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PREFACE

Tare revised and enlarged edition of RADIO
UP TO THE MINUTE incorporates a complete
theoretical and praetical explanation of radio in
non-technical langnage. Stress has been laid on
broadcasting and amateur equipments rather than
on commercial apparatus.

It bas been the aim of the auther to set forth
in common langunage the Principles Underlying
the Operation of Radio and to show how each
picee of apparatus funetions in the radio eireunit.

It is hoped that the experimenter will find the
volume uszeful as a handbook. Hadie Clubs will
find material for radio talks and discussions. As
far as possible, information given ordinarily in
radio periodieals -has been omitted.

It is infended that this volume shall be true to
its name and bring to its readers up-to-the-minute
infermation on Radio as it finds its way day by
day into the millions of American homes.

A. R N.
New York City



RADIO
UP TO THE MINUTE

CHAPTER I

EARLY DAYS OF RADID

It is appropriate that any explanation of radio
to the uninitiated shounld inelude, however brief,
something of the origin of the art.

The complete history would reguire several vol-
umes and would inelude the efforts of experi-
menters who have contributed to the final resulf,
but who did not in their day even dream of what
they had individually assisted in construeting.

The radio art owes its origin to Professor Hein-
rich Hertz, a German seientiat, who in the eighties
conducted a series of experiments which led to
the construction of the first apparatus for propa-
gating and detecting ether waves, which he de-
geribed in 1888 in his book “Electric Waves.”’
Professor Hertz’s work, however, was not fully
proclaimed uniil Guglielmo (William) Mareconi,
then a very youthful Italian student, conceived its

1
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commercial advantages and 'ntilizing Hertz's ex-
periments and his own ideas originated the first
praetical radio stations.

Hertz, the pioneer, had understood and applied
the prineiple of resonance. Mareoni fook the
Hertz oscillator and resonater and adapted them
for a transmitter and a receiver, respectively, by
making both cirenits open instead of closed, and
grounding the antenna. Tuning between the
transmitting and receiving antenna in this pioneer
work was accomplished by increasing or decreas-
irir the eapacity of the plates on top of his aerials.

In his experiments Hertz had used for a de-
tector a mieroscopic spark gap. Marconi in his
work utilized a Branley-Lodge coherer as a de-
tector,

TUsing the Morse telegraph eode, Marconi com-
meneed by signaling a few hundred yards, but with
the aid of the Ttalian and British governments he
inereased the range of lis apparatus until he had
demonstrated that radio was a practieal commer-
cial possibility with unlimited scope.

It is interesting at this stage te note that Signor
Marconi, more fortunate than some famous in-
ventors, surrounded himself with asseciates who
had the foresight and imagination {o picture the
future possibilities of the new science. If was this
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that has enabled Marconi to-day, in the prime of
his life, to reap the material benefits of his pioneer
work.

No historical reference to modern radio would
be complete without sppreciating the experi-
ments of Sir Oliver Lodge, the famous English
seientist who, as early as 1888, experimented along
the lines originated by Heriz and contributed valu-
able aid towards making the art the success of to-
day. Later Professor Lodge was to become asso-
ciated with the Mareoni interests, as also was
ancther eminent Englishman, Professor J. A.
Fleming, wha has confributed to the radio art
several valuable text books. Tn fact, it might be
stated that he was first to write any substantial
work on the subjeet. Later he was to revolutionize
radio with his original work on wvacuum tubes,
which we will deal with in its place or chrenoclog-
ieal order.

Following Mareoni’s entrance into the field and
the filing of his first palent in 1895, radio teleg-
raphy was taken from the academie to the com-
merecial stage and from that date various improve-
ments by innumerable experimenters have fol-
Iowed with endless repetition.

It may be stated, at this stage, without fear of
contradiction, that radio telegraphy and telephony
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has been productive of more patents and more
patent litigation than any other science, art or
industry invented by man. Patenis issued to date
in the United States and foreign countries already
number tens of thousands. Litigation upon the
snbject has littered the couris. Referenee to all
who have contributed to the art can, therefore, not
be made within the seope of this volume, and any
neglect to give eredif, where eredit is due, is not
premeditated. We will endeavor to give the
reader only the principal events which seem to
oceur, as it were, as stepping stones in radio
engineering.

Following Marconi’s commereialization of
radio, ag we may term if, came rapid developments
on both sides of the Atlantie.

Nicolas Tesla, in 1897, infrodoeced the tuned
transmitter and receiver, or what was to become
kmown as the two cirenif transmitter and receiver,
which was eventunally to lead to much litigation in
the courts. In 1898 Marconi patenied his first
deuble eircuit receiver, retaining, however, his
original plain aerial transmitter. Della Riecia, in
the same year, adopted a closed and open oscilla-
tory transmitter, while Braun and Stone, in 1899,
both devised inductively coupled apparatus.

Dneretet and Pupin, in 1899-1900, it would seem,



EARLY DAYS OF RADIO 5

were the first engineers to resort to what is known
as eonductively coupled eireunits, which were used
most suceessfully commercially for a number of
years prior to the introduction of radio laws and
regulations. After the promulgation of these
laws, conduetively coupled cirenits became imprae-
tical as the wave emitted did not comply with the
requirementa of the new regulations.

In 1900 Signor Marconi and Professor Braun
shared the Nobel prize for their efforts in the
radio field. This was the first public recognition
of the new seience and an acknowledgement of its
importance in the scheme of human events.

High Spark Frequency.—Wireless teleg-
raphy had now reached a stage when its study at-
tracted the brightest minds of the scientifieally
thinking world.

All the earlier equipments had employed as a
primary source of energy induction coils, with
various means of breaking the direct eurrent.
Owing to mechanieal difficulties these *“make and
break’” devices were necessarily slow in action,
with the resultant low spark frequency. The
manipulation of these early equipments required
considerable skill on the part of the pioneer opera-
tors to maintain a “spark,’? indeed, the old time
radio telegrapher, in despatehing a batch of busis
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ness, necessarily would eonduet a series of experi-
ments during his efforts. -

These induction eoil sets gradually gave way to
‘‘power’’ sets, in other words, alternating current
supplied by motor generators, supplied the power
source. The usnal commercial frequency of sixty
eyles was first employed. While the practieal
operation of radio apparatus was immeasurably
improved, the low spark frequeney objection still
remained.

F'essenden appears to be the first radio engineer
to suggest a remedy to low spark frequencies and
apparatus known by his name appeared which
gave forth a high musical note and did much to
overcome ‘‘static’” or ‘‘atmospheries,’” which has
been and continues to be the bughear or hoodoo
of radio.

