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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



EARLY DAYS OF BEADIO 3

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,
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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



EARLY DAYS OF RADIO T

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.



ELEMENTARY ELECTRICITY 23

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-
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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.



ELEMENTARY ELECTRICITY 31

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



38 RADIO UP TO THE MINUTE

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-
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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, generally by
the use of telephones.

By this means the signals of the Morse code or
telephonic speech can be carried on.

The force or amplitude of ether waves depends

on the energy developed in the antenna cireuit.
a5
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The greater the amplitude of ether waves, the
farther do they travel and the farther can they
be perceived before their foree is spent. But the
amplitude of the waves in no way affects their
rate of travel, nor their frequency.

The speed at which these waves follow each
other 1s termed “‘wave frequency.” Wave fre-
quency depends upon the characteristics of the
gending circuit, and is controlled by varying the
capacity, inductanee and resistance. In other
words, by varying the size of the condenser unit
or the inductance eoil. Details of various types
of apparatus, such as condensers, efe, are dis-
cussed elsewhere and will be alluded to in these
preliminary pages only as aids to a& general un-
derstanding of radio.

A given cirenit will produce oscillations at only
a certain fived rate depending on the factors of
induetance, ete, just as a pendulum ean swing
at only a fixed rate, depending upon its length
and weight. In ordinary commercial practice
the wave frequeney varies from as much as
2,000,000 per second to as little as 100,000 per
seeond.

Wave Length.—We now eome fo what is
known as ‘*wave length,”! or in other words the
distance from the peak of one wave to the peak of
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the succeeding wave. As-an analogy we can pie-
ture the distance from the top of a water wave to
the top or peak of the succeeding wave, although
other waves may be of different form to water
waves. -

Dividing the veloeity of the waves, 186,000 miles
per second, by the number of waves per second,
gives ue the wave length. We may put this in
another form and say that the product of the
wave length by the frequeney is always 186,000,
It will, therefore, be seen that it is of importance
that & student shonld bear in mind the speed
with which efher waves travel.

In disenssing wave lengths, it should be care-
fully noted that it is only by means of variations
of wave lengths that it is possible to operate a
number of radio stations within the same area or
region. Any desired wave length can be obtained
by varying the eireuit which determines wave fre-
quency.

Wave lengths used in commereial practice vary
from a few meters to thousands of meters.

Wave length plays such an important part in
radio that a perfect understanding of the subject
is essential. For illustrative purposes, we may
compare several radio stations working in the
same loeality, on similar wave lengths, to several
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persons gpeaking in the same room at the same
time. A listener at a receiving station, or an-
other peraon listening in the same room to the
speakers, would be ‘‘jammed,” or “interfered
with,”" to use radio terms of expression.

Supposing you could devise something that
would eliminate all but one of the stations and all
but cne of the speakers, you would eliminate in-
terference. In radio, interference is overcome by
what is known as “‘tuning.'’ Stations in the same
vicinity, by laws, regulations and mutual agree-
ment, employ different wave lengths. By a re-
eeiving instrument known as a “tuner' or ‘‘re-
ceiver’’ it is possible to listen to only one station,
or if desired, an arrangement of cirenits can be
made for ““broad tuning?! and “‘sharp tuning."’
As ihe names imply, broad tuning enables the
person reeeiving to listen to several stations,
working on various wave lengths (within a eer-
tain scope), but with resultant interference, while
the latter permits only the reception of signals
from one station.

In commercial practice this arrangement for
listening in on broad tuning is very desirable, as
an operator is enabled to eateh any “‘eall,’* and
by arrangement of switches and dials rapidly
throw over to the tuning devices providing for
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sharp or selective tuning. Details of sueh re-
ceivers will he found under that heading within
these eovers.

Wave Frequency.—FLarly in 1923 the De-
partment of Commerce under Secretary Hoover
ealled on a group of radio experts to formulate
temporary rules for the regulation of radio
broadeasting with the objeet of reducing inter-
ference between stations. This group held what
was known as the Second National Radio Con-
ference. One of the important recommenda-
tions was that the wavelength at which a station
was to operate on be referred to as being com-
posed of so many kiloeyeles and that kiloeyeles be
the standard ferm fo be used instead of meters.
The reazon for this as well ag its advantages are
easily understood.

The waves sent out by a radio fransmitter are
in fact an alternafing current of a very high fre-
queney, the frequency varying inversely with the
wavelength. In other words, the longer the wave-
length the slower the oseillations, just as if it
took longer for the oscillations to make a round
trip in a long wavelength than in a shorter wave-
length. An oscillation is a complete reversal of
an alternating current. Tha current value at the
start of the oseillation is zero and gradually builds
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up to its maximum value in one direction, which
for the sake of explanation may be called positive,
it then dies down to zero'in value and starts off
in the opposite direetion which may be ecalled
negative. A complete reversal such as this is
ealled an oscillation consisting of ene eyele. The
longer the wavelengith the slower will be these
gacillations. There is a definite relationship
between the number of oscillations taking place
per second and the wavelength which is shown by
the following formula:

0, (00 00,000
?;:ueltgm weazelaiei — kiloeyeles
Velocity of waves in kilometers per second=
wavelength ¥ kiloeyeles,

Using the above method of calenlation the fol-
lowing table has been prepared which shows
directly the conversion of meters to kilocyeles.

kiloeyeles =

meters  kiloeyeles meters  kilopeyeles
100 2000 fal hib
150 2000 6o 500
200 1500 650 ' 461
250 1200 700 425
200 1000 Ta0 400
350 BED 200 375
400 T30 840 a53
450 666 G500 333

a0a E00 1000 400
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If is seen from the above table that there is a
difference of 1000 kileeyeles in the fifty meters
between 100 and 150 meters, while there is only a
difference of 33 kilocyeles in the 100 meters be-
tween 900 and 1000 meters, The difference in
kilogycles gradunally becomes less as the wave-
length inereases.

(On the above basis, therefore, if is quite evident
that it is not logieal to expect the same number of
stations to work without interfering with one
another in the fifty meters between 600 and 650
meters, a differonce of only 39 kiloeyeles, ag be-
tween 300 and 350 meters, a difference of 140 kilo-
eyeles. Yet under the old scheme of allocating
by wavelength this was the result.

In 1927 a law regulating radio was passed by
Congress which is generally kmown as the Radio
Act of 1927, This law governs all radio frans-
miggion in the United States and its peossessions.
Another act was passed ereating a eommission to
administrate the law. This commission 1s known
as the Federal Radie Commigsion and its mem-
bera are appointed by the 'resident.

In November, 1927, an International Radio Con-
vention was held in Washington which further
drew up regulations governing radio ifransmis-
sions in most of the countries of the world. This
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convention assigned wavelengths te the various
services, such as the amateurs, broadeasting, com-
mereial ship and shore, transoceanie, transcon-
tinental and avialion stations.

The result of the vast growth of radio trans-
missions simultaneously ceeupying the air is the
design of betfer receiving apparatus.

Wave Trains or Groups—A ‘“‘wave
train™ is a group of ether waves, sent out at one
condenser discharge and eontaing numbers of in-
dividual waves, depending on the ecirenit condi-
tions previously alluded to.

Wherever these waves strike a receiving an-
tenma in their travel from the transmitling sta-
tion, they will set up in the recciving antenna
oscillations identical to those from the trans-
mitting station. These osecillations, as we have
shown; are very frequent, usually so rapid (say
over a million per second) that they are beyond
the range of the audibility of the human ear,
whieh ean only detect sounds of a frequeney not
greater than 4000 or 5000 per second.

We must, therefore, utilize some device to detect
ether waves. In common praclice this is ealled
a ‘‘detector”” and using a pair of telephones in
conjunction therewith we are emabled, as it were,
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to take the energy from the antenna, which, pass-
ing through the detector produces a click in the
telephomes. The charaeteristies of the many de-
tectoras together with their associated receiving
circuits is fully dealt with in sueeeeding chapters.

Resonanece.—From the foreroing, it will be
seen that high frequency oseillations, radiated as
ether waves from a transmitfing antenna, will set
up characteristic oscillations in a reeeiving an-
tenna, within their path or range.

In practice, however, best results are obtained
only when the sending and receiving antenna are
“in tune,’ or as it is eommercially termed, “‘in
resonance,”’

To properly understand this phenomenon, it
would be well to take examples well known to
everybody with even & slight knowledge of musie,
or throngh acoustics.

Take the example of two bells of similar tone,
strike one and the other bell will respond without
being struck. Also, the instance of twe tuning
forks of the same characterisfics, strike one until
it gives forth a musical note, it will, on the prin-
ciple of resonance, sound a similar note in the
second fork without the latter being struck.
However, neither the fork nor the bell will actuate
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another fork or bell unless they are similar in
every charaecteriztie.

A similar condition exists in radio and is a eon-
dition that must predominate in the thoughts of
the experimenter who would be successful in his
efforts.

In order to have radio signals very high fre-
gueney enrrents in the erder of a million or more
oseillations per second must be produced in both
the fransmitting and receiving sets. To produce
this effect the sending and receiving apparatus
must constitute eleetrie eirenits within themselves.
They must have inductance and capaeity and are
called oscillating civenits. Lwery electric eir-
enit whether it be oscillating or otherwise, has
an eleetrieal length. In other words, it takes a
high frequency eurrent a certain fime to pass
through it and return. This clectrieal length is
called the “‘period’’ of the circuit. The nataral
period of a circuit, therefore, determines its
wavelength and also the number of osecillations
that can take place in it in one second of time.
As an example, a eirenil with a certain value of
inductance and capacity may allow 1000 kiloeycles
to oscillate in it per second. This is the number
of oscillations which can pass through it travel-
ling at the rate of 186,000 miles per second. It
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is easily seen that inasmuch as all electric oseil-
lations travel at this rate of speed the number
of oscillations depends entirely npon the length
of the cirenit eleetrically. The wavelength in
thig case is 300 meters according to the formula

below:
300,000,000 meters

Wavelength ==
natural period of cirenit (frequeney)

Three hundred million meters equals 186,000
miles and is the gpeed of the waves.

A transmitting eirvenit having a natural peried
like the above example would zend onl waves of
300 meter wavelength and the receiving ecirenit
would have to be placed in resonance to this
period of ogeillation in order that the signals
might be received. If the sending station above
were sending out signals on 300 meters or had a
period of 1,000 kiloeyeles (1,000,000 cyeles) it has
a certain relative electrieal length., Now re-
member the example referred to where two bells
of similar tone were struck. Both bells had the
same period of osecillation. Likewise, the receiv-
ing station to regpond to the transmilfing station
above must have the same electrieal length or
natural period. When this condition exisis the
circuits are said to be in resonance.
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The energy sent out by the radio transmitter
and reeeived by the receiver manifests itself in
the form of oscillations which may be likened to
waves of nnseen energy. It is believed that these
waves would appear like the air vibrations seen
over a hot radiator if they were visible. Radio
waves, however, are electric in nature and travel
at the rate of 1860,000 miles per second.

Radio Oscillations—If a stone is thrown
in a pool of still water, waves or ripples are set
up on the surface of the poel radiating out in all
direetions from the point where the stone entered
the water. The waves were most violent at the
instant when and at the point where, the stone
struck thie water. As the waves werc propagated
ont in ecirenlar form they became weaker in
direet proportion to the distance from the point
where the stone struck. Likewise, they became
weaker in direet proportion to the lapse of time.
In other words, they were very strong at the first
second, but considerably weaker after the tenth
geeond. To use a seientific term it might be said
that the waves were ““damped ont’’ shortly after
they were started. They could not go on indefi-
nitely because there was no continuous genrce of
disturbing power to ‘‘generate’ them. Radio
waves, too, are ‘‘generated’” and unless the
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gource of power that makes the waves is continn-
ous, without the slightest interruption, they are
also damped waves. If, on the other hand, the
source of generating power is continuous the
waves are undamped, sustained or continuous,
the three adjectives used to designate such waves
or oscillations,

i
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Fra. 14, SBimple spark discharge eivenit.

Damped Waves.—The circuit in Fig. 14
will produce damped waves, the alternator, N,
generates a low voltage current, for example 100
volts. This eorrent flows throngh the primary of
the high potential transformer, P. This sets up
a field of foree in the primary which induces an
electromotive foree In the secondary, 8. The
secondary has many more turns than the pri-
mary, therefore the transformer is called a step-
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up transformer. It will step up the voltage in
the same proportion as the winding of second-
ary is to that of the primary. For example, if
the primary has 500 turns and the secondary 5000
turng of wire the ratio of transformation will
be as 500 to 5000 or 1 te 10, If the voltage in the
primary is 100, as in the above example, then the
voltage in the secondary will be 1000; ten times
inereased or stepped-up.

A condenser, €, is connected across the second-
ary, 8, and is charged by the high voltage cur-
rent. A condenser may be likened to a fank in
that it will hold just so much of an eleetric charge
and no more ; when it is full it spills over or dis-
charges, so to speak. The condenser will con-
tinue to store electricity which is pumped into it
by the secondary as long as there i3 no conducting
path through which it may discharge. It is to be
noticed that a eoil of wire called an induetance, L,
iz connected around the condenser, but that the
eircuit 18 broken at the peint indicated by the two
terminating dots. This break 15 called the spark
gap and the distance between the points of this
gap determines the break down voltage of the
condenser. Let us assume, for example, that the
gap is set a fraction of an inch apart; there is a
small air space between its points. If it takes
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1000 wvolts to leap this gap the eondenser will
store up 1000 volts of static electricity and then
the potential energy in the condenser which is
continually secking to flow through the indue-
tance ecirenit will be strong cmough fo leap the
gap and & spark is seen and the eondenser has
discharged. At the start of the discharge the
energy in the discharge is relatively very strong
and produces correspondingly strong eleetro-
magnefic waves in the same way that the stone
caused strong water waves in the pool at the time
it struck. Like the pool waves these electrie
waves, having no continuous source of power,
the emergy in the condenser being dissipated
until it again is charged or pumped up, so to
speak, by the sceondary, gradually get weaker
and weaker until after a few oscillations have
taken place they cease or die ouf. It is said
then that they have been damped or smothered
and they are ealled damped waves. A damped
wave train may be said to be a train of oseil-
lations in which there is a decrease in the ampli-
tude of each sueceeding oscillation, commencing
at maximum and deereasing to minimum for
each train, The number of oscillations which
take place in a given eireuit depends on the volt-
age in the secondary of the step-up transformer,
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the eapacity of the condenser, the value of the
inductance, and the length of the spark gap.
Damped waves may be received on either a erystal
or vaenum tube detector,

Undamped Waves.—IT the source of élae-
frie. power in the Fig. 14, marked N, were a
high voliage menerator, 300 volis for example,
and the condenser connected across the generator,
the transformer heing left out, and an are (eop-
per and carbon cleeirodes) substituted for the
spark gap the cireait will generate undamped
oscillations. This is due to the faet that the
generator, N, keeps the are burning confinuously
and fthe arec in turn discharges continuously
through the oscillating cirenit. A eurve of these
oscillations would appear as in Fig 13, each
alternation having the same amplitude, or in other
words being undamped. Undamped waves are
more efficient than damped waves and are, theve-
fore, used for long disfance fransmission in such
as the transoceanic stations located throughout
the world. Undamped waves modulated fo con-
form to sound waves are used in radio broadcast-
ing. Pure undamped waves cannot be received
on a erystal detector but regnire a device called
a tikker or some form of beat receiver which is
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Inown as the heterodyne or regenerafive receiver
and which will be deseribed in a later chapter.

An undamped wave may, therefore, be defined
as a train of oscillations of constant amplitude;
each oscillation being identical with the one pre-
ceding if.

Radio in Operation.—Radio or wireless
as it was previously ecalled, means to communi-
eate between two diztant points. withont the use
of intervening wires. Such a svstem must do
several things and these are listed below:

First, Create radio waves,

Becond, Radiate these waves.

Third, Deteet the waves.

Fourth, Amplify the waves.

Fifth, Reprodues or make andible the waves.

All radio systems perform the above funetions,
gome do more, such as in the broadeasting trans-
mitter the waves are modulated and sometimes
amplified before being radiated.

Radio wavas are ereated or generated in several
ways. Damped waves are generated by the dis-
charpe of a condenser as deseribed in a previous
paragraph. Undamped waves are generated by
an arc generator as previously described, by a
high frequency alternator connected directly to
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the aerial and ground or by vacuum tube oseil-
lators. Damped waves are produced by what are
called “*spark seis' and are nsed mosily on ship-
hoard or at low power coast slations. They are
the source of a great amount of interference due to
the broaduess of the damped waves which makes
it impossible to tune it out. In other words, a
damped wave can be heard over a wide range on
the receiving set compared to the undamped wave.

Radio waves are radiated by means of the aerial
and ground system. An aerial for radiating or
transmitting purposes must be mueh larger than
a receiving aerial relatively speaking.

The coherer was the first practical type of de-
tector used in a radio system. It was soon found
to be impractical for distance work and was re-
placed by the erystal detector, Next in order eame
the two electrode vaeunm valve and the most re-
cent inventions for this purpose the three and
four element vacuum tube. Two element tubes

are now usced as reclifiers.
It was nof until the invention of the vacunm

tube that radio signals could be amplified. It
is now possible to amplify the original signal to
many hnndreds of times ifs original power. In
the amplification eirenit small {ransformers
knmown as amplifying transformers are used in
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conjunction with the vacuum tubes. There are
two methods of amplification employed. One is
known as the aundio frequeney and the other as the
radio frequency mefthod of amplifieation.

Radio signals are reproduced usually by means
of headphones or loudspeakers. There are other
means of automatic recording used in commerecial
work but they are beyond the seope of our discus-
sicn. Ieadphones and loudspeakers are made in
many types and vary greatly in efficiency.

Fading of Signals.—If you have ever lis-
tened to a distant station transmitting it is quite
probable that you have noticed that the signals in
some cases seem to be strong and weak in an ir-
regular manuer. This ig called fading and may
be due to the fact that as the radio waves leave
the transmitting station they take the form of
““sky waves’ and “ground’’ waves’’ which some-
times oppose and sometimes angment each other.
A study of Fig. 15 will illustrate the theory of
signal fading as accepted by radio engineers.

This fading is not noticeable from all stations,
it depends upon the distanee the sending station
is from the receiving station. A eertain station
may fade in one section and not fade at all in an-
other

The theory of fading is based on an explanation
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given by Sir Oliver Heaviside and it is not a
proven theory, but simply a logical explanation.
Twenty or fifty miles up, the atmosphere sur-
rounding the earth is very rare and iz an elee-
trical conductor. Inasmuch as all electrical con-
ductors are also good elecirical reflectors we have
g mirror, so to speak, which reflects the radio
waves in the same way that a common mirror re-
flects light waves, It is called by scientists the
“mirror layer’ and theoretically reflects the
radio waves as shown in Fig. 15. This mirror
layer, however, i8 not effective during the day; it
is, in faect, almost neutralized and instead of being
a smooth-surfaced reflector, its surface is very
irregular. This is due to sunlight which converts
this layver into a zort of for which readily absorbs
the radio waves. We have, therefore, the condi-
tion of a reflector by night and an absorber during
the day. Thiz no doubt acecounts for the faet that
radio signals travel at least twice as far by night
a& by day for a given power.

The Fig. 15 shows that the waves received
by the receiving station come through the ground
as well as from the sky, It is, furthermore, under-
stood that the sky waves travel twice the distance
the ground waves do before they are completely
absorbed, It is easily understood, therefore, why
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night is superior to day transmission. During the
day, there are no sky waves due to the absorption
effect of the ““Heaviside layer’” and all of the en-
ergy comes through ground waves to all but sta-
tions close to the transmitting sfation, It is also
true that ground waves encounter many obstrue-
tions net met with by sky waves which aceounts
for their being of shorter duration.
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Fig, 15, Why radio signals fade is shown graphically
by the curves above,
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A sindy of the Fig. 15 will make clear how
the fading effect takes place. Notice the sky
waves, how much farther they {fravel than the
ground waves. Also notice the polarity of the
ground and sky waves. When they are both posi-
tive at the same instant the resultant signal is
strong whereas when they differ in polarity the
resultant gignal is weak. It is a case of positive
and negative bucking each other with the resul-
tant or tertiary effect of a weak received signal.

Fither and Ether Waves.—There are two
kinds of ether, the most common perhaps is that
produced by the action of sulphuric acid on aleo-
hol and used in medieal practice a5 an anesthetie.
Tt is a chemieal compound. Then, there is another
kind of ether properly known to physicists and
seientists as “luminiferouns ether’ heenuse it has
the property of conduecting light waves. It is this
gort of etlier which is of interest to the radio seci-
entisf, It is that something which eonducts elee-
tromagnetic waves throngh space, It is the sub-
stance referred to throughout this book and in
any explanation of radio.

Ether is said to be present everywhere, even in
solid rock, Tt has no weight, but is said to have
elasticity and density. In other words, it has the
properties of restitution and inertia. It is mot
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known whether the light waves or the longer radio
waves plow through the ether, that is, displace it,
or whether the ether passes through them like
wind through a tree. The fundamental theory is
that ether is not affected by the passage of matter
throngh it unless the matter is electrically
charged.

The subjeet of the ether 15 a diffieult one to the
average reader. TFaraday, in his early experi-
ments, assumed thaf there was ether. The theory
of the ether has been discussed from different
angles by eminent scientists throughout the
history of electricity and astronomy. Einstein
proposed a new theory in his papers on relativity
and the American astronomer T. J. J. See has
deduced a new theory of the ether.

It is sufficient, however, for the average reader
to think of ether as the condueting medinm for
radio waves. DBear in mind it exists in all maltter.



CHAPTER V

THE AERIAL EXPLAINED

Tue antenna is used in radio eommunication
for two purpoeses: (1) to radiate electric waves,
and (2) to absorb or detect the electric waves
which come to it. An antenna consists essentially
of one or more wires, suspended at some eleva-
tion above the earth. When electrie waves reach
an antenna, they set up an alternating emf. be-
tween the wires and the ground. As a resulf of
this eleetromotive force (emf.), an alternafing
current will flow in the antenna wires. The energy
of the eurrent iz absorbed from the passing wave,
just as some of the energy of a water wave, is
used wp in eausing vibrations in a slender reed
which stands in its way.

A receiving antenna needs to be large, in order
to gather in enough energy from the passing
waves to effect the receiving apparatus. Likewise
a transmitting antenna shonld be as large as prac-
ticable in order to send waves {o a greater dis-

tance. However, several conditions govern the
81
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gize of the transmitting aerial, just, for instance,
-as the size of the heat radiators in an apartment
are governed by the amount of heat available to
be radiated. The same antenna may be used for
both receiving and transmitting, in such cases a
change-over or antenna switch is provided in the
set fo change from reception to transmission, and
vice versa. An antenna used for receiving only,
may, however, be made simpler than one which
is also required for sending purposes, as it is
obvious, with the absenee of the high potential
emitted by a transmitter, that the insulation need
not be zo heavy.

In practice, stranded wire is used for an
antenna, High frequency currents with a high
potential travel over the surface of a wire, there-
fore, a stranded wire offers a large surface. It
has another advantage, in the event of a stran
being placed upon the antenna, one or more of the
strands may parf, bui the remainder will keep
the antenna in commission.

As discussed in the chapter dealing with eon-
ductors, copper is the best eonductor, but for sev-
eral reasons, it has been discovered that pure cop-
per is nol as practicable as some alloys, therefare,
in almost universal radio praectice, silicon-bronze
or phospher-bronze are used. The standard
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gauges are usually 7-22 or 7-19. In other words
seven strands of number 22 or number 19 wire.

All joints in an antenna must be soldered, or
a suitable patent joint used, such as that ealled
a ‘““MacIntyre’’ splice. If joints are soldered,
care must be taken that too mueh heat is not em-
ployed, otherwise the wiring at the joint becomes
tempered and very brittle and is liable to break
when any strain or jar is met with,

The ingulation of an antenna is of the utmost
importance, especially in damp fogey climates.
For damped apparatos using moederate power, an
insulator known as **Eleetrose” is very suitable
and is manufactured in a very large variety which
meets all demands. For undamped or confinuous
wave radio, and for high potentials, porcelain
ig possibly the best insulator; these are alzo made
in a gpgreat variety and ecan be readily
obtained for any purpose. Not only should
the actnal santenna receive great care in itfs
insulation, but the guy wires of masts or towers
should also be insulated with strain insulators.
If they are lengthy several strain insulators
shonld be employed, inserted in series with the
guy at smitable infervals.

Types of Antennae.—larly in the history
of radio, Marconi demonstrated that radiation
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from an antenna was directional in its effect, ac-
eording to the shape of the aerial employed. It
was this discovery which led in later years to the
wonderful snceess of the direction finder or radio
compass.

It i well known, that a single vertical wire is,
for ifs size the best radiator, but it has to be made
so extremely leng in order to obfain sufficient
eapacity that it is not a praetical antenna for long
wave or long distanee work. Anfenna of dif-
ferent numbers of horizontal or inclined wires are
therefore used, and are very praeticable and
radiate very well. Tt must be remembered that
an antenna is merely a large eondenser and may
have wvarious shapes consistent with this condi-
tion, although some forms will radiate much bet-
ter than others.

Antenne that radiate more energy in one diree-
tion than in the opposite, are termed ‘‘diree-
tional,’” while an antenna radiating equally in all
directions, is ealled ‘‘uni-directional.?’

The following types of anfennae are the most
common in practical nse, and are easier to ereet
under conditions that confront the average exper-
imenter. They are shown in Fig. 16.

What may be considered as the standard form

of antenna for ship stations, and also for low
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powered land stations, is known as the T or in-
verted L type of aerial. This is an antenmna of
horizontal wires, usnally two or four in number,
gseparated at equal distance on what is termed a
spreader, and supporied between two masts or
towers.

Fra. 16. Typieal antennge construcetion.

Whether the down leading-in wires are taken
from the ecenter or at the end of the horizental
portion determines whether the antenna ig of
the T or inverted L type.

Another very practicable type for eertain work
is the V antenna, consisting of two sets of hori-
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zontal wires supported by three masts or towers,
g0 that the horizontal portions form an angle
or V.

The directional effect of an inverted L er V
type is greater than a T. There is a greater
amount of energy sent in the direetion in which
the angle of the L points than in the opposite.
With the T type the effect is more undirectional,
although more energy 1s sent in the parallel di-
rection of the horizontal wires, than at right
angles. The resultant wave would be oval in
shape.

A more reeent development in this field ig what
is known as the loop antenna. This econsisfs of a
coil frame constructed by fastening four wooden
struts together in the form of a triangle, the apex
of which fits into a wide glot in a center fastening,
usnally in the form of a casting. Four of these
are provided and eonverge into the center east-
ing, where they are held by bolts. This pro-
vides a square frame over which many ecoils of
wire are wound, The two ends of the wire are
brought in as leads. This loop is mounted en a
shaft enabling the loop to be rotated in all di-
rections, and the antenna thus cuts any lines of
force desired. This is the type used for radio
COMpAsses.
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Function of the derial.—Fundamentally
the radio ecirenit is made up of induetance and
eapaeity. A eirenit of this kind may be made to
fanetion in the radiation or reception of radio
signals. In some cases both the eapaecity and in-
duetance is lumped in the form of a condenser
and an inductance coil. In ofher cases, the ca-
pacity is fermed by an clevated wire ealled the
aerial which forms one plate of the econdenser,
and the ground which forms the other plate of
the condenser. It is this latter method which is in
mest common use.

The loop aerial or antenna is an example of
concentrated inductanee and eapaeity, as a con-
denser is used in conjunction with the loop.

It may be said that in the case of the ordinary
radio aerial system that energy is received be-
cause the aerial is exposed to the radio waves.
The energy is received through the capaeity of
the aerial and ground and then transferred to the
inductance coil. This is not true, however, in
the case of the loop aerial. In this type of radie
cirenit both the indnctance and eapacity are con-
centrated and the energy is received due to the
exposure of the loop to the radio waves.

Tn all eases the amount of energy radiated or
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reeceived depends upon the physical dimensions of
the eircuit.

When the aerial or loop is used for trauns-
mitting, it is used for radiating purposes. Radia-
tion is the moving disturbance of the ether, the
energy associated with which dees not return fo
the radiator. In other words, it differs from in-
dnction in that the energy thus radiated is lost
to the cireuit forever. It has gone ont into space
like heat from a sfove and it is this energy
which affects the receiving acrial which acts as a
regeptor.

Generally speaking, the clevated aerial wire is
most eonvenient as a radiator and receptor. It
is true, however, that a loop aerial, if its dimen-
gions approach those of the elevated aerial, will
function equally as well as an aerial as a radiator
and a teceptor. The eoil or loop aerial works
best on short wavelengths, As a matter of faet,
the amount of received current in a loop varies
in inverse proportion to the cube of the wave-
length. The loop aerial also has direetional char-
acteristics which make it valuable as a direction
finder and interference eliminator.

Height of the Aevial.—If is assumed that
most of the readers of this volume will be in-
terested more in the aerial as used with a receiv-
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ing set than as used with a transmitter, eonse-
quently a detailed disenssion of the receiving set
aerial will be undertaken.

To most people the aerial is the most conspien-
ous part of a radio set and it is indeed an impor-
tant part of the radio equipment. For ordinary
purposes a receiving aerial may congist of a
gingle strand of copper wire 100 to 125 feet in
length erected between two supports nsually fif-
teen or more feet above the ground. It 18 im-
portant to ereet the aerial as high as possible
when using a crystal detector but with the adop-
tion of the vacuum tube detector and amplifier a
great height for the aerial is unnecessary.

When using a erystal detector set, a general
rule is to ereet the aerial as high as possible. If
the aerial in such a ease is so high up that the
length of wire from aerial binding post on the
receiving set to the farthest end of the aerial is
more than 150 feet it is necessary to put a vari-
able condenser in series with the aerial lead to
the set in order to be able to ent down the natural
wavelength of the aerial cirenit and permit tun-
ing-down to wavelengths in the vicinity of two
hundred meters and lower.

