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Preface

WHILE radio literature has been added to in great volume dur-
ing the last few years, the public has hitherto lacked a treatise
to which it could turn with confidence and with the assurance that
it would find the particular information desired.

Many excellent volumes have been prepared by eminent author-
ities, but these works either show evidences of hasty preparation
or they are so steeped in the technicalities of the art as to be par-
tially or wholly unintelligible to those seeking understandable read-
ing matter. Then, too, it is utterly impossible completely to cover
the subject within the confines of one modestly sized volume; so
rapidly has radio grown.

Every Man’s Guide to Radio in four volumes, is the first attempt
to publish a complete and popular exposition of radio in all of its
phases. It is designed to serve as a reference library for radio fans
and novices at all stages of learning. .

Everyman’s Guide to Radio is especially dedicated to the young
student who is looking forward to sharing in the rich rewards that
radio is offering to its followers. There is no field that holds out
greater opportunity for young blood. Proficiency in radio may
lead to adventure on the seven seas, above the clouds, behind the
closed doors of the great laboratories of the country or in the lux-
uriously appointed broadcasting studios. An honest and conscien-
tious reading of Every Man’s Guide to Radio will reward the young
student in rich experiences and ample compensation.

Due to the simple, non-technical style that has been carefully fol-
lowed in this work, the casual owner of a radio receiver will not
only find much that will be of practical value to him, but he will
also find an easily readable outline of one of the greatest scientific
romances in the history of man, and he will emerge from the course
with a keen understanding of the modern wonders of radio, such,
for instance, as radio-dynamics, television, wired wireless and talk-
ing motion pictures. Upon completion he will also find himself
familiar with certain fundamental facts and practices of the radio
art that will make him a more intelligent user of radio apparatus. In-
stead of being an idle twister of knobs he will become aware of the
delicate processes that take place behind receiver panels and he will
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know what vaccum tube to use, what kind of a loudspeaker is best
for this or that kind of a receiver and what “B” battery voltage to
employ with a 201-a tube.

In assembling the material for Everyman’s Guide to Radio, the
Editors, in practically every case, have obtained the contributions
of specialists each of whom has written concerning his own field of
activity. This plan has made the work unique in that no single
writer in it has tried to encompass the field as a whole, as in the less
conspicuous radio books on the market. Consequently when the
subject of vacuum tubes was approached, the editors naturally
turned to men like Irving Langmuir, Ambrose Fleming (the inventor
of the two-element tube) and William Ballard, Jr. When it came
to a discussion of condensers, Sir Oliver Lodge, one of the world’s
greatest authorities in electrostatic phenomena, was asked to con-
tribute to this department. In every case eminent authorities have
been employed and in every case they have couched what they have
to say in simple language intelligible to the lay mind.

Nevertheless, the raw recruit may find a slight difficulty in grasp-
ing the subject-matter of Everyman’s Guide to Radio at first reading.
But he should not be discouraged, either with himself or the course,
for it is rare that a lay mind unaccustomed even to the simplest
electrical laws can drink in radio facts as fast as they are presented,
no matter how simple the language or how ingenious the explana-
tions may be. Of course the average reader, the reader who still
remembers his high school physics, and the reader who has thumbed
the pages of some of the current radio magazines and books, will be
able to absorb the material here presented practically as fast as he
can read. The lay reader, however, may find it necessary to re-read
certain portions. The editors hope he will make that slight effort,
for they are confident that with very little study the whole meaning
will suddenly dawn upon him and the pleasure and benefit he will
derive will repay him an hundredfold.

There is, in Everyman’s Guide to Radio, a vast storehouse of radio
knowledge for those who would make use of it. By constant editing
and constant rearrangement its material has been kept strictly up
to date.

THE EDITORS
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SECTION I

First Principles of Radio

INcE radio phenomena are closely
associated with the most funda-
mental preceptsof modern physics,

it is impossible to gain a penetrating or
even intelligent understanding of them
without first going to the very bottom of
the whole matter. The necessity of this
proceeding, however, should not chill
the ardor of the practical enthusiast for
we will find in such a study a particu-
larly romantic series of facts.

When the subject of radio is ap-
proached on this basis it eventually
blossoms out into a thing far more
fascinating as a study than it possibly
could be by a mere consideration of its
more practical features. As a matter of
fact, nothing but the most superficial
understanding can be gained without
considering the basic -physics upon
which the whole art of radio rests. These
same physics, incidentally, account for
every phenomenon in the world today
from the beating of a human heart to
the falling of a raindrop.
~ The Universe, as we know it, has
.been found to contain only two basic
Ithings; electricity and waves. The most
exhausting investigations of science have
failed to reveal any other substance.
Matter is not the hard substance that
our crude senses seem to prove; it is
simply made up of tiny particles of a
thing that we have arbitrarily called
electricity. Our senses do not give us a
true conception of the matter about us
and it has only been through a long
series of scientific investigations carried
out by the aid of marvelous instruments

that we have learned to look at the
world through different eyes.

The chemists of old, unarmed with
the delicate devices of modern science,
had it that matter was made up of “hard
and eternal little particles” called atoms
and it was not until 1897 that it was
found that these hypothetical atoms
were themselves made up of still smaller
particles called electrons and that these
electrons were nothing more or less than
pure little particles of electricity so
small that they were hopelessly beyond
the magnifying power of the best mi-
croscopes. It was found that these
electrons were merely charges of nega-
tive electricity and that they possessed
the general properties of negatively
charged bodies.

If the reader remembers his high
school physics at all, he will recall that
bodies carrying like charges of elec-
tricity repel each other and bodies carry-
ing dislike charges of electricity (posi-
tive and negative) attract each other.’
How, then, can we maintain an atom of
matter made up solely of negative par-
ticles when it is known that these par-
ticles have a natural tendency to part
company? It is evident that we must
have a positive influence working upon
them to keep them within certain
bounds.

Perhaps the best way to gain a reason-
ably intelligent picture of atomic
structure is to consider briefly the gen-
eral architecture of the most simple
atom that we have in matter; the atom
of hydrogen. Painstaking investiga-




tions extending over the last 25 years
have shown that the hiydrogen atom has
but one electron and that this electron is
moving at a prodigious speed and in a
regular orbit around a positive core or
nucleus called the proton. We cannot
conceive of the negative electron main-
taining a definite position in space with-
out having something to hold it there.
It is the counter-balancing positive
charge of the proton that does this.

All the atoms of matter (there are

some ninety different types) are made
up from one (in the case of hydrogen) to
ninety-six electrons revolving about
positive protons in varied and complex
systems.
| The distance separating electrons
from their mothering positive influence
or proton is great as compared with the
,measurement of the particles them-
selves and what appears to us as very
solid matter is in reality but a mere
ghostlike structure. In the case of the
element copper, the percentage of
empty space is 99,999,999,999,89.

Our solar system, which we ordinarily
consider as being made up largely of
empty space, has a density six hundred
times greater than the paper upon
which these words are printed. This is
practically equivalent to saying that
there is six hundred times more matter
in the solar system than in the paper.
We strike a tabletop with our hand and
we find something there that is ap-
parently solid and unyielding but it is
solid and unyielding only because our
hand is tremendously large and our
senses appallingly crude.

If we could reduce our body to the
dimension of an electron we could crawl
into that table and wander around for
months and months perhaps before we
should come to anything that appeared
solid or substantial.

If we did happen to see an electron it

would be moving with a speed of about
40,000 miles a second and if it should
happen to strike us it would have a
“wallop” thousands of times greater
than anything that could be experienced
in the world in which we humans live.

Let us imagine that we have in our
hand a piece of copper wire 1/20 of an
inch in diameter and 1 inch long. Let
us assume also that this wire is magni.
fied until it reaches from New York to
San Francisco and that its diameter is
proportionately increased. The wire
will then be 2550 miles long and 125
miles thick. Under these conditions we
would find that the electrons would still
be (after having been magnified in the
same proportion) 23/1,000,000 of an
inch in diameter and that the nucleus
would be 1/100,000 of an inch in diam-
eter. The atoms would be separated by
many miles of space.

This proton about which we have
been talking, although very very small,
is very dense, and, considering its size,
of tremendous weight. If a large num-
ber of them could be crowded into a

‘piece of matter about the size of an

apple and packed real close together,
that piece of matter would have a weight
of many millions of tons and nothing on
the earth, not even the earth itself,
would be able to support it. It would
straightway penetrate the rocks and the
soil and travel with a great speed until it
reached the center of gravity.

We see that, after all, we are living in
sort of a dream world. The things in it
are not as supposed for our senses reveal
but a small portion of the real truth.
The most peculiar part of it is that the
theory that we have just been consider-
ing (the electron theory of matter) has been
made to account for everything that
happens in the world and radio is no
exception. As a matter of fact radio is
accounted for very easily by this theory.




THE TWO PREVAILING THEORIES OF THE STRUCTURE OF ATOMS—
SHOWING HOW THE ELECTRONS ARE HELD BY ELECTROSTATIC FORCES.

Tllustrated by one of the simplest atoms, that of the element Beryllium. The figure on the left shows the
theory of Sir Joseph J. Thomson, as embodied in this Part. The four electrons, represented by white spheres,
are held by a balance of attractive and repulsive forces at definite distances from the central nucleus of the atom,
represented by the black dot. The other figure (at the right) shows the alternative planetary theory, according to
whichdthzelectmns are supposed to be revolving around the nucleus much as the earth and the other planets revolve
around the sun.

Before we go into the subject of tac atoms to unite together to form new
ether and electromagnelic waves which ac-  combinations, new compounds. Until
count for the phenomenon of radio, let recently the conception of the atom,
us permit such an eminent authority as formed by the physicist, afforded no
Sir Joseph Thompson, F.R.S., to tell us clue to the variation in the chemical
more about the atom and how it is put  properties of the atom and gave there-
together. fore but little guidance to the chemist

“T believe that the introduction of in what he rightly regarded s the most
the idea of the electron will break down, important part of his work.
and indeed has already done so to some “The chemist wants to know much
extent, the barrier of ignorance whichhas  more about the difference between an
divided the study of the properties of atom of hydrogen, and one of oxygen
matter into two distinct sciences, than that ‘the atom of hydrogen is a
physics and chemistry. small particle of one kind of matter’ and

“The properties of matter which are that ‘the atom of oxygen is a heavier
of primary importance to the chemist particle of another kind of matter.’
are those which relate to the power of “The chemist wants to know the
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reason why the behavior of an atom of

" hydrogen is so different from that of an
atom of oxygen. This must depend
upon the difference in the constitution
of the two atoms themselves. Thus to
explain the difference between the
chemical properties of different atoms
we have to go a step further than that
considered by the atomic theory. Just
as some of the physical properties of
matter in bulk had required for their
explanation the conception that matter
is not continuous but has a structure of
finite and measurable fineness, so no
progress could be made towards the
explanation of their chemical properties
until we gave up the idea that the atom
was indivisible, continuous and uni-
form, and assigned to atoms, as well as
to solids and liquids, a structure of their
own,

“The discovery of the electron in 1897
was the first direct evidence of such a
structure. It wasshown that these elec-
trons came from all types of atoms. and
that whatever the source there was only
one kind of electron, which has a mass of
only about 1/1700th that of an atom of
hydrogen and carries a charge of nega-
tive electricity numerically equal to the
positive charge associated with an atom
of hydrogen in the electrolysis of solu-
tions.

“Thus "an invariable electron was
proved to be a constituent of all atoms.
Means were then devised.to measure
the number of electrons in the atoms of
the different chemical elements. It was
found that this number was finite and
varied from element to element, and
that the number of electrons in the atom
of an element was equal to the atomic
number of the element—the atomic
number of an element being its place in
the list when the elements are correctly
arranged in the order of their atomic
weights,
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“Thus, in addition to the structure
conferred by the electrons, the positively
electrified parts of the atom have them-
selves a structure. It is the structure
conferred by the electrons which is re-
sponsible for the chemical properties of
the atom, and the structure of the posi-
tive core or nucleus is concerned with
radioactive transformations.

“Up to the present time nothing has
been discovered that cannot be resolved
into electrons and positively electrified
particles, and so it is natural to frame
a theory of the structure of the atom on
the supposition that it is built up of
these two ingredients, It should be
borne in mind, however, that our means
for detecting the existence of electrically
charged bodies far surpass those for
detecting uncharged bodies, and if there
were any uncharged constituents of the
atoms, they would in any case probably
have escaped detection. We know,
however, even supposing that such con-,
stituents do exist, that their mass must
be negligible compared with that of the
positively charged parts, for these parts
account for well within a fraction of
a percent of the whole mass of the
atom.

“Confining themselves, then, to the
consideration of things the existence of
which has been demonstrated, we regard
the atom as made up of a massive posi-
tively electrified center surrounded by
electrons; the number of electrons vary-
ing fromn one, in the atom of hydrogen,
to a hundred or more in the heavier
elements. The positive charge of the
center and the negative charges on the
electrons produce a field of electrical
force which is determinable when the
position of the electrons are specified.

“Thus the force exerted by the atom,
and therefore its chemical properties,
depend upon the configuration of the
electrons and to determine this is one of




the most important problems in the
electron theory of chemistry.

“This problem is that of determining
the way the electrons arrange them-
selves under the action of their mutual
repulsions and under the effect of forces
exerted by the positive charge.

“I have adopted the plan of suppos-

“In this connection it may be ob-
served that the introduction of some
new physical law is necessary for any
theory of the structure of atoms. We
could not form a theory at all if all we
knew about the action of electric charges
was that they repelled or attracted in-
versely as the square of the distance, for

T

THE ATOM OF LITHIUM

3

Model of the atom of lithium according to the
Thomson theory. The two electrons closest to
the nucleus, as shown on page 9, are omitted

in this and following models for the sake nf
clearness. This lithium atom contains only the
one electron shown in the shell outside these
two inner electrons.

ing that the law of force between the
positive part and the electrons is, at the
distances with which we have to deal
in the atom, not strictly that of varia-
tion with the inverse square of the dis-
tance, but a more complex one which
changes from attraction to repulsion as
the distance between the positive charge
and the electron diminishes. This
hypothesis leads to a simple mental pic-
ture of the structure of the atom and its
consequences.
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this would put at our disposal only two
quantities—the mass of an electron and
its charge, and so we could not furnish
the three units of space, mass and time
required for any physical theory.

“The discovery of the induction of
currents or (what is equivalent) the
magnetic effect due to electric charges,
introduced another fundamental unit,
the velocity of light; the unit of length to
which this system leads is the radius of
the electron, about 10-13 cm., a quantity




of quite different order from 10-8 cm.,
which corresponds to atomic dimen-
sions. The size of atoms being what it is
furnishes proof that there is some law of
physics that is not recognized in the
older science.

“If the law of force is that just
given, then a number of eclectrons can
be in stable equilibrium around a posi-

librium at the corner of an equilateral
triangle with the positive charge at the
center. The most symmetrical arrange-
ment of four electrons is when they are
at the corners of a regular tetrahedron.
Six electrons are in equilibrium when at
the corners of a regular octahedron.
Eight electrons arrange themselves at
the corners of a twisted cube, a fig-

THE ATOM OF BERYLLIUM

4

Model of the atom of beryllium, the same atom
shown on page 9. The two inner electrons
that are there shown are omitted in this model

just as they are omitted in the adjoining model
of atom Number 8. The two external electrons
are balanced one on each side of the nucleus.

tive charge without necessarily describ-
ing orbits around it.

“Thus, for example, if there is one
electron in the second shell of the atom
(ignoring the two inner electrons that
are shown on page 9), this electron will
be in stable equilibrium at a certain dis-
tance from the positive charge. If there
are two electrons they will be in equi-
librium with the positive charge mid-
way between them. When there are
three electrons, they will be in equi-
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ure obtained by making two squares,
placing them parallel to each other and
at right angles to the line joining their
centers, and twisting them relatively to
each other so that the projection of their
corners on a parallel plane forms a regu-
lar octagon.

“There must come, however, a stage
when it will no longer be possible to
have all the electrons at the corners of a
regular polyhedron.

“To keep the electrons in stable




equilibrium in spite of their mutual re-
pulsion requires a finite positive charge
and the greater the number of electrons
(and. therefore, the smaller the angular
distance between an electron and its
nearest neighbor) the greater the posi-
tive charge must be. When the number
of electrons is not greater than eight, the

eight this is no longer possible. To
kecp. say, nine electrons in stable
equilibrium would require a positive
charge of more than 9e, where ¢ is the
charge of an electron, but in a neutral
molecule 9¢ is the maximum positive
charge available when there are nine
electrons in the atom. Thus the regular

THE ATOM OF BORON

atom (the atom of boron) are arranged in the

S Like atoms number 3 and 4 the electrons of this

same plane about the atomic nucleus at equal
distances from it and from each other.

electrons can be kept in equilibrium by
a positive charge equal to the sum of the
negative charges on the electrons. which
is the greatest positive charge that can
oceur in a neutral atom. So that when
the number of clectrons is not greater
than eight, a neutral atom can have
these electrons arranged symmetrically
at the same distance from the center
at the corners of a regular polyhe-
dron.

“When, however, the number exceeds

progression in the arrangement breaks
down when the clectrons amount to
eight and a new arrangement must come
into force.

“Let us suppose that there are nine
electrons; then these nine cannot all be
arranged at the same distance from the
center. for this arrangement would be
unstable since a positive charge of nine
is insufficient to keep nine electrons in
stable equilibrium. The charge Ye
could, however, keep eight electrons in
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THE ATOM OF CARBON
This is the atom ‘of the very common element carbon,
the element of coal anll of diamonds. Its four external
electrons are arranged about the nucleus at the corners of

an imaginary tetrabedron. As before, the two internal
electrons are not shown.

THE ATOM OF NITROGEN
The atom of nitrogen—the gas that composes four-fifths
of the air. In this there are five external electrons, three
of them arranged at the corners of an imaginary triangle,

the other two at the ends of a perpendicular line through
the center of this triangle.
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THE ATOM OF OXYGEN

One of the most important of all atoms, the atom of
oxygen. This element is the commonest element in the
earth’s crust and is the element we breathe in air. Itssix
external electrons are arranged at the corners of an imag-
inary eight-sided solid or octahedron.

THE ATOM OF FLUORINE

The atom of fluorine, containing seven external electrans,
Five of these electrons are arranged in one plane through
the nucleus, as though at the corners of a regular penta-
gon; the other two electrons are at the ends of a perpen-
dicular line, as in the case of atom number 7.

15 .




stable equilibrium at the same distance
from the center, leaving one to go out-
side, relatively a long way out from the
center of the atom. :

“If there are ten electrons, these can
be arranged so that eight form a layer
round the center and two go outside.
Eleven electrons can be arranged with
an inner layer of eight and an outer one
of three, and so on. Sixteen electrons

rium if the electrons proceed to form
third shell; thus. if there are seventeel
electrons, we could have an inner shel
of cight, then another shell of eight anc
then an electron a long way outside. I
.we had eighteen electrons we should get
two shells of eight and two electrons
outside, and so on, until with twenty-
four electrons we shall have filled up the
.third shell and have to begin again.

THE ATOM OF NEON

eight external electrons, which is the greatest

10 The atom of the rare gas neon. This contains

number of electrons, Fir.r]nseph Thoms=on be-
lieves, that can beiheld in a single shell all at
the same distance from the nucleus.*

can be arranged with an inner layer of
eight and an outer layer of eight.

“We have now got eight electrons on
the outer layer and there is not accom-
modation for any more; as the atom is
neutral, the excess of positive over nega-
tive electricity in the system consisting
of the central charge and the inner layer
is equal to the charge on the electrons in
the outer layer. We can, however, get a
system which will be in stable equilib-

16

“Thus, if we arrange the elements in
the order of the number of electrons in
the atom, which is the sanme as the order
of the atomic weights, there will be a
periodicity in the number of electrons in
the outer layer. It will increase from
one to eight, then drop again to one; in-

*With the preceding seven models this completes the
list of the first ten elements. FElement number one
(hydrogen) and number two (helium) are not shown in
this series as they contain only the two internal electrong
shown on page 9; hydrogen having one electron only,
helium having both of them.
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‘WHAT HAPPENS WHEN MORE THAN TEN ELECTRONS TRY TO CROWD INTO A SINGLE ATOM

11

crease again to eight, drop to one, and so
on. Thus, as far as properties depend-
ing upon tlie outer layer are concerned,
the elements will show a periodicity in
their properties similar to that expressed
by Mendeleef’'s periodic law in chem-
istry.

“The valency of an element is a prop-
erty depending on the number of elec-
trons in the outer layer, the elcctro-
positive valency being proportional to
that number, so that this type of atom
would explain the periodic law.

““There are some other interesting re-
sults which follow at once from the view
we have taken of the constitution of the
atom. One is the change in the chemical
properties produced by electrifying the
atom. Let us take the oxygen atom as
an example, it has six electrons in the
outer layer, and its valency is deter-
mined by the number of electrons in this
layer. )

“When the oxygen atom is positively
electrified it has lost one or more elec-
trons. If it is electrified so that it has
lost one clectron, the atom will only have

17

The eleventh electron goes into a second shell at a distance from the nucleus 6.7 times as great as the
distance of the first shell of eight electrons shown in the preceding models.
is that of sodium, one of the elements in common salt.

This eleven-electron atom

five electrons in the outer layer, the
same number as there are in aneutral
atom of nitrogen. Thus, if the valency
depends on the number of electrons in
the outer layer, the valency of oxygen
carrving a unit charge of electricity
ought to be the same as that of a neutral
atom of nitrogen, 1. e., it ought to form
the compound OH,, a compound having
the molecular weight 19.

“This is confirmed by observation
with the rays of positive ecleetricity;
when hydrogen and oxygen are present
in the tube, a line corresponding tc this
molecular  weight is  frequently ob-
served.

“If we turn to negatively electrified
atoms, a negative electrified chlorine
atom would have ecight electrons in the
outer layer, it would resemble the neu-
tral atom of an inert gas and so woula
not be able to enter into chemical com-
bination. It might be expected to re-
semble argon not merely in its chemical
properties, but also in the nature of its
spectrum. Again, a positively electri-
fied potassium atom has lost an electron




, and so would contain the same number
of electrons as a negatively electrified
chlorine atom or a neutral argon one.
Thus we should expect the speetrum of
positively electrified potassium atoms to
show similarities with that of negatively
electrified chlorine atoms and with
neutral argon atoms.

*“Professor Zeeman and Mr. Dik have
compared the red spectrum of argon,
with the spectrum due to the positively
electrified potassium atom and have
found some exceedingly interesting
points of resemblance.

“Similarly, positively electrified oxy-
gen atoms might be expected to give
spectra resembling those of neutral
nitrogen atoms and positively electrified

"nitrogen atoms might show similarities
with neutral carbon atoms.”

It is interesting to note that the elec-
trons we have been considering are able
to accomplish a certain kind of broad-
casting and they do this by setting up
the same kind of wave disturbance in
the ether that is created by a broad-
casting transmitter. Instead of broad-
casting the long waves of radio, the
electrons broadcast the inconceivably
short waves of light. It would be best
at this point to note what Dr. E. E.
Free, Ph.D., a prominent student of the
electron theory, has to tell us about how
the broadcasting of the electron is
accomplished:

“The universe contains, so far as we
know, only two things: electricity and
ether waves.

“From the center of our earth out-
ward to the most distant of the stars the
probing finger of science has discovered
nothing else. In every natural phe-
nomenon, from the collision of two vast
suns to the life history of an earthworm,
everything is explainable as electricity
or ether waves or the interactions of the
two.

18

“Light is a form of ether waves. What
we call heat is either an ether wave or a
form of agitation in matter; and matter,
as everybody knows nowadays, is really
a form of electricity. Sound, too, is a
vibration in matter and is therefore elec-
trical. Magnetism and gravitation
remain imperfectly understood, but
these also, there is every reason to be-
lieve, are caused by some variety of
ether waves that we have failed, as yet,
to catch and analyze.

“And every material thing; the earth,
the bodies of men and women, the eyes
we see with and the ears we hear with,
the copper wires that we build into our
radio sets and the glass that houses our
vacuum tubes, the sun and the moon
and all the unnumbered millions of the
stars; all these are composed of elec-
tricity, of the two fundamental kinds of
electric particles that scientists call the
proton and the electron. The proton and
the electron simply represent two differ-
ent electrical conditions, the proton,
positive and the electron negative.

“The simplest kind of matter, we
will remember, is the atom of hydrogen
gas. This atom contains only two par-
ticles; one electron and one proton. The
electron is a particle of negative elec-
tricity; the proton is a particle of positive
electricity. The electron revolves around
the proton as our earth revolves around
the sun.

“The other kinds of atoms, making
up the list of ninety chemical ele-
ments that have been discovered, are
composed of these same protons and
electrons; varying numbers of them up
to nearly five hundred being put to-
gether in rapidly moving systems all
constructed on essentially the solar sys-
tem model, a central ‘sun’ around which
revolve a number of tiny ‘planets.’

“That is the modern picture of what
atoms are like.




WHY THE HYDROGEN FLAME GIVES LIGHT
This diagram shows a few of the many possible electron orbits in an atom of hydrogen gas.

There is only one electron.in

this atom and, accordingly,

only one of these orbits is occupied at

a time. Whenever the electron jumps from one orbit to another one (as indicated by the ar-

rows A’,’B, C and D), a pulse of light 1s sent out. These light-pulses

atoms.

“These atomic systems are almost in-
conceivably tiny. More than 2,000;-
000,000,000,000 of even the largest
atoms could crowd together comfortably
enough on the surface of a pinhead.

“The printed letters on this page are

composed essentially of atoms of the
chemical element, carbon. Each carbon
atom contains one central ‘sun’ and six
electrons revolving around this as ‘plan-
ets.’ Yet so tiny is the entire assemb-
lage that the little black dot that indi-
cates a period at the end of this sentence
contains more than 30.000 times as
many carbon atoms as there are people
@ the world.
“Of course this is far too small for us
to see. The smallest dust speck visible
under the most powerful microscope
ever devised contains many billions of
atoms.
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form the ‘‘broadcasts from

“How, then, can we be sure that the
atom really does contain these particles
of electricity spinning around a central
‘sun’ that is also electrical?

“We know by means of ether waves.

“The universe does not consist, re-
member, of atoms only. It contains, in
addition, a great assemblage of ether
waves; the waves of light pulsing back
and forth between the stars, the waves
of heat coming to us from the sun, the
waves of electric energy that we are now
using so amazingly in radio. The veader
should not confuse these intangible
waves of the ether with the very tangible
waves of sound.

“These ether waves begin and end on
atoms. If you light a match what hap-
pens is, that the billions of atoms in the
flame send out ether waves of light.
These ether waves enter your eyes and

e ————————— -
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WHAT A LIGHT SPECTRUM LOOKS LIKE
This Ei(‘ture shows two ghotographs of spectra, which are the sets of bright lines and bands visible in a spec-

troscope whenever the light that comes from a group of excited atoms is analyzed by that instrument. Each one
of these separate lines corresponds to an electron jump from one definite orbit to another one in each of the atoms
that are emitting the light. »

strike against the other atoms that com- has made substantial progress in de-
pose the organ that you see with, your ciphering.

retina. The act of seeing is a kind of “This began with the science of spec-
broadcasting. The atoms in the burning  troscopy.

match broadcast an ether wave. This “The spectroscope is an instrument
wave is picked up by the ‘receiver’ atoms  that makes an artificial rainbow. Ordin.
in your eye. ary white light, such as the light of the

“The same thing happens when you sun, is passed through an arrangement
see a star. Atoms in that star, off many  of glass prisms and lenses. It comes out
billions of miles in space, are hot or are  split up into its seven primary colors
excited by electricity. They broadcast just like the colors of the rainbow.
ether waves in the form of light. These “These colors differ, of course, in the
waves travel the vast distance through  wavelengths of the ether waves that
space and strike, finally, against the re- compose them. The shortest light waves
ceiving instrument of your eye. Star- are on the blue end of the rainbow strip
light is the broadcast news from other or spectrum; the longest waves are on
worlds. the red end of the strip. The atomic

“The most important thing about all  broadcasting stations that send out the
this is the process by which these ether light waves use a number of separate
waves are sent out and received. This  wavelengths, just as radio broadeasters
process represents the relation between do.
the two fundamental things in the uni- “And curiously enough, it was found
verse; the atoms (which are electricity)  that each kind of atom, like each ter.
and the ether waves. How do atoms restrial broadcasting station, has its
broadcast ether waves? How do other fixed wavelength or wavelengths. A
atoms receive them? These are possibly ~ white light, such as sunlight, contains
the deepest secrets of the universe and  practically all the wavelengths, but that
they are secrets which modern science is merely because it is coming from a
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vast number of atoms and assemblages
of atoms of many different kinds.