A Ferman system known as “Telefunken' also
utilized a high frequency alternator to produce
the high musical note.

These high spark frequeney equipments utilized
either rotating gaps to convert sixty eyele alter-
nations or “‘quenched”™ gaps.

The spark system, however, is rapidly hecom-
ing extinet. In its place has come the vaenum
tube. The advantages of the vacuum tube system
over the old spark system are manifold. Trans
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mission over greater distamees with less power
ranks, perhaps, first. Interferenee iz eut fo a
minimum and the signals of the vacuum tube sys-
tem are more easily heard through static. The
days of the spark are numbered.

While the development of radio was progressing
rapidly, during the decade of 1900-1910, the
“apark?” was practically the only system used in
commercial wireless telegraphy. Great progress,
however, had been made in what is te-day kmown
as 1he ““continuons wave’” or the *“are’’ systems.
As the former term indicates, this system em-
ployved a continnous or ““undamped?’ wave as its
pringiple.

Poulsen was the originator of the ‘‘are’’ method,
while Alexandersen produced a high frequency
alternator, whieh, while having a comparatively
low rate of . P. M., delivered an exceedingly high
frequency. Both systems are uged extensively to-
day by aperating companies.

An evolution of the vacuum tube, dealf with
later, also produced another form of continuous
wave radio {ransmission, which can be said to have
put radio telephony where it is to-day. X

Undoubtedly, owing to its greater efficiency,
eontinnous wave radiotelegraphy will eventually
displace the spark svstems, although, especially
on shipboard, both systems are often used in one
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station. This, however, is merely as a convenience
and a necessity under existing conditions, as a
complete change from one system fo the other
would be too radieal from a eommercial or prae-
tical point of view. It is one that will come very
gradually.

It will now be necessary to go back to the eom-
parative early days of radio to bring the reader
to the development in the seienee, which possibly,
has resulted in the astonishing, and we might say,
miraculous results that are obtained to-day.

Vacuum Tube Discovered.—Professor
J. A. Pleming, after associating himself with
Marconi, developed what is kmown as the ““Flem-
ing Valve.”! This invention was to be the most
important development in the radio field.

The Fleming valve was inspired from the ef-
feets of the Edison incandescent eleetric lamp, and
takes us into a study of the ““eleciron theory.’”
Thomas Edison, the inventor of the lamp, had
experimented in its pioneer days and discovered
that by placing a plate within a bulb separate and
untouching the filament, a flow of electrons was
observed from the filament to the plate,

Fleming, casting about for an improved de.
teetor, studied this effect and discovered that this
flow of electrons was always in the same direction
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and of a negative nature, flowing from the heated
filament to the eold plate. This flow could be con-
trolled by inserting a rheostat in the filament eir-
enit and increasing or decreasing the filament
current. These valves when properly constrocted
made excellent deteetors for “*spark? radio sig-
nals.

After Fleming’s valve came the discovery by
Dr. Lee DeForest, of the “three element?’ vacunm
tube, which he called an ““audion.”” DeForest in-
serted what he termed a “grid”’ between the fila-
ment and plate. This was possibly the most im-
portant discovery yet made in the new geience of
radio, and during the years of the World War,
was to revolntionize the art. With the coming of
the andion, methods of amplifying or increasing
the intengity of radio signals were devised.
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CHAPTER II
FLEMENTARY ELECTRICTTY

Tuarre is a wonderful phenomens, the exact
nature of which we know nothing definite, vet we
are able to govern, actually measure and otherwise
control its action. This peeuliar phenomena is
called “‘electricity,?” In its action we often com-
pare it with water, as it has analogous characier-
istics, which are frequently used for comparative
purposes in teaching the elementary prineiples of
radio or eleetricity.

It ghould, however, be earefully borne in mind
whenever clectrieity and water are likened to each
other that expressions of ““flow’” and *‘eurrent’?
and other similar terms are merely analogous.
They are methods that originated in the early days
of eleetricity, when eleetricity was considered
gome form of invisible fluid which actually flowed.
These terms and expressions are utilized to-day in
explanatory prefaces only as they are unszeful in
forming mental photographs of the theoretical
action of electricity in motion.

Electrical phenomena may be placed in two

11
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general classes, one of which is termed ‘““static’
electricity, when the electrical charges are at rest,
and the other iz ““dynamie” or “‘eurrent’ elec-
tricity, when the charges are in mofion along a
eonductor.

When an insnlator, such as sealing wax, is
rubbed with fur, or a glass tube with silk, it ae-

Fia. 1, Tnlike bodies atitact esch other.

quires the property of attracting light bodies near
it, and is said to be “‘charged.”” This action shows
that forces exist in adjacent space, and there is
said to be an ‘‘electrostatie,’” or, to use another
term, a “‘static field of force,” about the charged
I:H:-:I:r When two charged bodies are brought near
together they may either be attracted or repelled,
depending on the nature of the twa charges. If the
rubbed glass is brought near particles touched and
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charged by the rubbed sealing wax, they will be
attracted to it, and similarly, if the rubbed wax
i8 brought near partieles charged by the glass,
they will be atiracted (Fig. 1) ; but two bodies both
‘of which have been charged by either the glass or
the wax, will repel each other. Hence, like charges

Fig, 2, Like bodies repel each other,

repel each other and unlike charges attract each
other (Fig. 2). The names “‘positive’’ and “‘nega-
tive” have been given respectively to these
charges. 1

It is common knowledge that a battery or
dynamo supplies what is known as a current of
eleetricity. To obtain the eurrent there must be a
complete closed or conducting path from the bat-
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tery or dynamo through the apparatus it is de-
sired to be actnafed by the eurrent, and back again
to the battery or dynamo. For example, when
connecting up an electric bell, a wire is carried
from one binding post or terminal of the batiery,
to one of the bell, and a second wire is brought
from the other binding post of the bell back to the
remaining terminal of the battery. Any break
in the wire immediately causes the current to stop
and the bell would eease ringing. This example
furnishes an illustration of the easy comtrol of an
cleetrie cireuit, since it is only necessary to break
the eirenil at one point to stop the flow of eur-
rent, or to conmect across the gap a piece of metal
to start the current going again.

