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Preface
radio literature has been added to in great volume durW HILE
ing the last few years, the public has hitherto lacked atreatise

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 authorities, but these works either show evidences of hasty preparation
or they are so steeped in the technicalities of the art as to be partially or wholly unintelligible to those seeking understandable reading 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 acomplete and popular exposition of radio in all of its
phases. It is designed to serve as areference 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 luxuriously appointed broadcasting studios. An honest and conscientious 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 followed 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 talking motion pictures. Upon completion he will also find himself
familiar with certain fundamental facts and practices of the radio
art that will make him amore intelligent user of radio apparatus. Instead 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 aloudspeaker is best
for this or that kind of areceiver and what "B" battery voltage to
employ with a201..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 awhole, 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 contribute 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 aslight difficulty in grasping 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 explanations 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, avast 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
te date.
THE EDITORS
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SECTION I

First Principles of Radio
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radio phenomena are closely
associated with the most fundamental precepts of modern physics,
it is impossible to gain apenetrating 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 astudy aparticularly romantic series of facts.
When the subject of radio is approached on this basis it eventually
blossoms out into a thing far more
fascinating as a study than it possibly
could be by amere consideration of its
more practical features. As amatter 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 araindrop.
The Universe, as we know it, has
been found to contain only two basic
things; 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
INCE

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 microscopes. It was found that these
electrons were merely charges of negative 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 electricity repel each other and bodies carrying dislike charges of electricity (positive and negative) attract each other.
How, then, can we maintain an atom of
matter made up solely of negative particles when it is known that these particles have a natural tendency to part
company? It is evident that we must
have apositive influence working upon
them to keep them within certain
bounds.
Perhaps the best way to gain areasonably intelligent picture of atomic
structure is to consider briefly the general architecture of the most simple
atom that we have in matter; the atom
of hydrogen. Painstaking investiga7

tions extending over the last 2.5 years
have shown that the hydrogen 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 maintaining adefinite position in space without 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 Ifferent 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 themselves 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 99,999,999,999,8%.
Our solar system, which we ordinarily
consider as being made up largely of
empty space, has adensity 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 atabletop with our hand and
we find something there that is apparently 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 d;d happen to see an electron it
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would be moving with aspeed 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 1inch long. Let
us assume also that this wire is magnified 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 12,5
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 diameter. 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 alarge number 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 aweight
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 agreat speed until it
reached the center of gravity.
We see that, after all, we are living in
sort of adream 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 considering (the electron theory of matter) has been
made to account for everything that
happens in the world and radio is no
exception. As amatter 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.
Illustrated 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 abalance 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
which the electrons 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 the
ether and electromagnetic waves which account for the phenomenon of radio, let
us permit such an eminent authority as
Sir Joseph Thompson, F.R.S., to tell us
more about the atom and how it is put
together.
"I believe that the introduction of
the idea of the electron will break down,
and indeed has already done so to some
extent, the barrier of ignorance which has
divided the study of the properties of
matter into two distinct sciences,
physics and chemistry.
"The properties of matter which are
of primary importance to the chemist
are those which relate to the power of

atoms to unite together to form new
combinations, new compounds. Until
recently the conception of the atom,
formed by the physicist, afforded no
clue to the variation in the chemical
properties of the atom and gave therefore but little guidance to the chemist
in what he rightly regarded as the most
important part of his work.
"The chemist wants to know much
more about the difference between an
atom of hydrogen, and one of oxygen
than that 'the atom of hydrogen is a
small particle of one kind of matter' and
that 'the atom of oxygen is a heavier
particle of another kind of matter.'
"The chemist wants to know the
9
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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 astep 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 astructure 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 uniform, and assigned to atoms, as well as
to solids and liquids, astructure of their
own.
"The discovery of the electron in 1897
was the first direct evidence of such a
structure. It was shown that these electrons came from all types of atoms, and
that whatever the source there was only
one kind of electron, which has amass of
only about 1/1700th that of an atom of
hydrogen and carries a charge of negative electricity numerically equal to the
positive charge associated with an atom
of hydrogen in the electrolysis of solutions.
"Thus an invariable electron was
proved to be aconstituent 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 themselves a structure. It is the structure
conferred by the electrons which is responsible for the chemical properties of
the atom, and the structure of the positive core or nucleus is concerned with
radjoactive 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
atheory 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 constituents 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 amassive positively electrified center surrounded by
electrons; the number of electrons varying from 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 themselves 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 observed that the introduction of some
new physical law is necessary for any
theory of the structure of atoms. We
could not form atheory at all if all we
knew about the action of electric charges
was that they repelled or attracted inversely as the square of the distance, for

•
THE ATOM OF LITHIUM
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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 of
clearness. This lithium atom contains only the
one electron shown in the shell outside these
two inner electrons.

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 apace, man 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- 11 cm., aquantity

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 variation with the inverse square of the distance, 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 asimple mental picture of the structure of the atom and its
consequences.
11

of quite different order from 10- 8 cm'.,
which corresponds to atomic dimensions. 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 electrons can
be in stable equilibrium around aposi-

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

TUE 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 S. The two external electrons
are balanced one on each side of the nucleus.

tive charge without necessarily describing 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 acertain distance from the positive charge. If there
are two electrons they will be in equilibrium with the positive charge midway between them. When there are
three electrons, they will be in equi-

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 aparallel plane forms a regular octagon.
"There must come, however, astage
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
12

equilibrium in spite of their mutual repulsion 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 positive charge must be. When the number
of electrons is not greater than eight, the

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

THE ATOM OF BORON

5

like atoms number 3and 4the electrons of this
atom (the atom of boron) are arranged in the
same plane about the atomic nucleus at equal
distances from it and from each other.

electrons can be kept in equilibrium by
apositive charge equal to the sum of the
negative charges on the electrons, which
is the greatest positive charge that can
occur in aneutral atom. So that when
the number of electrons 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 polyhedron.
"When, however, the number exceeds

progression in the arrangement breaks
down when the electrons amount to
eight and anew 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 apositive charge of nine
is insufficient to keep nine electrons in
stable equilibrium.
The charge 9e
could, however, keep eight electrons in
13
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THE ATOM OF CARBON

This is the atom of the very common element carbon.
the element of coal and of diamonds. Its four external
electrons are arranged about the nucleus at the corners of
an imaginary tetrahedron. As before, the two internal
electrons are not shown.

THE ATOM OF NITROGEN

7

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 aperpendicular 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. Its six
external electrons are arranged at the corners of an imaginary eight-sided solid or octahedron.

410
9

THE ATOM OF FLUORINE

The atom of fluorine, containing seven external electrons.
Five of these electrons are arranged in one plane through
the nucleus, as though at the corners of aregular pentagon; the other two electrons are at the ends of aperpendicular line, as in the case of atom number 7.

15

stable equilibrium at the same distance
rium if the electrons proceed to form a
from the center, leaving one to go outthird shell; thus, if there are seventeen
side, relatively along way out from the
electrons, we could have an inner shell
center of the atom.
-of eight, then another shell of eight and
"If there are ten electrons, these can
then an electron along way outside. If
be arranged so that eight form a layer
we had eighteen electrons we should get
round the center and two go outside.
two shells of eight and two electrons
Eleven electrons can be arranged with
outside, and so on, until with twentyan inner layer of eight and an outer one
four electrons we shall have filled up the
of three, and so on. Sixteen electrons
third shell and have to begin again.

THE ATOM OF NEON
1

The atom of the rare gas neon. This contains
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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 accommodation for any more; as the atom is
neutral, the excess of positive over negative 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 equilib16

"Thus, if we arrange the elements in
the order of the number of electrons in
the atom, which is the same 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*Vjth the preceding seven models this completes the
list of the first ten elements. Element number one
(hydrogen) and number two (helium) are not shown in
this series as they contain only the two internal electrons
shown on page 9; hydrogen having one electron only,
helium having both of them.

WHAT HAPPENS WHEN MORE THAN TEN ELECTRONS TRY TO CROWD INTO A SINGLE ATOM
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is that of sodium, one of the elements in common salt.

crease again to eight, drop to one, and so
on. Thus, as far as properties depending upon the outer layer are concerned,
the elements will show a periodicity in
their properties similar to that expressed
by Mendeleef's periodic law in chemistry.
"The valency of an element is aproperty depending on the number of electrons in the outer layer, the electropositive valency being proportional to
that number, so that this type of atom
would explain the periodic law.
"There are some other interesting results which follow at once frGm 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 determined by the number of electrons in this
layer.
"When the oxygen atom is positively
electrified it has lost one or more electrons. If it is electrified so that it has
lost one electron, the atom will only have

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
carrying a unit charge of electricity
ought to be the same as that of aneutral
atom of nitrogen, i. e., it ought to form
the compound OH„ acompound having
the molecular weight 19.
"This is confirmed by observation
with the rays of positive electricity;
when hydrogen and oxygen are present
in the tube, aline corresponding te this
molecular weight is frequently observed.
"If we turn to negatively electrified
atoms, a negative electrified chlorine
atom would have eight electrons in the
outer layer, it would resemble the neutral atom of an inert gas and so woult:
not be able to enter into chemical combination. It might be expected to resemble argon not merely in its chemical
properties, but also in the nature of its
spectrum. Again, a positively electrified potassium atom has lost an electron
17

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 spectrum 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 oxygen 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 electrons we have been considering are able
to accomplish a certain kind of broadcasting and they do this by setting up
the same kind of wave disturbance in
the ether that is created by a broadcasting transmitter. Instead of broadcasting 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., aprominent 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 outward to the most distant of the stars the
probing finger of science has discovered
nothing else. In every natural phenomenon, 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 aform 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
aform of electricity. Sound, too, is a
vibration in matter and is therefore electrical.
Magnetism and gravitation
remain imperfectly understood, but
these also, there is every reason to believe, 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 electricity, of the two fundamental kinds of
electric particles that scientists call the
proton and the electron. The proton and
the electron simply represent two different 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 particles; one electron and one proton. The
electron is a particle of negative electricity; the proton is aparticle 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 elements that have been discovered, are
composed of these same protons and
electrons; varying numbers of them up
to nearly five hundred being put together in rapidly moving systems all
constructed on essentially the solar system model, acentral 'sun' around which
revolve anumber of tiny 'planets.'
"That is the modern picture of what
atoms are like.

WHY THE HYDROGEN FLAME GIVES LIGHT
This diagram shows afew 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
atime. Whenever the electron jumps from one orbit to another one (as indicated by the arrows A. B, C and D), apulse of light is sent out. These light-pulses form the "broadcasts from
atoms."

"These atomic systems are almost inconceivably tiny. More than 2,000,000,000,000,000 of even the largest
atoms could crowd together comfortably
enough on the surface of apinhead.
"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 'planets.' Yet so tiny is the entire assemblage that the little black dot that indicates aperiod at the end of this sentence
contains more than 30,000 times as
many carbon atoms as there are people
in 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.

"How, then, can we be sure that the
atom really does contain these particles
of electricity spinning around acentral
'sun' that is also electrical?
"We know by means of ether waves.
"The universe does not consist, remember, 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 amatch what happens is, that the billions of atoms in the
flame send out ether waves of light.
These ether waves enter your eyes and
19
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WHAT A LIGHT SPECTRUM LOOKS LIKE
This picture shows two photographs of spectra, which are the sets of bright lines and bands visible in aspectroscope whenever the light that comes from agroup 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 compose the organ that you see with, your
retina. The act of seeing is a kind of
broadcasting. The atoms in the burning
match broadcast an ether wave. This
wave is picked up by the 'receiver' atoms
in your eye.
"The same thing happens when you
see astar. Atoms in that star, off many
billions of miles in space, are hot or are
excited by electricity. They broadcast
ether waves in the form of light. These
waves travel the vast distance through
space and strike, finally, against the receiving instrument of your eye. Starlight is the broadcast news from other
worlds.
"The most important thing about all
this is the process by which these ether
waves are sent out and received. This
process represents the relation between
the two fundamental things in the universe; the atoms (which are electricity)
and the ether waves. How do atoms
broadcast ether waves? How do other
atoms receive them? These are possibly
the deepest secrets of the universe and
they are secrets which modern science
20

has made substantial progress in deciphering.
"This began with the science of spectroscopy.
"The spectroscope is an instrument
that makes an artificial rainbow. Ordinary white light, such as the light of the
sun, is passed through an arrangement
of glass prisms and lenses. It comes out
split up into its seven primary colors
just like the colors of the rainbow.
"These colors differ, of course, in the
wavelengths of the ether waves that
compose them. The shortest light waves
are on the blue end of the rainbow strip
or spectrum; the longest waves are on
the red end of the strip. The atomic
broadcasting stations that send out the
light waves use a number of separate
wavelengths, just as radio broadcasters
do.
"And curiously enough, it was found
that each kind of atom, like each terrestrial broadcasting station, has its
fixed wavelength or wavelengths. A
white light, such as sunlight, contains
practically all the wavelengths, but that
is merely because it is coming from a

vast number of atoms and assemblages
of atoms of many different kinds.
"If the United States contained abillion or two separate radio stations and
if they all were sending at the same
time, each on its own separate wavelength but if all these wavelengths were
separated from each other by very tiny
intervals, that would be afair 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 aglass tube filled with
hydrogen gas and that you send apower-

ful electric current through this tube so
that the hydrogen atoms are disturbed
and begin to broadcast. You will not
get white light as you do from the glowing sun. On the contrary, the light
waves sent out by the hydrogen atoms
will comprise only afew distinct wavelengths. In aspectroscope 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 scientists call the spectrum of hydrogen. It contains ten very
bright lines and a number of fainter
ones.
"In broadcasting language this means

HOW WE ''SEE" A BROADCASTING ATOM
The man at the outer fence can see the horse only when the horse is jumping over afence. Just so, in ahydrogen atom, we can "see" the electron only when it jumps from one orbit to another.
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that the transmitter of the hydrogen
atom broadcasts light at ten or more
perfectly definite wavelengths; just as
WGY, for example, broadcasts its programs nowadays at two separate wavelengths and sometimes at three.
"And these ten (or more) wavelengths
of the hydrogen atom are perfectly characteristic of that atom. Every hydrogen 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 spectrum you know that this spectrum is

coming from hydrogen atoms just as
surely as when you pick up astation on
a radio wave of 4N meters you know
that you are hearing from WEAK
"More surely, in fact, for the different kinds of atoms maintain their wavelengths 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 astronomer examines, for example, the light

THE RELATIVE DIAMETERS OP THE ORBITS IN A HYDROGEN ATOM
If the furnost electron orbit of a hydrogen atom is regarded as being the une 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.

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 apulse of light is sent out.

rays coming from a distant star. He hydrogen. This consists, you remember, of one electron planet revolving
photographs the spectrum of this light.
In it he finds certain definite lines. This around a single positive particle, a
means that certain definite wavelengths proton.
"In the actual hydrogen atom the
are present in the light. He compares
these with the wavelengths known to be orbit of the single electron is very small.
It measures only about four-billionths of
sent out by various kinds of atoms.
Thus he determines what atoms exist an inch in diameter. We can think betoff there in the star halfway across the ter in larger sizes, so let us imagine that
we can magnify a hydrogen atom by
universe. This is how we know that
about
ten billions times so that it is forty
the atoms in the stars are the same as
inches in diameter, about the size of an
the atoms that we find here on earth.
"But this leaves untouched the prob- ordinary wagon wheel.
"On this scale the proton at the center
lem of why the atoms broadcast their
will
be still so small that it will be enlight messages in this definite way.
Even the electron
What kind of oscillators and modulators tirely invisible.
planet,
which
is
nearly
two thousand
or other apparatus do the atoms possess
that make them able to send out ether times larger than the proton, will be only
waves with such exactness as to wave- about one four-thousandth of an inch in
length? This is the problem that Pro- diameter, too small to be visible except
fessor Niels Bohr has clarified so greatly with the help of agood microscope.
"These two particles make up the
in the past ten years as a part of his
atom. All the rest of it is empty space.
remarkable work on atoms.
"This represents, furthermore, the
"Professor Bohr starts from the idea
of atomic structure already explained; normal, inactive atom. It is not sending out any ether waves. So long as the
the idea that all atoms consist of elecelectron stays in this normal orbit, the
tron planets revolving around acentral
size of awagon wheel, it does not broadparticle, also electrical, which acts as
cast any light. To see how it does broadthe atomic sun. It is convenient to concast light, according to the theories of
sider the simplest known atom, that of
23

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 aplanet. 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
anumber of possible orbits for its electron planet. But there is only one electron in the atom. So what happens is
that this same electron may occupy at
different times different ones of the possible 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 abroadcaster.
"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
electron out of this inmost orbit?
"If this happens there is another orbit
that the electron can occupy at acertain
distance outside the smallest orbit. This
second orbit would be, on the wagonwheel scale, 160 inches in diameter, or a
little more than thirteen feet. Still outside of this is athird possible orbit thirty
feet in diameter; beyond this is afourth
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 interlaced 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
j
other orbits—as, for example, the one shown by the dotted line. When this outer electron
umps about from one of these orbits to another the characteristic light spectrum of sodium
as sent out.
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"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, another by ajump 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 difficult 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 believed 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 alrehdy
described.
"The atomic transmitter, then, is the
electron. The thing that determines the
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
asingle 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

diameter, and so on at least as far as an
orbit that is 490 feet in diameter and
possibly to still larger ones.
"When an electron is knocked out of
an atom it must occupy one of these
larger orbits or else it must go off altogether. 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 accidentally 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 Ihave described. Suppose that it has reached
the fourth orbit, the one that is fiftythree feet in diameter on the wagonwheel model. Its next move is to cross
over by asudden jump to the next orbit
inside, that is, to the one that is thirty
feet in diameter. As it does so something very amazing happens. The electron (or something in the atom) sends
out apulse of light.
"This is the essential idea of Professor
Bohr's theory of atoms and ether waves;
the theory that is now accepted by practically all the scientists working in this
field. The idea, which is perhaps the
greatest piece of thinking since Einstein's relativity theory, may be stated
thus:
"Light is sent out by atoms only
when one or more of the atomic electrons move from one possible orbit
inside the atom to another orbit closer
to the center of the atom."

eliohr's Model of the Atom," by E. E. Free. Industrial and Engineering Chemistry, vol. 10, pages 19e193 (February, 1924).
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grooves
that once familiar game
that ultimate reality of Nature which
called 'Pigs in Clover.' Imagine these
appears to us now as matter, again as
tracks separated by high board fences.
electricity, another time as waves in
Now put arace horse in the outermost
the ether and perhaps—who knows?—as
track and instruct him to run around it
what we are accustomed to describe as
until, when he happens to feel like it, he
mind.
is to jump the inside fence into the next
"Like the fable of the blind men who
track, run around it for awhile and then
attempted to describe the elephant, aljump the next fence, and so on until he
though each had felt adifferent part of
reaches the innermost track of all.
him, all these apparent facts of nature
"If, then, you watch this procedure
may be equally imperfect descriptions
from the field outside the outermost
each of one aspect of the whole.
fence, you will not see the horse at all so
"Doubtless, science will attain, some
long as he is running in a single track.
day, a moré complete description of
The fences hide him. But whenever he
these things. And nothing is likely to
jumps a fence from one track into the
contribute more largely to this end than
next you will see him for an instant as he
the investigation of those much longer
goes over.
ether waves that originate, we do not
"So with the hydrogen atom. You
yet know how, from masses of moving
see the electron only as it jumps from
electrons in wires, and that we call the
one orbit to another one, for it is only
waves of radio."
then that the electron radiates light.
The radio waves or the electromag"The next step that atomic science
netic waves that are used in radio
must take is the discovery of what really
transmission have the same fundamenhappens when one of these electron
tal nature as the waves Dr. Free
jumps occurs. We know nothing about
mentions in his treatment of the subject.
this at all. We do not even know that
They travel with the same speed, i. e.
the electron 'jumps' in the ordinary
186,000 miles a second and they have
sense of that word. What happens, so
the same properties. They may be refar as we can judge, is that an electron
flected, refracted and polarized. While
disappears from one orbit and simulour light waves may be measured in the
taneously an electron appears in another
millionths of an inch, our radio waves
orbit.
are measured in meters and they may be
"Perhaps it is not the same electron
as small as 1/1000 of ameter (1 /1000 of
at all. Perhaps an electron is destroyed
39.37 inches) or as large as 25,000
in the first orbit and a second electron
meters. They move forward from the
created out of ether or ether waves or
point of disturbance in exactly the same
something in the second orbit. We do
way as the waves in a pond move fornot know what electrons are. It is
ward when a stone disturbs the water.
entirely conceivable that they may be
We picture them going forward at the
merely a form of ether waves or that
great speed of 186,000 miles asecond in
both they and ether waves may be difall directions at the same instant of
ferent forms of the same thing. These
time. They pass through solid matter,
things are still mysterious.
or at least this solid matter oe.. our im"And they lie close, we may be sure,
agination, as easily as air passes through
to that greatest of all scientific proban open window.
lems, the problem of what constitutes
For all practical purposes we can con26

the transmission was necessarily in
sider these ether waves in the light of
straight lines from the oscillator: necesthe above paragraphs but it is interestsarily, also, such waves could not follow
ing to note at the same time how certain
the curvature of the earth's surface, but
great scientists feel about the wave
they must leave the earth as if they were
theory. The trend of these private
light beams—another case of electrotheories should not confuse us. On the
contrary they should help us to gain a magnetic waves moving in a straight
course.
more general view of the science.
"There were some of us, however,
There is one theory in particular that
who,
taking into account the grounding
is important to our understanding of
at the base of the antenna, recognized
radio in that it tries to account for the
the fact that the Marconi transmission
way in which radio waves are held to
the surface of the earth. We must not • was not made by real Hertzian waves,
but on account of the grounding, by
forget that ether is an all-pervading subhalf-Hertzian waves only, and that the
stance and that when superficially conMarconi oscillator or antenna system
sidered there is no reason why these
was ahalf-oscillator only. From this it
waves should not go romping off into
followed
that the waves were in reality
space instead of following the curvature
attached to and guided by the earth's
of the earth as they must in travelling
surface, and particularly by the sea surfrom one point to another.
face, more conductive than the land.
To account for this following of the
"It followed that there would be elecsurface of the earth, radio scientists
tric currents in the sea and earth-surface
have evolved what is called the Heaviaccompanying
these
half-Hertzian
side layer theory. This tries to account
waves, and magnetic fields overlying
for the phenomenon by assuming that
the currents in the space above the
there is in the upper reaches of our
earth's surface.
atmosphere an ionized or charged layer
"When it was announced by Marconi
which tends to reflect the waves back
a few years later that he had received
to the earth causing them to flow in t.
signals across the Atlantic ocean by
channel between the earth proper and
flying a kite, the cord of which constithis theoretical layer. It will be retuted an antenna with the usual ground,
membered that we said previously that
many regarded him as something of a
long ether waves could be reflected just
faker. At least, they believed that he
as we reflect light waves from amirror.
was mistaken in his observations.
Dr. Elihu Thomson, Ph.D., Sc.D.,
Among these doubters were not afew of
has something vitally interesting to say
the leading scientific men and engineers
about his theories of the Heaviside
of the day. It followed that if the waves
layer, which he airs in the following
were of true Hertzian type and were
paragraphs:
propagated in straight lines, they could
"When Marconi brought out his
not by any possibility curve around and
system of wireless telegraphy about
over a mountain of water nearly two
1896, it was at first thought by most
hundred miles high, as they would have
scientists or physicists of the time that it
had to do if they crossed the Atlantic
was a plain case of the sending out of
close enough to the earth's surface to be
waves of the Hertzian type, which Dr.
detected.
Heinrich Hertz had so ably investigated
"As it was soon demonstrated that
ten years before. If such were the case,
27

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 afundamental difference between the wares in
their propagation and in their generation as regards true Hertzian waves,

had been mistaken—and not Marconi.
"Then asingular thing happened.
"When confronted with the facts, this
assumption pure and simple was made,
which unfortunately lives and has character even today: that there was an electric mirror of ionized gas, or conducting
gas, say fifty or sixty miles up in our

THE "GLIDING WAVE" THEORY—WHICH DR. THOMSON ACCEPT:,
"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 agrounded system would follow the curvature of the earth and would be accompanied by electric currents in the earth and sea surface, mul by magnetic and electrostatic fields in the space above
the earth's audace.
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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.
"I think that anyone who reflects for a
moment on the requirements in such a
case must predict that such an assumption is not only unnecessary, but that it
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 anature
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 it must
reflect the waves in such away as not to
interfere with those that are more directly transmitted, and so keep the
waves in phase. It would have to be, as
it were, Nature's gigantic whispering
gallery for electric waves. The assumption itself (if it could be shown to be
probably true, with the required limitations) might have justified the extended
and complicated mathematical treatment it has received at the hands of
some able men. But an assumption, if
not 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 mathematically or otherwise, does not make the
conclusions valid.
"According to what has for many
years 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) following 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 the sea.

"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 condenser 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 antennae, 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 anature
as to reflect the waves without confusing
them or diffusing them, and it is regrettable that such an assumption, having
once received the sanction of great
names, thereby continues to have asupport 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 reflecting layer was recognized from the
start as afallacy."
Reginald A. Fessenden, Ph.D., one
of the most accomplished pioneers in the
science of radio communication and a
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
29

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 Engineers, November 22, 1899. 1.
"Joseph Henry, who was the founder
of wireless telegraphy, had discovered
electromagnetic induction and invented
the induction coils. 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 generated in the upper floor of abuilding and
transmitted to the cellar, where they
were received by a receiving coil and
utilized to shake out the magnetism
from amagnetized needles.
"Edison, Elihu Thomson and Hous-

DIAGRAM OF THE HEAVISIDE
LAYER THEORY
According to most scientists, radio waves are reflected from [and transmitted around the earth byi a
laver of ionized gas that is suspended high in the atmosphere a the earth. Sir Oliver Lodge à the foremost
exponent of this theory.

charge of acondenser was under certain
conditions oscillatory, or, as he puts it,
consists 'of aprincipal 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-

ton made many experiments on these
transmitted 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," 18381848. The Smithsonian Institution, Washington, D.
C. Henry's important papers on electromagnetic induction are reprinted in "The Discovery of Induced Electric Currents." edited by J. S. Ames. volume 1, 107
pates. The American Book Company, New York, 1900.
'Edwin J. Houston and Efiliu Thomson, "The
Alleged Etheric Force. Text Experiments as to its

'Reginald A. Fessenden, "The Possibilities of Wireless Telegraphy." (A discussion.) Trans. Amer. Inst.
Elec. Eng.., volume 16, mail edition pages 635-842,
regular edition pages 807-014 (1899).
'Joseph Henry, "On the Production of Currents and
Sparks of Electricity from Magnetism." Amer. Jour.
Science, volume et (appendix), pages 403-408 (1838).
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•
and 1888 von Bezold, Fitzgerald and
Hertz had cleared up to avery considerable extent the nature of the phenomena
observed, and Hertz's work had shown
that the experimenters were dealing
with true electrical waves.
"Dolbears and Edison had been using
vertical grounded antennas for telegraphing wirelessly, though the effects
they obtained appear to be mainly electrostatic and only partially true wave
transmission.
"Crookes in the Fortnightly Review

for February, 1892, proposed that resonant tuned circuits should be used to
select out messages from different stations. Lodge' and Popoff 7 had used
these waves for signalling, and Popoff,
who had used a vertical grounded antenna, coherer and tapper back, pointed
out that the apparatus might 'be
adapted to the transmission of signals
to adistance.'
"Tesla8,who had been doing a great
'Sir Oliver Lodge, "The Work of Herts." Proe.
Royal Inslitulion (London), volume 14, page 341,
June 1, 1894.
'Popoff, Jour. Russian Phys Chem. Soc., April 45
1896.
oNikola Teals, "Expenments with Alternate Cur-

Identity with Induced Electricity." Jour. Franklin
Inst., volume 101, pages 870-474 (April, 1878).
61J. S. Patent No. 850,499, issued October 5, 1888.

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 acurve like that shown by the solid line. But this curve tends to bend away from the earth's surface
and reflection from the Heaviside Layer is necessary to bring it back again.
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deal of work in high-frequency oscillations, 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 invented 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 increasing 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

DIAGRAM OF THE GLIDING
WAVE THEORY
On the other hand, a number of eminent scientists
(of which Dr. Elihu 1homson is one) maintain that
radio waves are attached to and glide over the earth,
following its contour in much the same way as do the
radio waves in line radio.

which consisted of the introduction 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 possessed by his race, realized that there
rents of High Potential and Frequency." Jour. Inset:
¿titian Elec. Enos. (London), volume 21, pages es-163
(1898).
9U. S. Patent No. 307,081 issued October 21, 1984.
See also Edwin J. Houston, "Notes on Phenomena in
Incandescent Lamps," Trans. Amer. Inst. Eke. Eno.,
volume 1, Ore paper, 8 pages, October, 1884.
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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 transmitting 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-

tion coil and the magnetic detector, for
this purpose. Dolbear had invented
the vertical antenna. Edison had invented the hot-cathode vacuum tube detector. Tesla had invented the tuned
sending transformer and tuned receiving
transformer, connecting to the vertical
antennas. Marconi, Samuels and Isaacs
had undertaken the commercial exploitation 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
astrong effort made to show that there
was something radically new and strange
in the systems which were being commercially exploited. It was stated by a
number of authorities that the phenomena were not due to high-frequency
alternating currents, but that some
peculiar 'whip-crack' was necessary in
.
the ether. A few quotations will illustrate this pointio.
"Professor Cross stated that `alternating currents in the vertical wire will
not produce Hertzian waves in the ether,
as such waves are produced only by the
disruptive discharge. Probably acrude
mechanical illustration would be the
case of a whip-lash—motions of some
kind would be produced, but they
would be of aquite different character.'
Fleming stated that 'although in the
third claim the patent speaks of employing rapidly recurring or alternating
electric impulses, unless some form of a
condenser is discharged to cross the
spark gap there cannot be any production of Hertzian waves—the disruptive
discharge is the one essential condition

for the production of Hertzian waves.'
"Marconi stated that 'the difference
between Hertzian oscillations and ordinary alternating currents is most certainly not one of degree. An analogy
may be found in the case of a sound
wave in air. The swinging of abell 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 sufficient 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 anumber of years", and was convinced that
there was no essential distinction between the Henry high-frequency oscillations and Hértzian waves. With the
object of demonstrating this aconsiderable number of experiments were made
in 1899, with the assistance of one of the
writer's former students, Dr. Kintner,
and the results published in the American Institute paper above referred to,
that is of November 22, 1899, in which
the sliding wave theory referred to by
Professor Elihu Thomsonn 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-frequency currents, and though it led to
important developments, for instance.
the wave chute, the use of the magnetic
component of the wave, the loop an-

"Court reports in Marconi iv. De Forest. Southern
District of New York. Proceedings Electrical Congtess
at St. Louis; Discussions Inst. of Elect. Eng. (England)
and "Principles of Electric Wave Telegraphy.'

Bennet and Bradshaw, Western University of Pennsylvania, 1895.
"POPULAR RADIO, volume 2, pages 231-235. (December, 1922). See also Elihu Thomson. "A Short Story
in Wireless." The Electrician (London), volume 89,
page 148 (August 11,1982).

"Purdue University catalogue for 1892-93.

Thesis,
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tenna, the pelorus or wireless compass,
continuous wave generation, the wireless telephone and the heterodyne, it
was never intended as apresentation of
the complete theory.
"This has resulted in the theory being
misunderstood to some extent. Professor 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 mathematical investigation made by the writer in
1900 shows that the sliding waves are
guided by the earth's surface to aquite
.
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 distances dealt with in my original paper
it is quite appreciable.
"The reception of waves across the
Atlantic cannot, therefore, be due to
guiding of the sliding waves by the
conductor and must be due to some
conducting layer in the upper portion
of the earth's atmosphere.
"Writers on the subject of the Heavi-

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, Maryland", where two masts were erected
one mile apart and by means of hot wire
barreters and ring receivers, the exact
method of transmission of the wives
was experimentally determined . By
means of ladders placed at varying distances from the antennas the course of
the waves in the air was fully mapped
out up to distances of several hundred
yards 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 surface and the strength of the currents
flowing in the surface were accurately
determined. The results appeared in
papers published by the writer some
twenty years ago, where, for example.
the figure is given that with a certain
amount of salt in the sea water and
with acertain 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 Maqsarhusetts
and Machrihanish in Scotland extensive
measurements were made on the efficiency of transmission of different wavelengths at different hours during the
day and night. A curve showing the
results was published in 1906" and
again in 1908".

"T . Il. Eckersley, "A Short Story in Wireless"
(letter to the editor). The Electrician (London),
volume 89, pages 242-243 (September 1, 1922).
'
,Where speech
was first transmitted wirelessly,
December, 1900. See Reginald A. Fessenden, "Wireless Telephony."
Trans. Amer. Inst. Elec. Engt.,
volume 27, pages 553-629 (1909).