“If the United States contained a bil-
lion or two separate radio stations and
if they all were sending at the same
time, each on its own separate wave-
length but if all these wavelengths were
separated from each other by very tiny
intervals, that would be a fair picture of
what is happening when any body like
the sun is sending out white light.

“But, if you take one kind of atom by
itself and let it send out light, the result
is very different. Suppose, for example,
that you have a glass tube filled with
hydrogen gas and that you send a power-

a

HOW WE “SEE” A BROADCASTING ATOM

ful electric current through this tube so
that the hydrogen atoms are disturbed
and begin to broadecast. You will not
get white light as you do from the glow-
ing sun. On the contrary, the light
waves sent out by the hydrogen atoms
will comprise only a few distinct wave-
lengths. In a spectroscope they appear
as lines of color at certain fixed positions
along the rainbow strip of the spectrum.
Other parts of the spectrum are dark.
“This is what scientisis call the spec-
trum of hydrogen. It contains ten very
bright lines and a number of fainter

ones.
“In broadcasting language this means

$Y
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The man at the outer fence can see the horse only when the horse is jumping over a fence, Justso, in a hydro-
gen atom, we can “‘see”’ he electron only when it jumps from one orbit to another.



that the transmitter of the hydrogen
atom broadcasts light at ten or more
perfectly definite wavelengths; just as
WGY, for example, broadcasts its pro-
grams nowadays at two separate wave-
lengths and sometimes at three.

*‘And these ten (or more) wavelengths
of the hydrogen atom are perfectly char-
acteristic of that atom. Every hydro-
gen atom that sends out ether waves at
all sends out one or more of these specific
wavelengths. If you find the lines of
these wavelengths in an unknown spec-
trum you know that this spectrum is

coming from hydrogen atoms just as
surely as when you pick up a station on
a radio wave of 492 meters vou know
that you are hearing from WEAF.

“More surely, in fact, for the differ-
ent kinds of atoms maintain their wave-
lengths much more exactly than the
man-made broadcasters do and, with a
very few exceptions, no two kinds of
atoms ever broadcast light on exactly
the same wave.

“This gives you the clue to what is
called spectrum analysis. The astron-
omer examines, for example, the light

THE RELATIVE DIAMETERS OF THE ORBITS IN A HYDROGEN ATOM

If the inmost electron orbit of a hydrogen atom is regarded as being the size of the forty-inch
wagon wheel at the center of this diagram, then the next eight orbits outside this have the diameters

shown here in feet and drawn to scale.
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THREE SUCCESSIVE STAGES OF A RETURNING ELECTRON

In the diagram at the left the electron occupies the third orbit from the center. This position is unstable and
the electron jumps to the second orbit, as illustrated in the center diagram. This position, too, is transient. The
electron jumps finally to the inmost orbit, as illustrated at the right. For each jump a pulse of light is sent out.

rays coming from a distant star. He
photographs the spectrum of this light.
In it he finds certain definite lines. This
means that certain definite wavelengths
are present in the light. He compares
these with the wavelengths known to be
sent out by various kinds of atoms.
Thus he determines what atoms exist

off there in the star halfway across the.

universe. This is how we know that
the atoms in the stars are the same as
the atoms that we find here on earth.

“But this leaves untouched the prob-
lem of why the atoms broadeast their
light messages in this definite way.
What kind of oscillators and modulators
or other apparatus do the atoms possess
that make them able to send out ether
waves with such exactness as to wave-
length? This is the problem that Pro-
fessor Niels Bohr has clarified so greatly
in the past ten years as a part of his
remarkable work on atoms.

“Professor Bohr starts from the idea
of atomic structure already explained;
the idea that all atoms consist of elec-
tron planets revolving around a central
particle, also electrical, which acts as
the atomic sun. It is convenient to con-
sider the simplest known atom, that of
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hydrogen. This consists, you remem-
ber, of one electron planet revolving
around a single positive particle, a
proton.

“In the actual hydrogen atom the
orbit of the single electron is very small.
It measures only about four-billionths of
an inch in diameter. We can think bet-
ter in larger sizes, so let us imagine that
we can magnify a hydrogen atom by
about ten billions times so that it is forty
inches in diameter, about the size of an
ordinary wagon wheel.

““On this scale the proton at the center
will be still so small that it will be en-
tirely invisible. Even the electron
planet, which is nearly two thousand
times larger than the proton, will be only
about one four-thousandth of an inch in
diameter, too small to be visible except
with the help of a good microscope.

“These two particles make up the
atom. All the rest of it is empty space.

“This represents, furthermore, the
normal, inactive atom. It is not send-
ing out any ether waves. So long as the
electron stays in this normal orbit, the
size of a wagon wheel, it does not broad-
cast any light. To see how it does broad-
cast light, according to the theories of




Professor Bohr, we must consider the
other possible orbits that it may occupy.

“In the solar system of which our
earth and our sun are parts there exist,
as everybody knows, eight separate
orbits each occupied by a planet. Our
earth is the third from the center, both
Mercury and Venus being closer to the
sun than we are and moving in orbits
smaller than the earth’s.

“The atom of hydrogen possesses also
a number of possible orbits for its elec-
tron planet. But there is only onc elec-
tron in the atom. So what happens is
that this same electron may occupy at
different times different ones of the pos-
sible orbits.

“It is when the electron moves from
one of these orbits to another one that
there occurs, Professor Bohr believes,
the transmission of the ether wave that

we call light. It is then that the atom
becomes a broadcaster.

“In the wagon-wheel model that we
have described the forty-inch orbit is the
smallest and inmost one. It is here that
the electron stays when the atoms are
cold and not otherwise disturbed. But
suppose that some outside force, as, for
example, another fast-moving electron
comes along and knocks the planetary
clectron out of this inmost orbit?

“If this happens there is another orbit
that the elcctron can occupy at a certain
distance outside the smallest orbit. This
second orbit would be, on the wagon-
wheel scale, 160 inches in diameter, or a
little more than thirteen feet. Still out-
side of this is a third possible orbit thirty
feet in diameter; beyond this is a fourth
orbit about fifty-three feet in diameter,
a fifth orbit about eighty-three feet in

HOW A MORE COMPLICATED ATOM RADIATES LIGHT

This diagram represents an atom of sodium. The electrons that occupy the closely inter-
laced orbits near the center of the atom do not ordinarily jump about or send out light. But
the outer electron, occupying the long orbit shown by the heavy white line, may occupy many
other orbits—as, for examE e, the one shown by the dotted line. When this outer electron

Jumps about from one of t
18 sent out.

ese orbits to another the characteristic light spectrum of sodium



diameter, and so on at least as far as an
orbit that is 490 feet in diameter and
possibly to still larger ones.

“YWhen an electron is knocked out of
an atom it must occupy one of these
larger orbits or else it must go off alto-
gether. For reasons that we need not
discuss here, Professor Bohr believes
that the electron cannot occupy any
position in the atom except in one or the
other of these specified orbits.

“So much for the electron as it goes
out. Now let us consider its return.

“The attraction between the electron
and the central proton of the atom
makes the electron want to come back,
just as our earth would be attracted
back toward the sun if some force acci-
dentally displaced it from its present
orbit.

“And as the electron comes back, it
does so by jumps. It occupies, in turn,
the succession of orbits that I have de-
seribed. Suppose that it has reached
the fourth orbit, the one that is fifty-
three feet in diameter on the wagon-
wheel model. Its next move is to cross
over by a sudden jump to the next orbit
inside, that is, to the one that is thirty
feet in diameter. As it does so some-
thing very amazing happens. The elec-
‘tron (or something in the atom) sends
out a pulse of light.

““This is the essential idea of Professor
Bohr’s theory of atoms and ether waves;
the theory that is now accepted by prac-
tically all the scientists working in this
field. The idea, which is perhaps the
greatest picce of thinking since Ein-
stein’s relativity theory, may be stated
thus:

““Light is sent out by atoms only
when one or more of the atomic elce-
trons move from one possible orbit
inside the atom to another orbit closer
{o the center of the atom.”

“The wave length of the light that is
sent out depends upon which orbit the
electron has left and which one it goes
to. In the hydrogen atom, for example,
a jump from the fourth orbit to the
third one sends out a single one of the
possible wavelengths. This makes one
of the lines in the spectrum of hydrogen.
The other lines are made by other
jumps; one, for example, by a jump
from the third orbit to the second, an-
other by a jump from the fourth to the
second (for under certain conditions the
electron may skip an orbit), and so on.

“In less simple spectra the conditions
may be extremely complicated and diffi-
cult to understand. But in all of them
that have been studied the general idea
here described has been found to hold.
All spectral lines—all the ether wave
broadcasts that atoms send out—are be-
lieved to be due to sudden jumps of this
kind made by electrons or groups of
electrons inside the atomic structure.

“It is by taking the observed lines of
spectra as measured in the laboratory
and working backward from them to the
atomic orbits and electron jumps that
might have caused them that Professor
Bohr and his associates have been able
to establish most of the conclusions
about atoms that we have already
described.

“The atomic transmitter, then, is the
electron.
wavelength transmitted is the particular
jump that the electron makes. Only
when the electron jumps is there any
radiation of light. So long as it stays in
a single orbit it radiates nothing.

“Let us quote an analogy that has
been used elsewhere to make this clear.*

“Imagine a series of race tracks one
inside the other like the concentric

*Bohr's Model of the Atom,” by E. E. Free. In-
dustrial and Engineering Chemutry. vol. 16, pages 192-
193 (February, 1924).

The thing that determines the -
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grooves of that once familiar game
called ‘Pigsin Clover.” Imagine these
tracks separated by high board fences.
Now put a race horse in the outermost
track and instruct him to run around it
until, when he happens to feel like it, he
is to jump the inside fence into the next
track, run around it for a while and then
jump the next fence, and so on until he
reaches the innermost track of all.

“If, then, you watch this procedure
from the field outside the outermost
fence, you will not see the horse at all so
long as he is running in a single track.

The fences hide him. But whenever he

Jumps a fence from one track into the
next you will see him for an instant as he
goes over.

“So with the hydrogen atom. You
see the electron only as it jumps from
one orbit to another one, for it is only
then that the electron radiates light.

“The next step that atomic science
must take is the discovery of what really
happens when one of these electron
jumps occurs. We know nothing about
this at all. We do not even know that
the electron ‘jumps’ in the ordinary
sense of that word. What happens, so
far as we can judge, is that an electron
disappears from one orbit and simul-
taneously an electron appears in another
orbit.

“Perhaps it is not the same electron

“at all. Perhaps an electron is destroyed

in the first orbit and a second electron
created out of ether or ether waves or
something in the second orbit. We do
not know what electrons are. It is
entirely conceivable that they may be
merely a form of ether waves or that
both they and ether waves may be dif-
ferent forms of the same thing. These
things are still mysterious.

“And they lie close, we may be sure,
to that greatest of all scientific prob-
lems, the problem of what constitutes
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that ultimate reality of Nature which
appears to us now as matter, ag:iin as
electricity, another time as waves in
the ether and perhaps—who knows?—as
what we are accustomed to describe as
mind.

“Like the fable of the blind men who
attempted to describe the elephant, al-
though each had felt a different part of
him, all these apparent facts of nature
may be equally imperfect descriptions
each of one aspect of the whole.

“Doubtless, science will attain, some
day, a more complete description of
these things. And nothing is likely to
contribute more largely to this end than
the investigation of those much longer
ether waves that originate, we do not
yet know how, from masses of moving
electrons in wires, and that we call the
waves of radio.”

The radio waves or the electromag-
netic waves that are used in radio
transmission have the same fundamen-
tal nature as the waves Dr. Free
mentions in his treatment of the subject.
They travel with the same speed, i. e.
186,000 miles a second and they have
the same properties. They may be re-
flected, refracted and polarized. While
our light waves may be measured in the
millionths of an inch, our radio waves
are measured in meters and they may be
as small as 1 /1000 of a meter (1/1000 of
39.37 inches) or as large as 25,000
meters. They move forward from the
point of disturbance in exactly the same
way as the waves in a pond move for-
ward when a stone disturbs the water.
We picture them going forward at the
great speed of 186,000 miles a second in
all directions at the same instant of
time. They pass through solid matter,
or at least this solid matter of our im-
agination, as easily as air passes through
an open window.

For all practical purposes we can con-




sider these ether waves in the light of
the above paragraphs but it is interest-
ing to note at the same time how certain
great scientists feel about the wave
theory. The trend of these private
theories should not confuse us. On the
contrary they should help us to gain a
more general view of the science.

There is one theory in particular that
is important to our understanding of
radio in that it tries to account for the
way in which radio waves are held to
the surface of the earth. We must not
forget that ether is an all-pervading sub-
stance and that when superficially con-
sidered there is no reason why these
waves should not go romping off into
space instead of following the curvature
of the earth as they must in travelling
from one point to another.

To account for this following of the
surface of the earth, radio scientists
have evolved what is called the HHeavi-
side layer theory. This tries to account
for the phenomenon by assuming that
there is in the upper reaches of our
atmosphere an ionized or charged layer
which tends to reflect the waves back
to the earth causing them to flow in «
channel between the earth proper and
this theoretical layer. It will be re-
membered that we said previously that
long ether waves could be reflectea just
as we reflect light waves from a mirror.

Dr. Elihu Thomson, Ph.D., Se.D.,
has something vitally interesting to say
about his theories of the Heaviside
layer, which he airs in the following
paragraphs:

“When Marconi brought out his
system of wireless telegraphy about
1896, it was at first thought by most
scientists or physicists of the time that it
was a plain case of the sending out of
waves of the Hertzian type, which Dr.
Heinrich Hertz had so ably investigated
ten years before. If such were the case,
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the 1iransmission was necessarily in
straight lines from the oscillator; neces-
sarily. also, such waves could not follow
the curvature of the earth’s surface, but
they must leave the earth as if they were
light beams—another case of electro-
magnetic waves moving in a straight
course.

“There were some of us, however,
who, taking into account the grounding
at the base of the antenna, recognized
the fact that the Marconi transmission -
was not made by real Hertzian ‘waves,
but on account of the grounding, by
half-Hertzian waves only. and that the
Marconi oscillator or antenna system
was a half-oscillator only. From this it
followed that the waves were in reality
attached to and guided by the earth’s
surface, and particularly by the sea sur-
face, more conductive than the land.

“It followed that there would be elec-
tric currents in the sea and earth-surface
accompanying  these half-Hertzian
waves, and magnetic fields overlying
the currents in the space above the
earth’s surface.

“When it was announced by Marconi
a few years later that he had received
signals across the Atlantic ocean by
flying a kite, the cord of which consti-
tuted an antenna with the usual ground,
many regarded him as something of a
faker. At least, they believed that he
was mistaken in his observations.
Among these doubters were not a few of
the leading scientific men and engineers
of the day. It followed that if the waves
were of true Hertzian type and were
propagated in straight lines, they could
not by any possibility curve around and
over a mountain of water nearly two
hundred miles high, as they would have
had to do if they crossed the Atlantic
close enough to the earth’s surface to be
detected.

“Ags it was soon demonstrated that




Marconi was right and that the signals
did come around the curve of the earth’s
surface, those scientists who failed to
recognize (and some of them even yet
seem so to fail) that there was a funda-
mental difference between the waves in
their propagation and in their genera-
tion as regards true Hertzian waves,
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had been mistaken—and not Marcon:.
“Then a singular thing happened.
“When confronted with the facts, this
assumption pure and simple was made,
which unfortunately lives and has char-
acter even today: that there was an elec-
tric mirror of ionized gas, or conducting
gas, say fifty or sixty miles up in our

THE “GLIDING WAVE” THEORY—WHICH DR. THOMSON ACCEPTS

“The radio waves are in reality attached to and guided by the earth’s surface, and particularly by the sea
surface which is more conductive than the land,” states the American scientist. According to this theory, the half.
Hertzian waves propagated from a grounded system would follow the curvature of the earth and would be accom-
panied by electric currents in the earth and sea surface, and by magnetic and electrostatic fields in the space above
the earth’s surface.
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atmosphere, the under surface of which
was so definite as to reflect the waves
without diffusing or mixing them up,
and so send them around the earth by
successive reflections from above.

<« think that anyone who reflects for a
moment on the requirements in such a
case must predict that such an assump-
tion is not only unnecessary, but that 1t
strains the imagination too far, and
plainly will not work. In order to work,
it would have to be something like a
metal surface, confined to a certain
smooth regularity and of such a nature
that the wave fronts could not penetrate
it to any considerable depth without
being turned back. It must be without
swellings or wavy contour, and 1t must
reflect the waves in such a way as not to
interfere with those that are more di-
rectly transmitted, and so keep the
waves in phase. 1t would have to be, as
it were, Nature’s gigantic whispering
gallery for electric waves. The assump-
tion itself (if it could be shown to be
probably true, with the required limita-
cions) might have justified the extended
and complicated mathematical treat-
ment it has received at the hands of
some able men. But an assumption, if
10t needed or not true, is not helped by
such treatment. The mathematics may
be valid enough, but they do not make
the assumption itself valid. Reasoning
on false premises, whether mathematic-
ally or otherwise, does not make the
conclusions valid.

“According to what has for many
vears been known as the ‘gliding wave’
theory, there never was and never could
have been any doubt of the waves used
by Marconi (the half-Hertzian) follow-
ing the rotundity of the earth’s surface.

“Experience shows that transmission
over the sea is far better than over the
land. Direction finding discloses that the
direction of transmission favors-thesea. -
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“Experience shows that when the land
surface between two stations has been
wetted by rains, great improvement in
the transmission follows, to be again lost
when the land surface is once more dried
by evaporation. A good ground for the
transmitting system or an ample con-
denser counterpoise is shown to favor
greatly the launching of the waves. That
the waves above the earth’s surface tend
to follow closely that surface, or may
even be said to cling thereto, accords
with the results obtained from aerial an-
tennae, ground antennae, and loops or
coils used as antennae.

“There never has been any occasion
for the existence of the assumption of an
upper conducting layer of such a nature
as to reflect the waves without confusing
them or diffusing them, and it is regret-
table that such an assumption, having
once received the sanction of great
names, thereby continues to have a sup-
port and recognition which should never
have been given and was never needed.

“The views presented by me in 1913
have been more and more confirmed by
practice in the years since elapsed. They
represented the views of the group, by
whom the assumption of an upper re-
flecting layer was recognized from the
start as a fallacy.”

Reginald A. F essenden, Ph.D., one
of the most accomplished pioneers in the
science of radio communication anda
man who has laid down many of the
basic facts of radio as we know it today,
reflects scientifically on the manner in
which electromagnetic waves move. He
calls this new line of reasoning the
“gliding wave theory” and he describes
it as follows:

“The sliding wave theory appears to
have been somewhat misunderstood
both by its advocates and its opponents.
The nature of this misunderstanding and
how-it arose will be better appreciated




if we consider the general state of the
art at the time the sliding wave theory
first appeared, in the Proceedings of the
American Institute of Electrical Engi-
neers, November 22, 1899.1,

“Joseph Henry, who was the founder
of wireless telegraphy, had discovered
electromagnetic induction and invented
the induction coil?. He had also made
the fundamental discovery that the dis-

lations, he was the first to detect them
at a distance, using what was later
known as the magnetic detector. The
high-frequency oscillations were gener-
ated in the upper floor of a building and
transmitted to the cellar, where they
were received by a receiving coil and
utilized to shake out the magnetism
from a magnetized needles.

“Edison, Elihu Thomson and Hous-
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DIAGRAM OF THE HEAVISIDE

LAYER THEORY

According to most scientists, radio waves are re-
flected from (and transmitted around the earth by a
layer of ionized gas that is suspended high in the atmos-
phere of the earth. Sir Oliver Lodge is the foremost

exponent of this theory.

charge of a condenser was under certain
conditions oscillatory, or, as he puts it,
consists ‘of a principal discharge in one
direction and then several reflex actions
backward and forward, each more feeble
than the preceding until equilibrium is
attained.” Henry was not only the first
to produce high-frequency electric oscil-

1Reginald A. Fessenden, “The Possibilities of Wire-
less Telegraphy.” (A discussion.) Trans. Amer, Inat.
Elec, Engs., volume 18, mail edition pages 635-642,
regular edition pages 607-614 (1899).

ZJoseph Henry, “On the Production of Currents and
Sparks of Electricity from Magnetism.” Amer, Jour.
Science, volume 22 (appendix), pages 403-408 (1832).

ton made many experiments on these
stransmitted waves, and reports of their
experiments will be found in Edison’s
papers in the technical journals of that
period and in the paper by Houston and
Thomson in The Journal of the Franklin
Institute for April, 18764, Between 1870

*‘The Scientific Writings of Joseph Henry,” 1882-
1848. The Smithsonian fnstitution, Washington, D
>« Henry’simportant papers on electromagnetic induc-
tion are reprinted in “The Discovery of Induced Elec-
tric Currents,” edited by J.S. Ames, volume 1, 107
pn%s, The American Book Company, New York, 1800.

‘Edwin J. Houston and Elihu Thomson, ““The
Alleged Etheric Force. Text Experiments as to its
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and 1888 von Bezold, Filzgerald and
Hertz had cleared up to a very consider-
able extent the nature of the phenomena
observed, and Hertz’s work had shown
that the experimenters were dealing
with true electrical waves.

“Dolbear® and Edison had been using
vertical grounded antennas for tele-
graphing wirelessly, though the effects
they obtained appear Lo be mainly elec-
trostatic and only partially true wave
transmission.

‘Crookes m the Fortnightly Review

Identity with Induced Electricity.” .Jour. Frankiin
Inst., volume 101. pages 270-274 (ASril. 1876).
5U.S. Patent No. 850.299, issued October 5, 1886.

for February, 1892, proposed that reso-
nant tuned circuits should be used to
select out messages from different sta-
tions. lodge® and Popoff” had used
these waves for signalling, and Popotf,
whe had used a vertical grounded an-
tenna, coherer and tapper back, pointed
out that the apparatus might ‘be
adapted to the transmission of signals
to a distance.

“Teslas, who had b2en doing a great

8Sir Oliver Lodge, “The Work of Hertz.”” Proc
Royal Institution (London), volume 14, page 3821,

June 1, 1894.
"Popoff, Jour. Russian Phys Chem. Soc., April 25

1895.
8Nikola Tesla, “Experments with Alternate Cur«

DIAGRAM OF DR. FESSENDEN'S THEORY
Instead of moving in straight lines outward from the source, as shown by the dotted line, the waves really

move in a curve like that shown by the solid tine.

But this curve tends to bend away frowm the earth’s surface

and reflection from the Heaviside Layer is necessary to bring il back again.



deal of work in high-frequency oscilla-
tions, in 1892 proposed a system for
transmitting signals wirelessly using the
vertical antennas of Dolbear and tuned
transformer circuits at the sending and
receiving ends.

“Edison, in 1884, discovered and in-
vented the hot-cathode vacuum tube?,
and used it for rectifying high-frequency
currents. De Forest’s great invention,

was a market for such a telegraphic
system, even if working over only short
distances, and in July, 1896, gave a
demonstration to the English Post Office
at Salisbury Plain and succeeded in in-
creasing the range from its previous
figure of a half mile obtained by other
experimenters to a distance of two
miles, using parabolic reflectors and the
coherer. In the same year Captain

DIAGR! \\I OF THE GLIDING
WAVE THEOR

On the other hand, a number of ennnent scientists

(of which Dr. Elihu Thomson is one) maintain that
radio waves are attached to and glide over the earth,
following its contour m much the same way as do the

radio waves in line radio.

which consisted of the intreduction of a
third electrode between the other two,
was made about 1907.

“Marconi, who had worked under
Righi’s instructions, had, with the keen
eye for commercial opportunity pos-
sessed by his race, realized that there

rents of High Potential and Frequency.” Jour. Ins#.

tl{tmn Elec. Engs. (London), volume 21, pages 51-163
892

¢ U. S. Patent No. 807,081, issued October 21, 1884.

See also Edwin J. Houston “Notes on Phenomena in

Tncandescent Lamps,” Trans. Amer. Inst. Elec. Engs.,

volume 1, first paper, 8 pages, October, 1884,

Jackson (now Admiral) of the British
Navy found that considerably greater
distance could be obtained by using the
Dolbear-Edison-Tesla arrangement of
vertical antennas and tuned sending and
receiving transformers at both trans-
mitting and receiving ends.

“Such was the state of the art in
1899. Henry had discovered the method
of producing high-frequency oscillations
and of detecting them at a distance,
utilizing his other inventions, the induc-
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tion coil and the magnetic detector, for
this purpose. Dolbear had invented
the vertical antenna. Edison had in-
vented the hot-cathode vacuum tube de-
tector. Tesla had invented the tuned
sending transformer and tuned receiving
transformer, connecting to the vertical
antennas. Marconi, Samuels and Isaacs
had undertaken the commercial exploi-
tation of the field. De Forest was about
to begin the work which resulted in his
invention of the audion.

“But even then the nature of the
phenomena involved were not clearly
understood.  Possibly influenced to
some extent by patent reasons there was
a strong effort made to show that there
was something radically new and strange
in the systems which were being com-
mercially exploited. It was stated by a
number of authorities that the phenom-
ena were not due to high-frequency
alternating currents, but that some
peculiar ‘whip-crack’ was necessary in
the ether. A few quotations will illus-
trate this point.

“Professor Cross stated that ‘alternat-
ing currents in the vertical wire will
not produce Hertzian waves in the ether,
as such waves are produced only by the
disruptive discharge. Probably a crude
mechanical illustration would be the
case of a whip-lash—motions of some
kind would be produced, but they
would be of a quite different character.”
Fleming stated that ‘although in the
third claim the patent speaks of em-
ploying rapidly recurring or alternating
electric 1mpulses unless some form of a
condenser is discharged to cross the
spark gap there cannot be any produc-
tion of Hertzian waves—the disruptive
discharge is the one essential condition

10Court reports in Marconi vs. De Forest, Southern
District of New York. Proceedm% s Electrical Congtess
at St Louis; Discussions Inst. of Elect. Eng. (Eng and)
and “Principles of Electric Wave Telegraphy.”

11Pyrdue University catalogue for 1892-93. Thesis,

for the production of Hertzian waves.’ 1

“Marconi stated that ‘the difference
between Hertzian oscillations and ordi-
nary alternating currents is most cer-
tainly not one of degree. An analogy
may be found in the case of a sound
wave in air. The swinging of a bell in a
church steeple to and fro will produce
no wave, and further, no sound, but if
the rim of the bell is struck soundly with
a hammer, it effects the air with sufhi-
cient suddenness. Hence it appears
absolutely clear to me that there is no
Hertzian wave telegraphy without the
essential feature for producing Hertzian
waves, which is the Hertzian spark.’

“The writer had been lecturing and
experimenting on the production and
detection of Hertzian waves for a num-
ber of years!!, and was convinced that
there was no essential distinction be-
tween the Henry high-frequency oscilla-
tions and Hertzian waves. With the
object of demonstrating this a consider- '
able number of experiments were made
in 1899, with the assistance of one of the |
writer’s former students, Dr. I\lntner,‘
and the results published in the Ameri-
can Institute paper above referred to,
that is of November 22, 1899, in which
the sliding wave theory referred to by
Professor Elihu Thomson!? was fully
explained and illustrated.

“It will be seen that this paper on the
sliding wave theory was written for a
specific purpose, i. e., to show that there
was no mysterious ‘whip-crack of the
ether’ involved in wireless telegraphy,
but merely the well-known high-fre-

- quency currents, and though it led to
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important developments, for instance,
the wave chute, the use of the magnetic
component of the wave, the loop an-

Bennet and Bradshaw, Western University of Penn-
sylvania, 1895.

12PopULAR RaDIO, volume 2, pages 231-235, (Decem-
ber, 1922). See also Elihu Thomson, “A Short Story
in Wireless,” The Electrician (London), volume 89,
page 148 (August 11, 1922).




tenna, the pelorus or wireless compass,
continuous wave generation, the wire-
less telephone and the heterodyne, it
was never intended as a presentation of
the complete theory.

- ““This has resulted in the theory being
misunderstood to some extent. Profes-
sor Thomson has supposed, it would
appear from his article, that the waves
are entirely guided by the surface of the
conductor and follow the earth around.
Eckersley®, on the other hand, states
that the transmission of the half waves
is not influenced at all by the conductor
but ‘the energy is propagated in straight
lines.’