Similar considerations apply when we are uzing
the common house lighting facilities. Wires are
breught direet or indireetly, but always in a eir-
enit, from the eleetrie light plant or stafion fo
the lamp, a small gap in the socket is provided.
When the current is on and the civenit complete
this gap is bridged by a metal conneection, this is
usually controlled by a snap spring. When the
light is no longer required, you snap the switeh
and the metal conneetion is opened, the gap is
formed in the ecirenit and the current oceases
(Fig. 3).
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Sometimes the lamps suddenly go out, and it
is explained that a fuse has been blown. A short
piece of easily fused metal through which enrrent
hag been passed has suddenly melted. This has
caused a gap in the cirenit and the enrrent ceases to

Dymmc m

l‘{m
:':rm

Fig. 3. Siniple we]eetumal eirenit.

fow and vour lights are extingunished. Electrieity
must therefore flow in very part of the ecireuit
gerved, so that it ig leaving one side of the battery
or dynamo and returning fo it at the other side.
The earrent flowing in a cirenit is no stronger at
one point of the eirenif than at another. This ia
proved by connecting a measuring instrument
called an “ammeter” info the circnit. Plaee the
ammeter at different points and it will register the
same at whatever point the test is made. A useful
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illustration of the electrie current is a closed pipe
completely filled with water, provided with & pump
or some other deviee for causing a eirculation of
the water. The amount of water which leaves a
given point in each second is just the same as the
amount which arrives in the same length of time.

In the electrie eirenit we have no material fluid,
but we suppose that there exists a substance,
which we call eleetricity, This electricity behaves
in the above described cireuit in very much the
same manner as an incompressible fluid in a pipe
line. We are very sure that electricity iz not like
any material substance that we know, we will,
therefore, have to imagine current to be a stream
of eleetricity flowing around the eircuit.

One way of measuring the rapidity with which
water is flowing, is to let it pass through a meter
which registers the total number of gallons which
pass through. By dividing the quantity by the
time it has taken to pass, we may obtain the
rapidity of the flow. There are instruments by
which it is possible to measure the total quantity
of electricity which passes in the cireuit during a
certain time. If we divide this quantity by the
time, we obtain the amount of electricity which has
passed in one second. This is a measure of the
ourrent strength.
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In praetice, however, the strength of the current
18 measured by instruments known as ammeters,
which show at any moment how strong the eur-
rent is. If also enables ns fo tell at a glance what
changes may take place in the current flow from
moment to moment. We may, also, by means of
an amperg-hour meter, ascertain the amount of
energy that has passed over the eirenit. These
two recording instruments, the ammeter and the
ampere-hour meter, therefore, would correspond
to the speedometer on an antomobile which points
out, on one dial, the number of miles the ear is
speeding at the moment, and on another dial the
number of miles the ear has traveled.

Electromotive Fovce.—Water will not
flow in a pipe line unless there is some foree push-
ing it along, as, for example, a pump, and it cannot
be kept flowing without econtinning the pressare.
Eleetricity, also, will not flow in a eirenit unless
there is pressure brought to bear. In the case of
an eleetrieal circuit a battery or dyname provides
this souree of pressure, which is called *“*electro-
motive foree,”* or, in other words, a foree which
puts eleetricity in motion. In common praectice
this is always abbreviated to em.f. The larger
the number of cells in the battery, the greater will
be the electric pressure and the larger the current
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which may flow in the circuit. The size of the bat-
tery or the dynamo would correspond to the size of
a tank or reservoir of water, and the amount of
current which may be allowed to flow in the cles-
trie circuit would represent a pipe in which the
water from the tank flowed. The amounnt of water
in the tank would be expressed in “‘gallons.”? In
the case of electricity the amount of pressnre
would be expressed in ““volie” and the amount of
current would be shown in “‘amperes’®. Volis
multiplied by amperes give watts.

Resistance and Conductance.—There iz
always some resistance or impediment to a flow or
current of eleetricity, just as there is always re-
sistanee of some kind which hinders a flow of
water. In the ease of water, some partially closed
valve or fancet would check the flow, also there is
always a roughness in the pipe line which causes
frietion. Similarly in*an electric cireuit there are
certain hindrances which are termed by the name
“resistance.’”” The greater the resistance the
smaller the amount of current which will pass
throngh the cirenit (Fig, 4).

Resistance is determined by the kinds of mate-
rials of which the cirenit is made up, just as the
passage of a stream of water is determined by the
character of the path over which it passes, or the
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pipe through which it flows. Just as the amount
of wafer in a pipe line may be limited by the size
of a pipe, so may the amount of electricity in a

Fra. 4. lustration of resistance by partially elosed

walve. P, pump. V, valve. R, resistance in electrical
eirenit.

certain eireuit be limited by the size and matérial
of the wire conducting if.
In governing the flow of water we use valves

or fancets to eheck the flow of water. In handling
electricity we use “‘resistance coilsa”’ to govern the
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flow of current in any given circunit. There is a
well defined law which is used in this relation,
which is ealled Ohm’s law, being named after its
discoverer, Professor Ohm, and in speaking of a
given amount of resistance in any given cireuit,
we always deseribe the cirenit as having go many
ohms resistance, an ‘“‘ohm’’ being the unit of
resistance.

Certain metals or materials offer more or less
resistance to a flow of eleetricity than others.
These are well known and divided into well defined
groups, A material through which a eurrent will
pass readily and with least resistance is called a
*‘conductor,” or deseribed as good eonducting
material, while those possessing qualities which
will oppose great resistance and almost prevent
any current of electricily to pass are called *“insu-
lators’” or good insulating materigl. We also al-
lude to the Iatter as non-conductors. Among eon-
duetors it is well known what amount of resistance
a piece of wire of a given metal will offer. It is
from this knowledge that we utilize eopper for
the purpose of eonducting electricity without great
resistance, and why we generally use ““German
silver’’ to manufacture certain resistance coils
when we wish to offer resistance in the passage
of a enrrent.
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1t is also known that materials such as glass,
poreelain and rubber possess excellent insulating
qualities and are therefore used very largely as
ingulators. However, there is no material that
will permit the passage of no electricity whatever,
and for that reason we have what is called *‘leak-
age current’’ and “‘line losses.”’

While it 13 a question of material in determining
the factor of resistance in a condueting cirenit, it
is alse the size of the conductor which must be
eonsidered. In the case of a given piece of wire
of a uniform cross section, its resistance is always
found to be proportional direetly to its length and
inversely to its eross seetional area.

Electrieal resistanee in all substances is found
to depend upon temperature and is found to alter
more or less with any ehange of femperature, All
metals and mostly all alloys nsed in eleetrical en-
gineering increase their resistance with a risimg
temperature; while carbons and liquid eonduetors
like electrolyte used in batteries, show a decrease
in resistance as the temperature rises.