'
,A. Frederick Collins, "Fessenden's Work in Wireless Telegraphy." Electrical World, volume 42, pages
474-478 (September 19, 1903).
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'
,Reginald A. Fessenden, "Wireless Telegraphy,''
Electrical Review (London), volume 58, pages 744-748
(May 11, 1906) and 788-789 (May 18, 1906).
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0 Harris & Ewing

A FAMOUS AMERICAN RADIO INVESTIGATOR
Dr. L. W. Austin of the Bureau of Standards. with the apparatus used for investigating the effects of the
ionized clouds described by Dr. Feasenden.
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"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 mathematicallyI 7,
due to absorption in the neighborhood
of the sending station. This was determined by measuring accurately and
simultaneously the difference in intensity between the daytime and nighttime reception of signals at six different
stations at distances of 200 yards, 30
miles, 170 miles, 270 miles, 400 miles
and 8,000 miles from the sending station. 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 nighttime. From the curves given in the
papers referred to it will be seen that
the absorption increased slightly as the
wavelength increased, up to afrequency
•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 January, 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 determination of the height of the conducting
layer. This is given in section 10 of the
artide of May 18, 1906", as follows:
"The height above the earth at which
marked absorption begins to take place
1 1.
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 experiments agrees almost exactly with
the height at which aurora are formed,
as determined ten years later by trigonometrical 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, `ionephs,' as the
writer has termed them. To quote from
the paper rtferred 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 diameter 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 seveiith 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 adouble set
of impulses were being received, one
about afifth of asecond later than the
other. It is too early yet to make any
definite statement in regard to the matter, 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 received 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 to 70. Hence
signals that had gone the other way
round would have an intensity of 480

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 Iam 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 acertain distance.'

MEASURING THE HEIGHT OF THE HEAVISIDE LAYER
Bv means of this elaborate transmitter Dr. Fessenden carried on experiments in 1906. The operator, Guy
Hill. has since become known to radio fans everywhere as Captain Hill, for several years associated with Major
General George O. Squier.
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"Though the statement was severely
commented upon at the time (May 18,
1906), the existence of these echo signals has since been confirmed. In the
January, 1922, issue of the 'Monthly
Notices of the Royal Astronomical Society,' 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
O. 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 distribution of atmospheric pressure is examined, but is insufficient to explain the
whole anomaly.'
"It will be seen that a quite considerlle 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 additional information will be found in a
paper on the pelorus published in 1919 18 .
"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 acommercial and not ascientific 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 asuccession of three dots followed by aperiod of
silence by adjusting the electrodes to the
right distance; the fact that no one was
allowed to listen in to the signals except
"Reginald A. Fessenden, "The Fessenden Pelorus
(Wireless Compass); a Caution as to Its Use." The
Electrician (London), volume 83, pages 719-731 (De(ember 19, 1919).

Marconi and asingle assistant who had
no knowledge of electric circuits; the
fact that the experiments were abruptly
discontinued in spite of the very generous 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 wavelength used and with the single, kitesupported wire at the receiving end, the
small amount of power and no amplification, 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 Roosevelt 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 message by the Duxbury cable directing the
release of the message cabled from the
Holland House; the circumstances connected with the Glace Bay tests as discussed 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 announcement of the Newfoundland tests. These
facts have undoubtedly influenced public 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 commercial 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 Europe."
The Electrician (London), volume 80, pages 300-203
(November te, 1907).
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made to determine the height of this
layer (as given in the paper in The Electrical 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 transmission referred to in the paper of May 11,
1906, cited above, might be considered
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
agreat deal about ether 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 amatter of convenience. 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. It is simply one
of those inventions of the scientific mind
created to temporarily account for certain observed phenomena. As far as we
are concerned with the practical understanding 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 afascinating chapter in our present discussion. Steinmetz, 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 collaborators. It is of vital importance because
it revolutionizes our whole conception of
nature and space. The theory of relativity concludes that there exists no
absolute position or motion, but that
these elements are relative.
"In other words, if we had only one
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 hypothesis 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 demanded attention was promulgated by
89

Newton. He explained light as abombardment of minute particles projected
at extremely high velocities. If this
corpuscular theory of Newton's is right,
then two equal beams of light when superimposed, must always combine to a
beam of twice the intensity. Experience shows, however, that two equal
beams of light, when superimposed, may
give abeam 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 currents, may be anything between the

sum and the difference of the two intensities. 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 hypothetical carrier of the light wave has
been called the ether. At this point our
troubles begin.
"The phenomenon of polarization
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 motion, avibrating ether atom neither approaches nor recedes from the next ether
atom, and the only way in which the

.
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DO WAVENIETERS REALLY MEASURE "ETHER WAVES"?
If,
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 waves, must be recording some other
forms of resonant phenomena which do not rest upon the ether hypothesis.
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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 relative positions.
That is, transverse
waves can exist only in solid bodies. As
the velocity of light is extremely high
(180,000 miles asecond) the forces between the ether atoms, which transmit
the vibrations, must be very great.
"In other words, the hypothetical
ether is asolid with avery 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 eaith around the
sun either the ether stands still and the
earth moves through 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 between 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 unreasonable and untenable it becomes.
It is merely conservatism or lack of courage which has kept science from openly
abandoning the ether hypothesis. Belief 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.

"Thus the hypothesis of the ether has
been finally disproven and abandoned.
"There is 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 •
eel out each other, and can interfere,
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 involvine movement of matter. As the only
known waves were wave motions, it was
natural that the light wave was also
considered as awave 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 amotion
of matter. We know that nothing material is moving in the alternating current, 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
awave must necessarily be awave motion. Electrical engineering has dealt
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with alternating currents and voltage
waves; it has calculated their phenomena and applied them industrially, but
it has never considered that anything
material moves in the alternating current 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 electromagnetic wave and the light wave, the
natural conclusion was that the ether is
unnecessary also in optics. But curiously 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 amagnet. 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 exerted on it. We say that the space surrounding the magnet is amagnetic field.
A field, or field of force, we define as 'a
condition in space, exerting aforce on a
body susceptible to this field.' Thus a
piece of iron being magnetizable—that
is, susceptible to amagnetic 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 condition of energy storage in space, exerting
a force on a body susceptible to this
energy.'
"The space surrounding amagnet is a
magnetic field. There are other kinds of
fields of force. For instance, if we electrify apiece of sealing wax by rubbing

ATT)2,qCT/ON

A magnet has an electromagnetic field surrounding
its poles; if a piece of magnetic material is brought
within this field an attraction between the two poles is
apparent. Neither does this phenomenon require the
ether theory for explanation.
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it, it surrounds itself by adielectric 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 abundle of soft
iron wires, surrounded by acoil of insulated 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 amagnetic field. If now we increase
the electric current, the magnetic field
increases; if we decrease the current, the
field decreases; if we reverse the current, the field reverses. If we send an

alternating current through the coil the
magnetic field alternates, that is, the
field becomes aperiodic phenomenon or
a wave: an alternating magnetic field
wave.
"Similarly, by connecting an insulated 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 dielectric field, (that is, aperiodic or wave
phenomenon), if we use an alternating
voltage.
"Magnetic and electrostatic fields are
usually combined, since where there is a
current producing amagnetic field there
is also a voltage producing an electrostatic field. Thus the space surrounding
awire that carries an electric current is
an electromagnetic field, that is, acombination of amagnetic field and an electrostatic field. If the current and voltATTRACT/ON
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This diagram illustrates an electrostatic field that is set up around apiece of sealing wax
by rubbing it with abit 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 aperiodic
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 electromagnetic 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 amedium 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 electromagnetic wave is aperiodic alternation
of the electromagnetic energy field in
space. Differences between light and
other waves are merely those due to
differences of frequency. Thus the electromagnetic field of the 60-cycle transmission line has awavelength of
3x10 10
60

cm = 5000

kilometers. The field is limited to the
space between the conductors and their
immediate surroundings. This is extremely small compared with the wavelength. 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 wavelengths of 15,000 to 200 meters and less;

that is, frequencies of 20,000 to l3/ million 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 alarge part, even amajor part, of
the energy of the electromagnetic field
is radiated. The frequency of the light
wave is much greater still, 600 millions
of millions of cycles. The wavelength,
50 microcentimetres, is avery tiny part
of the extent of the field. Therefore
practically all of the energy of the field is
radiated; none is returned to the radiator.
"Our lack of familiarity with the conception 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 acarrier of
the field energy, just as on the older
theory it was needed as acarrier of the
hypothetical wave motion of matter?
"These questions are due to amental
error. Familiarity reverses the relation
between primary and secondary conceptions.
"All that we know of the world is derived from our senses. They are the
only real facts; everything else is conclusioned from them. All sense perceptions 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, aconception which exists for us only because our
senses respond to it. All other conceptions 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

T

HESE elusive little electrons that
we have been considering are able
to pass through organized matter
with ease and an electric current is composed 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 illustration (page 46) where we see acrudely
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 inadequate. 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 imagine how fast they really travel. A racing automobile traveling 140 miles per
hour is moving with an almost imperceptible 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 35,000 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 dissociated through perfectly natural

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 apiece 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 passage. On the other hand awire 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 passage of electric currents which are nothing more or less than the passage of free
electrons, are called conductors.
A
substance like water, although it is a
relatively poor conductor when compared with copper, is, nevertheless, considered 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 current
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HotPtOtyy00000 OH
Fla. 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.
trono 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 afew 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 amost insignificant number 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 fortunate 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 another 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 min46

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 delivered 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 awire, for any particle
even though it be an electron, cannot
be urged to move on without some
physical incentive. A ball will roll
down ahill 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 ahigher 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 electrons is made in voltage. One volt

would be considered avery low pressure
while 100,000 volts would be considered
exceptionally high. The "volume" or
flow of electrons, in place of being figured in gallons per minute as in the case
of water, is calculated in units called
amperes.
When water flows through a pipe
there is adrop in pressure between the
pump and the destination of the water
at the end of the pipe line. This drop in
pressure is due to the resistance offered
by the pipe to the flow of the water; a
certain amount of energy originally imparted to the water has to be used in
overcoming the resistance in the line.
This resistance will 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
awater 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 conductor; that is, whether it is brass, copper or iron and upon thesize of the wire.
If avery small wire is used, the current
will meet a tremendous opposition and
very little of it will flow. Such awire
would be said to have ahigh resistance.
If the voltage should be pushed high
enough, this little wire would finally
burn up just as awater pipe with apressure too high might burst. The substitution of alarger wire would permit the
current to flow more freely and by reducing 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

ohms. This term is used in honor of Dr.
Ohm, the German physicist who constructed 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
aresistance 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 electricity 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 controlled either by an (1) increase or decrease of resistance, and (2) by increasing or decreasing the voltage. Dr. Ohm
found that these relationships took on a
definite mathematical form and he expressed this form in Ohm's Law.
Summed up it simply states that for a
constant resistance, the current flowing
in an electric circuit is directly proportional to the voltage and that for aconstant voltage the current is inversely
proportional to the resistance. Giving
voltage the symbol "E" (meaning
electro-motive force), resistance "R"
and current "I," the following formulae
make up Ohm's Law.
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As an example, let us assume that we
have acircuit having avoltage of 12 as
measured with an instrument known as
a voltmeter. The amount of current

be supposed, it is h ohm. By connecting the same resistance in series as shown
in the lower portion of the sketch, the
resistances are added and 2ohms result.
Ohm's Law applies not only to portions of the circuit but to the circuit as a
whole. If we had agenerator and acircuit containing a number of electric
lamps in series we should find it necessary 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 complete circuit.
There will always be adrop of voltage
when a current passes through wire
offering resistance. The greater the resistance the greater the drop in voltage.
If the terminals of avoltmeter are connected directly to the terminals of a
resistance coil carrying a current the
degree of drop in voltage may be determined by reading the meter. This is
usually referred to as the drop in voltage
or "potential drop."

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 6ohms. 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 upon the way in which it is connected in
the circuit. In many cases engineers do
this to properly control the flow of current. Instead of relying upon the natural resistance of copper wire forming
the circuit, a wire having a very large
resistance is wound onto aform and inserted. Such action, of course, always
causes adrop 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 resistance being two ohms, as might

/OHM
/2 OHM

/ OHM

/OHM

/OHM

2 OHMS

ROW 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
*dower figure the same two resistances are connected in series; the joint resistance is then twice that of asingle one.
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It has been said that aflow of electric
current is established only when a
difference of potential or a pressure is
created. There are anumber of different ways of creating such a pressure.
There is a chemical way of doing it
which is carried on by the aid of devices
called batteries. If a rod of zinc and
carbon are inserted in a vessel containing afairly strong solution of sal ammoniac there will exist between the copper
and the zinc a difference of electrical
potential. It will be found that the

ci))

furnace which, instead of consuming
coal for its supply of energy, consumes
zinc. This energy represented by the
consumed zinc presents itself in the
form of electronic flow in the circuit containing the cell and the motor.
If we had anumber of such chemical
cells on hand and connected them in
series we should find that the voltages
of the various units would be added together but their current capacity would
be the capacity of one cell. If ten cells
were arranged in series or tandem there

ADO CleeENT CAPACITY

o
VOLTS
o

400 VOLTAGE

110W DRY CELLS ARE CONNECTED
Figure C: At the top the cells are connected in parallel so that the voltage of the complete battery wid 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 6x1.5.

carbon will have the higher pressure and
would be available an electrical potenit is consequently marked positive. The
tial of 15 volts. This series connection
zinc having the lower pressure will be
is shown in the sketch. By arranging
marked negative. If avoltmeter is conthe batteries differently and placing
nected between this negative and posithem in what is known as parallel relative 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 consmall electric toy motor should be considered the flow of electricity as estabnected to this simple cell, a rather
lished by achemical producer of potenenergetic chemical reaction would be
tial differences. In applying the voltset 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 avery definite
tinued long enough the zinc would gradway to have the needle or pointer regisually be consumed and would finally ter correctly.
Reversing the meter
almost completely disappear. We .
.L.:nd
would reverse the needle and no intellithat we have here asort of achemical gent calculation of the voltage could be
49

formed. This proves that the current
in this very simple producer of electricity is flowing in one direction only, just
as water flows through apipe. Such a
current is called adirect current in electrical parlance and it is produced by
batteries and sometimes by mechanical 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 amost
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 behave 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 awire carrying current. It is known that acompass
functions by reason of the magnetic
poles of the earth and that it is extremely sensitive to magnetic disturbances. Any wire carrying acurrent 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 anumber 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 magnetic 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 current could be forced through it, the magnetic field in the vicinity of the wire
would be strong and it would be found
to influence the compass over a great
distance.

When wire is formed into coils this
magnetic field about it is concentrated
and the amount of concentration depends 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 current 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 describing should be brought into proximity with aheavy coil of wire carrying a
current, it would be found that it could
detect the magnetic field over aconsiderable distance. A real sensitive compass will sometimes indicate the passing
of astreet 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
experimentation has shown that all substances do not permit the passage of
magnetism with the same degree of
freedom. Air seems to offer considerable 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 depend 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. It must be remembered, too,
that electromagnets develop magnetic
fields only so long as the current flowing
through them exists. If the current is
suddenly stopped the field collapses instantly and if the current is reduced in
any way through the interposition of re-
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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 alaw in magnetism that states that like poles repel each

sistance, the intensity of the field about
the core will also be reduced.
A few iron filings, a piece of pasteboard and a permanent magnet of the
horseshoe type are the only materials
necessary to show that magnetism is not

PERMANENT MAGNETIC FIELD
Figure D: The curved lines show how the magnetic
field about a permanent magnet would appear if they
were visible 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 systematic 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 themselves in adefinite 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 anorth and
asouth, and asouth and a north pole
are connected.
It is surprising how a few simple
materials will permit of an almost endless variety of experiments with electro-

MAGNETIC FIELD ABOUT A COIL
Figure E: This diagram shows the similarity between
afield produced by apermanent magnet and acoil of
wire carrying an electric 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

magnetism. The winding of another
coil of wire upon anail and the addition
of a sensitive current indicating device
(called a galvanometer) to the experimenter's kit, makes possible demonstrations involving the elementary princi51

pies of electromagnetic induction. The
galvanometer is connected to the terminais of the second coil and this coil is

brought into the neighborhood of the
original coil connected to the cell.
If the battery is alternately connected
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MAGNETIC LINES OF FDRCE
Figure F: If the magnetic lines of force about acurrent 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 main the voltage carried by the wire but the current strength. If avery heavy current was travelling
through the circuit the lines of force would be proportionately great. Even with livery high voltage the lines
of force would be small if the current was small. The student will also note that the lines of force become weaker
in the outside circle which is indicated by ll.e growing distance between the concentric lines. The field will be
at maximum intensity close to the wire.

MAGNETISM OF HORSESHOE MAGNETS
Figure G: It was said in connection with Fig. D that the shape of the magnetic field produced by apermanent
magnet which is a niagnetized piece of steel depends upon the shape of the magnet. Here we really have aliar
magnet bent into ahorseshoe shape. This brings the magnetic fields which are strongest at the ends of the magnets into close relationship and hence agreater force is exerted. By placing asmall piece of eardbaard over the
poles of ahorseshoe magnet and sprinkling it with iron filings avery good idea of the course taken be the magnetic lines of force may be had. Tlie 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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NAILS

GALVANOMETER
CO/LS
ELECTRIC ENERGY TRANSFER
Figure H: Here the student will see how it is possible for an electric current to jump across space from one
circuit to another. The battery connected to the coil about the first nail generates amagnetic field which is picked
up by the coil about the second nail, reconverted back into an electric current and registered on the sensitive
galeanometer. The distance over which this energy transfer will take place depends upon the strength uf the battery, the size of the coils, etc.

and disconnected, the indicating needle
of the measuring instrument will jerk
back and forth in response. This indicates 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 amagnetic 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 similar phenomena are involved.
Transmitting energy from one coil to
another in this fashion is called electromagnetic induction and it finds great
application in the workaday world, not
only in radio but in telegraphy, telephony, power generation, etc. It is the
most valuable property of electric current.
Let us come back again to the ex-

periment with the coils. It was noticed that the indicating needle of the
measuring instrument was jerked into
motion only upon the instant of connecting 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 magnetic lines of force is caused lo constantly
cut through the lines of force.
This simple law of electromagnetic
induction may be demonstrated in another fashion. A coil of wire is wound
upon acardboard mailing tube and the
terminals of the coil are connected to a
current indicating instrument. A permanent 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 acurrent. However, if the
magnet is permitted to remain stationary no current will flow. If the magnet
remains stationary and the coil is
moved, the current will flow again. In
either case the wire turns of the coil
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were made to cut through the invisible
lines of force. In other wc.rds, 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

SOLENOID

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-onequarter horsepower for there is always
aloss when power is transformed from
one kind to another.
So far we have been dealing with
direct current (D.C.). By this we mean

64LV4NOMETER

Si M I'LE CURRENT GENERATOR
Figure I: Here is another experiment that further illustrates the
mysterious connection between electric current and magnetism. As long
as the bar magnet is moved inside the solenoid shown there will be a
deflection of the galvanometer needle which indicates the generation of
acurrent. It is upon this simple principle that all electric generating
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 generation of electric 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
kinetic energy (energy of motion) produced by a steam engine into electric
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aunidirectional current; acurrent flowing between positive and negative in one
direction only. Such acurrent may be
supplied by a battery or by what is
known as aD.C. generator.
We are now ready to take up awidely
applied form of current called alternating current (A.C.). Alternating current
is quite different from direct current in
that it does not hold to auniform direction of travel. Rather it insists on going
first in one direction and then in the opposite direction. An automobile or any
moving object cannot move and stop
and reverse itself unless the energy that
is moving it in the original direction is

ZE20

ONE CYCLE
PICTURE OF 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. lhe number of times it does this in one second is referred to as
its frequency which ift always expressed in cycles. 60 cycles would mean that it was
oit king 1.20 reversals per second.

determines the frequency of the current.
We often hear it said that such and such
acircuit has asixty-cycle current travelling in it. This simply means that the
current is reversing itself one hundred 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 alternating current and although one hundred 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-frequency class until they are reversing at
least 500,000 times asecond in their circuits. 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 asecond
coil connected to a current indicating
instrument capable of registering alternating currents. It would be found that
acurrent, almost the exact replica of the

brought down to absolute zero. You
cannot set an automobile going twentyfive miles an hour and reverse its direction from forward to backward instantly without first bringing the energy
expended down to zero.
The same
holds true of electric current. When it
changes its direction of motion its voltage and amperage first drop to zero and
for the barest instant of time there is
absolutely no current flowing in the circuit.
This interesting action of alternating
current can best be explained by the aid
of adiagram. In the diagram we have
aline which represents zero current and
zero voltage. One side of the line represents one direction and the other line the
opposite direction. The current starts
out at zero and gradually increases until
the voltage and amperage reach amaximum. 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 reversals that occur in a second of time
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A. C. ENERGY TRANSFER
Figure E: This shows how an alternating current, due to its constantly fluctuating quality •
may be transferred from one circuit to another by electromagnetic induction.

original current, would be developed or
induced 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 under discussion, however, we must remember 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
the dry 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 potential that faithfully follows the action
of the current in the first coil. Since we
deal largely with this particular principle 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 afurther consideration of the subject.
Since we discovered that iron is a
much better conductor of magnetic lines
of force than the surrounding air, it follows 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
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it is decided to transmit current from
one coil to another the coils are wound
upon hollow forms and these forms
slipped over asoft 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 without them?" If we desired to use the
current in its original form this system
of coils (which is usually called atransformer) would be quite unnecessary. In
fact it would be highly impractical because it is at its best an inefficient instrument. It is only when electricians
wish to raise or lower the voltage of acurrent that transformers are used. Whether the voltage of acurrent 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. Incidentally 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

SECONDARY

PR/MARY

CORE
CLOSED CORE TRANSFORMER CONSTRUCTION
•
Figure M: The transformer illustrated above is called a closed core
transformer because its core encompasses acertain 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
cods 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.

LAMINATED
CORE
SECONDARY

OPEN CORE TRANSFORMER
Figure N: When both primary and secondary coils of atransformer are wound
on arectangular core as illustrated the device is referred to as an open core transformer. 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 section.

SECONDARY

PR/MARY
GENERATOR

CLOSED CORE TRANSFORMER
Figure L: By providing an iron path between the coils shown in Fig. K the efficiency of the energy transferring system could be greatly improved because of the ease with which iron transmits magnetic lines of force.
The side of the transformer connected to the generator is called the primary whit.' the output coil cf the transformer 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 aratio 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 electrical pressure of one million volts
would be induced in the secondary coil.
It 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 reduce
the voltage. In other words we cannot
get something for nothing.
Transformers are used for many purposes in both radio and electricity in
general. Perhaps their most important
function in the workaday world of electricity is that of boosting voltage for longdistance 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 lighting is distributed to neighborhoods at a
rather high pressure. It is then tapped
off through the secondary of the transformers and delivered to the consumers.
We also find transformers that reduce
the voltage to a very low point by increasing 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
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a secondary output would be in the
neighborhood of ten volts but acurrent
of several hundred amperes may be
made to flow even with this small pressure if the wire used in the secondary leg
of the transformer is very large and but
afew 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 alternating current we really come to the
parting of the ways for the study of
alternating current brings with it numerous phenomena that are not associated with direct current. One of these
phenomena is the ability of an alternating current to pass through a solid
dielectric material used in electrostatic
condensers. To assist our understanding of this peculiar property let us refer
to Fig. 0, where we see a D.C. generator 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 insulator interposed between the two terminals of the generator. These two
metal plates separated by a sheet of
insulation (which may be mica, hard
rubber, glass or paraffine paper) constitute an electrostatic condenser and we
find that the current of the generator is
used for the small fraction of asecond in
storing electricity in this condenser.
However, when D.C. is used the condenser, 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.

METAL PLATE
HYSULAT/NG
SHEET
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METAL PLATE

CONDENSER AND GENERATOR
Figure 0: 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.

not made up of two plates. As amatter
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 aunit. 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 ahighly efficient dielectric substance is used. If too
thin adielectric 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 figuring the dielectric constants of other
materials air is taken as I. Glass,
depending upon its nature and manufacture, ranges from 4 to 10, mica from
4 to 8, hard rubber from 2 to 4, paraffine from 2 to 3 and porcelain from
3to 4.
We may say in general that there is
always an electrostatic capacity between bodies of different electrical potential. In radio we often hear it said
that an antenna has acapacity. This is
because the antenna is at one potential
and the earth at another while the dielectric air is the medium in between.
However, for direct current this capacity effect, as it has often been called,
can usually be overlooked for it is so

The time required for the generator to
charge the condenser depends roughly
upon two factors, the size of the condenser and the voltage of the generator.
The simple experiment above may be
very beautifully and convincingly demonstrated by the use of acurrent indicating instrument. Such an instrument
placed in the circuit would indicate the
flow 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 condenser must be for the condenser would
be called upon to discharge automatically 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 condenser 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
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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
acurrent constantly flowing. The con-

tential while the other will be at alow
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

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 discharging 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 acondenser and to
watch it discharge. This may be done
with aspark coil or what is known as a
Wimhurst machine; a device that is
capable of generating high voltage currents by friction. If a Leyden jar (a
Leyden jar is aglass bottle covered inside and outside with tinfoil), which is a
crude sort of a condenser, is properly
connected to either a Wimhurst machine or aspark coil in operation, it will
accumulate avery heavy charge of electricity—one side of the glass in the
bottle will be at an extremely high po-
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handle is brought into contact with two
such surfaces, a heavy crashing spark
will result as the condenser discharges.
Although this discharging of the Leyden jar was accomplished in the small
fraction of a second, many very interesting 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 se great as to bring
the opposite side of the condenser to a
higher voltage than the originally
charged surface. This causes areversal
of the current and the process is repeated
anumber 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

C3

CONDENSER CONNECTIONS
Fieure Q: Here we see the two principal methods of connecting condensers so that they may he made useful
for various purposes. These connections hold true for all types of condensers, Leyden Jars included.

alternating or oscillatory in nature.
First the current reaches a high value
and then through a long series of reversals it gradually dies out just as one
might strike the free end of a spring
when the opposite end is held in avise.
The spring would vibrate with gradually
decreasing amplitude until it finally
came to rest.
This business of condensers may confuse the reader who remembers how emphatic we were in our statement regarding insulators. It was very definitely
claimed that insulators would only permit comparatively small amounts of current to pass. We may still regard this as
true for direct current but we must
make reservations" for alternating current, and especially alternating currents
of high frequency. This does not mean
that alternating current cannot be insulated. It can be but there is always a
little loss through this "condenser effect"
unless the conductors are widely separated.
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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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. It
might be thought at first hand that
should a number of condensers be connected 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 atotal capacity
smaller than the capacity of any single
member of the group. If it is desired to
connect condensers so that their capacity may be added they must be connected in parallel as shown in the Fig. Q.
Here total capacity =Cl +C2 +C3.
We have been talking about the
capacity of condensers without considering the unit used in the measurement
of these capacities.
Since it was
Michael Famday who conducted most
of the first practical research in connection with condensers the unit of ca-

tive resistance, or in other words acoil
of wire. Alternating currents do not
pass through coils of wire in the same
way as direct currents. Here the current 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 degrees or the current behind the voltage
90 degrees.
Before leaving this subject of condensers, let us keep in mind the fact

pacity was chosen in his honor. It is
called the farad. Now acondenser with
one farad capacity would be so tremendous as to be quite beyond practical
consideration. In other words condensers do not need to be made that
large. For that reason asmaller unit is
used. This unit is called the microfarad
and a condenser of one microfarad
capacity has acapacity of 1/1,000,000th
that of a condenser with one farad
capacity. In other words the micro-

ALTERNATING CURRENT LAG
Figure R: When an alternating current is made to pass through acondenser 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.

that condensers have an actual ohmic
resistance and that this ohmic resistance
is not as high as might be expected simply because the current is called upon to
pass through adielectric material. If a
condenser is properly designed with the
correct materials used in its construction it may have an ohmic resistance of
afraction of an ohm.
While on the subject of resistance it is
well to point out that Ohm's Law cannot
be applied to alternating current calculations 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 subject of electrical measurement through
the medium of instruments. While it

farad is 1/1,000,000th of a farad. In
extreme cases, where infinitesimal capacities are to be calculated, the still
smaller unit, the micro-microfarad, is
used.
An
alternating
current passing
through acondenser does avery funny
thing. Before reaching the condenser
the voltage and amperage are travelling
hand in hand so to speak. The introduction of •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. Exactly the opposite effect would be produced if the condenser were taken from
the circuit and replaced with an induc62

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 result may be had without calculation.
The two most used instrumehts in
electrical measurement are the voltmeter and the ammeter. The voltmeter
is adevice which measures volts and the
ammeter is a device which measures
amperes and fractions of amperes. It
will be seen at the outset that an instrument 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 asecond. If a direct current instrument
were placed in such acircuit 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 especially small currents, it is necessary to
use instruments of a very delicate nature and to measure in very small units.
For instance, in radio circuits current is
usually measured in millivolts and milliamperes. 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 mentioned.
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.

The two metals forming the union make
up a unit called a thermo-electric battery 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 AI. Two dissimilar metals, B
and B1, are brought into junction with
the fine wire and the metals are connected to the terminals of avery sensitive galvanometer. The wire between
the points A and Al is so fine that avery
weak electrical current will cause it to
heat 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 heat
developed in the wire, which, on the
other hand, depends entirely upon the
amount of current.
The most superficial layman would
understand that either adirect current
or an alternating current may be used
with an instrument operating on the
thermoelectric principle. In either case
heat will be developed through the passage 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 apointer of very
delicate construction. The passage of
the current through the wire causes more
or less heating which is indicated in current strength upon the hand calibrated
scale (See Fig. T).
While instruments like the above are
used agreat deal in measuring currents
of radio frequency, magnetically con-
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GALVANOMETER

4
THERMO-GALVANOMETER
Figure S: Here we see athermo-couple made up by
the metals B and 131 connected to a galvanometer.
The current passing from A to A heats the couple and
causes asecond current to be generated.

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.

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 anormal zero or no current position by the
action of asmall 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 amagnetic
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 permanent magnet. The degree to which it
succeeds in this depends upon the voltage of the circuit.
The circular piece of iron placed in
the center of the moving coil and between the north and south pole of the
permanent magnet is used to form alow
resistance path for the magnetic lines of

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 providing the active parts are sufficiently
delicate. Instrument makers have developed amazing ingenuity in the application 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 relatively 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
amoving coil made up of afairly 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 instrument is used in constructing ammeters 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'Arsonval instruments, which consists of acurrent carrying
coil balanced in a strong magnetic field. The coil is
mounted upon delicate bearings and tends to rotate
when acurrent passes through it. D'Arsonval instruments are widely employed.

HEAVY CURRENT MEASUREMENT
Figure V: By providing a specially calibrated ammeter with aheavy shunt thousands of amperes can be
measured with safety to the instrument. Only asmall
fraction of the current is allowed to pass through hut
this is in proportion to the amount of current passing
through the shunt.

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 ammeters are made only for the measurement of small currents. When large
currents are to be measured, ammeters
are provided with what is known as a
shunt which is illustrated. This shunt
is usually made of anumber 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 the 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

their most inquisitive days have had
the sad experience of attempting to
learn the condition of their storage battery 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 battery 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 instrument with ahigh 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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AMMETER

VOLTMETE,E'

CURRENT AND VOLTAGE MEASUREMENT
Figure W: This shows how avoltmeter and ammeter
would be connected to measure the current and voltage
of asimple battery circuit. It will be noticed that the
instruments are connected differently.

RESISTANCE MEASUREMENT
Figure X: Here is shown amethod of measuring 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.

circuit may be registered simultaneously.
We must not think that the types of
instrument described represent the
whole range of current indicating devices. 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 voltmeter 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 aknown resistance. This
permits the voltage drop across the
known resistance to be measured. The
meter is then connected across the unknown resistance and the voltage drop
is again measured. We then have:

obtain unknown resistance =
known resistance Xdrop across unknown

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

from which we

drop across known resistance
There is a more accurate method of
measuring resistance by the aid of adevice 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
abattery 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 variable resistances carefully calculated so
that the resistance of these parts of the
bridge is known at all times. The unknown or X resistance is connected to
the arm D. When this is done the resistance in arms A, C and B are adjusted
until zero current flows through the galvanometer. The galvanometer will then
come to anormal 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 30 X 200 ÷ 20 = 300
ohms.
Before leaving this subject of pure
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CONNECTIONS OF THE WHEATSTONE BRIDGE
Figure Y: Although many important electrical calculations can he
made with a Wheatstone Bridge the connections of the device itself
are comparatively simple. The "arms" A, B and C are made of variable
resistances. They are shown as mere straight lines here as amatter of
convenience.

electricity it will be well to gather in a
few simple facts concerning the electrodynamic generation of current. Reference to Fig. Z will aid greatly in understanding 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 experiments 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 acurrent. If acoil of
wire is wound upon ashaft and revolved
between the poles of amagnet as shown,
there will be generated in the coil acurrent of electricity. This current is led
off for use by adevice known as acommutator. This is really arotating connector 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.
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The magnet in this case would be called
the field magnet since it is depended upon 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 (3) 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 generator a very high pressure or voltage.
If, instead of alarge number of turns of
fine wire, there is placed upon the armature a small number of turns of very
coarse wire we will have instead of a
high voltage ahigh amperage and alow
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.