When a vacunm tube receiver is employed it is
advantageous to use a low aerial for two reasons: .
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firat, so ealled sfatic or atmospheric interference
ig ent down comsiderably; second selectivity of
tuning is increased to a considerable degree. Both
of these advantages are to be had without a loss
of signal strength fo any marked depree. This
is shown by the curves in Fig. 17. Curve A
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Fig. 17. Curve A shows the “‘broadness of tuning’?
resulting from the aerisl being erceted too high. Curve
B shows the *‘sharpness of tuning™ possible with the
same aerial erected in a lower position.

shows the effect using an aerial 35 feet, and curve
B the same aerial 15 feet above the ground. The
game reeeiving set was nsed in both cases. The
signal strength with the 35 foot aerial is only
slightly greater than when using the 15 foot high
- aerial. On the other hand, notice that the signal
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in eage A is heard between the tuning range 830
to 670 on the receiver tuning dial while in case B
the signal is heard only between the range 770
to 730 on the dial. TIn the first case, the dial may
be moved 160 kilocyeles. In the seceond case, the
signal is heard only over a range of 40 kilocyeles
on the dial. The first case shows poor while the
second shows very good selectivity.

The importance of aerial height is readily seen
from the explanation already given and must be
considered in planning the aerial.

Aerial Erveetion.—Aerials are divided into
soveral classes but ouly those types generally nsed
by the radiophone listener will be deseribed here.

The most eommon type of reeeiving aerial is the
one wire type, strung between two convenient
points. The next in order is the inverted L type
of aerial eonsisting usually of four wires, as
shown in Fig. 16. It is ealled the inverted Li
beeause of the faet that the lead-in wires are
taken from one end and the system of wires ag a
whole resembles an inverted L. The T fype of
aerial is the same in eonstruction as the inverted
I except that the lead-in wires are taken from
the center instead of from one end.

The two most impeortant peints in eonnection
with the erection of the aerial is that it be properly
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insulated and that it be not surrounded by ob-
structions, such as buildings, frees and other
aerials, An insulator should be placed at every
point where the aerial wire fouches a support.
There are no exceptions to this rule.

 The aerial should be ¢rected as far as possible
in 4 clear space free from trees and tall buildines,
especially steel buildings. A good aerial for
broadeast receiving may be made by stringing a
copper wire about 100 feet long between two
points ag explained before and in such a position
that the lead-in wire shall not be over 25 feet in
length. (See Fig. 18.) A good inverted L or

Fia. 18. An aerial should be erected in a space free
from surroundings. The above aerial is an ideal one for
broadeast receiving,
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a T type aerial may consist of four wires fastened
three feet apart to a spreader. It may be from
25 to 60 feet high and 100 feet long. The lead-in
wires may taper to a point where the lead-in en-
ters the building. '

Wire for aerial construction is preferably of
copper altheugh a copper coated steel wire is now
on the market which serves the purpose well

Aluminum wire alse serves the purpose but be-
eomes extremely brittle after exposure to the ele-
ments and, therefore, is not used to a greaf ex-
tent. The aerial wire must offer lifile resistance
to the flow of the high frequency radio eurrents
and it is for this reason that copper rather than
steel alone is used for aerial wire.

Care must be taken not to erect the aerial par-
allel to another nearby aerial or power line as
induetion from these is likely to be heard in the
receiver. When induetion eauses much inferfer-
ence in the form of a constant buzzing in the
receiver the remedy in many eases is to change the
position of the aerial. This is especially true if
the aerial iz located near to and parallel with an
aerial to which a regenerafive receiver is con-
neeted, The radiation of feeble impulses from
this receiver may cause interfercnee in your sef.

In installations that are intended to be perma-
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nent the question of making the aerial strong
enough to withstand stermy weather must be con-
sidered. Commercial companies use an aerial
wire made up of seven small strands of phospher
bronze wire twisted together. By this means a
very great tensile strength is secured.

The table below gives the temsile strength of
various kinds of wire.

Soft drawn copper 84,000 lbs. per square ineh.
Harid drawn copper 50,000 lbs, per sguare inch.
Hard drawn aluminum 30000 lhs. per sgudre inech.
Phosphor bronze 90,000 Ibs. per sguarve inch.
Galvanized iron 50,000 1bs, per sguare inch,

It is difficult for the novice fo golder aluminum
wire but no such difficulty is found with copper
wire. If aluminum is used it is important that it
be of a good grade otherwise it will soon eorrode,
become brittle and break down.

All connections of a good aerial are soldered.
This reduces any possibility of resistanee between
joints.

If the aerial is supported by a mast supported
by guy wires fhese guy wires should be broken
at least in one place by an insulator. This is to
prevent the guy wires from absorbing too much
energy whiech rightfully should go into the aerial.
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Glazed ingulators are the best and the glazing
ghould be of good guality and able to withstand
bad weather.

The length of the aerial is important and for
broadeast listening it should not be over 100 feet
except in eases where the station to be received
transmits on a wavelength about four hundred
meters when the aerial may be 150 feet long, If
after srection the aerial is found to be too long
the remedy is to insert in series with the serial a
variable condenser. In this way the effeckive
length of the aerial can be reduced as mmch as
fifty per cent.

The aerial in a way similar fo everything else
may get old and dirty, the econneetions become
poor and the insulation bad. To ‘safeguard
against poor reeeiving resulis becaunse of this
inspect the aerial at least every six months and if
it doesn 't look good it may pay to ereet a new one.
A new aerial with elean insulation always im-
proves the range of a receiving set. If after
u'si.ng your set for gome time it seems to lose its
old time efficiency try a new aerial. Many times
this iz the main trouble with a set.

Great eare should be taken in the method em-
ployed to insnlate the lead-in wire where 1t comes
through the building. It should be brought
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throngh a percelain tube or a small hole drilled
in the window pane.

In some respects the transmitting aerial differs
from the receiving aerial but prineipally in ingula-
tion and methods of bringing in the lead-in wires.
In a great many respeets similar rules apply to
both.

Indoor Aderial.—In the city it is sometimes
inconvenient to ereet an ountdoor aerial and in
such a case an indoor aerial as shown in Fig. 19

Fig, 19, How an indoor aerial might be installed.

may be employed. Any kind of ecopper wire may
be used, the smuller the wire the less noticeable
it will be. It may be tacked along the upper edge
of the picture moulding and in this way made
very inconspicuous, There should be at least 75
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feet of wire used and as much as 125 feet if
possible.

An indoor aerial will give good results for local
gignals provided the building in which it is erected
is not all steel. In nearly every ease, however, an
outdoor aerial will give betier results than an
indoor aerial. The indoor type may be easily
erected and is worth trying out. If it does
not work, plans should be made for an outdoor
aerial,

Eightning Arrester—The lightning ar-
rester is a proteetive device which i connected
between the aerial and the ground fo provide a
path to the ground for high voltage charges
gathered on the aerial which otherwise might dis-
charge at the point of weakest insulation and
shortest path to the ground causing a spark which
may result in fire. A common type of arrester
now being sold looks like a large clectrie cariridge
fuze. Inside are two terminals spaced & fraction of
an inch apart. A vacuum is pumped into the shell
of the container and the gap between fhe two
terminals offers little resistance to a high volt-
age clectric charge. As a matter of faet, after
the spark has jumped across the gap, the device is
a pood conduetor of electricity and serves as an
antomatie switch which connects the aerial to the



93 RADIO UP TO THE MINUTE

ground. Lightning arresters are made in two
types, namely, indoor type and outdoor type.
There is also a universal type which miay be used
either outdoors or indoors. The type made for
indoor use cannot, however, be used outdoors. In
most sections of the eountry the indoor type is
not approved of by the Underwriter’s Regula-
tions.

In selecting the lightning arrester, ease of in-
stallation is an important factor. It is also of
consequence that the deviee comply with the Un-
derwriter's Regulations. In other words, it must
be of an approved type. This is nsually stated
on the label and should be looked for.

When properly erected an aerial is a protection
rather than a menace. In a lightning storm it
acts, as a matter of fact, like a system of light-
ning rods. It is not so long azo that this sort of
protection was considered essential, at least in
guburban sections. In case of a direct stroke, a
protective deviece such as an arrester or gven a
grounding switch is of little value as the power
contained in a stroke of lightning is too great to
be controlled without the use of apparatus far
beyond the cost of radio set owners. Lightning
arresters will, however, drain the aerial of all
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electric static charge over 500 volts and conduact it
safely to the ground.

It iz interesting to know that in a period of
fifteen years there is only one ease in the City of
New York in which an aerial was struck by light-
ning. Another remarkable case is one where the
aerial was erected above some telephone wires.
The lightning struek the telephone wires, but left
the aerial undamaged.

Lead=In.—Bringing the lead-in from out-
doors to the set ia often a problem to the set
owner. There is sold a specially designed lead-
in eonnector which is a piece of copper strip fit-
ted with eonnéetors on both ends and heavily in-
sulated which fits on the window sill and makes
the drilling of a hole unnecessary. This type of
lead-in is not approved by the Underwriters and
is used at the owner’s risk. A lead-in fo comply
with the regulations may come through an insa-
lating tube inserted in a hele which has been
drilled in the window sill. This tube should be
preferably of porcelain and the wire passing
through it must sit loosely and not be tight or
binding in any way. This is indicated in the
Figure 18.

Spreeders.—A spreader is used when more
than one wire goes to make up the aerial, It is
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not eommon to employ this type of aerial unless
the station is to transmif. Spreaders may be
made of iron pipe, bamboo, or strong wood. The
length of the spreader depends upon the number
of wires and the length of the aerial. A safe rule
is to spread the wire at least one-fiftieth of the
length of ihe aerial apart. As an example, sup-
pose the aerial is 150 feet long, then the wires
should be spread about three feet apart. In no
case, however, should the wires eome closer than
18 inches apart. The more gpreader the greater
the capaeity of the aerial as a whole.

Guy Wires.—When guy wires are used to
snpport a mast or to prevent spreaders from
swaying they should be broken up into short elec-
trieal lengths of not more than 235 feet by means
of strain insulators. This prevents the guys from
absorbing too much of the radio waves surround-
ing the serial. For small equipments it is best
to use a strong tarred rope instead of wire for
guying purposes Rope, being a non-conductor,
absorbs no energy from the acrial. Bul even
when a rope is employed it is well to use strain
insulators as earbon will gather on the surface of
the rope and in wet weather may provide a leak-
age path to the ground.
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Loops.—A loop or coil aerial is shown in
Fipure 20 and consists of a number of turns of
wire mounted on a frame. Where it ig difficult
to ereet an outdoor acrial or where a portable

Fie. 20. Loop.

aerial is desirable the loop serves the purpose,
It is, however, necessary that several stages of
amplification be provided. The loop works best
on sueh a sef as the super-heterodyme.
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The loop aerial has marked directional charae-
toristice. By this is meant that the intensity of
the received eignal will depend upon the position
of the loop and for this reason the loop is valuable
in reducing interference. The loop may be used
as a direction finder and the radio compass de-
pends for its ability to indicate the divection from
which received signals are coming on the diree-
tiemal charaeteristies of the loop.

The fundamental wavelength of a loop depends
upon the size and number of turns of wire mounted
on the frame. The table below gives the char-
acterigtics of several sizes of loop aerials as
given in the Signal Corps Manual, ““Principles
Underlying Radio Communication.”

Length of Spacing Funiamental
n side of the Mo, of of wite wavelength
sqoare in-feet (urns in inches io metets

g 3 1% 160
6 4 1 170
4 6 14 174
i B 15 153

Using the above data as a basis it is a simple
matter to build a loop suitable for broadeast
receiving. The two ends of the loop are econ-
nected, with a wvariable econdenser in one lead,
to the aerial and ground posts of the receiving
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set. A variable condenser ean alse be conneeted
in parallel to the loop to inerease its fundamental
wavelength,

The loop eperates in a way quite different from
the aerial, depending upon having a current in-
dueed in it by passing electromagneticwaves rather
than being charged like a condenser by these
waves, as is the case with the elevated aerial wire.

One of the fundamental prineiples of the
generation of eleetromotive foree 15 what dwhen
@& conductor is cut by lines of force, a curren
is generated iw 4. This eurrent flows in a
certain  direction depending upon the diree-
tion in which the lines of foree are cutting the
condoctor. 1If the direction of entting 18 re-
versed the direction of corrent flow is reversed.

This is the principle of the simple alternator,
a machine for generating alternating current,
The conductor in the cage of the simple alternator
is the rotating armature and the lines of force are
supplied by the field magnefs. In prineiple the
loop may be compared to the armature and the
lines of foree o the radio waves. In the alter-
nator the armature moved and the field (lines of
foree) was stationary but in the case of the loop
the lines of foree; the radio waves (the field)
move, and the armature is stationary.
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It makes no difference which of these two prime
requisites move, the condition being that the con-
ductor shall eat the lines of foree, the field, like
the prow of a boat cuts the water.

In this last analogy, imagine the boat as the con-
Jduetor and the water as the field of foree. If the
body of water is perfectly still and the boat is pro-
pelled we have a case of the boat (conductor) ent-
ting the water (field). If, on the other hand, the
boat is anchored in a rapid stream where a strong
current of water is flowing, we have the case of
the water (ficld) being ent by the beat (conductor).

In bolh cases the effect at the prow of the
boat is the same and if we were to gaze at the
prow and not fake into view surrounding objects
such as land there would be ne different optical
c¢ffect between the case of the boat moving in a
still body of water or the water moving past a
siill boat.

The principle, when a conductor is eut by lines
of foree n eurrent is generated in the conductor,
is one of the most important things te remember
in considering anything that has to do with elee-
tricity.

The loop has divectional eharacteristies and is
nsed in radio compass work. It is possible by
employing a loop and a special reeeiving ecireuit
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to tell guite exaetly the direetion from which sig-
pals are coming. This is due to the fact that the
amonnt of eurrent induced in the loop by the pass-
ing radio waves depends upon the position of the
Ioop in relation to the direction in which the
radio waves are travelling. If the plane of the
loop is turned at right angles to the source of
the signals, the gigmal response 18 minimum.
While, on the other hand, if the plane of the coil
lieg in the direction from which the signals are
coming the cmrrent received by the loop will be
maximum. Thisis due to the fact that in the fivst
instance the voltage in boih sides of the loop be-
ing in phase, tend to cancel each other and in the
second case the voltage in the side of the loop
nearest the transmitting station is out of phase
with the veltage in the opposite side and, there-
fore, there is no bucking effect and a current flows
m the loop.

When using a loop with a radio receiver it is
neeessary to nse a variable condenser to tune the
cirenit to resonanee. A loop to give best results
ghould have just as many turng as the wavelength
requirements will permif. The turns should be
spaced well apart in order to get maximum in-
duetance. The longer cach side of the loop, the
greater will be the induced voltage in each side
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and, therefore, the greater will be the signal
strength reeeived by the loop. It must not, of
course, have a greater inductance value than that
required for tuning.

Ground Connection.—The efficiency of the
get a8 @ wholé is greatly dependent upon the
efficieney of the ground connection. Sometimes
it 18 possible to increase the volume of a received
signal fifty pereent by improving the ground
connection.

There are varions ways of making a pround
connection and the method employved will depend
upon the location of the reeeiving apparatus. In
general it is best to have the ground lead as short
as possible. Avoid long bended wires leading
from the receiver to the ground eonnection. If in
the city the best ground connection is made hy
connecting directly to the water pipe. A special
ground clamp which ean he purchased in any elee-
trical or radio supply store should be used. The
water pipe should be carefully eleaned with sand-
paper making sure that all rust and other verdi-
grig is removed so that the clamp can make a good
connection. The wire leading to the reeeciver
should be soldered to the ground clamp {o insure
good contact. Unless no water pipe 1s available
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the gas or radiator piping system should not be
uged.

In the country where no water pipe is available
a good ground eonneetion may be made by bury-
ing about 100 square feet of chicken fenee wire
ahout ten feet in the earth and the lead wire sol-
dered to it.  In making this sort of a ground moist
ground should be chosen. Dry or rocky soil will
not serve the purpose. If is sometimes the prae-
tice to fill in the hole which has been dug for the
ground with chareoal to aid in keeping that par-
ticnlar piece of ground moist and to improve the
connection between the fenee wire and the earth.
1f fence wire is not available any kind of sheet
metal will serve the parpose.

Comnterpoise.—In sections where it is not
possible to make a ground as deseribed above a
counterpoise may be used instead. A eounter-
poise takes the place of a ground and eonsists of
a network of wires laid on but insulated from the
oround similarly to the aerial. The wires of the
counterpoise may streteh out radially from the
coniter where the receiver is loeawed. In area the
counterpoise should cover about fifty percent
more ground than the aerial system

Theoretically the counterpoise is one plate of
the huge condenser of which the aerial 1s the other
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plate. This huge condenser constituies the dis-
tributed capacitance of the open oscillating sys-
tem. In many cases on Tecord the transmitting
range of a station has been increased to a very
large extent by using a eounterpoise instead of
the usnal ground connection to the earth.

On acroplanes the counterpoise must be nsed
because of the impossibility of making eonnection
to the earth as in land installations. In these
equipments the eounterpoise may consist of a
special network of wire or the stress guy wires;
engine and other metal equipment are electrically
connected together and formed inte a eounter-
poise eystem.

The counterpoise is used to a great extent on
portable equipments such as supplied to the
Signal Corps of the Army. It is nsed where the
ground itself is rocky in nature and where the
earth is especially dry and sandy.



CHAPTER VI

FUNDAMENTALS OF BADIO ERCEPTION AND ERCEIVING
APPARATUS

Introductory—A radio receiver may look
complicated and diffieult te understand to any
one who does not know its real purposes and con-
struction. In this chapter, therefore, we will an-
alyze the separate parts and characteristics
which go to make it up.

There are many classes of radio receivers, each
of which is designed for a definite purpose and
each of which is different in construction.
Roughly, reeeivers may be classed as follows:
transoceanic and transcontinental long-wave re-
ceivers; short-wave receivers for the same serv-
ige; comumercial ship-to-shore intermediate-wave
receivers; aireraft receivers; broadeasting receiv-
ers; amateur receivers., The reader of this book
is probably most eoncerned and interested in the
two latter elasses of receivers, mamely, broad-
easting and amatenr. We will, therefore, confine

our discussion to these classes, as the fundamen-
108
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tal prineiples underlying the operation of all of
the classes are similar.

The Funciion of the Detector—In
modern radio receivers the deteetor acts as a
valve, econtrolling the enrrent flowing through the
headphones or loudspeaker in exaet synchronism
with the radio waves sent out from the transmit-
ting station.

For example, if the word *‘hello® iz spoken
into the microphone of the broadeasting station,
a eorresponding radio wave “‘hello’? is sent out
from the aerial of the station. This wave travels
out in all direetions just as the ripples do in a
pond when a stone is thrown into it,

Az the ‘‘hello™ wave passes the receiving
aerial it induces oscillations identical to itself in
the receiving set and operates the detector. The
detector in turn releases a ecurrent to the head-
phones or loudspeaker identical in modulation to
the received *‘hello’’ wave. If we listen, there-
fore, and everything is in working order, we hear
the word “hello’’ at the receiving set.

Bimilarly, if the sending station is a radio tele-
graph station and not a radio telephone stdation,
the outgoing radio waves leave the transmitting
aerial in the form of dots and dashes as con-
trolled by a telegraph key manipulated by an op-
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erator. These waves, in the form of dots and
dashes, cut through the receiving aerial and cause
the detector to pass or valve a similar current
from the B-battery through the headphones or
londspeaker.

Radie Headphones—The distinetive fea-
tures of telephone receivers for radio work are
lichtness of the moving parts and the employ-
ment of a great many turns of wire around the
magnet poles.  The lightness of the moving parts
eniables them to follow and respond to rapid pul-
sations of current. The large number of furns
of wire causes a relatively large magnetie field to
be produced by a feeble eurrent. The combined
effect is to give a very sensitive receiving device.
Inasmuch as the size of the wire used is always
about the same (No. 40 eopper), the amount of
wire and, therefore, the number of turns are usu-
ally specified indirectly by stating the number
of chms of resistance in the eoils. Telephone re-
eeivers of fair sensitiveness for radio work have
about 1000 ohms in each receiver (measured with
direct ecurrent), while the better ones usually
have 1500 to 2000 ohms per receiver.

The most common type, called the magnetic
diaphragm type, has a U-shaped, permanent
magnet with soff iron poles, and a thin soft iron



112 RADIO UP TO THE MINUTE

diaphragm very eclose to the poles, so that it vi-
brates when the attraction is rapidly varied, pro-
ducing sounds to eorrespond with the frequency
of the pulsations of current.

Watch-Case Type Receiver.—The iype
of small reeciver used in eonneetion with radio is
called the watch-case type to contrast it with the
long receiver used on an ordinary telephone line.
It is possible to make the radio reeciver both
light as well as small due to the extremely feehle
currents handled in the cirenit. The watch-case
type of receiver permits the wearing of it on the
head continuounsly with comfort. They are usu-
ally fitted to a leather or light steel head-band
and the eases themeelves are made of aluminum
or hard rubber.

Two permanent magnets are formed by the
ends of a horseshoe magnet, which is bent into
a cireular form, and fits snuely into the receiver
cage. On these magnels are wound several thou-
sand turns of very fine insulated copper wire,
Silk or enamel covered wire is most commonly
used. The magnet coils are wound in opposite
directions, which makes one pole of the magnet
North and the other South in polarity. The re-
ceivers are connected to the radio set by a bi-
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fureated silk or cotton covered conducting cord,
flexible and five or six feet long.

Sound is produced in the telephone receiver
by wvirtue of wvibration of the diaphragm, which
is set over the magnets, and is cffected by the
current flowing in them. The diaphragm is bent
in slightly when sitling in its normal position due
to the pulling foree of the magnets.

Great care must be taken in the manufacture
and handling of the diaphragm not to bend it in
any way. If is a very diffienlt matter to make a
diaphragm perfectly flat and, therefore, every ef-
fort should be made by the peérsons using the re-
ceivers not to hend it out of shape. The efficient
operation of the receiver depends in great part
on the diaphragm being perfectly flat. It is true,
of eourse, that a diaphragm may become bent as
usage goes on, but this eannot be helped and is
usually =so slight that it does no harm. If the
diaphragm sits loosely over the magnets, or if it
hits the pole faees of the magnets, a rattling
sound will be heard when the receivers are being
used. The remedy is to raise it slightly from
the pole faces by inserting a paper washer under
the diaphragm seat.

It is important that the diaphragm have equal
elamping all round if the receiver is to work well.
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The character of the magnetic eirenit of the re-
ceivers depends upon the distance between the
pole faees and the diaphragm. This distanee
should be as small as it is possible to make it
without having the diaphragm toueh the magnets.
Usually it varies between 1,/100 and 1/1000 of an
inch. The inside of the reeeiver case sheunld not
be affected by temperature, as a contraction or
an expansion ciused in this way would affect the
air gap, referred to above, and disturb the effi-
cient working of the receiver.

Sensitivity of Telephone Receivers.—
Telephone receivers are rated in ohms. Those
most commonly used for radio work being the
2000 or 3000 ohms iype. Tt is logical to think
that the rating of an instrurment having to do
with the reproduction of sound, such as the tele-
phone receiver, would be an indication of its sen-
gitiveness expressed in units direefly related to
this property. Such is net the ecase; however,
ginee the rating of telephone receivers is aecord-
ing to the resistance of their magnet windings to
direet eurrent expressed in ohms.

The sensitivity of a telephone receiver depends
upon the magneto-motive foree exerted on the
diaphragm by its magnets. Magneto-motive
force in turn depends upon the number of turns
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of wire wound on the magnets and the current
flowing through these turns. The aciunal value
of these two things is summed up by referring
to the number of ampere-turng of wire with which
the magnets are wound. Sinee wire has resist-
ance, it became the practice in the early days of
telephone receiver manufacture to designate the

Fig. 21, Typical erystal detector.

number of ampere-turns by the resistance they
offered, rather than by the more proper way of
riving the amount of magneto-motive force they
produced. The more ampere-turns on a magnet
winding the more magneto-motive foree pro-
duced. It is for this reason that extremely small
wire is used on the magnet windings. The size
used is usnally No. 40 B. & 8. American gaunge.
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If resistance alone were desired, telephone re-
ceivers would be wound with German silver or
other high resistance wire, This is not desirable,
of eourse, and is not done.

Telephone Receiver Troubles.—The
magnets are nsnally made of the best grade of
tungsten or eilicon steel and are permanent mag-
nets. If the reeeivers are dropped wery many
times they lose their sensitiveness due to the fact
that any permanent magnet tends to lose its mag-
netism if severely jarred. Telephone receivers
should, therefore, be handled with care.

If the diaphragm of the receiver becomes bent
in any way, the sensifiveness of the instrument
is reduced. Never, therefore, take a receiver
apart unless absolutely necessary and never poke
a peneil or other prong into the eap opening so
that it touches the diaphragm.

An open magnet coil will make a receiver in-
operative, and in case of trouble the windings of
the magnets should be inspected for a break, es-
pecially at the peint where the terminals are sol-
dered to the conmecting terminalg,

The magnets will alse tend to lose their mag-
netism if the diaphragm is left off the magnet
faces, and this obviously should not be done.

Telephone receivers nsed for radio work may
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be tested by wetting the tips of the receiver cord
on the tongue and bringing them together with a
snappy motion. If they are sensitive a slight
elick will be heard, due to the feeble current gen-
eraled by the frietion of one tip on the other.

- Mica Diaphragm Type.—Another very
efficient type of telephone receiver nsed in radio
work is called the mica diaphragm or Baldwin
receiver. This type differs radieally from the
ordinary receiver previously deseribed, in that it
has a mica diaphragm which is net acted upon
direetly by the magnets, but is independently
balanced and actuated by an armature set be-
tween magnetic poles. There is no strain on the
diaphragm unless a current is passing through
the magnets or, in other words, unless a signal
is being received.

The principal advantages of this type of re-
ceiver are as follows: responsiveness to ex-
tremely feeble signals due to the small eurrent
neeessary to actuate the armature; a small mag-
netizing foree will canse a relatively large deflee-
tion of the diaphragm with a eorrespondingly in-
tensified signal strength, due to the mechanical
construction of the armature and diaphragm on
a lever arrangement,

When this receiver is used with a vacuum tube
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detector or any other detector requiring a bat-
tery current in its operation, there 1s a slight pull
on the diaphragm even when no signal is being
received.

Inductance.—Inductance may be defined as
the property of a circuit by virtue of which en-
ergy is stored up in eleetro-mapgnetic form. Phys-
ically speaking, inductance takes the form of a
coil of wire in a radio eirenit. "Wherever an elee-
triec current flows, a field of foree ig get up sur-
rounding the econduector carrying the ecurrent.
The conductor, if formed into turns of wire in
a eoil form, is termed an inductance coil or
simply inductance, for short. When a conduetor
is eoiled, the fields of foree about each turn inter-
link and strengthen each other. Therefore, if in-
ductance is desired the conductor is coiled to get
the concentrated effect of the field surrounding
the conductor as a whole.

The following pieces of apparatus are used for
their indunetanee effect in a radie eirenit: variom-
eter, varioeoupler, loading ecoil, grid ecoils (for
transmitters), receiving transformer or Joose
eoupler, honeycomb eoils, duolateral ceils, multi-
step inductors (load coils), and tuning eoils.

Capacity.—Capacity may be defined as the
property of a circuit by virtue of which energy
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is stored up in clectrostatic form. Becanse the
term eapacity most commonly used to designate
this property in a eircuit is rather misleading, it
has been suggested that the word capacitanee be
used when referring to radio and electrical eir-
enit properties. This is in order to differentiate
between the term capacity when used fo designate
the physieal holding eapacity of a container such
as a box or barrel,

Capacitance, in concentrated form in an elee-
trical or radio eireuit, is obtained by the use of
a condenser. A condenser may be charged with
eleetrostatic energy and discharged at any de-
sired time after it has been so charged. It will
retain a charge until a path has been provided
for the charges accumulated on its plates to flow
together or neutralize, so to speak, A condemser
consists of two conduecting surfaces separated
electrically by an insulator known as the dielec-
tric. The value of capacitance in a condenser de-
pends upon the area of the conducting surfaces
and the kind and thickness of the dieleciric used.
C'apacitanee is found in the radio cireuit in the
form of receiving and transmitting condensers.
They are made up as fixed, variable and adjust-
able econdensers. A variable receiving eondenser
is ghown in Fig. 22 and a small fixed condenser is
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shown in Fig. 23. This type of fixed condenser
is used mostly to shunt the telephone recsivers
and causes the signals to come in stronger and
clearer. Ifs capacity is approximately .0165
microfarads. It iz called a by-pass condenser
when used with any detector which employs a
battery in ifs operation, The main difference be-
tween reeeiving and transmitting condensers is

Fra. 22, Variable receiving condenser.

in the diclectric used. In transmiifing cireuits
where the potential of the current flowing in the
condenser cirenit is high a dieleetrie such as miea
or glass is used. On the other hand, where the
pofential value of the current is low, a8 in re-
ceiving cirenits, the dielectrie not being subjected
to a strain may be air or a much thinner form of
mica, or even paraffin paper.

The Oseillating Cirewit,—Lvery radie
osecillating eirenit is made up of induetance and
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eapacitance. In other words, it has an indunetance
eoil and a condenser. BEither or both of these
pieces of apparatus may be variable. The natural
period or wavelength of a cirenit depends entirely
upon the value of the induetance and capacitance
in the eirenit. Changing either or both of these
values changes the wavelength of the circuit. As
wag explained in the discussion on resonance the
receiving cirenit must be tuned to the fransmit-
ting eirenit, or, in other words, the ecombined

Fia. 23, Fixed comdenser.

value of inductance and eapacitance in hoth eir-
cuits must be the same. Adjusting the inductanee
and capacitanee in this manner and for this pur-
pose iz ealled tuning.

The unit of induetance is the Henry and is the
value of inductanee thromgh which a current
changing at the rate of one ampere per second
will produce a pressure of one volt. The Henry
ig too large for practical use and one-thousandth
part of it, the milli-henry, is the practical working
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unit. For very small values the miero-henry is
uwsed, which is equal to one one-millionth of a
Henry. Inductance is also measured in centi-
meters, one milli-henry being egual to one million
centimeters.

The unit of capacity is the Farad and is the
value of a eondenser’s capacity when it takes one
coulomb of electricity to raise it from zero poten-
tial to one volt, The Farad is too large for prac-
tical use and one millionth part of it, the miere-
farad, is the practical working unif.

Receiving Condensers.~—"The function of
the eondenser iz to supply capacitanes fo the
radio civeuit where needed. A ecommon form of
variable eondenser has already been shown in
Fig. 22 and a fixed condenser in Fig 23. The
term variable condenser refers to a condenser the
capacitance valoe of which may be readily ad-
justed by the operator. A fixed condenser is one
the value of which is predefermined and fixed.