“The correct theory lies between these
two opinions. The original mathemat-
ical investigation made by the writer in
1900 shows that the sliding waves are
_guided by the earth’s surface to a quite
. considerable extent near the origin, but
'that the effect rapidly falls off. The
amount of the bending is expressed by a
series formula, the first term of which is
an angle equal to half the angle between
a tangent to the source and a straight
line joining the surface of the conductor
at a distance of a quarter wavelength
from the source, and the source. The
effect of this series falls off very rapidly
with the distance. For transatlantic
distances it is negligible, but for the dis-
tances dealt with in my original paper
it is quite appreciable.

“The reception of waves across the
Atlantic cannot, thereforc, be due to
guiding of the sliding waves by the
conductor and must be duc to some

conducting layer in the upper portion’

of the carth’s atmosphere. )
“Writers on the subject of the Heavi-

T, H. Eckersley, “A Short Story in Wireless”
(letter to the editor). The Electrician (London),
volume 89, pages 242-243 (September 1, 1922).

WWhere speech was first transmitted wirelessly,
December, 1900, See Reginald A. Fessenden, ** Wire-
Yess Telephony.” Trans. Amer. Inst, Elec. Engs.,
volume 27, pages 553-629 (1909).
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side Layer seem to assume that this
layer is more or less hypothetical and
are apparently not aware that it was
investigated fully prior to 1907.

“The investigation was begun by the
writer in 1900 at Cobb Point, Mary-
land", where two masts were erected
one mile apart and by mears of hot wire
barreters and ring receivers, the exact
method of transmission of the waves
was experimentally determined®. By
means of ladders placed at varyving dis-
tances from the antennas the course of
the waves in the air was fully mapped
out up to distances of several hundred
vards from and to the antennas, and
by burying the receivers at different
depths in the ground and immersing
them to different depths in the sea
water, the rate of decay below the sur-
face and the strength of the currents
flowing in the surface were accurately
determined. The results appeared in
papers published by the writer some
twenty vears ago, where, for example,
the figure is given that with a certain
amount of salt in the sea water and
with a certain wavelength the strength
of the high-frequency currents falls off
to the fraction 1/e of its former value
at a depth of 18 inches. Figures are
also given of change intensity in going
up and down sloping ground. Later, in
1906, while operating across the Atlantic
between Brant Park in Massachusetts
and Machrihanish in Scotland extensive
measurements were made on the effi-
ciency of transmission of different wave-
lengths at different hours during the
day and night. A curve showing the
results was published in 1906'¢ and
again in 19083,

1A, Frederick Collins, “Fessenden’s Work in Wire-
less Telegraphy.” Electrical World, volume 42, pages
474-476 (September 19, 1903).

18Reginald A. Fessenden, “Wireless Telegraphy,”
Electrical Review (London), volume 58, pages 744-746
(May 11, 1906) and 788-789 (May 18, 1906).
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Dr. L. W. Austin of the Bureau of Standards, with the apparatus usetd for investigating the efferts of the
ionized clouds described by Dr. Fessenden.




“The first point determined, as will be
seen from these articles, was that the
failure in transmission during daylight
was not, as Dr. Fleming had stated and
attempted to show mathematically'?,
due to absorption in the neighborhood
of the sending station. This was de-
termined by measuring accurately and
simultaneously the difference in in-
tensity between the daytime and night-
time reception of signals at six different
stations at distances of 200 yards, 30
miles, 170 miles, 270 miles, 400 miles
and 3,000 miles from the sending sta-
tion. It was found that there was no
difference in the daytime and nighttime
transmission for nearby stations, and
that the difference increased rapidly
with the distance.

“A second point determined was the
efficiency of different wavelengths for
transmission during daytime and night-
time. From the curves given in the
papers referred to it will be seen that
the absorption increased slightly as the
wavelength increased, up to a frequency
«of 70,000 and then fell off with extreme
rapidity. It was for this reason that
long wavelength was adopted by the
writer for transatlantic working in Jan-
uary, 1906. Up to this time short waves
had been used in the attempts to work
across the Atlantic, under the impression
that they gave a sharper ‘whip-crack,’
but as the result of these experiments
and the publication of these curves it
became generally known that long
waves should be used for successful
operation.

“The third result was the determina-
tion of the height of the conducting
layer. This is given in section 10 of the
article of May 18, 1906!¢, as follows:

*““The height above the earth at which
marked absorption begins to take place

17}, A. Fleming, “Principles of Electric Wave
Telegraphy,” pages 617 and 618.
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may be roughly estimated as about 300
miles at nighttime and 100 miles during
daytime.’

“It will be noticed that the height of
this reflecting layer as determined in
1906 from the transatlantic wireless ex-
periments agrees almost exactly with
the height at which aurora are formed,
as determined ten years later by trigo-
nometrical photographic measurements.

“The fourth point determined was
that the Heavyside Layer was not a
smooth surface but was broken up into
clouds of ionized air, ‘lonephs,” as the
writer has termed them. To quote from
the paper referred to, ‘these masses of
ionized- air are not continuous but
somewhat resemble clouds.’

“The fifth point determined was the
size of these clouds, which is given in
the article referred to as varying in di-
ameter from 150 feet to two miles and
more.

“The sixth result was the discovery of
aeolotropic absorption or the variation
in intensity in different directions on
different nights.

“The seventh point referred to in the
paper is the discovery of diffraction
effects.

“The eighth result was the discovery
of a relation between the efficiency of
transatlantic transmission on different
nights and the curves of variation in
the earth’s magnetism. The two sets
of curves were found to be substantially
identical in character.

“The ninth point was the discovery
of what were called ‘echo signals.” To
quote from the article: ‘On certain
nights there appeared to be indications
at the Boston station that a double set
of impulses were being received, one
about a fifth of a second later than the
other. It is too early yet to make any
definite statement in regard to the mai-
ter, but there is some reason for think-




ing that the second set of signals arrived
at the station after going the longer
way round. To take an actual numerical
example, the strength of signals re-
ceived at Boston from Machrihanish on
the night of January 30 was 480 times
that of audibility. If the second set of
signals went around the other way,
their intensities, according to the square
law, would be as 1 is t6 70, Hence
signals that had gone the other way
round would have an intensity of 480

MEASURING THE HEIGHT OF THE HEAVISIDE LAYER

divided by 70, or 7 times audibility.
As a matter of fact, the second set of
signals, which we may call the echo
signals, were really nearly twice as
strong. This, of course, might be taken

'as an argument against their having

come that way, but I am not disposed
to consider it as a conclusive one.
If, however, they did come round the
other way, it is evident that the rate
of absorption must become uniform
after a certain distance.’
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. By means of this elaborate transmitter Dr. Fessenden carried on experiments in 1906. The operator, Guy
Hill, bas since become known to radio fans everywhere as Captain Hill, for several years assoviated with Major

General George 0. Squier.
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“Though the statement was severely
commented upon at the time (May 18,

+1906), the existence of these echo sig-
-nals has since been confirmed.

In the
January, 1922, issue of the ‘Monthly
Notices of the Royal Astronomical So-
ciety,” from the Greenwich, Poulka,
Uccle and Edinburgh Observatories,
Professor Sampson gives curves of ‘the
error in wireless time signals which
demonstrate the curious fact that each
observatory is liable to be in error by
0.2 second, and that the error frequently
persists for some weeks in the same
direction. The cause is obscure; lateral
refraction due to dissymmetry in the dis-
tribution of atmospheric pressure is ex-
amined, but is insufficient to explain the
whole anomaly.’

“It will be seen that a quite consid-
erzble amount of experimental work
had been done on the Heavyside Layer
as far back as May, 1906, and it is hoped
that someone else may take up work
along the lines indicated. Some addi-
tional information will be found in a
paper on the pelorus published in 19191,

“Dr. Elihu Thomson and Sir Oliver
Lodge have referred to the ‘skepticism’
concerning Marconi’s first attempt to
transmit wireless signals across the ocean
to Newfoundland. This is really a com-
mercial and not a scientific matter.

“The reference is, of course, to the
disclosures of fact which appeared in
The London Electrician for November
22, 1907; to the fact that three dots
were used as a signal letter; the fact
that the receiver used (a carbon-mercury
coherer) can be made to give a succes-
sion of three dots followed by a period of
silence by adjusting the electrodes to the
right distance; the fact that no one was
allowed to listen in to the signals except

BReginald A. Fessenden, “The Fessenden Pelorus
(Wireless Compass); a Caution as to Its Use.”” The
Electrician (London), volume 83, pages 719-721 (De-
cember 19, 1919),
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Marconi and a single assistant who had
no knowledge of electric circuits; the
fact that the experiments were abruptly
discontinued in spite of the very gener-
ous offer of the cable companies to waive
their monopoly so far as experimental
work was concerned and not only to
permit but to assist Mr. Marconi in
making any further tests; the fact that
we now know that with the short wave-
length used and with the single, kite-
supported wire at the receiving end, the
small amount of power and no amplifi-
cation, no signals could possibly have
been received over that distance with
that apparatus; the fact that even with
the much more highly powered stations
subsequently built at Cape Cod it was
found necessary to first send the Roose-
velt message by cable from the Holland -
House, New York, and then, after it had
been sent out from the Cape Cod station
wirelessly, to send a second cable mes-
sage by the Duxbury cable directing the
release of the message cabled from the
Holland House; the circumstances con-
nected with the Glace Bay tests as dis-
cussed in The London Electrician of the
date referred to, and the fact that a
considerable amount of cable stock had
been sold shortly prior to the announce-
ment of the Newfoundland tests, These
facts have undoubtedly influenced pub-
lic opinion to skepticism. But this is a
matter on which everyone must form
his own opinion, and those who may be
inclined to pass harsh judgment should
remember that the standard of com.
mercial ethics is not quite the same as
that of abstract science.

“To conclude, I think that perhaps
the most striking evidence of the reality
of the Heavyside Layer is the close
agreement of the results of the tests

Reginald A. Fessenden, “A Regular Wireless
Telegraph Service Between America and urope.”
The Electrician (London), volume 60, pages 200-203
(November 22, 1907).




made to determine the height of this
layer (as given in the paper in The Elec-
trical Review for May 18, 1906, cited
above) with the determinations of the
height of the aurora borealis made in
1920. The fact that these two heights
agree almost exactly is pretty conclusive
evidence of the existence of such alayer.
At first sight the aeolotropic transmis-
sion referred to in the paper of May 11,
1906, cited above, might be considcred
as equally conclusive evidence, but it
will be seen from the paper of 1919 in
The Electrician (also cited) that such a
deviation would still exist even though
there were no Heavyside Layer.”

In the last paragraphs we talked
a great deal about cther waves. When
Hertz found that electromagnetic waves
existed, scientists immediately thought
that it was necessary that these waves
should have some kind of a medium
upon which to travel. The ether was
invented partly as a matter of conveni-
ence. No one has ever heard, seen, felt
or smelled the ether and there is not a
single scientific instrument that can
vouch for its existence. Itis simply one
of those inventions of the scientific mind
created to temporarily account for cer-
tain observed phenomena. As far as we
are concerned with the practical under-
standing of radio we do not care
whether there is an ether or not. All
we need to know is that waves are
created and that these waves move with
a certain speed and have a certain
definite length. It is most interesting,
however, to gather in the thoughts of
our great scientists on this subject and
the ideas expressed by the late Charles
Steinmetz, “There Are No Ether
Waves,” may form a fascinating chap-
ter in our present discussion. Stein-
metz, basing his assumptions on the
newer findings of the Einstein Theory of
Relativity, goes on to say:

“The greatest contribution to science
of the last ten or fifteen years, in my
opinion, is the theory of relativity as
worked out by Einstein and his collabor-
ators. It is of vital importance because
it revolutionizes our whole conception of
nature and space. The theory of rela-
tivity concludes that there exists no
absolute position or motion, but that
these elements are relative.

“In other words, if we had only ore
single body in the universe we could
never know whether that body is moving
or standing still. If we had two bodies
we could never find out whether body A
moves and body B stands still, or
whether body B moves and body A
stands still. Nor could we determine
whether they both move. There is no
real absolute motion and we can speak
of motion as relative only. If we had
only one body in other words there
would be no reason in speaking of that
body as either moving or standing still.
The conception of motion comes in only
when there is more than one body.

“This conclusion is incompatible with
the hypothesis of the ether as carrier of
light.

“If ether fills all space, then there

must be absolute position and absolute
motion. A body is at rest or is moving
relative to the ether, and this would be
an absolute motion and would enable us
to find out whether the body is standing
still in regard to the ether or whether it
is moving in regard to the ether, even if
no other body existed.

“If the theory of relativity is right,
therefore, then there can be so such
thing as the ether and the ether hypothe-
sis is untenable. It becomes necessary,
then, to look into this ether hypothesis
to determine how it was evolved and
what it means.

“The first theory of light which de-
manded attention was promulgated by




Newton. He explained light as a bom-
bardment of minute particles projected
at extremely high velocities. If this
corpuscular theory of Newton’s is right,
then two equal beams of light when su-
perimposed, must always combine to a
beam of twice the intensity. Experi-
ence shows, however, that two equal
beams of light, when superimposed, may
give a beam of double intensity or they
may extinguish each other and give
darkness, or they may give anything
between these two extremes. This can
be explained only by assuming light to
be a wave, like an alternating current.
Depending on their phase relation the
combination of two waves, as two
beams of light or two alternating cur-
rents, may be anything between the

International

sum and the difference of the two inten-
sities. Thus two alternating currents
which are in phase add; if they are out
of phase they subtract.

“If light is wave motion, there must
be something to move, and this hypo-
thetical carrier of the light wave has
been called the ether. At this point our
troubles begin,

“The phenomenon of poiarization
shows that light is a transverse wave;
that is, the ether atoms, or whatever it
is that moves in the ether, move at right
angles to the light beam, and not in the
direction of the beam as is the case with
sound waves. In such transverse mo-
tion, a vibrating ether atom neither ap-
proaches nor recedes from the next ether
atom, and the only way in which the

DO WAVEMETERS REALLY MEASURE “ETHER WAVES"?

If, as Dr. Steinmetz maintains, there is no such thing as ether there are obviously no such things as ether

waves.

Accordingly this machine, instead of recording lengths of ether wuves, must be recording some other

forms of resonant phenomena which do not rest upon the ether hypothesis.



vibratory motion of each ether atom can
be transmitted to the next one is by
forces that act between the ether atoms
so as to hold them together in their rela-
tive positions. That is, transverse
waves can exist only in solid bodies. As
the velocity of light is extremely high
(180,000 miles a second) the forces be-
tween the ether atoms, which transmit
the vibrations, must be very great.

“In other words, the hypothetical
ether is a solid with a very high rigidity
—infinitely more rigid than the hardest
steel.

“At the same time the ether must be
of extremely great tenuity, since all the
cosmic bodies move through it at high
velocities without meeting any friction.
In the revolution of the earth around the
sun either the ether stands still and the
earth moves throigh the ether at twenty
miles a second, or the earth carries a
mass of ether with it. In the first case,
there should be friction between the
mass of the earth and the ether; in the
latter case, there would be friction be-
tween the ether that is carried along
with the earth, and the stationary ether.
But in either case, the frictional energy
would come from the earth and show
astronomically as an increase of the
length of the year and increase of the
solar distance. And no such evidence
of ether friction is observed.

“The conception of the ether is one of
those hypotheses, which have been made
in the attempt to explain some difficulty,
but the more it is studied, the more un-
reasonable and untenable it becomes.
It is merely conservatism or lack of cour-
age which has kept science from openly
abandoning the etlier hypothesis. Be-
lief in an ether is in contradiction to the
relativity theory, since this theory
shows that there is no absolute position
nor motion, but that all positions and
motions are relative and equivalent.

a,
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“Thus the hypothesis of the ether has
been finally disproven and abandoned.

“There 1s no such thing as the ether.
And light and wireless waves are not wave
motions of the ether.

“What, then, is the fallacy in the
wave theory of light, which has led to
the erroneous conception of the ether?

“The fact that beams of light can can-
cel out each other, and can interferc,
proves that light is a wave, a periodic
phenomenon, just like an alternating
current. Thus the wave theory of light
and other radiations stands today just
as unshaken as ever. However, when
this theory was established the only
waves with which people were familiar
were the waves in water and sound.
Both are wave motions. Waves involv-
ing movement of matter. As the only
known waves were wave motions, it was
natural that the light wave was also
considered as a wave motion. This led
to the question; what moves in the light
wave? And this question led to the
hypothesis of the ether, with all its
contradictory and illogical attributes.
But there is no more reason to assume
the light wave to be a wave motion of
matter than there is to assume the
alternating current wave to be a motion
of matter. We know that nothing ma-
terial is moving in the alternating cur-
rent, and if the wave theory of light had
been propounded after the world had
become familiar with electric waves of
alternating currents, that is the waves
of periodic phenomena (which are not
wave motions of matter), the error of
considering the light wave as a wave
motion would never have been made
and the ether theory would never have
been propounded.

“Hence, the logical error, which led to
the ether theory, is the assumption that
a wave must necessarily be a wave mo-
tion. Electrical engineering has dealt




with alternating currents and voltage
waves; it has calculated their phenom-
ena and applied them industrially, but
it has never considered that anything
material moves in the alternating cur-
rent wave and has never felt the need of
an ether as the hypothetical carrier of
the electric wave. When Maxwell and
Hertz proved the identify of the electro-
magnetic wave and the light wave, the
natural conclusion was that the ether is
unnecessary also in optics. But curi-
ously enough, we then began to talk
about electric waves in the ether and
about ether telegraphy. In other words,
we dragged the conception of the ether
into electrical engineering, where it
never had been found necessary before.

“But, if the conception of the ether is
unnecessary what are we to think of as
the mechanism of the light wave and the
electromagnetic wave?

“Suppose we have a magnet. We say
that this magnet surrounds itself by a
magnetic field. Faraday has given us a

picture representative of the lines of
magnetic force. Suppose we bring a
piece of iron near this magnet, The iron
is attracted or moved. A force is ex-
erted on it. We say that the space sur-
rounding the maguet is a magnetic field.
A field, or field of force, we define as ‘a
condition in space, exerting a force on a
body susceptible to this field.” Thus a
piece of iron being magnetizable—that
is, susceptible to a magnetic field—will
be acted upon. A field is completely
defined and characterized at any point
by its intensity and its direction.

“To produce a field of force requires
energy, and this energy is stored in the
space we call the field. Thus we can go
further and define the field as ‘a condi-
tion of energy storage in space, exerting
a force on a body susceptible to this
energy.’

“The space surrounding a magnet is a
magnetic field. There are other kinds of
fields of force. For instance, if we elec-
trify a piece of sealing wax by rubbing
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A magnet has an electromagnetic field surrounding
its poles; if atf)lece of magnetic material is brought

within this fiel
apparent.
ether theory for explanation.

an attraction between the two poles is
Neither does this phenomenon require the




it, it surrounds itself by a dielectric or
electrostatic field, and bodies susceptible
to electrostatic forces—as light pieces of
paper—are attracted.

“So the earth is surrounded by a
gravitational field. If a stone falls to
the earth, it is due to the stone being in
the gravitational field of the earth, and
being acted upon by it.

“Now suppose that, instead of our
permanent magnet with its magnetic
field of force, we have a bundle of soft
iron wires, surrounded by a coil of insu-
lated copper wire, and that we send a
constant direct current through this
coil. We then have an electromagnet,
and the space surrounding the magnet
is a magnetic field. If now we increase
the electric current, the magnetic field
increases; if we decrease the current, the
field decreases; if we reverse the cur-
rent, the field reverses. If we send an

alternating current through the coil the
magnetic field alternates, that is, the
field becomes a periodic phenomenon or
a wave: an alternating magnetic field
wave.

“Similarly, by connecting an insu-
lated conductor to a source of voltage
we produce around it an electrostatic or
dielectric field; a constant field, if the
voltage is constant, an alternating di-
electric field, (that is, a periodic or wave
phenomenon), if we use an alternating
voltage.

“Magnetic and electrostatic fields are
usually combined, since where there is a
current producing a magnetic field there
is also a voltage producing an electro-
static field. Thus the space surrounding
a wire that carries an electric current is
an electromagnetic field, that is, a com-
bination of a magnetic field and an elec-
trostatic field. If the current and volt-
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This diagram illustrates an electrostatic field that is set up around a piece of sealing wax
by rubbing it with a bit of cloth, thus attracting such objects as pieces of paper, for.example.
This phenomenon does not rely upon the ether theory for explanation, states Dr. Steinmetz; it

is explained on sounder scientific grounds.
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age are constant, the electro magnetic
field is constant. If the current and
voltage alternate, the electromagnetic
field alternates; that is, it is a periodic
field or an electromagnetic wave.
“Maxwell deduced mathematically,
and Hertz demonstrated experimentally
that the alternating -electromagnetic
field (the electromagnetic wave), has the
same speed of propagation as a light
wave. It has been shown that the elec-
tromagnetic wave and the polarized light
wave are identical in all their properties.
Hence light is an electromagnetic wave.
“Electrophysics has been successfully
developed to its present high state, has
dealt with alternating currents, voltages
and electromagnetic fields, without ever
requiring a medium such as the ether.
“The conception of the field of force,
or, as we should say more correctly, the
field of energy, thus takes the place of
the conception of the ether. The beam
of light, the wireless wave, any electro-
magnetic wave is a periodic alternation
of the electromagnetic energy field in
space. Differences between light and
other waves are merely those due to
differences of frequency. Thus the elec-
tromagnetic field of the 60-cycle trans-
mission line has a wavelength of

3 x 101

cm = 5000
60

kilometers. The field is limited to the
space between the conductors and their
immediate surroundings. This is ex-
tremely small compared with the wave-
length. Under these conditions, the part
of the electromagnetic energy which is
radiated into space is extremely small
—so small that it can be neglected. In
radio communication we use wave-
lengths of 15,000 to 200 meters and less;

that is, frequencies of 20,000 to 114 mil-
lion cycles and more. The circuit is
arranged  to give the electromagnetic
field the greatest possible extent, as it is
the field which carries the message.
Then a large part, even a major part, of
the energy of the electromaguetic field
is radiated. The frequency of the light
wave is much greater still, 600 millions
of millions of cycles. The wavelength,
50 microcentimetres, is a very tiny part
of the extent of the field. Therefore
practically all of the energy of the field is
radiated; none is returned to the radi-
ator.

“Our lack of familiarity with the con-
ception of an energy field in space, and
our familiarity with the conception of
matter as the carrier of energy, may lead
to the questions: What is the carrier of
the energy of the field of space? Would
not the ether be needed as a carrier of
the field energy, just as on the older
theory it was needed as a carrier of the
hypothetical wave motion of matter?

“These questions are due to a mental
error. Familiarity reverses the relation
between primary and secondary con-
ceptions.

“All that we know of the world is de-
rived from our senses. They are the
only real facts; everything else is conclu-
sioned from them. All sense percep-
tions are due to energy; they are exclu-
sively energy effects. In other words,
energy is the only real existing entity.
It is the primary conception, a concep-
tion which exists for us only because our
senses respond to it. All other concep-
tions are secondary conclusions, derived
from the energy perceptions of our
senses. Thus space and time and motion
and matter are secondary conceptions
with which our mind clothes the events
of nature.”

END OF SECTION I
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SECTION II

The Electricity of Radio

we have been considering are able

to pass through organized matter
with ease and an electric current is com-
posed entirely of such particles bumping
along from atom to atom or molecule to
molecule. A very good idea of what
happens will be gained from the illus-
tration (page 46) where we see a crudely
enlarged portion of a copper wire and
the electron particles passing through it.
In reality the copper atoms shown are
much farther apart; so far indeed that if
the proportionate distance were shown,
the size of the paper upon which this
course is printed would be hopelessly in-
adequate. However, for all practical
purposes we can visualize the process as
illustrated. Of course we must keep in
mind, too, that these electronic current
builders are anything but lethargic for
they move through conductors with a
speed so great that we cannot even im-
agine Liow fast they really travel. A rac-
ing automobile traveling 140 miles per
hour is moving with an almost imper-
ceptible speed—barely crawling in fact
—when its rate of motion is compared
with that of an electron rushing through
a circuit at a rate of 85,000 miles per
second.

These electrons are no different from
the electrons that go to make up the
atoms of matter. They are simply
wandering electrons; electrons that have
been torn loose from atoms to form a
vast, roving population in the world of
matter. Sometimes they become dis-
sociated through perfectly natural

THESE elusive little electrons that

- causes, but more often through the use

of the devices which we have invented to
pull them away from organized matter
that heavy electrical currents may be
set up and used. All of our generating
devices are merely employed to set these
electrons in motion through wires.

Let us for the moment return to our
crude picture of the electrons crowding
through the copper wire. They do not
move with the same speed through all
matter. For instance, in passing
through a piece of iron wire they are not
found so frisky because the atoms of the
iron, for some reason not yet thoroughly
understood, interfere with their pas-
sage. On the other hand a wire made
up of silver would permit them to pass
more freely than one made of copper.
All of the metals could be arranged in a
scale to show their relative resistance to
the passage of electric currents. Some,
like iron, lead and the trade wire,
Nichrome, offer very great resistance
while other materials like copper, silver
and gold place very little resistance in
the path of electronic current.

Substances that permit the free pas-
sage of electric currents which are noth-
ing more or less than the passage of free
electrons, are called conductors. A
substance like water, although it is a
relatively poor conductor when com-
pared with copper, is, nevertheless, con-
sidered one of the conductors because it
allows the passage of current in large
quantities. There is no substance in the
world that will not permit the passage
of a certain amount of electric curren?
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Fic. A: HOW ELECTRONS DRIFT THROUGH A CONDUCTING WIRE

Figure A: The small spheres represent the electrons; the large spheres represent the atoms of copper. The

arrow shows the direction

of drift of the electrons under the electromotive force applied by the battery. The elec-

trons are really much smaller, in proportion to the atoms, than they are shown here. Collision of the electrons

with the atoms is one cause of resistance.

but there are a few substances that pass
so little that for practical purposes they
are called non-conductors or insulators.
Glass, for instance, puts up such an
effective opposition to the passage of
anything but a most insignificant num-
ber of electrons that scientists have
learned to respect its resistance and they
have placed it in the classification of the
better non-conductors.

As a matter of fact, it is very for-
tunate for us that certain substances
will not pass electricity freely for if this
were not so we would find it impossible
to carry electricity from one place to an-
other over metallic channels. If we did
not have insulators upon our telegraph
poles the messages and power passing
over them would, instead of going to a
destination, leak off into the earth.

In many ways we may compare the
flow of electricity through a metallic
circuit with the flow of water through
pipes. In the case of water, we find
that it always has a certain pressure
and that this pressure is usually
measured in pounds per square inch. A
water pipe may also deliver a certain
amount or volume of water in a given
time. If we stop to figure it out, we
will find a direct relation between the
size of the pipe (that is its internal
diameter) the pressure of the water and
the amount of water delivered per min-
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ute. We should find that by increasing
the pressure the amount being delivered
per second will be increased. We
should also find that if we doubled the
size of the pipe but left the pressure the
same, that the amount of water deliv-
ered would be greater.

Although we deal with different
terms in the case of electricity flowing
through a wire, we have practically an
analogous condition. Even though
electrons are more intangible than water
it is evident that we must have some
sort of a pressure to cause them to be
moved through a wire, for any particle
even though it be an electron, cannot
be urged to move on without some
physical incentive. A ball will roll
down a hill unaided, but force must be
applied if it is to be moved on a level
surface. In the case of water, we
always find it moving from a higher to a
lower pressure. Electrons obey the
same impulse but it is said that instead
of flowing from a higher to a lower
pressure they flow from a higher to a
lower potential. The higher potential
is called positive and the lower one
is called negative.

Coming back to our water analogy,
it will be remembered that the pressure
of the water was figured in pounds.
The measurement of the pressure of elec-
trons is made in voltage. One volt




would be considered a very low pressure
while 100,000 volts would be considered
exceptionally high. The “volume” or
flow of electrons, in place of being fig-
ured in gallons per minute as in the case
of water, is calculated in units called
amperes.

When water flows through a pipe
there is a drop in pressure between the
pump and the destination of the water
at the end of the pipe linc. This drop in
pressure is due to the resistance offered
by the pipe to the flow of the water; a
certain amount of encrgy originally im-
parted to the water has to be used in
overcoming the resistance in the line.
This resistance wilt depend upon the
diameter of the pipe and the conditions
of the walls.