D. C. DYNAMO PRINCIPLE
Fimire Z: It will be seen that aD. C. dynamo is nothing more or leu than •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 magnet 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 afield 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 asmall 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
ÍCO/L

A. C. GENERATOR PRINCIPLE
Figure AA: The principle involved here is the sarse 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.
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PICTURE OF ADIRECT CURRENT
Figure 118: This shows how adirect current would look with asingle coil and asimple two piece armature.

ADIFFERENT DIRECT CURRENT

Figure CC: This shows how the current would look when produced by a three-coil D. C. armaturt.

left in the iron field to permit the generator to build up when power is applied
to its armature.
We must not make the mistake of
taking the above as an accurate description of all of the direct current generators used. There are several different
types and a profusion of different designs. .For .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 segments.
We have just completed adiscussion
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 adry battery. That is, the
current produced, although it is in the
same general direction, is not of uniform
value. It will be seen that every time
the brushes come to a break between
the segments there will be an interruption. In the case of asimple 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

the number of segments and by providing the field with apole to match each
coil we produce acurrent or aseries of
currents that take the form shown in
Fig. CC. The tendency of each generator is to build afairly uniform current. 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 alternating current generator it would only
be necessary to alter one part. That
would be the commutator. In place of
a two segment commutator we wont
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 generator with two field coils and four poles
the frequency would be doubled at the
same speed.
Aside from the facts just mentioned,
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alternating current generators operate
on the same principle as direct current
generators; currents are produced with
armature coils that cut through magnetic fields.
The amount of current generated by
either adirect current or alternating current producer depends to a certain extent upon the load in the external circuit. If the external circuit is opened

was thrown across it. This will permit
an exceptionally heavy current to be
built up in the generator and atremendous load will be thrown on the whole
system. If no provision has been made
for such an emergency either the wire
comprising the external circuit will melt
through at the excessive passage of current or the windings in the armature of
the generator will be burned out.

WHAT A SHORT CIRCUIT MEANS
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
will be no load on the generator and,
save for mechanical friction, no resistance will need to be overcome in turning
the armature. With such conditions
prevailing the generator would be said
to be running idle. When the external
circuit is closed current is immediately
induced in the armature and there is set
up in it a magnetic field opposing the
original magnetic field developed by the
field coils. The amount of opposition
will be determined by the amount of
current flowing in the armature coils and
this in turn depends upon the size of the
wire and the amount of current that is
required by the devices in the external
circuit. Let us imagine that a heavy
conductor is thrown across the external
circuit of the generator as illustrated.
Since nature has decreed that electricity
will always follow the path of least resistance, it is evident that the current
flowing will avoid the part of the circuit
beyond the point where the conductor
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To prevent such dangerous accidents,
which, in the case of large power houses,
might run into as much as $100,000,
circuit breakers or fuses are used as a
protection to the circuits and generators
and also as aprotection against fires, for
aheavy current on the rampage is aprolific producer of fire. In the case of circuits carrying only afew hundred volts
fuses are employed. A fuse is nothing
more or less than astrip of metal made
up of alow melting alloy. Lead is the
basis of it. This little strip of metal is
designed to have adefinite current carrying capacity. When this capacity is
overstepped through a short circuit or
through the action of adevice requiring
too much current for the safety of the
circuit, the excessive current heats up
the alloy instantly and causes it to melt
or "blow." The melting of the alloy, of
course, interrupts the circuit and it is
left "open" until afresh fuse is inserted.
The circuit breaker, which is used for
heavy currents where fuses would be

impractical, operates upon an electromagnetic principle. A movable contact
element 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 magnets 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 afairly 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
hold true in radio and for this reason it is
always necessary for the student to gain
at least asuperficial knowledge of practical electricity before he ventures further into the still more fascinating
realm of radio.
The ambitious student must be
warned against passing on to what follows without first having assured himself that he is familiar with the electrical
principles outlined.

END OF SECTION II
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SECTION III

Diagrams -The Shorthand of Radio

A

s in chemistry, the radio man has
ashorthand method of expression which he uses in sketching
out circuit connections. In place of depicting 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 understanding 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 instruction 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 alittle 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 publications. As time goes on he will find
himself capable of absorbing the electrical details of any circuit presented in
this fashion by amere glance at the instruments shown and their position. It
will also be found very easy to use these
symbols in preparing notes on the subject of radio. Radio diagram symbols
are practically standard.

DO YOU KNOW WHAT THE ABOVE SYMBOLS MEAN?
vou do. you cannot understand the nractical and useful book-up drawings that constitute
iLich a skiable part of this course.
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"A" BATTERY—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 storagebattery tube, and that it is not economical 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" battery made up of dry cells, has increased
materially in the last year or two. Although made up of several cells, the
"A" battery has two main terminals

"B" BATTERY—The "B" battery is
made up of anumber of "flashlight" cells
connected in series and sealed together
in a convenient container, there being
fifteen of the cells in the 22M-volt size
and a correspondingly larger number in
the higher-voltage batteries. The largetype "B" battery will prove more economical for a permanent set, while the
smaller sizes have their points of advantage for portable sets. The detector
battery is usually a 22M-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
you intend to use. Three WD-11 tubes
should have three dry cells connected in
parallel, for instanée. One dry cell would
have the same voltage but it could not
furnish current for three tubes economically. By using three cells in parallel
the current is divided between the three.

type which gives any voltage in steps
of 1M volts from 16M to 23/2 volts for
soft detector tubes which are critical to
plate voltage. The amplifier "B" battery can be conveniently made up of
2eA or 46-volt blocks connected up in
series to give the required voltage. The
battery made up in this manner will
have two outside or unconnected terminals, one positive and one negative,
and these will form the connections to
the set.
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"C" BArrEaT—With more than 67M
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 4% volts make
good "C" batteries and are easy to obtain. To connect a "C" battery in an
amplifying circuit, break the grid lead

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. Another advantage of the "C" battery is
that it cuts down the average plate current greatly and makes the "B" battery
last much longer. There is very little
current drain on the battery.

AMMETER—Tile 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 amperes were being drawn from the storage
battery. An instrument for smaller
current values (the milliammeter) could
be connected in the plate circuit of the
vacuum tube to see how many thousandths 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

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
asolid piece of copper.
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ANTENNA — The most common type
of antenna (and one that gives universal
satisfaction for receiving) is the singlewire "L" type, approximately 100 feet
long. It is insulated at each end, preferably with a glazed porcelain antenna
insulator, and the lead-in to the receiving set 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 to give greater radiating area;
awire joined to each 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 antenna as having asingle connection and
thus it is shown in the diagrams.

LOOP ANTENNA—The regulation outdoor antenna always gives reception
over greater distances and also louder
signals than the loop on the same receiving set. However, circumstances
may make the use of aloop 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 radiofrequency amplification will be required
in addition to the customary detector
and two stages of audio-frequency amplification. Do not attempt to use a
loop on the ordinary three-bulb regenerative set. For broadcast reception the

loop antenna may consist of twelve
turns of No. 18 wire wound in asquare,
two feet on aside, the turns being separated 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 showing loops are employed by technicians, the form taken will usually
approximate the one shown.
The
number of turns may vary, some engineers using but asingle turn of wire, but
there will always be a representative
feature that will enable the reader to
recognize the instrument.
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FIXED CONDENSER—The most satisfactory type of fixed condenser for receiving sets, and one that is comparatively inexpensive, is the small mica
condenser of reliable make. As the
amount of energy handled is extremely
small, it is not advisable to use homemade condensers of doubtful quality.
One of these small condensers of .00025
or .0005 mfd. capacity can often be connected in series with the antenna to cut
down the wavelength if necessary. In

VARIABLE CON DENSER—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 rotary plates which are also connected together 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
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places where some loss does not matter
and where the cost of amica condenser
of such large size would be prohibitive,
such as the filter condensers for transmitting sets, paper condensers are often
used. The fixed condenser has fundamentally two metal surfaces which are
separated by an insulating sheet, although 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 mechanically and electrically; the bearings
should fit well and preferably be of
metal; and the stator and rotor should
be separated by a good insulating material to avoid excessive dielectric loss.
This method of showing a variable
condenser is practically standard. Sometimes one of the lines that is shown
parallel here is curved slightly to represent the movable plates. This, however, should not confuse the reader who
knows the general symbol.

point, we defeat the purpose of the
counterpoise which is to give a uniform
electric 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 asingle lead-in to the
transmitting or receiving set. The form
and size taken by any counterpoise will
depend somewhat upon the space available for it. In any case, it is always
indicated as illustrated,

COUNTERPOISE — When aground connection is impossible or when anatural
ground gives too high awavelength 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 counterPoise 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) at some

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 akey 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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wire is connected, from the binding post
nearest the buzzer interrupter, to the
ground lead of the receiving set.
Sometimes buzzers are shown with
one electromagnet and sometimes with
two. However, this is not technically
important for a buzzer with one electromagnet functions in exactly the same
way as abuzzer 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.

RADIO-FREQUENCY
CHOKE COIL—
The uses of the radio-frequency choke
coil are very similar to the audio-frequency choke coil except that it is constructed to operate at much higher
frequencies and is therefore generally
made with an air core. The coil shown
in the illustration is an ordinary honeycomb coil, which type is usually satisfactory for radio-frequency choke-coil

purposes. The radio-frequency choke
consists of asingle winding and has one
connections at each end. Such a coil
may be used in a low-power vacuumtube transmitting set as a radio-frequency choke in the grid-leak circuit or
in the plate circuit to keep the highfrequency energy from getting back
into the power supply. These coils find
many 11es,

AUDIO-FREQUENCY
CHOKE
COIL—
The audio-frequency choke coil consists
of an iron core with acontinuous winding, and has two connections, one to
each end of the winding. The choke
coil has atendency to smooth out variations 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 connecting one or more choke coils in series
with the rectified supply. There is always a drop in voltage across a choke
coil and this is used in choke-coil-

coupled amplifiers. The choke coil is
connected in the plate circuit of one
tube and the drop across it used to opèrate 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 manner diagrams usually give some
indication of the variable feature. When
the coil is shown without taps it is
usually taken to mean that the inductance is of fixed value. Such coils
are also used as A. C. chokes.
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-DUDE7:

CRYSTAL DETECTOR— The crystal detector generally takes the form of afine
wire or "cat-whisker" pressing lightly
on some kind of mineral crystal; the
common minerals are galena, silicon,
pyrites, carborundum or one of the synthetic crystals. Within 15 to 25 miles of
the large broadcasting stations the crystal set will give good, clear reception on

the telephones; aloudspeaker cannot bt
used with a crystal set. In selecting a.
crystal detector see that it is so constructed mechanically that the entire
surface of the crystal can be easily explored with the "catwhisker." There
are two connections to the crystal detector, one to the "catwhisker" and one
to the cup which holds the mineral.

GALVANOMETER — The
galvanometer
is adelicate 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 minimum 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

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 always 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.
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A.C. GENERATOR OR MOTOR—The
A.C. generator finds little use in radio
work except in spark transmitters but
the motor is often used as a source of
power for motor-generator sets when the
local electric supply is alternating current. The A.C. generator or motor frequently has three terminals in the larger
sizes as three-phase distribution of
power is more satisfactory than single
phase. The single phase motor is not

inherently a self-starting device, and
must have some sort of starting mechanism incorporated within it; on the
other hand the three-phase motor is
self-starting and is much more rugged.
The single-phase motor has two terminals brought out to binding posts. Alternating and direct current motors are
never employed in receiving sets. It is
only in the diagrams of transmitters
that we find the symbols used.

D.C. GENERATOR OR MOTOR—The
D.C. generator 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 motorgenerator set, for driving spark gaps,
etc., when the local electric supply is
direct current. There will usually be
two connections for the generator and
also two connections for the motor unless
the 'alter is so powerful that it requires
s'yne sort of starting mechanism The

local electric company will have its own
regulations about the sizes of motors requiring starters. The motor itself will
have two external connections or
term inals.
Since every direct current motor functions as a generator if it is turned mechanically 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 agenerator is shown it
is so marked but when the motor is pictured no indication is made.
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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 something more expensive. However, do
not try to economize by using a paper
condenser at this point. The grid condenser has two leads.

GRID CONDENSER— 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 instead of changing to positive at each
half cycle as it would normally do.

GRID 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 gradually; otherwise the charge would build
up until the tube was paralyzed. For
this purpose a high-resistance path
called the grid leak is connected between the grid and the filament; the
value of the grid leak runs into the millions of ohms, 2 megohms (2,000,000
ohms) being a common value. While
there may be some advantage in avariable grid leak, it is so difficult to find a
good one, that the tubular type is per-
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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
yet technicians have not decided to indicate this variable feature in a diagramatic way. This is probably because the grid leak once adjusted for
any particular tube does not need to be
touched again for some time. Adjustments are so few and far between that
it is practical to show all grid leaks as
being fixed in both electrical and mechanical form.

..

GnouND—Fortunately agood ground
is 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 abi ass
fitting, or one of the faucets, or it may
be connected directly to the pipe itself
by means of aground clamp. The pipe
should be brightened up with afile before connecting the ground clamp. If a

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 asingle 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.

rirt-al
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FIXED INDucrAmE—The fixed inductance or coil is acontinuous winding
with two connections, one at the beginning and one at the end. It may
take the form of the single-layer coil,
bank-wound coil, spiderweb coil, honeycomb 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 afixed condenser across the coil and
this gives the system a natural wavelength, which is an undesirable condition since we usually wish to control the
wavelength by means of avariable con-

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 medium 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 alaborious 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.
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‘In ;LE INDUCTANCE—The variable inductance is merely a coil with
provisions for using apart of the whole
of it. There are two fundamental connections; 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,

thus cutting in more or less of the coil.
Sometimes two switches are provided at
opposite ends of the coil, one for tens 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 alittle 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 inductance included in the secondary circuit.

TELEPHONE JACK—The
telephone
jack gives us ameans of using either the
detector, or one or more stages of amplification at will. The ordinary jack
for all but the last stage of amplification 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 inside terminals are connected to the
primary of the following amplifying
transformer. When the plug is not inserted in the jack, the plate wire should

make contact with the terminal marked
P on the transformer and the "B" battery wire should make contact with the
terminal B on the transformer, through
the fingers of the jack. The last jack 'ias
two terminals and these are connected
in series in the plate circuit of the preceding tube. The jack furnishes aconvenient
method for "plugging in" theheadphones.
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 illustrated in the manner given.
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cuit of the power transformer. However, with continuous-wave apparatus
there are places where even asmall key
may be inserted so that it will control
the energy from several large vacuum
tubes. There are always two connections to the key, these being shown by
thetwo wires running to it in thediagram.

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 inserted in series with the primary cirr".

LOOSE CouPLEn—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 secondary 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 inductance value. There are two primary 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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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 indicated in diagrams in the conventional
manner illustrated. It must be remembered that all of the various instruments
:,hown in this series of pictures oftentimes take different mechanical forms.
Regardless of this form the diagram
used to represent the instrument is
usually standardized in all radio publications.

MICROPHONE—The ordinary carbongrain 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 furnished by the carbon grains. To one of
the plates the diaphragm of the microphone is attached and the varying pres-

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 current at any instant is representative of
the sound wave striking the diaphragm
at that time. The symbol shown is
-ractically standard.

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 circuit through the telephones.
This
places the telephones in the plate circuit of the preceding tube and disconnects the succeeding stages from the telephones 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 aplug in adiagram.

TELEPHONE
PLUG—In connection
with ajack, the telephone plug may be
used to insert any given pair of telephones 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 telephones 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 is completed through the following transform-
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POTENTIOMETER--The theory of the
potentiometer is based on the fact that
the potential or voltage of awire varies
uniformly along its length from negative to positive, and that by tapping off
at various points along the wire or
resistance we can get any desired potential within the range of the battery.
The two outside terminals of the potentiometer (ends of the winding) are connected across the "A" battery and the
desired potential is obtained by moving

the third connection (the pointer) to
different points from negative to positive. There are two principal uses for
the potentiometer, the first being to
vary the plate potential of a soft detector 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 asixvolt variation in either position.

CHEMICAL RECTIFIER—The chemical
nomical for battery charging as most
rectifier cell usually consists of one lead
often used, due to the fact that the curand one aluminum electrode immersed
rent is most always cut down by arheoin asaturated borax solution. For batstat and alarge part of the energy is lost
tery charging, two to four cells having
in the rheostat in the form of heat.
large electrodes may be connected in
There are two connections to the rectiparallel in order to carry the heavy curfier, one to the positive aluminum
rent. On the other hand for rectifying
electrode and one to the negative lead
the plate current for vacuum tubes, a electrode.
number of cells that have smaller elecChemical rectifiers of this type are
trodes are connected in series, as the
often used to charge small B batteries
voltage is high and the current is low.
but the reader will find that they require
The chemical rectifier is not very eco- much attention.
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RECTIFIER TUBE — The rectifier tube
is a two-element 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
rectifying 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 connected in series with the rectifier tube;

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. Rectifiers range from the Tungar type (a
low-voltage, high-current tube for battery charging) to the 'high-voltage rectifiers 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.

FIXED RESISTANCE— The fixed resistance 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 succeeding tube. Resistance coupling is
not economical because alarge 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 amplifying 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

the resistance element. The element
may take the form of acontinuous winding of wire or may be made up of some
high-resistance material such as carbon
or graphite. It should generally be noninductive; in some circuits this is imperative 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 produced will be working in opposition.
This is really the principle used in the
variometer. Non-inductive resistances
are used in alternating current.
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RHEOSTAT—ASthe voltage of a battery gradually decreases with use, all
tubes are designed to operate at avoltage somewhat less than that of the
battery they are to be used with. The
rheostat should, therefore, have sufficient 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 Con.—The spark coil is an
instrument used to obtain avoltage high
enough to jump aspecified air gap, the
discharge across the gap being used to
send out waves at a radio frequency.
The primary consists of asmall number
of turns and the secondary of many
turns of fine wire, both being wound
about alaminated 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 conRR

ordinary commercial 50-ohm rheostat
would burn out immediately if used
with atube 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 dissipated. The rheostat has two connections, one to the pointer and one to one
end of the winding. Use a rheostat
with your tubes of the resistance specified 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
secondary. 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 inefficient producer of electric oscillations.
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PUSH-PULL TRANSFORMER —For each
stage of push-pull amplification we must
have a special audio-frequency, input
transformer with a tap at the center
point of the secondary winding, and also
aspecial audio-frequency output transformer with atap at the center point of
the primary winding. Therefore the
push-pull transformers are usually sold
in pairs. Push-pull amplification varies
the plate current of both tubes up and

down from the normal thus giving an
increase in signal strength. In a stationary 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 giving way to resistance amplification.
-
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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 secondary 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 obtain aselection 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
TRANSFORMERS—The

across a resistance much energy is lost
in heat; on the contrary the efficiency of
the transformer runs as high as 98 percent in the larger sizes. The transformer
cannot be used on direct current.
Transformers are used for many different purposes. Some step up the
voltage and some step it down. Some
increase the current while others diminish 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 current is stepped down.
RO

AUDIO-FREQUENCY TRANSFORMER—
The audio-frequency transformer is
merely a step-up transformer designed
for voice-frequency currents. The primary 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 transmitter is changed from an audio frequency to radio frequency. The gap
may be a plain two-electrode gap, a
quenched gap, or a rotary gap. The
various forms of spark gaps are used to
give a better tone or note to the transmitter. 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 terminals 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 anote which is more pleasing
and easier to read than the lower frequencies 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 because of the gradual passing of the spark
method of producing electrical oscillations.

rear
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.

SwircnEs—The
most
common
switches used in radio are the following:
asingle-pole, single-throw (SPST) with
two connections, single-pole, doublethrow (SPDT) with three connections,
double-pole, single-throw (DPST) with
four connections and double-pole, double-throw (DPDT) with six connections.
These switches are made up in standard
from and also in aspecial anti-capacity
type with the area of the switch putts re-
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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 design 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 universally illustrated as we have it shown
in the diagram. The telephone is the
one instrument that has a practically
uniform appearance.

TELEPHONES—A good pair of telephones is essential for reception; probably 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 mechanically connected to amica or composition
diaphragm. Either of these types is
satisfactory if well made. The two telephone receivers are always connected in
series, that is, one terminal of one 'phone
is connected to one terminal of the other
91

RADIO-FREQUENCY TRANSFORMER—
The radio-frequency transformer operates on the same principle as the audiofrequency 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 radiofrequency transformer has four terminals, two for the primary and two for
the secondary. The common practice is
to mark the primary terminals P and B

for the plate and "13 --battery connections, and the secondary terminals G
and F for the grid and filament connections. Some transformers have ametal
link for short-circuiting part of the
winding, thus giving a wider wavelength range. Two or three steps of
radio-frequency amplification are practically a necessity for loop operation.
This type of transformer is not as
efficient as the tuned type.

tTT

connected to the grid circuit of the
oscillator tube in the case of grid modu
lation or to the grid circuit of the modulator tube in the case of Heising
modulation. The transformers should
be built to withstand rather higl.
voltages.
Here we have practical proof of the
simple way in which all transformers arc
shown diagramatically. The primary
will always be connected with asource
of current because it is this side of the
transformer that receives the electrical
impulses that are to be transformed t,,
ahigher or lower voltage.

M ODULATION TRANSFORMER—I
II order to couple together the microphone
circuit and the grid circuit of avacuum
tube, atransformer must be used. Examples of this use are the grid-modulation, and Heising-modulation circuits.
The modulation transformer is similar in
appearance to the amplifying transformer, 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 suitable battery. The secondary winding is
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VACUUM TUBE—The three-element
vacuum tube has 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 letters 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 diagrammatie vacuum-tube symbol

shown, but will ordinarily be left off, as
it is asimple matter to learn which element is which.
The action of the
vacuum tube cannot be treated here
except to state that under normal operating 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.

VARIOMETER—TI
\ n()Ilieter
provides a continuously variable inductance (within the range of the instrument); it consists of two coils connected
in series and mounted so that one rotates within the other. When the current 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 current traverses the two coils in opposite
directions and when the axes of the two
coils are again parallel, the inductance of

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 variocoupler has two distinct windings not
directly connected.
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VAmocœrPLER—The variocoupler is
one of the most widely used instruments
for coupling and tuning the primary and
secondary circuits; it consists of a stationary primary coil, and a secondary
coil rotating within the primary coil, so
that the coupling between them may be
varied.
The primary of the variocoupler is provided with taps for changing the wavelength; there are two primary terminals, one to the wavelength

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 avariable condenser
connected across the coil or by a variometer 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.

VOLTMETER—The voltmeter is an instrument 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 connected across the "A" battery to
measure the difference in voltage between the positive and negative terminals. 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
22-volt unit has fallen below 16 it

should he discarded. The same proportional 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 measurements 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 beneath it in the diagram. Practically all
types of meters are shown in this
fashion.
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From a reading of the. foregoing the
reader will notice that such instruments
as the variable condenser, the variometer, the fixed condenser, the grid leak,
the rheostat, tuning coil, choke coil, battery 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 alarge number of terminals; among these are motor generators, tapped coils and power transformers.
Consider the specific case of a variable condenser; if you see the symbol for

e

this instrument in acircuit diagram you
will always find two lines (wires)running
to it, one from each side. If you were
to connect this instrument in that particular 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 avacuum-tube
circuit this wire should always be connected to the terminal marked G on the

GL
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G
A DRAWING FOR A STRAIGHT AUDION CIRCUIT
Unless you know what these symbols mean, this diagram is unintelligible. This part tells roc
how to read it.
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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 symbol 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 secondary 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. Connected between the grid of the tube and
the variable condenser we find the
symbols for afixed condenser and agrid
leak. To the right of the diagram at
the top we find the symbol for the telephones 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 condensers, the pr9per resistances for the
grid leaks and rheostats, the proper type
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 aset like the one
shown in the diagram the beginner
should obtain the proper connecting
wire, a soldering iron, some solder,
soldering flux and aheavy red pencil.
•-A good layout for this particular se'
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 variable 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 lefthand 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 telephone, the second pair for the "B" battery, and the bottom two for the "A"
battery.
After the instruments have been
mounted on apanel in amanner which
will keep the connecting wires as short
as possible, we should commence the
actual v:iring.
From the diagram we see that there
is a wire running from the antenna to
the switch arm of the variocoupler. Cut
apiece of wire long enough for this put..
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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 ared
line.
In looking at the diagram hereafter
you will know that you have already
completed this connection; it will be evident at aglance.
Now you will notice from the diagram
that there is a wire running from the
ground to the bottom end of the variocoupler. 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
to 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
primary circuit is then complete.
The top end of the secondary is then
run direct to one terminal of the variable 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 connect 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 awire 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 separately, after which use the red pencil.
Now there is a connection running
from the positive "A" battery over to
the negative "B" battery and this requires awire 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 connections
left to complete the wiring. One is a
wire from the "B" battery positive to
the telephones and this requires the connection of the binding post marked B
and the nearest telephone binding post.
The other wire should be connected between the remaining telephone binding
post and the terminal marked P on the
tube socket. Mark off the two last connections 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 correctly connected and you have succeeded
in reading 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 IV

The Mechanics of Radio

M

ANY of us who have walked past
the radio cabin on a steamer
have heard the crashing, sparking 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
to workout the idea, but it's beyond me."
This, however, is not so. Anybody
can understand the mechanics of radio
if given the right instruction.
We must first become slightly familiar with two electrical instruments
—the inductance or coil, and the condenser. We must learn that these two
pieces of apparatus are storehouses of
energy. The coil we find has the ability to store up electromagnetic energy.

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 condenser 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 electrons 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 electrostatic field is set up
in the insulation.
We will now connect up these two
instruments with aspark gap and show
how they, in combination, will cause

ROW CONDENSERS ARE CONNECTED
Figure A: This shows part of a radio transmitter
circuit of the spark type. It contains a coil, a s7ark
gap and a condenser.

A DISCHARGING CONDENSER
Insure B: The coil becomes energized, the condenser
charges and discharges across the spark gap, producing
a loud crackling noise.
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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 apart.
If we connect awire to one plate of a
condenser, which is made for high voltages, and which is diagrammatically
shown at C in Figure A, and also connect the other end of this wire to one
electrode of aspark gap SG, and connect
the other plate of the condenser C to
another wire which is attached to one
end of acoil L, and further connect the
other end of the coil to another wire
which is in turn connected to the remaining electrode of the spark gap SG, we
have connected up aregular oscillating
circuit such as used by spark radio telegraph stations for generating the oscillations necessary for the production of the
Ilertzian or radio waves.
Now we will continue and make the
circuit oscillate for our inspection in a
very slow manner so that we may comprehend the workings clearly. Of course
this will be unnatural, but it will serve
to show us the functioning of the circuit
-11 much the same way as motion pictures

THE CHARGE REVERSED
Figure C: This diagram is the same as Fig. A save
hat the charge on the condenser plates are reversed.

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 anegative 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 electricity, 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, electrically conducting path through which
the electric current may run. This conducting 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 between the electrodes of the spark gap.
Therefore, if we wish the electric charges
on the condenser to discharge through
the circuit we must place ahigh enough
voltage on the plates so that the resistance of the air between the electrodes
will be overcome and aspark allowed 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. 13
save that the condenser has the charges upon its plates
reversed.
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upper plate to the lower plate of the condenser and a current of electricity is
caused to flow around through the circuit as indicated by the arrows and the
spark shown jumping the gap in Figure
B. This current is instantaneous and is
shown as apositive impulse making up
one half acycle in Figure E.
We have learned that when acurrent
is allowed to flow through acoil, amagnetic field is set up around the coil,
which causes it to become an electromagnet with one end of anorth 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 apeculiar
effect is noticed; avoltage is induced in
the coil which is positive in the direction
that the current was running.
This means that the condenser C receives 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 condenser and anegative 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 condenser reaches a high enough value to
again break down the spark gap, aspark
occurs across the gap and asecond current flows through the circuit, in the opposite direction to the first current (see
Figure D). This current forms anegative impulse which is shown in the diagram, Figure E, as the second impulse of
the first cycle. 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 cessation of the second current the coil in-
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2 InpuLses
1,RA, INl; OF AN

/CYCLE

OSCILLATING DAMPED CURRENT
Figure E: How the current produced by the discharge of a condenser gradually falle to zero value.
The time required for this action to take place is avery small fraction of asecond.
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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
feerth through the circuit one way and
then the other, but the successive oscillations become weaker and weaker until
they die out (see Figure E).
Remember, however, that in our
study of these oscillations we have considered 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 the gap. The modern radio
transmitter uses frequencies up to
2,500,000 cycles asecond, which means
5,000,000 reversing impulses a second,
jumping the gap. Little wonder that
they look like one single spark!
We now have ageneral 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 frequency of these generated impulses, 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 if 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 alarger 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 alonger time to empty
the larger pitcher than it will take to
empty the small one.
We can also liken the coil to acoiled
tube that we can pour the pitcher of
water into. 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
circuit. If we use alarger condenser C,
it will take longer for it to charge and
discharge, making the currents that oscillate through the circuit to last longer.
If they last longer, there cannot be as
many each second. Therefore if we increase the capacity of the condenser we
get fewer impulses a second, thus decreasing 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 increasing 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 asecond or
ahigher wavelength. Increasing either
the capacity of the condenser or the inductance of the coil, increases the wavelength. This latter method is generally
used for transmitting stations, as it does
not vary the power of the set to such
agreat extent while changing the wavelength, as varying the size of the condenser 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
circuit to obtain afrequency that corresponds to the desired wavelength.
In this way radio transmitting stations are tuned to the wavelength that
they are required to send out on by governmental 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 process.
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 example, aflexible reed, fastened to astationary base, as shown in the illustration. If we cause the reed to vibrate it
will first take the position "A," and then
swing back and past its original position
to athird 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 areverse
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 propagated in the immediate space surrounding it. This wave will make itself manifest to our senses in the form of a low
humming sound. Close by the reed the
sound will be fairly loud, but at a distance of fifty feet it may be inaudible.
If we increase the frequency (or speed
of vibration), to 500 cycles asecond, 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 frequency 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 frequency 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 different 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 adull red color. Instantly 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 without 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 electricity that is used to generate them lies

ment would be much less violent because
the waves would be weaker after travelling this distance.
Or take another illustration: We know
that afire built in the woods is hot on all

REED ANALOGY
Figure F: A vibrating reed produces the most simple form of sound wave.

within the ranges of 10,000 to 3,000,000
cycles asecond.
We now know what asound wave is.
Did we ever notice that the seats in a
theatre are invariably arranged in circles? 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 begins to travel outwards with its diameter
ever getting larger until it dies out.
If we place acork 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 adistance
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 because 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 station may be likened to the stone thrown
into the water, and the receiving station
may be likened to the corks on the surface of the water.
How radio waves are sent out is illustrated in Fig. G, which shows how they
leave the antenna.
The antenna is shown, for simplicity.
as asingle 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, awave of acertain definite length
is radiated from the antenna. The
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HOW WAVES LEAVE AERIALS
Figure G: Radio waves spread out from atransmitting antenna in much the same way as sound waves spread
out from avibrating reed. The dotted lines indicate the circular radio waves.

length of the wave is the distance between the start and finish of one complete wave, measured along the ground.
All radio waves travel with the terrific
speed of light, 300,000,000 metres a
second. When we know this, the wavelength of a wave radiated from an
antenna can easily be calculated if we
also know the frequency of the oscillations in the antenna circuit.
A table of wavelengths used for radio
communication is given below as amatter of interest, showing the frequency of
the currents which cause them to be
emitted from an antenna:
Wave
length in
meters

400
300
360
450
600
1,000
1,400
2,600
5,000
10,000
15,000

Frequency
in cycles
asecond

Type of station
which uses each
wavelength
Amateur stations
Ship stations
telephone
broadcastingstations
Ship stations
Commercial ship and
shore stations
U. S. Navy
Commercial traffic
Time signals
High powered commercial stations
High powered commercial stations
High powered commercial stations

1,500,000
1,000,000
834,000 Radio
667,000
500,000
300,000
214,300
115,400
60,000
30,000
20,000

20,000
30,000

15,000
10,000

High powered commercial stations
High powered commercial 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 antenna they do not cause it to bob up and
down like acork, but they do produce a
tangible result nevertheless. This result 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 acurrent similar to the
transmitting current, only of decreased
intensity.
What is akilocycle? 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 relation to wavelength.
Any wave whatsoever, a radio wave
in the ether, a sound wave in the air,
awater ripple on the surface of apond,
consists of a succession of pulses moving along one after another.
Most
waves have a succession of regular
crests and troughs like ocean waves or
like the electric wave, apicture of which
is shown in Fig. H.
The part of the wave between one
crest and the next following crest is
called one complete wave. Its length

—that is the distance between successive 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 asound 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
asecond. The fastest known speed for
sound is in steel; it is about 5,300 meters
asecond.
Not only radio waves but all kinds of
ether waves are designated most conveniently by their frequencies. The
table on page 106 gives in form convenient for reference all the ether waves
now known with their frequencies and
the corresponding wavelengths in vacu-

D/STANCE TRAVELLED BY WAVE
//Y 0/YE SECOND
THE Né/frASEE' OF COMPLETE WAVES //Y
THIS DISTANCE /S THE FREGVENCK
/N THIS WAVE /T /S 30 CYCLES (TN/IT
/5, WfiVES) PER SECOND.
-we ONE COMPLETE WAVE.
THE SAME AS 0/YE "WAVE LE-ircTli e
OR 0/YE "crcz.E."

fff.1.
1111 fillf

If Al

WAVE LENGTH VS. FREQUENCY
Figure H: This diagram show, 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 aflute.
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TABLE OF AL THE ETHER WAVES MOW loyowiy
FREQUENCY

W/WE LENGTH—

/.57000000 iyeaces

.02 KILOCYCLE
sEco/yo)

(20 V/BRATIONE PER

AID/0
FREQUENCY
VIBRAT/ONS

1

30

USUIIL
/240/0
WAVES

THE AU0/0 FREQUENCY AND

/as ocreves

THE efoio FREQUEIYCY OVERLAP AS SHOWY IN R/YOTHE/2
.6/46e/fry HEREWITH

e/LocrcLk-s

/0,000

/ILL 6RD/weer
Reo/o »Awes.