Practically, if a condenser is connected in series
with a coil it deereases the wavelenglh range to
whieh the eirenit may be tuned. If we are speak-
ing in ferms of frequency rather than wavelength,
we would say that by so conneeting a condenser,
the frequency range is moved up to a hand of
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higher frequencies. This is similar to moving
up to a higher key in music.

For example, let us suppose that with a eertain
receiving sct using an aerial 100 feet long, the
wavelength range is from 200 to 700, whieh is over
# band of 500 meters. Bpeaking in terms of fre-
queney, the tuning range of this set is from 428
to 1200 kiloeyeles, a band of 772 kiloayeles,

Let us assume that a variable condenser 18 con-
nected in series with the aerial. This means that-
the lead-in wire from the aerial to the set is
interrupted and the movable plates of the con-
denser eonnected to the end leading to the aericl
and the stationary plates eonnected to the end
leading to the set, or vice versa. The condenser
is now in series with the aerial.

Tt will now be fonnd that instead of responding
to a wavelength range of from 200 to T00 meters,
the range may be from 150 to 650 meters. This
is equivalent to shortening the aerial by a certain
number of feet. In terms of frequency, the set
will now respond to frequencies from 461 to 2000
kiloeyeles instead of from 428 to 1200 kilocycles
as before.

As explained above, the condenser was con-
nected in series with the aerial and the inductance
coil of the receiving set. This is about the only
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place where a eondenser 18 nged a8 a series con-
denser in a receiving set,

1If a condenser is placed in parallel to or across
an inductanece eoil, the frequency of oscillation of
the cirenit is decreased or the wavelength in-
ereased. For example, if a given eirenit responds
to a minimum frequency of 461 kiloeyeles or a
maximum wavelength of 650 mefers, this sitnation
may be changed by connecting a wariable con-
denser in parallel to the inductance eoil used in
the cirenit so that the frequeney of oseillation
will be decreased or the wavelength inereased.

As a practical illostration, suppose your set
wonld not respond fo, let us say, WGY, Schenee-
tady, broadeasling on a frequency of T90 kilo-
eycles, which is a wavelength of 380 meters.
Suppose further, that the set would respond to
WFI, Philadelphia, fregueney 740 kiloeyeles,
wavelength 405 mefers. Assuming that WGY is
received well in your neighborhood, it is possible
that your aerial is too long. Two things might
be done, either shorten the aerial, or eonnect a
variable condenser in series with it as explained
before, It should then be possible for you to
hear WGEY.

If your set responded to WOR, frequency 710
klooyeles, wavelength 422 meters, buf not to
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WNYC, 570 kilocyeles, 526 meters, the condenser
might be placed in parallel across the induectance,
or the aerial might be lengthened.

Condengers are also nsed to balance the feed-
back effect due to the eapacity between the plate
and the grid in the vacuum tube. The neutro-

Fio. 24, (Gang condenser.
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Fra. 24A, Biraighi-line condenser plates.

dyne eircuit utilizes such condensers and they are
sometimes called nentrodens when nsed in this
cirenit. Their position in the eirenit will be seen
later in the dizenssion of this cireuit.

When it is neeessary and desirable to allow
radio frequeney currents to pass in a eireuit and
not to allow low frequencies to pass, a condenser
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known as a by-pass condenser, or simply as a
by-pass, is used.

Its various uses and positions in the eireunits
will become apparent later.

In a cireuit in which it iz neceszary to use more
than one variable condenser the multiple, or two,
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Fia. 25. Straight-line condenser eurves.

or thre¢ gang condenser, is used. A condenser
of this type iz shown in Fig. 24

To vary the capacity of a variable eondenser,
it is necessary to rotate the movable plates so
that they move in and ont of mesh with the sta-
tionary plates. A pointer or dial is attached to
the movable plates, which indieates in a relative
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way either directly or indireetly the capacity of
the condenser as the plates are rotated. The
capacity variation depends entirely on the shape
of the plates and a variable condenser may be
congtructed so that its characteristic enrve willbe a
straight line, as shown in Fig, 25. This may be true
whether the curve shows the variations of eapac-
ity, wavelength or frequency, as shown in Fig. 25.

There is no particnlar advantage to having a
straight-line capacity or a straight-line wave-
length condenser under any ordinary conditions,
but there is an advantage in having a straight-
line frequency eondenser. With a straight-line
frequency condenser, it is pozsible to more easily
tune in stations on varions frequeney assignments.
The stations will be found also to be more evenly
distributed over the enfire condenser seale. The
table below shows approximately the resunlts ob-
tained with the three types of condensers. The
figures given are hypothetical.

B Eiey et
Straight-line capaeity 0 and 10 500 50
Betwern'. o o . oB5 T 100 100 10
Straighi-line wavelength 0 and 10 200 20
betweerr - . - . .76 Y 3000 100 10
Straight line frequeney 0 and 10 100 10

Between: . o o 5 <00 ¢ 100 100 10



128 RADIO UP TO THE MINUTE

A small fixed condenser is sometimes used to
stop the flow of direct low potential enrrent into
a part of a eirenit. When it is so used, the con-
denser is ealled a stopping or blocking condenser.

Function and Construction of Coils.—
While, theoretically, the radio oscillating cirenit

Strarght Wourd

Boshet
Fra. 26. Varions types of coil windings.

is made up of inductance and capacitance, practi-
cally these properties of the circuit take the form
of coils and condensers. As a matter of faet,
radio sets, both fransmitting and receiving, eon-
gist, in the main, of eoils and condensers. Coils
supply the induetance, and condensers the capaci-
tance,



RADIO RECEPTION 129

(Coils for radio reeeivers are made up in vari-
ous forms as shown in Fig, 26.

The simplest and perhaps the most widely used
is the single-layer, straight-wound coil. This type
is simple to manufacture, efficient, and durable.
By leaving a slight air-space between the turns of
this type of coil, that is, by space winding it, the
general efficiency of the eoil for radio purposes is
inereased, due to the reduction of the capacitance
effect between turns.

The spiderweb eoil, as its name imiplies, looks
like a spiderweb. In its most effieient form it is
wound in what is ealled the diamond weave. This
type of coil is compaet and electrically efficient.
It is extensively used by manufacturers of the
less expensive types of broadeast receivers.

The basket wound {yvpe of eoil is another af-
tempt to cut down the losses due to distributed
capacity. Due to the characteristics of this eoil,
which malke it necessary to use on it more wire
for a given amount of inductarce value than is
necessary on a straight-wound, single-layer eylin-
drical eoil, 1ts use is not wide. From a radio ef-
ficieney standpoeint, this eoil is considered fairly
good.

The bapk-wound ceil is used where sgpace is
restricted and where it is not feasible to wind
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enough inductance as a single-laver eoil, Iis
electrical efficiency is low and this type is, there-
fore, avoided wherever possible,

A Toading coil i8 a coil usged in series with the
aerial to increase the wave band over which a
given get may be tuned. It is mostly used on
commercial ship-and-shore insiallations and not
in connection with broadeasting or amateur re-
ceivers.

The tickler coil is a part of the regenerative
receiver cirenit and is used to feed hack energy
from the plate to the grid cirenit. It probably
got its name from the fact that it ‘*tickles,’’ se
to speal, the cireoit into escillation. In some
types of reeceivers the fickler coil’s position is
variable, but in other tvpes, sueh as in amateur
short-wave equipment, it is stationary.

Fows=loss Coils.—The name low-logs has
come to be a big selling point with many radio set
manufacturers. This name was, perhaps, first
coined by the American Radio Relay League
laboratories at Hartford, Clonnecticnt, and grew
out of the attempt to build inductance coils and
condensers for low wavelength use where it was
of prime importance to eliminate high frequency
carrent losses.

‘While all radio designers strive to make losses
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Jow in the radio eirenit, it was not until low
waves came into general use that this feature of
design was greatly stressed.

Low-loss coils and condensers are built with a
minimnm number of insulating supports. The
electrical eirenits are as far as possible physically
solf-supporting. An example is found in the
well-known baskef-weave eoil, where supports for
the wire turns are completely eliminated. A high
grade of insulating material and careful eircuit
design will tend to euf down eurrent leakage and
make a set low-loss, Radio signals are so ex-
tremely weak when received by the reeceiving set
that low-loss design is a big advaniage to the
otherwise well-built set.

Crystal Detectors.—A very simple and
convenient form of detector is oblained by the
contact of two dissimilar solid substances prop-
erly chosen. The number of substances which
have been found suitable for use in such detectors
is large. This type of detector is easily portable,
but requires frequent adjustment and is less sen-
gitive: than the vacuum tube.

Among the combinations of solid snbstances
which have been used as contact detectors may
be mentioned silicon with steel, carbon with steel
and tellurium with alominum. The most impor-
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tant contact detectors, however, are erystals,
natural or artificial, in contaet with a metallie
point. Examples of such minerals are galena,
iron pyrites, molybdenite, bornite, chalecopyrite,
carborundum, silicon, gineite, and eeruseite. The
first three are respectively lead sulphide, iron
sulphide, and molybdenum sulphide. Bornite and
chalcopyrite are combinations of the sulphides of
copper and iron. Carborundum is silicon carbide,
formed in the eleetrie furnace, The fused metal-
lie silicon commonly used is alse an electrie fur-
nace product. Zinecite is a natural red oxide of
ZITIC.

Probably the three most widely used ervstals
are galena, silicon and iron pyrites. Sensitive
speeimens of iron pyrites are more diffieult to
find than sensitive galena, bat they usually retain
their sensitiveness for a longer time than galena.

These sensitive pyrites detectors are often sold
under the trade name of ““Ferron.’’ The detector
sold under the name of Perikow consists of a
bornite point in contact with a mass of zineite.

Fig. 21 shows a typical erystal detector: This
particular sample being of silicon with an an-
timony coutact point. Another excellent crystal
is ceruscite and is sold under that name.

In order to act as a detector for radio signals
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a exyatal contaet should either allow more current
to flow when a given vollage is applied in one
direction than when it is applied in the opposite
direction, or its conduetivity should vary as dif-
ferent voltages in the same divection are applied.
Practically all detectors formed by contact of
two dissimilar substances possess both of these
properties, at least to a slight extent.

To make nse of the latter property, a batfery
is required in series with the erystal, as explained
below, Some crystals, such as galena, silicon,
ceruseite and iron pyrites, give about as good
resulis as simple rectifiers as when the battery
is nsed, and as a matter of fact, in common prac-
tice no battery is employed with them, thus mak-
ing the apparatus more simplified and effecting
Ceonomy.

In order to make use of the second property, a
loeal or “‘booster’ battory is inserted in series
with the erystal. Generally a small battery of 2
to 4 volts, controlled by a potentiometer, is em-
ployed.

The positions of the various coils in the re-
ceiving ecirenit will be disenssed furiher on in
connection with the explanations of receivers.

Open and Closed Oscillating Cireuits.
—FEvery radio receiver has two distinet oscillat-
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ing eircuits, namely, the open and the closed oseil-
lating cireuits. Both of these ecircuits must be
tuned to the ineoming wave in order that it may
be received and heard by the listener. The open
oscillating eirenit is the cirenit to which the aerial
and ground are conneeted. The elosed oscillating
cirenit has conneeted with it the detector or radio
frequency amplifying tubes. Both of these cir-
¢uits also inelude inductance coils and condensers,
as will be seen later on in the deseription of re-
ceiving circnits.

Coupled Cirvewits.—Cirenits are said to be
cowpled when they are placed or connected so
that there is a fransfer of clectrical energy be-
tween them, There are various types of coupled
eireuits, such as direct or magnetically eoupled
circuits, eleetromagnetic or induetively coupled
eivenits, eleetrostatic or eapacity eoupled cirenits.

Reeeiving Cireuwits.—Having discussed
the principal units composing a receiver, we shall
now torn our attention fo the various types of
tuners and their eirenits.

The fundamental principle of the reception of
signals is that of resonance, which has been dis-
cussed fully in the portion ef this work devoted
to transmitters. If the reeeiving eirenits are
tuned to oscillate at the same natural frequency
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as the incoming waves, these waves, though ex-
tremely feeble, will after a fow impulses build up
comparatively big oscillations in the eirenits. In
reality, then, for the reception of signals, all that
is needed is an antenna eirenit tuned to the same
wavelength as that of the transmitting station,
and an instrament capable of registering the eur-
rent which flows in the antenma eonnecting wire.

i

Fra. 27, Bimplest form of receiving apparatus.

In Fig 27 is shown the simplest connection for
the reception of signals with a telephone receiver.
It is suitable only for damp waves, and also will
receive only waves from a iransmiiting station
that correspond to its own, or mearly ifs own
nataral period. At D is shown the erystal reeti-
fier, commonly called a “‘defector,’” althoungh,
really, it defeets nothing and merely alters the
waves, 0 that the telephones may receive them,
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Tt must be remembered that the waves received
are of radio frequency, which are inaundible to
the human ear. The npper limit of andio fre-
gqueney for the human hearing is about 15,000
sound waves per second, so that even if the tele-
phone receiver diaphragm counld, withont the de-
tector (reectifier), follow the radio frequency, the
ear wonld not hear the sipnals; the detector reeti-
fies the radie high frequency eurrent, that is,
allows but ene alternation to pass through if, and
lopping off, so o speak, the other alternation of
the opposite direetion, thus reducing the alter-
nating to direct eurrent and permitting audible
signals to be heard in the telephones. Tuning to
resonance is made possible if a toning coil is
introduced into fhe cirenit, in series with the an-
tenna, such as I in Fig. 28, te vary the indnetance
of the eirenit and hence the wavelengzils.

It is well to observe how simple is the appa-
ratus aectually needed for reeeption, eontrary to
what the unpinitiated person supposes. Three
pieces of apparatus, telephone receiver, erystal
detector (reectifier), and tuning coil will effec-
tively receive eertain radic signals. The main
disadvantage of the ecirenit shown above is net
being able to tune out stations that one does not
wish to hear. Also the amplitude of the oseilla-
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fions iz much diminished by the high resistance
of the detector and telephomes. The principal
resistance is that of the erystal detector.

Teo avoid the diffieulties atfendant npon the
prasence of the detector in the antenma eirenit, it
is eustomary to place the detector in a separate
cirenit coupled to the antenna; or, in other words,

Fra. 28. Simplest form of tuned receiving apparatus,
Ringle eirgnit receiver.

the detecting instruments are placed in shunt to
the tuning coil. For instance, Fig. 29 is an im-
provement and requires no more apparatus than
that previously deseribed, except that the tuning
enil has two adjustable conneections instead of
one, Oscillations now take place freely between
antenna and ground. Two telephene reeeivers
are shown, connected in series, one for each ear.

A further improvement, as regards selectivity,
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I

Fra. 29, Bimple direct coupled receiving set without
variable condenzer. Two eireuit reeesiver,

that is, elimination of undesirable signals, is
gshown in Fig. 30, where a variable condenser has
been added, C.. This is called the direct eoupled
connection. The antenna circuit is called the
primary or open cireuit and consists of the in-
duetance and capacitance of that eirenit. The
secondary in L. and Cy known as the clozed cir-

Fig. 30, Direct coupled receiving ot with variable con-
denser. Twe eireuit receiver.
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enit. In the same manner in which the transmit-
ting antenna eireuit is a good radiator of power,
go is fhe receiving antenna a zood absorber. It
ig funed to resonance with the incoming wave by
adjustment of the inductance L., The power is
eiven over magnefically to the secondary, which

£
1Y
i

£ o

Fra. 31. Induetively coupled receiving eireuwit. Two
cirenit reseiver.

ig tuned to rescnance by adjustments to L: and
€'a.  Comparatively large oscillations result in
the secondary, producing voltages aeross the con-
densers which are detecfed by the erystal and
telephone, and which are not in either oscillating
eireuit, but shunted aeross the condenser of the
seeondary. The oscillations are mot damped
thereby and sharp tuning is obtained.
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Inductively Coupled Tuners.—Hitherto
we have dealt with the simplest eircuits poszsible
for receiving damped or spark radio signsls, cir-
enits employing the least amount of apparatus
and fewest adjustments,

In Fig. 31 is shown an inductively eoupled re-
ceiving set, which may be said to be the standard
set of modern praelice, and the one upon which
all later changes are based. A fixed condenser
(F.C.) of about 0.0005 microfarads is shunted
around the telephone and this inereases the
strength of the signals. 1is aetion is explained
az follows: Buppese the principal eurrent flows
downward through fhe detector (D) and tele-
phone (T). While the eurrent flows, the fixed
condenser (F.C.) is charged with top plate posi-
tive. When the reversal of the radio oseillations
comes, the current through detector and tele-
phones ceases. Then the eondenser discharges
through the telephones and tends to maintain the
eurrent until the next oscillation flows through
the instruments. In this way, the gaps between
the suecessive pulsations of rectified enrrent are
filled in, and the cumulative effect of a wave
group is strengthened. In praetice the telephone
cord, containing as it does two condnetors sepa-
rated by rubber, cotton and silk dieleetric, forms
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a condenser which in many eases is sufficient so
that an added fixed condenser gives no improve-
ment.

The conneetion in this set iz similar in its
action to the direet eoupled arrangement above
deseribed. In either case, on account of the cou-
pling between primary and secondary coils, there
are reactions of each eoil upon the other, with
consequent double oseillations when the coils are
near together. It is found, however, that if the
resistance of the cirenits is low, by varving the
eoupling, exiremely sharp tuning is possible. The
antenna is tuned to incoming waves, by changes
of the induetanee Li. If very sharp funing is
desired, a variable condenger i shunted around
Ly, and fine adjustments are made therewith.
The secondary is tuned te the primary, the opera-
tions of tuning being done alternately until the
telephone gives the best response. In the secon-
dary the eoarser tuning is done by changes of the
induetance L., and the finer tuning with the vari-
able eondenser C..

For receiving a longer wave in the primary
cirenit than is possible by nsing all of the indue-
tance Ls, a series induectance Li called a loading
coil i added. This is shown in Fig. 32. Alse, a
variable condenser may be conneeted as shown at
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C; to inmerease the wavelength and afford fine
tuning. The sccondary may also be provided
with an extra inductance in series with Ls if
needed. For reeciving short waves on a large
antenna, series condenser (. is inserted in the

Fro. 32. Reeeiving cireuit for both long and short
waves, showing loading inductance and short-wave con-
denser. Variable condenser as in dotted lines to increase
wavelength range of receiver,

gpround wire, It is short cirenifed when not in
use.

The receiving circuits explained thus far have
utilized a erystal detector, Cirenils emploving
the vacuum tube detector have been purposely
left out of our discussion of radio recepiion be-
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eanse it is desirable that the theoretical funetion-
ing of the vacuum fube be explained before its
operation in actual reception cireuits be consid-
ered. The next chapter, therefore, will cover
this subjeet in detail,



CHAPTER VII

YACUUM TUBES IN RADIO

Tae introduction of vacuum tubes, also known
as aundions, radiotrons, vacuum tubes, vacuum
valveg and under numerous other technieal and
trade names, resulfed in remarkably great ad-
vances in radio communication. Such tnbes may
be used for many purposes: to generate, to modu-
late radio oscillations, to deteet or reetify, as well
as to amplify radio signals, and they are now
used in all types of modern equipment. The fur-
ther development of the tube is rapidly progress-
ing: and new applieations of i1ts use develop se
rapidly that one engaged in radio work must be
an assiduous reader to keep in touch with these

‘new developments. Therefore, it is of the utmost
importance that the principles underlving the use
of vacuum fubes and their operations under the
widely different conditions met in actual radio
practice be given careful study.

If two wires are ecomnected to a battery, one to

each terminal, the other ends may be bronght
J44
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very elose together in air, yet so long as they do
not touch, no current flows between them. The
two ends may be enclosed in a bulb like an or-
dinary ineandeseent lamp, and the air pumped
out, leaving a vacuum, and still as long as the
ends are separated, no current flows. A com-
mon experience will illustrate this. When the
filament of an electric lamp breaks, the eurrent
stops and the light goes out: But if one of the
two wire ends mentioned above is heafed fo a
bright red, or hoiter, it i8 an interesting faet
that a eurrent can be made to flow aeross the
apparently empty space between fhiem.

Call the two ends of wire the ‘‘electrodes’ of
the tube. The eurrent between the hot and cold
electrode is made possible by the electrons given
off by the hot electrode and is a large enough
current to be measured by a sensitive instrument
and to have highly important uses in radio com-
munication, ag will be shown in the succeeding
pages. .

The Twe-Electrode Vacuum Tube,—
The question will perhaps arvige as to how a single
¢lectrode ean be heated when it iz inside of a
olass bulb. That is simply dome by shaping it
into a loop and both ends brought through the
base of the bulb, in exactly the same manner that
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the filament of an ineandescent lamp is wused.
These ends are connected to a battery of a few
eells, generally giving a voltage of about six velts.
The eurrent from this battery heats the loop in
a4 similar manner as the filament of the above-
mentioned eleetric lamp. Thus the hot filament
becomes one of the electrodes. For the other elec-
trode o little plate of metal is used. A bulb
containing a hof and a eold electrode as thus de-
geribed forms a ““two-electrode vacuum tube’’
and was originally designed by Professor J. A.
Fleming,

The aection of these tnbes depends upon the
fact that when a metal is heated in a vacoum it
gives off eleetrons into surrounding space. A
gtudy of these eleetrons is important, the reason
for this is that all matter eontains them. Matter
of all kinds is made up of atoms, which are ex-
tremely small portions of matter (a drop of
water contains billions of them). These atoms in
turn eontain electrons, which consist of negalive
eleetricity, The electrons are all alike and are
much smaller than the atoms. Besides contain-
ing eleetrons, each atom- also eontains a eertain
amount of pesitive electricity. Normally the pos-
itive and negative electricity are just about equal.
However, some of the electrons are not held so
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firmly to the atom but what they ean escape if
the atom is violently knocked or jarred. There-
fore, when an electron; negatively charged, leaves
an atom, there is then less negative clectricity
than posifive in the atom; in this condition the
atom is said to be positively charged. The atoms
im matter are constantly in motion, and when
they strike against one another, clectrons are
jarred from an atom. This electron then moves
about freely between the atoms. Heat has an
effect upon this process. The higher the temper-
ature, the faster the atoms move and the more
electrong gpiven off. Tt is this action of cleeirons
that 1s made nse of in the vacnum tuhe.

As the electrons have a negative charge, the
charge remaining on the metal is pozitive; there-
fore, few of the electrons go very far, but are
atiracted hack to the metal, so that there is a kind
of balance established between the ontzoing and
the returning electrons. Now, suppose a battery
iz eonnected between the fwo electrodes, that is,
between the hot filament and the plate. This bat-
tery is so connected as to make the plate positive
with respect to the filament. The electrons, being
of megative electricity, would be attracted by the
PMate and retained, returning no more to the fil-
ament. Thus the battery ecauses a continuous
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flow of negafive elecirons from the filament 1o
the plate. In other words, a current of negative
electricity is flowing in space between the two
electrodes of the tube, '

The current ceases when the filament is cold,
because no electrong are theén cscaping from the
metal. No enrrent will flow if the battery is
wrongly eonneeted, sinee, when the plate is nega-
tive with respeet to the filament, the negative
charge of the plate will repel the electrons hack
into the filament.

The distinetion between direction of eurrent
and direction of electron flow must be earefully
noted. It happens that for a great many years
the direetion from the positive toward the nega-
tive terminal has been arbitrarily called the di-
rection of the enrrent. It is now found that these
liftle eleetrons travel from the negative toward
the pesitive eleetrode. The direction of ecurrent
and the direction of the motion of the electrons
are therefore opposite.

Fonization.—The foregoing explanation of
the action of the flow of current between filament
and plate, commonly ecalled the ““plate eurrent,”
in a vacuum tube applies to the ecase where the
vacuum of the bulb is very complete. If there is
more than the merest trace of gas remaining in
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the tube, the operation is more complicated, and
a larger current will usually flow with the same
applied voltage, This is accounted for in the fol-
lowing manner:

Tu a rarefied gas, some of the electrons are
c¢onstituent parts of atoms and some are free.
These free eleetrons move about with great veloe-
ity, and if one of them sirikes an atom it may
dislodge another eleetron from the atom. Under
the action of the electro-motive foree (e.m.f.) be-
tween plate and filament, the newly freed electron
will acquire veloeity in one direction, which will
be similar to that of the colliding clectron and the
positively charged remainder of the atom will
move in the opposite direction. Thus both parts
of the disrupted atom become earriers of elee-
tricity and contribute to the flow of current
through the gas. This action of a colliding electron
upon an atom is ealled “‘ionization by eollision,’’
and on aceount of it relatively large plate currents
are obtained in vacuum tubes having a poor
vacoum. The earlier tubes were of this sort, but
madern tubes, as a rule, are made with a better
vacua than formerly, so that ionization by collision
is responsible for but a small part of the current
flow. _

In the earlier use of vaeuum fubes it would
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seem an advantage to have ionization by colli-
siom, beeause a larger plate current can be ob-
tained, but there are two difficulties which have
proved so great that tubes are now usually made
to have only a pure electron flow., One of these
diffienlties is a rapid deterioration of the filament
when a large plate enrrent flows. The positively
charged parts of the atoms are driven violently
against the negatively charged filament and since
they are much more massive than electrons, this
bombardment, so to speak, actually seems to wear
away the surface of the filament.

The tube deseribed above wags the first used in
radio practice and after its inventor ig ealled the
“Fleming valve.” The Fleming valve was orig-
inally used ns a detector, but has been replaced
by the three-element fube disenssed below be-
cause the latter has proved so much more sen-
silive, and as previously deseribed, can be utilized
for o variety of purposes.

However, before proceeding to the modern
vacunm tube, it is well 1o consider that types of
two-electrode fubes are most useful in another
field of electrieal work. Omne type, kmown as the
“kenotron,”’ developed by the General Eleetrie
Company, has a higher vacuum than the Fleming
valve and is made in larger dimensions. It is
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nsed as a rectifier of currents of high voliage,
but low frequency. It changes alternating car-
rent into a pulsating eurrent all in one direction.
Small currents, well below one ampere, are ree-
tified by these tubes, and power up to several
kilowatts ecan be handled even if the applied volt.
age exceeds 25,000,

Another type, known as a “Tungar rectifier,”
is utilized for charging storage batteries from a
110-volt alternating eurrent ecircuit. This type
contains rarefied argon gas and relatively large
enrrents are produced mainly throngh ionization
by eollision, in the manner before deseribed.

The Three-Flectrode Vacuum Tube.
—A great improvement upon a two-electrode
tabe for radio purposes, consists in the addition
of a third electrode, or element, inside the tube in
the form of a metallic gauze, or, as it is known, &
“erid.’” This grid consists of an eleetrode of
fine wires between the filament and the plate of
the vacuum inbe. This makes it possible to in-
crease or deerease the carrent between plate and
filament through wide limits. In order to under-
stand how this result is obtained it will be neces-
sary to first econsider what happens in a two-
electrode tobe having a good vacuum, when
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gither the voltage of the “*B" battery or the
temperature of the filament is varied.

Suppose that the filament temperature is kept
constant, then a definite number of eléetrons will
be gsent out per second. The number of electrons
that travel across the tube and reach the plate
per second determines the magnitude of the cur-
rent through the plate eirenit. The number of
electrons that reach the plate increases as tha
voltage of the “*B* battery increases. If this
voltage is continuously inereased, a value will be
reached at which all the eleelrons sent out from
the filament will arrive at ihe plate; therefore,
we: arrive at what is termed the “‘saturation’’
current, as no further inercase of the electron
flow can be obtained by inereasing the voltage.

Suppose now that the veltage of the B’ bat-
tery is kept at a constant value, and the filament
temperature gradually raised by inereasing the
current from the heating battery, known alze as
the ““A’" battery. The number of electrons sent
out will continue to increase as the temperature
rises., The electrie field intensity, due to the pres-
ence of negative eleetrens in the space between
the filament and plate, may at last equal and
neutralize that due to the positive potential of
the plate so that there is no foree acting on the
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electrons near the filament. This effect of the
eleetrons in the space i3 called the ‘‘space charge
effect.” Tt must not be supposed that the space
charge effect is cansed by the same eleetrons all
the time. Klectrons near the plate are constantly
entering it, but new electrons emitted by the fila-

ment are entering the space, so that the tofal
number between filament and plate remains con-
stant at a given temperature. Afler the temper-
ature of the filament has reached the point whers
the effect of the eclectrons present in the space
between filament and plate neulralizes the effeet
of the plate voltage, any further inerease of the
filament temperature is nnable fo cause an in-
erease in the eurrent. The tendency of the fila-
ment to emit more elecirons per second hecause of
the inereased temperature is offset by the in-
crease in space charge effect, which wonld result
if eleetrons were emitted more rapidly; or, to put
it more exactly, for any extra electrons emitted,
an equal number of those in the space are re-
pelled back into the filament.

Thus, whether the ““A*" battery is kept at a
constant valoe and the ““B*" battery varied, or
viee versa, in either case we find that the eleetron
flow or plate current can only rise to a certain
value.
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In the three-clectrode tube, by inserting a grid
between the filament and the plate, as stated be-
fore, in the form of several small wires, the grid
is placed in the path of the stream of electrons
which constitute the plate enrrent. "When this
grid -is charged positively, the space charge will
be neuntralized, as it is of a negative character
and thus a greater plate current will result.
Alse, if the grid be eharged negatively, the spaee
charge will be inereased, and a greater number
of electrons driven back to the filament, with a
lessening of the plate eurrent. Thus it will be
geent that the value of the plate current ean be
controlled by means of the third element or grid
in the vacuum tube. This control is aceomplished
in a variety of ways, depending upon the use for
which a given set is designed: also, upon the
characteristies of the particular vacuum tube
used, Various tubes have a varianee of charae-
teristies.

Cirenits that may be utilized in the employ-
ment of the vaeunm tube, showing various meth-
ods of vacuum tube control, are to be found in the
following puages.

The Four«Electrode Sereen-Grid
Tube—This tube, the UX 222, has an outward
appearance similar to the ordinary three-clec-
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trode tube except that it has a metal eap at the
top of the tube. This eap is the connection to the
control grid which is eguivalent to the grid of
the three-electrode fube. The fonrth electrode is
an addifional grid element which serves to almost
eliminate the effective capacity between the plate
and grid of the tube without the necessity of ex-
ternal nentralizing schemes,

The Fig. 33 shows the construetional position
of the electrodes in both the three and four-elee-
trode tubes and methods of connecting the tube
in the eirenit,

This tube ig the greatest development in radio
receiving equipment sinee the advent of broad-
casting. Ifs pessibilities for improving the re-
ception of radie sigmals are mulfifold.