Eleetrical Control.—Having diseussed, the
question of resistance, we should now pass to the
subject of current control. In radio the need is
constantly arising for controlling electrical pres-
gure and eurrent to certain required values. This
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is generally accomplished by varying the resist-
ance in the circunit by means of resistors. Resist-
org are made in a variety of ways and known by
several names, depending upon their enrrent car-
rying capacity and their range. Some are called
“repistance boxes,’” others, “‘rheostats,’’ and are
generally manufactured in a form which permits
of easy variation and are compact for econvenience.
However, banks of incandescent lamps are very
often used as resistance units and are, indeed,
most satisfactory in experimental work where fine
adjustment is needed. The change in resgistance in
such a theostat is made by switching individual
lamps. on or off as desired.
Conductors.—Conductors of eleetricity used
in leading a eurrent from one point to another are,
as pointed ont earlier, usually made of metals or
metallic alloys. If the condunetor is transmitting
energy to a distant point, some of that energy will
be wasted in heat. These losses should be kept
as small as possible and therefore great care is
taken in choosing the material and the size of the
wire, TFor economie reasons it is desirable that
the crosz section be not too great, and a desirable
material must be selected that will accomplish two
purposes, economy and efficiency. After much
experiment, copper is fonnd to be sueh a material.
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Where light weight is important and increased
dimengions not undesirable, aluminum is some-
times used. Steel or iron are seldom used in radio
work ag a conductor. For conductors in antenne,
where strength and aimospherie condifions must
be congidered, phospher-bronze and silicon-bronze
are almost exclnsively nged. Copper, however, is
the best metal eonductor, where all considerations
must be averaged. )

Now, on the other hand, where resistors or re-
sistance eoils are essential, the opposite of good
eonductivity is desired and a material of great
resistivity is demanded. A metal is required high
and constant in resistivity; yet not bulky. Iron is
neither high enough in resistivity nor constant in
action. Grerman silver or manganese are generally
acceptable as resistors and found to cause less
variations in temperature, in faet, their tempera-
ture coefficient in the circuit is practically neg-
ligible,

Insulators — Non-Conductors. — We
have dwelt upon the subject of good conduetivity
and must next chow the importance of good in-
sulation in the scheme of radio.

In order that the cleetric energy may be con-
fined to the definite and limited path that we desire
in radio, it is most essential that the insulation
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we use be of the best material. Insulators are alao
known as dieleetries, and the latter expression will
often be used later when we deal with the subject
of condensers.

We are all familiar with the fact that electrie
wires are covered with materials composed of lay-
ers of cotton, silk, rubber and compounds of vari-
ous kinds, kmown to be non-conducting, and that
they are generally supported on or strung along
glass, hard rubber, porcelain or compound kunobs.
An excellent insulator is a special glass known as
“P}TE:CE.”

Most insulators except glass show a de-
erease in their power of resistance with changes
of {emperature and atmospherie econditions.
Humidity and fog lower their insulating standards,
and in the event that such substances as slate,
marble, bakelite, hard fiber and similar materials
are used as panel boards, unless they are carefully
protected from atmospheric conditions will
“sweat’’ and cause a surface leakage.

Sources of Eleetricity.—In preceding
pages we have alluded to electro-motive foree, or
emf,, and having discussed how electrical energy
can be conducted along definite lines or paths, we
will go into the guestion of its souree.

There are several methoeds in whieh electrical
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energy may be derived from other sources of
power. Kach one of these power or energy trans-
formations sets up a condition which causes cur-
rent or emf. to flow, in short, produces electro-
motive force.

The two most common and practical methods
will be discussed in the following pages. These
are ‘‘static’’ or “*frictional’’ electricity and ‘*bat-
feries?’ or eleetricity produced by ‘‘chemical
action,”

In earlier paragraphs we deseribed how a piece
of sealing wax when rubbed with a piece of fur,
acquired new properties and could be said to be
‘olectrified.”” A force would be required to sep-
arate the wax and fur and therefore work is done
if they are to be moved apart. After rubbing
the wax and fur both bodies wonld now have the
power of attracting light substances, such as
pieces of tissue paper or light particles of wheat
chaff. The wax is said to have a negative charge,
and the fur a posilive charge of electricity.

These charges exist in equal amounts and taken
together neutralize each other. A body that is
uncharged is said to be neutral. When these
charges are at rest on conducting bodies they are
ealled electrostatic charges.

Electrostatic charges, as a rule are very small.
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There are, in radio practice, two methods of
deriving the primary source of power. These are
from batteries and from “‘induced’’ electromotive
foree. We shall deal with each in its turn.

Batieries.—In general practice, there are
two types of batteries used in radio work, one
called a “‘primary’’ and the other a “*secondary”’
or “‘gtorage battery.”?

With a primary cell new energy can be obtained
by putting in new chemieals or parts, in the see-
ondary cell, energy is renewed by sending a cur-
rent of electricity derived from z mechanical or
some other source, through the chemicals already
in the cell, and by charging and recharging can
be used over and over again. We shall first de-
seribe the primary battery.

Wet or Gravity Cell.—I1f two metal plates,
one of pure zine and one of pure copper, not in con-
tact with each other, are immersed in dilute sul-
phurie acid, no chemical action will take place.
However, when the plates are connected by a wire
or some other conductor outside of the liguid, a
eurrent will flow in the conduetor, as a chemieal
action tales place in the cell, The sulphurie acid
acting on the zine plate forms zine snlphate, and
the hydrogen liberated from the acid appears at
the copper plate. The direction of this flow of
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enrrent is always from the copper plate, through
the eonductor or metallie circuit to the zine plate
and back through the diluted aeid to the copper
plate. The copper plate is termed the ** positive”’
pole and the zinc plate the ‘‘negative’” pole, and
the direction of flow is arbitrarily said to be from
positive to negative. For purposes of simplicity

Fia. 5. Simple wet or gravity cell.

in marking terminals or preparing diagrams, the
plus () sign is always given to the positive and
the negalive sign (—) to the negative plates
(Fig. 5).
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The eurrent given by the simple cell deseribed
does not remain constant, as it begins to weaken
after the connection between the plates is made,
or, in other words, the cireuit closed. This dimin-
ighing current is caused by the hydrogen, lib-
erated from the acid, accumulating in small bub-
bles on the copper plate. This aceumulation of
hydrogen bubbles diminishes the area of contact
of the liguid on the faces of the ecopper plate, thus
increasing the resistance of the eell, This action
ig called ““polarization.’” To overcome this, what
is known as a ‘‘depolarizer’’ is utilized, in the
form of a chemical substance added to the acid, or
electrolyte, as the sulphurie solution is also called.
The action of the depolarizer is confined fo the
positive plate and is kept from contact with the
negative plate.