Our analogy between the passage of
water through a pipe and electricity
through a wire may be carried further
by likening the falling of the pressure in
a water pipe to the falling of pressure in
an electric wire. In the latter case,
this falling of pressure or voltage in a
wire (as in the case of water) depends
entirely upon the nature of the con-
ductor; that is, whether it is brass, cop-
per or iron and upon the size of the wire.
If a very small wire is used, the current
will meet a tremendous opposition and
very little of it will flow. Such a wire
would be said to have a high resistance.
If the voltage should be pushed high
enough, this litile wire would finally
burn up just as a water pipe with a pres-
sure too high might burst. The substi-
tution of a larger wire would permit the
current to flow more freely and by re-
ducing the pressure (voltage) the same
amount of current could be made to
pass.

Just as the pressure of electric current
is measured in units called volts and the
flow in units called amperes, so is the
resistance measured in units called
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ohms. This term is used in honor of Dr.
Ohm, the German physicist who con-
structed the classic law of resistance
which we are about to consider. In the
case of measuring the resistance of very
poor conductors the unit the megohm
is used more conveniently, for the
megohm is equivalent to 1,000,000
ohms. Very poor conductors may have
a resistance as high as 500 megohms per
cubic centimeter. When very minute
resistances are employed (a large volume
of pure silver for instance) the more
convenient unit the michrom is used.
The michrom is 1/1,000.000 of an ohm.

In reviewing these facts about the
flow of eleetricity through a wire, the
relationship between voltage, amperage
and resistance must have been evident
for we found that an increase in voltage
caused an increased current to flow and
that a decrease in resistance caused
exactly the same thing to happen. We
find that the flow of current can be con-
trolled either by an (1) increase or de-
crease of resistance, and (2) by increas-
ing or decreasing the voltage. Dr.Ohm
found that these relationships took on a
definite mathematieal form and he ex-
presscd this form in Ohm’s Law.
Summed up it simply states that for a
constant resistance, the current flowing
in an clectric circuit is directly propor-
tional to the voltage and that for a con-
stant voltage the current is inversely
proportional to the resistance. Giving
voltage the symbol “E” (meaning
electro-motive force), resistance “R”
and current “I1.” the following formulae
make up Ohm’s Law.

or E—IXR or R—%

As an example, let us assume that we
have a circuit having a voltage of 12 as
measured with an instrument known as
a voltmeter. The amount of current

E
I—x




flowing as shown with an ammeter is
found to be 2 amperes. According to
Ohm’s Law R = E divided by I, and on
this assumption 2 is divided into 12
which gives an answer of 6 ohms. Since
Ohm’s Law is of great importance in
radio work, it will be wise to keep the
forerunning facts in mind.

In Fig. B we notice how resistance
may be added or divided depending up-
on the way in which it is connected in
the circuit. In many cases engineers do
this to properly control the flow of cur-
rent. Instead of relying upon the nat-
ural resistance of copper wire forming
the circuit, a wire having a very large
resistance is wound onto a form and in-
serted. Such action, of course, always
causes a drop in the amount of current
flowing by reducing the pressure. At
the top of the sketch we see the effect of
two ohms of resistance in parallel or
multiple. In this case the resistance
will be the reciprocal or the equivalent
resistance or I/R. Instead of the re-
sistance being two ohms, as might
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be supposed, it is 14 ohm. By connect-
ing the same resistance in series as shown
in the lower portion of the sketch, the
resistances are added and 2 ohms result.

Ohm’s Law applies not only to por-
tions of the circuit but to the circuit as a
whole. If we had a generator and a cir-
cuit containing a number - of electric
lamps in series we should find it neces-
sary to determine the resistance of each
individual length of the wire and the
internal resistance of the generator itself
before we could add the factors together
to determine the resistance of the com-
plete circuit.

There will always be a drop of voltage
when a current passes through wire
offering resistance. The greater the re-
sistance the greater the drop in voltage.
If the terminals of a voltmeter are con-
nected directly to the terminals of a
resistance coil carrying a current the
degree of drop in voltage may be de-
termined by reading the meter. This is
usually referred to as the drop in voltage
or “potential drop.”

o OHM

= MWW
2 0HMS
= MW

HOW RESISTANCES MAY BE ADDED OR DIVIDED

Figure B: The upper figure shows two resistances in parallel; the joint resistance is half that of either one. In
\belower figure the same two resistances are connected in series; the joint resistance is then twice that of a single one.
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It has been said that a flow of electric  furnace which, instead of consuming
current is established only when a eoal for its supply of energy, consumes
difference of potential or a pressure is zinc. This energy represented by the
created. There are a number of'differ- econsumed zinc presents itself in the
ent ways of creating such a pressure. form of electronic flow in the circuit con-
There is a chemical way of doing it taining the cell and the motor.
which is carried on by the aid of devices If we had a number of such chemical
called batteries. If a rod of zinc and cells on hand and connected them in
carbon are inserted.in a vessel contain- series we should find that the voltages
ing a fairly strong solution of sal ammo-  of the various units would be added to-
niac there will exist between the copper  gether but their current capacity would
and the zinc a difference of electrical be the capacity of one cell. If ten cells
potential. It will be found that the were arranged in series or tandem there

ADD CURRENT CAFPACITY

ADD VOLTAGE

13 VOLTS

HOW DRY CELLS ARE CONNECTED
Figure C: At the top the cells are connected in parallel so that the voltage of the complete battery wisl be
that of one dry cell. At the bottom the cells are connected in series so that the voltage of each cell is added. In
the case shown there would be available 9 volts which is 6 x 1.5.

carbon will have the higher pressure and ~ would be available an electrical poten-
it is consequently marked positive. The tial of 15 volts: This series connection
zine having the lower pressure will be is shown in the sketch. By arranging
marked negative. Ifa voltmeter iscon- the batteries differently and placing
nected between this negative and posi- them in what is known as parallel rela-
tive pole the degree of the electrical po-  tionship the current capacity could be
tential existing between these elements increased at the terminals. This parallel
may be determined. It will be found to  method of connecting the cells is also
be in the neighborhood of 1.5 volts. illustrated.

If a current consuming device like a In the previous paragraphs we con-

small electric toy motor should be con- sidered the flow of electricity as estab-

nected to this simple cell, a rather lished by a chemical producer of poten-
energetic chemical reaction would be tial differences. In applying the volt-
set up between the sal ammoniac and  meter to the chemical cell mentioned
the zinc plate as long as the circuit was  we would find that it would be necessary
_closed. If this action should be con- to connect the meter in a very definite
" tinued long enough the zinc would grad-  way to have the needle or pointer regis-
ually be consumed and would finally ter correctly. Reversing the meter
almost completely disappear. We Lnd  would reverse the needle and no intelli-
that we have here a sort of a chemical gent calculation of the voltage could be
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formed. ‘This proves that the current
in this very simple producer of electric-
ity is flowing in one direction only, just
as water flows through a pipe. Such a
current is called a direct current in elec-
trical parlance and it is produced by
batteries and sometimes by mechan-
ical generators.

If we should wind a few turns of
insulated wire around a nail and
connect the terminals of this
crude coil to an ordinary dry cell 2 most
interesting thing would happen. We
would find that the nail would have the
property of attracting to it articles made
of iron or steel. In short it would be-
have in exactly the same manner as a
permanent steel magnet.

The magnetism of the nail could
easily be accounted for by placing an
ordinary compass close to a wire carry-
ing current. It is known that a compass
functions by reason of the magnetic
poles of the earth and that it is ex-
tremely sensitive to magnetic disturb-
ances. Any wire carrying a current will
have about it a magnetic field and the
compass will faithfully detect such a
field if it is brought close enough to the
wire so as to be within the range of its
influence.

If we experiment with this compass
and circuit a number of very interesting
points may be brought out. By placing
the compass at various distances from
the wire and by varying the strength
and voltage of the current we would
soon find that the strength of the mag-
netic field, and, consequently its range
of action, would depend upon the
amount of current flowing. If the wire
was large and a great quantity of cur-
rent could be forced through it, the mag-
netic field in the vicinity of the wire
would be strong and it would be found
to influence the compass over a great
distance.
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When wire is formed into coils this
magnetic field about it is concentrated
and the amount of concentration de-
pends upon the number of turns, the
size of the wire, the amount of current
flowing through it, the nature of the
coil, etc. By using heavy enough cur-
rent and enough wire, magnetic fields so
powerful that they can attract several
tons of iron may be produced.

If the little compass that we are de-
scribing should be brought into proxim-
ity with a heavy coil of wire carrying a
current, it would be found that it could
detect the magnetic ficld over a consid-
erable distance. A real sensitive com-
pass will sometimes indicate the passing
of a street car several blocks away.

It has been found that magnetism will
penetrate all solid substances. We
could prove this by placing a piece of
cardboard before the nail magnet. If
this was done, the nail would still be
able to attract to it small bits of iron and
steel. However, careful calculation and
experimentdtion has shown that all sub-
stances do not permit the passage of
magnetism with the same degree of
freedom. Air seems to offer consider-
able opposition while soft iron will
greedily absorb magnetism. In fact,
iron is the best conductor of magnetism
that has been found and it is for this
reason that it is used as a core in all
magnets of the current consuming type.
Such magnets, that is magnets that de-
pend for their action upon the passage
of current through a wire, are called
electromagnets to distinguish them
from permanent steel magnets that have
no wire. 1t must be remembered, too,
that electromagnets develop magneti¢
fields only so long as the current flowing
through them exists. If the current is
suddenly stopped the field collapses :n-
stantly and if the current is reduced in
any way through the interposition of re-




sistance, the intensity of the field about
the core will also be reduced.

A few iron filings, a piece of paste-
board and a permanent magnet of the
horseshoe type are the only materials
necessary to show that magnetism is not

of all permanent steel magnets.

In the electromagnets that we have
been treating we have two different
poles, a north pole and a south pole.
Furthermore, there is a law in magnet-
i1sm that states that like poles repel each

~ c———

PERMANENT MAGNETIC FIELD

Figure D: The curved lines show how the magnetic
field about a permanent magnet would appear if they
were visibie to the human eye. The shape taken by
the field depends somewhat upon the shape of the

magnet.,

the topsy turvy action that we might
have expected, but an orderly syste-
matic disturbance that follows well
established laws. If some of the iron
filings are carefully scattered over the
cardboard (Fig. G) it will be found that
they try to assume different positions
when the magnet is brought under
them. It would seem that these tiny
particles of iron struggle to align them-
selves in a definite pattern. When they
do this, they follow what is known to

other and dislike poles attract each
other. This statement can be very
easily verified by bringing together the
poles of two horseshoe magnets. If no
action results it will be found that the
like poles are in contact. If action does
exist, it will be known that a north and
a south, and a south and a north pole
are connected.

It is surprising how a few simple
materials will permit of an almost end-
less variety of experiments with electro-

MAGNETIC FIELD ABOUT A COIL
Figure E: This diagram shows the similarity between
a field produced by a permanent maguet and a coil of
wire carrying an electrie current.

electricians as magnetic lines of force.
These magnetic lines of force are used
merely as a matter of convenience in
calculating the strength of magnets.
These lines of force do not only exist
around wires and coils but at the ends
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magnetism. The winding of another
coil of wire upon a nail and the addition
of a sensitive current indicating device
(called a galvanometer) to the experi-
menter’s kit, makes possible demonstra-
tions involving the elementary princi-




ples of electromagnetic induction. The brought into the neighborhood of the
galvanometer is connected to the ter- original coil connected to the cell.
minals of the second coil and this coil is  If the battery is alternately connected
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MAGNETIC LINES OF FORCE

Figure F: If the magnetic lines of force about a current carrying wire were visible and one of the wires in the
coil at Fig. E should be cut the lines of force about it would appear as above. The strength of these lines depends
not so much upon the voltage carried by the wire but the current strength. If a very heavy current was travelling
through the circuit the lines of force would be proportionately great. Even with a very high voltage the lines
of force would be small if the current was smell. The student will also note that the lines of force become weaker
in the outside circle which is indicated by tlLe growing distance between the concentric lines. The field will be
at maximum intensity close to the wire.

FILING S~

MAGNETISM OF HORSESHOE MAGNETS a

Figure G: It was said in connection with Fig. I) that the shape of the magnetic field produced by a permanent
magnet which is a magnetized piece of steel depends upon the shape of the magnet. ere we really have a bar
magnet bent into a horseshoe shape. This brings the magnetic fields which are strongest at the ends of the mag-
nets into close relationship and hence a greater force is exerted. By placing a small piece of cardboard over the
poles of a horseshoe magnet and sprinkling it with iron filings a very good idea of the course taken bv the mag-
netic lines of force may be bad. The tiny pieces of iron will tend to align themselves with the invisible magnetic
force and will appear somewhat as shown in the sketch.
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GALVANOMETER

ELECTRIC ENERGY TRANSFER

Figure H: Here the student will see how it is possible for an electrie current to jump across space from oune

circuit to another.
up by the cail about the second nail,

The battery connected to the coil abou

galvanometer. The distance over which this energy transf

tery, the size of the coils, etc.

and disconnected, the indicating needle
of the measuring instrument will jerk
back and forth in response. This indi-
cates that an electric current has been
set up in the second coil although it is
in no way connected to the first coil
except through these invisible lines of
force.

This simple experiment proves that a
_very definite relationship exists between
electricity and magnetism for we have
set up a magnetic field by the aid of an
electric current and reconverted it back
into its original state. Not only this,
but we have succeeded in transmitting
electric energy across space, which is, of
course, wireless. While we do not care
to go into the matter of radio at this
moment, it may be said that very sim-
ilar phenomena are involved.

Transmitting energy from one coil to
another in this fashion is called electro-
magnetic induction and it finds great
application in the workaday world. not
only in radio butin telegraphy. teleph-
ony, power generation, etc. It is the
most valuable property of electric cur-
rent.

Let us come back again to the ex-

_remains stationary and
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it the first nail generates a magnetic field which is picked
reconverted back into an electric enrrent and registered on the sensitive
er will take place depends upon the strength of the bat-

periment with the coils. Tt was no-
ticed that the indicating needle of the
measuring instrument was jerked into
motion only upon the instant of connect-
ing the battery. Even though the
battery was left in connection, the
needle dropped back to zero. This
simply means that no current can be
transmitted across space unless the
magnetic lines of force are in motion,
or unless the coil picking up the mag-
netic lines of force is caused lo constantly
cut through the lines of force.

This simple law of electromagnetic
induction may be demonstrated in an-
other fashion. A coil of wire is wound
upon a cardboard mailing tube and the
terminals of the coil are connected to a
current indicating instrument. .\ per-
manent steel magnet is then inserted in
the coil. As long as the magnet is
moved within the coil the indicating
needle of the instrument will show the
presence of a current. However, if the
magnet is permitted to remain station-
ary no current will flow. If the magnet
the coil is
moved, the current will flow again. In
either case the wire turns of the coil




were made to cut through the invisibie
lines of force. In other werds, work
must be done before electromagnetic
energy can be transformed* into usable
electric current. If the mere presence
of a steel magnet inside a coil of wire
would generate an electric current we
would not'need to burn coal or harness
waterfalls to generate power. It would
only be necessary to construct large
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machinery is based.

coils and place magnets within them.
The law of the conservation of energy
says that this cannot be done and the
little experiments which we have just
conducted prove that it cannot be done.
From the last experiment we receive

« the idea of the method used in the gen-
“eration of clectric power. An electric
dynamo or generator is nothing more
than a coil of wire revolving upon a
shaft through a magnetic field. The
magnetic field is set up by what is
known as the “field windings” of the

generator. If we wish to transform
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kinetic energy (energy of motion) pro-
duced by a steam engine into electric

- T

power it is necessary to connect the
steam engine to an electric generator
and if one horsepower of electric current
is to be produced the power of the steam
engine must be at least one-and-one-
quarter horsepower for there is always
a loss when power is transformed from
one kind to another.

So far we have been dealing with
direct current (D.C.). By this we mean

BAR MAGNET

S B

GALVANOMETER

SIMPLE CURRENT GENERATOR

Figure I: Ilere is another experiment that further illustrates the
mysterious connection bet ween electrie current and magnetism, As long
as the bar magnet is moved inside the solenoid shown there will be &
deflection of the galvanometer needle which indicates the generation of
a current. It is upon this simple principle that all electric generating

a unidirectional current; a current flow-
ing between positive and negative in one
direction only. Such a current may be
supplied by a battery or by what is
known as a D.C. generator.

We are now ready to take up a widely
applied form of current called alternat-
ing current (A.C.). Alternating current
is quite different from direct current in
that it does not hold to a uniform direc-
tion of travel. Rather it insists on going
first in one direction and then in the op-
posite direction. An automobile or any
moving object cannot move and stop
and reverse itself unless the energy that
1s moving it in the original direction is




AMPLITUDE

ZERO

~——————ONE CYCLE

PICTURE GF AN ALTERNATING CURRENT

Figure J: This shows how an alternating current starts out at zero voltage, rises to
maximum amplitude, drops back to zero and turns about doing the very same thing in

the opposite direction.

ity frequency which is always expressed in cycles,

ma king 120 reversals per second.

brought down to absolute zero. You
cannot set an automobile going twenty-
five miles an hour and reverse its direc-
tion from forward to backward in-
stantly without first bringing the energy
expended down to zero. The same
holds true of electric current. When it
changes its direction of motion its volt-
age and amperage first drop to zero and
for the barest instant of time there is
absolutely no current flowing in the cir-
cuit.

This interesting action of alternating
current can best be explained by the aid
of a diagram. In the diagram we have
a line which represents zero current and
zero voltage. One side of the line repre-
sents one direction and the other line the
oppusite direction. The current starts
out at zero and gradually increases until
the voltage and amperage reach a max-
imum. The current then prepares itself
for reversal and gradually drops back to
zero. Then it starts out in the opposite
direction and does exactly the same
thing again. The number of these re-
versals that occur in a second of time
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The number of times it docs this in one second is referred to as

60 cycles would mean that it was

determines the frequency of the current.
We often hear it said that such and such
a circuit has a sixty-cycle current trav-
elling in it. This simply means that the
current is reversing itself one hun-
dred twenty times a second and that
each complete reversal from zero to
zero and back to zero is a cycle. We
have both high and low-frequency alter-
nating current and although one hun-
dred twenty reversals in the space of a
single second may seem to be a very
great speed to the dull human mind, it is
mere loafing for an electric current with
its extremely mobile electrons. Electric
currents do not reach the high-fre-
quency class until they are reversing at
least 500,000 times a second in their cir-
cuits. This frequency may be carried to
five million with very little difficulty.
Let us see what would happen if a
coil carrying an alternating current was
brought into the proximity of a second
coil connected to a current indicating
instrument capable of registering alter-
nating currents. It would be found that
a current, almost the exact replica of the
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A. C. ENERGY TRANSFER

Figure K: This shows how an alternating current, due to its constantly fluctuating quality . may be trans-
ferred from one circuit to another by electromagnetic induction.

original current, would be developed or
nduced in the second coil. This is
intriguing because we remember that in
the case of direct current a current
existed in the second coil only while the
first coil was being moved through the
magnetic lines of force. In the case un-
der discussion, however, we must re-
member that we have a current that is
constantly going up and down from zero
to maximum and that this is equivalent
to interrupting the current as we did in
thedry cell. This constant Interruption
causes the magnetic field to build up and
collapse and it is this movement of the
field that causes it to constantly cut
through the turns of wire in the second
coil thereby building up an electrical po-
tential that faithfully follows the action
of the current in the first coil. Since we
deal largely with this particular princi-
ple of electromagnetic induction in the
science of radio, it will be well for the
serious student to convince himself that
he thoroughly understands the foregoing
before passing on to a further considera-
tion of the subject.

Since we discovered that iron is a
much better conductor of magnetic lines
of force than the surrounding air, it fol-
lows that a maximum transference of

“electrical energy between coils can be
brought about only by providing an
iron magnetic path between the coils.
This proves to be true in practice. If

it is decided to transmit current from
one coil to another the coils are wound
upon hollow forms and these forms
slipped over a soft iron frame.

It is natural for the student to ask,
“What possible object could we have in
merely transferring current in this
fashion? Why not simply leave the
coils out and complete the circuit with-
out them?” If we desired to use the
current in its original form this system
of coils (which is usually called a trans-
former) would be quite unnecessary. In
fact it would be highly impractical be-
cause it is at its best an inefficient in-
strument. It is only when electricians
wish to raise or lower the voltage of a cur-
rent that transformers are used. Wheth-
er the voltage of a current will be raised
or lowered depends entirely upon the
way the transformer is designed and
principally upon the number of turns or
the ratio between the number of turns
in the first coil and the second coil. Inci-
dentally it might be well to mention at
this point that the first coil or the coil in
which the current enters the instrument
from its source is called the primary and
the second or output coil is called the
secondary.

Let us take into hand the simple
problem of increasing the voltage of a
sixty-cycle current. It will be assumed
that a voltage of two hundred and
twenty is desired instead of one hundred
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Figure M: The transformer illustrated above is called a closed core
transformer because its core encompisses & certain area. The portion of the
core upon which the secondary and primary are wound is referred to as the
legs. For instance, there is the primary leg and the secondary leg. The
coils of transformers are carefully insulated from the core to prevent short
circuits and in the case of high voltage transformers the various layers of
wire have to be insulated from each other so that the voltage will not be
able to break down the insulation on the wire.

PRIMARY

LAMINATED
CORE
SECONDARY

OPEN CORE TRANSFORMER

Figure N: When both primary and secondary coils of a transformer are wound
on a rectangular core as illustrated the device is referred to as an open core trans-
former. They are less efficient than the closed core types because a continuous
magnetic path for the field developed by the primary coil is not available. The
cores in these transformers may be either round or square in cross seclion.

SECONDARY PRIMARY
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GENERATOR

CLOSED CORE TRANSFORMER
Figure L: By providing an iron path between the coils shown in Fig. K the efficiency of the energy trans-
ferring system could be greatly improved because of the ease with which iron Lransmits magnetic lines of force.
The side of the transformer connected to the generator is called the primary whilo the output coil cf the trans-
former is called the secondary.
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and ten. In other words, we wish to
multiply our voltage by two. This
simply means that there will have to be
twice as many turns in the secondary as
in the primary or a ratio of two to one.
If we desired to triple the voltage, the
ratio would have to be three to one, etc.
We could keep on increasing this ratio
between the windings until an elec-
trical pressure of one million volts
would be induced in the secondary coil.
1t is evident that we cannot increase
both the current and the voltage for
here again we would be interfering with
the law of the conservation of energy.
We must not forget that as we increase
the voltage and the current we increase
the power for voltage times amperage
equals watts (there are 746 watts in one
horsepower). If we increase the voltage
we must reduce the amperage and if we
increase the amperage we must reducc
the voltage. In other words we cannot
get something for nothing.
Transformers are used for many pur-
poses in both radio and electricity in
general. Perhaps their most important
function in the workaday world of elec-
tricity isthat of boosting voltageforlong-
distance transmission lines. By using a
high pressure, that is a pressure from
thirty to one hundred and fifty thousand
volts, the line losses are reduced and it
is possible to use smaller conductors.
The electric lighting companies all
use power transformers for home light-
ing is distributed to neighborhoods at a
rather high pressure. 1t is then tapped
off through the secondary of the trans-
formers and delivered to the consumers,
We also find transformers that reduce
the voltage to a very low point by in-
creasing the current far beyond the
values used for ordinary purposes. Such
transformers are usually called low
pressure transformers and they are used
mostly for welding purposes, Perhaps

a secondary output would be in tne
neighborhood of ten volts but a current
of several hundred amperes may be
made to flow even with this small pres-
sure if the wire used in the secondary leg
of the transformer is very large and but
a few turns are employed.

It is well to keep in mind the fact that
all transformers are not of precisely the
same type. Some of them have open
cores and others closed cores. The
difference between these two types is
illustrated on page 57. In either case
the core material must be of suitable
iron laminations. A material called
silicon steel is used extensively for this
purpose.

When we come to the study of alter-
nating current we really come to the
parting of the ways for the study of
alternating current brings with it nu-
merous phenomena that are not asso-
ciated with direct current. Onc of these
phenomena is the ability of an alter-
nating current to pass through a solid
dielectric material used in electrostatic
condensers. To assist our understand-
ing of this peculiar property let us refer
to Fig. O, where we see a D.C. gen-
erator connected to two metal plates
separated by an insulating sheet. In
the case of D.C. we may look upon this
as an open circuit for there is an insu-
lator interposed between the two ter-
minals of the generator. These two
metal plates separated by a sheet of
mnsulation (which may be mica, hard
rubber, glass or paraffine paper) consti-
tute an electrostatic condenser and we
find that the current of the generator is
used for the small fraction of a second in
storing electricity in this condenser.
However, when D.C. is used the con-
denser, like a water reservoir, simply
becomes filled up and the current from
the generator stops flowing, or, in other
words, the load is taken off the generator.
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Figure O: A direct current generator connected to a
condenser will store up a charge on the condenser
plates, one side positive and one side negative. The
condenser may be discharged by connecting the plates

together.

The time required for the generator to
charge the condenser depends roughly
upon two factors, the size of the con-
denser and the voltage of the generator.

The simple experiment above may be
very beautifully and convincingly dem-
onstrated by the use of a current indi-
cating instrument. Such an instrument
placed in the circuit would indicate the
tow of a current while the condenser
was under charge, but the needle would
fall back to zero after its momentary
deflection.

If this condenser were placed in an
alternating current circuit it would be
found that the current would pass
through it rather freely, depending upon
the design of the condenser and the
voltage and frequency of the current.
In general it would be found that the
lower the frequency the larger the con-
denser must be for the condenser would
be called upon to discharge automatic-
ally at the voltage peak of every current
reversal. In the case of very, very low
voltage and extremely high frequency
such as found in radio circuits, the con-
denser would needs be extremely small
so that it could respond rapidly.

The capacity of condensers to hold
electric currents depends largely upon
the nature of the dielectric substance

(the insulator) and upon the distance

the plates are apart. At this point it is
well to note, too, that all condensers are

not made up of two plates. Asa matter
of fact, very few condensers are made
up of two plates. Most of them have
many sets of metal and dielectric plates
pressed together in a unit. A condenser
having maximum capacity for any given
current will be a condenser having a
high dielectric material with very small
separation between the metal plates.
The closer these plates are the greater
will be the capacity providing a highly ef-
ficient dielectric substance is used. If too
thin a dielectric is used, the voltage that
charges the condenser may puncture it
and render the entire device inoperative.

Air is found to be an exceptionally
efficient dielectric material and in figur-
ing the dieclectric constants of other
materials air is taken as 1. Glass,
depending upon its nature and manu-
facture, ranges from 4 to 10, mica from
4 to 8, hard rubber from 2 to 4, par-
affine from 2 to 8 and porcelain from
3to4.

We may say in general that there is
always an electrostatic capacity be-
tween bodies of different electrical po-
tential. In radio we often hear it said
that an antenna has a capacity. This is
because the antenna is at one potential
and the earth at another while the di-
electric air is the medium in between.
However, for direct current this capac-
ity effect, as it has often been called,
can usually be overlooked for it is so




rarely met that it does not interfere
with operation of any sort.

If a condenser of suitable size were
connected to an alternating current
generator in the manner in which the
condenser was connected to the D.C.
generator an indicating instrument in
the circuit would betray the presence of
a current constantly flowing. The con-
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tential while the other will be at a low
potential. If the experimenter should
put one hand in contact with the outer
coating of tinfoil and the other hand in
contact with the inner coating so that
both the coatings would be connected
through the body, a terrifying shock
would be experienced. If a bent piece
of wire attached to a hard rubber

N
VGV

LEYDEN JAR DISCHARGE

Figure P: This is a picture of how the current produced by a_discharging Leyden Jar or condenser would
look if it could be charted. It starts out with great gusto but rapidly spends its force and tapers off to zero value.

denser would be charging and discharg-
ing in step with the current (providing
it was large enough) and the generator
would be practically short circuited.
By another very simple experiment it
is possible to charge a condenser and to
watch it discharge. This niay be done
with a spark coil or what is known as a
Wimhurst machine; a device that is
capable of generating high voltage cur-
rents by friction. If a Leyden jar (a
Leyden jar is a glass bottle covered in-
side and outside with tinfoil), which is a
crude sort of a condenser, is properly
connected to either a Wimhurst ma-
chine or a spark coil in operation, it will
accumulate a very heavy charge of elec-
tricity—one side of the glass in the
bottle will be -at an extremely high po-

handle is brought into contact with two
such surfaces, a heavy crashing spark
will result as the condenser discharges.
Although this discharging of the Ley-
den jar was accomplished in the small
fraction of a second, many very inter-
esting things happened. There was not
simply one mad rush of the current from
one surface to the other to level the
electrical potential. The original rush
of the current was so great as to bring
the opposite side of the condenser to a
higher voltage than the originally
charged surface. This causes a reversal
of the current and the process is repeated
a number of times before the condenser
is really discharged. The action of a
discharging Leyden jar is depicted in
Fig. P. We see that the current is
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CONDENSER CONNECTIONS

Figure Q: Here we see the two principal methods of connecting condensers so that they may be made useful

for various purposes.

alternating or oscillatory in nature.
First the current reaches a high value
and then through a long series of re-
versals it gradually dies out just as one
might strike the free end of a spring
when the opposite end is held in a vise.
The spring would vibrate with gradually
decreasing amplitude until it finally
came to rest.