Ar an example of what this tube does; nsing
the ordinary three-cleetrode tube as a radio fre-
queney amplifier, we might under good eonditions
et a voltage amplification of about eight, while
with this newer fube we might under the same
conditions get an amplification of 25. This means
that if we use two stages of radio frequency
amplifieation, nsing the old fube we wounld zet an
amplifieation of G4. The new tube, using two
stages of amplification, gives us 625 times the
original incoming voltage strength. This is almost
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Fie. 33. Bhowing construetional pesition of elements
in four and three electrode vacuwom tabes.
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ten times as much! Truly, a remarkable achieve-
ment,

This should mean a great improvement in the
reception of distant stations and better guality
of reception for loeal stations.

This tube will be more commonly used in Amer-

:
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Fia. 34, Connections for using vacuum tube as & simple
detector.

ica as a radio frequency amplifier sereen-grid
tube than as a gpace-charge audio frequency tube
as the four-eleetrode tube is used in Furepe.
This tube may also be used as a delector, but
snch usage is not apt to beeome common. As this
tube is very semsitive to external influences, an
external metal shicld which fits over the tube like
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a cover is provided somefimes to rednee noises.

The name *“shielded grid tube”® is nsed synony-
mously with the names **sereen-grid? and *“*four-
element tube’?

The Five-Electrode Vacuum Tube—
A new five-electrode tube called the *‘Pentode’
has made its appearance in England. This tube
is designed along the lines of the sereen-grid tube
but is made to handle larger powers, It is ex-
pected that this tube will be even more efficient
than the four-electrode tube. This tabe will
probably enable us to get satisfactory results
with fewer tubes than are at present necessary.

The A. €. Vacuwum Tubes.—By A, C.
Vacuum Tubes are meant tubes that operate di-
rectly from the A. C. house lighting ecireuit, mak-
ing direct ecurrent rectifiers, batteries and elim-
inators unnecessary. There are two types of A.
(. tubes, namely, the raw A. C fube (UX 226)
and the heater type tube (UY 227). The raw
A. C. tube has the same consfruection that the
ordinary battery type tube has, with a four-prong
base, two for the filament connections, ome for
the plate and one for the grid. The heater type
tube, on the other hand, does not depend on a
filament for its operation in the radio cirenit. It
has instead a ““eathode’ which is brought to a
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high temperature by a “‘heater’’ element. When
the cathode geta hot it throws off electrons in the
same way that the filament of the common tube
does. The raw A, C. tube (UX 226 type) is used
in the andio frequency ecircuit, while the heater
type tobe makes a good detector and radio fre-
queney amplifier. This latter tube has five prongs
in its base, two for the heater, one each for the
plate, grid and eathode.

The Vacuum Tube as a Simple De-
fector.—We shall first take a simple detector
cirenit and an explanation of its action. In order
to understand how a vacuum tabe acts when used
as a detector, consider the ecirenif shown in Mg,
34, Suppose the reeciving antenna picks up a
sirmal. Oseillations in the tuned cirenit LC are
set up, because Lo is induetively coupled to the
antenna eircuit. The radio frequency alternating
voltage between the terminals of L is impressed
between the filament and grid, and brings about
changes in the plate cirenit. On the average the
plate enrrent is inereased while the signal is pass-
ing. The frequency of the wave trains should be
within the range of audible sound, preferably be-
tween 300 and 2000, because the telephone in-
duetance smooths out each frain of high fre-
quency oscillations into -a single pulse and the
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pulse frequency must, therefore, be within the
andible Tange in order that signals may be heard.

In some cases it may be neeessary touse a**C"?
battery hetween poinis I and G in Fig. 34 in
order to bring the plate current to a correct value.
This, however; does not change the action; the
variations of the plate enrrent are brought about
by the alternating em.f. between the terminals of
coil L just the same as when the “C" battery is
absent.

If the grid battery woltage is adjusted so that
the plate current has a value near the upper bend
of the plate current-grid voltage eurve instead of
the lTower bend, the aetion will be essentially the
same, but the effect of the arrival of s wave train
will be to decrease momentarily the plate current
inetead of to inerease it. As hefore, there will
be fluctuations of the plate enrrent keeping time
with the arrival of train waves; and o sound in
the telephone of a piteh eorresponding to the
number of wave trains per second.

Care must be taken in the use of receiving
tubes that the “B*’ voltage is never high enough
to eanse the plate eurrent {o beecome so large that
it is unaffected by variations of the grid voltage.
Furthermore, the tube gets hot and its safety is
endangered by too much plate current.
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If the eirenit shown in Fig. 35 is used, having a
condenser in geries with the grid, the action of
the tube as a detector is different. When the
grid voltage is the same as that of the {ilament
and there are no oseillations, the grid corrent is

Fra. 35, Vacuum tube ag deteetor of undamped waves,
Condenser in grid eivenit.

zero; that is, no eleetrons are passing from the
filament {o the grid. Now suppose that a series
of wave traing, as shown in (1) of Fig. 36, falls
upon the antenna of Fig. 35. If the eircuit LC. is
tuned to the same wavelength as the antenna eir-
cuit, oscillations will be set up in if, and similar
voltage oscillations will be communicated to the
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grid by means of the stepping condenser C.. (A
suitable eapacity value for this condenser would
be 0.0001 mfd.). Each time the grid becomes pos-
itive, clectrons will flow to it, but during the
negative half of each oszeillation no appreciable
grid eurrent will flow. This is shown in eurve
(2) of Fig. 36. Thus during each wave train the
grid will continue gaining negative charge and
its average potential will fall as shown in (3) of
the same figure. This negative charge on the
grid opposes the flow of eleetrons from filament
to plate, causing, on the whole, a deerease in the
plate current. At the end of each wave train this
charge leaks off through either the condenser or
the walls of the tube (or both) and the plate eur-
rent rises again to its normal value as shown in
(4) of the same ficure. This should happen before
the next wave train eomes along, but sometimes
the leak is not fast enpugh for the discharge to
take place. In this case a betfer result is speured
if a resistance of a megohm or so is shunted
across the condenser. Such a resistanece is ealled
a grid leak,

The telephone diapliragm eannot vibrate at
radio frequency, but the high inductance of iis
coils smooths out the plate eurrent variations
inte some such form as shown in (5) in Fig, 36.
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Fis. 36. THeeoption with prid condenser in eirenif
(1) Incoming oscillations, (2) grid current, (3) grid

potential, (4) plate current, (5) eurrent in phones,
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Thus, as in the case of the circait in Fig. 35, the
note heard in the telephone corresponds in piteh
with the frequency of the wave trains. To re
ceive undamped waves which are not divided up
into groups of audible frequency, vacuum tubes

Fia. 37. Vacuum tube as an amplifier,

may be used in special ways ealled the heteredyne
and aundodyne methods, which are explained later
in this ehapter.

The Vacuum Tube as an Audio Anes
plifier.—If, as in Fig. 37, a source of alter-
nating e.m.f. were interposed between the filament
and grid of a vacuum tube, the potential of the
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grid with respect to the filament would alternate
in accordance with the alternations of the gen-
erator. These variations of the grid potential
produce changes in the plate current eorrespond-
ing to the plate characteristic. If the mean po-
tential of the grid and the amplitude of its alter-
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g, 38.. Variations of plate enrrent with grid veliage,

nations are such that the plate eurrent is always
in that portion of ifs eharacteristic where it is
a straight line, then the allernations of the grid
potential will be exactly duplicated in the varia-
tions of the plate enrrent and the latter will ba in
phase with the former, at least in a high vacoum
tube. Thus, if (a) of Fig. 38 represents the al-
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ternating potential of the grid, then (b) wonld
represent the fluctnations of the plate eurrent.
For a given amplitude in (a) the amplitnde of
the alternating component in (b) will depend
upon the steepness of the plate characteristie, in-
ereasing with increasing slope. The alternator
in the grid lead supplies only the very small grid
filament current, thus the power drawn from it
is extremely small. The power vepresented by
the alternating component of the plate eurrent is,
however, considerable; thus there is very large
power amplification. This larger source of
power might be utilized by inserting the primary,
P, of a transformer in the plate eircuit, as in Fig.
37, in which ease the alternating component above
would be present in the secondary, 5. This il-
lustrates the prineiple of a vacuum tube as a
relay. The voliage in 8 might again be inserted
in the grid lead of a second vacuum tube and
with proper design a further amplification ob-
tained in the second tube. This mav be carried
through further stages and illustrates the prin-
ciple of multiple amplification.

Regenerative Amplification.—It has
been shown by Mr. E. H. Armstrong, that ampli-
fication similar to that obtained with several
stages may be secured with a single tube. In-



VACUUM TUBES IN RADIO 167

stead of feeding the voltage of the gecondary coil
8 info the grid circnit of a second tube, it is fed
back into the grid cirenit of the same tube so as
to increase the voltage operating upon the grid.
This results in an inereased amplitude of the

%% L TG

Fia. 39, Useof vaenum fube as a regenerative amplifier
{feed-back cireuit].

plate current alternations, which likewise being
fed baek info the grid cireunit increases the volt-
are operating upon the grid, ete.

One form of the so-called feed-back cirenit for
rectifying and amplifying damped oscillations is
shown in Fig. 39. The operation of the ciremf,
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used as a receiving deviee, is the same as that
degeribed gbove for the ease of a condenser in
the grid leak. The condenser C. is merely to
provide a path of low impedance across the
phones for high frequency oscillations. The
coils PP and 8 constitute the feed-back by means
of which the oscillations in the tuned cirenit are
reénforeed. The mutual induetance between S
and P must be of the proper sign, so that the
emf. feed-back aids the osecillations instead of
opposing them.

Heterodyne and Aufodyne Reeep-
tion.—I1{ two tuning forks, mounted on reso-
niance boxes, one vibrating 256 and the other 26
times per second are sounding together, a listener
a short distance away will hear a sound alternate-
ly swelling out and dying away four times per sec-
ond, These tone variations are called ““beats.’”
Similarly if two sources of undamped electrieal
oscillations aecl simultaneously upon the same
eirenit, one of a frequency of 500,000 and the
other of 501,000, the amplitude of the combined
oscillation will successively rise to a maximum
and fall to & minimum 1,000 times per second.
If reetified by a vacuum fube (or a erystal) their
variations will produce an audible note of fre-
quency 1,000 per second in a suitable telephone
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receiver. If one of the two oscillations 18 the
received signal in the anfenna and the other is
generated by a eirenit in the receiving station,
we have “‘heterodyne’’ or ‘‘beat reception.’” In
the receiving telephone a musical note is heard,
the pitch of which is readily varied by slight vari-
ation of tuning of the local generating cireuit.

If a regenerative cirenit similar to that of Fig.
39 is uszed (L being coupled fo the antenna), the
same tube may be used as a detector and as a
generator of local osecillations. This is ealled the
¢ autodyne’’ reception. The procedure is to tune
the antenna cirenit to the incoming signals and
adjust the loeal oseillating eirenit so that if is
slightly out of tune with these incoming signals.
Thus beats of audible frequency are produced.

By these methods of reception very faini sig-
nals ean be received, Also inferference from
other stations is reduced to a minimum, becanse
a slight difference in frequency of the interfering
signal would give a note of an entirely different
piteh, or even an inaudible note. For instance,
if the local osecillation had a frequency of 500,000
the received oseillation 501,000 and the interfer-
e oseillation 502,000 the interfering note would
have a freguency of 2,000, or be a whole octave
higher in pitch than the received note. If the
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interfering source had a frequency of 530,000,
its beat tone would be so high as to be entirely
inandible.

Oscillating and Non-Oscillating Cirs
crits.—The oscillating vacuum fobe eirenit is
one in which the plate cirenit is coupled to the
grid cirenif as in Fig. 39. In this method of con-
nection three important actions take place: first,
the grid controls the plate enrrent; seeond, the
plate reacts upon the grid eirenit due to the faet
that it is conpled to it; third the grid again af-
feets the plate eivenit in a more pronounced way,
due to the added impetus of action two. These
actions are ealled regeneration, and result in the
original impulse, referred to as action one, being
amplified many times its original value.

The non-oseillating vacuum tube iz shown in
Figs. 34 and 37, In both eases there is no con-
pling of the plate and grid cireunits;, and the tube
acts merely as a valve, which automatically re-
leases ‘a large plate eurrent every time an im-
pulse is impressed on the grid. The grid in this
ease shuls on and off the plate current, In Fig,
35, therefore, no plate current flows until a sig-
nal is received by the aerial eireuit and impressed
on the grid.
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Filament Current Supply.—The fila-
ment current (ealled ““A’" supply) is emploved
to heat the filament. The voltage of the supply
depends upon the type of vacuum tube or ifubes
employed. It is important that the polarity of
the sapply be in such direction that it will not
oppose the plate supply to which a connection is
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Fra. 40. Method of eonneeting A, B, and € batteries in

cirenit,

made from one side of the filament as shown in
the diagrams. (See Fig. 40.)

The current fowing into the filament is econ-
trolled by a rheostat, or some sort of special
variable resistance deviee.

The brillianey of the filament which ig in direct
proportion to its heating is controlled by the
rhegstat or ofther eonirol devies referred fo
above. This in turn affects the stream of elee-
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trons leaving the filament for the plate when the
tube is in operation.

Plate Supply.—The plate supply (ealled
“R' gupply) is econnected in the plate eircait
with the positive terminal always connected to
the plate of the vacuum tube. (See Fig. 40.)
Clompared with the filament supply, the plate sup-
ply wives a high voltage. This is reguired due
to the operating charaeteristies of the vacoum
iube. The plate supply voltage varies from 2214
to 425 volts depending upon the particular tnbe
and use of the tube in the ecirenit. A detector
tube usually requires 2214 volts, while a power
amplifier may require as much as 425 volts.

In a battery set, beeause of the extremely
emall enrrent consumed by the plate eireuit, the
“B* battery will last for a relatively long time,
its actual life depending entirely upon the num-
ber of hours the set is in operation.

s Bias.—The ““C" or “grid biag’” is con-
neeted in the grid cirenif, and acts to keep the
grid at a negative potential in respeet to the fila-
ment. (See Fig. 40.) When the tube is used as
an amplifier it acts as a valve to velease the high-
powered plate battery eurrent. Small changes in
the grid potential with respect to the filament po-
tential eause a large change in the plate enrrent.
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If distortion i to be prevented, it is important
to have the plate follow exaetly the variations of
the grid potential, otherwise the signals received
will be blurred. Distortion usually oceurs when
the grid iz positive with respect to the filament.
Therefore, it is desirable to make the grid per-
manently negative, TFor instance, suppose that
the maximum grid signal strength is eight volts,
then it a “*C" hias potential of four volls is ap-
plied to the grid negatively, the grid potential
cannot become positive, and distortion, because
of this charaecteristie, will not take place.

The method of eonnecting the “*A," “B,” and
S0 gupplies in the ecirenit are shown in
IPig. 40, Particnlar notice should be taken of
the polarity connections. If any of these sources
of enrrent ave econneeted in the wrong direetion,
the operation of the vacnum tube will be seri-
ously interfered with.

The value of the “*C' voltage depends upon the
plate voltage used. The proper values are usu-
ally supplied by the tube maker with the tube
when purchased.

Developmentis in Vacuum Tubes—In
the early days of radie broadeasting, multi-tube
sets were undesirable due fo the heavy current
used by the vacuum tubes then in use. For ex-
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ample, a common type of tnbe nsed at that time
was the UV-201, which consumed one ampere of
filament current. If six of these tubes were nsed
in a receiver, the eurrent drain would be six am-
peres. This is what 24 of our present UV-201-A
tubes would consume, drawing 14 of an ampere
each! In other words, six UV-201-A tubes draw
only 134 amperes from the A supply. Two of
the old style tubes would draw more current
than six of our new ones.

The Thoviated Filament.—A remarkahle
advanee in tube economy came with the develop-
ment of the thoriated filament. All of cur medern
receiving tubes employ this new filament.

The old type of filament was made of pure
tungsten and had many disadvantages: short op-
erating life;, weak electrical robustness, noise in
operation and non-uniformity of electronie emis-
gion. All of these disadvantages have been elim-
inated by the theriated filament. The old pure
fungsten filament was barned at a fair brillianey,
while the thoriated filament is lighted with a very
faint glow, sometimes hard to see during the
daytime.

The important features of the thoriated fila-
ment are: during the life of the filament the elee-
tronic emission is several times that of the old
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type filament and only a fraction of the eurrent
negessary to light the old filament is necessary
for the thoriated type. The table below shows
how the UV-201, which has the old type filament,
eompares with the UV-201-A, which has the thor-
iated filament:

Eilanient Filommi Pilate

Falfoga urrant Tar et
TW=20L . 5 5 s G 8 1 amp. 7.5 milimps
V20T o 6 G R 4 amp. 45 milamps

It iz seen that the eleeironic emission is six
times as great when the thoriated filament is
used, and the enrrent consumption is only one
guarier as oreat.

Due to the low operating temperature of the
thoriated filament internal tube noises are prac-
tieally eliminated

The thoriated filament has a very long life due
to its low operating temperature. As a matter
of fact, the life of this filament is terminated by
the loss of eleetronie emigsion rather than by the
burning out of the filament.

The X-1. or thoriated filament is a tangsten fil-
ament in which a small percentage of thorium is
mixed early in the proeess of manufacture. 'When
the filament iz hested in a vacoum there is a
change from the chemical ecompound to pure
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thorium. By eertain heating processes, the thor-
inm atoms are brought to the filament surface
one layer deep. This layer has a high radio ac-
tivity and accounts for the great inercase in elee-
tronie emission from this type of filament as
compared with the old lype.

Noises in Tubes—Certain noises heard in
the radio receiver are due {o the tubes themselves
and are not stalie, as a great many people believe.
Internal tube noiges may be due to loose elements
iniside the tube which eause a variation in the
internal resistance of the tube producing a mi-
crophonie noise, This kind of noise may also be
caused by wvibration of the eabinet or table on
which the set is placed,

Soft rattles and hisses may be eaused by er-
ratie electron emiesion from the floment. In a soft
tube (one in which the degree of vaeuum iz not
high and in which gas is present), a certain point
will be reached where hissing starte. This point
and above it 18 a poor operating point and opera-
tiom should be earried on below this adjustment.

Types of Vacuuwm Twubes—The WD-11
and the C-11 has o prong base and an adapter
is required to make it fit in the standard base.
The WD-12 and the €-12 is the same tube with a
standard base. This type operates on a filament
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voltage of 1.1 and dry ecells are used. For fila-
mient current regulation a 6-ohm rheostat is nee-
essary. The plate voltage may be 2215 volts
when used as a detector and from 45 to 90 volts
when used as an amplifier, The “ O™ battery may
be 1.5 to 45 volts. The grid condenzer may be
00025 mierofarads shunted by a grid leak of 2
to 3 megohms. The plate enrrent is from 1.1 to
2.6 milliamperes.

The ontstanding advantage of this tube is that
it may be operated on one dry cell. It was the
first of the dry cell tubes and is very popular
with thousands ef broadeast listeners. If works
‘best as a detector or andio frequency amplifier,
but not se good as a radio frequency amplifier.
It is elassed ag a hard tube.

The UV-199 und the (-229 is designed for use
as o detector and amplifier and operates on dry
eells, The filament volfage is three volfs and
the current consumption is 0.06 amperes. A 30-
ohm rheostal should be used as the filament eur-
rent regulator. The plate voltage when the tube
is used as a deteetor varies from 2214 to 45 volts.
The best voltaze may be found by trial, When
the tube is used as an amplifier the plate voltage
may be from 45 to 90 volts, best found by trial
The *¢C’" batiery may vary from 14 to 4.5 volts,
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best found by trial. A grid econdenser of 00025
microfarads shunted by a grid leak of from 2 to
6 megohms has been found to give satisfaetory
operation. The plate earrent varics from 1 1o
2.5 milliamperes.

This tube; due to its small size, acts only as a
fair detector and audio frequeney amplifier, bui
for radio frequency amplifieation it is very effi-
cient. It is elassed as a hard tube, which means
that the vacuum is very hizh and liftle pas has
been left in the tube. It is espeecially popular for
portable sets, and sets having several stages of
radio {requency amplifieation. Size of tnbe, 314
inches high and 1 inch in diameter.

The Radiotron UX-120 18 a dvy battery power
amplifier tube operating on 3 volts and is de-
signed especially for nse in the last stage of an
audio freqnency amplifier. It will give a large
volume of undistorted signals to the loudspeaker.

The plate potential may be 90 to 135 volts; a
lower plate voltage will reduce the volume in the
loudspeaker. When this tube is used in the last
stage of audio frequency amplification, large size
¢ B’ hatteries will give most economiecal operation.

All high plate potential andio frequeney ampli-
fiers need a ‘“C"? battery. In this case, the grid
return lead should go to the negative terminals
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of a 16%% to 2214 velt **C7" battery. The positive
terminal of this battery is connected to the nega-
tive filament lead between the rheostat and the
tube.

A gpeeial base (small “UX? base) is used with
this tube. An adapter provides for its nse in the
regular UV-199 socket,

The Radiotron UX-120 is a power amplifier
tube to be used unsvally as the last andio stage
of sets emploving UV-199 tubes.

The UV .-201-4 and the C-301-4 may be used as
a detector or an amplifier, and was designed to
replace the UV-200 and C-300. 1f draws only one
quarter the filament enrrent of these latier tubes,
and is, therefore, more econemical to operate,
The filament voltage is 5 volis, and the current
econsumption is 14 ampere. While this tube may
be operated on dry eells, if the set iz not used
morve than one or two hours daily, the storage
battery as a source of filament current is desir-
able. It works best as an andio frequency ampli-
fier, and only fairly well as a detector and radio
frequency amplifier. In some cases, however, it
has worked very well in these last two functions
and is considered by some users to be good.

For filament current control a 16 to 30-ohm
rheostat is necessary. When used as a detector



180 RADIO UP TO THE MINUTE

the plate voltagze may be 45 volts, but when used
as an amplifier from 45 to 135 volts should be
provided. The *“C"" battery may be from 14 to
9 wolts. The grid condenser and grid leak may
be the same as for the UV-199 or ¢-299. Itiza
hard tube and gives good volume when used as an
andio freguency amplifier. Although the filament
requires only five vells, a six-volt **A" batfery
is usually used. Size of tube: 4 3/16 inches hizh
and 134 inches in diameter.

The UX-200-4 iz a speeial detector tube supe-
rior in sensitivity to the UX-200. Unlike the UX-
200, the UX-200-A does not require eritical fila-
ment or plate voltage adjustment. Beeause of its
peculiar charaeteristies, a cushioned socket is
desirable with this tube fo reduce tube noises.

Thig fube is especially good for long distanee
receplion when its inereased sensitivity is egual
approximately to an extra stage of radio fre-
quency amplification.

Due to its extreme sensitivity, this tube permits
the use of a shorter and lower antenna without
loss of volume.

When first highted, this tube may give off a
whistling or hissing sound, which disappears
after the tube has been lighted for a short time.

The filament of this fube requires 5 volts and
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this tube may, therefore, be operated on a 6-volt
supply. The tube draws 14 ampere. The plate
requires 45 volts and the *C'? biaz sheuld be 1 volt.

The ferm ““high mu?’ means that the tube has
a high amplification factor, that is, it will give
more amplifieation (louder volume) with a given
plate voltage than a tube baving a “‘low mu’* o1
low amplification factor.

The UUX-112-4 tube ig designed to be used on
storage baftery sets as fhe last audio stage am-
plifying tube. Due to its heavier eurrent earry-
ing capacity, a greater volume with less distortion
than when using the UV-201-A iype of tube is
to be had.

As an andio freguency amplifier, the UX-112-A
tube ocenpies a position half way between the
UX-120, which is & dry cell tube, and the power
amplifier tube UX-210.

Care should be taken not to operate this tube
above a dull red heat, as excegsive filament enr-
rent shortens the life of the tube.

The filament supply, eurrent drain, and fila-
ment voltage is similar to the UX-200-A degeribed
before. When used as a detector, the plate volt-
age should be 45; when used as an amplifier this -
voliage may be inereased to from 90 to 180. The
O voltage likewise may be from 4.5 to 13.5,
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Power Amplifier Tube,—When very loud
reception is desired, as in large assembly halls,
stores, and other places of a similar character, a
power amplifier tube may be employed. One such
tube is known as the UX-171 Poewer Amplifier
Tube and is especially designed fo handle great
volume without distortion. In spite of its remark-
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able amplification power it consumes only a half
ampere of filament enrrent. This tube may be
operaled on a plate voltage of 90, 135, or 180.
‘When more than 90 velts arve used, some form of
londspeaker coupling deviee must he employed,
such as an output transformer or n choke coil
and by-pass eondenser to prevent the full plate
voltage from passing through the loudspeaker
and burning it out. This is diagrammatically
shown in Fig. 40 A,

The “*C** voltage required for this tube varies
from 16.5 to 40.5, depending upon the plate sup-
ply voltage used.

The UX-270 Radiotron handles a relatively
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heavy power. It is designed primarily for use as
a power amplifier with loudspeaker where great
volume without distortion is required. Tt muy
also be used in any ordinary amplifier eirenit
where long life is necessary, or where the plate
voltage is high.

As the plate voltage of this tube may be as
high as 425 wvolts, great eare must be taken to
avoid shock when handling exposed eireuits.
However, if the high voltage cirenit wires are not
exposed there is no more danger in handling this
than any other Radiotron. All eurrenf should be
turned off at the souree before any adjustments
are made in the c¢irénit. The user is cautioned
not to use excessive filament or plate voltage with
this tube. The plate temperature should never
exceed a dull red heat. :

A large standard (UX) base is used with this
tube.

Beeause this tube has a rated output as an
oscillator of 7.5 watts, it should prove popular in
amateur transmitling sets. With plate voltage
under 160, the filament may be operated direet
from a G-volt storage battery without a rheostat.
The ““C voltage varies from 12 to 35 volts, de-
pending upon the plate voltage used and as given
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in the table of characteristies, it varies with the
plate voltages.

The UX-222 is the four-electrode vacuum tube
also known as the sereen-grid or shielded-grid
tube, This tube may be used as a radio or andio
frequency amplifier. When used for audio ampli-
fication, resistance eoupling is used. This tube
is similar in appearance to the common three-
electrode tube except that it is fitted with a metal
cap. It is to this cap that the regular or operat-
ing grid of the tube is connected. The tube is
fitted with a large standard UX base which has
four promgs, two for the filament, one for the
plate and one for the extra or sereen-crid.

The filament supply should be 414 volts and
may be supplied from either dry eells, storage
battery or climinator. The actual filament veltage
drawn iz 3.3 and the current is .132 amperes.

When used as a radio frequeney amplifier, the
plate voltage should be 135, the “C* voltage of
the inmer or control grid should be 134, and the
onler or sereen-grid should be 45 veolis, The plate
enrrent will then be approximately 134 milli-
AMPEres.

When used as an audio frequency amplifier,
the plate voltage should be 180 wvolts applied
through -a plate coupling resistance of 25,000
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ohms. The “C*" voltage in this case may be 2214
on the eontrol grid and 134 volts on the onter or
soreen-grid.

The UX-226 iz a vaw A, €. tube which operates
on 114 volts taken direetly from the house light-
ing eirenit through a step-down transformer. The
filament enrrent is 1.05 amperes. This tube is not
suitable as a detector beeause of the hum, and is
best used as an audie frequency amplifier, When
so used, its plate voltage may be from 90 te 180
and the 407" voltage from 6 fo 1614 volts. The
filament eireuit must be designed with either a
center tapped transformer or with a potentiom-
eter arvangement for the grid return for pre-
vention of hum from the supply enrrent.

The U¥-227 iz a heater type tube made to oper-
ate directly on the A. €. Iime. Tt may be used as
a radio frequeney amplifier or deteetor.  The fila-
ment veltage is 2.5 and the enrrent drain is 1.75
amperes. W hen used as a deteetor, its plate volt-
age should be 45, bat when used as a radio fre-
quency amplifier its plate must be supplied with
from 90 to 180 volts with a ““C" voltage of from
6 to 13.5 volfs.

The UX-250 is a power amplifier tube degigned
to give a very loud signal velume. It is suited
especially for large assembly halls, auditorinms,
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theaters, and other places of a similar charaeter.
This tube shounld be used in the last audio stage
of the amplifier and it works best if preceded hy
two stages of double impedance amplification em-
ploying UX-112 {ubes.

The filament, which is of the coafed ribbon
type, operates at 7.5 volts and draws 1.25 am-
peres, It should be operated at a dull red heat.
This fube iz a “‘low mu’’ tube, its amplification
factor being only 3.8,

A low resistance ontput choke with a eondenser
or & transformer must be provided to handle the
heavy plaie current delivered by this fube fo pro-
tect the loudspeaker windings. The connections
for this deviee are shown in Fig. 40a in which
diagram the UX-171 tube iz used, but the UX-250
may be used the same way.

The plate voltage of this tube varies from 250
to 450 with a “*C* bias of from 45 {o 84 volis.

The UX-852 is an improved iype of vacunm
tabe designed for use in transmitting eirenits on
short waves, It has a normal power output of 75
wafts and is especially. adapted for amateur
transmitting stations. It is sold by the Radio
Corporation of America,

The plate leads enier on the side of the tube,
the grid leads from the top, and the filament con-
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nections are made through the standard UX base
suitable for either the push type or the Navy type
socket. This aspecial eonstruction of the plate and
rrid leads has been employed to reduce the inter-
element eapacity; resulting in a tube which has a
very low internal capacity. The operating char-
acteristics make the tube very efficient in low or
short wave work.

The normal plate voltage for this tube is 2,000
volts, but this may be increased to 3,000 volts,
provided the plate dissipation does not execeed
100 watts. A large dissipation of energy is af-
fected by radiating fins on the plate,

The filament voltage of this tuobe iz 10 wolis
and the filament eorrent iz 3.25 amperes. The
plate eurrent is 75 milliamperes.

The [7X-240 detector and “‘high mu'' amplifier
tube iz designed for nse as a detector or in re-
sistance or impedance conpled andio amplifieation
circnits. Ifs filament voltage and cnrrent are
gimilar to the UX-200-A described above. The
plate supply should be 90 volts when it iz used as
a detector and from 90 to 180 volts when it is
used as an amplifier. The negative ‘(" voltage
may be from 1.5 to 4.5 volis.

The Radiotrons UX-216-B and UX-213 are half
and full-wave reetifiers, respectively. They are
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used to supply D. €. power from an A. C. soarce.
Twe model UX-216-B tubes connected in parallel
will function as a full-wave rectifier.

