static present. 
Its occurrence varies greatly with the season of the year, 
anti in the northern hemisphere is particularly trouble- 
some during summer. Indeed, there are hours and even 
days together when all but the strongest radio signals are 
obliterated. 

The radio link-the spanning of space between bits of 
regular telephone system-must come. The difficulties in 
the way of everyday, practical ship -to -shore communication 
are numerous and formidable, but they are certain to be 
brushed aside just as so many other obstacles in radio 
have been overcome. 

AND WHAT OF TIIE FUTURE? 

To say that the radio link between land units and be- 
tween land units and ships at sea, is here in a practical 
and workaday way would be to exaggerate the facts in 
the case. Much remains to be done, as any one who has 
listened ín to the experiments must realize. The inter- 
ference from other radio stations, the static, the fading 
away of a transmitter-all these features hamper radio 
telephony to a marked degree and must be very much 
ameliorated before we can hope for a system that will be as 
positive and reliable as our present wire telephones. Of 
course, for short spans, like the Long Beach--\valon radio 
link, for which a good deal of power is employed in view 
of the short distance, the results are really reliable ; but 
then the radio link must be capable of spanning many 
hundred miles, especially in telephoning to sea, if it is to 
be made of some commercial value. 

The question of secrecy is an important one, for nobody 
cares to be talking to a relative or friend while one hun- 
dred thousand other persons are listening in. Just so 
long as the messages stay on the wires, they are private, 
but at the present stage of radio telephony the moment 
these same messages are passed through the radio trans- 
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mitter they become public property. However, this ques- 
tion of secrecy can be solved-and ít will be solved, in 
the very near future. There are several ways in which 
this end can be attained. Perhaps the ultimate solution 
will be obtained by a system of double or triple waves 
employed simultaneously for the transmission of speech 
so that unless a person has a receiving set which intercepts 
a certain combination of waves, only a small and almost 
unintellighle part of the conversation will be detected. It 
is also quite possible to use a device at the transmitting 
end which continually alters the wave length of the trans- 
mitted radiophone waves, while the receiving set is also 
provided with a means of altering its wave length in step 
with the transmitter. 

As for static, it will he with us for many years to come. 
There have been many so-called static eliminators intro- 
duced from time to time. and we are assured over and 
over again that this arch enemy of radio has been banished 
for all time. But the fact remains that despite all kinds 
of static eliminators said to be practical and available, 
we continue to be troubled by static in our commercial 
and amateur work alike. 

The wire telephone n as not perfected over night. and 
we cannot expect the radio telephone, which dates back to 
but a few years in point of real, practical development, 
to evolve into perfected communication overnight. Then 
the problems of transmitting through space are consider- 
ably more numerous and involved than those of the wire 
telephone. It is going to take time, but the clay must 
come when the radio telephone will be an everyday con- 
venience. 

171M - - - - - 
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