There are two prineipal types of primary cells,
the ““wet’’ and **dry’* cells, The wet or ““gravity’
eell, above deseribed, is used largely by telegraph
and telephone eompanies, due to economy and also
as it is mainly free from polarization. If a large
output ia desired, the internal resistance must be
low, that is, with a minimum of polarization. In
these cells the depolarizer is generally placed in
the bottom of the cell and is kept free from the
electrolyte by gravity, hence the name. The cop-
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per electrode is placed in this solution which eon-
sists of copper sulphate, The zine negative plate
is kept separate in the sulphurie electrolyte above.
The veoltage given by the average cell is between
one and two volts per ecell. The voltage of a cell
depends upon the substanees nsed for plates or
elecirodes, and is also effected by the electrolytic
solution. Therefore, many varieties of electro-
Iytes are used when the electrodes are eopper and
zine, but all give approximately one volt per cell
When a certain eleetromotive foree is required
and no regular source of supply available, it is
useful to know that an emergeney souree of volt-
age may be obtained by taking two different kinds
of metal and placing them in any kind of acid, or
even in water. 1t must be remembered, however,
that the solution attacking the plates most vio-
lently will produce the best results, bearing in
mind the above remarks regarding polarization.
Dry Cells.—The dry or sal ammoniae cell is
used largely in radio, not for its superior qualities
as compared with the gravity cell, but because of
its convenient, compact form. The solution of sal
ammoniac used in it is contained in an absorbent
material and the cell is thoreoughly sealed against
spilling or leakage. The outer shell is made of
zing, forming one electrode. The positive elec-



30 RADIO UP TO THE MINUTE

trode is a carbon rod in the center, this is sur-
rounded by a mixtaure of carbon and manganese
dioxide. The latter mixture is saturated with a
gal ammoniac solution and talkes up most of the
interior of the container. This sal ammoniae
electrolyte is partly in a depolarizing mixture and
partly in a porous separator placed between the
zine and depolarizing mizture.

These dry cells are not as free from polarizing
effects as the previcusly deseribed wet or gravity
cells. They are made in several sizes. For heavy
or ignition purposes they will deliver a current of
thirty amperes when short-cirenifed, provided
they are new or little used. They lose their energy-
producing powers very quickly when used con-
stantly, but in intermittent serviee have a fairly
nseful term of life, sometimes six months,

Dry batteries for telephones and bells are gen-
erally made smaller, delivering about twenty
amperes upon short-eireuiting, but lasting longer
than ignition cells, sometimes they are useful for
OVEr A Year.

Miniature dry eells for vacuum tube work and
for flashlights, are made in varying sizes, but lose
their effectiveness quickly, of course, depending
upon the period the vacuum tube or flashlight is
used.
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The emf. developed in an unused dry cell is
from 1.5 to 1.65 wvolts. In purchasing new ecells
the reader should know that any new dry cell hav-
ing less emf. than 1.4 volts indicates a defect
or deterioration through long *‘shelf life.”’

The amount of energy delivered from the dry
eell increases with inereasing temperatures, but
the higher the temperature, the faster does the eell
deteriorate when not in use. It is, therefore, best
to keep them in a temperature below 25 degrees
centigrade.

Owing to various ¢auses, due to compactness in
manufacturing and its comparatively rapid polar-
ization, dry cells are not useful for delivering a
steady current for a long time in servies and
should only be used in radio when an intermittent
current or a very small eurrent is required, such
as plate battery service or buzzer ringing. When
heavier duty is required, it is much more prefer-
able and economiecal to utilize ‘‘storage’’ or see-
ondary batteries, described below.

Storage or Secondary Batieries.—The
difference: between the gravity primary eell, pre-
viously referred to, and the secondary or storage
cell, is in the method of renewing the active mate-
rial. While the primary eell iz renewed by sup-
plying new electrolyte and replacing the worn out
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zine electrode with a new one, dry cells cannot be
renewed. In the storage battery, however, the
necessary chemical conditions of the plates is re-
stored by the action of a eurrent of electricity from
some outer source, usually from a dynamo.

While the cell is supplying emf., it is said to
be “discharging’’ and when receiving a renewal
of energy it is said te be *charging.”” The direc-
tion of the current when charging is always op-
posite to the eurrent when discharging.

Storage batteries in general have low internal
resistances when in good order and will therefore
deliver relatively large currents, this is a great
advantage, Care must, however, be taken to pre-
vent accidental short-cireniting, as this would
cause an excessive current and rapid deteriora-
tion, or even ruination, of the battery.

Voltage changes during the period of discharge
are gmall and thus fairly-econstant eurrent ean be
maintained.

There are two types of storage batteries in gen-
eral use, the ““lead”’ cell and the ““Edison’ or
“alkaline’” eell.

The Lead Plate Cell.—In the cell type of
battery, the plates are made of lead, in the form of
a grid, Each plate contains many tiny ecells, like
honeycomb, and often called by the name “grid.”
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Cellaloid Cindaings

1 lewtd elidtala

Into these noneycombed cells is heavily pressed,
or foreed, a mixture of red lead, litharge and
sulphuric acid. When twe plates thus prepared
are immersed in an eleefrolyte consisting of a
twenty per cent sulphurie acid solution, and an
eleetrie current passes befween them, hydrogen
will accumulate on the plate from which the cur-
vent leaves the eell, thus in one plate the active
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material is rednced to a spongy lead, and in the
other the same material is being changed to lead
peroxide, as it takes up oxygen. The eell now eon-
tains a lead perexide plate, called positive ()
and a spongy lead plate, called negative (—)
(Fig. 6).

After the charge is eut off, assuming it is fully
charged, if the cell is connected in a circuit, cur-
rent will flow in an opposite direetion to that by
which it was eharged. The eell upon completion
of the full charge, should show a voltage, on open
eireuit, of approximately 2.2 volts, this, however,
will quiekly drop te about 2 volts. As the battery
ig discharged the voltage will gradually fall. The
discharge should never be earried below 1.75 velts.

The container of a lead ¢ell must be of a mate-
rial sulphuric acid will not attack and is usually of
either glass or hard rubber. The former for large
stafionary batteries and the latter for the portable
types.

The negative plates appear gray and the posi-
tive reddish in color,

There are innumerable types and each manu-
facturer carefully enumerates on the name plate
the specific rate, in amperes, of charge and dis-
ehargo. This is necessary as he is the only one
who knows the size, weight and number of plates
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in the eell, upon which the discharge and charg-
ing rate is based, and the life and general efficiency
of the battery is greatly decreased if this normal
rate ig not adhered to,

There is a chemieal action between the lead and
the electrolyte, which forms lead sulphate during
the course of @ discharge. This uses up the acid
and the density of the electrolyte grows less, this
results in the formation of lead sulphate, whitish
gray in appearance {when dry) which is dissolved
in the solation.