On the model TUX-216-B only three of the
prong contacts are unsed, one being left discon-
nected. This tube has only two elements, a fila-
ment and a plate. The model UX-213 has a
filament and two separate plates and, therefore,
uses all four of the prong terminals in the base.
The operating characteristics of these tubes are
given in the table.

The characteristics of various typee of auxili-
ary tubes are given on the next page.
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CHAPTER VIITI
RECEIVING APPARATUS

Ix previous chapters we have studied the fun-
damentals of the receiving eirenits and the opera-
tion and theory of vacuum {ubes. We are ready
now, therefore, to consider some of the receiving
sets met with in ecommon usage. All receiving
gots, whether they be factory made or heme made,
are simply certain well-known cirenits made up
for practical use. To understand the receiving
gef, therefore, it is necegsary to know the various
cirenits employed, their names, construetion and
general operating characteristies.

Mozt radio broadeast reecivers in nse fo-day
congist of parts as schemafically illustrated in
Fig. 41. Some of these parts have already been
explained; for example, the first section, the tun-
ing unit eonsisting of an induetance coil and con-
denser. The operation of such a funing unit used
with a erystal detector was explained in Chapter
VI. Its operation when used in eonjunetion with

a vacuum tube detector and amplifiers does not
160
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change. Its purpose always is to tune the receiv-
ing set to the frequeney or wavelength of the
transmitting station.

The operation of the vacuum tube as a detector
in conjunction with a tuning unit was deseribed
in Chapter VII. Likewise, the fundamental ideas
underlying the operation of the vacuum fube as
an audio frequency amplifier were discussed in
the same chapter.

uner Leeistng Radio | et chudie
WECarland E ,Fr‘q'ugﬂc‘-" || Detectar | | Frequemay | | SLW:m-
Candenser Amplifier AmglaFigr il

Fig. 41, Seetions eomprising a broadesst receiver.

Radie Fregueney Amplifiers.—The vae-
unm tube may also be used as a radio frequency
amplifier, and when it is so used it amplifies the
radio frequeney oscillations received by the aerial
and passes on a stronger current to the detector.

As was explained before, the detector is like
a valve which controls the audio frequency eur-
rents in the londspeaker. If the detector is just
slightly energized by the incoming wave, it is like
opening the valve very slightly, only a small audio
current is released by the detector. The volume
of the received signal or sound depends entirely
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upon the amount of andio freguency current re-
leased by the deteetor. If the wave is weak when
it reaches the deteetor, the volume in the loud-
speaker will be weak. On the other hand, if the
energy reaching the detector is strong, the volume
in the loudspeaker will be strong, provided, of
course, that there are enough stages of audio
frequency amplification. It is the purpose of the
radio frequency amplifier to amplify the radio
waves before they reach the detector and thus
cause the detector fo be operated by a relatively
strong current, and causing if, therefore, to pass
along a heavier enrrent to the audio frequeney
amplifiers and londspeaker.

The radio frequency amplifier tubes, coils and
condensers are always connected in the circuit
ahead of the detector, so that the incoming waves
must pass through them first. The radio fre-
quency transformers are unlike the andio fre-
quency transformer in that the former are usu-
ally air-core transformers amd not iron-core
transformers like the latter.

Audio Frequency Amplifiers.—The
function of the audio frequency amplifier is to
amplify the audio frequency currents flowing in
the plate cirenit of the detector o the volume de-
gired by the listener. The wolume of amplifica-
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tion now available is almost nnlimited, sound he-
ing so amplified that it can be heard for miles.

In this chapter, however, we are interested only
in the audio amplification systems commonly used
on radio broadeast receivers.

An audio amplifier consists of one, two, or more
vacunm tubes so eonnected in the cirenit that the
signal to be amplified 18 impressed upon the grid
of the first tube, causing variations of the larger
earrent in its plate eiremit. This plate corrent
of the first tube is then impressed on the grid of
the second tube which causes a like effect on its
plate eurrent. The signal may then be made
audible through the telephone receivers or loud-
speaker. An amplifier repeats the signal from
tube to tube, making it stronger each time until
the last tube is reached when the signal is ‘made
aundible. There may be many stages of amplifi-
cation; audio freguency amplification, however,
is usnally limited to four stages, because after
that amount of amplification the signal becomes
distorted. ;

In order to pass on the energy from the first
stage of amplification to the second, to the third
and 8o on, the plate eircuit of the first stage is
coupled to the grid eircuit of the second stage and
the second to the third until the last tube is
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Fig. 42. Resistance couplad radio freguency amplifier
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Fig. 43. Transformer method of amplifier conpling.
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reached. The coupling between the stages is the
heart of the amplifier system. There are various
methods of coupling the sunceessive stages and
thege may be classified as follows: resistance
coupling, choke-coll coupling, and {transformer
coupling., These methods are shown by Figs. 42
and 43.

Resistance eoupling is especially recommended
when amplification withont distortion is neces-
gary., In Tip. 42 the coupling of the first tube
plate ecireunit to the sccond tube takes place
throngh the resistance R, which may be approxi-
mately from 10,000 to 100,000 ohms. A resistance-
coupled amplifier, while it gives practically con-
stant amplification over a wide range of fre-
quencies, does not give as much amplitude of
signals or volume as the transformer coupled
amplifier, and, therefore, an extra step of ampli-
fication, one additional stage, is usnally provided.
This means that a three-tube amplifier resistance
coupled will not give much londer signals than a
two stage amplifier, but the quality of the re-
eeived signal will vary very little with frequeney.
It iz now possible to purchase resistance umts
built especially for amplifiers.

For very long wavelengths, in the order of sev-
eral thousand meters, the induetance method of
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eoupling is preferable to the resistance coupling
due to the fact that equal results can be obtained
with a lower plate battery voltage. The ecirenit
is the same as the resistance-coupled cirenit, the
only difference being that instead of a resistance
R, an inductanee or choke-coil is snbstituted. For
short wavelengths of the higher frequencies, how-
ever, the ehoke-coil method is less desirable than
the resistance or transformer methods of coun-
pling. A choke-eoil built for coupling purposes
may have a value of from 50 to 75 Henrys in-
ductance,

The transformer method of coupling the sue-
cessive stages of both radio and aundio frequency
transformers is the most practical way of repeat-
ing the energy from tube o tube for wavelengths
used by broadeasting stations. The transformers
in addition te coupling the successive stages serve
to step up the voltage, and thus inereasze the am-
plification results, Fig 43 shows hew transform-
ers are connected in the cirvenit. The transformer
primary is connected in the plate cirenit of the
first tube, and the secondary is connected to the
grid and filament of the next stage, and so on
until the last tuba is reached. It is a good rule to
make all connections as short as possible,

Just what methods of amplification to use on a



RECEIVING APPARATUS 197

given set must be determined by the builder, If
the set is to receive from great distances, it is
preferable to first increase the strength of the
received signals by one or more stages of radio
frequency, after which the amplified signal may
be detected and again amplified by andio fre-
gqueney.

The radio frequeney amplifier does not amplify
atmospherie disturbances, static, as mueh as the
andio frequeney amplifier, but has the disadvan-
tage of being very diffieulf to construet and ad-
just.

On the other hand, the audio frequency ampli-
fier amplifies equally well both the static and the
radio signal being received.

Operation eof Amplifiers.—Assuming
that the amplifier has been properly eonstructed,
the operation of the amplifier depends upon
proper ‘A" ““B."? and ‘0" voltage, and voltage
adjustment, and on the proper tuning-in of the
received signal, One of the greatest difficulties
with amplifiers is commonly referred to as squeal-
ing. This whistling noise is in fact the oseillation
of the vacuum tubes in the amplifier eirenit, or in
the eirenit from which enrrent is sent into the

-amplifier. Becanse an amplifier does not squeal
is no sign that it is properly designed; as a mat-
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ter of fact, it may be that the over-all amplifica-
tion of sueh an amplifier is lower than it should
be.

Certain precautions may be taken in the design
of the amplifier which will eliminate squealing to
gome extent, bot in some cases the amplifier will
squeal in spite of such precanlions. To prevent
or ent down squealing see that the output and
input cireunits are not coupled in any way. All
wires and connections must be kept ag far apart
and as short and siraight as possible. The trans-
formers may be mounted at right angles to one
another. Haeh radio frequency stage may be
shielded. This shield may be connected fo the
ground. This prevenfs any induetion cifects be-
tween {ubes. (See Shielding.)

In some eases noises in an amplifier are due to
the tubes themselves, and the only way to test
for this sort of trouble is fo try different tubes.
Low ““B'" voltage will cause noises in the ampli-
fier. If batteries are used they should be eare-
fully checked up with a voltmeter from fime fo
time,

Mechanical movements of the apparatus or
loogeness of construction may cause noises in the
amplifier. All parts should be securely fastened.
Great care should be taken in the way the tubes
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are supported, as they are the most common cause
of moises due to vibration, It 18 easily under-
stood that if the tube vibrates, and the elements
in the tube are in any way insecure, the distance
between the grid and the filament and the plate
will vary and change the resistance of the tube,
thereby causing noises.

Shielding.—In order fo prevent a feed-back
of energy hetween the various stages of radio fre-
quency amplification in some well<esigned mod-
ern broadeast reeeivers, it is the practice fo
surround each -amplifieation unit with a metal
covering of thin eopper, brass or alominum. All
shielding is connected together and grounded. By
so shielding each radio frequenecy amplification
unit, much squealing and loss of signal strength
are avoided.

Hinds of Cireuits.—By far the most im-
portant reeeiving cirenit in use to-day is the tuned
radio frequency eirenit. The neuntrodyne cirenit
i5 but an adaptation of the radio freguency eir-
cunit, as will become apparent Iater on. Another
cirenit that gives excellent results is a combina-
tion of the radio fregueney ecircuit with the re-
generative eirenit. Omne of the most efficient

cirenits s the superheterodyne. Circuits such as
the reflex and duplex and those bearing many
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other espeeially eoined names have more or less
passed out of the picture. Most of the sets found
to-day utilize cither the radio frequency or regen-
erative eirenifs or a eombination of both in their
comstruction, Kmphasis in this book will, there-
fore, only be laid on these cireuits.

W

L 5
b4

G

Fio. 44, Radio frequeney cireuit with grid potentiometer
ior regeneration contral.

Radie Frequeney Circuwit,—In this cir-
enit, the radio freguency amplifying tobes am-
plify the incoming waves and pass them on in an
ingreased amplitude to the detector tube., This
is seen by referring to Fig, 44, which is a typical
tuned radio frequency amplification cireuit.

The difference between the tuned and the
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untuned radio frequeney ecirenit is that the fre-
quency values or wavelengths of the radio fre-
gueney (R.F.) transformers in the former are
variable over & limited wawveband, while in the
latter, the untuned, this value is fixed. If is pos-
sible, therefore, fo get better results with the
{uned radio frequency cirenit than with the un-
tuned cirenit. This is espeeially true when a
various number of stations may be received. In
Fig. 44 the sources of ““A’ and ‘*B"" current
are omitted, as the radio circuit is the same

i

Fig. 45, Radio frequency receiver with loop.

whether the set be operated by batteries or direct
from the lighting circuit through power reduction
devices. The untuned radio frequency ecireuit is
similar to the tuned radio fregueney eircuit ex-
cept that the variable condenser (V.(.) across the
secondaries of the radio frequency transformers
are omitted.

Loop R. F. Receiver.—If desired, the
radio frequency circuit can be made to operate on
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aloop. The system of connection is then shown in
Fig. 45. More stages of radio frequency ampli-
fication are necessary when using a loop instead
of an aerial. For example, if a certain broadeast-
ing station ecan be received with sofficient volume
when using two stages of radio frequency ampli-
fication and an outdoor aerial, then from three to
four stages would be necessary to get a similar
volume using a loop. Generally speaking, volume
is decreased about one-third when using a loop
rather than an outdoor aerigl

The advantage of the loop set is that it has

AV
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Fia. 46. Regenerative cirenit with funed plate and grid

pirenits.

directional characteristics governed by the posi-
tion of the loop with respect to the transmitiing
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station. Strongest sigmals will be received when
the plane of the loop lies in the direetion from
which the signals are coming. This {ype of eir-
cuit i, therefore, very selective, as the loop is also
an aid to tuning the set. The loop set may also
be made up in portable form and easily operated
anywhere.

Simple Regenerative Circuit.—In the
regenerative cireunit shown in Fig. 46, the plate
circuit is toned to the grid cirenit by a variometer
conneeted as shown. The action is as follows:
Oseillations In the grid cirenit produce corre-
sponding osecillations in the plate eireunit which is
tuned to it. This plate eurrent in turn affeets the
grid cirenit, both eirenits being in fune with one
another, and eauses an increased impression of
cnergy on the grid cirenit; in other waords, it re-
generates the original grid current. This pro-
duces a larger eurrent in the grid eirenit and still
greater variationg in the plate cireuit, the result
being a reénforcement of the eurrents in the eir-
cuit as 4 whole. Much louder signals in the head-
phones are heard beeaunse of this regenerative
action. The principle to remember is that the
cirenit regenerates because the grid and plate
eirenits can be {uned alike. The tuning may be
aceomplished by connecting in the grid and plate
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circuits variable induetances in the form of vari-
ometers as shown in the diagram.

The disadvantage of this type of circnit is that
it may act as a radiator of feeble waves; in other
words, it may oscillate and become a low power
transmitter. When this takes place interference

WV
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T1a. 47. BRegenerative cireuit with tickler coil.

in the fq\rm of squealing is caused in nearby re-
ceivers. In congested distrietzs where many sets
of this type are in operation, it is sometimes im-
possible to enjoy a complete broadeasi program
due to this re-radiation and the resultant squeals.
T ie estimated that in some instances a regenera-



RECEIVING APPARATUS 205

tive receiver so adjusted as to make it oscillate
may transmit feeble oscillations for several miles
and any receiving set within its radius will be
interfered with.

The regenerative receiver operates on the feed-
back prineciple; that is, the energy in the plate
circuit is fed back to the grid and re-amplified,
s0 to speak. The coupling of the plate to the grid
circuit is usually accomplished by a tickler ceil
arrangement as shown in Fig, 47,

When the tickler epil is set at minimum
conpling, little regeneration takes place, but as the
conpling is made closer, the regencration in-
ereases and a point will be reached where hisging
can be heard in the felephones. As the hissing
inereases distortion of signals takes place, and as
the eoils are brought closer together, a point will
be reached where a “blub-Llub®® sound will be
heard in the telephones. The hissing and “‘blub- =
blub*” points are the adjustments where the eir-
cuit starts oscillating and if this adjustment is
allowed to stand, a great deal of howling and
squealing will be eaused in nearby receivers, as
explained above. As soom as the hissing noise is
heard, the tickler should be turned back se that
instead of inereasing in intensity, the hissing
sound is decreased. The point of adjustment just
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below the hissing sound is the best point of opera-
tion on a regenerative set.

If when the coupling of the tickler eoil is de-
ereased the set does not regenerate; the connee-
tions of the tickler eoil should be reversed, This
is necessary because the flow of current through
the tickler ecil should be in the same direetion as
through the secondary eoil of the receiving trans-
former to which it is coupled.
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Fia. 48. Neutrodyne circuit.

When the tuned plate and grid cirenit shown in
Fig. 47 is used, the same hissing and “‘blub-blub®’
points will be found and the same eperating rules
apply regardless of the method used to obiain
regeneration.

Beeaunse of its simplicily of operation and its
great sensitivity, the regenerative receiver has
found extensive use.

Neutrodyne Cirewit.—This cirenit, Fig.
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48, was developed by Professor Hazeltine, an
American radio engineer, and is new commonly
used in broadecast receivers. At first glance the
circuit appears to be a simple radio frequeney
cirenit, but it will be noticed that a small neutral-
izing condenser called a ‘‘nentrodon’ is con-
nected from the grid of each radio frequeney tube
to the secondary of the suceeeding radio frequeney
transformer. This is the only essential difference
between the neutrodyne eirénit and the simple
rudio frequeney cireuit.

Technically the Newtrodyne cirenit neutralizes
the inherent coupling capaeities of both the vae-
uum tubes and their associated ecircunits. This
eliminates distorting regeneration, local radiation
and other radio receiver eirenit disadvantages.

The nentrodyne radio receiver Tequires several
gpecial pieces of apparatus. The tuned radio fre-
quency transformers or Neutroformers and the”
special very low capacity variable condensers or
Neulrodons are the most important units in the
cirenit.

The Super-Heterodyne Receiver and
the Principle Undervilying Its Opera-
tion.—Anything not clearly nnderstood in prin-
ciple seems eomplicated and of questionable value
to the ordinary radio listener. If we adopt for
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our use something which we do not understand,
we do so either because it is recommended by
somne authority in whom we have faith or we
take a chance, so to speak, on it being able fo
fulfill reguirements.

Beeauge no less a firm than the General Elee-
tric Company has concentrated its resources on
the development of the Super-Heterodyne cirenit
into a practical receiver for honsehold use, it can
be taken for granted that the receiver will meet the
most exacting requirements.

The Super-Heterodyne cirenit is a result of the
war. It was first construeted in the form-of a
practical receiver by the well-known radio en-
gineer, Armstrong, then a Major in the American
Expeditionary Forees in France. The receivers
consirneted were very few in number and far
from being as compact as the models now found
on the market. The results obtained, however,
were of sneh extraordinary character that Arm-
strong continued his researeh work upon return-
ing to the United States and after three years’
labor presented his ideas to the radio commercial
organizations for further refinpment.

Heterodyne.~—The word heterodyne iz a
combination of {wo words: hetero meaning *‘an-
other’’ or ‘‘unequal’™ and dyne meaning power.
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So we have the combination ““another-power' or
“gnequal power.”” Now, the eirenit used in this
type of receiver is based on a principle which
produces ‘‘another’’ or an ‘“‘unequal’’ power in
the eirenit. And the way it is done is very simple
when it is understood.

A good practical analogy may be had by using
the following illustration: Assume you are riding
in & train and the train is passing two ordinary
picket feneces about a mile in length. Both fences
are on the side of the train from whieh you are
looking out the window; one fence is bumilt run-
ning along, say fifty feet from the track, and the
other ig built one hundred feet from the track,
both running parallel to the rails. As we look
through the pickets of the nearest fenee at the
pickets of the fence farthest away, we see not
the pickets of the first nor the second fenece as
gingle rows of pickets but a periodie blur ocenr-«
ring at regular intervals about half a second
apart. If we stop to reason this out, it is obvions
that we do not gee the nearest pickets becanse
we are not looking at them but through them and
we do not see the pickets of the second fence in
a mormal way as a single fence because the
pickets of the first fence obstruet our wview at
regular intervals. What we do see is the third
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optical effect deseribed above, a periodie blur or
third set of refleetions, whieh is the resuli of the
reflection of the first or nearest fence and the
second or farthest fence upon the eye.

If the pickets in the nearest fenee are spaced
six inches apart and the second fence is similarly
made the spacings between pickets of the farther
fence will seem closer together becanse they are
farther away from the eye, In other words, if
the speed of the irain is such that fifty pickets
of the nearest fence pass the eve every seecond,
a lesser number will be seen of the farthest fenee,
say perhaps thirty, We can then zay that the
pickets in the first fenee pass the eve at a fre-
quency of fifty and the second at a frequency
of thirty, In this case the periodic blurs will be
seen at a heterodyne frequency, which is the dif-
ference between the frequency of the two fences
taken separately, or twenty. The heterodyne fre-
quency of these two optical effects is, therefore,
twenty.

The same effect may be seen by placing two
ordinary window sereens one in front of the
other about a foot apart and moving one screen
from right to left and wvice versa in its own
plane. The blur seen is caused by the heterodyne
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prine¢iple and is the result of two slightly differ-
ent optical effeets on the eye.

Heterodyne Reeciver.—The definition of
a heterodyne receiver as given by the Standard-
ization Committee of the Institute of Radio n-
eineers is as follows: ‘A radio reeeiver for

Loeal

Cacillationg A
600,000 cycles

Incoming
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continuons waves employing the principle of
reaction between locally generated oscillations
and Incoming oscillations.”” Note that it is the
“‘reaction’ or resultant effect of two sets of os-
cillations. TIn the same way the periodic blur
seen by looking at the two fences is analogous to
this definition. We might use the definition as
applying to the fences if if is worded like this:



212 RADIO UP TO THE MINUTE

““The blur was caused by the reaction between
nearest fence (loeally generated oscillations) and
the farthest fenee (ineoming woscillations).””

In the heterodyne cirenit there is provided a
set of oscillations which are generated by an
oscillator. In modern sefs this oscillator iz a
vacunm tube, although in early models the elee-
tric are was used. This is shown as curve A in
Fig, 49, Let us assume that these osecillations
eceur 600,000 times per second; in other words,
this is their frequency,

The signals coming in from the station being
received are called the incoming oscillations.
These are represented as curve B in Pig. 49,
Let us assume these are of a frequency of 650,-
000 eveles: The difference then between the os-
cillations in curve A which are loeally generated
and the oscillations in eurve B which are in-
coming from the received station is 50,000 cycles.
The heterodime result is, therefore;, a set of
oscillations of a frequency of 50,000, eurve C.

Super-Heterodyne Reeeiver.—High fre-
quency oscillations of the order of several hun-
dred thousand canneot be satisfactorily amplified
by vacuum tubes and for this reason it is desir-
able to lower the freguency before amplifyving it.
This is readily done by the heterodyne method.
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The wvaconm fube heterodyne receiver ineor-
porates other prineiples which make it extremely
sensitive and therefore, in order to differentiate
from the old type heterodyne receiver invented
long before the war by Fessenden, an American
radio engineer; the word super was prefixed and
the modern set ealled the Super-Heterodyni

The ordinary, older super-heterodyne receiver,
as built experimentally by a few advanced radio
enthusiasts in the past, used from eight to ten
tubes, was difficult to operate, and did not have
many of the other characteristics of a satisfae-
tory set for use in the broadeast reception field.

All =uper-heterodyne receivers arve members
of the wellknown heterodyne receiver group,
and these have long been used to receive so-called
continnons wave radio telegraph and radio tele-
phone signals. It is a complicated eclass of re-
ceivers which require expert radio knowledge in
thetr eonstruction, but they may be used by any
one when properly bailt.

The term *‘super-heterodyne’ means that this
set does net depend alome on radio frequeney
amplification, nor vet on andio frequency am-
plification alone, nor on regeneration, nor even
on a combination of these powerful methods of
inereasing the signal strength. More was re-
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quired in the way of stable and selected amplifi-
eation than these two previonsly used methods
of amplifieation could alone yield. It became
neeessary te have a third and new frequeney at
which to amplify, namely: an “intermediate fre-
queney,”” which is considerably higher than the
audio frequeney and much lower than the radie
frequency, The combined use of these three fre-
quencies gives an over-all amplifieation of an
amazing magnitude which makes the set so sen-
sitive that it reaches further on a small loop
than other type sets do on a large antenna.

The super-heterodyne is go sensitive that it
can hear across the continent on ity own self-
contained loop under good eonditions, needs no
antenna or ground and installing in the home
means placing it where you think it looks best
and leaving it there,

The adjustment of the sef iz simple since there
is no variable antenna to take account of, but
only a permanent and constanti sclf-contained
loop. It is possible to mark on dials provided
for this purpese the setting corresponding to the
stations desired, no matter where the set is lo-
cated. Affer this is doue, getting a station means
merely setting the pointers fo {he desired station
and listening. Tf desired, the music can be made
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Jjouder or softer by an additional eontrel which
influences in no way the tuning adjustments of
the set.

The loop cireuit of the receiver iz a funed eir-
enit at radie frequency. If is adjusted by the
listener. At three different points in the re-
ceiver are cirenits sharply tuned to the interme-
diate frequeney but not adjusted by the listener.
They are set once and for all by the maker of
the set and to make full use of them all that the
listener needs to do is to fune the oscillating de-
tector so that it will produee the proper inter-
mediate frequency from the incoming waves.
This means, in plain language, that he simply
torns a second knob until the signals are loudest.
The listener, therefore, has only two tuning-ad-
ments, and these are stable and definite. So that
the intermediate frequeney employed by this re-
ceiver enables the reeeiver to have no less than
four sharply tuned seleeting eircuits in it, one af-
ter the ather, and vet only two of which are ever
adjusted And the nature of these selective eir-
cuits is such that the selectivity must be earefnlly
controlled and limited in order to avoid making
the set unusable beeause of excessive seleclivity.

The super-heterodyne receiver admits a band
of frequency or wavelengths just wide enough to
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enable radio telephone music to be perfectly re-
produced and no more. With the existing type
of broadeasting transmitters more selectivify
would simply ruin the musieal quality and not im-
prove station selection in the least. This means
an inereased enjoyment to the broadeast listener
for it is possible to listen without interference
to concerts from distant stations while nearby
stations on neighboring wavelengths are broad-
easting on high power.

Supers-Heterodyne Cirewit.—This type
of receiver is perhaps the most sensitive yet de-
‘vised, It is, however, rather complicated in con-
struction and operation and requires eonsiderable
study before it is completely understood or before.
it can be worked at its highest efficiency. Gener-
ally, the super-heterodyne receiver employs eight
vaenum tubes as tollows: independent oscillator,
first detector, three-tube frequency changer, sec-
ond detector, two-tube audio frequency amplifier,
making eight tubes necessary, The last stage of
audio frequeney amplification may be left out and
in sueh ‘a case only seven tubes are necessary.
Fig. 50 shows the conneetions employed with this
circmit.

This eirenit was originally invented by E. H.
Armstrong of New York and given to the public
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early in 1921. Sinee that time it has been im-
proved and is now the most sensitive receiving
girenit available. I{ gives excellent results on
either a loop or an outdeor aerial. It iz used
chiefly for receiving short-wave signals. Funda-
mentally it iransforms the extremely high fre-
queney eurrent received by the aerial info a eur-
rent of a lower fregueney which ecan be more
easily amplified.

The action of the super-heterodyne is based on
what is known as the ‘‘beat” phenomenon. This
phenomenon is the result of the difference of {wo
high frequency alternating currents; one being
received from the transmitting station and one
being generated in the heterodyne receiver. Sup-
pose, for example, that the ineoming oseillations
are of 3,000,000 eycles per second (100 meters)
and there is generated by a separate oscillating
vacnum tube included in the super-heterodymne
Teceiver cabinet oscillations of a frequeney of
2,950,000 eyeles or 3,050,000 cycles per second,
the difference then between the inecoming oseilla-
tions and those generated locally is 50,000 eyeles
and this is the ““beat®’ current. The beat current
is the resultant of two differing osecillation fre-
quencies and its frequeney is the difference be-
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tween the two frequencies of the eurrents from
which the beats result.

The first detector tube picks up the beat cur-
rent and passes it on to the radic freguency
amplifier which eonsists of the next three tubes.
The radio frequeney amplifier amplifies the beat
carrent in a very great ratio, and, therefore, the
oscillations after having first passed through the
first detector tube and then through the radio
frequeney amplifier are s&till of a radio
frequency and similar to the original oscillations
coming info the aerial eirenit. At this point the
gecond detector funetions and passes on a recti-
fiedd andio frequency enrrent to the two-tube am-
plifier to which the headphones or loudspeaker
are connected.

The super-heterodyne is rather hard to adjust
at first, but after practice becomes very simple.
It is very selective and permits the funing ou®T—
of unwanted stations withont much diffienlty.

Radio Frequeney with HRegenerae
tion.—One of the most efficient reepiving eir-
¢uits now available is a combination of the simple
radio frequency cirenit with regeneration.

A sechematic wiring diagram of this set is
shown in Fig. 51 and consisis of one stage of
radio frequency amplification which is balanced
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[

by a simple nentralizing deviee, next comes a
regenerative detector tube, followed by one stage
of impedance-coupled amplification, one stage of
resistance-coupled amplification and a final stage
of resistance-coupled amplification with an im-
pedance leak and an ontput filter. This last-
mentioned deviee consists of a low-fregueney
chole ¢oil and a small fixed condenser (about 4
mfds.) which are connected as shown in the dia-
gram and prevent the high plate voltage of the
last stape of amplifieation from passing threugh
the londspeaker at its full valne but does allow a
redueed equivalent to flow through the windings
of the londspedker, thus saving them from pos-
sible damage.

This reeeiver is remarkable for ifs simplicity
of control, quality of reproduction, sharpness of
tuning, and sensitiveness. It can also be made
" to operate direetly from the electrie light circuits.
The inventors of this eirenit advise the use of a
vertieal antenna 5010 75 feet in length, although
the receiver works well in certain loealities on a
much shorter antenna, such as a 10 or 20-foot
indoor antenna.

Band-Pass Filter—The band-pass filter
is a special circuit made up of especially designed
and balanced ecoils and condensers which vastly



221

RECEIVING APPARATUS

(wopersmader yiiM 1moard fouanbaif ofpey)
“T9ATINI axei(f-Butumorg 93 Jo weadelp Jurim 3ﬁﬁaﬂ_m “IC "Bl

.“_.qm'm._‘ydw.u.m_-

ASy+ He

r

il
+. -

,

{LiHj—
L1

itk
el

=]

F

.-.ﬁmﬂ w.‘i

e il

+



222 RADIO UP TO THE MINUTE

improve the tonal quality and selectivity of the
broadeast receiver incorporating it. This de-
velopment is eredited to Dr, F. K. Vreeland, an
American radio research engineer.

In order to get high quality reproduction it is

50 (1) 670 FREQUENCY

KILOCYCLES KILOCYCLES KILOEYCLES
- (461 METERS) (4S5 METERS)  [4B0 METERS)

Fia, 52. Curves showing effeet of band-pass filter.

necessary that the receiver respond over a band
ten kilocyeles wide. In other words, to properly
receive a broadeasting station sending on G660
kiloeyeles, it i3 necessary that the receiver re-
spond to the band beginning at 655 kiloeyeles and
extending te 0665 kiloeycles. This is shown
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graphically in Fig. 52. The shaded portions rep-
resent the broadeasting channels. Unfil 1928 the
best designed nen-interference reeeiving ecirenits
available, outside of the laboratories, eliminated
a good part of the overtones, so necessary to good
guality reception. The overione frequencies were

= GFH
Torkw Baze
S o e

Fio. 58A. Short wave adapter to the standard broadeast
recEiver.

cut out by the sharpness of the tuning of the r&-"
ceiving cirenit. The curve A shows how mueh of
the desired frequency slice was lost and also how
this type of cirenit allowed some interference
from adjoining channels. The band-pass filter
circuit, on the other hand, eovers the entirve de-
gired band and sharply cuts ont adjoining fre-
gueney channels.