HERE BELona

6.7 ocre VES

/00 METERS —^

3,000 KILOCYCLES

SHORT
ELECTRIC
WRVES

THESE WAVES NAVE Been
USED ONLY EXPERNTE/yTALLY
HERE GeLoffs, ALSO, THE
RADIO HEAT HAYES RECENTLY
DISCOVERED BY De EH.
MCHOLS. ALL THESE WAVES
WILL PROBABLY BE QUITE
imPo,erRfir//Y THE FUTURE.

/6.7 OCTAVES

1

304004000 KILOCYCLES

HE/IT
W/7 VES

VIOLET
L16NT

X-RAeYS

0/FNMA

OCTAVE
387000. 000,000

1

753',000,000,0x

}

eqrs}

.00/ HerEe —
&.,000,oao eresreon owrs)

ALSO CALLED THE
INFRA -RED RAYS.

/03 OCTAVES

..7-1

LIGHT 14/gyes

METERS

e.c.
ec.

7750/7/YOSTRONU/Y/73'
3900 mesTRON U/Y/TS

3.7 OCTAVES

/0, 000,000,000,000 XC -

RAYS THAT PENETRATE
/70ST HINDS OF /*FATTER.

//.6 OCTAVES

3.3

300 ANGSTROM UNITS-

30,000,004000,004 OM
ocrRves

ec —.1 ANGSTROMUNITFROM Reekite

300,000,000,004000,000 NC—Of ANGSTROM UNIT—
UNEXPLORED PEO/ON, WAVES STILL

SHORTER TH/1/Y avyme RAYS

um. TIK. 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 includes all the waves between a frequency of 20 cycles asecond and afrequency of 40 cycles asecond; the second
octave is from 40 to 80 cycles asecond
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 between the ultra-violet waves and the X
rays, but this has been filled by the discovery 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 recently by the work of Nichols and
Tear.

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 overlapped, 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 wavelength. The band of color in arainbow,
which scientists call the spectrum, is as
follows (see next page):

,-- 02 Irc.
.27 WeelT/0/YS <Lee szrera
— LOWEST AUDIBLE TOME FOR eeeem,er zees
4752 VIBRATIONS PER SECO/YO (47 HC.)
— HIGHEST /YOTE OF THE aecnesrze

Il

u

1111

.400/0 rkeQueec/Es

/0 TO 30 /CC
l
iii
RIIII6E 1/Y WHICH MOST EARS CEASE TO HEAR.
40000 V/812/7770/YS PER SECO/YO (40 HO
HIGHEST /VOTE 17(/0/BLE TO AHYOHE

LO/Y6ER WAVES
(/0Q000 METERS AHO OVE
NOT EXPLo,eze).
300 fizrze wevzsp000 icc)
1450 METER beeves lee /cc.)
W000 METER WAVES teo

C./

sows. METER WAVES (6 Pc)
Moouczo exPeeefeirreLzr *

RADIO FREQUENCIES THAT WE CAN HEAR
Figure I: The longer waves of radio overlap into the range of audio frequencies, as is shown in this diagram.
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Angstrom Units
Heat waves (invisible) .... longer than 7,750
Red light
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
Ultra-violet rays (invisible) shorter than 3,900

and chart the spectrum of sunlight.
Other units of length sometimes used
in designating the wavelengths of ether
waves, are the following:
1meter
equals 1,000 millimeters
1millimeter
equals 1,000 microns
1micron
.
equals 1,000 double microns
1double micron equals 10 Angstrom Units

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

The abbreviation for micron is the
Grtek letter mu (IA), that for the double
micron is (pea); that for the Angstrom
Unit is A. U. or sometimes merely A.
A double micron is sometimes called a
"micro-micron" or a"mille-micron."

HOW COLORED LIGHT WAVES ARE MIXED AND JUDGED
Figure .1: One half of the colored rim on the edge of the disk is red, the other half is white. When the disk is
rapidly revolved by the attached electric motor the light waves in the two portions of the disk blend in the eye.
producing ashade of pink. In the other way the color-blends necessary to praduce any desired shade of any color
are worked aut in the laboratory. Psychologists also use this same instrument to determine the way in which the
human eye sees various mixtures of light of different colors.
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SECTION V

Mechanics and Electrics of Tuning

R

ADIO currents of high frequency
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 supplied 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 possible 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 areceiving 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 secondary winding, and an iron core. The
core is usually made of iron sheets built
up in the form of asquare "ring," or hollow square. The primary winding is
then wound over one side of this square,
using the iron for a core, and the secondary 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 current or apulsating 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
adirect current generator, with adevice
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 direction of its flow will be governed by the
direction of the current flowing through
the primary coil.
We have already learned that if insulated wire is wound on a soft iron core
and acurrent of electricity is caused to
flow through the winding, the core will
become magnetized. If asimilar winding and core were suddenly to be placed
near enough to apermanent 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
the core and passes through the center
of the secondary winding. At this instant acurrent is induced in the secondary winding that corresponds exactly
with the current that flows through the
primary winding. This effect is called
electromagnetic induction.
The primary winding changes the electric current into magnetic energy; the core carries the magnetic energy around to the
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secondary coil, and the secondary
changes the magnetic energy 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 atransformer, they are said to
be "magnetically coupled" together.
Radio circuits are also coupled together in much the same manner, but
the transformers used for 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
shown in 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 magnetic field surrounding the primary coil
will envelop the secondary coil, passing
through it and causing acurrent to flow
through the secondary coil.
If, however, we should place the secondary coil at right angles to the primary

WHAT THE MAGNETIC ENERGY CIRCULATING AROUND RECEIVING COILS LOOKS LIKE
Figure A: If the human eye could 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 induce currents in the secondary
coil B. D are the head telephones; E the crystal detector; I. the fixed telephone condenser; G the antenna and H the
ground connection.
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coil as in the annexed Fig. E (B) page 114.
there will be little or no current induced
in the secondary coil as the magnetic
flux does not flow in the proper direction
through it. In most radio sets, the
secondary winding rotates, and by rotating 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 coil 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 set is coupled loosely to the
antenna circuit, it sends out a sharper

wave or receives with much sharper
tuning, than aset that is closely coupled.
An oscillating circuit comprises a
condenser, a spark gap, and an inductance or coil.
The coil 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 receives the oscillations from the primary
coil by electromagnetic induction, and
at the same time tunes the antenna circuit. 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 acircuit. One coil is stationary and is called the "stator"; the other
coil rotates inside it and is called the

he0/1 CORE

MAGNET/C
LINES OF FORCE
PICTURE-DIAGRAM OF A TRANSFORMER
Figure B: How an ordinary trandormer 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

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 fields will act with each
other to store up electromagnetic energy, and the mutual induction will be
at a maximum. In this position the
variometer will respond to ahigh wavelength.
By slowly rotating the rotor from the
first position to the last mentioned position, the variometcr can be used for tuning and will pass through the various
wavelengths that it is designed to listen
in on. The variometer is used for tuning
in receiving sets, and Fig. F shows
two variometers used to tune the primary and secondary circuits of areceiving set. The other two coils shown in
the circuit are the primary and secondary 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 student who first discovered the secrets of
radio transmission and reception.
There is a romantic side to Hertz'
work and, although it has nothing in particular 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 communication 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
112

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 she roils with the windings additive.
This device is called avariometer.

the foundation of the great art of radio
telegraphy and telephony.
In the early 80's, Edison was exhibiting his electric lights and scientific
curiosities at the Paris Exposition. In
his booth he had the apparatus necessary 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 aloop of wire connected to asmall
spark gap. The box was so arranged
that the spark that passed across the
gap could be viewed only from the outside through asmall 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 atiny discharge crackled
between the metal electrodes.
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 exposition. The little black box was the center of a great deal of attraction as the
scientific generalissimos of the Continent
crowded about it seeking 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 between 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, athin, retiring young man about
twenty-seven years old was wandering
through the aisles keenly absorbed in
the details of the more scientific appurtenances. 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 aloose 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 Heinrich 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, promulgated his startling mathematical treatment 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 Maxwell's penetrating figures.
Hertz, inspired and twitching to satisfy a consuming scientific curiosity,
immediately returned to the University
of Bohn (where he had graduated) to

begin what later proved to be the classical 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 how
waves are transmitted and received.
Not only this, but we shall gain a presentable idea of the underlying theory.
The simple devices used by Hertz are
illustrated in Fig. G. The transmitter
consisted merely of aconventional type
of spark coil provided with an adjustable spark gap. This was the Hertzian
transmitter. It was the device that set
up electrical "splashes" in this vast allpervading pool of highly attenuated
stuff that we call the ether. The receiver 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 ameans 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 fairvives to this very day.
When Hertz set his spark coil in action and walked about the laboratory
adjusting this antenna by moving the
brass knobs closer and farther apart, a
position would finally be reached where
asmall 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 ahighly 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 awave phenomenon because of the
peculiar actions of the transmitter and
receiver and their need of being in
resonance with each other. As amatter
of fact, he wanted to show that these
long waves had identically the same
nature as the short ether waves of light.
If 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

VAVOMETER

LOOSE COUPLE"?

PE/

sz-c.
v,q,e/o/yEree

A TUNING SCHEME
Figure F: A loose coupler with variometers connected in series with the
primary and secondary coils to accomplish
tuning.
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HISTORY-MAKING RADIO APPARATUS
Figure G: This cut shows the simple but highly ingenious apparatus employed by Hertz in his original experiments at the University of Bohn, Germany. Electromagnetic waves were set up wits the spark coil and detected
with the simple loop of wire illustrated at the right of the drawing. When the loop was in tune, aspark appeared
across the gap. Hertz called the receiving loop an antenna because it resembled the antenna of a butterfly. This
tenu has been held since that time.

shorter ones, should be capable of reflection, refraction and polarization.
By setting up areflector 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 searchlightlike fashion. Not only this, but by using ahuge 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 classical 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
he was able to determine 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 simple contrivance would depend largely

upon the physical dimensions of the
spark gap and electrodes. Let us assume, for argument's sake, that the
distance between the ends of the electrodes 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 transmitter.
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 because he threw his receiver out of tune
each time he increased the physical dimensions of the transmitter.
After reading the above, we come to
the simple conclusion that radio tuning
is, after all, very much like the experiments that we conducted with tuning
forks and taut wires back in the high
school physics 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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PACTS ABOrT A SIMPLE AERIAL SYSTEM
Figure H: The wavelength of an aerial systern depends upon several
factors, height being an important consideration as well as length. A high
aerial not only means lower capacity (the electrical capacity existing between the aerial and the ground) but it also means a longer lead-in wire
which is part of the aerial system and must be added in when calculations in
wavelength are made. The aerial is measured not from points A and B as
might be expected, but from A to C, which also includes the ground. The
natural wavelength of the aerial system should never be greater than the
wave to be received; that is the length in meters of the wire between pointa
A and C should never be greater than the wavelength of the broadcasting
stations to be received from.

waves longer by putting more wire in
trical condensers taught us that they
the circuit because it would take acurmight be charged and discharged and
rent longer to get around the circuit,
that this action depended not only upon
and since the wave it produced detheir size but upon the voltage and frequency of the charging current. By pended upon the frequency, it would be
using acondenser in connection with his longer. This would be just like increasing the length of apiano wire. It will
very simple transmitter, Hertz found
be seen that when condensers and coils
that he was able to control the waveare inserted in transmitter circuits to
length. When a large condenser was
increase the wave length, proportionate
used, the length of the wave emitted
was made longer and when asmall con- changes have to be made in the receiving
circuit before it can be placed in resodenser was used it was made shorter.
nance or in tune with the transmitter.
This can be easily understood, for,
What we really do when we place conwhen the condenser is inserted, the elecdensers and coils in radio circuits is to
trical dimensions of the system are
changed and this is equivalent to change the frequency of the current
flowing and this always changes the
changing the physical dimensions. An
interval of time is necessary to charge wavelength because the wavelength deand discharge acondenser. This inter- pends entirely upon frequency.
val of time, as before stated, will depend • Let us take into consideration the
upon the size of the condenser charging case of an aerial wire connected to the
and the voltage and frequency of the ground (Fig. H). The wavelength of this
current. When Hertz inserted the con- receiving antenna will depend almost entirely upon the distance between points
denser he was no longer depending
entirely upon the physical dimensions A and C. The aerial proper runs only
of his circuit. He also considered as a between points A and B. However, in
factor the rate at which the condenser such cases, the length of the ground wire
must also be included with any calculacharged and discharged.
tions pertaining to the wavelength of
Hertz also knew that he could make
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VAR/ABLE CONDENSER

CONSTRUCTION OF THE VARIABLE CONDENSER
Figure I: A variable tuning condenser with which it is
possible to makeelianges in capacity 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 wavelength to which the antenna system
would be naturally tuned without any
tuning devices. If such a simple antenna should be connected to adetecting
device of some nature, the reception
from 260 meter broadcast stations
would be possible. This system, however, would be insensitive to the vibrations set up by the 316 meter broadcast
stations or by any broadcast station
with either a higher or lower wavelength. 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 asmall metal slider
connected with the aerial may make contact 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 subtrace 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 acondenser with a fixed capacity,
that is acondenser able to hold adefinite
amount of electricity, would not be
suitable for tuning because it would
make only one definite change. A condenser 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 asuitable dielectric or insulating
material. By turning the knob of the
condenser, a continuously variable capacity is obtainable, and capacity can
either be added or taken from acircuit
by this simple action.
There is still another factor that will
change the wavelength of asystem and
this is electrical resistance. Although
resistance, due to its destructively inefficient effects, is not used for purposes
of tuning, it is necessary that the student
should have aknowledge 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 friction 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 filament 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 radio, however, we are not dealing with
steady currents, but with currents that
reverse their direction of flow many,
many times a second. Other forces

o
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HOW THE OSCILLATIONS OF A PENDULUM ARE DAMPED
Figured: The wind-vane attached to the pendulum at the left increases the air resistance and damps the oscillations of the pendulum. In an analogous way, electric resistance in •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 arapidly rotating grindstone, it moves toward the outside of the
wire. At very high frequencies, that is,
at low wavelengths, the current is actually carried in a thin layer on the outside of the wire or other conductor.
This phenomenon is known as the
"skin effect." The crowding of the current to the outside cuts down the effective cross section of the wire which
increases the effective resistance.
Litzendraht wire, commonly known
as "lita," was originated to overcome
this increase of resistance with frequency. 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 see 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 extreme low wavelengths the current reverses so frequently that the advantages
of stranding the wire are not so apparent.
At 200 meters, 99 per cent of the current is carried in athin shell on the outside 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 a
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 resistance, and wind up acoil. The problem is one of winding a coil that will
have a low resistance to high-frequency
currents—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 oscillations that exist in the circuit, and
such damping out is not advisable. An
analogous effect may be seen by counting the number of oscillations a pendulum makes before and after hanging
a vane on the bob, so that the air resistance is increased. (Fig. J, Page 119).
The immediate result of adding resistance to aradio circuit is to broaden
its tuning. For instance, the two curves
shown (Fig K) hereare"resonaacecurves"
of asmall receiving set. It will beseen that
for agiven wavelength (350 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 interference.
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 areceiving set?
A complete answer involves the mutual
effects of circuits on each other, which is
a matter that we will discuss under inductance. 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 Litz
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
meters.
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.

L.

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 subject of tuning devices and the first one
that comes to our attention, because of
its simplicity, 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. The tuning is sharp on a
wavelength of 350 meters. Curve B represents acircuit containing more resistance. The resonance is leis sharp
and the tuning is broadened.
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THE SINGLE-SUDE TUNER
Figure L: How the simple single-slide tuning coil is connected to an aerial to form avariable portion of it.

coil was amuch used device in the early
days of radio it is now practically obsolete having given place to more efficient
devices for the bringing about of resonance. As might be expected by the
reader who has carefully followed the
foregoing matter, the old fashioned single-slide tuning coils were directly connected 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
aconcentrated part of the aerial system
but it seems more logical to look upon
the single-slide tuner in this way because of its extremely simple construction.
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 contact, 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
122

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 anumber of different
ways of connecting even this simple
single slide tuner, it is useless to consider 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 acircuit. In the past, our
conception of acircuit has generally involved a complete metallic path from
the positive side of a source of current
like abattery or agenerator 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 acircuit is established taking the route shown in Fig. M.

leCU/r

THE CAPACITY BETWEEN AERIAL AND GROUND
Figure M: The dotted lines represent the capacity existing between the aerial and ground of any
aerial system.

There is also asecond circuit involving the
timing coil ,the crystal detector and the receiving telephones. At the same time it
will be seen that an antenna circuit 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 capacities are, of
course, more susceptible to longer waves
than are shorter aerials. They are susceptible to longer waves not only because of alarge capacity but because of
agreat amount of inductance. It often
happens that the amateur experimenter
or radio fan is unable to put his equipment in resonance with adistant transmitter of low wavelength because the
"natural period" of his antenna system
is safely above the wave which he desires to receive. His antenna may have
anatural wavelength of 300 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 condensers 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 connected in series (illustrated again in
Figure N) result in an actual combined capacity of AI
microfarad. If
the condensers were connected in multiple or parallel, the capacity would be
added and there would be available a
total capacity of two microfarads.
By taking advantage of this peculiarity of electrostatic condensers we may
very conveniently reduce the capacity
and thereby the natural period or natural wavelength of an antenna circuit by
merely placing in series with the aerial
and the tuning device asmall condenser
of either a fixed or variable type. Of
course, with the variable type finer
adjustments may be made in tuning and
greater selectivity or separation of wavelengths is attainable. What we really
l23

•

C,

c
a

1C3
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HOW TO CONNECT CONDENSERS
Figure N: The above directions must always be followed if condensers are to he connected in groups to give
different capacities.

do here is to place a capacity in series
with the existing capacity between the
aerial and the ground. This always results in reducing the wavelength because
the total capacity is made smaller.
• If it is found that an antenna system,
or technically an antenna circuit, will
not respond to along wavelength there
is another way that may be resorted to
in boosting the wavelength to a point
where the longer wave will be successfully entrapped. It would be necessary
only to wind afew turns (actual number
of turns will depend upon the increase
desired) of wire upon acardboard tube
which would be inserted any place between the aerial and the ground. Such
a coil is technically known as a
loading coil. It really is a wavelength
booster.
Before passing on to the more involved systems of tuning radio receivers, it would be wise to treat more
thoroughly the practical features of
antenna erection and construction.
Here at last is a point where the prac-

tical mixes freely with the theoretical.
Since the antenna is essentially one
plate of an electrostatic condenser, it is
evident that it must be properly insulated from the other plate, the ground.
If there is any considerable leak between the aerial and the ground, the
condenser will be more or less ineffective
and the receiving set will fail to take in
the largest amount of energy possible.
This will result in low efficiency and
poor selectivity. Aside from the aerial
forming apart of the condenser, it must
also be remembered that there is induced
in it an actual measurable electric current, for when these rapidly moving
radio waves strike something that is
attuned to them they are immediately
reconverted back into electric currents
of avery small value.
Insulators used to hold antenna out
of electrical contact with their surroundings should be of the best possible quality to prevent leakage. They must also
be chosen with some idea as to their
resistivity to weather conditions. Glass
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DON'T STRING UP YOUR ANTENNA WHERE IT MAY
TOUCH OTHER WIRES
Figure 0: You involve risk when you place an antenna in
amaze of wires like the one shown above.

DON'T RIG ANTENNA ON ELECTRIC LIGHT POLES
Figure P: 'I'he short arrow points out un antenna supporting-pipe that passes close to power lines. The long arrow indicates an antenna pulley attached to acable.

r•- •

e'N

e

es.

es,

es.

r.

/1

o
4,
/
1

r,

4.,
/
1

el,

es,
\-1

*

13117)-------------argt[11.0E0

HOW TO USE INSULATORS
Figure Q: The use of insulators in tandem. The insulators above are made especially for aerial use while the
lower cut shows how ordinary insulators used in house wiring may be pressed into service. Many other types of
insulators are used but the corrugated porcelain type shoe nat the top is in great favor.

and porcelain are not• only excellent
cient as antennae placed directly in the
insulators but they are able to withpath of approaching waves. While it is
stand the worst attacks of the elements
true that electromagnetic waves can
for many years without showing signs of
penetrate solid matter with ease, they
appreciable
electrical
depreciation.
always do so. at a sacrifice in energy.
Insulators, when used in connection
Unless an ultra-sensitive receiving set
with asingle wire, which is usually the
is used, it is not advisable to employ an
type employed for broadcast reception,
inside antenna of the type mentioned.
are ordinarily placed in tandem. These
In designing and erecting an antenna
will be found illustrated in Fig. Q. The
it is important that the constructor conreader will also notice (Fig. R) the gensider the effect of placing the antenna
eral method employed in making multiin various directions. There is well subwire antennae. The wave length of a stantiated experimental proof which
multi-wire antenna depends largely
shows that aerials receive best in the diupon the method of connecting the
rection in which they are pointed. This
wires. If four wires are used and con"directive effect" is most pronounced
nected at their ends in the form shown, • when the far end of the antenna wire is
the wavelength will be a little greater
higher than the other end. It somethan that of one wire for there will be a times happens that a transmitting stagreater capacity due to the increased
tion that eludes the antenna in one posiarea.
tion can be received from by effecting a
Single wire antennae used for broadchange in the direction of the aerial.
cast reception should have a total
Some advice on the type of wire to
length, excluding the tuning devices but
use in aerials may not come amiss.
including the ground wire, of about 150
Iron, steel or any other wire with ahigh
feet. This does not mean, of course,
resistance must be avoided if the efthat signals cannot be received on it
ficiency of the receiving set is to be
50-foot antenna or a 25-foot antenna.
brought up to the highest possible level.
It simply means that greatest efficiency
The wire used should be of copper with
would result with the longer antenna
afair sized diameter. If bare copper wire
becabuse it will, so to speak, obtain a is used, asingle piece about No.14 gauge
larger "grip" on the ether. The more
is preferable. Smaller gauges used in
wire (within definite limits), generally
large spans are apt to succumb to belspeaking, that is exposed to the waves,
ligerent winds. Stranded copper wire,
the greater the induced current will be.
which is made up of ahalf dozen or more
Indoor antennae cannot be as effiof independent wires twisted together, is
126
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//1/5ULATCWS
SINGLE AND MULTI-WIRE AERIALS
Figure R: Above is shown a multi-wire aerial system provided with eight insulators. The lower cut shows the method used in erecting asimple single-wire system.

best both from the electrical and mechanical standpoint.
There is asystem of using the electric
light wires of a building as an antenna
and, while this principle does not work
out in all cases, due to peculiar local
conditions, it is worth trying.
It
would be disastrous and highly dangerous to connect aradio set directly to an
electric light socket, but it has been found
that a small condenser, while it will
effectively choke off the low-frequency
currents in the lighting circuit, will per-

mit the high frequency currents of radio
to pass with little resistance. The inquisitive reader, remembeeing that condensers transmit current, will probably
wonder why the current from the lighting circuit is not able to pass through
with th,e radio-frequency currents. Perhaps asmall amount of it does, but it is
not appreciable and certainly not
enough to be considered. If a great
quantity of current was to be taken
from an alternating lighting circuit
through a condenser, the condenser

ROW TO TUNE A LOOP
Figure S: At the left is shown the method of connecting avariable condenser tos loop serial for tuning purpo
The cut on the right shows the conventional construction for loop aerials.
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THE LIGHTING WIRES AS AN AERIAL
Figure T: How it is possible, using asmall fixed condenser, to connect an ordinary receiving set to the lighting
circuit. Long distance reception is attained with such an arrangement.

would have to be of tremendous capacable capacity it is not as high as that of
an outdoor antenna. Loops are usually
ity due to the low frequency.
The success of connecting areceiving
tuned by varying the number of turns
set to alighting circuit through the methey contain through the medium of a
dium of afixed mica condenser depends
switqh or by shunting a variable conupon the fact that every lighting circuit
denser across their terminals as in
in any building absorbs acertain amount
Fig. S. There is another factor, too.
of the energy from passing radio waves.
that determines the efficiency of loop
By suitably connecting areceiving set to
reception and this is the position of the
loop in regard to the direction of the
this lighting circuit, this energy may be
approaching waves. It has been found
made available in the form of music and
speech.
that loops have marked directive effects
There is still another type of indoor 'and that they receive best when placed
aerial, the loop. The loop is sort of a in certain definite positions. This fact
concentrated antenna wound upon (and
brings us to a simple electrical rule, an
insulated from) aframe in the form of a understanding of which will not only
coil. As in the case of an outside
permit us to use aloop with intelligence,
antenna, the wavelength of an indoor
but which can be•applied•practically in
loop depends largely upon the numreducing interference from extraneous
sources.
ber of turns it carries. The fewer
the turns, the lower the wavelength
It has been shown that coils of wire
and vice versa. (Refer to Fig. S, page
pick up and convert electromagnetic
1e).
waves best when they are placed in a
The loop is really amagnetic type of
certain definite position with regard to
antenna. It functions as acoil of wire
the waves. When a coil of wire is
functions when it is brought into afield of
placed in the position illustrated at B,
magnetism produced by an alternating
Fig. U, minimum energy will be received.
current source. While it has ameasurIf the loop is turned so that it points di128

LOOPS AND HOW THEY INTERCEPT WAVES
Figure U: At A. the loop is positioned so at to intercept the maximum amount of radio energy. When in this
position, it will be pointing directly at the radio station doing the transmitting. II illustrates the position of minimum sensitivity.

rectly to the transmitting station, maximum energy will be induced in it.
By employing asystem of loops, the
Navy Department of the United States
has been able to devise aworkable scheme
for the location of ships at sea. This
rule of the loop is more or less invariable
and if the direction of a transmitting
station is known, the operator will have
little or no trouble in receiving from it if
he places his loop so that it will point in
the general direction of the station. The
tuning effect of the loops, will at once be
evident when a loop is turned during
reception. The strength of the reproduced sound will vary all the way from
great audibility to practical inaudibility
by turning the loop 90 degrees.
By employing some tricks of the trade
it is possible to receive over comparatively great distances by using highly
sensitive receivers minus the conventional aerial. As a matter of fact, the
systems that we are about to describe*
do not use aerials at all. While reception by means of these methods will be
•They are outlined by the famous radio experimenter, Paul Godley.

found very satisfactory considering the
conditions, the novice using them should
not expect to duplicate the performance
of outdoor antenna systems.
"Many circuits of one sort or another
have been devised which enable broadcast reception without the use of an
antenna. Mainly these have been comprised of multi-stage amplifiers of the
radio-frequency type; and no general
attempts have been made to take advantage of the inherent sensitivity of
regenerative circuits in conjunction
with 'antenna-less' outfits.
"In passing, two interesting facts
might be observed. (1) The cheapest
and most effective form of radio amplification which has been devised for use
in conjunction with an antenna-less
radio receiver may be constructed at a
cost of afew dollars. It is comprised of
an average-sized antenna and a good
earth connection.
"(e) As compared to hazards involved
by telephone and electric light connection due to lightning or other cause, the
lightning hazard of an antenna is, at
least, small.
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PUTTING UP A BIG TRANSMITTING AERIAL
Figure V. A good method of erecting alarge transmitting aerial system. The student will notiee.peeial
guy wires arranged at each end of the aerial to prevent it from awaying in the wind. This not only inerea ,es its
resistance tu the elements but adds to its electrical efficiency.
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TWO PICK-UP SYSTEMS
Figure W: The potential developed across the terminals A and B of coil L (shown at "A" in connection
with an outdoor antenna) are of enormously greater amplitudes than these developed across A and B of the loop
antenna (shown at "B"). If either of these two pick-up systems were used with the vacuum-tube detector circuit
(shown in the middle of the diagram), scheme "A" would therefore be immeasurably better.

"Multi-stage radio-frequency units
depend as arule for excitation upon the
current collected by aloop antenna consisting of afew turns of wire on asquare
frame, two feet or so on a side, and
almost invariably the circuits call for a
ground connection. Upon trying circuits of this sort, it is immediately
learned by the experimenter that if the
ground connection is left off the strength
of the received signal is materially
weakened. From this it must be assumed that all of the energy which
excites the outfit does not come to it
through the loop antenna; that the
ground connection in itself is in some
manner acting as an antenna; that currents are being generated in the earth
and fed up to the receiver through the
ground connection.
"It takes but amoment for even the
uninitiated experimenter to prove to his
own satisfaction that the currents generated in the loop antenna, such as that
described briefly above, are small indeed
as compared to those generated in an
overhead antenna of average dimen131

sions. In other words, the difference
of potential which exists between the
points A, and B,•in the antenna circuit
(left hand side Figure W) are quite large
as compared to those differences in potential existing between points A, and
B, in the right hand side of Figure W.
The ratio of those potentials will run
somewhere in the neighbo, hood of one
hundred to one. If the ground connection is run directly to the grid of the
vacuum tube (as shown in Figure X)
and if proper compensation is made in
the tuning element of Figure X so as to
allow for the change in wavelength
which results, surprisingly large values
of signal will be fed into the outfit as
compared to thoe fed into it by the loop
alone. The ratio of the signal potentials picked up on the average ground
connection, as compared to those picked
up by the average antenna, is about
twenty to one in favor of the antenna.
This ratio will vary a great deal, however, depending upon the type of ground
connection. Where the ground connection is along one, the energy picked up
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GETTING GREATER SIGNAL STRENGTH
Figure X: If the grid side of the loop or tuning inductance is attached
to ground and the tuning of VC varied to take care of the change in wavelength, amuch greater signal will be obtained than without the ground.

TEL

GROUNDING THE CENTER OF THE GROUP
Figure Y: A dill greater signal may be obtained by this method of grounding in which the ground is taken oft
somewhere in the middle of the loop or tuning inductance
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OVERCOMING "BODY CAPACITY"
Figure Z: This circuit overcomes the inherent body-capacity troubles encountered in the circuits of
Figure II and C.
CZ
Vg.ep

TEL.

SPLIT VARIOMETER METHOD
Figure AA: The split-variometer method, which is about the same thing as shown in Figure C.
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USING R. F. AMPLIFICATION
Figure BB: One stage of tuned, regenerative, radio-frequeney amplification
1S2

THE MOST EFFICIENT CIRCUIT
Figure CC: The best circuit arrangement of all to use. This is astandard three-circuit regenerative receiver.
with the tuned ground circuit, one stage of radio-frequency amplification and two stages of audio-frequency amplification. This is an exceptionally sensitive set-up and works splendidly with this antennaless system.

will be greater; if the ground connection
is a short one, it will be less. In the
average home, however, this ratio of
approximately twenty to one will hold
true.
Connecting the ground to the grid of
the vacuum tube is not desirable, however, for the reason that the size of the
capacity C-1, is large. (This capacity
C-1, is formed by the receiver and its
battery which go to make up one plate
of a condenser, and the ground which
forms the other plate. The insulating
material, air, or whatever it may be,
between the receiver and the earth,
forms the dielectric. Its value will, of
course, vary, depending upon the location of the receiver with respect to the
earth.)
"A better method of connection is
that shown in Figure CC, where atap is
taken out of the center of the grid inductance and grounded. This, however,
has not completely eliminated the
difficulty of the shunt capacity; furthermore, both the methods of Figure X and
Figure Y place the filament circuit of
the receiver at apotential considerably
above earth potential, which results in
serious difficulties as soon as one attempts to tune the outfit, as the operator's body in approaching the receiver

will alter the value of the capacity C-1,
in either case, with the usual baffling
result.
"The circuit shown in Figure Z overcomes these difficulties and results in
the same signal strength. Figure Z is
easily arranged in conjunction with any
standard three-circuit receiver and may
be set up without any great amount of
difficulty when using asingle-circuit receiver (merely by supplying and coupling an extra inductance L-1).
"Figure AA indicates a method of
utilizing the earth pick-up where the receiver is comprised of two variometers,
one in the grid circuit and one in the
plate circuit. In this case, the earth is
connected to the mid-point of the grid
variometer."
While there are many extraneous
sources of interference with radio reception, aside from the lack of sensitivity
in many poorly designed receivers, most
of these obnoxious interruptions and irritating cacophonies may be eliminated
by taking advantage of certain definite
electrical laws.
Interference from power lines is more
or less chronic in small towns where
heavy sources of current surge through
wires on telegraph poles. This interference is due not only to leakage from
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the power lines but to direct inductive
effects. In the case of leakage, anoise is
produced in the receiver very much like
that produced by static. It may not
appear with any regularity and at times
only when the weather is damp or rainy.
There is little that the radio student can
do to overcome such annoying noises.
Certainly he should by no means risk
his life investigating the insulators on
the poles near the house. Power lines
that cause chronic interference of this
nature usually carry a death-dealing
current that burns human flesh immediately it comes in contact with it.
The power companies throughout the
country have in general bent every
effort to keep interference of this nature
down to a minimum. It seems that
they are not only desirous of keeping
informed regarding leaks in their lines
but that they also have agenuine desire
to establish peace and tranquility in the
ethereal world. If chronic cases are re-

ported to them, an effort will be made
to seek out the character of the trouble.
It often happens, however, that the
exact source of interference of this nature is most difficult to locate. If the
power company cannot find it, it behooves the troubled person to set about
to locate it himself. If the following
directions are carefully carried out, a
simple and effective means of searching
out this form of annoyance will be available.
A trouble finder must be portable and
it must employ a loop antenna or receptor. The most essential factor is the
directional property of this loop antenna. If the loop antenna is directional in its effect, the source of interference may be located by direct tracing
or by triangulation; that is, by takings
a bearing with the loop receiver from
two or more different points in the zone
of interference and drawing lines on
amap of the city, one from each point

X

X
—

+

—

+

THE WIRING DIAGRAM OF THE INTERFERENCE LOCATOR
Figure CCQ: The terminals marked X connect to the loop. The circuit is the ordinary three-coil tickler hookup. Any other good circuit can be used provided it is arranged to tune the wavelengths below the broadcasting,
so that the interference can be received without the music or lectures.