For testing the density of battery electrolytes,
an instrument ealled a “hydrometer’ is the best
instrument to use, as the density of the sclution
is the best indieation of its condition. In other
words, the density of eleetrolyte rises and falls
with the charging and discharging of the eell, and
a test of the density or specifie gravity of the solu-
tion readily indicates its eondition.

Greaf eare 1s required in the handling of stor-
age batteries to prevent ‘“‘sulphating.” -

If a cell iz repeatedly charged and discharged
at its normal rate, as indieated by the manufactar-
er’s name plate, the amount of lead sulphate
formed will be small and not harmful. However,
if the battery is misused, for instance, charged
and discharged at an excessive rate, or perhaps
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allowed to be idle when in a rundown condition,
there will form an excessive deposit of lead sul-
phate. As the erystals of sulphate inerease they
erowd out the active materials, stresses are formed
and the plates disintegrate or buckle. This ren-
ders the cell into such a condition that it is almost
impossible to repair, and certainly the battery
will never be normal again,

Storage batteries of all types, boih lead and
alkaline, are graded when manufactured and rated
aceording to the ampere-hour ecapacity. This
capacity is generally expressed by the maker on
the same name plate as the rate of charge or
discharge. The larger the plate the greater may
be the current used from it. For example, a forty
ampere hour battery should yield one ampere for
forty hours, or, fo put if in another way, ten
amperes for four hours. If, however, five amperes
is the rate mentioned on the normal discharge and
charge rate of the cell, it shonld only be discharged
at that rate and also recharged at that rate, which
would give the normal usefulness as five amperes
for eight hours.

Batteries are seldom used as they were intended
and it is thus that zo many experimenters have
considerable trouble and do net enjoy the full life
of the cell.
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Edison Cells,—This is a type of storage bat-
tery developed by the famous Thomas Edison, as
the name indicates, and also known as the “‘Nickel-
Iron and Alkaline Cell*” (Flig. 7).

In construction, the positive plate consists of
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Fig. 7. Edison cell storage battery.

alternate layers of nickel hydrate and pure nickel
flake, packed in perforated nickel-plated steel
tubes. Several are arranged in a steel frame.
The negative plate is of iron oxide packed simi-
larly. These plates are immersed in a twenty
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per cent solution of caustic potash and water, and
the whole is contained in a tightly sealed sheet
steel eontainer. This eleetrolytic solution earries
oxygen between {he plates, but does not form
chemical componnds with the aclive materials,
remaining approximately eonstant in density dur-
ing charge and discharge.

The voltage of an Edison eell while charging
may rise to 1.8 volts. When discharging this will
drop suddenly to about 1.4 volts and as the dis-
charge continues will drop mere gradually to 1.1
volts, near the end of the discharge. Discharge
should not be allowed to go below 0.9 volt; when
that rate is reached the cell should be recharged.

If it ie found after much use that the density of
the alkaline electrolyte has fallen as low as, about,
1.16, measured by the usual means of ascertaining
gpecific gravity of liquids, the solution must be
renewed. This should be done by pouring off the
old and refilling with entirely new eleetrolyte.

The height of the electrolyte above the plates
should always be kept at about half an inch. This
applics to both lead and Kdison cells, As there is
always more or less evaporation of the solutions,
this may be accomplished by adding distilled or
chemiecally pure water to bring the height half an
inch above the plates.
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Comparisons of Storage Balteries.—
The construction of previcusly mentioned types
of secondary batteries is so radiecally different,
that a brief comparison of the two is not out of
place.

The lead cell will suffer serious injury if not
well cared for and if not charged and discharged
aceording to the use for which it is rated. Fur-
ther, it will deteriorate rapidly if allowed to re-
main idle without care.

An Edison battery, on the other hand, by nature
of its sturdier comstruction and the materials
utilized, may be said to be as near ‘‘fool-proof®?
as anything thus far placed upon the market. It
will retain its charge over a long period of idle-
nesgs. It may remain idle for an indefinite time,
either charged or discharged, without injury. It
may be completely short-cirenited and totally dis-
charged without harm, whereas this wonld ruin a
lead eell. An Edison cell ean be charged or dis-
charged at rates differing from its normal
rate, while it has been previcusly shown that
the lead cell must be handled at near its normal
rate.

Charging Storage Batteries.—While the
general method of charging both lead and Edison
eells is similar, there are featores which are
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not alike that would require some differentia-
tion in the deseription of {hese charging
methods.

Lead Cells.—Previously we have mentioned
that there are certain charge and discharge rates
preseribed for certain types and sizes of lead cell
batteries.

While a battery is receiving a current from some
outside souree it is said to be “‘charging.’

In Figure No. 8 is given a diagram of a cirenit,
which is typical for charging batteries. The
dynamo, or supply of direct eurrent, is marked
D, and is connected through the ammeter and
rheostat, marked R, to the battery, so that the
positive pole of the supply soures or dynamo, is
connected to the positive pole of the battery; this
will send the charging current against the electro-
motive foree of the battery. To thus connect the
positive pole of the dynamo to the positive pole
of the battery, is most important, as a reversal of
this would cause the storage battery to discharge
instead of charge and cause great injury to the
cells.

Before charging, an inspection of the electro-
Iyte should be made and if found less than one-
half inch above the top, chemieally pure or dis-
tilled water should be added until that amount of
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eleetrolyte shows over the top of the plate. Do
net epill the water over the top of the cover of the
eell, or a short circuit will result through the
water from the positive to the negative poles and
a leakage occur, resulting in a total discharge of
the cell, if the leakage is allowed to continue.

If suitable measuring instruments, such as a
voltmeter and ammeter, are not used, it may not
always be known which is the positive and nega-
tive line in the source of supply. A very simple
experiment may determine this question. Take a
glass of water that eontainz a little salt or acid,
place both supply leads in the lLiquid, being eare-
ful to keep them apart, say, by half or one inch.
Bubbles will be observed to come from the nega-
tive terminal.

For lead cells, in charging, it is neeessary to
allow two and cne-half volts for cach eell. If a
smaller voltage than that which is to be reached
by the eell, you would discharge instead of charge
the cell. If the source of supply voltage is not
sufficient to charge all your cells in series, they
may be divided into groups and these groups may
be placed parallel to each other, If this arrange-
ment is neeessary, eare must be exercised that
the negative lead from one bank of ecells in series,
to the negative pole of the other bank, and from
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positive to positive terminals of each bank, then
the leads from the two banks thus joined will be
lead as described previously. From the positive
pole to the positive terminal of the dynamo and
negative to negative.