There are two fechnical ideas by which a band-
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pass filler ciremit can be evolved. One is to
slightly stagrer the three tuning condensers of
a tuned radio frequeney cirenit and thereby caunse
it to tune slightly above and slightly below the
exact resonance point of the incoming wave, The
other idea is fo eompose the band-pass filter of
two closely eoupled eireuits, one heing funed
slightly above and the other slightly Lielow the
resonance point of the desired frequency to be re-
ceived. Hither of these ideas if incorporated in
a receiving cirenit should be eapable of tuning in
a slice of frequeney as shown in Fig. 52, Receiv-
ing sets incorporafing the band-pass filter idea
have already made their appearance on the mar-
ket. See Fig. 79 for cremt diagram.

Short Wave Broadeast Converier—
There are many types of shert wave receivers
=vhich are designed for broadeast reception on
short wavelengths, but ene of the simplest meth-
ods would be to make use of the standard broad-
cast receiver. The reeceiver could at the same
time be uséd for the standard broadeast range
and when it is desired to listen in on the short
wave broadeasting band it wounld merely be nee-
essary to take out the detector tube and insert an
old tube base connected as in Fig. 53A. This is
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the ideal method for a quick change from the high
to the low wavelengths.

The operation of this reeeiver is as follows:
Regeneration is controlled by a 0 to 500,000-0hm
resistor, ¢onnected across the tickler. A .00025-
mf, variable condenser is used, with a set of three
Aero coils, fo tune from 13 to 200 meters. A ver-
nier dial is necessary, as the tuning is sharp.

The choke coil is important and must not be
omitted. When by-passed with a .002.mf. con-
denser it will permif the plate lead to be long
enough to reach the receiving set. If a choke coil
cannot be easily secured, one ean be made by
winding 100 turns of No. 26 D.C.C. wire at ran-
dom on a wooden spool, ¥4 ineh in diameter and
with a 14 inch iron eore.

To operate the shorf-wave econverter, select the
plug-in-coil covering the waveband in which ygn,
want to reeeive and plug it into the coil jacks,
commect the plug to the receiving set as previ-
ously deseribed, and transfer the aerial and
ground leads. You may listen either with head-
phones on the intermediate jack, if your present
set is so arranged, or use the loudspeaker as
ordinarily eonnected. Turn the resistor until the
receiver oscillates, Tune in a station and clear
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T
3
5,

I'1a. 531: A short wave receiver,

Ua = Antenna toupling eondenser. Two %" melul dises, i just.
able In Binding: posts.

Ct = Tuuing eondenser.  Three volary plates; any Iow-loss con-
damger.

Cr = Repencration control condenser.  [L0O0025: any good Tk,

Cir = Grid condenger, 000025 MPD fixed mica,

Ll =Grid coil, diameter 3 in. Mo, 16 T C. . copper wire, Torenze
type. 174 turng for 80 meter band, 715 turns for 40 meter
bamd, 2% turns fov 20 meter bz

L2 = Tickler coil, diameter 3 in. Ko. 16 D, €. €. copper wire,
Liorenze type. 934 turns for 80 band. 414 turng for 40
meter band, 334 turns for 20 meter band.

Ri'= Filwinent theostat, 10 olims for 199 tubes, § ohma for 2014
tubes,

1 = Andio transformer. Any goosd mitke,

Rg=0Grid leak. Vized, § megohms. {Different tubes AT To-
Quire from & to & miegs.)

Colls for each wave band fAxed in position relative {0 one
anather by d glass Tods and fow drops of valledin,

up the signal by a further adjustment of the
resistor or rheostat as required.

Short Wave Receiver—A short wave re-
ceiver designed especially for amateur use is
shown in Fig. 53B. This is the kind of a recaiver
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used by thousands of code transmitting amatenrs
throughout the United States. An explanation
of the make-up of this receiver appears under tlhe
dingram. This particular model was designed by
the Burgess Battery Company and is deseribed
in detail in their Engineering Circular No. 7.



CHAPTER IX
HEADPHONES AND LOUDSPEAKERS

Ravro headphones and londspeakers are identi-
cal as far as their theoretical operations are con-
cerned, and if the elementary theory of the
headphone iz thoronghly understood the neces-
sary knowledge for the conventional loudspeaker
will be understood.

The headphones used with radio receivers con-
gist of a permanent magnet, around ecach pole
“of which is wound a bobbin of wire. The greater
the mmber of turns in each of these bobbins, the
more sensitive the headphones will be. In mod-
ern headphone sets, the number of turns reaches
many thonsands, and the wire used is very fine;
as g tesult the resistance of the headphone is
very high (2,000 to 3,000 ohms per pair).

The resistance of the headphones may be taken
ag an indication of the number of turns on the
bobbins, and consequently of the relative sensitiv-
ity of the headphones. It should be borne m

mind that although the resistance may be such
228



HEADPHONES AND LOUDSPEAKERS 229

an indicator, it need not be go under all condi-
tione., For example: if a headphone were wound
with a high resistance wire such as German silver
or Manganin wire, the high resistance would eer-
tainly be obiained, but the comparaiive number
of turns would be very small. Of eourse, such
telephones with a small number of ampere turns
(as they ave techmically called) are absclutely
worthless.

The coils on the bobbins carry all the current
that flows through the headphone set- In order
that the effeet of ihis current may be propor-
tional to the enrrent, the permanent magnet men-
tioned above is inserted. The iron diaphragm is
placed over the poles of this magnef, and held in
position by means of the cover and detion of the
poles. Should a eurrent pass through the coils
of the bobbins, the pull of the poles on the dia-
phragm will be varied. This variation causes the™
vibration of the diaphragm and the production
of sound results.

The eperation of the type of headphone just
deseribed is satisfaetory in most cases. How-
ever, where an extraordinary degree of sensifiv-
ity is desired this type fails, because of the rigid-
ity of the metal diaphragm. This obstacle has
been overcome by the insertion of a mica dia-
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phragm instead of a metal one. This prineciple
18 now being used extensively in some of the very
sensitive headphones and loudspeakers, such as
the Baldwin telephone, Western Eleetrie lond-
speaker, Radicla, Stromberg Carlson, ete. The
latter three utilizing a {hin parchment cone-
shaped vibrating dise; corrugated or plain, in-
stead of mica.

*  The theoretical action of this tvpe of receiver
or loudspeaker is as follows (see Fig. 54).

At et Pl

Fia. 54 Cone speaker.

It is evident that when no signal is being re-
ceived the armature is balanced in its newtral po-
gition because the number of magnetic lines of
foree traversing through the holes at A and B is
the same and being equal in value no pull is ex-



HEADPHONES AND LOUDSPEARKERS 231

erted on the mieca diaphragm. If a signal pul-
gation of enrrent passes through the receiver
winding, however, it produces a flux, which, eom-
bining with the permanent flux, resulis in an
uneven distribution of the flux, causing a foree
to be exerted on the armature and thus on the
diaphragm and again resulting in sound repro-
duction simultaneous with the transmitting
station.

This should illustrate elearly the theoretical ae-
tion of the telephone. However, perhaps the
most important thing to consider in voice recep-
tion, regardless of the volume, is the clarity with
whiel the voice is reproduced. Of what use is it
to have a famous artist sing into a transmitfer
at the broadeasting station if the telephone re-
eeiver distorts the result and adds its ewn inhar-
monic and unmusieal sounds fo those of the
singer? We, therefore, see that with the advent®
of radio broadeasting we face the gerions prob-
lem of faithful sound reproduction. Upon what
does faithiul reproduction depend and how can
it be ascertained?

The answer: Elimination of mechanical distor-
tion due to the diaphragm, armature, connecting
rod and the proper design of the magnetie strue-
ture. These things are the most important
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toward the development of a perfeet londspeaker.
Thus it will be readily seen that the absence of
a metallie diaphragm will bring us closer to the
acme of perfection. Of course a properly de-
signed metallic diaphragm with absence of its
own mechanical frequeney from audibility will
produce excellent results.
Loeudspeakers—TFundamentally the loud-
spealer performs the same function as the simple
headphone, i.e., it converts e¢lectrieal vibrations
info sound vibrations. The loudspeaker, however,
must be so designed that a faithful reproduetion
of all frequencies in the audible range will be
faithfully reproduced. This is a very important
factor in modern broddeast reception and, there-
fore, has given rise to a tremendous development
for faithful reproduetion. Various:types of loud-
speakers have been manufactured in recent years
*but the ultimate neeessity for fine quality repro-
duetion has eliminated many of the older designs
such as the metal horn types. These older types
lacked the ability to reproduee faithfully the
lower band of frequencies between 20 and 100
eyeles of sound vibration and, therefore, gave the
effect of ““tinny’’ reproduetion. This diserep-
aney has given rise to two types of speakers
which are extremely efficient in the reproduection
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of low and high frequenecies, thus making it pos-
gible to produce more natural-like reproduction.

These speakers are claseified under two head-
ings, i.e., cones and exponential horns, The cone
gpeakers are also under two classificalions, i.e.,
magnetic and dynamic types.

Magnetic Cone Speal:er.—The magnetic
type of cone speaker is illustrated in Fig. 55.
Here the vibrating armature between the mag-

‘Eﬁ’; Flecfro-Mrgaed
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v Armafore

o

Fie. 55. Cone speaker.

nets is connected to a very thin driving pin whiche
is made to extend inte the apex of the cone.

When a signal passes through the coils located

between the magmnetic pole pieces, a fluctnating

magnetic field is produced which causes the arm-

ature to wvibrate, and, since the driving rod is

connected to the armature, the vibrations will be

carried to the apex of the cone, consequently set-

ting it into vibration.
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The vibrating parchment will then transform
these magnetic variations into sound vibrations
at whatever signal frequency is being passed
through the windings.

It a low frequency, such as would be produced
from a kettledrum, is now passed through the
winding the parchment will vibrate very readily
hecause the material itself has a low frequency
period.

The frequency range of this type of speaker
is also dependent upon the character of the vi-
brating material and its physical dimensions.
For example, if a cone speaker is made up of
a very thin fiber paper and the area of the cone
is extremely small it will still be possible to pro-
duce low frequencies, but they will not be as
aceentuated as with a larger wvibrating area.
Henee, the larger the vibrating area the deeper
«will be the bass note reproduction. Sometimes
this is undesirable with this {ype of speaker be-
canse if the base nofes are too heavily amplified
the sounds will have a barrel-like or ““drummy "’
effect not altogether pleasing to listen to. How-
ever, this effect is somelimes more desirable than
the sereechy horn type of speakers. Of course
the ideal condition would be an even distribution
of frequencies over the entire audible range.
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This can be partially obtained with the magnetie
cone type of speaker which does not exceed a
three-foot area. The main disadvantage of the
magnetic cone type of speaker is not its lack of
faithful reproduction but rather its inability fo
handle heavy volume withount “rattling.”
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Fra. 56. Dynamie gpealker,

Dynamic Loud Speaker—Perhaps the
ereatest eontribution to the londspeaker field has
been the dynamie cone speaker. This type of
speaker is eapable of handling extreme volume
without raltling, and in addition can be made fo
amplify the entire range of andible frequencies
from 20 to 6000 eyecles. This, of eourse, depends
upon their construction.

Fig. 56 illustrates a cross-gection of a wvery
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efficient dynamic speaker. From the figure it
will be noted that the dynamie speaker consists
of the following parts, ie, magnet with field
winding, small eoil of wire attached to paper
cone, flexible supports to paper cone, step-down
transformer and baffle board. The operation is
as follows:

When the field winding is excited by passing
a direct eurrent through it a powerful magnetic
field is produced at the gaps between the moving
coil and the magnet pole pieces. In order to
maintain this magnetie field very powerful and
to minimize earrent consumption by the field
winding the gap must be very close. Now, as
goon us a signal is passed into the step-down
transformer from the audio amplifier, the signal
voltage is dropped, due to the tramsformer, in
order to prevent exeessive currents from flowing
into the movable eoil, which, due to its low resist-
anee, would otherwise burn out. The signal vari-
ation, however, is still great enough to produce
a varying magnetic field about the moving coil.
The field about the moving coil now being in the
vicinity of the powerful magnetic field aeross the
air gap will eduse the both fields to buck or inter-
link with one another, depending upon the diree-
tion of the current flow through the moving coil.
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If now the field about the moving coil is con-
stantly varying due to the signal variation, the
eoil will be pushed in and out of the air gap at
a rate of vibration depending upon the signal
variation passing fhrough it. Henee, if the eoil
iz eonneeted to the paper cone the vibrations will
emanate in the form of sound. IHere the most
important feature for the faithiul reproduction
of sound presents itself in this form of speaker.

Tn all speakers operating upen the free edge
cone prineiple such as the dynamie types there
are two distinet sound waves emitted, one in front
of the cone and the other in the back. Thus, if
the speaker is operated in this manner, the sound
waves will interfere with one another, cansing a
neutralization of the fields and consequently a
serious reduetion in wvolume and quality., In
order to prevent the waves from interfering with
one another, the speaker must be mounted inea
baffle plate or board as illustrated in Fig. 57.

It ean be seen from this illustration that the
greater the area of the baffle the lower will be
the possibility of the sound returning to the rear.
The interesting feature about this baffle is that
the greater its area the lower will be the fre-
guenecy range of the speaker and sinee the lower
frequencieg are the hardest o reproduce without
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having a ‘‘drummy?" effect, it wounld seem that
a dynamie speaker with a suitable baflle will oive:
almost ideal results in exeellent fone quality. The
praper size for a baffle which is to go down as
low as 30 cyeles ean be readily computed if we
Imow a standard for a certain frequeney. It so
happens that if the distance from the outside

owrnd Moves
Foturning fo-Sach o e

Fig. 57. Box and flat type bafiles.

center to the rear of the speaker is 32 inehes then
the best low frequeney which can be reproduced
i 100 eveles. Tence, if the distanee is doubled
it will reproduce dewn to 50 cveles and so up to
96 inches or 35 eyeles. This would of course he
impractical for the average home if a flat bafle
were used.

1f, however, the box baflie is used the distanee
can be made up in length, width and height and
the frequency conld still be made to go as low as
35 eveles without impracticability. If the bex
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bafle iz used it is important to keep the rear of
the box open, otherwise a condition of muffling
will result, consequently seriously impairing the
guality of reeeption,

1t is, of eourse, obvious that there is no advan-
tage gained with a large bafle if the audio am-
plificr does nol cover the entire range of fre-
guencies, especially below 100 eyeles.

Exponential HWorn.—Acoustical engi-
neers are agcrceed that the exponential horn is the
most uniform of all sound radiators. By this is
meant the ability of the speaker to radiate all the
frequencies at the same rate of energy., In other
words, it dees not faver the very low notes, nor
the very high, nor the medium, nor any other
nates,

The well-construeted exponential horn is as
close to mnniform as can be atfained in practice
and henee it is eapable of qualify as near perfev-
tion as possible, provided, of course, that perfect
quality is delivered to it by the amplifier.

The exponential horn is withont a doubt the
most perfect radiator but impractical for home
purposes due to its reqnired size. The word ex-
ponential was derived from the rate at which the
crosg-sectional area inereases as the distance
from the end inereases. It has been found that
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an exponential horn which is to deliver frequen-
cies as low as 50 cycles must be abont 15 feet
in length and this is eertainly an impraeticabil-
ity for home use. Henee in order to have an ideal
exponential horn the length must be about 20 feet
and the diameter at the open end about 48 mches
and that at the small end about 4 inches.

Condenser Type Speaker.—There 18 no
doubt that this type of speaker will be used in
the near future. Tt possesses vast possibilities
for improvement over the well-known magnetic
and dynaiic types. It minimizes the reaction he-
tween input and output and due to its great sen-
gitiveness will eliminate undue resonances,

The great possibilities in this type of speaker
liec in the fact thal the electro-statie field can
be equally extended over a large surface, which
will tend to eliminate the possibility of self-
osvillation. This simply means thal with this
type of speaker self-oscillation of the vibrating
clements will be kept out of the musical range
and, therefore, practically no distortion will take
place.



CHAPTER X
BATTERY CHARGEES AND ELIMINATORS

Battery Chargers.—A discharged storage
battery of the lead type is in a condition where
the acid of the electrolyte has gone into and com-
bined with the active maferialz of the plates.
The plates have soaked the acid up, so to speak,
and the speeific gravity of the electrolyte (eon-
sisting of acid and water) is lower than before
this action took place. gl

In order to again charge the battery it is nee-
egsary to draw this acid out of the plates and
back into the electrolyte. During this process the
specific gravity of the electrolyte is continuglly
rising until it is about 1.250 when the battery is
fully charged.

It is scen from the above that the ehange from
charge to discharge is purely a chemical one in
the electrolyte and plates. This is likewise true
for the Edison type of battery, although no acid
is uzed and the chemieal action affects: the ele-

ments (which areé nickel and iron) in a different
241
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way. The basie principle of charging a batfery
ia that a chemiecal action must take place in a
direction the reverse of that which took place dur-
ing discharge, This chemical agtion is, in the
ease of discharge, the cause of an electrie eurrent
in the baltery and in the case of charge the elee-
tric eurrent is the result of the chemical aciton.
During discharge the current flows from the neg-
ative to the positive plate inside the Dattery, while
during charge the flow is from pesitive to nega-
tive. In both cases the current flows through the
electrolyte, which is thereby decompesed if the
eurrent is too strong, as is many times the case
during charge. The battery is then said to be
gassing,

If during charge all of the acid is not driven
ont of the plates and into the electrolyte the re-
mapining acid will clog up the pores in the active
material of the plates and the battery is said to
be sulphated. Badly sulpbated batteries require
an extra heavy charging current o dislodge the
hardened acid which is clogging the pores of the
active material, As the sulphation is removed
legs current is mecessary and, therefore, the
charging current is tapered; in other words, it is
gradually reduced from maximum rate at the



CHARGERS AND ELIMINATORS 243

commencement of the charge to minimum rate at
the finish of the charge.

Beeause the action in a battery during charge
or discharge is either from negative to posilive
{discharging) or viee versa, the resultant eurrent
is a direet current flowing in one direetion only
during discharge, and reversing during charge.
A direet current, therefore, is necessary to charge
a storage battery.

An alternating current cannot be used becanse
it changes its direetion of flow periodically. The
wsual alternating current used for lighting pur-
poses is of a frequency of 60 eycles. It is made
up of alternate posifive and negative alsrna-
tions; two alternations make a eomplete eycle. If
this earrent is to be used to charge a storage bat-
tery, one polarity of alternations must be re-
moved or prevented from flowing. This is ealled
rectification and if the negative polarity is the
one removed the resnltant rectified current would
be a series of positive alternations. In the casze
of a GD.eyele current there wounld be 30 positive
pulsiations in a second of time. While the eurrent
is not steady in value it is all in the same direc-
tion and, therefore, suitable for charging pur-
POSEE.

A battery charger is a device for reetifying al-
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ternating eurrent so that it will flow in one direc-
tion only through the battery which is on charpe.
This does not hold true for direet current charg-
ers.

Dirveet Curvent Charging.—For exam-
ple, if direct current (DC) is available in the light-
ing system then the battery may easily be
charged without the use of a charger by simply

fales damps
Receptacls ¥ ;
Positive
= S Termringl
a
Negative T
Jerminal

Frg. 58, Tsing Iamps to charge hattery.

connecting the battery to the 110-volt lighting
gystem as illustrated in Fig. 58, A number of
lamps are placed on a board and conneeted in
parallel. The lamps are then connected in series
with one of the direet eurrent wires (either one)
and then to the battery terminals. Great care
must be taken that the positive terminal of the
hattery is connected to the positive wire of the
line, otherwise the baltery mav be completely
ruined. It is a very simple matter to determine
which one of the two wires is positive by placing
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the two wires into a glass dish filled with water
and a tablespoon full of salt. The wires should
not be too elose but about three or four inches
apart. Then upon inserting the wires into the
solution it will be noted that bubbles will form
at the tips of both wires and the one which haa
the greatest amount iz the negative terminal.

The two wires may then be commected to the
battery throngh the lamps with the positive wire
ooing to the positive ferminal of the battery.
The number of lamps may be from one to five,
depending upon the charging rate specified on
the battery plate. This is usually about four am-
peres and can be readily obtained by using fong
ordinary 75-watt Tamps. The battery should be
left on charge until it has gassed for about two
honrs.

Alternating Curvent Chargers or Hee-
fifiers.—The modern types of rectifiers are s
follows:

ta) DBulb reciifier
£l Elur:i.ru]:;!ie rectifier
{e) Dry rectifior

The heart of the bulb type charger is a tube,
containing two elements. In construetion, these
tubes are similar to the ordinary three-electrode
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receiving tubes except that they have no grid and
are larger in size. The plate iz called the cold
electrode and the filament the hot eleetrode. The
tubes have a very high vaecnum. In the bulb there
is an inert gas, at 4 low pressure, which is ionized
by the elecirons emifted by the filament. This
ionized gas acts as the prineipal enrrent carrier.

The filament is known as the eatliode and eon-
gigts of a small fungsten wire in the form of a
elosely wound spiral. The anode or plate is a
piece of graphite relatively large in ¢ross section,

The bulb acts ag a reelifier because on the
negative alternation of the cyele the filament elee-
tre=i~ emission is pulled dirvecily fowards the
anode. These eleetrons eollide with the gas mele-
eules, ionizing them and making them conductive
in the direction of anede to cathode. On the
pesitive alternation of the eyels, the filament is
positive and its eleelrons instead of being at-
tracted towards the plate are repelled back to
the filament, 50 that no current passes between
the elements during this half of the eyele. This
bulb is eonductive, therefore, on only one half of
the evele, which accounts for its rectifyving prop-
erties,

The bulb afier being exhausted to the highest
possible vacuum is filled with argen. To keep



CHARGERS AND ELIMINATORS 247

the gasses within the bulb pure a purifying agent
in the form of a wire ring on the anode is intro-
duced which reacts chemieally with any impur-
ities. In so doing the purifier is wvolatilized and
somewhat discolors the interior of the bulb.
There are two types of bulb rectifiers; namely,
the half-wave and full-wave types. The full-

Bulb

Fllament Exeitation
" | Jmn.dLng

*

3 Lo Leads
Hall Wave Bectifier Full Wave Rectifier

Fie. 5% Two types of battery chargers—bulb type.

wave tyvpe emplovs two tubes and the half-wave
type employs one. The full-wave type is more
expensive to purchase and operate and is, there-
fore, not eommonly nsed by radio listeners. All
the popular tvpes of bulb fype chargers now on
the market are of the half-wave type and for this
reason this is the only type discussed fully in
this book. Both types are shown in Fig. 89,
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In the bulb type rectifier a relatively high volt-
aga is required to make the bulb *‘pick-up™ or
start operating and for this reasdin an arrange:
ment is provided which lowers the voltaze anto-
matieally after the bulb picks-up. Tt takes but
a few seconds for the bulb to get into operation
or start reectification. This inherent reactance,
as it is ealled, also tends to keep the voltage con-
stant duoring the entire eharging period of the
bhattery. Balb type chargers now on the market
arg made in two sizes, the 2-ampere and the 5-
ampere types. Which one is best suoited to a
given need is determined best after the needs are
Jnown.  In general if the storage battery em-
ployved is of the 40-ampere hour size or smaller
the 2-ampere charger will serve the purpose. 1If,
on the other hand; the battery is larger than this
in gize, the S-ampere size ghould be used. The
gmaller size will charge the larger sizes of hatiery,
but the time required is relatively mueh longer
than when the larger size charger is employed.

Another point which has a bearing on the
choice of the size of charger to be used is the ex-
tent fo which the receiving set is operated. If
a set having four or more fubes is used for sev-
eral hours each night it is advisable to have a
d-ampere charger even though the storage bat-
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tery employed iz of the 40-ampere hour or
smaller type.

The aunto-transformer in both types of chargers
must be very carefully designed in ovder that the
bulb or bulbs pick up properly. In the S-ampere
outfit the anto-transformer has two secondary
windings. One of these windings consisis of a
relatively few turns of heavy wire which is con-
nected in series with the filament. This winding
serves to excite the filament and enables it to
pick up in a few seconds. The other winding
‘consists of a greater number of turns and these
function to snpply current for charging the bat-
tery. Three taps are usually brought ont near
one end of the primary winding (the heavy wire
turns) which serves to adjust the charger for
various ling voltages.

When the line current is shut off the eireunit to
the battery is auntomatically opened dne to iia
faet that the bulb is in series with the battery.
The bulb is connected in the negative terminal of
the battery and when the filament goes ouf, elee-
fronic emission being thus stopped, eurrent can-
not flow between the two elements of the balb.
The battery, therefore, cannot discharge back
through the charger.

The S-ampers type will charge 3 cells at 5 am-
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peres or 6 cells at 3 amperes. The 2 ampere type
will charge 3 cells at 2 amperes or 6 cells at abont
1.5 amperes.

Electrolytic Rectifier.—This rectifier
consists of two electrodes immersed in a solution
called electrolyte. The electrodes may be earbon
and lead, tantalum and lead or aluminum and
lead. Other combinations will also funetion as
rectifiers. The prineiple accepted az the rectifi-
cation theory of the electrolytic type of reetifier
is that a gas film forms on one electrode (called
the valve metal) when the eurrent is flowing to-
wards this eclectrode and permits the flow of
electrons in one direction enly. 1t doca not per-
mit the passage of electrons from the electrolyte
to the valve metal but does permit a flow from
the valve metal into the eleetrolyte.

Among those metals which show this valve ac-
tiun are aluminum, tantalum, magnesium, zine,
cadmium, and tungsten. Aluminum and tantalum
are the only two which are used commereially.
The valye aetion in the others iz not prooounced
enough to permit dependable operation.

The rectifying action in an electrolytic type
charger consisting of aluminum and lead plates
in a dilute solution of sulphuric acid would be
as follows. As a result of expesure to the air
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the alominum plate has deposited on its surface
a very thin coating of alominum oxide. The acid
of the electrolyte leaks through the pores of this
oxide coating and attacks the metal of the plate.
This forms more oxide which results in a thicker
coating which is also porous. When the current
ig tnrned on the acid in the solution is ionized
and oxygen molecules are liberated which are
negatively charged. These oxygen molecules are
drawn towards the positive aluminum plate,
where they are nentralized and form oxygen gas.
This gas forms an effective resistance to the pass-
age of eurrent towards the positive electrode
during one half eyele and permits a passage dor-,
ing the other half. The action of the valve plate
towards the flow of current is, therefore, valve-
like with the resultant rectification. The alter-
nating current is changed to a series of direct
enrrent pulsations, the number of pulsatious
depending upon the frequency of the charging
A, €. line. If the frequency is 60-cyele, which is
erdinarily the case, the number of pulsations will
be 30 per second.

Unless the electrolyte is pure sulphuric acid
and water considerable leakage is likely to oceur,
destroving the valve action. Among the im-
purities which will have this effect are chlorine,
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bromine or iedine. Carbonate or borate solu-
tions are preferable to the sulphurie acid solution
and the efficiency of the rectifier is higher when
these are nsed.

Althongh the aluminum type of elecirolytic
charger has been used to a great extent the tan-
talum is better for quick charging at higher rates.
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Fra. 60. Tleetrolytic rectifier.

The tantalum type is constant in operation over
a wide range of temperature and is independent
of changes in frequency and line voltage.

The electrolytic ivpe of chargers canses no dis-
turbanees in the line sinee there are no circuits
to be opened or closed mechanieally, nor are there
any magnetie fields built up to collapse and cause
gurging. The efficiency of electrolytic rectifiers
is approximately the same as for ofher types.

The method of connection for the electrolytic
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type of rectifier is shown in Fig, 60. The elee-
trolyte may consist of a dilute solution of sul-
phurie acid or ordinary washing borax (three
heaping teaspoonsful of borax to two pints of
water) and water.

Dry Reetifier (copper-oxide type). This
type of rectifier is one of the most extensively
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Fig. 61. Dry rectifier.

used in modern broadeast reecivers, especially
for reetifying the alternating currents feom
power transformers for ““B’’ supply and also for
exeiting the field windings in dynamie speakers.

The obvious advantage of this type of reetifier
can be readily seen, i.e., no tubes to break and no
electrolyte to spill.

Fig. 61 illustrates a dry rectifier of this type.

The rectifying properties of this type of reeti-
fier have been found to be due fo the ability of an
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electrical eurrent to flow betfer from the oxide to
the eopper than from the copper to the oxide. In
other words, the resistanee offered to a current
flow when these two metals are contacted is less
from oxide to copper and greater from copper to
oxide. This resistance ratio has been found to
be about 314 to 1.
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Fra. 62, Dry rectifier connections,

Thia rectifier may be used in either a full-wave
or half-wave arrangement as illustrated in Fig. 62
(left). This depends upon the quality of the
rectified ontput desired and also the amount of
rectified enrrent that is to pass throngh it. For
oxample, if a large amount of emrrent is to be
rectified throungh a small number of unifs there
will be a considerable amount of power lost and,
therefore, in order o dizpose of any nunnecessary
loss & larger number of units provided with heat
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radiating flanges must be used to force air ven-
tilation.

Dry Rectifier (Magnesinm-Cupric sulphide
type). This is another type of metal rectifier
operating on the same principles as the eopper-
oxide type, but using different metals. It is also
being extensively used in modern broadcast re-
ceivers for the reetification of alternating cur-
rents for filament and plate current supply to
vacnum tubes.

The operation of this type of rectifier is based
upon certain physical facts that when a high
electro-positive and electro-megative body 18
brought into proper contact and & currentpaszed
go that an electrochemical reaction takes place
at their surface junetion a film is formed which
allows the eurrent to pass in one direction only.
The forming of this film nsually takes place gdar-
ing the first eycle, after which a reetified eurrent
will pass from the cuprie sulphide dise to the
magmesinm dise. These dises are sfacked and
then held together by pressure which insures uni-
form contact throughout the jumection points.
Fig. 62 (right) illustrates how a series of these
dises may be connected to give full wave rectifica~
tion.
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“B" Eliminators.—Many types of “‘BY
eliminators have been developed in recent years,
but all are hased upon the same fundamental
principles. It will be remembered that the fune-
tion of the “*B*" battery is to supply the plate
current for the vacuum tubes. Similarly, the
HBT eliminator is used to supply the plates of
vacnum tubes from an alternating or direet enr-
rent lighting system of usnally 110 volts. In
D. C. districts the voltage for the plates of the
tubes ean only be supplied up to 110 volts because
the voltage cannot be “stepped up.”” If; there-
fore, voltages in exeess of 110 volts are desired,
then batteries must be added in series with the
line to increase the voltage to the required value.
If the voltages to be used are below 110 volts
then resistances are inserted in series with the
plate supply lead of each tube to bring it down
to the proper value., See Fig, 77 for details of a
high guality D. C. eliminator and audio frequency
amplifier. In A. C. distriets, however, the voltage
may be **stepped up™ many times from 110 volts
by using a transformer.