135

where abearing is taken, in the direction
in which the loop antenna points, and the
source of the interference will be found at
the point of intersection of these lines.
A common type of power-line interference is that produced by an arc in a
circuit due to leakage from one circuit
to another, from acircuit to the ground,
or to apoor connection. This arc tends
to set up currents which feed back
through other power lines, with the result that the interference is noticeable
over awide area, although the maximum
interference will be noted in the immediate vicinity of that part of the circuit
which is arcing. With an ordinary receiver that employs aloop antenna, it
is often difficult to locate the source of
interference by triangulation, due to the
fact that the interference is prevalent
over such a wide area and affects the
receiving circuit direct or through the
battery and telephone leads, thus tending to destroy the directional property
of the loop antenna. It is, therefore,
essential that a receiver be employed
which will not be affected by disturbances except through the medium of the
loop antenna. A receiver of this type
has recently been used in an investigation of power-line interference in a
Georgia city.
The wiring diagram of the trouble
locator is shown. The primary and
tickler coils are wound in the same manner as the coils in a"low-loss" tuner, of
No. 18 cotton-covered wire, 3Y4 inches
in diameter, the primary having 5turns
and the tickler 12 turns. The secondary
is wound on a4-inch cardboard tube in
the ordinary way, of No. 18 cottoncovered wire, having 23 turns. A .0005
mfd. variable condenser is shunted
across the secondary.
The general construction of the loop
antenna is also shown in Fig. DD.

The thorough shielding of the receive/
should be noted from the illustration.
The inside of the receiver cabinet is
lined on all sides with tin and all battery
and telephone leads are covered with
copper braid connected to the shielding
inside of the cabinet. The shielding
around the telephone leads is connected
to abinding post between the telephone
jacks, the binding post being connected
to the shielding inside of the receiver
cabinet.
The first test was made with an
ordinary loop receiver, with which the
interference was traced to astreet lighting circuit, which, when cut off, eliminated the interference. This circuit,
however, is twenty miles long and the
power company had no means available
for locating the exact point in the circuit from which the interference came
and the loop receiver being used was
not sufficiently directional to locate it.
A power-line expert was then sent to
this city but was unable to locate the
exact source of the trouble, although
exhaustive tests were made of lights,
insulators, generators and other equipment under suspicion. These tests,
however, developed some interesting
facts and after comparing notes on
these two tests it was decided to construct the receiver referred to above.
Another test was then made using
this thoroughly shielded receiver. The
interference was found to be greater in
one section of the city and the point of
maximum intensity was found by listening on various broadcast receivers in the
vicinity. Maximum interference was
noted at the residence of a broadcast
listener two blocks from the point where
the defect in the lines was ultimately
found. At this point, using a receiver
employing three stages of radio-frequence amplification, detector and. two
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A SET THAT LOCATES POWER-LINE INTERFERENCE
Figure DD: The binding post A. het wren the two jacks. is grounded on the shielding inside the cabinet so that
an ext ra wire connected to the copper braid that is wound around the 'phone cords may be grounded to the inside
..hield.
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COMPLETE SHIELDING MAKES THE LOOP SHARPLY DIRECTIONAL
Figure EE: Shielding may be of doubtful value in many types of receiving sets, but it is essential in locating
interference. The cabinet shown above is completely lined with sheet metal. The t
opstwtiou is electrically connectnetted tu the rest of the shield by the pi ece ofcopper braid, as shown.

stages of audio-frequency amplification.
connected to aloudspeaker, the disturbance could be heard for nearly two city
blocks, completely drowning out all
broadcasting stations.
The shielded receiver was mounted in
an automobile and the maximum signal
strength was noted when the loop receptor was pointed directly down the
street. As a 13,000-volt transformer
was located in the center of the street
about five blocks away, the autornobil
was moved in that direction, but upon
arriving at the transformer it was noted
that the signal strength had decreased
and the loop receptor pointed back up
the street. Several trips were made up
and down the street between two of
these transformers until the car was
finally stopped about two blocks below
the residence of the broadcast listener,

directly in front of a suspended street
light, where it was found that the signal
strength was at its maximum.
A pole was secured and when this
light was tapped the interference varied
from nearly minimum to maximum as
the light swung from its support; this
variation was noted on both the portable
loop receiver and also on the receiver
located in the residence of the broadcast
listener two blocks away. The car was
moved about one block, first to the right
and then to the left of the light, and
new bearings taken; and in each instance
the loop pointed directly toward this
light.
A lineman was secured who shorted
the light, which was a high-voltage
series lighting circuit. But this did not
remove the interference. The outlet to
this light was then shorted on the pole
138

and the circuit leading to the light entirely cut out, but this also failed to
eliminate the trouble, although tapping
the light caused the strength of the interference to vary as first found. The lineman shook the various wires attached to
the pole below the 13,000 volt line; it
warfound that the interference stopped
when the steel guy wire, supporting the
street light, was raised. This guy was
found to be lying across a 2,300-volt
primary circuit, causing an arc. The
light, swinging in the wind at times,
apparently accounted for the intermittent nature of the interference.
The tests were started at 8.00 P.M.
and the trouble was located about midnight; a lineman was secured and the
trouble remedied about 3.30 A.M. About
eight hours were required for the test.
It will be found in such cases that
patience is as much a necessity as the
proper type of equipment.
The circuit employed in a receiver
used for this purpose was not found to
be important, so long as sufficient amplification is employed, two stages being
preferred, and the wavelength range is
low enough to avoid interference from
local transmitting stations.
The shielding, however, is extremely
important. Isolating the receiver in this
manner, but not connecting any part of
it to the shielding, tends to increase the
directional properties of the loop receptor, which is avital factor in locating
any type of interference.
Interference from power lines is sometimes characterized by a constant and
loud hum of undiminishing amplitude.
If the power line is close by, this hum is
of sufficient magnitude to be heard over
reception. Unfortunately, few remedies can be applied to eliminate such
trouble. In some instances this "AC
hum" as it is often called, is produced

because the antenna runs parallel with
the power lines. The inductive relationship in such cases is ideal for amaximum amount of current will be transferred from one circuit to another inductively when the wires run parallel.
About the best thing that the novice can
do is to run his antenna ai right angles to
the power lines. This should diminish,
if not eliminate, the noise. If it does
not diminish it sufficiently, the next best
thing to do is to shorten the antenna for
larger antennae usually pick up agreater
volume of current.
While speaking about power lines,
the student is warned against running
his aerial system over any wires carrying
electric current. This includes lighting
service wires, for, while 110 volts is not
looked upon as fatal, surges in power
lines and defects in transformers often
cause the voltage in such service wires to
rise to avery high value. Furthermore,
if the aerial wire should drop in awindstorm and accidentally short circuit the
service line, heavy electrical d age
would probably result. Not only this,
but a person operating the r eiver
might receive adangerous shock a dall
of the vacuum tubes and perhap the
transformers in the receiver wo d be
burned out.
It must be remembered that el trie
light systems are grounded as w 11 as
radio circuits and that should the erial
come in contact with only one sid of a
power circuit, a short circuit wou d be
produced. There is also a possi ility
that such ashort circuit would pr uce
a fire if the aerial dropped durin the
absence of the family.
It is odd how the mention of o ide
aerials usually brings to the mind
the
novice the subject of lightning.
It
seems that there is an inborn fe r of
lightning in the human race. It i un139

fortunate, too, that misinformation
often spreads more rapidly than true
knowledge and this has been the case in
connection with lightning and radio.
Lightning, like other dangers we face,
appears worse than it is. Of course, the
probability of danger has been well advertised from the standpoint of public
safety by the Board of Underwriters and

power to attract or change the course of
alightning discharge of billions of volts.
Here are afew of the facts of science:
Most visible lightning discharges take
place between clouds of different potentials. If every flash seen during astorm
were grounded to earth in the form of a
direct discharge, athunderstorm would
invariably be accompanied by tremen-

LIGHTN/NG 1:12RESTE/e
SIMPLE ARRESTOR
Figure FF: An air gap lightning protector can be made
of two pieces of brass plate as shown above.
These
should be mounted on a suitable insulated base and the
receiving set should be connected across IV and Z.

from the business standpoint by manufacturers of lightning arresters.
Fears disappear with knowledge of the
facts. The facts that relate to the possibility of lightning striking an antenna
are of two groups: facts of experience
and facts of science.
As to facts of experience:
After twenty years of radio, there are
but few cases on record of antennae
being struck by lightning. It is nonsense to attribute to aradio antenna the

dous damage, but instead of this, most
of the charges gathered on clouds are
dissipated through acontinuous stream
of leakage between the earth and the
clouds. Nature with her usual foresight,
always accompanies high humidity and
heavy rain with ahighly charged cloud
atmosphere. In this way she punctures
the insulation of air between the clouds
and the earth by acontinuous stream of
minute conducting bodies, each highly
charged. Some of these continually dis-
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Figure GG: Thh lightning protector has a fuse leading into the instruments. If
lightning should strike, the long fuse would blow out and the electrical discharge would
take plact through the gap.

charge through the antenna system, as
is evidenced by that unpleasant noise
which we call static. Thus, there is a
continuous conducting path bztween a
cloud and the earth, resulting in alightning flash only when extremely high
charges are present. When such adischarge takes place, acurrent of millions
of amperes and billions of volts drain
the cloud of its charge.
A thunderstorm, then, clears away
the charges on the clouds in* two ways;
first by acontinuous stream of charged
raindrops and conducting ions; and second, by direct discharges, such as take
place between the electrodes of aspark
gap. The latter is usually preceded by
a collection of charges from nearby
clouds until sufficient potential has been
collected by some one cloud to break its
way directly to the earth through a
space of from one and a half to two or
more miles.
An electric charge sufficiently strong
to break through aspace of that distance
is of such intensity that its course is influenced very slightly by the relatively
small attraction of a piece of antenna

wire. Moreover, agrounded ante ais
at the same potential as the earth i elf.
Since the potential of the anten a is
practically the same, the only othe assumption that might make it seem hat
an antenna might be an attraction or a
lightning discharge is the fact tha the
antenna is nearer the cloud than the surface of the earth. The cloud is rom
7,000 to 11,000 feet away. The o dinary receiving antenna for broadcasti gis
seldom more than ahundred feet i the
air. A hundred feet more or less
vel
for a charge of billions of volts is not
sufficient to make such acharge ch nge
its course as much as twenty feet in der
to find such a little path of les. resistance. In the few cases know of
lightning striking an antenna, it is certain that it would have struck at hat
very spot if no antenna had been t ere.
The actual ionized path establish by
a direct cloud discharge is at the ost
but afew inches in diameter. Surro nding this ionized path of direct disch ge,
there is alarge accompanying disch ge,
perhaps several miles in area. Thi entire area is influenced by the te ific
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OUTS/DE BU/L0/1Y6
A VACUUM TYPE OF LIGHTNING ARRESTER.
Figure ¡III: The instruments are connected to the antenna and ground as usual, with
the gap shunting the windings. Any electrical surges that gather on the antenna immediately cause adischarge across the gap in the vacuum.

current grounded by the lightning discharge.
Sensitive receiving sets are
greatly affected by this for several miles
around—perhaps anywhere within a
radius of scores of miles. It is against
this sympathetic discharge that we take
our main precautions.
The lightning arrester dissipates such
charges with certainty and safety even
though the antenna is not grounded, and
so forms actual protection, similar to
that of the time-honored lightning rod.
The lightning arrester is asafety gap
designed with such electrodes that a
charge on the antenna of over 500 volts
is grounded with the greatest possible
facility. Whenever acharge of sufficient
voltage is collected on the antenna, a
spark discharge takes place across the
electrodes of the arrester gap.
Against an actual discharge—that is,
lightning striking at aparticular place—
there is no real protection possible.
Since the actual ionized path of such
a direct cloud discharge is but a few
inches in diameter the owner of abroadcast receiving set should not expect his

particular little antenna with no especial
attracting features to be picked out. He
would be as much an egotist as an old
maid in her little back yard holding out
an up-turned thimble, confidently expecting that when but one rain-drop
falls from acloud two miles away, it will
so distinguish her as to direct its way to
her thimble when it might as easily fall
anywhere else within the State.
In planning lightning protection,
make certain that your antenna is protected by agrounding device as required
by the Board of Underwriters. This
protects you against damage occasioned
by any discharge taking place through
the antenna either because of natural
leakage or because of indirect cloud discharges and lightning discharges nearby.
By having the grounding device properly
installed the insurance on the property
is protected. A radio set that is properly set up with antenna and with
ground connections made in the correct
way, affords better protection against
lightning than if it were not installed.
There is absolutely no justification for
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DIRECT COUPLING
Figure II: The system of tuning employed here is known as "direct coupling" a
term coming from the fact that the tuning
coil, which may have a number of sliders to
take the place of the single one illustrated, is
connected by direct metallic path with the
aerial proper.
While there
a coupling
effect between the aerial and the closed circuit (the circuit involving the condenser, detector and 'phones) it is not as pronounced as
that occuring between the two coils in diagram Son this page.

is

3
ELECTROSTATIC COUPLINGS
Fig.II: Here asingle or multi-slide tuning
coil is employed together with two coupling
condensers of avariable type. The electrical
energy of the aerial system is transferred to the
circuit containing the 'phones and detector by
the charging and discharging of the condensers.

• INDUCTIVE COUPLING
Fig. II: Here two independent coils sr
used, one in the aerial circuit and one in th.
closed circuit with the phones, condenser an.
detector. The energy in this case is transferre,
from the aerial circuit to the closed circuit b>
electro-magnetic induction. Tuning may b
affected by changing the degree of couplin
between the coils.
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SECONDARY

P2/M41211
A LOOSE-COUPLER
Fig. Ji. A conventional type of
loose coupler. The upper coil is moveable while the large coil (the primary) is
usually tapped for purposes of tuning.

the hysterical fear that aradio installation will "draw" lightning—no more
justification than in the case of the
child's fear that some grinning hobgoblin will jump out from the dark.
After having digressed, beneficially
we hope, into the realm of the aerial
proper we shall now return to the subject of tuning. In the accompanying diagrams (Fig. II) we see the three principal methods used in bringing circuits into
resonance. The first case was considered previously. It is that of using a
single slide tuner directly in connection
with the aerial. This is called the direct
coupling method because the current
flows by direct metallic path without
being inductively or capacitatively
transferred from one circuit to another.
In the left-hand diagram, we see the
capacitative coupling method where the
tuning coil is still used but two condensers of the variable type are used to
transfer the energy from the aerial circuit to the secondary circuit containing
the 'phones and the detecting device.

In the third case there is shown the
inductive coupling method of transferring
energy from the primary or aerial circuit to the secondary circuit.
Inductive coupling as illustrated in
the third circuit is usually effected by
what is known as aloose coupler. The
name of the device is more or less indicative of its principle of operation.
Two coils loosely coupled, that is placed
in "loose" inductive relationship to each
other, are mounted so that one coil is
movable. The loose coupler usually takes
the form depicted (Fig. JJ). A primary
winding, which is the winding connected
to the aerial and the ground, is placed
upon a cardboard or bakelite tube
measuring about
inches in diameter.
The size of the wire and the size of the
tube will, in some measure, depend upon
the length of the wave to which it is
desired to tune. A second coil, the
secondary, which is usually directly connected to the detector, is arranged at
the end of the large coil so that it may be
turned. From our understanding of
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AMATEURS HAVE SENT AND RECEIVED TRANSATLANTIC MESSAGES WITH THIS TYPE OF
ANTENNA
Figure KK: As the amateur is limited to transmission on low wavelengths ahighly efficient antenna is aprime
necessity. This is the best fur his purpose.
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A VARIOMETER
Fig. LL: Two coils are involved in a variometer but, unlike the loosecoupler, they are conneci.ed together directly. By turning the coils they are
caused to "buck" or aid each other.

inductive effects, it will be seen that by
turning the secondary coil the inductive
relationship, and therefore the resonance, between the primary and the
secondary circuit is altered. When the
winding on the secondary of the loose
coupler is placed exactly parallel to the
winding of the primary, there will be a
maximum transfer of energy between
the two circuits. When the secondary
coil is placed at right angles to the
primary there will be aminimum transfer. Here we see the reason why it is
not advisable to place aerial wires
parallel with power lines.
There is still another method of inductively regulating the transfer of
energy from the aerial to the detecting
circuit. This is done by an instrument
known as a variometer.
The variometer is made up of one continuous
coil of wire arranged in two sections.
The one section is usually mounted on
the inside of a wood or composition
frame and the second coil is usually
mounted upon the outside of aspherical
frame revolving within the first coil.

Only two terminals are provided with
the instrument and here we will see, by
means of the illustration and a few
words of explanation, how such adevice
can regulate the flow of energy between
two circuits. The stationery and movable portion of the continuous coil in
the variometer can be put in inductive
harmony or opposition by revolving the
movable element. The effect is the
same as though two coils were wound in
asolenoid form and brought in different
positions in regard to each other. When
the coils were parallel the effect of the
inductance would be practically absent
because they would be working to aid
each other. However, if the coils were
so arranged that the current travelling
through them was in, opposite directions, the one coil would "buck" the
other and there would be a noticeable
tendency to choke off the current. Any
position between the two extremes
would produce arelative amount of, we
might say, inductive bucking. The
effect is the same as though we caused a
stream pf water in a pipe to develop a

146

CONNECTIONS OF VARIOMETER
Figure MM: The method of connecting the
two coils of a varometer is here shown. It will
be noticed that there is a direct metallic connection between the aerial and the remainder of the
receiving set. The variometer, however, is not
always used in this particular position.

counter pressure. Since the counter
pressure could not reach the original
pressure (except by the interposition of
a valve) some current would always
flow. The same is the case with the
variometer. Although the coils may be in
inductive opposition, some current will
always flow.
Variable condensers are widely used
in tuning circuits because infinitely
small changes in wavelength can be
effected owing to the continuously uniform variations in capacity that may be
made. It would be most difficult, both
from the engineering and practical'
standpoint, to arrange acoil of wire so
that the same effect could be produced
inductively , instead of capacitatively.
For this reason condensers are practically always used in connection with
coils. Coils are more or less necessary
because they help to produce higher
voltages, and, as we shall see later,
this is very desirable.

If the student desired to set p a
simple tuner involving a mere co Iof
wire wound around a cardboard ube
and a small variable, condenser, the
apparatus might be connected accor ing
to the method in Fig. NN. He the
coil of wire has such awavelength fits
own that when it is used in conn tion
with the aerial and thé cond nser
changes in capacity will give a firly
large wavelength range. This m VE length range, as might be expected, will
depend more or less upon the cap city
of the condenser for the other elet nts
have fixed values. If the caPacit of
the condenser is large the maxi ium
wavelength will be large.
While involved in the general su ject
of tuning, it is desirable to introdu at
this point the subject of wave traps A
wave trap is merely acircuit which
rmits of higher selectivity, that is g ter
separation between waves of su i tly
different length. The wave trap cir-
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VARIABLE CONDENSER CONNECTIONS
Figure NN: A method of connecting avariable condenser to asingle- or double.
slide turner to aid sharper tuning.

cuit, which consists merely of a small
coil of wire (the coil may be of the
ordinary honeycomb type) and asmall
variable condenser is interposed between the aerial proper and the receiver.
By turning the condenser, the circuit
will respond to the desired wave. Great

selectivity is obtained and waves of
different length will be effectively prevented from passing. A switch is arranged so that the selector device may
be dispensed with by forming a direct
connection to the receiver.
A second system for trapping waves

TWO WAVE TRAPS
Figure 00: At the left is shown atwo-coil wave trap using
avariable condenser. The trap at the right employs only one
coil and avariable condenser.
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THE CONDENSER AND LOOSE-COUPLER
Figure PP: How the variable condenser is used as atuning adjunct to the loose-coupler. The connections in
both sketches are the same save that one sketch is diagrammatic and the other is in the form of apicture.

is also shown and here a variable condenser is employed with two coils of
wire placed in such positions that their
fields oppose each other. One system
will be found to work practically as
well as the other and perhaps the first
one described is the most conveniently
assembled.
When variometers or loose couplers
are employed in tuning, condensers are
usually used in conjunction with them.
Otherwise, great selectivity is practically impossible because fine adjustments
are not attainable. When a variable
condenser is employed with a loose
coupler, it is always placed directly
across the secondary—shunted across
the secondary. Changes in wavelength
are brought about by turning the secondary of the loose coupler and by
turning the movable plates of the variable condenser. When a variable condenser is used in conjunction with a
variometer it is usually shunted across
it as in the case of the loose coupler.
Circuits like those just described are not
highly efficient nor are they extremely
selective.

Variable condensers are sometimes
used in series with the aerial or ground.
In this position they alter the wavelength of the aerial system by plachg in
series with the aerial capacity another
capacity which may be small or large.
The reader will recall the principl ainvolved here if he gave proper attention
to the explanatory matter in the forerunning portion of this Part.
There are many different ways of
tuning aerial circuits but they all involve the simple principles that we blame
outlined. In some instances more complicated hook-ups are employed, but if
the student will study them very carefully he will find that the combination
merely involves: (1) loose coupled circuits, (2) directly coupled circuits and
(3) circuits involving variable condensers.
•
Some receiving devices involve anumber of independent circuits; circuits that
sae tuned. Even the simplest sort of a
receiver usually involves two independent circuits as illustrated, Fig. QQ. Here
we have what is known as the antenna
circuit (sometimes called the open cireu is
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TRE ANTENNA CIRCUIT
Figure QQ: The antenna or aerial circuit involves the
aerial, the tuning instruments connected to the aerial and
the ground.

which is technically incorrect) and the
closed or secondary circuit. When a
signal is tuned to, it is necessary to put
the secondary or closed circuit in
resonance with the antenna circuit before we can obtain amaximum transfer
of energy between the two. That is
very easy to understand. We could not
hope to get maximum current transference between the two unless they
were in electrical harmony; that is, unless one was capable of matching the
electrical characteristics of the other.
Coming back to our two stretched piano
wires, we could not hope to cause one to
vibrate at maximum efficiency when the
other was plucked unless both the wires
were of exactly the same length.
The famous Cockaday four-circuit
tuner is agood example of multi-tuned
circuits. Here four independent and
distinct circuits are employed in a system of tuning which is extremely selective and which produces avery efficient
method of broadcast reception.
The Hazeltine Neutrodyne is another
receiver which involves more than one

independent circuit. In this particular
receiver, it is necessary to bring three
independent circuits to resonance with
variable condensers before the receiver
as a whole is in resonance with the
incoming waves.
Unfortunately for the radio tinker,
the really efficient radio receiver involves from three to six circuits and
the tendency in technical development
seems to be along complicated rather
than simple lines.
We say complicated, but, as a matter of fact, no circuit is complicated if it is studied out
and analyzed in the light of the explanations given in this course.
The use of three or four independent
and adjustable circuits in modern receivers has brought with it a demand
for unification in control. It should be
quite unnecessary for the radio listener
to fuss around tuning several circuits
independently when it is possible to
mount the condensers controlling these
circuits upon one shaft so that they can
be turned on their shafts by a single
knob.

150

Laurence M. Cockaday has prepared
athorcugh and at the same time simple
discourse on the subject of single control:
"Up to three or four years ago the
men and boys who were interested in
radio receiving and transmitting apparatus were relatively few in number.
Their interest was of quite an experimental and scientific nature.
"But with the advent of popular
broadcasting and its development from
that time to this, there have been literally millions of people who have been
drawn into the radio game by either its
recreational appeal or by its educational
features.
"The vast majority of those who have
been attracted to the field are broadcast
listeners with little or no technical train-

ing and without much interest in
entific matters. However, these e eple
have alively interest in receiving pparatus, although they know little bout
its intricacies. It is, therefore, n textraordinary that the modern tre d of
receiver design is one of simplificat nin
control.
"The early receivers that emp oyed
some of the more complicated an sensitive circuits contained, in som instances, as many as ten to fifteen t ning
controls for selecting between st nals
transmitted on various wavele ths.
During the last two years, howeve the
tuning of the more popular receive has
been reduced to not more than t
to
five controls. This means that mist of
the modern sets have no more that that
many dials or knobs on the panel.
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ONE OF THE FIRST SINGLE-CONTROL SYSTEMS
Figure RR. This wiring diagram demonstrates one of the earlier schemes for tuning two resonant cire its by
means of acommon capacity tuning element that is adjusted by asingle knob.
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"An interesting system that indicates
great foresight and ingenuity on the part
of the inventor, and a significant one,
for reducing the number of controls in
receivers, was devised some fourteen
years ago by John V. L. Hogan, the
well-known radio engineer. In his patent Mr. Hogan describes amethod for
tuning various circuits to resonance by
means of anumber of associated tuning
elements mounted on a single shaft or
controlled by asingle dial although connected electrically in different circuits.
"The object of this scheme is, briefly,
to tune anumber of resonant circuits by
rotating asingle control knob.
"The significance of this method has
only recently been apparent.
"In Figure RR we find awiring diagram of the early Hogan single-control
receiver that employs two tuned circuits
that are controlled by acommon tuning
element. (See page 151. )
"The common tuning element consists of two variable condensers, C2 and
C3, which, of course, must be of equal
capacity and must contain the same
capacity ratio of maximum to minimum.

ez,)

These two condensers are arranged on
the same shaft on which they revolve at
exactly the same rate, and as the rate
varies, the capacity of each one is always
approximately equal to the other. The
two inductances Le and L3 are also of
equal fixed values of inductance. The
condenser C4, which was contained inside the receiver, was set only once to
balance the capacity of the antenna.
The coil IA, also avariable instrument
that is inside the cabinet, is varied to
equal the inductance of the antenna plus
the inductance of the coil L6.
"In this early type of single-control
receiver, when the two circuits were
balanced up as indicated, the two condensers that formed the common tuning
element could be rotated by a single
knob and still the two circuits would be
kept in resonance through the whole
wavelength scale. When this condition
was established, a practical single-control receiver was evolved.
"This specific instance demonstrates
the idea of using condensers as a common tuning element.
"The inventor also described and used
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AN EARLY SINGLE-CONTROL METHOD FOR AN INDUCTIVELY-TUNED CIRCUIT
Figure SS. One of the early methods of tuning two resonant circuits by means of acommon inductance tuning
element that is rotated by as:ngle dial or knob.
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A TRIPLE-UNIT CONDENSER
Figure TT. This picture shows atriple-unit condenser. The three units A, B and C
may be used for tunang three resonant circuits. This condenser would be suitable for
atwo-stage t Iradio-frequency receiver.

A TRIPLE-I NIT WITII VERNIER SINGLE-CONTROL
Figure UU. Another make of emu
tuning element, atriple vernier condemer, is shown here. In this unit,
the three sections A. B and C are all controlled by the single knob. 'The insulation of the unit is composed of six
pieces of hard rubber.
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acircuit shown in Figure SS in which he
incorporated variable inductances as a
means for accomplishing the same results. This receiver is shown diagrammatically in which the inductances in
the two tuned circuits are varied in
steps of equal amounts in both circuits by a single control knob. These
two inductances are shown in the diagram as 1.2 and LI.
"Additional inductances and capacities L4 and Ct? are used inside the cabinet and these are adjusted only when
the set is first connected to a new
antenna. These two elements are used
to compensate for the capacity and inductance of the antenna indicated as Cl

and Li. When this initial adjustment
has been made, the various wavelengths
may be tuned in by adjusting the inductance tuning-element knob.
"Either of these two simple plans for
obtaining a single-control receiver may
be used with the more complicated and
effective receivers, such as used today.
"During the last five years most of the
engineering work on receiving sets has
been directed toward circuit development, and, during that time, we have
liad four major types of circuits which
have come into general use. These may
be enumerated as follows:
I. Regenerative circuit;

A DOUBLE-UNIT FOR SINGLE-CONTROL
Figure VV. This picture shows adouble-unit condenser which consists of two
units A and B. This unit can be adapted to asingle-control, four-circuit tuner or
asingle-control superheterodyne. It could also be used for tuning asingle-stage,
radio-frequency receiver.
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A LARGE CAPACITY DOUBLE-UNIT
Figure W W. This double-unit is also compose dot two condensers A and
It mounted on the same shaft.

2. Transformer-coupled, radio-frequency
circuits;
3. Tuned radio-frequency circuits;
4. Superheterodyne circuits.
"The development of receivers along
these four lines has been merely a refinement of circuit design and circuit
stabilization. This work has resulted
in some really excellent receivers and in
some cases, the ease of control has been
greatly improved over the earlier circuits of the same classes. The second
class, No. 2, we can neglect, as only one
circuit is tuned. However, by the application of the Hogan scheme to the other
three of these types or classes of receivers, areceiver will be produced that the
least informed novice can tune with
ease. Such areceiver will contain only
a single knob for adjustment, and it
will give better results than the more

complicated sets in the hands of the
ordinary broadcast listener.
"An application, then, of this scheme
will be the most important single factor
in the future development of sets; and
it will make radio really accessible to
the average American.
"The first step in modifying these
types of receivers to combine and unify
the tuning control, is to select the type
of mechanical arrangement to be used.
There are three general methods that
can be employed:
1. The use of acombined shaft;
2. The use of agear arrangement;
S. The use of abelt arrangement.
"All three of these methods present
specific advantages and problems. In
Figures TT, UU, VV, WW, ZZ are shown
a number of makes of multiple condensers that embrace the combined shaft
155
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A BELT-OPERATED CONTROL SCHEME
Figure XX. Another method that has been used for the single control of two units. The centre knob rotates
the units in synchronism by means of abelt and rollers.

principle. All four of these are of the
finest workmanship and construction,
and are being used in the newest types
of sets that are built by some of the
more forward-looking manufacturers.
"The utilization of the second method
allows for the use of separate condensers
or inductive tuning units of the ordinary
type with the familiar 'rack and pinion'
coupling between shafts. This scheme
is shown diagrammatically in Figure YY.
With this arrangement it is extremely
important that the train of gears fit
snugly and that there be not too much
friction.
"The third arrangement, which also
has its supporters, employs separate
condensers or inductive-tuning units
which are caused to turn in unison by
means of rollers and abelt.
"An idler pulley is usually used to take

TUNING [Mir./

up slack so that the belt will not slip
and thereby keep the units in proper
relative position to each other. This
method is shown diagrammatically in
Figure XX.
"Any of these methods may be employed, but for personal preference and
simplicity of explanation we will consider only the first one.
"There are not many regenerative circuits that permit the application of the
principle of single-control. The one
regenerative receiver that probably
stands out as the most suitable for such
use is the Four-circuit Tuner.
"In this type of receiver the two circuits that control tuning and regeneration are rotated in unison. Both dials
are rotated throughout the wavelength
range at the same rate and both should
always read the same in dial settings.
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A RACK AND PINION CONTROL SYSTEM
Figure YY. A method for controlling two tuning units by means of arack and pinions. The control knob is
indicated as attached to the center gear.
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"By using a double-unit condenser
combination in place of the usual two
condensers, the two circuits (the stabilizer and the secondary) may be adjusted
by a single dial. This is shown diagrammatically in Figure B3. Cl would
be one section of the condenser and C2
would be the second section. These
would both be mounted on a single
shaft and rotated in unison.
"The application of the single-control
idea to the tuned radio-frequency circuit is almost as simple as its application
to the Four-circuit Tuner.
"In Figure AS are shown the primary
and secondary coils which are used to
couple two stages of amplification. Connected across their secondaries are variable condensers CI, C2 and C3, in the
usual manner, except that these three
condensers have acommon shaft and a
single dial as indicated by the dotted

lines and the arrows. This arrangement
is for condenser-tuned receivers.
"For inductively-tuned receivers of
the tuned radio-frequency type, the general layout or scheme might be as shown
in Figure C3. Here the common tuning
element is composed of a variable inductive winding. These are shown in
the diagram as variometers at Li, L.
"Stating the method generally, the
two tuning elements Cl, which controls
the loop tuning, and C2, which controls
the oscillator tuning (see Figure D3) can
be arranged, by choosing the right
values of inductance in the circuit, so
that they will vary with the wavelength
substantially at the same settings. This
means that they can be also connected
by the same shaft and controlled by a
single dial. Any slight variation at the
ends of the scale can be adjusted easily
by avernier variometcr or other vernier

A SIX-UNIT, SINGLE-CONTROL CONDENSER
Figure ZZ. A complete unit consisting of six condensers A which are all fitted to the same shaft and controller'
by asingle dial C. The dial is attached to an auxiliary shaft E which operates the condensers through the bevelled
gears 1) and B. Six resonant circuits may be tuned with this single unit.
I-7

DOW THE SINGLE-CONTROL CAN BE APPLIED TO A TUNED RADIO-FREQUENCY CIRCUIT
Figure AS. This diagram shows how the tuning of atwo-stage, tuned radio-frequency receiver may be reduced
to
asingle-control.
single
knob or dial. The three condensers, Cl, Ce and CS are mounted on the same shaft and are controlled by a

device as indicated in the diagram at
LV. One engineer has already experienced very fine results from such acombination.
"In slimming up, we find that the
single-control idea for controlling the
more complicated, and therefore the
more sensitive and selective circuits, has
anumber of great advantages and strong
points not among the least of which we
have found to be:
1.
2.
3.
4.
5.
6.
7.