Hydrogen is given off from charging batieries,
and greaf eare must be taken to keep naked lights
from the vicinity of the cells, or an explosion will
result., Some very painful aceidents have hap-
pened to numerous unwary people who have, for
instance, lighted a match to peer into a charging
battery, in order to ascertain its eondition. This
precantion applies to both lead and Edison ecells.

Edison Beattery Charging.——The same
cirenit utilized for charging lead cells may be
employved for charging Fdison eells.

The charging source should have a voltage
equal to 1.85 times the number of eells in series.

Before starting to charge, open the covers of
the compartment, if the battery is in one. See
that the solution is at the proper level.

Do not allow the femperature of the solution
to exceed 115 degrees Fahrenheit. Excessive tem-
perature on charge will shorten the life of the
battery.

As in lead cell charging, be sure to econnect the
positive side of the Iine to the positive pole of the
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battery, and the negative line fo the negative pole.

The specific gravity of the seolution will not
change during the charge or discharge except in
cases of extreme low or high temperature and
therefore hydrometer readings are of no value in
determining the state of charge or discharge of
the battery.

The proper length of charge is determined by
the extent of the previous discharge. If the bat-
tery is totally discharged, recharge it at the nor-
mal rate for the proper number of hours. If the
battery was only one-half discharged, recharge at
the normal rate for one-half the time, ete.

If the extent of the previeus discharge is un-
known, charge af the normal rate until the volt-
meter reading has remained eonstant for thirty
minutes at about 1.80 volts per eell, with normal
current flowing.

If necessary, and full capacity iz not reguired,
a battery may be taken off charge at any fime.



CHAPTER IIT
MAGNETISM AND ELECTRO-MAGNETTSM

Toere is a form of iron found in the earth
known as black oxide of iron, also ealled magne-
tite or magnetic iron ore. This particular iren
ore has remarkable properties. For instance, if
a piece of magnetite is dipped into iron or stesl
filings, the filings will adhere to it and is known
as a “natural magnet.”’ If a small piece of this
substance is suspended by a very slender thread,
such as sill, it will point in northerly and south-
erly direction.

If & small rod of iron is brought near a pieee
of magnetite, or is rubbed on it in a certain way,
it will show the same properties as the piece of
magnetite, If the rod be made of hard steel this
effect will persist after the magnetite has been
removed from its vicinity, and is known as a
“permanent magnet.”?

We are almost all acquainted with the horse-
shoe shaped magnet, and probably have played

with them when children.
45
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Magnets are also made by winding a eoil of
wire around a rod of goft iron and passing an
eleetric eurrent through the coil (Fig. 9). As
long as the electricity passes through the coil the
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Fra. 9. Magnetic fleld of & solenoid.

iron is magnetized and is called an *“‘electro-
magnet.’” These are the familiar examples we
find in eleetric bells, buzzers and telegraph
sounders, and if you serew the ear cap off a tele-
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phone receiver you will find an excellent simple
eleetro-magnet. If the bar around which the coil
is wound is made of eerfain hard steel, that bar
would be permanently magnetized.

A small steel rod mounted pivocally will turn
in almost a north and south direction and is the
familiar compass needle used by mariners to de-
termine the direction they are proceeding. The

Fig. 10. Magnetic field of bar magnet ss shown by iron
filings.

end pointing north is ealled the **North Pole
and that pointing south, the “‘Scouth Poele.”’

Two magnetic poles are said to be alike when
they both attraet or both repel the same pole. If
one pole attracts the other they are unlike, if a
pole repels another, they are alike, therefore, as
previously explained in the disenssion of negative
and positive connections of a battery, like mag-
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netic poles repel each other and unlike poles at-
tract each other. It iz then very easy to deter-
mine which is the north or sonth pole of a magnet
by placing a small compagss near the magnet and
obeerving which way the needle points.

Place a sheet of paper over a magnet and
sprinkle iron filings upon it and yon will find they
will arrange themselves in two groups, ene group
over the north and the other over the sonth pole
(Fig. 10). This indieates that there are forces
in the space around the magnet that act on its
poles. These forees are ealled “‘magnetic lines
of force’! and appear to eenter in the two poles of
the magnet.

The space around the magnet in which these
lines of forces may be detected is ealled the **mag-
netic field,”” and the direction of the magnelie
field is the direction in which the compass needle
will point, if a compass is nsed as above deseribed.
This needle will always point north.

Experiments with a compass, as shown above,
determine that there is a magnetic field about a
wire in which a eurrent of eclectricity is flowing,
and that this field is in the form of concentrie eir-
eles about the wire. These circles lie in planes
at right angles to the axis of the wire. If the
wire is grasped by the right hand with the thumb
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pointing in the direction of the current, the fingers
will show the direction of the magnetic field (Fig.
11). This field extends to an indefinite distance
from the wire, but as it becomes more distant the
effeet becomes correspondingly feeble and there is

Fia. 11. Right hand rule for determining direction of
current and magnetie lines of forces.

greater diffienlty in defecting its presence. If
the current is cut off, the magnetic field likewise
disappears. When a current is flowing in a wire,
we must imagine the magnetie field as started and
sweeping outward from the conduetor, with the
gxis of the wire as its eenter,

If the wire in which a carrent is flowing is bent
info many cireles or turns and these turns wound
close together the intensity of the magnetie field
is inereased in direct proportion to the number
of turns in the wire.

If the space within the eoil iz filled with irom,
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the magnetie lines or ““flux’ is greatly increased.
This is due to a peculiar property of iron which
is called magnetic **permeability.’” This is fo
say that when the spaee is filled with iren instead
of air alone that the magnetism is stronger.

Tt should be remembered that this magnetic in-
duetion in a coil depends upon the number of
ampere turns in the eoil and the permeability of
the iron.

If the earrent in the windings is reversed the
direction of the magnetic field iz also reversed.

If two different magnetic fields are brought to-
gether in the same spaee;, with their directions
parallel, a foree is always developed. If the lines
of magnetic flux are in the same direction, the
two ficlds mutually repel one andther, and if the
flux lines are i opposite directions the two fields
will be drawn together. 'When a eurrent flows in
a wire which is at right angles to a magnetie field,
a force will act on the wire.

When the wire which earries the current is at
right angles to the direction of the magnetie field,
the pushing foree on the wire is equal to the
product of the current, the intensily of the mag-
netie field, and the length of wire which lies in
the magnetic field.

If the wire makes some other angle with the
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direetion of the magnetie field, the direction of
the foree is still the same as for the right angle
position, butl the value of the force is smaller. In
the single instance that the direction of the eur-
rent coincides with the direction of the magnetic
field, the foree is zero.