This business of condensers may con-
fuse the reader who remembers how em-
phatic we were in our statement regard-
ing insulators. It was very definitely
claimed that insulators would only per-
mit comparatively small amounts of cur-
rent to pass. We may still regard this as
true for direct current but we must
make reservations for alternating cur-
rent, and especially alternating currents
of high frequency. This does not mean
that alternating current ecannot be insu-
lated. It can be but there is always a
little loss through this *‘condenser effect”
unless the conductors are widely sep-
arated.

As to the actual mechanics of this
transfer of energy through insulating
materials we can say little.  The
present theories of dielectric absorption
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These connections hold true for all types of condensers, Leyden Jars included.

and the like could be included but the
introduction of these subjects would
probably confuse the lay student who,
after all, is more anxious to know the
practical side of radio than the purely
theoretical side.

It is very important that the student
should know the effect of connecting
condensers in series and in parallel. Tt
might be thought at first hand that
should a number of condensers be con-
nected in series their capacities would be
added. This is not the case, however,
for three condensers connected in series
as illustrated at the right of the sketch
on this page would give a total capacity
smaller than the capacity of any single
member of the group. If it is desired to
connest condensers so that their ca-
pacity may be added they must be con-
nected in parallel as shown in the Fig. Q.
Here total capacity =C1+C2+C3.

We have been talking about the
capacity of condensers without consid-
ering the unit used in the measurement
of these capacities. Since it was
Michael Farraday who conducted most
of the first practical research in connec-
tion with condensers the unit of ca-




pacity was chosen in his honor. It is
called the farad. Now a condenser with
one farad capacity would be so tremen-
dous as to be quite beyond practical
consideration. In other words con-
densers do not need to be made that
large. For that reason a smaller unit is
used. This unit is called the microfarad
and a condenser of one microfarad
capacity has a capacity of 1/1,000,000th
that of a condenser with one farad
capacity. In other words the micro-
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tive resistance, or in other words a coil
of wire. Alternating currents do not
pass through coils of wire in the same
way as direct currents. Here the cur-
rent lags behind the voltage. In either
case the lag may be as great as ninety
degrees; that is the voltage may be
caused to lag behind the current 90 de-
grees or the current behind the voltage
90 degrees.

Before leaving this subject of con-
densers, let us keep in mind the fact

VOLTAGE

ALTERNATING CURRENT LAG

Figure R: When an alternating current is

made to pass through a condenser the current is caused to jump

ahead of the voltage and the degree of this jump will depend upon the capacity and nature of the condenser. The
theoretical limit of this lead is 90 degrees. However, this point has never been reached.

farad is 1/1,000,000th of a farad. In
extreme cases, where infinitesimal ca-
pacities are to be caleulated, the still
smaller unit, the micro-microfarad, is
used.

An alternating current passing
through a condenser does a very funny
thing. Before reaching the condenser
the voltage and amperage are travelling
hand in hand so to speak. The intro-
duction of a capacity in an alternating
current circuit causes the current to
lead the voltage. This is illustrated
graphically in the sketch where we see
the line representing the current leading
the line representing the voltage. Ex-
actly the opposite ‘effect would be pro-
duced if the condenser were taken from
the circuit and replaced with an induc-
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that condensers have an actual ohmic
resistance and that this ohmic resistance
is not as high as might be expected sim-
ply because the current is called upon to
pass through a dielectric material. If a
condenser is properly designed with the
correct materials used in its construc-
tion it may have an ohmic resistance of
& fraction of an ohm.

While on the subject of resistance it is
well to point out that Ohm’s Law cannot
e applied to alternating current calcu-,
lations as it is applied to direct current.
Changes in the formula are necessary to
account for inductive, capacitative and
reactance effects.

We are now ready to take up the sub-
ject of electrical measurement through
the medium of instruments. While it




would be possible in many cases to
determine the flow of potential through
the application of Ohm’s Law it is much
more practical and convenient to apply
a calibrated instrument so that the re-
sult may be had without calculation.

The two most used instruments in
electrical measurement are the voit-
meter and the ammeter. The voltmeter
is a device which measures volts and the
ammeter is a device which measures
amperes and fraetions of amperes. It
will be seen at the outset that an instru-
ment designed to give readings in
connection with direct current circuits
could not be so employed in alternating
current circuits. We must not forget
that in the case of alternating current
we have a rapidly fluctuating current
rising to amplitude and falling to zero
many times during the course of a sec-
ond. If a direct current instrument
were placed in such a circuit the needle
would simply vibrate and no indication
of the potential or current value would
be given. It is necessary to employ a
special type of meter on alternating cur-
rent circuits and therefore we have
alternating current and direct current
meters.

In radio, where we deal with espe-
cially small currents, it is necessary to
use instruments of a very delicate na-
ture and to measure in very small units.
For instance, in radio circuits current is
usually measured in millivolts and mil-
liamperes. The prefix “milli” meaning
1/1000th of an ampere or 1/1000th of a
volt. In some cases the microvolt or
micro-ampere is used as a unit of
measurement. This is equal to 1/1,000,-
000th part of either of the units men-
tioned.

Early in the nineteenth century it was
found that when two dissimilar metals
were brought together and heated that a
current of electricity was generated.
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The two metals forming the union make
up a unit called a thermo-electric bat-
tery or thermo-electric generator. This
very principle is used a great deal in
measuring radio currents. In Fig. S
we see the method used. An extremely
small wire is connected between points
A and Al. Two dissimilar metals, B
and B1, are brought into junction with
the fine wire and the metals are con-
nected to the terminals of a very sensi-
tive galvanometer. The wire between
the points A and A1 is so fine that a very
weak electrical current will cauvse it to
Leat and while this heat may not be
perceptible it nevertheless raises the
temperature of . the thermo-electrical
juncture and develops a current in the
circuit containing’ the galvanometer.
The current in this circuit will be in
exact proportion to the amount of heac
developed in the wire, which, on the
other hand, depends entirely upon the
amount of current.

The most superficial layman would
understand that either a direct current
or an alternating current may be used
with an instrument operating on the
thermoclectric principle. In either case
heat will be developed through the pas-
sage of the current. The heat due to a
given number of amperes of alternating
current is the same as that of an equal
number of amperes of direct current.

There still is another method of
measuring currents of any frequency by
the application of the heated wire. A
very fine wire is stretched between two
points and connected to a pointer of very
delicate construction. The passage of
the current through the wire causes more
or less heating which is indicated in cur-
rent strength upon the hand calibrated
scale (See Fig. T).

While instruments like the above are
used a great deal in measuring currents
of radio frequency, magnetically con-
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Figure 8: Here we see a thermo-couple made up by
the metals B and B1 connected to a galvanometer.
The current passing from A to A heats the couple and
causes a second current to be generated.

trolled instruments are still widely used
and if we refer to Fig. U we will be able
to readily determine the principle used
in what is known as d’Arsonval meters.
A tiny coil of wire is delicately pivoted
between the poles of a powerful steel
magnet. The needle (which is connected
to the coil) and the coil are held in a nor-
mal zero or no current position by the
action of a small hair spring similar to
that found in watches. Very flexible lead
wires are brought from the tiny coil and
connected to the terminal poles of the
instrument. When the instrument is
brought into contact with a source of
current through its terminals, part of
this current will flow through the tiny
coil and naturally will set up a magnetic
field about it. This field will cause the
coil to have a tendency to align itself
with the field already existing between
the north and south pole of the perma-
nent magnet. The degree to which it
succeeds in this depends upon the volt-
age of the circuit.

The circular piece of iron placed in
the center of the moving coil and be-
tween the north and south pole of the
permanent magnet is used to form a low
resistance path for the magnetic lines of
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HOT-WIRE AMMETER CONNECTION

Figure T: When a current passes through the hot
wire the wire expands causing the spring to move the
needle over the scale of the instrument. The amount
of expansion depends upon the strength of the current.

force. The interposition of this greatly
increases the efficiency of instruments of
this type.

It will be understood that the moving
coil for d’Arsonval instruments may be
made for practically any sensitivity pro-
viding the active parts are sufficiently
delicate. Instrument makers have de-
veloped amazing ingenuity in the appli-
cation of this absorbing principle and
instruments capable of registering in
microvolts and microamperes are not at
all uncommon. The moving parts have
been refined to such an extent that fifty
microamperes are sufficient to cause the
indicator to move over a rather large
scale. Even a single ampere is a rela-
tively small amount of current and
when we divide it into a million parts
we have left but an unimaginable whiff
of energy.

We said that our last instrument had
a moving coil made up of a fairly large
number of turns of very small wire.
Such an instrument is used to measure
voltage and is very properly called a
voltmeter. While the same type of in-
strument is used in constructing am-
meters the resistance of the coil must be
low. It is evident that to keep the re-
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D’ARSONVAL INSTRUMENT

Figure U: Here is shown the principle of all D’Ar-
sonval instruments, which consists of a current carrying
coil balanced in a strong magnetic field. The coil is
mounted upon delicate bearings and tends to rotate
when a current passes through it. D’Arsonval instru-
ments are widely employed.

sistance of this coil low will ultimately
result in making the moving parts
heavy and unwieldy. Low resistance
means large wire and large wire means
greater weight. Hence the smaller am-
meters are made only for the measure-
ment of small currents. When large
currents are to be mecasured, ammeters
are provided with what is known as a
shunt which is illustrated. This shunt
is usually made of a number of strips of
special alloy large enough to safely
carry the current. Upon reaching this
point, the current divides most of it
going through the shunt while a small
portion of it flows through the meter.
Since the resistance of thc shunt is
known, the amount of current flowing
through the ammeter can be used as a
basis for calculating the current flowing
in the main circuit. Therefore, the
scale of the ammeter can be used to
register the actual number of amperes
flowing through the circuit containing
the shunt.

Many radio experimenters during
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SHUNT

HEAVY CURRENT MEASUREMENT

Figure V: By providing a specially calibrated am-
meter with a heavy shunt thousands of amperes can be
measured with safety to the instrument. Only a small
fraction of the current is allowed to pass through but
this is in proportion to the amount of current passing
through the shunt.

their most inquisitive days have had
the sad experience of attempting to
learn the condition of their storage bat-
tery with an ammeter of the .pocket-
type. To their 'surprise the ammeter
was probably burned out for when such
an instrument is placed across the
terminals of a storage battery the bat-
tery is practically short circuited. The
resistance of an ammeter is very low and
probably as many as 40 or 50 amperes
might flow through it from the battery
heating and destroying the device to a
point beyond repair.

A voltmeter may be connected across
the terminals of a storage battery with
absolute safety for here we have an in-
strument with a high resistance capable
of choking off a damaging supply of
current.

In Fig. W we find that voltmeters
and ammeters are connected to circuits
in different ways. One is usually in
series and the other in multiple. By
connecting two instruments up in this
fashion the current and voltage of a
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BATTERY
CURRENT AND VOLTAGE MEASUREMENT

Figure W: This shows how a voltmeter and ammeter
would be-connected to measure the current and voltage
of a simple battery circuit. It will be noticed that the
instruments are connected differently.

circuit may be registered simultane-
ously.

We must not think that the types of
instrument described represent the
whole range of current indicating de-
vices. There are innumerable different
types and designs, but those -which we
picked for description are used almost
entirely for radio calculations.

By the proper use of a simple volt-
meter and ammeter fairly accurate
calculations in resistance can be made.
In the sketch we see the connections
necessary for what is known as the drop
method of calculating resistance. Only
a voltmeter is necessary for this test.
This is connected to a two-way switch
which permits the meter to first be
thrown across a known resistance. This
permits the voltage drop across the
known resistance to be measured. The
meter is then connected across the un-
known resistance and the voltage drop
is again measured. We then have:

drop across known resistance
drop across unknown resistance
known resistance
unknown resistance

from which we

VOLTMETER

=714 UNKNOWN B

qi‘ I'A'A'A'A'A'A'A'I'A'A'A

RESISTANCE MEASUREMENT

Figure X: Here is shown a method of meusuring the
resistance by the drop method. By determining the
degree of voltage drop across R and knowing the other
factors it is possible to calculate the resistance of R.

obtain unknown resistance =
knownresistance X drop across unknown

drop across known resistance

There is a more accurate method of
measuring resistance by the aid of a de-
vice called a Wheatstone bridge. If
Fig. Y is studied it will expose the
underlying principle involved. There
are four arms to the bridge, A, B, C and
D. Current flows through all four from
a battery and the voltage of this battery
is immaterial so long as it is capable of
forcing a current through the arms.
Arms C, A and B are made up of vari-
able resistances carefully calculated so
that the resistance of these parts of the
bridge is known at all times. The un-
known or X resistance is connected to
the arm D. When this is done the re-
sistance in arms A, C and B are adjusted
until Zero current flows through the gal-
vanometer. The galvanometer will then
come to a normal position of rest. If it
is found that A and C have 20 ohms and
200 ohms respectively B will be 30 ohms
and D will be 80 X 200 + 20 = 300
ohms.

Before leaving this subject of pure
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electricity it will be well to gather in a
few simple facts concerning the electro-
dynamic generation of current. Refer-
ence to Fig. Z will aid greatly in under-
standing the simple principles involved
in the production of direct current.
Here we have a permanent magnet
which, as we already know, is capable
of developing a magnetic field about
its poles. From the simple experi-
ments described previously it was also
shown that the movement of a coil of
wire through a magnetic field so that
the coil cuts the lines of force resulted in
the setting up of a current. If a coil of
wire is wound upon a shaft and revolved
between the poles of a magnet as shown,
there will be generated in the coil a cur-
rent of electricity. This current is led
off for use by a device known as a com-
mutator. This is really a rotating con-
nector making contact with stationary
parts called brushes. The brushes are
the real terminals of the generator and
they are connected to the outer circuit.

The revolving coil in a generator of
this type is referred to as an armature.

—i—

CONNECTIONS OF THE WHEATSTONE BRIDGE

Figure Y: Although many important electrical calculations can be
made with a Wheatstone Bndge the connections of the device itself

The “arms’
They are shown as mere stralght lines here as a matter of
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* A, B and C are made of variable

The magnet in this case would be called
the field magnet since it is depended up-
on to produce the magnetic field through
which the armature rotates.

A little thought will make it evident
that the voltage and amperage of this
little generator that we have sketched
depends upon (1) the strength or
density of the magnetic field between
the poles, (2) size and number of turns
of wire of the armature, and (8) speed
with which the armature revolves. If
the armature is wound with extremely
fine wire and revolved at high speed so
that it cuts through a large number of
lines of force in a second there will be
available at the terminals of the gener-
ator a very high pressure or voltage.
If, instead of a large number of turns of
fine wire, there is placed upon the arma-
ture a small number of turns of very
coarse wire we will have instead of a
high voltage a high amperage and a low
voltage. Thus it is seen that the output
of the generators may be controlled to a
nicety by the application of these well
investigated rules of design.
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D. C. DYNAMO PRINCIPLE

. Figure Z: It will be seen that a D. C. dynamo is nothing more or less than a coil of wire moving
in a magnetic field with means provided for leading the current away from the moving coil with

sliding contacts.

The generator that we have shown is
of the simplest type imaginable. The
application of the bare permanent mag-

et is made practically only in the case

of magnetos used on ignition systems of
automobiles. Larger and more efficient
current generators are always provided

“with what is known as a field winding.

Generators with field windings do not
have permanent magnets. In place of

permanent magnets, soft iron is used
and the field windings are placed over
this iron mass. It is the function of the
field winding to take a small portion of
the current from the terminals of the
generator to build up the magnetic
field. While it is true that iron loses
practically all of its magnetism when
the exciting source is withdrawn there
is always enough residual magnetism

ARMATURE

S~ MAGNET

S RINGS

A. C. GENERATOR PRINCIPLE

Figure AA: The principle involved here is the same as that in the dynamo in Fig. Z save that

the commutator arrangement is different. By employing two rings as shown the current produced
by the moving coil is caused to zigzag back and forth in its circuit.




PICTURE OF A DIRECT CURRENT

Figure BB: This shows how a direct current would look with a single coil and a simple two piece armature.

A

A DIFFERENT DIRECT CURRENT
Figure CC: This shows how the current would look when produced by a three-coil D. C. armature.

left in the iron field to permit the gen-
erator to build up when power is applied
to its armature.

We must not make the mistake of
taking the above as an accurate descrip-
tion of all of the direct current genera-
tors used. There are several different
types and a profusion of different de-
signs. Tor instance, commutators of
all but the simplest types are made up
of a number of copper segments in
place of the two shown in our sketch and
instead of one independent coil there is a
number of coils connected to the seg-
ments.

We have just completed a discussion
concerning direct current generators,
that is, generators that are capable of
producing direct current. However,
they do not produce direct current in
the sense of a dry battery. Thatis, the
current produced, although it is in the
same general direction, is not of uniform
value. Tt will be seen that every time
the brushes come to a break between
the segments there will be an interrup-
tion. In the case of a simple two-pole
generator the current produced at the
poles if charted would appear as shown
in Fig. BB. The current does not
change its polarity but it falls back to
zero in each revolution. By increasing
the number of coils in the armature and
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the number of segments and by provid-
ing the field with a pole to match each
coil we produce a current or a series of
currents that take the form shown in
Fig. CC. The tendency of each gen-
erator is to build a fairly uniform cur-
rent. The little variations are known
as ripples and for all ordinary purposes
the current may be looked upon as
uniform. °

If we wished to change our first simple
direct current generator into an alter-
nating current generator it would only
be necessary to alter one part. That
would be the commutator. In place of
a two secgment commutator we would
use two independent metal rings each
one attached to one terminal of the
armature coil. The brushes would
make contact with these rings. Under
such conditions there would be two
complete reversals of the current at
every revolution of the armature. We
see, then, that the frequency of such a
generator would depend not alone upon
the speed of the armature but upon the
number of coils in the armature and
upon the number of poles in the field of
the generator. By providing the gener-
ator with two field coils and four poles
the frequency would be doubled at the
same speed.

Aside from the facts just mentioned,




alternating current genecrators operate was thrown across it. This will permit
on the same principle as direct current an exceptionally heavy current to be
generators; currents are produced with  built up in the generator and a tremen-
armature coils that cut through mag- dous load will be thrown on the whole
netic fields. system. If no provision has been made

The amount of current generated by for such an emergency either the wire
either a direct current or alternating cur- comprising the external circuit will melt
rent producer depends to a certain ex-  through at the excessive passage of cur-
tent upon the load in the external cir- rent or the windings in the armature of
cuit. If the external circuit is opened the generator will be burned out.

—_—
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WHAT A SHORT CIRCUIT MEANS

i Figure DD: When the path of an electric current is shortened as it would be in the sketch, the current always
increases because of the shortened path and what is known as a short circuit is developed.

and there is no current flowing in it there To prevent such dangerous accidents,
will be no load on the generator and, which, in the case of large power houses,
save for mechanical friction, no resist- might run into as much as $100,000,
ance will need to be overcome in turning  circuit breakers or fuses are used as a
the armature. With such conditions protection to the circuits and generators
prevailing the generator would be said and also as a protection against fires, for
to be running idle. When the external a heavy current on the rampage is a pro-
circuit is closed current is immediately lific producer of fire. In the case of cir-
induced in the armature and there is set  cuits carrying only a few hundred volts
up in it a magnetic field opposing the fuses are employed. A fuse is nothing
original magnetic field developed by the more or less than a strip of metal made
field coils. The amount of opposition up of a low melting alloy. Lead is the
will be determined by the amount of basis of it. This little strip of metal is
current flowing in the armature coilsand ~ designed to have a definite current car-
this in turn depends upon the size of the rying capacity. When this capacity is
wire and the amount of current that is overstepped through a short circuit or
required by the devices in the external through the action of a device requiring i
circuit. Let us imagine that a heavy too much current for the safety of the
conductor is thrown across the external circuit, the excessive current heats up
circuit of the generator as illustrated. the alloy instantly and causes it to melt
Since nature has decreed that electricity  or “‘blow.” The melting of the alloy, of
will always follow the path of least re- course, interrupts the circuit and it is
sistance, it is evident that the current left “open” until a fresh fuse is inserted.
flowing will avoid the part of the circuit The circuit breaker, which is used for
beyond the point where the conductor heavy currents where fuses would be
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impractical, operates upon an electro-
magnetic principle. A movable contact
clement is placed before the poles of two
heavy electromagnets. These magnets
carry the current that is passing through
the circuit. The moving part of the
breaker is provided with contacts that
are normally closed. However, when
the current becomes too strong the mag-
nets exert a greater force upon the
movable element and it is eventually
drawn down opening the circuit as it
moves.

We have, in this portion of the course,
gained a fairly comprehensive idea of the
romantic side of electricity. The laws

and effects that we have studied and
assiduously absorbed are extremely
pertinent to the subject of radio for
after all radio is a mere subdivision of
electricity. All of the laws of electricity
lold true in radio and for this reason it is
always necessary for the student to gain
at least a superficial knowledge of prac-
tical electricity before he ventures fur-
ther into the still more fascinating
realm of radio.

The ambitious student must be
warned against passing on to what fol-
lows without first having assured him-
self that he is familiar with the electrical
principles outlined.

END OF SECTION II
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SECTION III

Diagrams—The Shorthand of Radio

s in chemistry, the radio man has

a shorthand method of expres-

sion which he uses in sketching

out circuit connections. In place of de-
picting the constructional details of
transformers, sockets, coils and the
like, symbolic characters that have been
agreed upon by the profession are used.
The reader will not only find that an un-
derstanding of the symbols used will be
of great convenience to him in practical
work, but that few articles pertaining to
radio can be intelligently assimilated
without a mastery of radio shorthand.
Since the editors of the present instruc-
tion believed that the student should be
led into the practical phases of the
study as soon as possible, it was decided

to insert this matter here. This will
permit the use of standard diagrams
throughout the remainder of the course.

After a little practice the student will
find the symbol method of diagram
printing a most convenient help in his
work of radio experimentation or in
keeping abreast with radio progress by
constant perusal of the current publica-
tions. As time goes on he will find
himself capable of absorbing the elec-
trical details of any circuit presented in
this fashion by a mere glance at the in-
struments shown and their position. Tt
will also be found very easy to use these
symbols in preparing notes on the sub-
ject of radio. Radio diagram symbols
are practically standard.

i

¢

é i
i |

DO YOU KNOW WHAT THE ABOVE SYMBOLS MEAN?

Unless you do, you cannot understand the nractical and useful hook-up drawings that constitute

sach a valuable part of this course.




“A” Bartery—Until recently the
“A” or filament-lighting battery was
almost universally of the storage type.
It may be well to note here that the
UV-201-a tube is primarily a storage-
battery tube, and that it is not econom-
ical to operate more than one of these
tubes on dry cells. However, the use
of tubes, such as the UV-199 and
WD-11, which operate on an “A” bat-
tery made up of dry cells, has increased
materially in the last year or two. Al-
though made up .of several cells, the
“A” battery has two main terminals

«“B” Bartery—The “B’" battery is
made up of a number of ““flashlight” cells
connected in series and sealed together
in a convenient container, there being
fifteen of the cells in the 2214-volt size
and a correspondingly larger number in
the higher-voltage batteries. The large-
type “B” battery will prove more eco-
nomical for a permanent set, while the
smaller sizes have their points of ad-
vantage for portable sets. The detector
battery is usually a 2214-volt, tapped

which connect to the filament of the
tube; one of these is positive and the
other negative: Make sure that the
voltage at these terminals is correct for
the tubes you are using, and also that
the “A” battery is capable of furnishing
current for the number of tubes which
vou intend to use. Three WD-11 tubes
should have three dry cells connected in
parallel, for instance. One dry cell would
have the same voltage but it could not
turnish current for three tubes economi-
cally. By using three cells in parallel
- the current is divided between the three.

type which gives any voltage in steps
of 114 volts from 1614 to 2214 volts for
soft detector tubes which are critical to
plate voltage. The amplifier “B”* bat-
tery can be conveniently made up of
2214 or 45-volt blocks connected up in
series to give the required voltage. The
battery made up in this manner will
have two outside or unconnected ter-
minals, one positive and one negative,
and these will form the connections to
the set.
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“C” Bartery—With more than 6714
volts on the plate of the average tube it
is advisable to connect a “C” battery
in the grid circuit to bring the potential
of the grid to the correct negative point
with respect to the filament. Small
flashlight cells of 3 to 414 volts make
good “C” batteries and are easy to ob-
tain. To connect a “C” battery in an
amplifying circuit, break the grid lead

.2 oy
AMMETER—The ammeter is a device
for measuring the current flowing in
some particular circuit; for instance, it
could be placed in the filament circuit of
a vacuum tube to see how many am-
peres were being drawn from the storage

i

battery. An instrument for smaller
current values (the milliammeter) could
be connected in the plate circuit of the
vacuum tube to see how many thou-
sandths of an ampere were being drawn
from the “B” battery. An ammeter
never measures how many amperes
there are in the battery, but it does
measure the number of amperes that

~
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between the amplifying transformer and
the filament, and connect the ends to the
two terminals of the “C” battery, the
negative side of the latter should be
toward the transformer and grid. An-
other advantage of the “C” battery is
that it cuts down the average plate cur-
rent greatly and makes the “B” battery
last much longer. There is very little
current drain on the battery.

some other instrument is drawing from
the battery or whatever source of power
we may have. The ammeter has two
terminals and is always connected in
series in the circuit; that is, one of the
wires of the circuit is broken and the
two resultant ends are connected to the
two terminals of the ammeter.

It is not unusual to see ammeters
sketched in diagrams with shunts
across their terminals. Shunts are used
when exceptionally heavy currents are
to be measured and they are usually
depicted by an oblong which represents
a solid piece of copper.




ANTENNA—The most comimon type
of antenna (and one that gives universal
satisfaction for receiving) is the single-
wire “L” type, approximately 100 feet
long. It isinsulated at each end, prefer-
ably with a glazed porcelain antenna
insulator, and the lead-in to the receiv-
ing sct is taken off at one end. Number
14 seven-strand bare copper wire is most
suitable for antenna wire because of its

larger surface and greater strength than
the solid wire of the same gauge. For
transmitting, four parallel wires are
often used o give greater radiating area;
a wire joined to cach of these is in turn
connected to the single lead-in. As the
multiple lead-ins always are joined to
one common wire we may regard the an-
tenna as having a single connection and
thus it is shown in the diagrams.

Loop AnTENNA—The regulation out-
door antenna always gives reception
over greater distances and also louder
signals than the loop on the same re-
ceiving set. However, circumstances
may make the use of a loop necessary; in
this case the amplification will have to
be increased considerably over what
would be necessary with the outdoor
antenna. Two or three stages of radio-
frequency amplification will be required
in addition to the customary detector
and two stages of audio-frequency am-
plification. Do not attempt to use a
loop on the ordinary three-bulb regener-
ative set. For broadcast reception the
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loop antenna may consist of twelve
turns of No. 18 wire wound in a square,
two feet on a side, the turns being sep-
arated one-half inch. The loop antenna
has two connections, although one of
these may be arranged so that it can be
cut in on different turns.

Although numerous methods show-
ing loops are employed by tech-
nicians, the form taken will usually
approximate the one shown. The
number of turns may vary, some engi-
neers using but a single turn of wire, but
there will always be a representative
feature that will enable the reader to
recoghize the instrument.




Fixep ConbEnsER—The most satis-
factory type of fixed condenser for re-
ceiving sets, and one that is compara-
tively inexpensive, is the small mica
condenser of reliable make. As the
amount of energy handled is extremely
small, it is not advisable to use home-
made condensers of doubtful quality.
One of these small condensers of .00025
or .0005 mfd. capacity can often be con-
nected in series with the antenna to cut
down the wavelength if necessary. In

. i A
VariaBLE ConpENSER—The variable
air condenser has become fairly well
standardized in form; it consists of a
number of stationary plates, closely
spaced and connected together, and
approximately the same number of ro-
tary plates which are also connected to-
gether and which mesh between but do
not touch the stationary plates. The
condenser has two connections, one to
the stationary plates and one to the
rotary plates. Always connect the
rotary plates to the part of the circuit
which is nearest the ground potential to

ki
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places where some loss does not matter
and where the cost of a mica condenser
of such large size would be prohibitive,
such as the filter condensers for trans-
mitting sets, paper condensers are often
used. The fixed condenser has funda-
mentally two metal surfaces which are
separated by an insulating sheet, al-
though the metal surfaces may be made
up of a large number of sheets. There
are two connections, one to each of the
metal surfaces.

avoid “body-capacity” effects. The
condenser should be well made mechan-

deally and electrically; the bearings

should fit well and preferably be of
metal; and the stator and rotor should
be separated by a good insulating ma-
terial to avoid excessive dielectrie loss.