8.

The simplest method of tuning;
The calibrated or "logged" dial;
The speediest method of tuning;
The most accurate method of tuning;
Elimination of body capacity;
Better looking sets;
Sets that the novice will not hold in awe;
Much better sales value.

"The simple tuning, including the
calibrated feature that tells the user at
just what point to set the one dial to
bring in the station wanted, is sure to be
popular. Besides, a set that a novice
can tune as readily as the experienced
radio fan is agreat development.
"Finally, sets that do not have so
many 'little dials and knobs and gadgets'
to turn, to make squeals with, and to
collect dust, are sure to be more popular
with the women and the children and
the man without technical interest.
"In other words, in single-control receivers we will have the first sets that
will enjoy an overwhelming popularity
with the larger public consisting of men,
women and children who want to listen
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SINGLE-CONTROL ADAPTATION FOR A FOUR-CIRCUIT TUNER
Figure 83. The control method shown in this diagram indicates how two condensers CI and Ci, when mounted
on the same shaft and controlled by asingle knob, can be employed in afour-circuit tuner.
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SINGLECONTROL APPLIED TO AN INDUCTIVELYTUNED RECEIVER
Figure Cs: A method whereby a tuned radio-frequency receiver may be tuned by means of three variable
inductance,. LI, L and LSmounted on the same shaft and controlled by asingle dial.
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HOW SIN GLECONTROL MAY BE USED IN THE "SUPER"
Figure DS: This diagram shows how the loop tuning and the oscillator tuning in asuperheterodyne receiver
may be simplified. The two condensers Ctand Ce of the proper capacities may be mounted on the same shaft
and controlled by asingle dial. In this case, however, asmall variable inductance unit LV should be used for
exact settings on distant signals.

without any fuss and without having to
study technical information before they
learn the particular tricks of the particular make of receiver they happen to
own.
"These are the reasons why the
Angle-control receiver is fast coming
into vogue and why it will stay."
It is of importance that the student
should understand the proper use of
knobs and dials on radio receivers especially in connection with tuning appli-

ances. The average set owner believes
that tuning is amere matter of turning
knobs until some station is accidentally
picked up. It is impossible to intelligently tune any kind of areceiver unless
the person manipulating the knobs and
dials has some understanding of the instruments back of the panel and their
position in regard to the dials with
which they are connected.
There are two general types of dials in
use today; one is calibrated from 0 to

A DOUBLE-UNIT WITH STATORS MOUNTED ON HARD RUBBER STRIPS
Figure ES. The double unit condenser pictured above has two units, A and B. The
stator plates are mounted on two strips of hard rubber insulation; both of the rotor
sections are mounted on the same shaft. This unit may be used in the same manner
as the two units shown in Figures E and F.
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THE MEANING OF THE DIAL POSITION
Figure F3: This diagram shows how dials should be employed with the various tuning
instruments as acheck upon the operation of areceiver. Either 100 degree or 180 degree
dials may be used.
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A RECEIVER WITH ONE DIAL THAT TUNES SIX CIRCUITS
Figure GS. This picture shows arear view of asuper-pliodyne receiver in which the multiple tuning unit shown
in Figure ZZ is used. This unit appears at A. and is enclosed in ametal shield. It tunes simultaneously the six
transformers B. C, 1), E, F and
which are connected to as many stages of radio-frequency amplification.

WO and the other, more scientifically
verhaps, from 0to 180 degrees. Then,
of course, we also have dials with micrometer or vernier attachments. It
à the function of these attachments to
turn the shaft of the instrument only a
very small distance compared with the
distance that the vernier is moved.
Most of these combination dials with
the vernier have two distinct knobs, one
that turns the shaft direct and one that
works through asmall train of gears to
turn it very slowly. Verniers are more
or less essential in the case of long distance work and when used with very
selective receivers. Oftentimes amovement of 1/100th of an inch is necessary
to bring the wave to a point of full
resonance. It will be found in general
that verniers are practical only when
used in connection with variable condensers.
By reference to Fig. F3 we see the
position taken by the movable plates of
the condenser when the dial is turned
half way around. When the movable
plates are fully inter-leaved with the
stationary plates, the reading on the

dial should be 100 in the case of azero
to 100 dial, and 180 in the case of azero
to 180 dial. At the half-way mark (50
or 90) the plates of the condenser should
be exactly half way. When a dial is
used in this manner it acts as a true
index to the angle taken by the plates
and figuring from this the operator of a
circuit will have a rough idea of the
amount of capacitance at every setting.
The proper dial setting for loose
coupler secondaries is also illustrated.
At zero degrees, the rotor or secondary
of the loose coupler should be perfectly
horizontal so that there will be amaximum inductive effect between it and the
primary. At 50 or 90 degrees the secondary or rotor winding should be at
right angles to the primary winding and
the inductive effect at this point will be
minimized. As the dial is revolved the
rotor is brought back to its horizontal
position.
Reference should also be made to the
little sketches showing the proper use of
the dial with the variometer. In acase
of this nature, there is auniform change
in inductive relationship between the
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rotor and stator windings as the knob is
turned toward its full number of
degrees.
Radio folks—professionals and amateurs alike—have long talked about
"dead spots." Experience has shown
that there are certain stretches of coastal
territory and mountainous areas where
it is extremely difficult to effect reliable
communication in the conventional manner. But always the term "dead spot"
is a relative one only; a "dead spot"
being due to the partial absorption of the
electromagnetic waves.
A well-known example of this phenomena lies in the inability of ship stations in Long Island Sound to establish satisfactory communication with
shore stations on the Atlantic side of the
Island, even though the Island is, at its
widest part, but forty miles across.
Coastwise vessels find great difficulty in
communicating with New York City in
asatisfactory fashion over distances of
but fifty or sixty miles when they are
close to the Jersey shore.
An example of this phenomena which
deals with transmission on amateur
wavelengths may be cited as follows:
A first class amateur transmitter in
New York City finds it possible to communicate directly with a like amateur
station in Philadelphia, ninety miles distant, during daylight hours. When
darkness falls, the signals of the Philadelphia station become unreadable until
late in the evening, and are even then
unreliable.
Radiophone listeners, too, report
"dead spots" in various localities. In
Atlantic City during the summer months
it is possible to secure fairly good broadcast programs both from New York and
Philadelphia during daylight. At night,
however, programs from both points are
unreliable.
Many points on Long

Island, forty to seventy miles distant
from the New York City stations, frequently find it impossible to record satisfactory broadcast programs.
During the summer of 1920, an effort
was made to take advantage of this
phenomena in the choice of sites for stations which were to handle the commercial traffic along the Atlantic coast. During the war the Navy department
handled all ship-to-shore traffic, inasmuch as all land radio stations had
passed into their hands when war was
declared. Subsequent to the Armistice
this traffic was handed back to commercial companies. Considerable competition then existed between the older
and some newly formed companies as
to who should handle the bulk of it.
There proved to be asufficient amount
of traffic to make its handling profitable.
At least four companies who owned and
operated stations within the vicinity of
New York were each making frantic
efforts to get the better of the other.
The most serious difficulty encountered
was that of interference between the
sending stations.
To be specific, one station at Cape
May, New Jersey, two in New York
City, one at Babylon, L. I., one at
Southampton, L. I., one at New London, Conn., and one on Nantucket
Island, frequently tried to establish
communication with the same ship at
the same time, particularly when that
ship would report 200 or more messages ready for transmission. Perhaps
one of these stations would receive an
acknowledgment from the ship operator whose efforts to get the traffic off
were frequently rendered futile because
of the interference from the competing
stations. Loop aerials and receivers of
various types were tried with but little
relief.
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HOW "DEAD SPOTS" ARE CREATED

Figure HS: Usually the cause of the trouble is awall—especially awall in the form of abedding that is largely
of metal construction—between your radio receiver and the broadcasting station. Such a structure serves as a
shield that deflects the radio waves in much the same way as aten-foot fence serves as ashield when it intervenes
bet ween two men who are conversing. An ordinary crystal or single-tube receiver is usually insufficient to detect
the weakened radio waves that do penetrate the shielded areas.
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The idea was then hit upon of locating
certain points on the North Atlantic
coast which would provide comparative
freedom from most interfering land stations. The method of locating these
"dead spots" proved to be rather ingenious and interesting; to the gratification of those in charge of operations,
locations were found where interference

from many stations was almost entirely
eliminated.
In one of the illustrations which ac-,
company this article (see this page)
'
shown a super-heterodyne type of receiver mounted in a Ford sedan. The
receiver consisted of a three-element
vacuum tube detector, a frequency
changer, and a four stage -radio -fre-

THE INTERIOR OF THE RADIO SLEUTH
Figure IS: This extremely sensitive receiving apparatus, which was installed in a small sedan, included ,
A, the vacuum tube used for detection; B. the rheostat for this tube C. the tuning condenser, D. the honeycomb inductances; E, the heterodyne control; F. the radio•frequency amplifier; G. the "B" batteries for the detector.
oscillator and amplifier. And, of course, the telephone receivers H.
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quency amplifier. The car lighting battery was used for all vacuum tubes.
However, separate plate potential batteries were used respectively for the detector, the frequency changer (oscillator) and the radio-frequency amplifier.
The circuits of the amplifier were so arranged that the signals could be weakened; that is to say, a certain type of
audibility meter was provided. The antenna used consisted of twenty turns of
wire on a wooden frame, four feet on
a side.
The antenna (loop) was so
mounted on arear fender that it could
be revolved until pointing toward the
transmitting station. Signal strengths
obtained with this outfit were equivalent to those which could be obtained
on a "T" type antenna, 160 feet high,
in conjunction with a single vacuum
tube detector and regenerative re.ceiver.
Upon careful study of atopographical
map, apoint was generally chosen so as
to be shielded from the transmitting station by low hills, arather dense forest,
or by a stretch of coast line. Past experience had shown that these usually
eicted as ashield. At apoint near East
Moriches, L. I., signals from New York
City stations and from New London,
Conn., were found to be almost totally
inaudible, while signals from the station
at Babylon, L. I., were reduced to the
point where they would be of no serious
trouble. At Smith's Point, some one
mile farther toward the Sound, signals
from the New York stations, the Babylon station as well as the New London
station, were about up to standard. In
both positions, signals from out at sea
were equally strong. At the Smith's
Point location, however, signals from
great distances were recorded, as it was
possible to read the signals of ships well
out at sea and entirely beyond the range

of communication of any of the land
stations mentioned previously.
As the result of observations in this
locality, areceiving station was planned
and finally erected. On Cape Cod apoint
was found near North Truro, Massachusetts, where signals from Boston
and Chatham stations were materially
reduced. It became necessary at this
point, however, to fall back upon large
sand dunes for the shielding effect, and
an extremely interesting phenomenon
was discovered; a movement of the receiver of only a few hundred feet in
either direction caused amarked difference in the strength of signals that came
from land stations, while practically no
change in signal strength was to be observed in the signals that originated at
sea.
Observations taken near the station
at New London, Conn., pointed to considerable shielding of this same sort.
While signals from New York City stations came in with considerable strength,
signals from Long Island and from stations on Cape Cod and near Boston were
weak, whereas signals from all vessels
in the Atlantic lines came in with what
seemed to be doubled strength. It is
certain that the exceptionally good work
which the station at New London
(VVLC) has always done is thus accounted for.
It was desirable to locate athird station on the coast of Maine; for this purpose an extended series of observations
were taken between Bar Harbor and
Eastport.
In addition to natural
shields or barriers against radio signals
from coastal stations, it became necessary in Maine to look, first of all, for a
source of power supply. This existed
at but few points along the coast. Observations taken at or near Rockland
indicated exceptionally good shielding
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from all transmitters with the exception
of the Naval station at Bar Harbor.
Ocean-going vessels in the Atlantic lines
could be received at this point with great
clearness. The Bar Harbor station,
however, was a serious drawback and
after many experiments along this part
of the coast, a point was found near
Harrington, Maine, where shielding
from both Bar Harbor and Rockland
was ideal. Some weakening of signals
from ocean-going vessels was to be
noticed, however, due, no doubt, to the
absorption taking place while the signals
were in transit across Nova Scotia.
It has long been presumed that hills
absorbed or deflected radio signals. Frequently mountains cast decided shadows; so do forests in lesser degree. In
the case of the forest, absorption plays
the greatest part in the weakening of

the signal. Where achain of mountains
exist, the shadowing effects may become
quite complex. This is also usually true
in the larger cities, due to large steel
structures, and is particularly noticeable
where communication is being attempted upon the shorter wavelengths. The
shorter the wavelength the more pronounced the shadowing effect, for the
size of objects such as mountains and
groups of trees and tall buildings are of
the same order as the dimensions of the
radio waves. Where the length of the
wave is several thousand meters, few
mountain ranges are to be found whose
dimensions are sufficient to render them
other than relatively small objects in
the path of the wave.
Large bodies also act as reflectors.
An instance of this is on record. An
attempt was being made to receive asig-
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THE WIRING DIAGRAM FOR THE BELL CIRCUIT ANTENNA
Figure ,13: When you connect the antenna binding post on your set to the nearest bell, be careful to try both
binding posts on the bell and leave the wire permanently connected to the side that brings in the signals with the
greatest intensity.
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nal from a point directly away from a
mountain . The signal from the distant
station was considerably weakened by
bringing the receiver within approximately one and ahalf wavelengths of the
mountain. It is to be assumed in this
case that energy reflected by the mountain back into the receiver, arrived there
completely out of time with the oncoming wave. The reflected wave counteracted the incoming .
wave with the
result that signals strength was weakened.
Complete information concerning the
effects of various objects upon the transmission of radio energy is not now available. When it is, it should be possible to
definitely plot the rise and fall of signal
strengths over any particular territory.
There is little doubt that the "fading"
effects observed by so many broadcast
listeners are caused by the reflection of
the electric wave from layers of gas many
miles above the earth. The assumption
is that the energy travels up and through
the earth's atmosphere to a layer of
ionized gas—that the gas reflects the
wave, sending it again earthward—that
in its travel the wave has encountered
nothing which tends to absorb its energies. Suddenly avapor cloud or aflaw
in the reflecting mirror results in the
absorption or loss of the signal. These
irregularities occur rapidly at short wavelengths in mountainous or hilly countries
—less rapidly over level country and at
sea, but, under given conditions, the
frequency of the fading intervals is a
function of the wavelength.
It sometimes happens that, on account of circumstances over which the
radio fan has no control, it is not pos-

sible to put up an outdoor antenna
which will be suitable for the reception
of broadcasting.
Here is one way to overcome this
difficulty; it will enable one to receive
broadcasting by making use of the ordinary "bell" circuit in the house. In
every apartment house there is usually
afront door bell and also abuzzer in the
kitchen, which is connected for use in
the dumb-waiter. This latter circuit
makes agood antenna because it is not
used as much as the front door bell.
As a slight buzz will be heard in the
receivers every time the button is
pushed, and as the door bell is apt to be
rung at almost any time, the dumbwaiter buzzer is the more serviceable of
the two.
Using one side of this circuit will not
harm either the bell circuit or your receiver. Even when the buzzer or bell
is rung, it will have no effect on the
set, except that anoise will be heard.
To connect the radio receiver to such
an antenna is simple. Loosen up one of
the binding posts on the buzzer or bell
and connect awire to it. The other end
of this wire should be run down to the
antenna binding post on the radio set.
In connecting this wire to the buzzer,
one must be sure that the wire which
was already on the binding post of the
buzzer is put back in place, otherwise
the buzzer will not ring.
Of course, it is not possible to receive
much DX on an antenna of this sort
but if circumstances are right, some surprising results may be had. On local
broadcasting stations, the signals should
be almost as loud as with the outdoor
antenna.

END OF SECTION V
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SECTION VI

Detection and the Secret of the
Vacuum Tube
tune with a radio transmitter of the
Nature had made our ears sensispark type. Of course, we know that
tive to the higher vibrations,
sparks are used only in the transmission
radio development would have
of code and not for the carrying of
taken adifferent course and many of the
voice or sound. Sparks produce damped
elaborate devices -that we now use
waves. That is, wave trains that start
would be wholly unnecessary. It has
out at high amplitude and rapidly dioften been demonstrated that the averminish to zero. If we were to picture
age human being is incapable of hearing
these waves graphically they would look
vibrations with a frequency of over
something like the outlines given in Fig.
20,000 per second. This means that we
A (right). The wave starts out freshly,
could be in the midst of the most terrifyreaches ahigh maximum amplitude and
ing source of sound waves but that, if
these waves were beyond 20,000 cycles a gradually tapers to zero. Although the
amplitude decreases the student will see
second, we would have no sense of their
that the wavelength remains the same;
being present.
that is the distance between the peaks.
This shortcoming of the human ear
These damped wave trains come very
makes it necessary to employ what is
rapidly; so rapidly indeed that a teleknown as adetector in the reception of
phone receiver placed in their path
radio music and code signals. From our
would be useless in detecting them.
previous investigations into the realm
What we need in cases of this nature is
of radio, we know that the currents used
some sort of adevice that will have the
in radio transmission are of very high
effect of changing the frequency of these
frequency. So high indeed that if we
extremely agile waves. In other words
permitted them to pass directly through
we wish to bring them from the ina telephone receiver, we would receive
audible or supersonic range of vibrations
no indication of their presence. The
down to the audible field where they can
diaphragm of the telephone receiver,
be heard and distinguished by the huhaving appreciable mass would, in the
man ear.
first place, be unable to respond to the
It was known for a long time before
madly fluctuating currents and should
radio was put into commercial use that
the diaphragm respond, the human ear
certain natural minerals like galena and
would be insensitive to the air vibrazincite possessed the properties of unitions produced.
lateral conductivity. This term is not so
Let us see what kind of a current is
formidable when we are told that uniproduced in areceiving set when it is in
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HOW A CRYSTAL TREATS AN OSCILLATING CURRENT
Fig. A. A crystal is asort of "valve" that permits electric current to flow freely in one direction but cuts off
the flow in the opposite direction. This diagram clearly illustratee; the action. The current pictured at the left
builds up what is known as a"damped wave." Thousands of such "wave trains" go to make up asingle dot of
the telegraphic code. So rapid do these puLsat ions come that some means must be employed to make them audible.
The crystal detector does this as illustrated on the right. Instead of the pulsations in each wave train affecting
the diagram of the 'phones independently, they produce acombined effort which causes all the pulsation in asingle wave train to make but one of the several hundred vibrations in a single dot of the telegraphic code. Thousands of these tiny "noises" would be in along dash.

lateral conductivity simply means electric conductivity in one direction. When
current is sent through an ordinary copper wire, the direction makes no difference in the resistance; it is the same
either way. However, in the case of a
crystal like galena we find a different
condition. Galena does not obey Ohm's
law in both directions.
In one direction the current will obey the laws of
Ohm and flow through meeting little
resistance. When the current is reversed in its direction, there is immediately placed in its path ahugh block of
resistance that practically chokes it off
entirely. No one can explain this action
although many physicists have attempted to reveal the mysteries that
surround it.
Now let us see what would happen if
we should interpose a small piece of
galena in the path of arapidly vibrating
and highly damped current such as that
we considered in Section IV. The impulses travelling in one direction would
pass through the galena freely, but the
impulses travelling in the opposite direction would be effectively choked off.
As aresult of this action we would have

a series of direct current impulses as
shown in Fig. A (left). Since the frequency of vibration would be only cut in
half the telephone receiver would still
be insensitive to them. However, each
group of pulsations act as a unit and
they have an accumulative effect upon
the diaphragm. The three pulsations
shown combine to cause the diaphragm
to move once, that is they pull the
diaphragm of the telephone receiver
down and release it. So rapid are these
pulsations that several thousand of these
little wave trains must exhaust themselves against the diaphragm to cause
one tiny dot of the telegraphic code to
be made.
A crystal detector is a very simple
arrangement. It involves only a small
holder which will allow high frequency
currents to pass through the active mineral. A number of different minerals are
used for crystal detectors but silicon,
carborundum, galena and borite are
among the most common forms. Galena
is one of the most popular because it is
the most sensitive. It is usually placed
in a small metal container and a tiny
wire known as a catwhisker is brought
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FIGURE B
Tbis diagram hows why it is impossible to impress acontinuous sound wave upon aseries of damped waves.
The intervals between the damped waves would be silent and unintelligible sounds would be produced in the distant
receiver.

into contact with its surface. This wire
leads the high frequency current into
the crystal and is also used to find the
most sensitive spots. With this type of
detector it is necessary to constantly
readjust the catwhisker to insure maximum sensitivity. The passage of large
amounts of static electricity from the
aerial tends to burn the detector point
out of adjustment and sudden shocks or
jars will be found to disturb its sensitivity.
Strange as it may seem to the student
of the art, the simple little crystal, with
all of its troubles, is the one perfect
reproducer of the sounds transmitted
by radio waves. It is a most efficient
rectifier. (A rectifier is a device that
will produce a pulsating direct current
from an alternating current.) Although a
most efficient rectifier the crystal is in no
sense an amplifier. As amatter of fact,
it is a very wasteful rectifier and unless
avery sensitive pair of 'phones is used in
connection with it, reception is impractical. If the telephones are sensitive, acrystal detector may be used for
the reception of broadcast music over a
distance of 25 miles. A use has been
found for crystal detectors in reflex re-

ceivers and afew permanent types have
been developed for this purpose. Here
the crystal is employed as a detector
and the input and output circuits are
amplified. The current is amplified
before it passes into the crystal and it is
amplified after it passes out of the
crystal. A very practical form of carborundum detector of the permanent
type has been developed for reflex work.
When we bring back to mind the
jagged damped waves that we considered at the beginning of this Section, we
will understand that such waves could
not be employed in the transmission of
voice and music. A reference to Figure B will show why this is so. Sound
waves produced by the human voice and
by musical instruments have acontinuity of flow and if such sounds were superimposed upon damped waves part of
the sound waves would be entirely eliminated at the receiving end. We would
have as a result nothing but a garbled
confusion of incoherent sounds.
Spark transmitters of any type cannot
be used to carry broadcast music. We
must use what is known as acontinuous
wave. That is a wave that flows continuously without the crude interrup-
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(UNDAMPED)
THE UNDAMPED WAVE AND THE SOUND WAVE
Fig. C. The undamped radio wave illustrated at the bottom of the drawing is necessary for the transmission
of sounds. It will be seen that such waves contains no interruptions unless the current that actuates or excites the
transmitter is cut off. When sounds are impressed upon undamped or continuous waves similar to that illustrated.
the resulting current in the output circuit of the distant receiver fluctuates accordiug to the intensity of the sound
impressed upon the diaphragm of the microphone in the broadcasting station. The wave emitted by the broadcasting station is then said to be "modulated."

tions produced by the spark system.
Reference to Figure C will show how
nicely the sound waves can be superimposed upon the undamped waves produced by the huge transmitting vacuum
tubes at the broadcasting stations.
The sound modulated waves used in
broadcasting are just as elusive as the
signals produced by sparks. The vibrations are hopelessly beyond the audible
range, but, by the introduction of a
crystal detector, this high frequency can
be made to produce audible sounds.
We are now ready to take up the subject of the vacuum tube. The development of this instrument by Fleming and
DeForest changed the whole aspect of
radio. Before DeForest's work, radio
was a stumbling, clumsy infant of the
technical world. It had very definite
limitations and there appeared to be
very little room for technical growth
and expansion.
The vacuum tube,
through supplying a more sensitive
means of detection changed all of this;
made radio the great and glorious thing
that it is today.
Our own Thomas A. Edison supplied
the spark of genius which finally flowered into the vacuum tube in the hands

of Prof. James Fleming, English investigator. In the early 80's, while Edison
was investigating the properties of his
electric lights, he wandered upon a
most unusual condition, a condition
that had, until that time, never before
presented itself to any scientific mind.
The particular experiment involved the
simple arrangement in Figure D. A small
metal plate was sealed into one of the
ordinary carbon filament lamps of that
time. Connected between this plate
and the filament proper was asensitive
galvanometer in series with the battery.
Much to Edison's amazement, hè could
make current flow across this heated
space between the filament and the
plate but when the poles of the battery
were reversed, no current would flow.
Edison thought little of the experiment
and was probably too much absorbed in
his light experiments to give it more
than apassing thought. He had, however, discovered aprinciple that caused
currents to act as they acted when they
passed through certain minerals. It
was acase of unilateral conductivity or
one way conductivity across a heated
space.
Prof. James Ambrose Fleming, F.R.
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WHAT EDISON DID 45 YEARS AGO
Fig. D. Edison found it possible ti make acurr‘nt
flow from the filament to asealed-in plate uf an electric
light by connecting the battery and meter as illustrated.
It was this remarkable experiment that inspired the
modern vacuum tube. This principle is not only used
in radio tubes but also in battery chargers of the tube
type. The tube in such cases ;s much larger and constructed so as to conduct heavy currents.

S., took this principle of Edison's and
applied it practically in the radio art by
developing from it the first two-element
vacuum tube. Perhaps it would interest
the reader to permit Prof. Fleming himself to outline the development of this
history making device:
"Forty years ago, early in 1882, after
the Edison Electric Light Company of
London was formed, I was appointed
electrical adviser to the company. I
was therefore brought into close touch
with the many problems of incandescent
lamps and Ibegan to study the physical
phenomena with all the scientific means
at my disposal. Like everyone else, I
noticed that the filaments broke easily
at the slightest shock, and when the
lamps burned out the glass bulbs became discolored.
"This discoloration of the glass was
generally accepted as amatter of course.
It seemed too trifling to notice. But in
science it is the trifles that count. The
little things of today may develop into

the great things of tomorrow.
"I wondered why the glass bulb grew
dark and I started to investigate the
matter. I discovered that in many
burned out lamps there was a line of
glass that was not discolored in any way.
It was as though someone took asmoked
glass, drew afinger quickly down it, and
left aperfectly clean line behind.
"I found that the lamps with these
strange, sharply-defined clean spaces
were covered elsewhere with adeposit of
carbon or metal, and that the clean line
was immediately in the plane of the carbon horseshoe filament and on the side
of the loop opposite to the burned-out
point of the filament.
"It was obvious to me that the unbroken part of the filament acted as a
screen to that particular line of clear
glass, and that the discharge from the
overheated point on the filament bombarded the remainder of the bulb with
molecules of carbon or vaporized metal
shot out in straight lines.
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HOW THE FLEMING VALVE WORKS
Fig. E. This diagram illustrates the passage of the electrons
from the filament to the plate, thus causing a current to flow
through the meter deflecting its needle.

"My experiments at the end of 1882
and early in 1883 proved that I was
right.
"Edison was at work in his laboratory
in 1883 when he noticed that if he fitted
atiny metal plate inside the bulb of an
electric lamp and connected it outside
the bulb with the positive end of the
filament, he obtained a slight current.
The phenomenon was called "the Edison
effect"; but Edison could not explain it,
nor did he use it in any way.
"In October, 1884, Sir William Preece
obtained from Edison some of these electric lamps with metal plates sealed inside them, and he turned his attention
to the investigation of the phenomena of
the Edison effect. He decided the Edison effect was connected with the projection of carbon molecules from the
filament in straight lines, thus confirming my original discovery. There Sir
William Preece let the matter rest, just
as Edison had done. He did not satisfactorily explain the phenomenon nor

did he seek to apply it in any way. The
Edison effect remained just a peculiar
property, amystery of the incandescent
lamp.
"Other work claimed my attention
for along time, but Iwas certain in my
own mind that there was still a great
deal to discover about this peculiarity of
the incandescent lamp, and directly the
opportunity occurred I started to investigate the subject once more. In
1888 Ihad some special lamps made at
the Edison and Swan lamp works.
Some were strangely shaped, with long
glass tubes springing from the sides;
others had tubes shaped like the capital
"L." The filaments were of carbon,
bent round like ahorseshoe, and within
the bulbs or in the side tubes metal
plates were fixed.
"With these lamps, Iconducted many
tests of a highly technical nature,
which Ifully described in various scientific papers to the Royal Society and
Physical Society. I was keenly inter-
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ested, although the average man would
have found little in my laboratory to
appeal to him. I fully confirmed Sir
William Preece's observations that the
molecules discharged from the incandescent filament could not pass round a
right-angle bend, and double confirmed
my original discovery that the molecules traveled in straight lines.
"Then Ienclosed the negative leg of
the carbon filament in aglass tube, and
found that the bombardment of electrified particles was completely stopped.
By altering the position of the metal
plates, Ilearned that Icould vary the
intensity of the bombardment. At last
I tried placing a metal cylinder completely around the negative leg of the
filament without touching it, and the
mirror galvanometer that Iwas using to
detect the currents indicated the strongest current of all. It was plain that the
metal cylinder enclosing the negative

filament caught all the electrified particles that were shot out from the filament.
"What Idiscovered led me to experiment with electric arcs in the open air,
and Ifound that the same phenomenon
existed. Ipublished the result of these
experiments in a paper in 1889, 'On
Electrical Discharge Between Electrodes at Different Temperatures in Air
and High Vacua."
"Thereafter, whenever the opportunity occurred, I continued my experiments with aview to further discoveries.
I need not enter into technical details
here, but all my researches indicated
that the molecules of my original discovery were composed of particles
charged with negative electricity. Since
the brilliant discoveries of Sir J. J.
Thomson in 1897 we have called them
'electrons.' By surrounding the negative filament with ametal cylinder and

.tiv UNUSUAL COLLECTION OF AMERICAN AND FOREIGN TUBES—
The various corma or vacuum tubes shown above may be identified as follows: 1, the Myers audion (American);
2, amplifier tube used by the French; S. the De Forest rectifier tube (American); 4and 5, German tubes made during
the war (on account of the scarcity of brass in that country at the time, the bases of these tubes were made of iron);
6, the well-known Moorhead Electroa•relay (American); 7, the original De Forest "Audion" (American).
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bringing the filament to ahigh state of
incandescence, a current of negative
electricity was induced to flow from the
filament to the plate, but it could not
be induced to flow in the opposite direction from the plate to the filament.
"I have often been asked to explain
why the current could flow one way and
not the other, and Ithink arough analogy is to liken the glowing filament to a
battery of guns always firing shells at a
certain target. The shells must travel
away from the guns. The impulse is behind them, so they must go forward. It
is physically impossible for them to
travel toward the guns from which they
have been fired. In hitting the target
the shells burst and expend their energy,
just as the electrons give up their
energy, or negative electricity, when
they hit the cylinder surrounding the
filament.
"It is thus easy to understand why the

current can flow only one way, that is,
from the filament to the cylinder. The
electrons are like porters, all hurrying in
one direction with a tiny load of negative electricity. As there are no porters
traveling in the opposite direction, it is
impossible to get any current carried
back again.
"In 1899 Iwas asked to act as electrical adviser to Marconi's Wireless
Telegraph Company and to assist in
solving the technical problem of equipping the first transatlantic wireless
station at Poldhu with electrical apparatus that would send awireless impulse
across the Atlantic. At that time a
wireless signal had not been sent much
over 100 miles, so it was abig jump to
send asignal 2,000 miles.
"We realized that high power would
be necessary, and that the old methods
of supplying power would be useless.
Accordingly, we ordered certain ma-