Transformers.—The transformer is a de-
viee for stepping up or down alternating current
voltages. The construction of a typieal trans-
former used in “*B?? eliminators iz as follows: A
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reetangnlar or square shaped magnetic core of a
high permeable character such as silicon steel,
resembling a pieture frame, is used. The out-
gide area of the core is approximately 6 inches
gquare and the inside “window’’ opening is about
4 inches square. The width of the core in a high
erade type of transformer is about 2 inches, the
thickness being made up of thin sheets of silicon
steel stacked up until the proper thickness is ob-
tained. If the eore is made up of a solid block of
stoel considerable hesat losses would result due to
the generation of small eurrents in the core when
subjected to magnetic reversals. This breaking
up of the eore into sheets is called “‘laminating.”
Before assembling the sheets of steel, each plate
is earefully treated to prevent rusting, with a
coat of enamel and shellac. After the sheets have
been assembled, wires are wrapped around the-
core to form the windings. These are knowWn as
the primary and secondary windings. The pri-
mary winding is connected to the A. C. supply
line and the secondary to the various vacuum tube
plate circnits through proper values of resist-
ances. The voltages in the secondary windings
now depend upon the ratio of turns in the sec-
ondary as compared to the primary. For ex-
ample, if it is desired to step up the A. C. voltage
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from 100 to 500 wolts, such as is done in the
modern eliminator for power tube supply, then
the secondary winding must have five fimes as
many turns as the primary, or in other words,
the ratic of turns must be five to one. Tf, on the
other hand, voltages below 100 volts are desired,
such as is necessary for lighting tubes, then an
additional winding having less turns than the pri-
mary is wrapped around the same core. This is
called the step-down winding and must also have
the preper ratio of turns to obtain the desired
low voltage.

The theoretical operation of the fransformer
wvhen epnneeted to the A. € line is as follows:
The alternating eurrent flowing through the pri-
mary winding riges and falls and changes its
polarily periodically at a definite rate or fre-
gueney (usually 60 eyeles or 120 reversals).

This produces a rising and falling magnetie
field about the primary winding which in turn
causes the steel core, npon which it is wrapped, to
be magnetized, first in one direetion and then the
other. These magnetic lines of force rising
and falling abont the magnetic core are now of
great density due to the ability of iron and steel
to inerease the number of magnetic lines of
force. Hence, the secondary windings which are
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wrapped on the core are cut by this moving mag-
netie field and have induced across them an alter-
nating clectromotive force (voltage) depending
upon the number of turns. This high wvoltage
may then be supplied to the plates of the various
vacunm tubes but only after it has been reectified
and smoothed out by a snitable arrangement of
tubes and filtering devices.

“1B" Kliminator Reectifiers.—The recti-
fiers used in *“B?? eliminators are the same as the
three types previeusly deseribed, ie, bulb, elee-
trolytic (chemical) and dry rectifiers. It will be
remembered that in the tube type rectifiers pre-
viously mentioned a filament and a plate are the
rectifying elements. In many of the modern
eliminators, however, another type of tube reeti-
fier is used having no filament. This tube is com-
monly known as the ““S** tube rectifier or Ray-
theon tube. With this type of tube, rectification
is produeed by using two positive electrodes pro-
jeeting slightly into a cup containing helium gas.
The gas is maintained ‘at a low pressure (high
vacnum) to prevent a ecuorrent from flowing
through the gaseous medium. The consiruction
is of such a character that the positive terminal
surface exposed to the helium cup is very small
and henee currents can flow much more readily
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in one direction than another. This simply means
that when the tube is eonneeted to an aliernating
carrent supply the enrrent will flow in one diree-
tion only, dne to its uni-lateral eonduetivity, and,
therefore, if the eurrent which is supplied to the
receiving vacuum tube plates is always in the
same direetion, the tubes will funetion just the
same as with ““B’* batteries. There is, however,
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one disadvantage over the ““B’' battery supply
gystem and that is the current deoes net flow as
steadily. This condition ean, however, be Teme-
died by connecting a filtering device between the
rectifier tube and the receiver tubes.

Fritters.—The object of a filter system is o
gmooth out the rectified variations o a steady
flow of current similar teo that produced by a
battery. Fig. 63 illustrates various efficient filter-
ing systems.

The theory of a filter action i1s based entirely
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upon three factors. First, an induetance permits
a low frequeney or small eurrent variation to pass
through it more readily than a higher frequency
or higher current variation; second, a condenser
does just the opposite, ie, it permits a hizh fre-
quency current to pass through it more easily
than a low frequency current, and, third, any eir-

Vgt Eliminator Seetions o

e

i f:.'ﬂ Irh
1 g gl_-la
: I + Ly Ly Aa
rfe?._l’_:'r- I %”l 4 5 Ry imp
i t Fof) sed
B and Filof

e
I
A ==l e Tupns
-FE,} —|?.;;- 30 Eﬁ-ﬂi #
P : ﬁﬂéiﬂ?ﬂp
1 Bt
! | Tubes ©

1
I
I
|
I
I
I

Fra, 64, Typical ““B" eliminator ciremit.

enit eonsisting of condensers and induetanee $has
a tuned effect which in the particular case of fil-
ters, where the condensers form a parallel eirenif,
existy a certain selective effect; that is, the tuned
cirenit will pass cerfain desired frequencies and
block undesired frequencies.

The particular type of filter used in **B’* elimi-
nators allows the eurrent of low freguency to
pass through, but only after a certain amount of
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opposition, This opposition is offered by the
“choking®’ effeet of the induetance when a vary-
ing current is passing through it. The condensers
shunted before and after the choke eoil serve as
a sort of ““reservoir’ which takes up or absorbs
these variations and, therefore, the only current
that can pass beyend the chokes and condensers
can be an unvarying earrent snch as is obfained
from batteries. This results in a pure direet cur-
rent capable of supplying a steady potential to the
plates of the various vaenum tubes. It is, of course,
very important tp have the filler properly de-
signed to adequately effeet this ‘‘smoocthing out®
process and, therefore, a high value of inductance
and capacity is absolutely essential. Fig. 64 illus-
trates a typical *‘B?? eliminator circuit showing
the tfransformer, a tube rectifier of the Raytheon
type, filter, and resistances for controlling the
onfput voltages to the varions tnbe plate cirenits.

Section I is the alternating enrrent transformer
which steps up the voltage from 110 velts A. C.
to 200 volts A. €. The latter voltage is the most
eommon delivered by standard eliminators unless
high power tubes such as the 210 or 250 are used
in the amplifier cirenits.

Then the veoltage is stepped up to 600 or 1,200,
depending upon the system of power amplifica-
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tion used. This type of eliminafor system Is
shown in the power amplifier seetion of this book.

Seetion IT is the reetifier system. Here the
alternating voltage across the secondary winding
8 is constantly changing at the points X and Y.
That is to say, during one instant X is positive,
and Y is negative, and then the next instant Y is
positive, and X is negative. The point O, how-
ever, heing in the exact center of the winding, is
always at zero voltage and henee it is used as the
negative terminal of the “B?? eliminator. Now
as X is positive a current will flow in the diree-
tion of the arrow pointing downward and thence
to the right through the choke cails Ls, L to the
various taps and through the receiving tube plates
and through these tubes to their filaments and
then back to the center point O of the trans-
former. This completes the cirenit.

The next instant the point ¥ will be positive
and the eurrent will flow upward in the direction
of the arrow and then to the right in the same
manner as before. Thus it will be seen that a
eurrent is flowing at all times in one direction
only throungh the choke coils and the reeceiving
tubes, due to the action of the reetifier tube allow-
ing enrrent to flow only in one direction. If only
two electrodes were used in the rectifier, i.e., the
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plate and either one of the top or bottom elec-
trodes alone, then a current would only flow when
that side of the transformer which is positive is
conueeted to the eleetrode. For example, if elee-
trode A is omilted a current will fow upward
only when the side Y and electrode B becomes
positive and no enrrent wounld flow as soen as Y
‘becomes negative. This is known as half-wave
rectification and if the two electrodes A and B
are used it iz konown as full-wave rectification.
Similarly, if a filament type of rectifier tube is
used with only one plate, half-wave rectification
will be produced and if two plates are used full-
wave rectification will be produced, It is also
poseible to use two rectifier tubes, each having a
plate and a filament, to produce full-wave reeti-
fieation by simply conneeting the filaments in
parallel and the plate of one tube to X and the
plate of the other tube to Y. The filaments
wonld then have to be lighted by a separate trans-
former 4or filament lighting or a transformer
having both high voltage and filament windings
in one. This is described in the Amertran A, B
and O eliminator system under the chapter on
power amplifiers.

Section III. Here the alternating current is
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smoothed out as it passes through the filter
gystemn.

Section TV. The resistances B: drops the velt-
age below the maximum to the desired point.
This is determined by the value of the resistance.
Similarly, resistances R. and R cut the voltage
down still further until the desired amount is
obtained. It will be remembered that warious
tubes in the reeeiving eirenits require different
voltages, depending upon their design. For ex-
ample, a detector tube is usually operated at ap-
proximately 40 wvolts maximum, the radio fre-
quency tubes befween 90 and 135 volis and the
amplifiers between 90 and 180. Henee the varions
resistances will give the proper voltage drop fo
the various tubes.

All types of “B" climinators operate upon the
prineiple just deseribed, but a more detailed ex-
planation will be given under the chapter on
power amplifiers. Both alternating current and
direct carrent systems of high quality amplifica-
tion are completely analyzed there.



CHAPTER XTI
RADIO TRANSMITIING STATIONS

Broadeasting.—Within the last few years
broadcasting has become one of the necessities of
public life. Radio programs of all natures are
being broadeast daily over networks of stations
covering the entire country. The engineers have
developed telephony almost to a point of perfec-
tion, especially in the transmission of speech and
musie.. The quality of the emitted wave from
many of the high-powered stations i perfeet.
Atmospherical eonditions whiech have previously
marred good quality reception have been over-
eome by the use of super-power transmitting sta-
tions. Almost perfect reproduction can now be
obfained at the reeeiving end with the proper
type and arrangement of receiving eguipment.
Perhaps the only outstanding factor which has
not been overcome is the atmospherical interfer-
ence known as ‘“statie.’ This is usually mani-
fested in the form of heavy cracking or erackling

in the londspeaker or telephones especially dur-
206
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ing thonder and electrical storms or very warm
weather. However, sinee the high power stations
have been erected this interference has been con-
siderably reduced by sending ont waves of a
higher power level than that of the static.

It may thus be stated that if reception from
one of the high-powered broadcasting stations is
distorted in the loudspeaker when no atmospheri-
eal disturbance iz present, it is a sure indication
that the distortion is due to either a poorly de-
signed receiver, amplifier or loudspeaker. In
other words, the question of poor transmission
from high-powered stations is no longer consid-
ered sinee the advent of specially designed stu-
dios and equipment for the faithful reproduction
of speech and musiec.

A broadeasting station consists of three prin-
cipal parts: power plant, control equipment and
studio. In some eases all of these three parts
are contained in one room, while in the others
they are separated by several floors in the same
building. In certain eases the studio apparatus
may be separated by miles, as is the ease
when church services are broadeast direetly from
a church or a speech broadeast direetly from a
meeting held at some remote point.

The power plant is the mainspring of the
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broadeasting station and ineludes all the appara-
tus necessary to generate, modulate, and radiate
the radio frequeney power which leaves the aerial
at the rate of 186,000 miles per second and
reaches thousands and thomsands of broadeast
listeners.

Tt is mecessary to provide several thousand
volts for the plate eurrent of the wacuum tubes
used in the transmitter and this is nsually done
by transforming an alternating eurrent from a
low to a high voltage and then rectifying it
through a mumber of rectifier tubes. This is
really the ““power’’ behind the radiophone trans-
mitter.

This high veoltage power operates the vacunm
tube oscillators which generate the high fre-
queney radio currents sent out through the aerial
wires, There may be one or more of these oseil-
lator tubes working together. When the oseil-
lator is generating the high frequency nndamped
alternating current as it is called there is set up
in the air an unexplained electric strain called
oscillations.

This strain is in the form of electric waves
which could we but see them would perhaps look
much like the heat waves visible over 4 hot radi-
ator. The number of waves per second, however,
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is constant and they ocenr with such a rapidity

that they are inaudible to the human ear unless
modulated.

I
A

g, 65 Chanees in wave form in a radio
teansmitter.

By modulating the wave sent out by the oseil-
lator is meant to make the amplitude of this wave
correspond to the amplitude of the sound waves
to be transmitted. A current corresponding to
the modulated wave is then set up in the cirenit
of any receiving apparatus tuned to the trams-
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mitter. A better idea of these varions wave
transformations may be had by locking at Fip.
65. The top curve (a) shows the high frequency
‘iearrier wave' generated by the oseillator tubes,
the middle eurve (h) shows this same wave modu-
lated to eorrespond to the sonnd waves which are
impinged on the mierophone, and the bottom
eurve (e) shows ihe resultant effect on the radio
recciving apparatus.

It is easy to realize that any speech or ofher
matter transmitied from a broadeasting station
must be carefully censored and the operator of
the station must be ever on the alert to discon-
nect the studio from the transmitter if anything
undesitable is about to be sent out. The manager
of a broadeast station owes a distinet responsi-
bility to his radio audience in this respect. To
effect this control the operator iz provided with
a control cabinet which regulates the quality of
the broadeasting and enables the operator to dis-
connect the stodio from the fransmitter at will.
Then it is also necessary that the operator histen
in eonstantly and be ready to shut down in case
a distress signal from a ship is received. It is
an unforgivable sin for any radio station to inter-
fere with the reception or transmission of dis-
tress signals,
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The studio of the broadeasting station may be
geparated by a considerable distance from the
room in which the transmitter itsell is located.
In some cases the studio is on the ground floor
of a building and the power and control rooms
are loeated on the roof directly under the aerial
WIiTes,

In most cazes at least two studios are provided,
one for large assemblies and a smaller one for
individual speakers. The stndio must be very
carefully planned, for on it depends the sueccess
of a broadeasting station. No matter how well
the transmitter operafes if the acounstical proper-
ties of the studio are bad the broadeastipg will
sound bad in the radio receivers.

The placing of the singer, speaker or musical
instruments in the studio is very important. Hx-
perience tells the studio director just how this
should be done. The control operator can lisu-
ally tell whether or not the modulation is good.

The operation of a broadeasting station calla
for great eare on the part of the entire personnel
from the operator down to the stodio manager
and announcer. The equipment is thoroughly
tested at regular intervals and always before the
gtarting of a program. During the time that a
program is being sent out the operator must con-
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tinnonsly check up to see that the power and
modulation sent out are satisfactory. In the studio
the announcer and program director must see
that the singers, speaker and other performers
are properly arranged before the mierophone
piek-up device.

‘When everything is ready in the studio the con-
trol operator is notified through a signal light
system, he flashes back and the program starts.
If the operator notices anything wrong he ean
talk to the studio by telephone.

Broadeast Transmitter @peration.—
The theoretieal operation of a broadeast trans-
mitter will be elearly understood by referring to
Tigs. 66 and 67 during the course of reading. This
illustration shows how the wave is impressed npon
the microphone, amplified, carried, radiated and
then received, amplified, detected and amplified
again,

The operation is as follows: The sound vibra-
tions produced by the man speaking is a result of
the air particles being set into motion between
the microphone opening and his lips. These vi-
brations cause a very thin diaphragm to vibrate
in the microphone, The microphone is con-
strueted in a manner so that when the diaphragm
vibrates a small chamber containing loosely
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packed granules of carbon are sef into motion,
These granules form a conductive path for a
small enrrent flowing through them causing the
effect of a resistance. Congequently the amount
of eurrent flowing through these granules is un-
varying and steady. However, as soon as the
diaphragm commences to vibrate due to the sound
vibrations impinged upon it the small granules
also commenee to vibrate, which in turn wvaries
the resistanee.

Now, if the resistance changes, the current
flowing through fthe carbon granules will likewige
change, and sinee these changes are a resalt of a
voice gound vibrations the currenf will vary at
the same rate as that in which the voiee vibrations
are impinged upon the diaphragm.

Now, these eleetrical variations are extremely
feeble and, therefore, must be suitably amplified
before they can be transmitted. This is accom-
plished by passing the feeble signal variations to
a vacuum tube known as a speech amplifier; from
there the variations are impressed upon the grids
of two more tubes called power amplifiers. In
other words, the microphone signal variations
must be efepped up considerably in order fo feed
the proper signal voltage to the grids of the
modulator tubes, otherwige they would not oper-
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ate salisfactorily. Now let us assume that the
two osecillating tubes are adjusted to maintain a
continuous oseillation at a eertain wavelength,
say 492 meters. These oseillations when put into
the antenna system are of a high frequency (610,
00¢ eyeles per second) and of a continuous char-
aeter. This ia called the earrier wave in bread-
cast transmission. Now if these oscillator tnbes
are connected to the two modulator tubes in the
proper manner, i.e., the plates of the modulator
tubes to the grids of the oscillator tubes, the cur-
rent variations in the plate cirenits of the modu-
lator tubes will be impressed upon the grids of
the osecillator fubes. These variations ;npon the
grids of the oseillator tubes when they are nseil-
lating have the effeet of what is kmown as modu-
lating the high frequenmey or carrier wave. In
other words, the process of modulation is the
molding of the high frequency carrier wave to
the outline of the veice signal variation so that
the voice wave goes throngh space with the ear-
rier wave. This ean be likened to the following
analogy, i.e, a man can be likened to the message
earrying property or voiee wave, while the high
frequency carrier wave can be likened to an air-
plane carrying the man. This simply means that
the airplane not being able to talk could not
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eonvey a voice fo a distant point unless it car-
ried a speaking device, which in this case is the
man. Similarly, the voiee wave alone in a broad-
east transmitter eould not earry very far through
space without the aid of a wave having high
speed carrying abilities such as the high fre-
queney carrier wave generated by the ozeillator
tobes. Hence, the modulator tubes when eon-
nected to the oscillating tubes will alter the shape
of the carrier wave as illustrated in the figure,

At the reeeiving station the earrier wave of
high fregquency is amplified through a number of
high frequeney or radio frequency tubes and then
passed to a fube which reclifies the high fre-
quency signals, or in other words, separates the
high frequeney variation from the veice varia-
tion. The voice signal variation is then amplified
through two or more audio frequeney trans-
formers and power tubes until the desired signal
is heard from the londspeaker.

Types of Mierophones.—There are vari-
ous tfpes of microphones used in broadeasting
studios for preking up the sound vibrations. Some
of these are the earbon, magnetie and condenser
types. The most commonly used microphones are
the high quality carbon and condenser types.

The earbon microphone for very low power sets
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may be the customary telephone earbom grain
transmitter of the size nsed on telephones but
built to stand slightly higher currents. The car-
bon microphone for high power transmitters is
much larger in size and more sensitive fo fhe
sound waves within the broadeasting studio.
Buch a transmitter is affectionately known as
“Jike® (microphone).

The earbon fype transmitter consists of twe
condueting surfaces between which are placed
carbon grannles. Either one or both of these
surfaces may be diaphragms. If only one is a
diaphragm the transmitter is of the single button
type, while if both conduefing surfaces gre dia-
phragme it is a two button type. The earbon type
gives very good results and is used to a great
extent in broadeasting work.

The magnetic transmitter consists of a coil so
arranged that it is affected direetly by the vibra-
tiong of the sound waves. It is snrrounded by a
strong magnetic field, and as the sound waves
eanse it to vibrate there is indueed in it potentials
corresponding to the frequeney of the sound
waves ; these are amplified by a special first stage
amplifier, and eontrol directly the amplitude of
the oseillating waves. This makes the modulator
tube annecessary.
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This type of transmitter is very satisfactory
when large orchestral ensembles are being broad-
cast, as individual eontrol of the volume from any
gelected instrument may be effected.

Another type of transmitter pick-up device is
the eondenser transmitter. It is unsed to some
extent in broadeast studio work and consists of a
variable capacity mounted direelly on or very
near to the first stage amplifier of the modulator
gystem. One or twe additional stages of ampli-
fication are introduced to step-up the enercy of
the sound waves when this type of {ransmitter is
used. There is an electromotive force of 500 volts
impre=sesl on the plates of the condenser when
the transmitter is in operation. This {ype of
iransmitter is not nsed when remote control is
desired, as it must be placed on or near the trans-
mitting apparatus itself.

Modulating Systems.—There are various
methods of obiaining meodulation: one of the
simplest is to insert an ordinary telephone trans-
mitter directly in the aerial circnit. The resist-
ance of the aerial to the radiation of the earrier
wave was effected in snch a way as to make the
carrier wave conform to the shape of the sonund
wave. It was only pessible to connect in a trans-
mitter in the aerial circnif on very low power sets
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and from an engineering standpoint the power
lost did nmot make it a desirable method to use
for modulation. It i1z not used except by ama-
teurs for low power work. WUsing this method
any regenerative receiver could be used as a radio
telephone with a very limited range. This range
might be three miles.

Another method of modulation is called the ab-
gsorption method. It consists of placing a few
turns of wire around the oscillation transformer
of the transmitting outfit and connecting a carbon
orain transmitter in a cirenit with these turns of
wire. The resistance of this absorption ciremit
is changed as the transmitter is spoken jnto, and
it in torn ““abzsorbs’’ energy from the carrier
wave and molds it to conform to the sound waves.

Another method of modulation i called the
magnetic modulating system. It consists of a

'spmia] transformer with an iron core, thé pri-
mary winding being in series with a low voltage
electromotive foree and a carbon transmitter, and
the secondary (low resistance) is placed in the
ground lead of the aerial cirenit. When the
microphone is spoken into it sets up a fluctuating
field in the primary corresponding to the fre-
gqueney of the sound waves. This field s induced
info the secondary, which is in series with the
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gronnd lead, and causes an identical modnlation
of the ecarrier wave. This method is very similar
to the first method deseribed exeept that there is
very little energy lost by direct resistance in the
aerial cireuit. Magnetic amplifiers have the fur-
ther advantage in that they ean be made to handle
any power, regardless of the size of the trans-
mitfer.

Grid modulation is now commonly used among
amateurs. This is an efficient method of modula-
tion and consists of a transformer of special de-
sign, the primary of which is conuected in series
with a low voeltage electromotive foree and earbon
transmjtter and the secondary conneeted between
the grid and the filament of the oseillator tube.
The transformer has an iron core.

The theory of operation is as follows: A high
alternating enrrent corresponding fo the original
_sound waves is indueed in the secondary of the
modulation transformer referred fo above; this
changes the grid enrrent, which in turn changes
the plate current, which is being radiated out into
gpace through the aerial.

This method is very efficient, for a small change
in the grid eurrent will produce a large change of
plate eurrent. All of the methods of modulation
thus far described are for low power sets. The
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more powerful transmitters such as are used for
broadeasting nse a system similar to the Heising,
or constant enrrent system, now to be deseribed.

For simple sets using one oseillator tube, one
modulator is used. Fig. 68 shows one of the
finest methods of modulation. It is to be noted
that for simplicity’s sake only one oscillator and
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Fia. 68. Heising system of modulation.

its modulator are shown in the diagram. »The
game general scheme is followed ount when more
tnbes are used, both as oscillators and modua-
lators. In this eivenit the secondary of the modu-
lation transformer eontrols the grid eurrent. Inm
addition a “C" battery is used which econtrols
the modulator grid potential and, therefore, the
plate current. This prevents overhealing and
controls the quality of the modulation. The plate
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reactor (B. F. Choke) shown in the plate lead con-
gists of several hundred turns of wire on an iron
core. Im cases where a filter bank is used this plate
reactor iz omitted. The radio frequeney choke-
coil which connects the plates of the eseillator and
modulator tobe together consists of about a hun-
dred turns of wire on a 3-inch tube. This eoil
prevents radio frequency currents from entering
the modulator tube and becoming dissipated in
that eireuit.

Modulation is accomplished by this cirenit as
follows: If the plate current of the modulator in-
ereases, doe to the action of the plate reactor, the
plate eurrent of the oscillator decreases. The
reverse i also true. Consequently, the oseillator
plate current swings between the limits of the
modulator plate current. If the plate of the
modulator heats too much, more *‘C*" battery
must 'be added. The negative side of the ("
battery is always connected fo the grid.

Short Waves.—Sinee 1924 rapid strides
have béen made in the transmission and recepiion
of short waves in all the branches of the radio
science, i.e., Broadeasting, Television and Teleg-
raphy, Never before in any industry have so
many revolutionary steps been made as in radio
gince the advent of shori-wave transmission.
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Practically unheard of and furthermore eonceived
as an impractical possibility when broadeasting
first started, short-wave communication is the
most talked-of radio development in use to-day.
1t has made possible sueh things as international
broadeasting from the United States to all parts
of the world. This iz now being done every day
by various stations in the United States such as
WGY, WABC, KDKA, ete., in addition fo their
regular broadeasting wavelengths between 200
and 560 meters. These transmissions take place
simultaneously over both wavelengths hy using
two transmitters.

Perhaps the greatest amount of eredit for this
advance is due to the amateur operators who in
their early periods of experimentation illnstrated
how signals eould be transmitted with a small
vacunm tube such as is used in modern radio re-
ecivers to all parts of the world, Many amafeurs
in the United States communicated with other
amateurs in Australia, Africa, Europe and South
America with marvelous suecess, using but one
receiving tube connected in a properly designed
¢ireuit. So many interesting phenomena have
presented themselves in this method of communi-
cation that the Navy Department, Radio Corpora-
tion, and many commercial companies entered the
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field to determine its true value. In the ecurse
of extensive research by these organizations the
following outstanding facts have been determined
which will no doubt make it the most important
communication system of the future,

First, extreme distances can be covered with
oxtremely small power. Second, due to the very
high frequencies many more stations can transmif
without interference in a very narrow band of
wavelengths. Third, statie or other atmospheri-
cal disturbances are ecnsiderably minimized, and,
fourth, by the use of a certain band of wave-
lengths it was found that daylight transmission
over thousands of miles eould be obtained with
very small power as compared fo the very high
power necessary for daylight transmission en the
high wavelengths,

Of course, many obstacles and queer phenom-
ena also presented themselves, one of which is the
“gkipping’® of waves over eertain areas in the
vieinity of the transmitter. For example, a sta-
tion transmitting signals from Conneeticut would
gometimes be inandible in New York City but
would come in with great volume in Florida or
California, ete. This phenomena is assumed to
be due to the property of the waves on account
of their extremely high freguencies to move up-
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ward towards the sky and there reflect back to
earth at certain points. This condifion was some-
what relieved by the commercial companies by
nsing higher powers but still much below the
amount mnecessary for high-wave tiransmission
during the daytime. Thus it was found that for
night transmission higher waves were more ef-
ficient and for dayiime transmigsion lower waves
were more efficient. A list of the wavelengths
found to be most efficient at different periods of
the day and night are approximately as follows:

10 - 20 meters Daybreak fo moom

20 - 30 meters i to middle afternoon
40 - 50 meters Afternoon to early evénings
G0 - 80 meters Eyvenings and early mornings

After the 80-meter wave is passed transmission
ig always better during dark perieds. In addi-.
tion, however, it might be stated that the higher
waves above 1,000 meters do not fade or skip as
do the very low waves and for this reason the
majority of trans-oceanic telegraphy and teleph-
ony is carried on at the high wavelengths. Once
the fading and skipping phenomena have been
thoroughly solved there is no doubt that trans-
mission on short wavelengths will be much

superior,
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Simple Short - Wave Transmitier.—
Fig. 69 illustrates a simple short-wave felegraph
transmitter similar to the one nsed by many ama-
teurs who suceessfully communicate with foreign
amateurs by dots and dashes.

st Trsulators.

il et
Safrery

Fig. 69, Simple short-wave transmitter.

The reader will remember that when a filament
ig lighted and a ““B’? battery is connected between
the plate and filament a enrrent will flow from the
SR hattery positive terminal o the plate, then
through the tube space to the filament, back to
the negative side of the battery, thus completing
the eireuit, Now in the above eircuit the same
thing happeus as soon as the key is pressed.

Bearing in mind that a steady current is flow-
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ing between the plate and the filament, note that
the coil 1; and eondenser (. iz really connected
directly across the plate and the filament. Now
if & condenser has the ability to store up energy
in an eleetrical form it will be seen that a certain
amount of eurrent must have passed fhrough the
induetance eoil L; before passing into the econ-
denser. Henee, whenever a eurrent flows through
g eoil, if only for an instant (as in the case
where condenser is eonnected across a non-vary-
ing direet enrrent), a magmnetie field will be set
up about the coil. This action causes the mag-
netie field to induece an electromotive foree or
pressure across the coil L., which in furn ecauses
a pressure to be applied fo the grid eondenser.
The grid condenser being connected to the grid
will then apply a pressure to it. Now this pres-
sure might be of either a positive or a negative=
charge of clectricity depending upon the diréction
of the current passing through ceil 1. at the first
instant, Assume for example that the grid re-
ceives a positive charge and see what happens.
It will be reealled that whenever the grid re-
ceives g positive charge the enrrent which is flow-
ing between the plate and the filament will be
increased and if the grid receives a mnegative
charge this eurrent will be decreased. Henee if
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the coil I; induces an electromotive foree into
eoil L by the entting aetion of the magnetic field,
and the grid is made posilive, then the positive
charge on the grid will inerease the eurvent flow
between the plate and the grid. Thus, if at the
firgt instant when the key was closed a current
flowing between the plate and the grid caused a
momentary eurrent to flow through I, and C.,
then as soon as the grid and its pesitive charge
has inereased the current between the plate and
the filament, there will obviously be a ecurrent
flow again through Ly and ¢ which in turn would
further inerease the positive charge on the grid.