This method of showing a variable
condenser is practically standard. Some-
times one of the lines that is shown
parallel here is curved slightly to repre-
sent the movable plates. This, how-
ever, should not confuse the reader who
knows the general symbol.




CouxrterroisE—When a ground con-
nection is impossible or when a natural
ground gives too high a wavelength on
our transmitting set, we fall back on the
counterpoise; this is placed below the
antenna and far enough above ground
to clear obstructions. The counter-
poise may take the form of the antenna
or it may be spread out fan shape. At
any rate it should be well insulated just
the same as an antenna; otherwise, if it
should be grounded (even poorly) atsome

Buzzer—The chief uses of the buzzer
in radio are for code practice and for
testing out crystal detectors to find a
sensitive spot. The buzzer for either of
these purposes should (preferably) be
one of the special high-frequency type.
The note of an ordinary call buzzer is
much too low. For code practice a
buzzer, battery (dry cell) and a key are
simply connected in series. For testing
crystal-detector adjustment, a buzzer,
battery, and a key or push button are
connected as above. and in addition a
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point, we defeat the purpose of the
counterpoise which is to give a uniform
clectric stress over its entire area much
the same as the stress between condenser
plates. The wires of the counterpoise
should be all connected and soldered
together to form a single lead-in to the
transmitting or receiving set. The form
and size taken by any counterpoise will
depend somewhat upon the space avail-
able for it. In any case, it is always
indicated as illustrated,

wire is connected, from the binding post
nearest the buzzer interrupter, to the
ground lead of the receiving set.
Sonfetimes buzzers are shown with
one electromagnet and sometimes with
two. However, this is not technically
important for a buzzer with one elec-
tromagnet functions in exactly the same
way as a buzzer with two magnets. It
will be noticed that the wiring diagram
of the buzzer itself is shown. This may
be done because of the simplicity of the
circuit used in such instruments.




Rapro-Frequency CHokE CoiL—
The uses of the radio-frequency choke
coil are very similar to the audio-fre-
quency choke coil except that it is con-
structed to operate at much higher
frequencies and is therefore generally
made with an air core. The coil shown
in the illustration is an ordinary honey-
comb coil, which type is usually satis-
factory' for radio-frequency choke-coil

Avupio-FrEQuEncy Croke Comn—
The audio-frequency choke coil consists
of an iron core with a continuous wind-
ing, and has two connections, one to
each end of the winding. The choke
coil has a tendency to smooth out varia-
tions in current as its magnetic field
opposes all changes in the current. An
example of this use is to steady the plate
current of a transmitting tube by con-
necting one or more choke coils in series
with the rectified supply. There is al-
ways a drop in voltage across a choke
coil and this is used in choke-coil-
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purposes. The radio-frequency choke
consists of a single winding and has one
connectiont at each end. Such a coil
may be used in a low-power vacuum-
tube transmitting set as a radio-fre-
quency choke in the grid-leak circuit or
in the plate circuit to keep the high-
frequency energy from getting back
into the power supply. These coils find
many uses,

coupled amplifiers. The choke coil is
connected in the plate circuit of one
tube and the drop across it used to oper-
ate the succeeding tube in the next stage
of amplification.

Sometimes audio - frequency choke
coils are constructed so as to be variable
by taps. When they are arranged in
this mahner diagrams usually give some
indication of the variable feature. When
the coil is shown without taps it is
usually taken to mean that the in-
ductance is of fixed value. Such coils
are also used as A. C. chokes.




CrystaL DeTEcTOR—The crystal de-
tector generally takes the form of a fine
wire or “cat-whisker” pressing lightly
on some kind of mineral crystal; the
common minerals are galena, silicon,
pyrites, carborundum or one of the syn-
thetic crystals. Within 15 to 25 miles of
the large broadcasting stations the crys-
tal set will give good, clear reception on

GaLvaNoMETER—The galvanometer
is a delicate instrument for indicating a
small electric current, but is not used for
measuring current. That is, it may be
used to show when the current is mini-
mum or maximum, but not the exact
value of it. The galvanometer is useful
in bridge-measurement work where it is
necessary to compare unknown values
of resistance, inductance or capacity
with standards of the same. It can also
be used for wavemeter work in radio.
The galvanometer has two connecting
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the telephones; a loudspeaker cannot be
used with a crystal set. In selecting a
crystal detector sec that it is so con-
structed mechanically that the entire
surface of the crystal can be easily ex-
plored with the “catwhisker.” There
are two connections to the crystal de-
tector, one to the “"catwhisker” and one
to the cup which holds the mineral.

terminals and there will always be
shown two wires running to it in any
circuit diagram.

In the case of the galvanometer we
will also find that other writers prefer to
show it diagramatically in different
styles and while it will be standardized
throughout this course we cannot al-
ways expect to find it illustrated in this
fashion outside this work. However,
galvanometers are frequently identified
by the letter “G” which is usually
placed inside the circle.




A.C. GENErRATOR OR MoTOR—The
A.C. generator finds little use in radio
work except in spark transmitters but
the motor 1s often used as a source of
power for motor-generator sets when the
local electric supply is alternating cur-
rent. The A.C. generator or motor fre-
quently has three terminals in the larger
sizes as three-phase distribution of
power 1s more satisfactory than single
phase. The single phase motor is not

D.C. GexErator or Moror—The
D.C. gencrator is used in radio work to
produce the high-voltage plate supply
for the better class of transmitters. It
also finds a use in stepping the voltage
down for battery charging. The D.C.
motor is used for power in the motor-
generator set, for driving spark gaps,
ete., when the local clectric supply is
direct current. There will usually be
two connections for the generator and
also two connections for the motor unless
the latter s so powerful that it requires
some sort of starting mechanism. The
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inherently a self-starting device, and
must have some sort of starting mech-
anmism incorporated within it; on the
other hand the three-phase motor ¢
self-starting and 1s much more rugged.
The single-phase motor has two termin-
als brought out to binding posts. Al-
ternating and direct current motors are
never employed in receiving sets. It is
only in the diagrams of transmitters
that we find the symbols used.

local electric company will have its own
regulations about the sizes of motors re-
quiring starters. The motor itself will
have two external connections or
terminals.

Since every direct current motor fune-
tions as a generator if it is turned me-
chanically by a gas engine or another
electric motor there is no distinguishing
mark between direct current motors and
direct current generators in diagrams.
Sometimes when a generator is shown it
is so marked but when the motor is pic-
tured no indication is made.




Grip ConDENsSER—For the purpose
of detection we must operate the tube
at the knee of the “characteristic curve”
by the use of a ““C” battery or resort to
the grid condenser, which isolates the
grid and allows the negative charge on it
to build up through several cycles in-
stead of changing to positive at each
half cycle as it would normally do.

Grip LEak—With the grid-condenser
method of detection some means must
be provided to allow the negative charge
on the grid of the tube to leak off gradu-
ally ; otherwise the charge would build
up until the tube was paralyzed. For
this purpose a high-resistance path
called the grid leak is connected be-
tween the grid and the filament; the
value of the grid leak runs into the mil-
lions of ohms, 2 megohms (2,000,000
ohms) being a common value. While
there may be some advantage in a vari-
able grid leak, it is so difficult to find a
good one, that the tubular type is per-
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The grid-condenser method of detection
is used in most receiving sets and the
common value of the grid condenser is
.00025 mfd. One of the small mica
fixed condensers is just as good as some-
thing more expensive. However, do
not try to economize by using a paper
condenser at this point. The grid con-
denser has two leads.

haps the safest one to use. There are
two connections to the grid leak, one to
each end of the resistance unit.

While there are many different types
of variable grid leaks on the market, as
vet technicians have not decided to in-
dicate this variable feature in a dia-
gramatic way. This is probably be-
cause the grid leak once adjusted for
any particular tube does not need to be
touched again for some time. Adjust-
ments are so few and far between that
it is practical to show all grid leaks as.
being fixed in both electrical and me-
chanieal form.




GrouNp—Fortunately a good ground
18 available to most of us; the solution of
this important problem is the ordinary
water-piping system of the house. The
ground wire may be soldered to a brass
fitting, or one of the faucets, or it may
be connected directly to the pipe itself
by means of a ground clamp. The pipe
should be brightened up with a file be-
fore connecting the ground clamp. If a

Fixep InpucTaNcE—The fixed in-
ductance or coil is a continuous winding
with two connections, one at the be-
ginning and one at the end. It may
take the form of the single-layer coil,
bank-wound coil, spiderweb coil, honey-
comb coil, etc. The purpose of the
various forms of winding is to decrease
the distributed capacity of the coil; such
inherent capacity acts much the same
as a fixed condenser across the coil and
this gives the system a natural wave-
length, which is an undesirable condi-
tion since we usually wish to control the
wavelength by means of a variable con-
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ready-made ground is not at hand, a
galvanized pipe driven in moist earth
or a buried copper sheet is the best
substitute. There is a single lead to the
ground connection and the size of this
should not be smaller than No. 14
copper wire. A low -resistance wire
must be used. Ground wires should also
be heavily insutated when used outside
the house.

denser connected across the coil. The
honeycomb coil is especially useful for
receiving the long wavelengths, while
the other forms of winding are more
widely employed on the short and medi-
um wavelengths.

Some radio technicians prefer to show
inductances as they are wound upon
tubes, that is, showing the tube with
characteristic lines over it to represent
the wire. This is a laborious process in
diagram making and it does not tell the
layman any more than the simple loops
shown in this particular diagram. The
above is standard practice.




VariaBre Inpucrtance—The vari-
able inductance is merely a coil with
provisions for using a part of the whole
of it. There are two fundamental con-
nections; one usually goes to the end of
the coil and the other to a slider, clip,
or inductance switch. If an inductance
switch is used, taps are taken off the
coil five to ten turns apart and connected
to switch points. A switch arm makes
contact with any one of these points,

TreLepnoNE Jack—The  telephone
jack gives us a means of using either the
detector, or one or more stages of am-
plification at will. The ordinary jack
for all but the last stage of amplifica-
tion has four terminals; the two outside
terminals are connected in series in the
plate circuit of the preceding tube, that
is, one to the “B” battery positive and
one to the plate of the tube; the two in-
side terminals are connected to the
primary of the following amplifying
transformer. When the plug is not in-

_serted in the jack, the plate wire should
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thus cutting in more or less of the coil.
Sometimes two switches are provided at
opposite ends of the coil, one for fens of
turns and one for single turns. Then the
two fundamental connections are to the
two switch arms. The old two-slide
tuning coil was a little different, in that
it had one fixed connection at the end,
and also two sliders, one for the primary
circuit and one for varying the induct-
ance included in the secondary circuit.

make contact with the terminal marked
P on the transformer and the “B* bat-
tery wire should make contact with the
terminal B on the transformer, through
the fingers of the jack. The last jack has
two terminals and these are connected
in series in the plate circuit of the preced-
ing tube. The jack furnishes a convenient
methodfor“pluggingin” the headphones.

The reader will in his radio work find
many other types of telephone jacks
depicted in diagrams but the various
springs and contacts will always be illus-
trated in the manner given.




Key—The key is used for breaking
up the high-frequency current into dots
and dashes for radio telegraphy. In the
old-time spark transmitters the keys
were very ponderous and unwieldy due
to the fact that they had to handle
(directly) very large currents, being in-
serted in series with the primary cir-
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Loose CouprErR—The loose coupler
is an older and less convenient device
than the vario-coupler, for coupling the
primary and secondary circuits. The
primary coil is stationary and is usually
provided with a slider for varying the
inductance by single turns. The sec-
ondary coil slides in and out of the
primary to vary the coupling, and is
provided with approximately half a
dozen switch points to change its in-
ductance value. There are two pri-
mary connections, one to the slider and
one to one end of the coil. Also there
are two secondary connections, one to
the switch arm and one to one end of the
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cuit of the power transformer. How-
ever, with continuous-wave apparatus
there are places where even a small key
may be inserted so that it will control
the energy from several large vacuum
tubes. There are always two connec-
tions to the key, these being shown by
thetwo wires running to it in the diagram.

coil. The construction of the loose
coupler makes it inconvenient for panel
mounting and it has gradually fallen
into disuse.

Loose couplers take many other
physical forms but electrically they all
function the same and all types are in-
dicatzd in diagrams in the conventional
manner illustrated. It must be remem-
bered that all of the various instruments
shown in this series of pictures often-
times take different mechanical forms.
Regardless of this form the diagram
used to represent the instrument is
usually standardized in all radio publi-
cations.
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MicropuoNE—The ordinary carbon-
grain microphone consists of two metal
plates with a number of carbon grains
between them. These two plates form
the two connections to the microphone,
and they are insulated from each other,
of course, except through the path fur-
nished by the carbou grains. To one of
the plates the diaphragm of the micro-
phone is attached and the varying pres-
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TeLEPHONE PLuc—In connection

with a jack, the telephone plug may be
used to insert any given pair of tele-
phones or any loudspeaker in the set
instantly. There are two connections to
the plug, one to the tip and one to the
sleeve, and the two terminals of the tele-
phones or the loudspeaker are merely
joined to these. When a two-circuit
jack is in the normal position, without
the plug inserted, each outside spring
makes contact with the corresponding
inside spring and the circuit 1s com-
pleted through the following transform-
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sure of the diaphragm (caused by the
sound waves) is transferred to the carbon
grains. This changes the resistance of
the microphone and consequently the
amount of current which is flowing
through it, so that the amount of cur-
rent at any instant is representative of
the sound wave striking the diaphragm
at that time. The symbol shown is
-ractically standard.
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er. When the plug is inserted, contact
between the outside and inside springs
is broken, and the tip and sleeve of the
plug make contact with the outside
springs of the jack, completing the cir-
cuit through the telephones. This
places the telephones in the plate cir-
cuit of the preceding tube and discon-
nects the succeeding stages from the tele-
phones and other stages of amplification.
Sometimes telephone plugs are made
to accommodate a large number of
’phone tips. There is no special way of
representing such a plug in a diagram.




PorentioMETER—The theory of the
potentiometer is based on the fact that
the potential or voltage of a wire varies
uniformly along its length from nega-
tive to positive, and that by tapping off
at various points along the wire or
resistance we can get any desired po-
tential within the range of the battery.
The two outside terminals of the poten-
tiometer (ends of the winding) are con-
nected across the “A” battery and the
desired potential is obtained by moving

the third connection (the pointer) to
different points from negative to posi-
tive. There are two principal uses for
the potentiometer, the first being to
vary the plate potential of a soft de-
tector tube by connecting the negative
“B’” battery lead to the pointer of the
potentiometer, and the second to vary
the grid potential of radio-frequency
amplifying tubes by connecting the grid
return to the pointer. This allows a six-
volt variation in either position.
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Cuemrcar RecriFier—The chemical
rectifier cell usually consists of one lead
and one aluminum electrode immersed
in a saturated borax solution. For bat-
tery charging, two to four cells having
large electrodes may be connected in
parallel in order to carry the heavy cur-
rent. On the other hand for rectifying
the plate current for vacuum tubes, a
number of cells that have smaller elec-
trodes are connected in series, as the
voltage is high and the current is low.
The chemical rectifier is not very eco-
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nomical for battery charging as most
often used, due to the fact that the cur-
rent is most always cut down by a rheo-
stat and a large part of the energy is lost
in _the rheostat in the form of heat.
There are two connections to the recti-
fier, one to the positive aluminum
clectrode and one to the negative lead
electrode.

Chemical rectifiers of this type are
often used to charge small B batteries
but the reader will find that they require
much attention.
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Rectirier Tuse—The rectifier tube
is a two-clement tube and will always
have three terminals. Two of these are
for lighting the filament and the third
is the plate terminal of the tube. The
filament-lighting circuit is merely an
auxiliary circuit; the connections of the
rectifving circuit proper are to one of
the filament terminals and the plate
terminal of the rectifier tube. The
source of current to be rectified is con-
nected in series with the rectifier tube;

Trxep Resistance—The fixed re-
sistance can be used to couple amplifier
circuits together, being placed in the
plate circuit of one tube and the voltage
drop across it used to operate the suec-
cceding tube. Resistance coupling is
not economical because a large quantity
of the plate-circuit energy is lost in the
resistance in the form of heat. On the
other hand it has the advantage of am-
plifying nearly all frequencies used in
radio uniformly, and thus does not cause
distorted signals. The fixed resistance
has two terminals, one at each end of
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since the current can only pass from the
plate to the hot filament, the filament
is always the positive pole and the plate
the negative pole of the rectifier. Rec-
tifiers range from the Tungar type (a
low-voltage, high-current tube for bat-
tery charging) to the high-voltage rec-
tifiers handling several thousand volts
for the plate supply of large vacuum
tubes that are used in transoceanic high-
power telegraph transmitters. They will
rectify high voltages.

the resistance element. The element
may take the form of a continuous wind-
ing of wire or may be made up of some
high-resistance material such as carbon
or graphite. It should generally be non-
inductive; in some circuits this is impera-
tive but in others it doesn’t matter.

By non-inductive resistance we mean
resistance in which the wire is wound
back on itself so that the magnetism pro-
duced will be working in opposition.
This is really the principle used in the
variometer. Non-inductive resistances
are used in alternating current.




RuEOSTAT—AS the voltage of a bat-
tery gradually decreases with use, all
tubes are designed to cperate at a volt-
age somewhat less than that of the
battery they are to be used with. The
rheostat should, therefore, have suf-
ficient resistance to cut the battery
voltage down to the proper tube rating.
Also the current-carrying capacity of

_the rheostat should be large enough to

prevent undue heating; for instance, an

Spark CorL—The spark coil is an
instrument used to obtain a voltage high
enough to jump a specified air gap, the
discharge across the gap being used to
send out waves at a radio frequency.
The primary consists of a small number
of turns and the secondary of many
turns of fine wire, both being wound
about a laminated iron core. A method
of interrupting the primary circuit at
regular intervals is provided. and this
interruption gives us an alternating
secondary current of very high voltage.
This current is used to charge a con-
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ordinary commercial 50-ohm rheostat
would burn out immediately if used
with a tube drawing one ampere or more.
However, do not worry if the rheostat
heats up to a certain extent, as that is
the way the energy lost in it is dissi-
pated. The rheostat has two connec-
tions, one to the pointer and one to one
end of the winding. Use a rheostat
with your tubes of the resistance speci-
fied by the manufacturer.

denser until the voltage is sufficient to
break down the air of the spark gap and
discharge across the gap. Generally
there are four connections to the spark
coil, two to the primary and two to the
sccondary. The interrupter is usually
made integral with the coil and placed
in the primary circuit. However, the
interrupter may be separate if connected
properly in the circuit.

The spark coil is practically obsolete
since it has always been a very in-
efficient producer of electric oscilla-
tions.




r—Ilor each
stage of push-pull amplification we must
have a special audio-frequency, input

PusE-PULL TRANSFORME

transformer with a tap at the center
point of the secondary winding, and also
a special audio-frequency output trans-
former with a tap at the center point of
the primary winding. Therefore the
push-pull transtormers are usually sold
in pairs. Push-pull amplification varies

the plate current of both tubes up and
ot
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TransrorMERs— The transformer has
two separate coils, both wound about
the same closed iron core. The primary
is the side connected to the source of
power and has two terminals. The sec-
ondary is the side from which power is
to be drawn at some voltage either
higher or lower than that impressed on
the primary. It has two terminals or
may be tapped at several points to ob-
tain a selection of voltages. Therefore,
it can be seen that the transformer is
fundamentally a device for changing
the voltage of the supply. When the
voltage is cut down by utilizing the drop
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down from the normal, thus giving an
increase in signal strength. In a sta-
tionary condition, that is without any
signal being impressed on the tube, the
direct current in one half of the output
transformer opposes that in the other
half and there is no flux in the core.
With this condition we can use much
higher voltages and get louder signals
without distortion. This system is giv-
ing way to resistance amplification.
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across a resistance much energy is lost

in heat; on the contrary the efficiency of
the transformer runs as high as 98 per-
cent in the larger sizes. The transformer
cannot be used on direct current.

Transformers are used for many dif-
ferent purposes. Some step up the
voltage and some step it down. Some
increase the current while others dimin-
ish it. In any event transformers are
always depicted substantially as shown.
The primary can usually be recognized
by heavy lines when the current is
stepped up and the reverse when cur-
rent is stepped down.




Avupro-FrREQuENCY TRANSFORMER—
The audio-frequency transformer is
merely a step-up transformer designed
for voice-frequency currents. The pri-
mary is inserted in the plate circuit of
one tube and the secondary in the grid
circuit of the succeeding tube. Due to
the step-up ratio, any change in the
primary current and voltage produces a
much larger swing in the grid voltage of
the succeeding tube, and this causes a
correspondingly greater change in the
plate current of the same tube. The

Spark Gap—For any form of spark
transmitter, some kind of spark gap
must be provided. This is the point
where the energy we put in the trans-
mitter is changed from an audio fre-
quency to radio frequency. The gap
may be a plain two-electrode gap, a
quenched gap, or a rotary gap. The
various forms of spark gapsare used to
give a better tone or note to the traams-
mitter. For example, the rotary gap
may be supplied with sufficient elec-
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simple audio-frequency transformer has
four terminals, two for the primary and
two for the secondary. The general
practice is to make the primary ter-
minals P and B for the plate and “B”
battery connections and the secondary
terminals G and F for the grid and
filament connections. A transformer
should have such characteristics that it
will amplify tones of all frequencies,
within the audible range of the ear, with
equal intensity. Transformers that do
otherwise produce distortion.

trodes to produce 500 sparks a second,
thus giving a note which is more pleasing
and easier to read than the lower fre-
quencies of the plain gap. The spark
gap will always have two fundamental
connections even if there are a large
number of electrodes.

The reader will not find many spark
gaps In radio diagrams at present be-
cause of the gradual passing of the spark
method of producing electrical oscilla-
tions,




Switrcies—The  most  common
switches used in radio are the following:
a single-pole, single-throw (SPST) with
two connections, single-pole, double-
throw (SPDT) with three connections,
double-pole, single-throw (DPST) with
four connections and double-pole, dou-
ble-throw (DPDT) with six connections.
These switches are made up in standard
from and also in a special anti-capacity
type with the area of the switch patts re-

TeLEPHONES—A good pair of tele-
phones is essential for reception; prob-
ably the best way of selecting them is to
buy from a reliable manufacturer.
There are two common types; in one the
magnets act directly on the iron
diaphragm and in the other they act
on an iron armature which is mechanic-
ally connected to a mica or composition
diaphragm. Either .of these types is
satisfactory if well made. The two tele-
phone receivers are always connected in
series, that is, one terminal of one ’phone
is connected to one terminal of the other
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duced to a minimum. Of course there
are also three and four-pole switches but
their use is less common. Whatever the
number of connections, it is merely
necessary to count them on the diagram
and make sure that the switch itself has
the same number of connections and the
same number of switch arms. Such
switches may be used for antenna
switches, battery chargers, and many
other functions.
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phone and the remaining two terminals
are brought out for connections to the
receiving set. For any good receiver,
the telephone headpieces act as the
mouthpiece and if they are of good de-
sign and quality the results will be good.
If the telephones are inferior, however,
reliable results cannot be expected. A
good receiver deserves a good headset.

Fortunately the telephone is uni-
versally illustrated as we have it shown
in the diagram. The telephone is the
one instrument that has a practically
uniform appearance.




Rap10-FrEQUENCY TRANSFORMER—
The radio-frequency transformer oper-
ates on the same principle as the audio-
frequency transformer, except that it is
designed for high-frequency currents.
It is often made with an air core, or at
least with an open iron core. The radio-
frequency transformer has four ter-
minals, two for the primary and two for
the secondary. The common practice is
to mark the primary terminals P and B
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MoburaTioN TraNsFORMER—In or-
der to couple together the microphone
circuit and the grid circuit of a vacuum
tube, a transformer must be used. Ex-
amples of this use are the grid-modula-
tion, and Heising-modulation circuits.
The modulation transformer is similar in
appearance to the amplifying transform-
er, but usually has a higher step-up
ratio. It has four terminals, two for
the primary and two for the secondary.
The primary winding of the modulation
transformer is simply ,connected in
series with the microphone and a suit-
able battery. The secondary winding is

i
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for the plate and “B”-battery connec-
tions, and the secondary terminals G
and F for the grid and filament connec-
tions. Some transformers have a metal
link for short-circuiting part of the
winding, thus giving a wider wave-
length range. Two or three steps of
radio-frequency amplification are prac-
tically a necessity for loop operation.
This type of transformer is not as
cfficient as the tuned type.
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connected to the grid circuit of the
oscillator tube in the case of grid modu-
lation or to the grid circuit of the mod-
ulator tube in the case of Heising
modulation. The transformers shoul(
be built to withstand rather higl
voltages.

Hcre we have practical proof of the
simple way in which all transformers ars
shown diagramatically. The primary
will always be connected with a source
of current because it is this side of the
transformer that receives the electrical
impulses that are to be transformed t¢.
a higher or lower voltage.




Vacoum TuBe—The three-element
vacuum tube las four terminals; two of
these are the ends of the filament, the
third is the grid, and the fourth is the
plate. Since there are no designations
for these terminals on the tube itself, it
is imperative to purchase a suitable
vacuum-tube socket and follow out the
circuit from the lctters on the same.
The two filament terminals will be
marked F, the grid G, and the plate P.
These same letters have been placed on
the diagrammatic vacuum-tube symbol

VarioMETER—The variometer pro-
vides a continuously variable induct-
ance (within the range of the instru-
ment); it consists of two coils connected
in series and mounted so that one ro-

tates within the other. When the cur-
rent traverses the two coils in the same
direction and when the axes of the two
coils are parallel, the inductance of the
variometer is maximum; when the cur-
rent traverses the two coils in opposite
directions and when the axes of the two
coils are again parallel, the inductance of
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shown, but will ordinarily be left off, as
it is a simple matter to learn which ele-
ment is which. The action of the
vacuum tube cannot be treated lere
except to state that under normal oper-
ating conditions the telephone current
flows from the plate to the filament, and
that small changes in grid voltage will
make comparatively large changes in
the plate or telephone current. This
process amplifies the currents passing
through the telephones and produces
louder signals.

‘ . |
the variometer is minimum and should
theoretically approach zero. There are
two connections to the variometer, one
to the end of each coil; the opposite ends
of the two coils are connected together.

Here is another instrument that has
not been standardized in diagrams
unfortunate as it is. However, the
variometer can be recognized by tracing
the connection between the two coils
used. It will be recalled that the vario-
coupler has two distinet windings not
directly connected.




VarrocoupLER—The variocoupler is
one of the most widely used instruments
for coupling and tuning the primary and
secondary circuits; it consists of a sta-
tionary primary coil, and a secondary
coil rotating within the primary coil, so
that the coupling between them may be
varied. . The primary of the vario-
coupler is provided with taps for chang-
ing the wavelength; there are two pri-
mary terminals, one to the wavelength

VorrMeTER—The voltmeter is an in-
strument for measuring the potential
difference (voltage) between two points
in a circuit, that is, how much higher
the voltage is at one point than at the
other. For instance, it might be con-
nected across the “A” battery to
measure the difference in voltage be-
tween the positive and negative ter-
minals. A voltage measurement is the
only satisfactory method of testing “B”
batteries or of locating a bad unit
among them. After the voltage of the
2214-volt unit has fallen below 16 it

switch and one to the end of the coil.
The secondary of the variocoupler has a
fixed number of turns and is always
tuned by means of a variable condenser
connected across the coil or by a vari-
ometer in series with it; there are two
secondary terminals, one to each end of
the coil. These secondary terminals are
brought out through the bearings or
through “pigtail” connections made to
the coils of the instrument.

i

should be discarded. The same propor-
tional drop can be applied to the larger
units. The simple voltmeter will have
two terminals for connecting to the two
points where the voltage difference is to
be measured. For “B’’ battery measure-
ments the voltmeter should be of high
resistance.