Figure F. INCLUDING SOME OF THE EARLY MODELS USED BY AMATEURS
8is the De Forest VT-91, a wartime tube (American': 9, the Moorhead amplifier tube (American); 10, the
Western Electric VT-1, used by the
S. Navy and the U. S. Signal Corps during the war (American): 11, the
Radiotron, now in common use for detection and amplification (American); It, the tubular "Audiotron," at one
time the amateur's favorite detector (American) ; 18, an am plifi er t
ub
e w ith asecond spiral grid that serves as a
plate (Japanese); 14, adetector tube, evidently copied after the "Audiotron" (Japanese).
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FIGURE G
Diagram of the insulated grid in the vacuum tube.
The arrows pointing from the filament to the grid and
plate of the tube show the path of the electrons after
they are "boiled" out of the filament by beating it
electrically.

chinery, which was installed in due
course, and in November, 1901, Senatore Marconi, with two assistants. went
to St. John's, Newfoundland, to see if it
was possible to obtain messages from
Poldhu.
"The weather was bad. High winds
enveloped them as they stood on Signal
Hill trying to induce their kites and balloons to rise in the air. They had
barely coaxed one kite to rise when it
broke from its moorings and fell into the
sea. They tried again until at last the
long-looked-for signal was detected. On
December 12 they heard three distinct
taps signaling the letter "S" and wireless
telegraphy across the Atlantic was an
accomplished fact, needing only more
perfect instruments to make it commercially possible.
"In those early days the coherer was
used to detect signals. All wireless students know how it works. The metal

filings in the coherer leap together at the
touch of an electrical impulse and form
abridge for the current to pass over, and
they have to be tapped apart before they
can detect another electrical impulse.
Senatore Marconi improved on the coherer as areceiver by inventing the magnetic detector. Yet there was room for
still further improvement."
The Fleming vacuum tube was infinitely more sensitive in the reception of
radio signals than any device that had
been used up to that time. After the
work of Fleming, DeForest, through a
long series of brilliant experiments,
added a third element, the grid, to
Fleming's valve and brought it from
the plane of a sort of scientific makeshift to amarvelous instrument capable
of detecting the most insignificant
whiffs of electrical energy. The vacuum
tube of today is without doubt the most
sensitive device in the world.
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FIGURE H
This diagram illustrates the action
charge on the grid. Since electrons
charged particles, it will be understood
charge on the grid will influence their

of the negative
are negatively
that a negative
passages.

tube uses the feeble received currents to
If acrystal be connected in an alter"trigger off" larger currents supplied by
nating current circuit, only half the
the "B" battery and in this way at the
impulses will flow through it and the
same time amplifying or strengthening
other half of the impulses trying to
the signals. In this case the "B" batflow in the other direction will be retery may be likened to the powder in
sisted, or held back. A crystal, then,
the gun, and the feeble incoming imconducts currents much better in one
pulses may be likened to the pressure
direction than in the other, and the current that actuates the telephones in a upon the trigger. An incoming impulse
pulls the trigger of the vacuum tube, so
crystal set is that current (which hapto speak, and the "B" batiery conpens to be flowing in the right direction)
nected in the plate circuit of the tube
which the crystal lets through. It will
immediately "shoots" the energy to rereadily be seen that this actuating curproduce the trigger impulse in a much
rent is but apart of the received energy,
amplified fashion. This is made posand if all the incoming current could be
sible by the rectifying and amplifying
put to work in some way or other, much
qualities of the vacuum tube itself, givlouder signals would be produced in the
ing receiving results far superior to those
telephones.
of the crystal detector which possesses
We shall now see how the vacuum
only the quality of rectifying.
tube uses all of these received impulses,
Edison, while studying the effects of
both positive and negative, and uses
them so as to act as a trigger acts in a heated filaments of carbon in the oldfashioned electric incandescent lamp,
gun. It takes but asmall effort tc pull
found out that the filament got thinner
the trigger, although the resultant exand thinner as the lamp burned, and
plosion is many times more powerful
that the glass bulb began to get darker
than the trigger effort. So the vacuum
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FIGURE I
The action of the positive charge on the grid. Compare this with Fig. H. A positive grid causes an
increased electron flow since dislike charges of
electricity exert attraction between bodies carrying
them.

and darker at the same time. The filament seemed to be disintegrating, and
giving off particles which shot across
the evacuated space and stuck to the
glass. He conceived the idea of placing
another electrode or wire in the lamp
that would collect these little particles
which constantly were being driven
away from the filament. Later he found
that the extra wire became charged
slightly negative every time the lamp
was turned on, and finally abattery was
connected across between the wire and
the filament, with the positive terminal
of the battery connected to the wire.
Immediately a current was detected
flowing in this circuit, and when the
lamp was turned off, the current
promptly stopped. This action was
called the "Edison effect," and we know
now that all filaments when heated in a
vacuum give off electrons which fly off
and away from the filament.
Before we go any further, there are
three points to remember which are important if we are to understand the action taking place in the vacuum tube:

First: avacuum tube will pass current
only from the plate to the filaraent.
Second: the strength of this current is
dependent upon the density of the
stream of electrons passing from the
filament to the plate.
Third: the density of the stream of
electrons is dependent upon the temperature of the filament, the kind of material the filament is made of, the distance
between the filament and the plate, and
the amount of "B" battery potential
applied to the plate.
While experimenting with electron
streams in flames and hot gases, De
Forest found that he could control the
strength or density of the stream of electrons by placing acharged wire mesh in
the path of the stream. That this is a
fact will at once be evident to anyone
who knows that "like charges repel, and
unlike charges attract." The electrons
are negative, and when the mesh is
charged negatively the electrons in the
stream which are trying to pass through
the holes in the mesh are repelled and
the stream is reduced and stops, and
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when the mesh is charged positively, the
electrons are strongly attracted and the
stream is increased and strengthened.
DeForest then applied this principle
to the vacuum valve and interposed his
famous "grid" in between the filament
and the plate. (See Figure G.) In this
diagram the grid is shown disconnected
and has no externally applied charge on
it. In this state the tube would act
about the same as the Fleming valve;
that is, there would be aflow of electrons
across from the filament to the plate if
the filament is heated. This is the same
as stating that acurrent would flow from
the plate to the filament (refer to the
three points to he remembered, mentioned above). The electrons would
pass through the spaces in the grid.
Now suppose we should connect a
small battery "C" across from the filament to the grid with the negative terminal connected to the grid and the posi-

LOOSE
COUPLER

tive terminal connected to the filament,
as shown in Figure H. This would make
the grid negative with respect to the
filament, or in other words a negative
charge of 2 volts will be placed on the
grid. Let us study the effect of this
charge on the grid in the diagram. The
electrons trying to leave the filament,
represented by the arrows, are negative.
The grid is charged negatively, by the
"C" battery. Remembering the fact
that "like charges repel and unlike
charges attract," we readily see that the
electrons are repelled and forced back to
th filament; a small number, or none,
ev rget across to the plate. Hence, in
th .scondition the tube lets little or no
current across from the plate to the
filament.
What would happen if we suddenly
were to reverse the terminals of the "C"
battery which is charging the grid? Let
us investigate in Figure I. In this case

GRID LERM
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FIGURE J
The diagram above shows the method of connecting athree-electrode vacuum tube to aloose coupler, as a
detector.
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the grid would have apositive charge of
2 volts, and the negative electrons
would be strongly attracted across from
the filament to the grid. When they
get this far on their journey they begin
to feel the greater attraction of the
higher positive voltage charge on the
plate and they pass through the spaces
in the grid in aflying effort to get to the
plate, which receives them "with open
arms," so to speak. The attraction of
the positive charge on the grid draws
many times more electrons from the
filament than would ordinarily leave it,
and thus the density of the stream is increased many times. Another reference
to our famous three points will prove
that there is at this time amuch stronger
current flowing from the plate to the
filament. The current flowing across
from the plate to the filament of course
is adirect current, and is known as the
"plate current" of the tube. To sum
up the action of the tube in afew words,
we might say that "the plate current
(explosion) of the vacuum tube can be
controlled by the voltages (trigger)
applied to the grid."
Now we can see the likeness between
the action of the vacuum tube and the
action taking place in firing agun.
It takes a very small change in grid
voltage to effect large changes in the
values of plate current, and it is this
plate current that is used to actuate the
telephones in a vacuum tube receiving
circuit. The feeble received impulses
are used to "trigger off" much larger currents supplied by the "B" battery, in
this way at the same time amplifying
and strengthening the incoming signals.
This is the reason why the vacuum tube
gives so much stronger signals than the
crystal detector, which only rectifies
the weak incoming impulses.
In Figure J is shown a conventional

circuit with avacuum tube used as adetector. The loose coupler is used to tune
in to the desired wavelength so that the
radiated energy may be received and applied to the grid in the form of high frequency impulses. These impulses vary
the amount of the direct plate current of
the tube so that the same voice waves as
spoken into a distant telephone transmitter are reproduced and amplified in
the telephones which are connected in
series with the plate and "B" batteries.
A grid condenser is used to supply the
incoming charges to the grid of the tube.
The grid leak resistance is used to prevent the negative charges accumulating
on the grid in such large quantities that
the tube becomes inoperable.
It is interesting to note that this action of the vacuum tube that we have
been considering is based entirely upon
the tiny electrons that we romanced
over in the introduction to the course.
When aheavy current passes through a
conductor and causes the metal to be
heated high above the temperature of
its surroundings, millions and millions
of tiny electrons are "boiled" out of the
wire and jump off into space. If the
wire is surrounded by atmosphere at
ordinary pressure, these little electrons
will not go far before they bump into an
atom of one of the gases present in the
atmosphere.
If this heated wire is
placed within the confines of an evacuated space the electrons will "boil" out
more freely and they will move with
greater speed. Not only this, but the
direction they take can be controlled by
placing apositively charged plate in the
vicinity of the heated filament.
This unilateral conductivity across
the heated space between the plate and
the filament of the vacuum tube is
brought about solely by the movement
of large numbers of electrons passing in
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one direction. They function merely as
current carriers. Sometimes it happens
that they are boiled out of the filament
so rapidly that the positive voltage on
the plate is not high enough to cause
them to travel at maximum speed.
When a condition such as this occurs,
the electrons start piling up between the
plate and the filament. This results in
what is known as aspace charge. That
is, the space between the filament and
plate becomes negatively charged
through the presence of too many electrons all moving but not moving fast
enough. When this space charge is
present the vacuum tube will be found
to be practically paralyzed for the electrons that leave the filament will be
repelled because the space charge is negative and the electrons are negative. It
is simply amatter of electrons repelling
electrons. There are two remedies for a
condition of this nature. One is to cut
down the current flowing through the
filament so that the filament will not be
heated to such a high temperature.
This diminishes the supply of electrons.
The other remedy is that of applying a
higher voltage to the plate so that this
electrical "sucking" effect will be increased.
It is evident, even to the layman, that
it is desirable to coax out a maximum
number of electrons with minimum
filament temperature. Bringing down
the temperature of a filament means
that we can reduce the amount of current used and that we will have as a
result amore efficient device.
The great laboratories of the General
Electric Company have found ways of
increasing electronic emission from fila
ments and perhaps it would be more
beneficial to the student to have Dr.
Irving Langmuir, Ph.D., D.S.C., one of
the greatest living authorities on the

vacuum tube, tell about the amazing
method of increasing the supply of electric carriers.
"When metals are heated in high
vacuum, electrons, or minute particles
of negative electricity, evaporate from
their surfaces. If there is another electrode in the evacuated space which is
given a positive charge the electrons
drift over to this electrode plate or anode
so that acurrent flows between the two
electrodes. Duslunan has recently derived an equation which should supersede the well-known Richardson equation, giving the relation between the
electron current and the temperature of
the filament (cathode). The advantage
of this new equation is that there is only
one constant which we need to know for
each different filament material, instead
of two constants which were necessary
for the Richardson equation.
"The electron emission from a large
number of different materials has recently been measured. The thoriated
tungsten filament gives a current at a
temperature of 1,500° Centigrade absolute, which is about 130,000 times
greater than that from ordinary tungsten. Measurements have also been
made of filament materials that have
even greater emissions.
"In order to make use of the total
electron emission that a filament is
capable of giving, it is necessary to apply to the plate of the tube a high
enough voltage to overcome what is
known as the 'space charge' effect.
When small amounts of gases are present in the partial vacuum, positive ions
are formed in the space between the
filament and plate, and these tend to
neutralize the negative space charge and
allow the current from the filament to
pass across the space at much lower
plate voltages. In other words, the
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Figure L.—THE ELECTRON DISCHARGE FROM
THE ORDINARY FILAMENT
The arrows on this much-simplified drawing show
the direct
taken by the electrons that are emitted
from the heated tungsten filament. A. It is the positively charged plate of the vacuum tube that causes
the electrons to le attracted and "pulled" across the
vacuous space. The degree to which they respond depends largely upon the voltage of the 13 battery.

effect of gases is to increase the currentcarrying capacity of the tube.
"Such an effect is used in the tungar
rectifier. Care must be taken as to just
what gas is used for the purpose, for
many gases have the effect of poisoning
the filament, and cutting down its emission of electrons to asmall value.
"If very high voltages are used on the
plate, so as to produce intense electric
fields, it is possible to pull electrons out
of the filament. In fact, it is possible
to pull electrons even out of cold filaments, that is, filaments at ordinary
temperatures. The currents obtained
thie way from the filament come from
very minute areas, but in these areas the
current density amounts to more than
one hundred million amperes to the
square inch.
"The thoriated tungsten filament is a
tungsten filament containing one or two
percent of thorium, usually in the form
of oxide. When such a filament is

heated to about 2,500° Centigrade, alittle of the thorium oxide is changed into
metallic thorium. In the meantime,
however, any thorium on the surface of
the filament evaporates off, leaving only
pure tungsten. If the filament temperature is then lowered to about 1,800 °
Centigrade, the thorium gradually wanders or diffuses through the filament,
and when it reaches the surface (provided that the vacuum is almost perfect)
remains there and gradually forms a
layer of thorium atoms which never
exceeds asingle atom in thickness. The
thickness of this film is therefore about
.00000001 inch, yet this film increases
the electron emission of the filament
more than one hundred thousand fold.
Two of the latest radio tubes which
have recently made their appearance
and are known as radiotrons UV-201A
and UV-199 embody the new principle of
the thoriated filament.
"Of course this useful film is very
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Figure K.—THE ELECTRON DISCHARGE FROM
THE THORIATED FILAMENT
Note the greatly increased emission of electrons from
the tungsten filament, A, which has been coated with a
minute layer of thorium, B. Sueh treatment of filaments permits the filament current to he cut down
without loss of efficiency. That means that less A battery current flowing through the filament will produce
the right effect.

sensitive and needs some protection to
accurately exactly how much thorium is
keep it in good condition. Very slight
present on the surface. An amount of
traces of water vapor or other gases
thorium corresponding to only one onewould oxidize this film and destroy it.
thousandth of the surface covered with
"This may be avoided by putting in
alayer one atom deep is easily measurthe bulb some substance that combines
able in this way. It is possible to knock
with the water before it has achance to
off athorium film by bombarding it with
attack the thorium film. One such a positive ions, moving at high velocities,
substance is metallic magnesium.
and in this way the true nature of the
"Furthermore, it is necessary to avoid
bombardment can also be determined.
heating the filament to too high atem"Most of the applications of high
perature, or the film might evaporate
vacuum tubes have depended upon the
off. It is therefore best to operate such a control of electron currents—as, for exfilament within arather narrow range of
ample, by the grid in the three electrode
temperature close to 1,700 ° Centigrade,
tube.
where the ratio of evaporation is small,
"The action of the grid is due to the
and where the temperature is high
charge on the grid that modifies the
enough for the thorium gradually to difspace charge effect. This is the action
fuse to the surface and continually rethat is employed in practically all tubes
pair any damage done by the effect of
used today for radio transmission and
slight traces of residual gases.
receiving.
"The thoriated tungsten filament
"There are many other methods, howopens up many new fields of scientific
ever, of controlling electron currents.
investigation. By measuring the elecAn important method is that used in the
tron currents, it is possible to determine
magnetron, where there are only two
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electrodes in the evacuated space and
the control is obtained by means of a
magnetic field generated by an external
coil of wire. A still simpler form of
magnetron suitable particularly to very
large power tubes, consists of a very
large straight filament in the axis of a
cylindrical plate. The magnetic field
produced by the current flowing through
the filament is enough to prevent electrons flowing between cathode and
anode. By heating the filament with
alternating current which periodically
falls to alow value, alarge electron current can be made to flow from the filament to the plate also periodically. This
gives a pulsating or oscillating current,
which can be used for radio transmission. A 1,000-kilowatt tube of this kind
is in process of development; preliminary
tests have been in every way satisfactory.
"Another form of tube by which elec-

tron currents can be controlled is the
dynatron. This depends upon subjecting one of the three electrodes in the
tube to electron bombardment in such
a way as to cause electrons to be
splashed out of it, just as water can be
splashed out of acup by attempting to
fill it too rapidly from afaucet. A tube
of this kind acts like a real negative
resistance, and may be used for producing electrical oscillations with considerable efficiency.
"One of the most important of every
day applications of electron discharges
from hot cathodes is in the Coolidge
X-ray tube, which is now almost universally used as a source of X-rays.
These tubes were first made about 1913
and are gradually being improved in
many respects. The latest type of tube,
suitable for use by dentists, is a small
tube weighing only a few ounces, and
only about three inches long. Because

General Elect ric

RECEIVING AND TRANSMITTING TUBES
Figure M. The three tubes at the left are receiving; two of them have the new thoriated filament. The other
six are for transmitting; they range from 5to 20.000 watts output.
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of the special features of this tube, the
entire X-ray outfit, including the transformer, lead screen and regulating apparatus, weighs only afew pounds and
takes up a space of only a small fraction of acubic foot.
"One great advantage of this new
form of tube, besides its convenience, is
its absolute safety, even in the hands of
inexperienced operators, for there are
no high voltages in any part of the
apparatus which is accessible."
The beginner in radio is greatly confused in the matter of vacuum tubes because of the large number of types
available. Since the expiration of certain key patents, many manufacturers
have entered the field of tube production and the market is loaded with all
,orts of detectors and amplifiers. While
we have no desire to indict the independent manufacturer of tubes, the
reader is cautioned to investigate claims
very carefully before he invests his
money in nondescript articles. Some of
the independent tubes will be found to
meet all the claims of their manufacturers while others, due to lack of proper
equipment, will be practically useless
when placed in a circuit. A vacuum
tube is more or less like an egg. An egg
may look perfectly fresh and the storekeeper may claim that it is fresh, but it
will be found very stale when subjected
to the olfactory test.
Due to the rapidly changing conditions and to the going and coming of
independent tube manufacturers the
editors have decided to hold the descriptive matter concerning tubes down to
the products of the more staple organizations.
WD-11 and WD-12. The WD-11 and
WD-12 tubes are of the dry cell type,
that is they are tubes that operate without the use of storage batteries. Their

filament current consumption is so small
that they may be provided with sufficient current from ordinary dry cells
for along period of time. They are thus
economical and beautifully adapted to
small receivers where portability or conservation of space must be considered.
WD-11 and WD-12 tubes have practically the same electrical characteristics
and either type may be used as detectors
or as amplifiers. The bases are different,
however, for the WD-11 requires either
aspecial socket or an adapter so that it
may be inserted in the standard socket.
Used with care, WD-11 tubes should
have alife of from 800 to 1000 hours of
constant operation. The manufacturer of
this tube recommends a B battery of
22% volts. In some cases, however, it
may be advisable to drop this voltage to
18, especially if the reproducing equipment of the receiver emits unnatural
noises. It might be said here that too
much voltage on a detector tube will
cause undue distortion.
The grid condenser used with either
WD-11 or WD-12 tubes should have a
capacity somewhere in the neighborhood of .00025 mfd. and the grid leak
(which is the high resistance used in the
grid circuit and which we will consider
more fully later on) should be of 2
megohms. When WD-11 or WD-12
tubes are used as amplifiers, a greater
plate voltage must be applied. This
voltage may be as high as 80, and, although the plates of these tiny tubes will
stand as much as 200 volts, it is not
practical to go over 90 because of the
inability of the average audio frequency
transformer to withstand this application of pressure.
When more than one WD-11 or WD12 tube is used in an amplifying system,
an additional
volt cell should be
added for each tube. The cells are con-
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nected in parallel.
A dry battery
should give from 70 to 90 hours of operation with tubes of this design. Since the
filament requires 1A
1 volts, in case one
tube is used, it is connected directly to
the rheostat and the filament. The
rheostat in this case has a total resistance of 6ohms and it will be understood that this resistance is variable by
moving the contact over the surface of
the wire.
Vacuum tubes are always controlled
by rheostats for it is only by regulating
the flow of current through the filament
that we can increase or diminish the
supply of electrons and thereby the
amplifying and detecting characteristics
of the tube. Rheostats with different
resistances are required for the different
tubes. More will be said about this
later.
UV-200 and C-300. The UV-200 and
the C-300 tubes are of the same manufacture. and consequently they have
practically the same electrical properties. Each of these tubes requires asixvolt storage battery or current from
some other six-volt source controlled by
a standard six-ohm rheostat. While
such a tube may be operated on dry
cells connected so as to supply acurrent
of about six volts, such operation will be
found very expensive for the filament
consumption of these tubes is about one
ampere. These tubes are used more as
detectors and they have been designed
especially for this kind of service. Experience has shown that a B battery
having from 15 to 24 volts should be
applied to the plate and that agrid condenser somewhere between the capacity
of .00025 and .0005 mfd. is best.
UV-201—C301. As in the case of the
UV-200 and C-300 tubes, the UV-201
and C-301 are identical in •construction
and operating characteristics, since they

are both made by the same manufacturer but sold through two different
channels of distribution. A six-volt
storage battery is required for the current supply and this may be regulated
by asix-ohm rheostat. These tubes, or
rather this tube, should be supplied with
a B battery voltage of approximately
22 143 volts when used as adetector and
with from 45 to 100 when used as an
audio-frequency amplifier. Incidentally
it will be found that the characteristics
of this tube make it more adaptable to
audio-frequency amplification than to
detection. This tube will also be used
with poor success in radio-frequency
amplification for it seems that it has
been primarily designed to function
with highest efficiency in audio -frequency work.
UV-201A—C-301A. As in the cases
mentioned previously, the UV-201A and
C-301A are one and the same tube sold
in different type numbers and 'under
different trademarks. These tubes require six volts of potential, but since
they are constructed to consume but
Yi amp. at maximum intensity, it is
necessary to use arheostat that will provide from 16 to 30 ohms of resistance.
When such specifications are given, the
reader is warned not to ignore them and
use alower value. If asix-ohm rheostat
should be used for any length of time
with such a tube, its life would he
greatly reduced and before it finally
succumbed, it would act very badly
either as adetector or an amplifier.
The tube under discussion requires
from 18 to 45 volts as a detector and
anywhere from 40 to 125 volts as an
audio-frequency amplifier. We have in
the UV-201A amost amenable tube, for
it may be used very successfully either
as a detector and audio -frequency
amplifier or aradio-frequency amplifier.
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UV-199. The UV-199 is made to
operate on two dry cells connected in
series. However, practice dictates the
sanity of using three cells because of the
rapid polarization or dropping of current in the case of abattery of two. It
has been found that three cells connected
in series will provide sufficient current
to operate aUV-199 two hours aday for
six months.
Since the filament consumption of
these tubes is small (being only .06 of an
ampere) it is logical to look to aheavy
voltage on the plate to obtain a sufficient supply of electrons for efficient
operation. The plate voltage is 80 but
the user of the tube may feel safe in
advancing well beyond this figure without fear of damaging the tube.
The rheostat used with UV-199 tubes
should in the case of one tube be 30
ohms and, in the case of two tubes operating together, one rheostat of 20 ohms
will be found sufficient. Three UV199's in parallel operation can be nicely
controlled with aten ohm rheostat.
At this point the reader should be
warned not to operate a vacuum tube
(regardless of its type of manufacture) at
a higher plate voltage or filament brilliancy than that required for the good
reproduction of music. Excessive cur•rent in the filament will damage the
tube greatly in a short time. This is
especially true of the UV-199. Sometimes it can be restored to good operation by lighting the filament for a half
hour and leaving the plate voltage off.
The UV-199 may be used either as a
detector or amplifier in radio- or audiofrequency systems.
While its plate
voltage is not critical, about 35 or 40
volts will be found to be the point at
which it works best. It is also important
to know that when this tube is used as
an amplifier the rheostat should be con-

nected in the negative filament lead and
that the return lead from the post on the
socket marked "grid" should be brought
to the negative terminal of the A battery. When the UV-199 is used as an
amplifier, from 40 to 80 volts may be
used on the plate.
DV-1. The DV-1 tube is of DeForest
manufacture and three volts, which may
be supplied by two dry cells, is supplied
to the filament. As in the case of some
of the other dry cell tubes, a 30-ohm
rheostat is needed for current regulation. The DV-1 is an excellent detector
and a fair audio -frequency amplifier.
When used in the former capacity, from
22
volts to 45 volts will be needed on
the plate. As an amplifier, this voltage
may be increased from 50 to 85 volts.
Experience has shown that the DV-1 is a
most excellent radio-frequency amplifier.
DV-2. In the DV-2 we have atube
designed for heavy amplification in
audio-frequency circuits.
A six-volt
source of current (preferably a storage
battery) is required by this tube and a
six-ohm rheostat is usually employed to
regulate the filament current. When
employed as an amplifier, a voltage
somewhere between 45 and 150 will be
found suitable. The reader will be disappointed if this tube is applied to
detection.
DV-6A. Here is a six-volt storage
battery tube that requires from 22 to 45
volts as a detector and from 45 to 100
volts as an amplifier. It may be used
with equal success either as a detector
or amplifier.
209-A. This is a tube consuming
very little filament current and operating from asix-volt source. It should
have a30-ohm rheostat and aB battery
from 90 to 120 volts.
VT-1.
The VT-1 is sometimes
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called the "J" tube and it is manufactured by the Western Electric Company
as adetector and an amplifier. Due to
the abundant source of electrons from
its filament, aplate voltage of between
12 and 223/2 will be found sufficient.
This may be increased to 45 when the
tube is employed for amplification. It
operates from asix-volt storage battery
and arheostat having from 6to 15 ohms
may be used in connection with it. The
grid condenser should have a value of
.005 mfd. capacity.
VT-2. The VT-2, which is also of
Western Electric manufacture, is sometimes called the "E" tube. It is amost
excellent audio-frequency amplifier and
requires an A battery of 7volts. However, in practice it is found to work
well with asix-volt storage battery and
a six-ohm rheostat. B battery potentials may run as high as 350 volts with
such atube.
216-A. In the 216-A we have the
master audio-frequency amplifier. It
operates frôni asix-volt storage battery
and may be controlled by a6to 15 ohm
rheostat. The B battery should be of
120 volts although aslightly greater cr
less voltage may be best. This tube is
especially suitable for use in connection
with power amplifiers.
There is given on pages 190-191 atable
which shows the general characteristics
of the various vacuum tubes in general
use. Even a perfunctory study of this
table will assist the student in choosing
vacuum tubes for various purposes.
By using the data given in this chart
with our knowledge of Ohm's Law, we
may, by afew very simple calculations,
determine the exact amount of resistance that should be employed with each
tube. Take the figures given in the
second and third columns. The second
column, it will be noticed, gives the

filament terminal voltage and the third
column the filament battery voltage.
We know that the difference between
these two figures represents the voltage
drop in the resistance of the rheostat.
By following Ohm's Law it will be seen
that this is equal to the product of the
current flowing through the rheostat or
the resistance is equal to the voltage
drop in the rheostat divided by the current. Let us take as an example the
UV-199 tube. Reference to the table
shows that the terminal voltage is three
volts and the filament battery 4.5 volts.
The difference between these two figures
is 1.5 volts which represents the drop in
the rheostat.
The current flowing
through the rheostat as found in column
4is .06 amperes hence the resistance in
1.5
the rheostat must be — equals 25
.06
ohms. Since every engineer works with
a factor of safety it is always wise to
employ resistance a little higher than
that actually found with figures. A
resistance of 30 ohms is best with the
UV-199.
When two such tubes are used together the total current flowing through
the rheostat is then .12 amperes. We
1.5
.
then have — which equals 12.5 ohms.
.12
Although small, the grid leak is amost
important device. It is part and parcel
of the detector vacuum tube itself und it
often happens that radio receivers are
insensitive and cranky for the want of a
more accurately adjusted resistance in
the grid circuit. It might perhaps be
well to more thoroughly investigate the
function of agrid leak.
To become familiar with the function
of the grid leak, let us consider Figure N.
Here we see an ordinary receiving circuit that has connected to the vacuum
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HOW GRID-LEAKS ARE USED IN A RADIO RECEIVING CIRCUIT
Figure N. This conventional receiver hook-up shows one of the connections for the grid-leak which acts as a
throttle upon the flow of electrons from the grid of the vacuum tube.

HOW A GRID-LEAK IS MOUNTED IN A RADIO RECEIVER
Figure 0: A grid-leak and agrid-condenser are shown at the right in the picture near the finger.

tube grid a grid leak and a grid condenser. Let us assume that the circuit
B is tuned to the same wavelength as
the antenna circuit A. Oscillations will
then be set up in B and this will be connected to the grid with the vacuum tube
by way of the condenser. Therefore, the
grid will become alternately positive and
negative; and each time the grid becomes positive, the electron current will
be decreased.
Consequently during
each wave train the grid will gain a
negative charge.
Now, this negative charge is both
good and bad. It is good if we control
it and bad if we allow it to reach apoint
that is too high.
We must remember that the little
electrons, which are shot off the glowing
filament of the tube are negative in
nature and when the grid becomes negative the electrons are forced back to
the filament. When negative meets negative repulsion always takes place. Two
negatively charged bodies always repel
each other. Therefore, we must not allow the grid to become too negative if

we wish to operate our radio receiver at
its most efficient point.
At. the end of each wave train this
negative charge should leak off through
the condenser or through the glass walls
of the tube itself. This should happen
before the next wave train comes along.
and it is to insure such a result that a
high resistance is inserted across the grid
condenser. This high resistance is called
the grid leak.
The importance of grid leaks grows
daily. The day of calling apencil mark
on a piece of cardboard a grid leak is
past. Our more sensitive circuits demand a very carefully regulated resistance of constant value and a grid
leak of constant value is a mean thing
to make.
Grid leaks are made by depositing a
eolhxlial carbon ink upon a small strip
of paper.. So difficult has been the task
of making these grid leaks with an accurate resistance that only one or two
manufacturers have the courage to guarantee that their grid leaks are accurate
within 10 per cent. The resistance of
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grid leaks changes with age, following it
leak in the circuit or an apology for one,
appears, as far as physicists know, the
their obligation to this particular part
same law that holds true for cheese, of
of the outfit is fulfilled, yet, the operwhich the taste improves with age.
ating efficiency of many an outfit has
A grid leak made today will have a been ruined through an unhealthy grid
resistance three months from now someleak.
where between
and 32 of its original
No set rule can be given for the use
value.
of grid leaks. Resistances that range all
The resistance of grid leaks is measthe way from 1/10th to five megohms
ured in megohms. A megohm is amilare used. If we have apet circuit and
lion ohms. 1/10th of amegohm is then
want to make sure that we are employ100,000 ohms and M of a megohm is
ing agrid-leak of the proper resistance,
500,000 ohms. The one megohm type is
there is only on thing to do and that is
most used, but this is not mentioned as
to cut and try. But one cannot cut and
arecommendation.
try, if one only has asingle grid leak. If
Too many fans choose their grid leaks
we buy three grid leaks, one with areon the hit and miss principle. They
sistance of
megohm, one of one
figure that as long as they have a grid
megohm and one of
megohms, there
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/ ‘/.
HOW GRID-LEAKS ARE CONSTRUCTED

Figure P: Grid-leaks are usually made of astrip of insulating material that has been impregnated with some
sul.stance containing acarbon or graphite base and hermetically sealed in aglass tube. This construction insures
aconstant value of resistance that, under other conditions, would be subject to change by atmospheric effects.
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is a possibility that we may arrange
these in acombination of just the necessary resistance. When these resistances
are connected in series as illustrated in
Figure R, we add them to determine the
total resistance. Thus the following
formula would hold true:
R = R1 + R2 + RS
When we connect in series, we always
add the resistance. Now, if we were to
obtain a lower resistance, we connect
the grid leaks in parallel for which arrangement the following formula holds
true:
1/R = 1/R1 — L/R2 — 1/RS
We see it is possible to juggle the
three little grid leaks around so that we
can obtain rather a wide range of resistances.
What is the most perfect form of
grid leak?

There is such athing, yet some of us
would probably guess all nigh before
we should hit upon it.
Who would imagine that a perfect
grid leak is a two-element vacuum
tube?
When the filament of a two-element
tube is cold and no current is passing
through it, the resistance of the space
between the filament and the plate is
infinite. If current is allowed to pass
through the filament, the resistance of
this space can be changed all the way
from infinity to a few thousand ohms.
Therefore, a two-element vacuum tube
with abattery and rheostat is the most
dependable form of variable grid leak,
and the best way of using this variable
grid leak is shown in Figure S. Of
course the average bug will not care to
go to this trouble, but for the real radio

VARIABLE CRID-LEAKS OF STANDARD TYPES
Figure Q: Sonic types Of variable /trid-leaks are built so that pressure upon asubstance varies its conductivity
or so that aplunger passes through aloosely-packed. highly resistant substance. In another type acontact slides
over asurface that is completely impregnated with asubstance like graphite. There is besides aunique grid-leak
that contains ahighly resistant liquid which makes contact on alarge or small area of metal terminals as the grid
leak is turned in its contact springs.
101

et

¡see

Jim

ME6.