This push on a single wire is in most cases
small, but by arranging many wires in a very in-
tense magnetie field, very large forees may be
obtained. The powerful turning effect of an elee-
tric motor depends upon these prineiples.

There is always a magnetic field about an elec-
trie current. The lines of magnelic flux are
closed curves and the electric cirenit is alse
elosed. The lines of magnetic flux are then
thonght of as always interlinked with the wire
turne of the ecirenit. The number of flux lines
through a coil will depend upon the eurrent, and
any change in the eurrent will change the num-
ber of linkings. If there are two turns of wire
the cirenit will link twice with the same magnetic
flux, and so, for any number of turns the number
of linkings inereases with the number of turns.

Induced Eleeltromotive Forece.—
Whenever there is any change in the number of
linkings between the magnetic flux lines and the
wire turns, there is always an emf. indueced
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in the eireuit. If the eireuit is closed a enrrent
will follow. This is called an induced cur-
rent. As an example we can observe the effects
produced by two solencids fixed in the position

Fra, 12, IMustrating an indueed purrent. Current
started in A induces current in B.

ghown in Fig, 12, 1f a current is started in one
of them, A, there will be a eurrent induced in the
other, which will eontinue to flow as long as the
current in A is inereasing. If the current in A
becomes steady, there is no eurrent induced in B.
If the eurrent in A falls off, the induced eurrent
in B is reversed in direction. In all cases it must
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be remembered that the magnetic field about the
induced eurrent tends fo oppose the change that
is causing the induced current, The magnitude
of the induced emf. depends upon the time rate
of change of the number of linkings.

Imduwetance.~—The value of inductance de-
pends upon the shape and size and upon the
permeability of the medium sbout the cireuit.
The induetance does not depend upon the enrrent
which is flowing, except when iron is present. By
coiling up a piece of wire in many {furns and intro-
ducing it into the eirveuit, the inductance of the
circuit may be greatly inereased. In that case
the inductanee is said to be eoncentrated. Tt must
not be everlooked that the entire eireanit has induet-
ance. This may be distributed more or less uni-
formly throughout the cireuit.

If a piece of wire is connected to one terminal
of a dry cell, and tapped on the other terminal, a
very slight spark may be seen in a darkened room.
If a coil of many tarns of wire is included in
geries, with this eell, the same process of tapping
will show brilliant sparks, particularly if the eoil
has an iron core. The explanation of this lies in
the fact that the cell voltage of 1.5 is too feeble
to cause much of a spark. However when the
large inductance is included in the current, there
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is a large number of linkings between wire turns
and flux lines. If these flux lines collapse sud-
denly, as they do when the eireunit is broken, there
will be a large change in the number of linkings
taling place in a very small interval of fime.
This prineiple is made use of in ignition apparatus
and spark or induction eoils.

In mechanics it is well known that a piece of
matter eannot set itself in motion and that energy
must be supplied from outside. So in the elee-
trie eireunifl, a eurrent eannot set itself in motion,
and energy must be supplied by some form of
generator or source of elestromotive foree.

As an illustration of indnetance we may use the
following example. When a nail 1s foreed into a
piece of wood, the mere weight of the hammer as
it rests on the head will produce but little effect.
However, by raising the hammer and letting it
acquire considerable speed, the kinetic energy
stored is large and when the motion of dropping
the hammer is stopped, this energy is expounded
in foreing the nail into the wood. In the eleetrie
cirenit a cell with its small emf. can only eause
a feeble spark. By including a piece of wire of
many furng in the cireuwif, however, a small enr-
rent will enable a large amount of energy fo be
stored in the magnetie field, if the inductance is
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large. Then when the cirenit is broken and the
field collapses, this large amount of energy is re-
leased suddenly, and a hot spark of considerable
length ig the result.

Alternating Current. — An alternating
eurrent iz one in which eleetrieity flows around the
eirenit, first in one direction and then in the oppe-

+

¥blifage or
Cearrent

A

_

Fig. 13, Showing g eyele of alternating eurrent,

site direetion, the maximum value of the caorrent
in one direction being equal to the maximum value
in the other. All changes of eurrent gecur over
and over again at perfectly regular intervals. A
graphical representation of this is shown in Fig.
13, the potential commeneces at A, which repre-
sents zero potential, rising to its maximum voltage
of, say, 110 wolts, then falling to zero at B, the
eurrent then reverses itself and flows in the oppo-
site polarity, again rising to 110 volts and drop-



a6 RADIO UP TO THE MINUTE

ping to zero at €. From A to B represents an
“glternation’ and from A to €, a ‘‘eyele,”’ thus
each eyele consigts of two alternations.

The frequency of alternating eurrent is deter-
mined by the number of eycles per second. In
ordinary commereial use, for lighfing and power,
25 to 60 eycles per second is the usual frequency,
mostly 60 cyele. In Europe they often use 50
eyele alternators. However, in radio practice
higher frequencies are desirable and in modern
spark transmitters 500 eyeles is considered the
standard. This gives the emitted signals a high
musical tone, as the spark frequeney from such
an alternating eurrent would be 1,000 per second,
or one spark discharge for every alternation of
the current. This matier of spark frequenecy is
only mentioned in passing and will be fully dis-
cussed later under the caption of radio trams.
mission.

Alternators.—Alternating eurrent is pro-
duced by eleetrical machinery. Eleetrical ma-
chines are used for conversion of power from
mechanieal to electrical form, or vice versa. If
driven by some sort of prime mover like a steam
enigine, gas engine or water wheel, they convert
mechanieal power into eleetrical power and are
ealled “‘generators.’”” If sopplied with current
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and used to drive machinery, vehicles, or other de-
vices, thus converting electrical power into me-
chanical power, they are called “‘motors.”’

While there are varions types of motors and
various types of generators, the difference is more
in the nse than in the appearance or eonstruetion.
Eleetric machines may be built for either direct
or alternating enrrent. If a generator of alter-
nating eurrent, called an alternator, is driven by
a mofar, this machine is known as a motor gen-
erator,



CHAPTER 1V
EXPLANATION OF RADIO

Rapio signals are produced by propagating
waves in that pecnliar medium known as the
ether. These waves are originated by setting up
high freguency oscillations radiating from an
“antenma® or, as it is also known, an “‘aerial.”

The antenna oscillations cause waves in the
surrounding ether to be radiated into space in all
directions at the tremendous speed of 186,000
miles per second, which is the same speed at
which light travels.

These ether waves, coming in eontact with an
antenna at a reeeiving station, set up in the re-
ceiving antenna oseillations which, by means of
suitable apparatus (hereafter described in this
volume), are reetified by means of a detector so
as to be audible to the human ear, g