The voltmeter is really shown like
the ammeter save for the fact that there
is a “V” written across its face or be-
neath it in the diagram. Practically all
types of meters are shown in this
fashion.




From a reading of the foregoing the
reader will notice that such instruments
as the variable condenser, the variom-
eter, the fixed condenser, the grid leak,
the rheostat, tuning coil, choke coil, bat-
tery and others have only two terminals.

The potentiometer has three terminals.

Most types of transformers have four
terminals—two for the primary winding
and two for the secondary winding.
Push and pull transformers, it will be
noticed, have five connections.

Tube sockets have four connections,
one marked G for the grid, one marked
P for the plate, and the other two
marked F for the filament connections.

Variocouplers have a number of taps
(inductance terminals) for the primary
and two connections for the secondary.

Some of the other more complicated
accessories have a large number of ter-
minals; among these are motor genera-
tors, tapped coils and power transform-
ers. 2

Consider the specific case ofs varia-
ble condenser; if you see the symbol for

this instrument in a circuit diagram you
will always find two lines (wires)running
to it, one from each side. If you were
to connect this mstrument in that par-
ticular circuit you would only have to
connect these two wires to the two
terminals that you would find on the
condenser. This same line of reasoning
holds true for instruments with three
terminals, four, or more terminals.

In a variocoupler the primary coil is
always the larger outside coil and the
secondary is the smaller inside coil.

In a transformer (radio-frequency or
audio-frequency) the primary terminals
are marked P for the plate, and B for
the wire going to the “B” batteries. The
secondary terminals are marked G, for
the grid wire and F for the wire leading
to the filament.

The symbol for the vacuum tube, it
will be noticed, contains four lead wires.
The upper left-hand wire is the grid lead
and when connecting up a vacuum-tube
circuit this wire should always be con-
nected to the terminal marked G on the
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tube socket. The upper right-hand wire
is the plate lead and this should always
be connected to the terminal marked P
of the tube socket. The other two wire
leads (in the diagram) are the filament
connections and should be connected
respectively to the terminals marked F
on the tube socket.

Now let us study the diagram at
the bottom of page 95.

This is a standard diagram for a
straight audion circuit. We will first
pick out the instruments that are used
in this circuit. By referring to the
upper left-hand portion of the diagram
we will find the triangular-shaped sym-
bol for the antenna. Directly below it
we find the symbol for the variocoupler.
And below this we find the symbol for
the ground. Then connected to the sec-
ondary of the variocoupler we find the
symbol for a variable condenser. And
in the center of the diagram we find the
symbol for a vacuum tube. Directly
below this we find the symbol for a
rheostat and an “A” battery. Con-
nected between the grid of the tube and
the variable condenser we find the
symbols for a fixed condenser and a grid
leak. To the right of the diagram at
the top we find the symbol for the tele-
phones and below this the symbol for a
“B” battery. From this diagram,
therefore, we learn that we need the
following list of parts in order to make
the set:

1—variocoupler;

1—variable condenser;

1—grid condenser;

1—grid leak;

1—vacuum tube;

1—vacuum-tube socket;

1—rheostat;

1—“A” battery (for lighting the filament);

1—pair of telephones;

1—"“B” battery (for supplying the plate

current).

The next thing to do would be to
obtain these parts of suitable sizes to

incorporate in the set. The sizes for
the various instruments are almost al.
ways given in the text of the article of
which the diagram is a part. These
sizes include the proper capacities for
the variable condensers and fixed con-
densers, the proper resistances for the
grid leaks and rheostats, the proper typc
of tube to use for detector or amplifier
and the proper voltages to use for the
“A” batteries and “B”’ batteries.

To start wiring up a set like the one
shown in the diagram the beginner
should obtain the proper connecting
wire, a soldering iron, some solder.
soldering flux and a heavy red pencil.

A good layout for this particular sc*
would be to mount the variocoupler at
the left-hand end of the panel; place
the variable condenser beside it, with
the socket mounted alongside the vari-
able condenser, at the right-hand end of
the panel. The rheostat should be
mounted on the panel directly in front
of the vacuum-tube socket. The
vacuum-tube socket should be mounted
on the base with the plate and grid
terminals turned toward the back of the
set.

Now we should include on the left-
hand end of the panel, two binding
posts, one for the antenna and one for
the ground. At the right-hand end of
the panel should be mounted six binding
posts, the top two being for the tele-
phone, the second pair for the “B”’ bat-
tery, and the bottom two for the “A”
battery.

After the instruments have been
mounted on a panel in a manner which
will keep the connecting wires as short
as possible, we should commence the
actual wiring.

From the diagram we see that there
is a wire running from the antenna to
the switch arm of the variocoupler. Cut
a piece of wire Jong enough for this pur.
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pose and solder one end of it to the back
of the antenna binding post of the set.
Then run the wire as direct and neatly
as possible to the shaft of the switch
arm on the panel.

When this is completed take the red
pencil and cover the line you have just
completed (on the diagram) with a red
line.

In looking at the diagram hereafter
you will know that you have already
completed this connection; it will be evi-
dent at a glance.

Now you will notice from the diagram
that there is a wire running from the
ground to the bottom end of the vario-
coupler. Connect this to the back of
the ground binding post and also to the
variocoupler end. Then trace over this
line on the diagram with the red pencil.

There are five taps to be connected
10 the switch points on the panel, from
the primary winding of the variocoupler.
Make these connections one by one and
each time you complete one trace it over
on the diagram with the red pencil. The
orimary circuit is then complete.

The top end of the secondary is then
run direct to one terminal of the varia-
ble condenser. Make this connection
and use the red pencil. It will be noticed
that there is a joint from this wire
leading over from the wire you have
just connected which runs to one side
of the grid leak and one side of the grid
condenser. ‘Make this connection and
trace over with the red pencil. Now con-
nect a wire from the terminal marked
G on the tube socket and run it to the
opposite sides of the grid condenser and
grid leak to the connection you have
just completed. Cover this with a red
pencil line.

To get back to the variocoupler, we

notice that there is a wire running from
its bottom end over to the negative “A”
battery. Make this connection on your
set and again cover on the diagram with
the red pencil.

There are two branches from this
wire, one to the remaining terminal of
the variable condenser, and one to one
of the terminals marked F on the tube
socket. Make these connections sep-
arately, after which wuse the red pencil.

Now there is a connection running
from the positive “A’” battery over to
the negative ““B” battery and this re-
quircs a wire connecting your A binding
post and your B negative on your set.
This wire also has a branch running to
the pointer on the rheostat. Connect
these and mark off on the diagram.

The other terminal of the rheostat
is connected to the remaining terminal
marked F on the tube socket. Do this
and mark off on the diagram with the
pencil. - There are now two conncctions
left to complete the wiring. One is a
wire from the “B” battery positive to
the telephones and this requires the con-
nection of the binding post marked B
and the nearest telephone binding post.
The other wire should be connected be-
tween the remaining telephone binding
post and the terminal marked P on the
tube socket. AMark off the two last con-
nections with the red pencil.

Now look at the diagram again. Are
there any connections left uncovered by
the red pencil? If not, the set is cor-
rectly connected and you have succeeded
inreading an electric diagram!

Try this out and you will find that
even the most complicated circuits are
subservient to your wishes and you will
never have any trouble nor make any
mistakes. There is nothing to it!

END OF SECTION III
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SECTION 1V

The Mechanics of Radio

ANY of us who have walked past

M the radio cabin on a steamer
have heard the crashing, spark-

ing sounds that issue from the radio
transmitter. Some of us have seen the
sets in operation and most of us have
perhaps turned away with the thought:
“Well, radio certainly is a wonderful
thing, and it must have taken some brain
toworkout theidea, butit’sbeyond me.”

This, however, is not so. Anybody
can understand the mechanics of radio
if given the right instruction.

We must first become slightly fa-
miliar with two electrical instruments
—the inductance or coil, and the con-
denser. We must learn that these two
pieces of apparatus are storehouses of
energy. The coil we find has the abil-
ity to store up electromagnetic energy.

S6
—)
+
c IF L
A

HOW CONDENSERS ARE CONNECTED
Figure A: This shows part of a radio transmitter
circuit of the spark type. It contains a coil, a soark
gap and a condenser.
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This means that the coil produces an
electromagnetic field about itself that
is similar to the field set up around a
steel permanent magnet. The con-
denser on the other hand, by having all
the electrons drawn off one plate and
crowded on the other plate, becomes
“‘charged.” This causes one plate to be
positive, and the other to be negative.
The plate which contains all the elec-
trons is the plate that is charged
negatively. These two charges cause
the “dielectric” or insulation between
the two metal plates to be placed in a
stressed or strained condition; in other
words, an eleetrostatic field is set up
in the insulation.

We will now connect up these two
instruments with a spark gap and show
how they, in combination, will cause

A DISCHARGING CONDENSER
Figure B: The coil becomes energized, the condenser
charges and discharges across the spark gap, producing
a loud crackling noise.




wave trains of high-frequency currents
to be generated and how they also can be
varied in size so that the frequency of
the oscillations can be controlled at will,
thus controlling the wavelength emitted
from the transmitting set of which they
form a part.

If we connect a wire to one plate of a
condenser, which is made for high volt-
ages, and which is diagrammatically
shown at C in Figure A, and also con-

nect the other end of this wire to one

electrode of a spark gap SG, and connect
the other plate of the condenser C to
another wire which is attached to one
end of a coil L, and further connect the
other end of the coil to another wire
which is in turn connected to the remain-
ing electrode of the spark gap SG, we
have connected up a regular oscillating
circuit such as used by spark radio tele-
graph stations for generating the oscilla-
tions necessary for the production of the
Hertzian or radio waves.

Now we will continue and make the
circuit oscillate for our inspection in a
very slow manner so that we may com-
prehend the workings clearly. Of course
this will be unnatural, but it will serve
to show us the functioning of the circuit
-n much the same way as motion pictures
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THE CHARGE REVERSED

Figure C: This diagram is the same as Fig. A save
hat the charge on the condenser plates are reversed.
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are slowed down so that the observer
may see each individual action.

We will first place a charge on the
condenser C; a positive charge on the
upper plate and a negative charge on the
lower plate, Figure A. As we may have
already learned, a condenser when
charged, contains a store of energy
which is in the form of electrostatic elec-
tricity, or stationary electricity.

When a condenser is charged in this
manner it tries to discharge and thus
neutralize the charges on the plates.
This discharge cannot take place unless
the condenser has some external, elec-
trically conducting path through which
the electric current may run. This con-
ducting path may be a wire attached
from the positive plate to the negative
plate. Inspection of Figure A shows
that we have these conditions fulfilled
except for one point—the air gap be-
tween the electrodes of the spark gap.
Therefore, if we wish the electric charges
on the condenser to discharge through
the circuit we must place a high enough
voltage on the plates so that the re-
sistance of the air between the electrodes
will be overcome and a spark aliowed to
jump across the gap. Then we have a
complete conducting circuit from the

ANOTHER DISCHARGING CONDENSER

Figure D: This diagram is also the same as Fig. B
save that the condenser has the charges upon its plates
reversed.




uppet plate to the lower plate of the con-
denser and a current of electricity is
caused to flow around through the ecir-
cuit as indicated by the arrows and the
spark shown jumping the gap in Figure
B. This current is instantaneous and is
shown as a positive impulse making up
one half a cycle in Figure E.

We have learned that when a current
is allowed to flow through a coil, a mag-
netic field is set up around the colil,
which causes it to become an electro-
magnet with one end of a north polarity
and the other end south, as shown at
L in Figure B.

When the current has flowed through
the circuit, the charges that were on the
condenser C have become neutralized
and therefore the current ceases. When
this happens the magnetic field that has
been set up around the coil L collapses;
that is, the magnetic rings fall back on
the surfaces of the wires and a peculiar
effect is noticed; a voltage is induced in
the coil which is positive in the direction
that the current was running.

This means that the condenser C re-
ceives a reverse charge immediately

-+

after the current from the initial charge
has ceased to flow.

This second charge places a positive
potential on the bottom plate of the con-
denser and a negative charge on the top
plate (see Figure C). This charge is not
as strong as the first charge, however,
because there is some energy lost due to
the fact that the current must overcome
the resistance of the wire and that of the
air through which the spark must be
forced.

When this second charge on the con-
denser reaches a high enough value to
again break down the spark gap, a spark
occurs across the gap and a second cur-
rent flows through the circuit, in the op-
posite direction to the first current (see
Figure D). This current forms a nega-
tive impulse which is shown in the dia-
gram, Figure E, as the second impulse of
the first eycle. Again the coil sets up a
magnetic field around itself, only this
time the top of the coil is of a south
polarity and the bottom of the coil is
north.

When this field collapses at the cessa-
tion of the second current the coil in-
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DRAWING OF AN OSCILLATING DAMPED CURRENT

Figure E: How the current produced by the discharge of a condenser gradually falls to zero value.
The time required for this action to take place is a very small fraction of a second.

100




duces the third charge on the condenser
which is in the same direction as the
original charge. .

The same cycle of events then takes
place and the current oscillates back and
forth through the circuit one way and
then the other, but the successive oscil-
lations become weaker and weaker until
they die out (see Figure E).

Remember, however, that in our
study of these oscillations we have con-
sidered them as slow oscillations; in
reality they take place in the twinkling
of an eye—much faster in fact. One of
these series of current wave trains, as
they are called, would look to the human
eye, like one single crackling spark
across lhe gap. The modern radio
transmitter uses frequencies up to
2,500,000 cycles a second, which means
5,000,000 reversing impulses a second,
jumping the gap. Little wonder that
they look like one single spark!

We now have a general idea of how this
simple little circuit, composed of these
simple instruments, can perform this
miracle of electrical speed and motion
without any mechanical moving parts.
Now we shall see how we can control
the frequeney of these generated im-
pulses, by varying either the size of the
coil or the size of the condenser.

We may liken the condenser to a
pitcher of water. We know that it we
have a small pitcher, a certain sized
stream of water will require a certain
length of time to fill the pitcher. If we
use a larger size of pitcher, and hold it
under the same stream of water, it will
take a greater length of time to fill it.
It will also take a longer time to empty
the larger pitcher than it will take to
empty the small one.

We can also liken the coil to a coiled
tube that we can pour the pitcher of
waterinto. A certain length of time will
be needed for the water to wind around

through the convolutions of the coiled
tube and finally find its way out of the
bottom. If we make the tube twice as
long, it will take ‘twice as long for the
water to run through.

Now apply this idea to the electrical
cireuit. If we use a larger condenser C,
it will take longer for it to charge and
discharge, making the currents that os-
cillate through the cireuit to last longer.
If they last longer, there cannot be as
many each second. Therefore if we in-
crease the capacity of the condenser we
get fewer impulses a second, thus de-
creasing the frequency of the oscillations
and increasing the wavelength that is
emitted from the antenna to which this
circuit is coupled.

Or we may get the same result by in-
creasing the number of turns of wire
in the coil, and the current will take
longer to run through it, so to speak;
again we have less impulses a second or
a higher wavelength. Increasing either
the capacity of the condenser or the in-
ductance of the coil, increases the wave-
length. This latter method is generally
used for transmitting stations, as it does
not vary the power of the set to such
a great extent while changing the wave-
length, as varying the size of the con-
denser varies the power greatly that the
circuit uses. A given size of condenser
will hold a given charge, and if it is
varied in size the charge varies in size
also.

The coils are generally made with a
large number of turns of heavy wire on
them and a sliding contact slides over
the surface of the wire and picks out the
desired number of turns to be left in the
cireuit to obtain a frequency that corre-
sponds to the desired wavelength.

In this way radio transmitting sta-
tions are tuned to the wavelength that
they are required to send out on by gov-
ernmental regulation.
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So we find that the whole scheme is,
after all, simple. The only feature that
made it seem mysterious was the fact
that we had no way of telling just what
took place when the sparks “jumped the
gap,” until we analyzed the whole proc-
ess.

In a future part we will show how
these impulses are transferred to the
transmitting antenna; then we will see
that the coil plays a double role in the
radio’ circuit.

A radio wave is a vibration of the
ether, that supposed substance that
fills space. ’

There are many different kinds of
vibrations that travel through the
ether; that is to say, certain vibrations
produce entirely different results than
other vibrations.

Suppose we consider (Fig. F), for ex-
ample, a flexible reed, fastened to a sta-
tionary base, as shown in the illustra-
tion. If we cause the reed to vibrate_ it
will first take the position ““A,” and then
swing back and past its original position
to a third position “B,” and then back
to its original position again. Then the
same series of movements will be gone
through again. This complete set of
movements is called a cycle. A cycle
then. is composed of two impulses, one
in one direction and another in a reverse
direction.

Now if we cause the reed to vibrate at
a speed of 16 cycles a second, the reed
will cause a sound wave to be propa-
gated in the immediate space surround-
ing it. This wave will make itself mani-
fest to our senses in the form of a low
humming sound. Close by the reed the
sound will be fairly loud, but at a dis-
tance of fifty feet it may be inaudi-
ble.

If we increase the frequency (or speed
of vibration), to 500 cycles a second, the

low hum will increase in pitch until it
will be a shrill whistle, like the high
notes of an organ.

If we continuously increase the fre-
quency of the oscillations, when we have
the reed oscillating at a frequency of
25,000 cycles a second, the sound will
have gotten so high that the human ear
cannot hear it. In other words, the
waves that are generated around the
reed have gone out of the range of fre-
quency that we call sound waves.

As the frequency is increased it will be
soon noticed that the reed begins to get
warm, until, finally, by placing the hand
near it we “feel” the heat wave. This
heat wave is of exactly the same nature
as the sound wave except that it has a
different frequency and produces differ-
ent results. In one case we hear the
sound, with a sound recording organ
called the ear, and in the other case we
feel the presence of heat by our sense of
touch.

As the frequency of the little reed is
increased beyond this point, the heat
developed finally increases until the
reed begins to glow a dull red color. In-
stantly the wave has become a light
wave and it is visible to our eyes, but
the heat is still felt. This shows that
the ranges of heat and light overlap in
the frequency scale.

Any further increase of frequency
would mean destruction to the reed
through overheating, but if we could
imagine its frequency as increasing with-
out burning up, the waves sent out
would pass through the ranges of color
and the X-ray.

To sum up the foregoing, different
ranges of frequency, say 16 to 25,000
cycles, produce waves that we call
sound, and another range produces
heat, light and color. Another range
produces X-rays, and a similar range
produces waves which we call Hertzian
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waves, named after Hertz, the man who
discovered their existence. '

And these Hertzian waves are our
radio waves. The frequency of the elec-
tricity that is used to generate them lies

ment would be much less violent because
the waves would be weaker after travel-
ling this distance.

Or take another illustration: We know
that a fire built in the woods is hot on all
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Figure F: A vibrating reed produces the most simple form of sound wave.

within the ranges of 10,000 to 3,000,000
cycles a second.

We now know what a sound wave is.
Did we ever notice that the seats in a
theatre are invariably arranged in cir-
cles? This is done to take advantage of
the fact that all waves, such as sound
waves, light, heat, and radio waves
travel from a point outward in ever
increasing circles.

You will get some idea of how sound
waves travel by observing what happens
when a stone is thrown into a pool of
still water. A circular wave is at once
formed around the spot where the stone
hits the water. This circular ripple be-
gins to travel outwards with its diameter
ever getting larger until it dies out.

If we place a cork on the surface of the
water near the spot where the stone had
struck, it will bob up and down violently
as the wave passes by. If the cork were
to be placed on the water at a distance
from the same spot, the vertical move-

sides and will warm people standing on
one side of it just as much as it will warm
those on the other side. If we move
closer to the fire the heat increases be-
cause the heat waves are stronger there;
if we move away, the heat decreases.
This also is because the waves weaken
as they travel.

The same general conditions hold true
for radio waves. The transmitting sta-
tion may be likened to the stone thrown
into the water, and the receiving station
may be likened to the corks on the sur-
face of the water.

How radio waves are sent out is illus-
trated in Fig. G, which shows how they
leave the antenna.

The antenna is shown, for simplicity,
as a single wire vertical antenna with a
spark gap as a generator of oscillations
in series with the ground. For every
given frequency of current jumping the
gap, a wave of a certain definite length
is radiated from the antenna. The
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Figure G: Radio waves spread out from a transmittin,

g antenna in much the same way as sound waves spread

out from a vibrating reed. The dotted lines indicate the circular radio waves.

length of the wave is the distance be-
tween the start and finish of one com-
plete wave, measured along the ground.
All radio waves travel with the terrific
speed of light, 800,000,000 metres a
second. When we know this, the wave-
length of a wave radiated from an
antenna can easily be calculated if we
also know the frequency of the oscilla-
tions in the antenna circuit.

A table of wavelengths used for radio
communication is given below as a mat-
ter of interest, showing the frequency of
the currents which cause them to be
emitted from an antenna :

Wave  Frequency Type of station
lengthin  in cycles which uses each
meters  a second wavelength

200 1,500,000 Amateur stations

300 1,000,000 Ship stations

360 834,000 Radio telephone
broadcastingstations

Ship stations

Commercial ship and
shore stations

450 667,000
600 500,000

1,000 800,000 U.S. Navy
1,400 214,300 Commercial traffic
2,600 115,400 Time signals
5,000 60,000 High powered com-
mercial stations
10,000 30,000 High powered com-
mercial stations
15,000 20,000 High powered com-

mercial stations

20,000 15,000 High powered com-
mercial stations
30,000 10,000 High powered com-

mercial stations

Now let us consider how radio waves
are received.

It will be noticed from the above table
that as the frequency of the current in
the antenna decreases, the length of the
emitted wave increases.

We receive a radio wave when we
erect an antenna with its insulated wires
high in the air, and these wires get in the
way of the advancing circular waves.
When a series of waves strike the an-
tenna they do not cause it to bob up and
down like a cork, but they do produce a
tangible result nevertheless. This re-
sult takes the shape of a feeble current
induced in the receiving antenna which
is an exact replica of the current in the
transmitting antenna, but reproduced
on a much smaller scale. It has the
same frequency and is like it in every
respect except in strength.

Thus we can readily see that it is not
the electric current itself that travels
through the ether, but that the electric
current does start a disturbance in the
ether in the form of a Hertzian wave
which travels outwards in all directions
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in circles. And when these waves strike
another antenna which is tuned to that
particular wavelength, they will induce
in that antenna a current similar to the
transmitting current, only of decreased
intensity.

What is a kilocycle? Why are radio
waves now being measured in this new
unit instead of the familiar wavelengths?
What is frequency?

Of these questions let us take first
what frequency is and what is its rela-
tion to wavelength.

Any wave whatsoever, a radio wave
in the ether, a sound wave in the air,
a water ripple on the surface of a pond,
consists of a succession of pulses mov-
ing along one after another. Most
waves have a succession of regular
crests and troughs like ocean waves or
like the electric wave, a picture of which
is shown in Fig. H.

The part of the wave betweéen one
crest and the next following crest is
called one complete wave. Its length

—

> (€ ONE COMPLETE WAVE,
THE SAME AS ONE "WAVE LENCTH"
OR ONE “CYCLE!

DISTANCE TRAVELLED BY WAVE
" ONE SECOND

THE NUMBER OF COMPLETE WAVES /N
THIS DISTANCE /5 THE FREQUENCY.
IN THIS WAVE T IS 30 CYCLES(THAT
18, WAVES) PER SECOND.

—that is the distance between succes-
sive wave crests—is one wavelength.
This is the familiar radio unit.

The frequency is merely the number
of such complete waves that pass in one
second, or what is the same thing, the
number of wavelengths in the distance
the wave moves in one second.

Consider the arrival of a moving
wave at some fixed point; for example,
the arrival of a sound wave at your ear.

The wave appears to your ear as a
succession of regularly timed pulses,
of the speed of radio waves. The speed
of sound in water is about 1,500 meters
a second. The fastest known speed for
sound is in steel; it is about 5,300 meters
a second.

Not only radio waves but all kinds of
ether waves are designated most con-
veniently by their frequencies. The
table on page 106 gives in form con-
venient for reference all the ether waves
now known with their frequencies and
the corresponding wavelengths in vacu-

—

WAVE LENGTH VS. FREQUENCY

Figure H: This diagram shows clearly the relation between wave length and frequency for the specific wave
pictured at the bottom—in this instance the wave produced by the note of a flute.
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TABLE OF ALL THE ETHER WAVES NOW KNOW/Y

FREQUENCY ————— WAVE LENGTH—

02 KILOCYCLE ——— /5000000 METERS

(20 vIBRATIONS PER SECOND)
AUDIO THE RUDIO FREQUENCY AND
THE RADIO FREQUENCY OVER-
FREQUENCY (- 10.6 OCTRVES LAP AS SHOWN IN ANOTHER
VIBRAT/IONS DIRGRAM HEREWITH.

30 KILOCYCLES ——— 10,000 METERS —

USUAL
ﬁ Z e 2% 0 TS HERE BELONG ALL ORDINARY
: 3,000 KILOCYCLES ————— 100 METERS —
THESE WAVES WAVE BEEN
USED ONLY EXPERIMENTRLLY.
SHORT HERE eﬂaﬂ‘i} ALSO, THE
RADIO HEAT. WAVES RECENTLY
ELECTRIC /67 OCTAVES DISCOVERED BY OR. £ H.
WAVES NICHOLS. ALL THESE WAVES
WILL PROBABLY BE QUITE
IMPORTANT IV THE FUTURE.
J 900,000,000 KILOCYCLES ——— 00/ METER —
(70,000,000 ANGSTROI! UNITS)
HEAT ALSO CALLED THE
WAVES . 105 OCTAVES INFRA-RED RAYS.
7 OCTAVE
- 387,000,000,000 K.C.——— 7750 ANGSTROM UNITS
T = 759,000,000,000 K.C. 3900 ANGSTRON UMITS
VIOLET 3.7 OCTAVES
L/IGHT .
10,000, 000, 000,000 A.C.——— 300 ANGSTRON UN/TS
_ RAYS THAT PENETRATE
X-RArS BE CEdE 1I0ST KINDS OF MATTER,

g 30, 000, 000, 000,000 OO0 A.C.——.] ANGSTROM UNIT—
GAMMA ,QHYS} 3.3 OCTAVES FROM RARDIUM

300, 000,000,000,000,000 K.C:— .0/ ANGSTROM UN/IT—
UNEXPLORED REGION, WAVES STILL SHORTER THAN CAMMA RAYS
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um. The term “octave” is borrowed
from music. One octave means all the
waves between any particular frequency
and a frequency twice as great. For
example, the first octave of the table in-
cludes all the waves between a fre-
quency of 20 cycles a second and a fre-
quency of 40 cycles a second; the second
octave is from 40 to 80 cycles a second
and so on.

The entire series of ether waves, from
the longest radio waves to the shortest
gamma rays, is now known without
gaps. There was formerly a gap be-
tween the ultra-violet waves and the X
rays. but this has been filled by the dis-
covery of some very long X rays lying
well within the ultra-violet range. The
other former gap, between the heat
waves and radio waves, was filled re-
cently by the work of Nichols and
Tear.

o2 kKcC
F 33 VIBRATIONS PER SECOND

The divisions of the waves into radio
waves, heat waves and light waves, are
made merely for convenience. All the
waves belong, really, to one unbroken
series. Many of the divisions are over-
lapped, just as the heat waves overlap
the short radio waves and the X rays
overlap into the ultra-violet. A similar
overlap of the audio frequencies and
the radio frequencies is shown in the
illustration on this page (Fig. I).

The ether waves that have been most
studied by scientists are those of light.
These differ from the longer and shorter
waves only in that they happen to be
perceived by the human eye. Physically
all the waves are the same. The color
of light depends upon its frequency, or,
what is the same thing, upon its wave-
length. The band of color in a rainbow,
which scientists call the spectrum, is as
follows (see next page):

LOWEST AUDIBLE TONE FOR ORDINARY EARS.

2752 VIBRATIONS PER SECOND (4.7 xe)
HIGHEST NOTE OF THE ORCHESTRA.

/0 TO 30 A.C.
RANGE IN WHICH MOST EARS CEASE 70 HEAR.

40000 VIBRATIONS PER SECOND (40 KC.)
HIGHEST NOTE AVDIBLE 70 ANYONE.

AUDIO FREQUENCIES.

LONGER WAVES
(/00,000 METERS AND OVER),
WOT EXPLORED.

RADIO FREQUENCIES.