Tt would seem that the positive charge on the
grid would beeome greater and ereater indefi-
nitely. This it does, but not indefinitely beeause
the tube design and resistance in the cirenit will
only allow it to go up to a eertain point, ealled
saturfation. Now as seon as this point i$ reached
the charge on the grid disappears, and the grid
auinn}ﬂtienlly returng fo mormal (no charge).
However, as soon as the grid drops to normal
then the charge on the grid reverses to a negative
charge, which in turn starts to decrease the plate
enrrent. Finally it also reaches a saturation
point and returns to zero, but as soon as it starts
to reach zero the grid is automatically made posi-
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tive again and the entire procedure iz repeated.
Tt can be seen from this explanation that the
eurrent throngh the eoil I; and condenser . has
a constantly rising and falling current through
it which in turn effects the cirenit L. and C; in
the same manner. This rising and falling field in
the eirenit L: and €. will now be at a definite fre-
queney or wavelength which depends upon the
number of turns on the inductance I. and the
condenser Ci. Thus the cirenit from the plate
through Ly and s functioned as a sort of exciting
cireuit, i.e., to set the eirenit Is C; inte motion
(oscillation). Now if the inductance I. has only
abont 10 turns of wire about 3 inches in diameter
(fairly heavy) and the eondenser a small variable
eapacity, then the cirenit will oseillate at a very
high frequency, that is, the smaller the number
of turns on an inductance and the smaller the ca-
pacity shunted aeross it, the greater will be the
frequency of the oscillations and consequently the
lower will be the wavelength.

This entire action just described is known as
“generating oscillations’’ and mo matter how
large or small the tube or tubes used, this prin-
ciple is the same. Of course there are many dif-
ferent eircnits for producing oscillations but the
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one explained is one of the most commenly nsed
by amateurs.

Now let us assume the eirenit L. C; to be oscil-
lating at a very high frequeney, say 7,500,000
cyeles in a second, or 40 meters. These oseilla-
tions will produce a magnetie field around the eoil
L: rising and falling at the above frequency. Now
to transfer these oseillations into the radiating
system, the coil Ly must be located in a magnetic
relation to the coil L. so that the high frequency
magnetic field will induce a eurrent flow into the
radiating eirenit. This necessitates adjusting the
radiating ecircuit to the exeiting cireuit to exact
resonanee, This is accomplished by varying the
resonating condensers ¢4 and € until the lamp
burns brightly. The high frequeney currents will
then flow into both halves of the radiating wires
znd will produce electromagnetic waves which are
radiated at a frequency of 7.500,000 eyeles.

This frequency was used for illustration pur-
poses beeaunse if is mear one of the most com-
monly used amateur wavelengths,

Broadeasting stations sending ont waves on
the short wavelengths use similar oseillating sys-
tems, but the continuous wave or “‘earrier’” is
modulated, as was previously deseribed in the
broadeasting chapter.



CHAPTER XII

TELEVISION

Ix this modern era of scientific aceomplish-
ments one of the outstanding contributions to the
radio art iz the development of television. Al-
though impractical for commereial application at
this stage, a tremendous amount of research has
been carried on to make it an eventual reality.
Just as radio broadeasting years ago was in a
erude stage of development so is telewision to-
day, but if we consider the strides that have been
made in the former during the past few years
there is every reason to believe that the ]attga
will approach similar proportions in years to~
come,

Basie Prineiple.—In broadcast reception
it will be remembered that if was necessary to
eonvert the high frequency electrical variations
into audible sound variations by a system of recti-
fication (detection) and then amplifying these
soundg through an audio system of amplification

for loud speaker operation.
201
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In television the outstanding requirement is to
eonvert licht flunctuations into current fluctuations
and then to amplify these fluctuations through a
suitable amplifier having a fine amplifying char-
acteristic. The entire sueccess of this conversion
is due to a small cell known as the photo-electrie
cell which when subjected to light variations will
produce a current flow in a properly connected

Fia. 70, Photo-eleetrie cell.

ceivenit which will vary with the intensity of the
light ceflected npon if.

The Photlo-Electric Cell.—The practical
photo-electrie cells consists essentially of an evae-
nated bulbh containing two electrodes as shown in
Fig. 70. The light sensilive material of sodium
or potassium is deposited on the inmer walls of
the bulb and the collector electrode is in the cen-
ter. A rare gas is nsed to create a current flow
when the voltage is applied between the eollector
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- and the sodium. If, therefore, a beam of light is
directed upon the sodium surface the gas will
become affeeted and eanse a change in the current
flow between the collector and the sodinm. This
result may then be amplified throngh the medinm
of vacuum tubes and recorded. The cell may,
therefore, be termed an eleetrieal eye which con-
verts lizht fluetnations into enrrent fluctuations.
For example, if a perforated disc operated by
a motor iz placed in the path of the light so that
it will act ag a shutter then the beam of light on
the photo-electric cell will be controlled by the
gpeed and ihe number of perforations of the disc
and, consequenily, if the light is interrupted at
the rate of 1,000 times a second a feeble voltage
variation will be obtained at the oniput ferminals
of Fig. T0. If now this output is eonnected to the
erid and {ilament of a vacuuom tube audio amphs
fier, an audible signal will be heard in the loud-
gpeaker, It ean therefore be seen that the fune-
tion of the dise is to vary the intensity of the light
refleeted upon the photo-electrie cell.
Seanning.—This is known as the proecess of
disgeeling the picture or subject to be transmit-
ted. This is accomplished by a successive trans-
mission of an electrical impression of the inten-
sity of each spot on the picture or subject
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until the entire surface has been explored or
“geanned.’’

In ofher words, the more thoroughly a picture
is seanned, the greater will be the detail but the
lenger the time required to transmit it. The light
heam reflected from the picture to the cell ig then
interrupted by the dise so that the picture pulsa-
tions are converted into a low frequeney eurrent,
fluetuating with the intensity of the pieture. This
signal je then eombined with the transmitting
gtation’s carrier wave and broadcast just as the
voiee signal variations are superimposed on the
earrier wave in modern broadeasting.

Pioneer Television.—(One of the earliest
demonstrations in practieal television was given
at the Royal Institute in Greal Britain in 1926,
The apparatus used was very crude but serves

weiry well to illustrate the principle of televigion
for the lavman., Tig. 71 illustrates the arrange-
ment nsed at this experiment.

The ohject to be transmitted is illuminated by
& ligftt ticht partition with a system of lights
similar fo a photographic studio. These lights
are trained on the object and by an arrangement
of lenses in the partition the reflection from the

_object is collected by the lenses in a manner simi-
lar to a camera. The collecting lenses then throw
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the light on the photo-eleetrie eell, resuliing in a
current flow in the cell. This enrrent will not
fluetuate beeause the constant reflection of light
merely produces a steady current flow in the eell
and consequently mo image can be produced.
Therefore, in order to produce current fluetua-
tions in the eell the light eovering the cell must
be interrupted into dark and light moments,
Driving Hforor Dise €, Dize a
fordze Bard O Aotor

Fig. 71. Seanning dise apparatus,

thereby changing the resistance of the eell in €3+
act aceordance with the intensity of Light falling
upon it. These light impulses are then irans-
ferred into electrical impulses and amplified by
vacuum fubes. These impulses are then fed fo
the vacnum tube broadeast iransmitter and radi-
ated by the carrier wave. IHere the television
impulses modulate the carrier wave instead of
the ordinary speech impulses as in the modern
broadeast transmitter.
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The arrangement used in this pioneer system
for interrupting the beam of light collected by
the lenses iz aceomplished by interposing 4 com-
bination of dises between the object and the
photo-electrie cell as in Fig. T1.

The first dize, lettered B, is made up of a series
of lenses, which as the dise revolves, causes a sue-
cession of images of the object to be passed to
the next dise, €. This dise contains a great num-
ber of slots and revolves at a high speed. After
the light passes dige C the light flashes must pass
through the spirally arranged slots of disec I
Thiz action causes a subdivision of the image to
a tiny square of the image, or in other words,
each flash corresponds to a tiny square of the
image. It is the arrangement of the lenses on
dise B that scleets a narrow strip of the image as

—stojected through the colleeting lenses which are
locatdd between the object and the dise. The
narrow portion of the image is then swept aeross
the openings in dise C by the rotation of dise B
by virtue of the lens arrangement, ie., each sue-
ceeding lens is set a little nearer fo the eenter
of the dise, so that, as it revelves successive paris
of the image are covered until the entire image
has been swept across the openings in dise C.
Hence the rotary action of both dises C and D
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have the effect of chopping up the long image
sirips into very small squares similar to a sheet
of finely graduoated graph paper., Kach square
represents a amall portion of the image and the
light intensity in each sguare depends upon the
amount of light reflected from the object nnder
observation.

This model has been considerably improved by
gome of the more recent developments to be de-
seribed in the following paragraphs.

Improved Methods.—In the earlier meth-
ods of picture transmission the ebjeet to be trans-
mitted was seanned with a single photo-eleetric
eell which necessitated a more thorough examina-
tion of the pietare to be transmitted in a similar
manner to a person having one eye elosed. This
analogy would scem to indicate that one photo-
eleetric cell would be even more thoroughly hanalf‘d‘
capped because it had to view the object abont
twenty times at least every second to ereate the
illnsion of a continuous vision at the recording
end. Thus if two or more photo-eleetrie cells are
nsed it is possible to reduce the speed of the
scanning device so that each cell will linger
longer on a given point, or if the speed is kept
eonstant it will be possible to reduce the illumi-
nation of the objeet many times. It waslinﬂuﬂi-
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cient illumination of the objeet which presented
the greatest obstacle in the earlier developments
of television due to the faet that in order to
properly reproduce definite points on the subject
a light in excess of sunlight had to be used which
iz obviounsly impraectical from a physieal stand-
point., The use of a number of photo-eleetrie cells

- okl Mirons
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TFia, 72. Refleeting scheme:

-folieved this condition and greatly aided in the
devefopment of television,

Fig. 72 illustrates a system wusing a group of
photo-electric eells,

If the ohject is illuminated and a revelving disc
is equipped with mirrors set at different angles
and seven photo-electric cells placed as shown, the
aroup of cells will receive light fluctuations by the
reflecting mirrors and revelving dise which will
produce a current fluctuation between the collector
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and sodium of the ecells, resulting in a eurrent
variation which will then be superimposed upon
the earrier wave of the transmitter and radiated.

Another development which is perhaps the
greatest contribution to the television art is the
Gray system, invented by Dr. Frank Gray of the
Bell Inboratories. This system of scanning has
made it possible to send pictures over felephone
lines of almost perfeet reproduetion and will no
doubt play an important réle in the future of
television.

It will be remembered that in the previons sys-
tem the object to be transmitted was floodlighted
with great brilliancy as the photo-eleetria cells
were looking it over systematically. Hore the
great drawback lies in the objeetionable illumi-
nation of the subject and the limitations of the
photo-electrie eells in handling heavy currents.
This is due to the faet that if a heavy earrent is
flowing through the cell as a result of the bright
light, distortion will ruin the picture reprodue-
tion. Therefore, in order to obtain the proper
results small photo-cells had to be uszed to prevent
distortion and thus the floodlights had to be ex-
eeptionally bright to give the proper detail to the
piciore. Thus, with the previous system satis-
factory resulis could only be obtained by unsing



300 RADIO UP TO THE MINUTE

extremely bright illumination and a number of
photo-cells, which if earried on wounld reach ob-
vious limitations.

Tn this new system of scanning the photo-elee-
trie eells are kept in a fixed position and the light
is played on the object, similar to an eycball in a
fixed objeet. The difference ean be seen in that
in the former method the eyeball rolled, so fo
gpeak, and the illumination remained constant.

It must be remembered that if both the object
and the photo-cell are in darkness no enrrent will
flow hetween the eollector and the sodium, but if a
light is played on beth the object and the cell
simultancously a currvent will flow. However,
under this condition the eurrent flow will be
steady and, since there iz no variation of the eur-
rent flow, the transmission will not be affected.
Phe only noticeable effect will be a gray mono-
tone #a the eells due to the object econtrast which
is similar to a camera out of foeus.

It is important to note that the cells respond
to a diffused reflection of light such as produced
by a fine ray of concentrated light from san are
lamp. The are light is rich in ultra-violet wave-
lengths and has a pronounced eifect upon the
action of the cell. This concentrated ray of light
is now plaved on the object in a gimilar manner
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to a person reading a newspaper with the aid of
a narrow beam of light, point to point and line
to line. The difference being merely in the rapid-
ity with which the object is covered. In televisiom,
using this system, the whole object must be cov-
ered at a greater speed from point to point and
line to line in about 1/18 of a second and repeated
18 times a second until the transmission is eom-
pleted.

In this system the light iz made to flit about zo
that the observer can only see that partienlar
portion of the object on which the concentrated
beam is shining and the light is never at meore
than one point at a time. In addition, the light
must cover the object so rapidly that the tffect in
the observer’s eve, caused by the reflection of the
light as it is moving from point to point, does not
die. out before the light is again reflected froms
that point. In television the light must be meved
as rapidly as possible so as to give a more de-
tailed resnlt and a minimum flicker. This rate of
repetition iz aboul 24 times in a second as eon-
{rasted with motion pictures, where the rate of
change to give illusion of continuous motion is
16 per second.

It ean thus be seen that with this system two
putstanding improvemenis are obtained, ie., the
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intensity of the scanning beam can be greatly in-
ereased becanse of its concentrated effeet, and, sec-
ond, it permits the use of larger and more sensi-
tive photo-eleetrie cells without danger of pieture
distortion due to excessive cell enrrents. The use
of the larger cells also permits o greater speed of
scanning because they will pick up more of the

PhotasBlrttni Ehoto-Elechyi
frg Yy Gall
o Lomsgs for cancen it
i Hadrelight

" Frq. 73. Method of lighting ohjcet to be transmitted.

.
light beam that i1s reflected and eonsequently will
produce a more acenrately defined picture be-
cause‘of the lower photo-electric current that will
be amplified by the vacuum tube amplifiers.

Fig. 73 illustrates the scanning arrangement of
the Gray system.

The Photo-Radie System.—Developed
by the Radio Corporation as early as 1922 and
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perfected for commereial use in 1924 easily
makes this one of the ontstanding systems in the
commercial field to-day. Fig. 74 illustrates a
schematie layout of the apparatus used. The
funetion of each part is as follows:

The light rays emanating from the light cham-
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Fig. T4, Photo-radic apparatus.

ber {1) are condensed through the condensing
lenses (2). These lenses prevent the light rays
from spreading out in order that the rays may
pass through the glass cylinder (3) and on to
the deflecting mirror (4). At this point the light
rays are deflected ninety degrees onto the foeus-
ing lens (5) of the light-tight compartment (6).
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Thig lens then focuses the rays through the small
opening (7) so that the light rays strike the mir-
ror (8) which bends the rays and passes them
out onte the photo-electrie ecell.

Operation.—A negative or positive film is
attached to the glass evlinder and the light i
furned on. The ravs from the souree of light
are now directed on a wvery small spot of high
brillianey at point A. Hence the light passes
through the glass eylinder and the film by virtue
of the reflecting mirror (4).

The light-tight compartment iz now set in mo-
tion by a motor eausing it to move to and fro in
a horizoytal direction. This action shifts the spot
of light back and forth aeross the film due to the
faet that both the refleeting mirror (4) and the
fg;;}uﬂ.ing lens (5) have the same relative position.
Hence as the light-tight compartment is shifted
from the extreme left to the extreme right of the
elass evlinder the spot of concentrated light also
moves horizontally across the surface of the film
on the eylinder. However, as soon as the licht
spot reaches the extreme right, the eylinder turns
a fractional part of an inch and the light beam
which is now moving from the extreme right to
the extreme left will sean the new portion of the
film., Thuns as the light is shifted from left to
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right and wiee wersa, the eylinder turns at each
change until the entire film is *““scanned.”” It ean
thus readily be seen that if no film is attached to
the glass eylinder the light reflected through the
compartment by means of the reflecting mirror
upon the defleeting mirrer and thence to the
photo-electrie cell would not vary and therefore
no eurrent fluctuation would be manifested in the
eell, If, on the other hand, a film is placed on
the glass eylinder then the light passing upward
through the light-tight compartment would have
a varying density due {o the different shades of
transparency on the film. For example, if the
film is heavily shaded in one portion and light in
another portion then the rays of llght would be
decreased in intensity during the period that the
darker portion is being seanned and ennseque;t&tly
if the film has various shades then the light fide-
tuations will vary accordingly. T

It is this fluctuation of light when deflected by
the mirror (8) upon the photo-cleetric cell which
produeces eurrent fluctuations in exact proportion
to the variation of light density.

These fluctuations being of very feeble ampli-
tude must be amplified in order to produce the
proper amount of modulation upon the transmit-
ting fubes. This is accomplished by connecting
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the photo-electrie eell to the grid and filament of
a vacuum tube as in Fig. 74, Here the feeble voli-
age fluctunations between G and F' will produce
corresponding Huctuations across the resistance
R bat of greater amplitnde due to the amplifying
aetion of the tube and the resistance. These may
be further amplified by adding more tubes and
resistances until the proper veltage is obtained,
which ean modulate the carrier wave produced by
the transmitting tubes and thus radiate the pie-
ture fluetnations being transmitted.

Television Reeeiver.—The {elevision re-
ceiver is practically the same as any standard
broadeast receiver, and may use one or more
stages of radio frequency amplification as de-
sired,

The audio frequeney system, however, is a very
important item and must be constructed very
carefully and efficiently. The perfection of a
good picture depends npon how good a signal is
tl"ﬂllﬂﬂljttﬁﬂ in the first place and upon how effi-
ciently it is reproduced at the reeciving end.
This is important because the frequencies emitted
in pictare transmission range from 18 to 20,000
eyeles and therefore the amplifier must have an
even amplifying characteristic over the entire
band of frequencies. Such amplifying systems as
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resistance, impedance and transformer coupling
may be used with very good results. The frans-
former method is probably the most costly be-
canse iransformers designed for broadeast recep-
tion may mnot have a straight line amplifying
churacteristic over the 18 to 20,000 eycles. This
range may be obtained, however, by choosing the
proper values of coupling eondensers and resisi-
anees. If, therefore, the amplifier is properly
designed and conneeted to a standard tuned radio
frequency receiver and detector the pieture sig-
nals will be properly amplified. Now, then, the
object is to reproduce the picture just as the loud-
speaker in the broadeast receiver reproduces the
speech and music. The loudspeaker 'in a tele-
vision receiver iz & geanning deviee and a small
tube known as a neon or Kino-Lamp. BEfﬂI‘EI
eontinuing with the operation of the receiver rthe
neon tube will be explained. .

The Neon Tube.—This tube is most com-
monly known as a ‘‘glow lamp" and consists of
an evacuated glass bulb with two square metallic
plates. Into this bulb a neon gas is inserted
which when subjected to a potential by conneeting
batteries across the plates produces a soff orange
eolored “glow’ on one of the plates, depending
upon which plate is connected to the positive and
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which to the negative side of the power supply.
This glow takes place uniformly over the surface
of either plate. The plates are placed very close
together so as to prevent a glow from taking
place between the plates. This is done due to the
faet that when the plates are separated the elee-
trons which are emitted from one of the plates
will eollide with the ras atoms and will result in
an ionization between the plates which will pro-
duce a path of low resistance between the two
plates. This condition does nof take place when
the plates are close fogether because the electrons
emifted have not been able to gain speed enough
to eollide with and break up the gas atoms, there-
fore, maifitaining a path of low conduetivily or
high resistance. This condition is desirable be-
eause it will produce a greater amount of lumi-
natfon of the plate and eonsequently a more
satisfaetory operation for the reproduction of tele-
vigion signals.

Receiver Scanning Deviee—This dise
arranges the light signal floctuation from the
glow lamp to the proper image arrangement.
This is accomplished by placing the neon tube
near the perforated seanning dise in snch & man-
ner that the light fluctuations will pass through
the small holes in the dise. Hence, when the dise
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is placed into operation by connecting it to a
motor, the ight variations will pass through the
perforations in the proper proportions, which is
dependent upon the number of holes in the dise
and the gpeed of rotation.
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Fra. 75. Television receiver (seanning dise mot shuwn}

Complete Operation of the Reueivur.— :
Tig. 75 illustrates an efficient television receiver
complete from the antenna system to the sean-
ning dige. This diagram shonld be referred to
freely for a elear understanding of its operation.

Adjust the tuning eondensers fo the proper
dial setting of the station transmitling the pic-
tures. Insert a pair of telephones or londspeaker
in place of the glow lamp and disconnect the bat-
teries which connect to the two plates. IF the sta-
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tion is transmitting signals a distinet whistle will
be heard in the telephones or londspeaker. Ad-
just the receiver for maximum volume in the
nsual manner. Reconneet the glow lamp and bat-
teries. Slart the motor which rotates the
scanning dise. FPlace the scanning disc parallel
with the plates of the glow lamp, Change the
speed of the motor up and down until the eriss-
eross lines that are shooting up and down and
baek and forth on the gurface of the dise, in front
of the neon tube, disappear and then fhe image
of the object that has been transmilfed will ap-
pear. If the images wander in and out it simply
means that the speed of the motor iz not prop-
erly synchronized with the light fluetnations and,
therefore, the motor speed conirolling resistance
) must’ be carefully adjusted until the image is
clearly, presented. Tt will be noticed that before
the signal is fed to the neon tube the square of
orange colored light observed through the dise
will be streaked with fine dark lines. Then as
soon as the receiver ig adjusted to the wavelength
of the transmitting station the current in the
glow lamp will fluetnate beeanse it has been mod-
ulated by the variations of the incoming signal.
If, when the picture is clearly reproduced it is
found that the image is rightside up but reversed,
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then reverse the dise, and also the direction of
rotation of the motor. If, on the other hand, the
image is negative instead of positive as in a pho-
tograph film it will be necessary to reverse the
A, C. connections to the glow tube.



CHAPTER XIII
POWER AMPLIFICATION

Oxg of the ontstanding necessities for the pro-
duction of fine quality amplification is the design
of the amplifier gystem. If has been stated how
the signal is rectified by the detector tube and
then amplified by a system of audio frequency
amplification. There are many.of these systems
in use, such as the resistance coupling, impedance
coupling and transformer coupling methods.
All of these systems can produce perfect gquality
if they are carefully designed to amplify all
the frequencies of the voice and wmusical range
from' approximately 30 to 8,000 cycles. The dif-
ficulty gneountered is mainly the inability of the
ordinary tubes to handle the signal without being
overloaded after it has passed through one or
more of’ the amplifier stages. This results in
serions distortion no matter how perfeet the loud-
speaker may be. This condilion, therefore, neces-
sitates not only the proper resistance, impedance

or transformer design for the amplification of all
312
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the frequencies in the audible range but the effi-
cient handling of the increazed stepped-up wvolt-
ages withont distortion. In ofher words, if the
amplifier has a good frequency range and wery
little velume is desired, such as for ordinary tele-
phone operation, then the ordinary tubes will be
able to take care of the signals withont overload-
ing.

In broadeast rveception, howewver, it is ahso-
lutely necessary to have both volome and quality
if perfect reception is fo be had. This ean only
be obtained by a suitable system of amplification
which uses large iunbes eapable of handling
greater power without distortion, .

1t iz the generally accepted belief that a power
tube is used to generate a maximum voltage in
the plate cirenit, where the londspeaker is chn-
nected, to give greater volume. This, however,
iz mot the ease. The power tube is used for sup-
plying the maximum of power, not voltage, to the
output device to which it is coupled. There is
a great difference between voltage amplification
and power amplification and if the former were
all that were neeessary then the ordinary tubes
with more stages of amplification would certainly
give enough volume. Hence, since it is desired to
have both volume and gquality, & number of
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highly efficient audio frequency power amplifier
systems will be discnssed.

Push-Pull Amplification.—Thiz system
is one of the most extensively used to-day for the
production of high velume and guality amplifica-
tion. Fig. 76 illustrates the method of connecting
a push-pull transformer {o power tubes,
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Fia. T6. Push-pull amplifier,

The high cfficiency and distortionless reprodue-
tion'produced by this amplifier iz due te varicus
electrical reactions which may briefly be defined
as follows:

The push-pull amplifier consists essentially of
two identical power tubes which are operated at
the same grid and plate voltages, respectively,
and excited by the electromotive force applied
across the secondary winding 8., due to the alter-
nating signal fed from the detector and the first
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aundio amplifier. These alternating voltages
across 8., apply to the erids of both tube charges
of different polarity, that is, when the top end
of the winding is at one certain polarity, then
the bottom end of the winding will be at an op-
posite polarity. Then when the secondary
changes ifs polarity due to the andio alternating
current reversals them the grid charges again
change, and so on uniil the signal ceases. In
other words, the grids are excited in what is
known as phase opposition. This effeet, more
completely analyzed, means that the fundamental
frequeney part of the output electromotive force
of one tube will be in phase opposition py 180 de-
grees with that of the other tube. This simply .
means that the grids of the power tubes never
raceive the charges at the same instant. "Thus
there is really a donble frequency going through
one complete evele for every half evele &of the
fundamental frequeney. TIf the grids receive
charges due to both the two fundamental fre-
quencies and the double-frequencies, the plate
current in the two halves of the windings of P,
will vary aceordingly. For example, the two
fundamental frequency currents flowing in the
plate cirenits will be in opposition to each other
becanse they are 180 degrees out of phase, which
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will result in their being neatralized. This is
illustrated in the figure by the two arrows point-
ing towards each other showing that the currents
flowing through the two coils produce magmetic
fields in opposition to one another, hence result-
ing in neuntralization. On the oiher hand the
double frequency curremt parts, being in phase
with each other, tend to build up or, in other
words, add to one another, Thiz constitutes the
adding of the eleetromotive forces and operates
ag a sort of frequency doubling device. If, on
the other hand, the two output windings which
are conneeted in series are so wound that they
buck each other, then the double frequencies
would be neutralized and the fundamental fre-
quencies, being of opposite polarities, wonld add
to each other and constitute the eclectromotive
ontpyt inte the speaker.

This is the desirable effect because, by elimi-
nating the double-frequeney eurrents (technically
knowri as the second harmonie frequemey cur-
rents) the output eleetromotive force to the
speaker will represent an undistorted amplified
reproduction of the input electromotive foree.

The middle point on the winding 8. is to sup-
ply the proper negative grid bias simultaneously
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to both tube grids so that the proper negative
voltage may be constantly supplied. The middle
tap of the winding P is to supply te beth plates
the proper direet current voltage. These values
depend upon the type of tube nzed and are usually
given by the manufacturer on the fube earton;
these valnes must be sirictly adhered to if proper
results are to be expected. :

It is, of, course, quite obvious that perfeet repro-
duelion cannol be obtained if the signal ontput
trom the detector is distorted to begin with. A
good amplifier faithfully amplifies whatever it
gets. Hence, if poor quality is fed into the first
transformer poor quality will be reproduced by
the londspeaker.

There are many causes for feeding distorted
signals to the amplifier. The mest important of
which are as follows:

1. Defeetive tubes in the radio frequency or de-

tector stages.

Plate potentiald too high or too low.

3. Negative “ ' bias too high or too low (not eriti-

cal}.

Receiver tuned too sharply.

Circuits not properly by-passed with econdenser,
{Mote the complete civenit diagram Fig. 79.)

)

o
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Tubes oscillating due to coupling between eoils or
wirez. (Remedied by shielding.)

Grid wires and plate wires running parailel and
T

Cirenits improperly adjusted for resonance.

If “B" eliminators with poor filters are used.

If the distortion is in the amplifier system it
usually ean be traced to some of the following
troubles :

B L2 o

:._."!

SiE

=

5.
10,

Improper rrid hias on one or more tuhes,
TImproper plate potential on one or more tubes,
Poor prade of transformers,
Transformer input and output leads, not hy-
passed.

(Sde diagram Fig, 79.)
Grid and plate leads too close fo caeli other.
Andio transformers too close o each other,
If “B* eliminators with poor filtering deviees
are used.
Tubes oseillating (Remedy: insert a 50,000 ¢ghm
resistunce in each grid bias lead. Keep erid and
plate wires apart. Tse lower plate voltares,)
Drefeetive tubes.
Poor prade of loudspeaker. (Dynamie recom-

‘mended. )

All distortion in the audio amplifier ean be
eliminated if one of the high quality amplifiers
deseribed in this chapter are used.
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Most Sensitive Receciver and Finest
Quality Amplifier.—The receiver and power
amplifier illnstrated in Fig. 77 is without ques-
tion one of the finest that can be made.

The receiver uses the band-pass system of tun-
ing previously deseribed. In addition it is
equipped with the extremely sensitive shiclded
grid tobes thus making distant reception appear
loeal.

The amplifier utilizes the very efficient system
of push-puoll amplification with the most pewerful
receiving tubes made in recent yvears. This com-
plete reeeiver and amplifier make possible tre-
mendous volume with perfeet quality when used
with one or more dynamie speakers and is highly
recommended where extreme volume is desired
snch as in theaters, danee halls, ete. '

The complete list of parts reguired for this
ereat receiver and amplifier is as follows: *

Receiner Poriz:

1—Hammarlund eoil get No. T Q 29 (A, 4., A;)
f—Hammarlund midline condensera (O, 1o C;)
1—Sangamo fixed condenser 00025 mfd. {(C,)
1—8angamo fixed condenser 001 mid. ()
4—Parvolt by-pass condensers (O, to Ci))
F—Hammarlimd ehokes No. 85 (L, L., Ty
1—Carter ““Hi-Pot*’ potentiometer (R,)
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1—Drham Metallized resistor 2 megohms (Hy)
4—TFilament resistors, 10 chms (Ra, R., Ri, Rg)
each (R, By
2 —Hammarlund knob-control dram dials No. SDW
B—Benjamin 4 prong sockets
1—Henjamin 5 prong scekets for TY 227
1—Hi-Q 29 Master foundation unit,
Thig ineludes all bardware, shields, chassis, shafts,
binding pest strips, clips, panel, ete,
1—-f-volt storage batiery

High Qualidy Amplifier Parts:

2 type 250 amplifier tubes

2 _type 281 rectifier tubes

1—andio choke {secondary of old audio fransformer
(E1) '

I—audio choke (L) also old secondary

1—1,000 ol wire wound resistanee with one sliding
contact (R.) '

1—1,000 ohm wire wound resistance to pass 110 mil-
liamperes !

1-—1,000 ohm wire wound resistance with three slid-
ing econtaets

1—Amertran Delinze Aundio Transformer

I—Amertran Input Transformer Type 151

1—Amertran Interstate Transformer Type Mo, 710

1—Amerchoke Type No. 641

1—Amerchoke Type No. 557

1—Amerchoke Type No. 708

1—Amerchoke Type No, 854

1—Amertran Veltage Divider, Type No, R400
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1—Amertran Power Transformer, Type PF No. 250
1—Amertran Heater Transformer, Type H No. 67
1—UY 227 Heater Type Tube

2—UX 226 Tubes
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