300 METER WAVES(1000 K.C)
1450 MNETER WAVES (208 #.C)

10000 METER WAVES (30 4.C)

50000 METER WAVES (6 KC).
PRODUCED EXPERINENTALLY.

RADIO FREQUENCIES THAT WE CAN HEAR

Fisgure I: The langer waves of radio overlap into the range of uudio frequencies, as is shown in this diagram.
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Angstrom Units

Heat waves (invisible). . . .longer than 7,750
Redlight. ... ... ... ... 7,750 to 6,460
Orange light........... .. .. 6,460 to 5,900
Yellow light................ 5,900 to 5,600
Green light........... ... .. 5,600 to 4,900
Blue light.................. 4,900 to 4,500
Violet light............ ... 4,500 to 3,900

Vltra-violet rays (invisible) shorter than 3,900

The Angstrom unit used in this table
and which is the common unit for the
length of light waves, equals one ten-
billionth of a meter. It is named after
the celebrated Swedish scientist Dr. K.
A. Angstrom, who was the first to study

and chart the spectrum of sunlight.

Other units of length sometimes used
in designating the wavelengths of ether
waves, are the following:

I meter......... equals 1,000 millimeters
1 millimeter. .. .. equals 1,000 microns
1 micron....... . equals 1,000 double microns

1 double micron equals 10 Angstrom Units

The abbreviation for micron is the
Grecek letter mu (1), that for the double
micron is (uu); that for the Angstrom
Unit 1s A. U. or somectimes merely A.
A double micron is sometimes called a
“micro-micron” or a “mille-micron.”
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HOW COLORED LIGHT WAVES ARE MIXED AND JUDGED
Figure J: One half of tke colored rim on the cdge of the disk is red, the other half is white. When the disk is
rapidly revolved by the attached clectric motor the light waves in the two portions of the disk blend in the eye,
producing a shade of pink. In the other way the color-blends necessary to produce any desired shade of any color
are worked out in the laboratory. Psvchologists also use this same instrument to determine the way in which the
human eye sees various mixtures of light of different colors.




SECTION V

Mechanics and Electrics of Tuning

apio currents of high frequency
R are usually generated in some
form of closed circuit, which is
tuned by varying either the inductance
or the capacity in the circuit or both.
These currents must, however, be sup-
plied to the antenna circuit, in some
way or other, before they can be used
for the propagation of Hertzian or radio
waves through space, thus making pos-
sible radio telegraphy and telephony.

The device used for this purpose is
called a “transformer.” When it is used
for transmitting it is usually called an
“oscillation transformer,” and when
used in a receiving set, it is known as a
“loose coupler” or “variocoupler.”

Before we take up the devices used for
high-frequency currents, let us study the
ordinary low frequency transformer such
as is used for lighting our homes.

Such a transformer consists of three
main parts; a primary winding, a sec-
ondary winding, and an iron core. The
core is usually made of iron sheets built
up in the form of a square “ring,” or hol-
low square. The primary winding is
then wound over one side of this square,
using the iron for a core, and the sec-
ondary is wound over the opposite side
of the square, also using the iron for the
core. Such a transformer is shown in
Fig. B.

Now if we cause an alternating cur-
rent or a pulsating direct current to flow
through the primary winding, by con-

necting the two ends of the primary wire
to an alternating current generator or to
a direct current generator, with a device
for breaking up the direct current into
impulses, we will cause the iron’core of
the transformer to become magnetized.
The magnetic flux will flow around
through the ‘‘legs,” and the diree-
tion of its flow will be governed by the
direction of the current flowing through
the primary coil.

We have already learned that if insu-
lated wire is wound on a soft iron core
and a current of electricity is caused to
flow through the winding, the core will
become magnetized. If a similar wind-
ing and core were suddenly to be placed
near cnough to a permanent magnet for
the iron core to become magnetized
externally for an instant, the reverse
action would take place, and a current
would thus be induced in the winding.

To return to our transformer; when
the core is magnetized by the current
flowing through the primary winding,
the magnetic flux flows around through
ihe core and passes through the center
of the secondary winding. At this in-
stant a current is induced in the secon-
dary winding that corresponds exactly
with the current that flows through the
primary winding. This effect is called
electromagnetic induction. The pn-
mary winding changes the electric cur-
rent into magnetic energy; the core car-
ries the magnetic energy around to the
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secondary coil, and the secondary
changes the magnetic cnergy back into
an electric current.

In this way electric currents can be
transferred from one circuit to another
without any actual connection between
the wires of the two circuits. When two
circuits are thus connected together by
means of a trausformer, they are said to
be “magnetically coupled” together.

Radio circuits are also coupled to-
gether in much the same manner, but
the transformers used {or coupling radio
circuits do not have iron cores. They
use air cores. Iron cores are used with
low-frequency currents, while for high-

frequency currents air cores are used.

In transformers used for coupling
radio circuits, the windings are wound
on insulating tubes. Such a coil is
shownin Fig. C.

If we take two such coils, one for the
primary and one for the secondary and
place them end to end as shown in
Fig. A and cause a radio current to
flow through the primary coil, the mag-
netic field surrounding the primary coil
will envelop the secondary coil, passing
through it and causing a current to flow
through the secondary coil.

If, however, we should place the sec-
ondary coil at right angles to the primary

WHAT THE MAGNETIC ENERGY CTRCULATING AROUND RECEIVING COILS LOOKS LIKE

Figure A: If the human eye conld perceive lines of electromagnetic force, it would see the phenomenon shown
in this diagram. A are the lines of force generated by the primary coil C, which induee currents in the secondary
coil B. D are the head telephones; E the crystal detector; F the fixed telephone condenser; G the antenna and H the
ground connection.
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coil asin the annexed Fig. E (B) page 114,
there will be little or no current induced
in the secondary coll as the magnetic
flux does not flow in the proper direction
through it. In most radio sets, the
secondary winding rotates, and by ro-
tating the knob on the set which is
attached to this coil, the coupling is
varied.

In some sets the secondary coil slides
in and out of the primary coil, and the
coupling is varied in this way. When
the secondary colil is in a position that
allows all -of the magnetic flux to flow
through it, the two circuits thus coupled
are said to be “closely coupled,” and
when the secondary coil is placed in a
position that allows little or no magnetic
flux to flow through it, they are ‘“loosely
coupled.” When a transmitting or a
receiving sct is coupled loosely to the
antenna circuit, it sends out a sharper

wave or receives with much sharper
tuning, than a set that is closely coupled.

An oscillating circuit comprises a
condenser, a spark gap, and an in-
ductance or coil. The coll serves a
double purpose. It tunes the circuit to
the desired wavelength. and also serves
as the primary coil of an oscillation
transformer. The secondary coil re-
ceives the oscillations from the primary
coil by electromagnetic induction, and
at the same time tunes the antenna cir-
cuit. The secondary coil is connected in
series with the antenna and ground. In
this way the antenna circuit is energized
and the Hertzian waves are emitted
from the antenna.

A variometer, which consists of two
coils connected in series, is often used
for tuning a circuit. One coil is station-
ary and is called the “‘stator”; the other
eoil rotates inside it and is called the

/RO CORE

TNHG/YE 7/¢
LINES OF FORCE

PICTURE-DIAGRAM OF A TRANSFORMER

Figure B: How an ordinary transformer transfers electric current from one circuit to another by means of two
coils and an iron core.
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“rotor.” In using this device to tune a
circuit, when the coils are rotated so that
the electromagnetic fields of the two
coils are opposing (as Fig. D), the
two fields acting against each other
do not allow any electromagnetic energy
to be stored up, or in other words their
mutual induction is theoretically zero.

A coil of this type set in this position
would respond to very low wavelengths.

Thus we see how the coil is used in
radio circuits, and that it serves the
double purpose of tuning the circuits
while at the same time it couples them
together, or transfers the electricity
from one circuit to the other.

While the subject of wave production
and reception has been briefly treated
previously, the importance of the matter
is so great as to make further study

1T\
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A SMALL INDUCTANCE

Figure C: A coil of the type used for transferring currents
from one radio circuit to another.

If the rotor be turned so that its field be
additive with the stator, as shown in
Fig. D, the two fietds will act with each
other to store up electromagnetic en-
ergy, and the mutual induction will be
at a maximum. In this position the
variometer will respond to a high wave-
length.

By slowly rotating the rotor from the
first position to the last mentioned posi-
tion, the variometer can be used for tun-
ing and will pass through the various
wavelengths that it is designed to listen
inon. The variometer is used for tuning
in receiving sets, and Fig. F shows
two variometers used to tune the pri-
mary and secondary circuits of a receiv-
ing set. The other two coils shown in
the circuit are the primary and secon-
dary coils of the loose coupler, or
variocoupler.

justified. Perhaps there is no better
way of grasping the real fundamentals of
tuning and wave production than to go
back over the original work of Professor
Heinrich Hertz, the young German stu-
dent who first discovered the secrets of
radio transmission and reception.
There is a romantic side to Hertz’
work and, although it has nothing in par-
ticular to do with the purely practical
phases of the subject we are considering,
it does form one of the most fascinating
side lights in the whole history of com-
munication without wires. This is so
because it involves a great figure in
American life; Thomas A. Edison.
Thomas A. Edison not only discovered
the principle of the modern vacuum
tube, as we shall see later, but he was
responsible for setting off the spark of
genius in young Hertz, whose work was
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POSITION OF COILS

. Figure D: A shows two coils connected in series with the
windings opposing; with this connection the coils respond to low

wavelengths.

B shows ihe coils with the windings additive.

This device is called a variometer.

the foundation of the great art of radio
telegraphy aud telephony.

In the early 80’s, Edison was exhibit-
ing his electric lights and scientific
curiosities at the Paris Exposition. In
his booth he had the apparatus neces-
sary for the execution of an experiment
that had caused him a great deal of
amusement and wonder back in his
American laboratory.. On one side of
the booth there stood on a pedestal a
small black box containing nothing more
than a loop of wire connected to a small
spark gap. The box was so arranged
that the spark that passed across the
gap could be viewed only from the out-
side through a small peephole. On the
opposite side of the stage, Edison had
placed a spark coil, which is merely a
high-voltage transformer working on an
interrupted direct current circuit. Of
course, the spark coil was provided with
its own spark gap and when the primary
circuit of the coil was closed, a high
pressure discharge would take place
across the gap. When this was done,

however, the little gap in the black box
on the opposite side of the booth also
responded and a tiny discharge erackled
between the metal clectrodes.

To the scientists of Europe, and there
were some very great ones at the time,
this Edisonian experiment was the most
intriguing feature of the whole exposi-
tion. The little black box was the cen-
ter of a great deal of attraction as the
scientific generalissimos of the Continent
crowded about it secking to explain in
their own minds the modus operandi. An
actual transfer of energy was taking
place under their very eyes and noses—
there was a connection over space be-
tween two widely separated points—
but no one in the group ventured a
statement as to the mechanism of this
marvelous feat.

One day, before the exposition had
closed, a thin, retiring young man about
twenty-seven years old was wandering
through the aisles keenly absorbed in
“the details of the more scientifie appur-
tenances. 'This young man naturally
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INDUCTIVE RELATIONSHIP

Figure E: Shows two coils placed in inductive relations
to each other; large currents are induced in the secondary from

the primary.

B shows the coils in non-conductive relation.

This device is called a loose coupler.

gravitated toward Edison’s booth and
there found the experiments that had
baffled the older scientific heads. This
young man was none other than Hein-
rich Hertz, and when young Hertz
viewed this spark in the little black box
his mind flashed back to the year 1860,
the year in which Prof. James Clerk
Maxwell, the Scotch physicist, promul-
gated his startling mathematical treat-
ment on the electromagnetic wave
theory. Although Maxwell had never
heard of radio waves, he gave reasons
for their existence in cold mathematics
and when Hertz looked through the
peephole in the little box he was pretty
sure he was looking at a phenomenon
that could be accounted for by Max-
well’s penetrating figures.

Hertz, inspired and twitching to sat-
isfy a consuming scientific curiosity,
immediately returned to the University
of Bohn (where he had graduated) to

11

begin what later proved to be the clas-
sical experiments from which the whole
radio art blossomed.

If we follow closely an outline of
Hertz’ activity we shall gain from it a
fairly accurate mental picture of hLow
waves are transmitted and received.
Not only this, but we shall gain a pre-
sentable idea of the underlying theory.

The simple devices used by Hertz are
illustrated in Fig. G. The transmitter
consisted merely of a conventional type
of spark coil provided with an adjust-
able spark gap. This was the Hertzian
transmitter. It was the device that set
up electrical “‘splashes™ in this vast all-
pervading pool of highly attenuated
stuff that we call the ether. The re-
ceiver was a modification of Edison’s
first contraption and it took the form of
a loop of wire provided with two little
brass knobs at each end. An insulated
handle provided a means for carrying it
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about the laboratory to get the effect of
different positions and localities. This
was the receiving element, and, since it
greatly resembled the characteristic
antenna of the butterfly, Hertz decided
to name it after this and the name sur-
vives to this very day.

When Hertz set his spark coil in ac-
tion and walked about the laboratory
adjusting this antenna by moving the
brass knobs closer and farther apart, a
position would finally be reached where
a small spark would pass across the gap
indicating that the receiving outfit was
In exact resonance or in tune with the
very crude transmitter.

Hertz was a highly imaginative inves-

tigator and he was not satisfied to
merely duplicate what must have been
to Edison only a novel experiment.
Hertz aimed to reveal the properties of
these waves that he had discovered. At
least he was positive that he was dealing
with a wave phenomenon because of the
peculiar actions of the transmitter and
receiver and their need of being in
resonance with each other. As a matter
of fact, he wanted to show that these
long waves had identically the same
nature as the short ether waves of light.
1f his theory held true it was evident
that these longer ether waves should
possess the same properties as the
shorter ones and that they, like the

VARIOMETER

A\ |

meters connected in series with the
primary and secondary coils to accomplish

tuning.

LOOSE COUPLER
Pr/ S£EC.
VARIOMETER
A TUNING SCHEME
Figure F: A loose coupler with vario-
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HISTORY-MAKING RADIO APPARATUS

. Figure G: This cut shows the simple but highly ingenious apparatus employed by Hertz 1o his original exper-
twents at the University of Bohn, Germany. Electromagnetic waves were set up with the spark coil and detected
with the simple loop of wire illustrated at the right of the drawing. When the loop was in tune, a spark appeared

across the gap. Hertz called the receiving loop an antenna because it resembled the antenna of a butterfly. This
term has been held since that time.

shorter ones, should be capable of re-
flection, refraction and polarization.
By setting up a reflector of proper size,
Hertz found that he was able to direct
these waves about the laboratory with
impunity. He could send them shooting
in this direction or that in searchlight-
like fashion. Not only this, but by us-
ing a huge prism of pitch he was able to
bend them in the same manner that light
waves are bent when they pass through
a glass prism. Hertz ended these clas-
sical experiments firm in the belief that
he had discovered the big brothers of the
little light waves that effect the optic
nerve of the animal eye.

The tuning fundamentals of Hertz’
transmitter and receiver are extremely
simple. By measuring the distance
from the end of one of the electrodes on
the transmitter to the end of the other
hewasable todetermine the approximate
physical dimensions of a receiver that
would be in resonance or in tune with
the transmitter. Hertz knew that the
length of the wave emitted by this sim-
ple contrivance would depend largely

upon the physical dimensions of the
spark gap and electrodes. Let us as-
sume, for argument’s sake, that the
distance between the ends of the elec-
trodes was two feet. If the total length
of the wire comprising the receiving loop
was made two feet, it would be in
resonance or in tune with the trans-
mitter.

By increasing the length of the
electrodes or spark gap, Hertz was able
to vary the length of the wave emitted.
He knew he was varying the length be-
cause he threw his receiver out of tune
each time he increased the physical di-
mensions of the transmitter.

After reading the above, we come to
the simple conclusion that radio tuning
is, after all, very much like the experi-
ments that we conducted with tuning
forks and taut wires back in the high
school physies class. It will be recalled
that if two piano wires of exactly the
same length are placed side by side, one
will pick up the vibrations of the other
even though it is not touched.

Our previous experience with elec-
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FACTS ABOUT A SIMPLE AERIAL SYSTEM

Figu
factors,
gerial not only means
t{ween the aeria
which is part of the aerial system
wavelength are made. The aerial
might be expected, bu
natural wavelen,

height being an important consideration as well as length.

re H: The wavelength of an aerial system depends upon seversal

A high

lower capacity (the electrical capacity existing be-
1 and the ground) but it also means a longer lead-in wire
and must be added in when calculations in
1 is measured not from points A and B as
t from A to C, which also includes the ground. The
gth of the aerial system should never be greater than the

wave to be received; that is the length in meters of the wire between points
A and C should never be greater than the wavelength of the broadcasting

stations to be received from.

trical condensers taught us that they
might be charged and discharged and
that this action depended not only upon
their size but upon the voltage and fre-
quency of the charging current. By
using a condenser in connection with his
very simple transmitter, Hertz found
that he was able to control the wave-
length. When a large condenser was
used, the length of the wave emitted
was made longer and when a small con-
denser was used it was made shorter.
This can be easily understood, for,
when the condenser is inserted, the elec-
trical dimensions of the system are
changed and this is equivalent to
changing the physical dimensions. An
interval of time is necessary to charge
and discharge a condenser. This inter-
val of time, as before stated, will depend
upon the size of the condenser charging
and the voltage and frequency of the
current. When Hertz inserted the con-
denser he was no longer depending
entirely upon the physical dimensions
of his circuit. He also considered as a
factor the rate at which the condenser
charged and discharged.

Hertz also knew that he could make

waves longer by putting more wire in
the circuit because it would take a cur-
rent longer to get around the circuit,
and since the wave it produced de-
pended upon the frequency, it would be
longer. This would be just like increas-
ing the length of a piano wire. It will
be seen that when condensers and coils
are inserted in transmitter circuits to
increase the wave length, proportionate
changes have to be made in the receiving
circuit before it can be placed in reso-
nance or in tune with the transmitter.
What we really do when we place con-
densers and coils in radio circuits is to
change the frequency of the current
flowing and this always changes the
wavelength because the wavelength de-
pends entirely upon frequency.

Let us take into consideration the
case of an aerial wire connected to the
ground (Fig. H). The wavelengthof this
receiving antenna wilt depend almost en-
tirely upon the distance between points
A and C. The aerial proper runs only
between points A and B. However, in
such cases, the length of the ground wire
must also be included with any calcula-
tions pertaining to the wavelength of

~
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VARIABLE CONDENSER

CONSTRUCTION OF THE VARIABLE CONDENSER

- Figure I A variable tuning condenser with which it is
possible to make-changes in ca*;mcity between certain limits,
depending upon the number of plates in the condenser, the
distance separating them and the general constructional

features.

the system. For convenience sake, this
antenna system will be said to have a
“natural period” of 260 meters. By
“natural period” we mean the wave-
length to which the antenna system
would be naturally tuned without any
tuning devices. If such a simple an-
tenna should be connected to a detecting
device ‘of some nature, the reception
from 260 meter broadcast stations
would be possible. This system, how-
ever, would be insensitive to the vibra-
tions set up by the 816 meter broadeast
stations or by any broadcast station
with either a higher or lower wave-
length. Of course it would be possible
to climb up to the roof and change the
amount of wire in the aerial but this
would not only be an impractical but a
totally unnecessary action. All that we
need to do in such a case is to place a
coil of wire in connection with the aerial,
not on the roof, but in the receiving set
used in connection with the aerial. This
coil of wire is made variable by arrang-

ing its turns so that a small metal slider
connected with the aerial may make con-
tact with each individual turn. By
moving this slider up and down the coil
we may, without going on the roof and
with very small exertion, add or sub-
tract wire from the antenna system at
the same time increasing or decreasing
its length and consequently its response
to waves of various lengths.
Condensers affect the wave length of
receivers as' well as transmitters and
here we have another element of tuned
circuits. It is evident from the outset
that a condenser with a fixed capacity,
that is a condenser able to hold a definite
amount of electricity, would not be
suitable for tuning because it would
make only one definite change. A con-
denser with a variable capacity must
be used for this purpose and we find
in Fig. I a condenser of this type.
Here we have a set of stationary and
movable plates so arranged that the
movable plates are sandwiched in be-
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tween the stationary ones by turning
the knob. The movable plates are kept
out of direct contact with the stationary
set by air separation and through the
use of a suitable dielectric or insulating
material. By turning the knob of the
condenser, a continuously variable ca-
pacity is obtainable, and capacity can
either be added or taken from a circuit
by this simple action. 2

There is still another factor that will
change the wavelength of a system and
this is electrical resistance. Although
resistance, due to its destructively in-
efficient effects, is not used for purposes
of tuning, it is necessary that the student
should have a knowledge of the manner
in which it changes the frequency of
alternating electric currents.

In our water analogy (Part II) we
saw that the only force opposing the

flow of water—hence something to be
made as low as possible —is the fric-
tion in the pipe. In electric circuits,
resistance plays the same role—it uses
up the energy in the production of heat
which in most radio instruments is to
be avoided.

Forcing current through the heater
coil of an electric iron produces heat
energy from electric energy. The fila-
ment of an ordinary incandescent lamp
becomes hot and glows for the same
reason.

The phenomena considered up to this
point have been true of “direct current”
resistance, that is, the resistance offered
to a steady flow of electricity. In ra-
dio, however, we are not dealing with
steady currents, but with currents that
reverse their direction of flow many,
many times a second. Other forces

HOW THE OSCILLATIONS OF A PENDULUM ARE DAMPED

Figure J: The wind-vane attached to the pendulum at the left increases the air resistance and damps the oscil-
Jations of the pendulum. In an analogous way, electric resistance in a circuit damps out the electric oscillations

of an alternating current.
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come into play as soon as we leave the
realm of steady currents, and jump into
radio-frequency circuits.

At 300 meters, the current reverses its
direction twice each cycle or two million
times a second. Instead of sticking to
the “straight and narrow” the current
seems to try to get away from the wire.
Like water on a rapidly rotating grind-
stone, it moves toward the outside of the
wire. At very high frequencies, that is,
at low wavelengths, the current is actu-
ally carried in a thin layer on the out-
side of the wire or other conductor.

This phenomenon is known as the
“skin effect.” The crowding of the cur-
rent to the outside cuts down the ef-
fective cross section of the wire which
increases the effective resistance.

Litzendraht wire, commonly known
as “litz,” was originated to overcome
this increase of resistance with fre-
quency. This wire is composed of many
strands of fine wire, each insulated from
the other. Litz is not effective unless
great care is taken to sce that each
strand is cleaned and soldered when
making connections. Broken wires
within the cable destroy its effectiveness
at once. With currents corresponding
to a 1,000-meter wave, this stranded
wire is particularly useful, while at ex-
treme low wavclengths the current re-
verses so frequently that the advantages
of stranding the wire are not so apparent.

At 200 meters, 99 per cent of the cur-
rent is carried in a thin shell on the out-
side of the conductor. The thickness of
this surface layer is about .009 inch.
For this reason copper tubing is often
used for heavy high-frequency currents;
the hollow conductor has approximately
the same high-frequency resistance as o
solid wire.

Just as mechanical friction is the bane
of all engineers, electrical resistance, ex-

cept where heat is required, is a thing
to be avoided by electrical engineers. It
is not sufficient in designing a coil to
go to a wire table, pick out a size of
wire that has a low direct-current re-
sistance, and wind up a coil. The prob-
lem is one of winding a coil that will
have a low resistance to kigh-frequency
currenfs—and that is a task which has
bothered even the best of engineers.

The effect of resistance in high-fre-
quency circuits is to damp out the oscil-
lations that exist in the circuit, and
such damping out is not advisable. An
analogous effect may be seen by count-
ing the number of oscillations a pen-
dulum makes before and after hanging
a vane on the bob, so that the air re-
sistance is increased. (Fig. J, Page 119).

The immediate result of adding re-
sistance to a radio circuit is to broaden
its tuning. For instance, the two curves
shown(Fig K) hereare‘‘resonancecurves”
of asmallreceivingset. It will beseenthat
for a given wavelength (850 meters) the
amount of current is large. On either
side of this peak the current falls off
rapidly, so that wavelengths lower and
higher than 350 will cause little inter-
ference.

The other curve shows at once what
happens when resistance is added to a
high-frequency circuit. Signals of lower
and higher wavelengths are much more
noticeable than in the first case.

How are we to avoid resistance in a
circuit, say in a receiving set?

A complete answer involves the mutual
effects of circuits on each other, which is
a matter that we will discuss under in-
ductance. There are, however, a few
practical rules to bear in mind, though,
like many rules, they frequently fail:

1. Make only single-layer coils—or if more

than one layer is necessary, use a bank
winding.
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2. Space solid wires about the distance of
the diameter of the wire. Do not space Lilz
wire—wind turns closely together.

3. Avoid taps.

4. Avoid larger coils than necessary. Do
not expect a coil large enough to tune to
waves of 3,000 meters to do good work on 300
metcrs.

5. Use small tubes and many turns rather
than large tubes and few turns.

6. Make leads short and of the same size
of wire as the coil.

7. Choose the size of wire carefully.

It is a safe rule to use wire between
the sizes of No. 18 to No. 30, although
it must be admitted that tuners made
of smaller or larger wire than these
limits sometimes work and work well.

We are now ready to take up the sub-
ject of tuning devices and the first one
that comes to our attention, because of
its simplicily, is the single-slide tuning
coil. Although the single-slide tuning
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HOW RESISTANCE IN A CIRCUIT AFFECTS TUNING

Figure K: Resonance curve A corresponds to a circuit that has little resistance.
Curve B represents a circuit containing more resistance.

wavelength of 350 meters.
and the tuning is broadened.

The tuning is sharp on a
The resonance is less sharp
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THE SINGLE-SLIDE TUNER
Figure L: How the simple single-slide tuning coil is connected to an aerial to form a variable portion of it.

coil was a much used device in the early
days of radio it is now practically obso-
lete having given place to more efficient
devices for the bringing about of reso-
nance. As might be expected by the
reader who has carefully followed the
foregoing matter, the old fashioned sin-
gle-slide tuning coils were directly con-

nected to one end of the antenna and’

were, in effect, merely a concentrated
part of the antenna system in general.
For that matter, every tuning device is
a concentrated part of the aerial system
but it seems more logical to look upon
the single-slide tuner in this way be-
cause of its extremely simple con-
struction.  One of our accompanying
sketches (Fig. L) shows the method of
connecting the single-slide tuner in the
aerial system. Here it will be seen that
the slide or the movable zontact, which
makes connection with the turns of wire
upon the cylinder, is connected with the
ground and that by moving this slide,
wire may be added or taken from the
aerial.

A tuning coil, or for that matter, a

tuning device of any kind, connected in
the manner shown is said to be in the
antenna or aerial circuit. It is well to
remember this for radio literature of all
kinds makes reference to the antenna
circuit.

While there are a number of different
ways of connecting even this simple
single slide tuner, it is useless to con-
sider them because of the technical
standing of this form of tuning device.
However, by viewing Fig. M, page
123, the student will be able to grasp
a fundamental which will show the
logic of referring to a tuning coil and
an aerial as a circuit. In the past, our
conception of a circuit has generally in-
volved a complete metallic path from
the positive side of a source of current
like a battery or a generator back to the
negative side.

If we will recall the explanation of a
condenser, we shall see that the aerial
and the ground with the dielectric, air,
in between really forms a condenser of
small capacity. Thus a circuit is estab-
lished taking the route shown in Fig. M.
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THE CAPACITY BETWEEN AFERIAL AND GROUND
Figure M: The dotted lines represent the capacity existing between the aerial and ground of any

aerial system.

There is also asecond circuitinvolvingthe
tuning coil thecrystal detector and there-
ceiving telephones. At the same time it
will be seen that an antennacireuit is not
merely a circuit containing inductance
or wire. It must, for the reasons given,
contain some capacity. The amount of
this capacity will depend upon the
height of the aerial and its size. If the
aerial is very small and very high it will

have an insignificant capacity and vice

versa.

Aerials of large capacilies are, of
course, more susceptible to longer waves
than are shorter aerials. They are sus-
ceptible to longer waves not only be-
cause of a large capacity but because of
a great amount of inductance. It often
happens that the amateur experimenter
or radio fan is unable to put his equip-
ment in resonance with a distant trans-
mitter of low wavelength because the
“natural period” of his antenna system
is safely above the wave which he de-
sires to receive. His antenna may have
a natural wavelength of 800 meters and
the wave he wishes to receive may be as
low as 215 meters.

The treatment of this problem allows
us to put into actual practice some of the
facts we absorbed earlier in the course
concerning the connections of condens-
ers and how these connections affect the
combined capacities. For instance, it
was said that connecting condensers in
series reduced the capacity of the group.
Two one microfarad condensers con-
‘nected in series (illustrated again in
Figure N) result in an actual com-
bined capacity of % microfarad.