HOW TO FIGURE COMBINED RESISTANCES IN SERIES
Figure R: Grid-leaks connected in series as shown in the diagram have aresistance that is equal to the sum
of their individual resistances.

"crank," nothing can be thought of
that will surpass this arrangement for
bringing results.
Who would think that a grid leak
would cause circuit noises? But apoor
grid leak will do exactly that. Grid
leaks, aside from being non-inductive
and non-capacitative should also be nonmicrophonic. When tiny carbon particles are brought together they are
bound to be microphonic unless they
are properly treated. The least movement of these particles due to mechanical disturbance or to temperature effects
will alter the resistance of the grid leak
and we will get a registration in the
'phones. For this reason grid leaks must
be made of the very best materials and
thoroughly protected from moisture and

other disturbing effects. If we build our
own pencil-line grid leaks, it will be wise
to soak them in paraffine after the connections are made.
Right here it is well to give aword of
warning about the connections. Small
clamps of copper are best to use, since
much of the trouble in grid leaks results
from poor contact with the ink surface.
This is an appreciation of the lowly
grid leak. Let us remember that it is
quite an important thing after all and
that it demands the respect of the set
owner just as much as its more aristocratic brothers and sisters, the condensers, coils, vacuum tubes and headphones.
There is apractical side to the use of
vacumn tubes which the student will
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A SUBSTITUTE FOR A GRID-LEAK
Figure S: How atwo-element tube. preferably one of the old Fleming valves, may be connected in areceiving
eircuit to perform the function of avariable grid-leak.
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FIGURE T
A vacuum tube used as adetector is shown in this diagram. To simplify the explanation of the functioning of
the circuits, the grid condenser, which is used in most cases, has been omitted.

have to master before he can employ
this device intelligently. For instance,
we have what is known as "hard" and
"soft" tubes in radio and each has certain definite properties that may be
taken advantage of in radio reception.
William C. Ballard, Jr., an associate of
Prof. Vladimir Karapetoff of Cornell
University, has prepared an authoritative treatise on hard and soft tubes from
which the alert reader may glean many
points of value.
"The term 'soft' as applied to a
vacuum tube is something of apuzzler
to most people, as there is nothing about
any kind of avacuum tube that would
suggest such aname. The name, however, has been handed down from
`X-ray' terminology and indicates atube
through which adischarge can be easily
195

produced and whose rays have but
feeble penetrative power. When these
tubes are investigated it is found that
they do not have a very high vacuum
and contain apprcciable traces of some
gas or gases. If the traces of gas are
removed from the X-ray tube either by
absorption or pumping, the tube becomes `hard' and requires amuch higher
voltage for its operation as a consequence. The rays sent off by a hard
tube have much greater penetrative
power and are frequently spoken of as
'hard' rays."
In order to understand just why a
trace of gas makes a tube a good detector we will have to consider briefly
what goes on in the detector circuit.
Figure T shows acommon connection
used for detector tubes. The radio sig-

nal sets up an alternating current in the
antenna circuit almost exactly similar to
the kind of alternating current we use
for electric lights and power, but one
which changes its direction about ten
thousand times as rapidly as the kind
we use for such purposes. An alternating current is one that flows for awhile
in one direction, stops, and flows for the
same time in the opposite direction;
then it reverses and flows in the original
direction again, and so on indefinitely.
The alternating currents with which we
have to deal in radio reverse their direction of flow very rapidly. For instance,
if we are receiving a300-meter wave the
current never flows in any given direction for over one-half of one millionth of
asecond. The usual way by which the
rapidity in which a current builds up
and dies down is measured in cycles
per second. When the current has built
up in one direction, reduced to zero,
built up in the other direction, reduced
to zero and comes back to its original
starting point, we say that it has gone
through one cycle. Applying this form
of measurement to the 300-meter wave
mentioned above, it requires one millionth of a second to complete acycle.
Hence the frequency is recorded as one
million cycles per second.
If we were able to put a current of
this character through the windings of a
telekhone receiver there would be little
or no effect produced. While the current is flowing in one direction it tries to
pull the diaphragm or vibrating metal
plate toward the magnet, and when the
current has reversed the opposite force
will be exerted on the diaphragm. But
for the 300-meter wave these opposing
pulls will only last for one-half of one
millionth of asecond apiece, and before
the first pull has any chance to move the
diaphragm, the second pull acts on the

diaphragm and neutralizes the effect of
the first pull. Since the push and pull
are equally strong there will be no appreciable motion of the diaphragm.
But we can make these currents actuate a telephone receiver if we can
make the pulls stronger than the pushes
or vice versa. Under these conditions
the effect of one pull cannot be exactly
balanced out by the next push, and
after several strong pulls and weak
pushes the diaphragm will begin to
move. As the diaphragm moves it
pushes alittle air along in front of it and
thus produces asound wave.
From the way in which the process
has been described the reader may
think that the diaphragm is moving
slowly, but actually it moves so rapidly
that your eye cannot begin to follow it.
But, as rapidly as it is moving, its motion is slow compared to the lightninglike changes of the radio current, and
we may have several hundred pushes and
pulls before there is any appreciable
motion of the diaphragm.
One way to make the pulls stronger
than the pushes would be to entirely
eliminate the pushes, or more strictly
speaking, the electric currents that produce the pushes. This is just what happens when we use a crystal detector.
The crystal has the property of letting
currents pass through easily in one direction and of shutting them out almost
entirely in the opposite direction.
The vacuum tube accomplishes this
result not by shutting off all current in
one direction but by making the pushes
and pulls of unequal force. Referring
to Figure T again, the radio waves set
up currents in the antenna circuit and
their effect is in turn transmitted over
onto the grid of the detector tube. The
alternating currents in the antenna circuit produce alternating voltages on the

196

SOFT TI/BE\II

NA20T1/6E

ION/Z.4770N
BEG/NS HEEE

NEGAnvE
O
POSITIVE
VOLTAGE ON GOO
THE

DIFFERENCE BETWEEN A HARD AND SOFT TUBE

Fig. U: This s ,ws h,w both soft and hard tubes act with various voltages on the grids.

grid, which may be considered in the
light of electric pushes and pulls following each other rapidly. The telephone
receivers shown in Fig. T are not
connected directly in the grid circuit but
are placed in asecond circuit known as
the "plate circuit" on account of the fact
that in order to complete the circuit,
current has to flow between the filament
and the plate.
The peculiar action of the vacuum
tube lies in the control which the grid
has upon the current flowing in the
plate circuit. The grid acts as asort of
screen through which the plate current
has to pass in its passage from the filament to the plate and the amount of
current that gets through the screening
grid depends upon the voltage applied
to the grid at that particular instant.
If the grid is positively charged, by connecting the positive side of abattery to
it and the negative side to the filament,
the plate current will increase to avalue
higher than the value which would flow
when the grid is connected directly to
the filament by apiece of wire. When

the connections to the battery are reversed so that the negative pole is connected to the grid and the positive pole
is connected to the filament, the plate
current will drop to astill lower value.
The simplest way in which to express
a complex relation such as exists be tween plate current and grid voltage is
in the form of a"curve." To show the
relation between the plate current and
the grid voltage we rule a number of
equi-distant parallel lines, both vertical
and horizontal, and assume that distances measured in a horizontal direction to the right represent positive grid
voltages, horizontal distances measured
to the left represent negative grid voltages, vertical distances measured upward represent positive plate currents
and vertical distances measured downward represent negative plate currents.
The heavy horizontal and vertical lines
represent the lines from which we start
the measurements. In order to find out
just what current will flow when the
grid is one volt negative we look for the
first vertical line to the left of the heavy
197

vertical line and follow this line up until
and alesser effect would have been proit crosses the curve. The distance that
duced upon the telephone diaphragm.
we had to travel along the first left-hand
On the other hand, if the curve has been
line to reach the curve will give us the
very much more curved or had asharp
value of the plate current under the
break in it, the difference between push
specified condition of one volt negative
and pull would have been much more
on the grid, and this length can be most marked and the pull on the diaphragm
easily found by projecting it over by
would have been even more pronounced
eye on the heavy vertical line where the
with aconsequently stronger signal.
scale of units of the plate current is
The curve shown in Figure V was
shown. In the case shown the plate drawn for ahard tube. The high vacuum
current is 2. (See Fig. V, page 201).
and the absence of all gas gives asmooth
If we investigate the value of plate curve and one which usually does not
current when the grid voltage is one volt
have any very sharp bends in it. Where
positive we will have to follow the first slight traces of gas are left in the tube
right-hand line up until it intersects
the curve is more likely to resemble
with the curve and the corresponding
that shown in Figure U. From an invalue of plate current in this case is 8.
spection of this curve it can readily be
Similarly, when the grid voltage is zero seen that there will be alarge difference
the plate current has avalue of 4.5.
between the corresponding pushes and
For the sake of simplicity, let us suppulls and acorrespondingly strong sigpose that the value of the grid voltage
nal in the telephones. The reason for
induced from the radio signal varies bethis sudden break in the curve is due to
tween one volt positive and one volt the effects of "ionization by collision."
negative, the plate current will increase
As the electrons sent off by the filaup to 8when the grid is positive, drop
ment in a soft tube are drawn over to
back to 4.5 when the grid voltage is zero
the plate they collide with some of the
and drop still further to 2when the grid
gas particles or molecules still left
is one volt negative. The plate current
inside the tube. Up to a certain elecpasses through the telephones and when
tron speed nothing happens, but when
the plate current is increased beyond its
the electron is moving rapidly enough it
normal value the pull on the diaphragm
will break up any gas molecule with
will be increased, producing a"pull" on
which it comes into contact. The gas
the diaphragm. When the grid is negamolecule is composed of asmall particle
tive the plate current will drop below its
of gas to which are attached small parnormal value, and by cutting down the
ticles of electricity. When the gas
pull below normal give the diaphragm a molecule is broken up, some of the elecpush in effect. On account of the
tricity is set free and moves over with
shape of the curve, the pull will be
the other electrons to the plate, thus instronger than the corresponding push
creasing the plate current. This value
so that the diaphragm will finally move
of speed necessary to break up the gas
after several cycles have acted upon it,
molecule is quite well defined and the
and thus send out a sound wave. If
plate current takes asudden jump just
the curve has been a straight oblique
as soon as it is reached. When this
line, the value of the push and the pull
ionization action is very intense it
would have been more nearly identical
causes ablue glow inside the tube. The
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heating either the electrodes inside the
tube or the glass walls of the tube will
set gas free in the tube. On the other
hand, operating a tube at or near the
glow point has a tendency to absorb
some of the free gas and make the tube
harder. Tubes usually grow harder in
use rather than softer, so that it is sometimes possible to bring them back to
their original sensitive condition by
carefully heating the glass bulb. The
heating of the bulb has the tendency of
loosening up some of the gas particles
that have become stuck on the sides of
the bulb, thus reducing the vacuum to
the proper sensitive point.
There is a comparatively simple test
which almost any experimenter can
make to determine the degree of vacuum
inside asoft tube. This test requires a

best adjustment for detector action is
very much below the blue glow point
and can be best determined by listening
in the telephone while gradually increasing the plate voltage and filament current. When a certain point has been
reached a hissing and frying sound will
be heard in the telephones; this indicates
that the first stage of ionization has been
reached. Now turn the plate voltage or
filament current down until the hissing
has just disappeared and the tube
should operate at its best point.
There is one difficulty in the operation of soft tubes; they are liable to
change their degree of "softness." The
metal parts inside the tube have the
property of absorbing and giving up
gas, depending on what happens to be
going on inside the tube. In general,
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The relation of grid voltage to plate current in ahard tube is shown by what is known
as the "characteristic curve."
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small spark coil which can give about a
one-quarter inch spark. Connect one
of the high tension terminals to the battery (if not already so connected) and
set the coil into operation. Next, grasp
the tube in the hand, taking hold of the
glass bulb, and take care that no part of
the hand comes nearer than an inch to
the metallic base. Touch any of the
terminals to the high tension lead of the
spark coil and carefully examine the
tube for any signs of glow inside it. No
glow at all indicates that the tube is
either very hard or else that it is full of
air. A pale greenish glow which seems
to stick on the inside surface of the glass
bulb indicates about the right amount
of gas for good detector action. It may
operate all right when the bulb fills with
a pale greenish-blue glow, but if the
glow is purple or confined to a small
area directly around the plate and filament the probabilities are that there is
too much gas inside the tube to give
satisfactory detector action because of
excessive ionization.
Soft tubes, while undoubtedly more
sensitive as detectors, are not particularly reliable and for this reason many
experimenters are using hard tubes as
detectors and making up the difference
in signal by using more amplification.
This is particularly true with a regenerative receiver, where the detector circuit losses are eliminated by the feedback action of this circuit."
As vacuum tubes grow older they become "fagged out" and, although they
may appear the same from the outside
and though the filaments may light as
cheerfully as ever, the reproduction
given by them will be "thin" and
scratchy. The bringing about of this
condition may be accelerated by abusing
the tubes when they are in use. A tube
may be abused by burning its filament

at too great atemperature or by placing
atoo high voltage upon the plate. The
current passing through the filament
and the voltage upon the plate should
be only the amount necessary for good
reproduction at afair and not excessive
volume. When a radio set is blasting
away so that it annoys everybody within
the block, it can be taken that its operator knows little about radio or that he
cares nothing about the economical
operation of his radio set.
While it is true that excessive filament
current and plate voltage will hasten
the end of a tube's good performance,
this must not be taken to mean that a
tube will not reach this stage eventually
even though it is carefully used. If a
set is used nightly, tubes will probably
begin to show signs of depreciation in
from six to eight months. The volume
of the set will drop and the reproduction
will have ascratchy, nasal tone. When
acondition of this nature is reached, it
simply means that the filament of the
tube has given up practically all of its
free electrons near the surface and that
the few electrons left are not sufficient to
cause enough current to flow between
the filament and the grid. Therefore
the reproduction will be "thin" and
unsatisfactory.
There is a way of reactivating tubes
so that the older ones may be brought
back to a state approximating their
original condition. The process simply
explained is that of sending an extra
high current through the filament for a
short period of time. This treatment
heats the filament to an excessive temperature and many of the electrons that
were safely below the surface are
"boiled" or forced out into the outer
layers.
The current used for this reactiva_
tion is usually alternating current be
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FIGURE IV: CONNECTIONS FOR TUBE REACTIVATOR
The simple connections for a vacuum tube reactivator. The transformer used is avoltage reducing type
which overloads the filaments of the vacuum tubes in the secondary circuit for abrief period.

cause it is found to have more effect than
direct current. Perhaps this is because
of its throbbing or pulsating nature,
each pulsation coming as a distinct
shock. For 201A or 301A tubes 16 volts
of alternating current is necessary to
bring about recuperation. This should
be applied for only 30 seconds. If it is
applied longer than this, the filament
will be unable to withstand the terrific
punishment and will perhaps succumb.
After this treatment, the filament may
be connected to an 8-volt source of current (which may be direct current) and
it may be lef t here for ten minutes.
This latter treatment seasons the tube
and it will then be found to have regained a large part of its original perfection.
In event the more serious readers wish
to try their hand at reactivating a
group of tubes they may follow the diagram given. As many as ten tubes may
be treated at one time.
The 16-volt treatment for reactivating indisposed vacuum tubes is by no
means standard. Some of the manufacturers of reactivating devices have designed their equipment to develop a
voltage higher than 16. Nor is the time
limit mentioned in connection with the
treatment standard. Some engineers
believe that short treatment at high

voltage is the solution while others feel,
and perhaps rightly so, that a lower
voltage should be used with a longer
time limit.
The objection to the higher voltage
(say 20 volts) is that it requires afairly
robust filament to withstand this high
pressure for the full time limit. A real
old tube may often be killed by the cure.
In any event, however, the purchaser of
atube res.ctivator should follow out the
directions of the builder.
All tube reactivators do not have
transformers. Some manufacturers have
taken advantage of the drop across resistances and have provided the proper
voltage by this means.
In the following pages the student will
find listed photographs and the general
characteristics of practically all the
standard vacuum tubes. These have
been alphabetically arranged so that
they will be conveniently available for
ready reference. If the reader is looking
for a tube with special characteristics
for use for aspecified purpose he will, no
doubt, find it by glancing through the
data. For instance, if he is looking for a
tube for use with a resistance coupled
amplifier he will require one with ahigh
plate resistance. The list shows that
the Daven and the Hi-Constron are
ideal for this purpose.
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Dr. Lee de Forest
The inventor of the audion with three electrodes—
the vacuum tube that made the present day radio
transmission and reception possible.
"I am sure that no one connected with the radio art
can fail to recognize the debt we all owe to POPULAR
agency has done more to popularize and dignify the
arouse widespread interest in its merits, and abiding
future, than has this magazine."
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SECTION VII

Audio-Frequency Amplification

A

is a term that is
usually misunderstood by the
novice. It is often thought that
amplification involves "blowing up" a
small amount of energy into a large
amount of energy just as one might inflate a balloon. This is not atrue idea
of the process. In the case of increasing
the strength of weak radio signals with
vacuum tubes, we do not in areally true
sense amplify, we merely add to. Each
vacuum tube enables us to take energy
from alocal source and add it to the incoming signal or music. The vacuum
tube allows us to take energy from aB
battery and to add small quantities of
this energy to the tuned signal. This
process of adding energy to incoming impulses involves many delicate conditions and functions as we shall see.
There are two fundamentally different
types of amplification. We have radiofrequency amplification and audio-frequency amplification. Radio-frequency
amplification (which will be described in
Part 8) is amplification that takes
place before the incoming signal has had
the opportunity of reaching the detector
tube. In other words it is amplification
before detection and the tubes and other
appurtenances used for this purpose are
always placed between the detector and
the aerial. Audio-frequency amplification is amplification that takes place
after the signals have been reduced to
MPLIFICATION

the audio frequency range. It is well to
think of radio "before" and audio as
"after."
L. M. Cockaday has supplied this
portion of our study with a comprehensive treatment on the subject of
audio-frequency amplification and the
reader will gain from it much that is of
value.
"The problem of vacuum tube amplification is somewhat different from that
of vacuum tube detection, althougb the
same essential theory of operating the
tube is observed.
"The vacuum tube is a voltage
operated (voltage controlled) device.
This same principle is used for amplification.
"Dr. Lee De Forest saw the feasibility
of using the amplifying qualities of the
vacuum tube when he took out his patents on the 'cascade amplifier,' as he
called it. This system uses anumber of
vacuum tubes connected in cascade,
coupled together by means of transformers so that the output circuit of the
detector tube is connected to the input
circuit of the first amplifier tube, and so
on with the second and third amplifier
tubes. It is not good practice to use
more than two stages of this type of
amplification, on account of 'tube noises'
which are amplified along with the signals and which tend to blur reception.
"Audio -frequency amplification is
9

cascade amplification of the rectified
impulses which are flowing in the plate
circuit of the detector tube. These impulses are of an audio or audible frequency and the successive stages of
amplification are coupled together with
atransformer called an 'audio-frequency
amplifying transformer,' which will step
up the voltage of an audio frequency
impulse and supply it to the grid or
input circuit of the next tube.
"For the present we will look into the
inner workings of the audio-frequency
amplifier.
"First of all, let us investigate how

the series of tubes used in this method
are connected.
"In Fig. A we have astandard hookup for an inductively coupled tuner with
avacuum tube detector; added to this is
a two-stage audio-frequency amplifier.
The first stage consists of atransformer,
Ti, and a vacuum tube, V2;the second
stage likewise contains similar instruments, 'P and V.
"lite secondary circuit of the receiving coupler receives the energy collected
by the antenna circuit; this energy supplies the grid of the detector tube with a
radio-frequency oscillating voltage wave
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HOW THE AUDIO-FREQUENCY AMPLIFIER WORKS
Figure A: This diagram shows the electrical action that takes place in aradio receiver from the time the current enters the antenna until it reaches areproducing device after having passed through two stages of audio-frequency amplification.
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shown at A. This is the voltage across
the circuit designated as Circuit 1.
"The tube VIthen acts as arelay and
produces an amplified impulse in its
plate circuit (Circuit 2), which has the
same audio-frequency wave form as the
original impulses in Circuit 1. These
wave forms can be compared by referring to the dotted lines in curves A
and B. The radio-frequency component
of the current B is passed around the
transformer winding P by means of the
bypass condenser C, and only the audio.
frequency component of the current B
(which is shown by the dotted lines)
passes through the winding P. This current, flowing through P, induces asimilar impulse in the secondary winding S,
except that the voltage of the impulses
induced across the Circuit 3 is higher
than the voltage in Circuit 2on account
of the step-up ratio used in the transformer windings.
"The voltage in Circuit 3is shown at
A,. By comparing the voltages A and
Al we readily see that in Al we have a
much greater voltage impressed on tube
VIthan the A impressed on VI. Therefore in the plate circuit of V (Circuit 4)
we have agreater current response than
in VI, Circuit 2. Compare the currents
B and B1.
"It will be seen that the second tube
amplifies the current flowing in the plate
circuit of the first tube and supplies this
amplified current to a second transformer, T , which also steps up the voltage of the impulse as shown in Circuit 5,
supplying the grid of tube V with a
larger voltage than that applied to tube
V . Compare Al and An.
This in turn
produces a still greater response in the
plate circuit of tube V , Circuit 6,
shown at Bu.
"Now, the problem before us is to get
the plate current variations as large as
2
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possible; that is just what we have done,
as is shown when we compare the currents B, B1, Bn in the plate circuits of
the three tubes. They have been getting
larger in each additional stage of amplification.
"A further analysis of this action
should enable us to see clearly that the
phenomena in avacuum tube is purely a
case of cause and effect. The cause is
the voltage applied to the grid and the
effects the corresponding current which
flows in the plate circuit. In our diagram the causes are shown at A, Al and
An and the effects at B, B1and Bn. If
we increase the cause as at Al, we get a
greater effect, BI, and if we further increase the cause as at An, we get astill
greater effect, Bu. The increase in the
cause is accomplished by the transformers which step up the voltage of the
succeeding impulses, and the effect is
increased by the relay action of the
vacuum tubes themselves.
"This amplification is done at an
audio frequency, because the amplifying
transformers pass the audio-frequency
impulses with facility, but hold back the
radio-frequency component of the current, not allowing it to flow through
their windings."
We have really four distinct types of
audio-frequency amplification. We have
just completed our discussion of what
is known as straight audio-frequency
amplification. Then we have what has
become known as push-pull amplification or power amplification (due to the
great volume produced), resistancecoupled amplification and impedancecoupled amplification. Straight amplification and push-pull amplification are
transformer-coupled systems. That is,
one tube is coupled to the next magnetically by a very simple transformer involving aprimary and secondary wind-

62/0 POTENT/AZ
A SIMPLE CURVE
Figure B: This simple curve shows the relationship between the grid voltage
and the plate current of astandard three element vacuum tube.

ing. We shall leave impedance-coupled
amplification out of our discussion because it is as yet in its experimental
form.
Push-pull amplification, which requires special transformers, is recommended in many cases where great volume is required because this volume may
be produced with small distortion. If
more than two stages of plain or straight
transformer-coupled amplification are
used, the duty imposed upon the third
tube will be far beyond its electrical
capacity and its output current will be
badly twisted and distorted as aresult.
We may, however, attach to any twostage audio-frequency system a pushpull unit and get as aresult very sweet
reproduction with high power volume.
It is the electrical characteristics of
the vacuum tube that defeat attempts
to employ more than two stages of
audio-frequency amplification. To put
it technically it is because the grid
voltage when plotted graphically against
the plate current is not in astraight line.
While this phrase may sound terribly
12

technical, it expresses nothing more
than the electrical relationship between
two values. It is the relationship between the grid voltage and the plate
current of the tube and if we refer to
Fig. B we shall see just what it means.
The grid voltage is shown in the horizontal line and the plate current is
shown along the vertical line. The
reader will notice that the vertical line is
marked zero and this means that it is
the dividing line between positive and
negative potentials. That is, everything above zero will be positive and
everything below zero will be negative.
When we start at the extreme left hand
side it will be seen that as the grid voltage increases toward the vertical line
the plate current also increases until we
get to zero potential. The student will
also note that the curve increases as the
grid potential decreases.
When aB battery is connected to the
plate of a tube through atransformer,
the receiver offers a resistance to the
passage of current from the battery so
that the retarding increases as the cur-
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HOW DISTORTION IS PRODUCED
Figure C: If the reader will study this curve together with the text he
will he made to understand the advantages of the push-pull system of audiofrequency amplification.

rent increases. This causes the current
to drop back or to lag behind the values
shown at B. It will be noticed if the
sketch C is studied that the curve is
straight for the grid voltages within certain limits. If the radio receiver could
be operated so that only the straight
portion of the line would be employed
perfect reproduction would result. However, most receivers are operated so
that the curved portion is involved.
When anegative potential is placed on
the grid of atube by inserting aC battery in the circuit, there is established a
voltage as shown by the vertical line.
This will be found marked. About
these lines fluctuates the wave of the incoming signals and it is these that we
desire to pass on to the loud speaker in
the exact form in which they come in
save for the fact that their energy content should be increased. Due to this
small curve, the student will see that
the lower side of the wave of the outgoing current is not of the same height
as that of the upper side of the wave.
This is indicated by the shaded area.

This shaded area also indicates the
amount of distortion that will be present
in the loud speaker. We have a visual
idea of the amount of unnecessary
sound produced.
In Fig. D we will find a diagram of
the standard two-stage push-pull amplifier. Each stage consists of no more
than the standard vacuum tube and the
special type of push-pull transformer.
It will be noticed also that the secondary
of the first transformer and the primary
of the second or output transformer are
tapped in the center. We can also see
that the voltage impressed upon the
primary of the transformer is the same
as that which would be impressed
upon an ordinary audio-frequency
transformer.
However, since the
secondary of the transformer in the
push-pull system is tapped in the center,
the voltage impressed upon the grid of
each of the two tubes used is only half of
that which would be impressed upon a
tube in an ordinary straight audiofrequency circuit.
Consequently we
may impress upon the primary just
13

A PUSH-PULL AMPLIFIER DIAGRAM
Figure D: This diagram shows all of the connections involved in a conventional two-stage amplifier of the
push-pull type. The reader will notice the position of the C-battery between the first tube and the secondary of the
first transformer. This is the correct position for all C-batteries for ordinary type of audio-amplification. The
advantage of the push-pull amplifier lies in its high power amplification and small degree of distortion. So small
is the distortion that such amplifiers may be employed alter two stages of straight audio-amplification without
danger of bad reproduction.

twice the voltage that we could impress
upon another system.
When this
divided voltage is united in the primary
of the output transformer we will have
doubled the output energy.
Let us see if we cannot put this more
simply. When two tubes are connected
in aone-stage system (push-pull is really
adivided or balanced one-stage system)
there is a balancing effect between the
tubes which will permit us to work each
tube at a higher point than we could
work the same tubes in astraight audiofrequency system. In a certain sense
any distortion caused by one of the
tubes up to a critical point will be balanced out by the other tube. By using
this system we are able to get three
times the volume that would be possible
with atwo-tube audio-frequency amplifier of the ordinary type.
Audio-frequency
resistance-coupled
amplification has, because of the splendid reproduction available from such
sources, superseded most of the old
types during the past few months. Resistance-coupled systems are both simple

and inexpensive and unlike transformers, the resistance units employed for
this purpose do not have critical characteristics. This means that with reasonable care the rankest novice may
assemble an amplifier of this type and
obtain from it very mellow and sweet
reproduction.
To thoroughly understand resistancecoupled amplification we shall have to
again go over the functioning of a
vacuum tube, for It is upon the peculiar
characteristics of vacuum tubes that
resistance-coupled amplification is based.
In the accompanying curve (Fig. E)
we see the graphic result obtained by
plotting the plate current against the
grid voltage. At another place (Fig. F)
we see an oscillating circuit, one side of
which is connected to the grid and the
other side to the filament of a three
element valve. We will assume that
the normal current flowing in the plate
circuit is represented by Y. It will also
be noted that this Y line connects with
the vertical line at amidway point. The
characteristic line, that is the line which
14
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VACUUM TUBE OPERATION
Figure E: The operation of avacuum tube is explained by charting the relationship of the plate potential or voltage to the grid potential or voltage.

represents the characteristics of the
tube, is the line which is partly curved
and partly straight. Further examination will show that this Y line also connects to the midpoint of the straight
part of the characteristic line.
We will assume that the normal current flowing in the plate circuit is represented by this Y line. It is desirable in
practice that this should be the value of
the plate current when the grid voltage
is zero. In actual practice this condition
can be arrived at by adjusting the voltage on the plate and to do this it is
necessary to have a variable B battery
and to also adjust the filament current.
Now let us assume that we have an
oscillating current impressed upon the
grid of the valve in Fig. F and that
this current will place an alternating
positive and negative charge on the grid.
If we further assume that the potentials
developed are created by an undamped
oscillation of symmetrical wave form
we shall see that the positive potential
communicated to the grid will be numerically equal to the negative potential.

At this point it will be necessary to
again refer to the sketch E showing the
characteristic curve where we may examine the effect of this alternating potential on the current in the plate circuit
of the tube.
We have previously assumed that the
normal potential of the grid is zero and
that the corresponding plate current is
represented by Y. We will now assume
that the potentials applied to the grid
are positive X and negative X. Under
such conditions we see that apotential
of X positive on the grid causes the
plate current to increase by avalue Z.
Further back we assumed that the positive potential was numerically equal to
the negative potential and further that
the portion of the curve upon which the
tube operated is astraight line. It will
now be seen that the negative X causes
a decrease in the anode current of
exactly Z. From this it will be seen that
the theoretical variations of the plate
current are exactly proportional to the
9scillations in the circuit connected to
the filament and grid of the tube. It is
15

THE VACUUM TUBE IN A STANDARD CIRCUIT
Figure F: The operation of aresistance-coupled audio-frequency-amplifier will be better understood by first reviewing the action of asimple circuit like the above. A difference in potential is impressed across the grid and filament of the tube by the coil L. This is then rectified by the tube V
aided by the A battery Bi and the B battery B2. As the text will explain, an oscillatory high-frequency
current is impressed upon the coil Li, carried to the vacuum tube and rectified in the usual manner.
An understanding of this process will assist the student greatly in mastering the details of resistance.
coupled amplification.

obvious that these variations may be
made to control the grid potential of a
second valve.
In resistance amplifiers aresistance is
inserted in the plate circuit of the first
tube and the variations of the plate current produce varying potentials increasing the resistance and these are applied
to the grid and filament of the second
vacuum tube.
If the plate potential to atube is increased with respect to the filament, we
find that the plate current gradually increases and similarly if we increase the
grid potential the plate current increases. To put it differently, if the
current through the same conductor
varies it is equivalent to considering the
conductor as avariable resistance. For
our particular purpose we may consider
the plate circuit of atube in aresistance
coupled amplifier to be composed of a
fixed and variable resistance, the plate
filament path constituting the variable
16

element. The plate resistance constitures the fixed component and it is the
variable potentials produced across these
which are applied to the filament and
grid of the next tube. This will probably be better understood by referring
to Fig. G. Here we have abattery connected across a variable resistance AB
in series with afixed resistance BC. For
our purpose we will suppose that the resistance AB is equivalent to the resistance BC. If the potential of the
battery should fall along the path AC
the voltage would be distributed uniformly along both AB and BC and
hence the voltage across BC would be
exactly half of that across AB since both
resistances are of the same value.
Let us suppose now that the resistance
AB is lowered. The distribution of the
potential along the path AC will then be
altered for, since the value of AB has
been increased, there will be less voltage
drop along it. On the other hand the
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HOW A RESISTANCE ACTS ACROSS A
BATTERY
Figure G: This simple circuit contains all
of the elements involved in a single-stage resistance-coupled amplifier. The text will explain how the two systems are related.

total voltage drop along the path AC
will increase. Similarly, if the resistance
AB is increased the potential across BC
will be decreased. It is this very principle that is taken advantage of in audiofrequency amplification of the resistance-coupled type.
If we will refer to the next diagram
(Fig. H), which involves avacuum tube
and B battery and aresistance in series
with the plate and filament of the
vacuum tube, we shall find acondition
existing analogous to that which we
have just considered. The vacuum tube
takes the place of the variable resistance
AB in the previous diagram. Since the
resistance of the space between the plate
and the filament of the tube is varied
according to the changes upon the grid,
there will be afluctuation in the voltage
drop across BC providing, of course,
that the filament and the grid of the
tube are connected to aradio circuit.
In the next figure (Fig. I) we see a
resistance-coupled amplifier.
Radiofreque ncy currents are applied to the
17

grid and the filament of the first tube
through the medium of the resonant circuit containing the coil and th 3variable
condenser. This causes the first tube to
act as avariable resistance in series with
the fixed resistance BC. The variations
in the resistance of the tube cause a
fluctuating voltage drop across the
terminals of the resistance BC and these
variations are carried on to the second
tube. In normal practice, there would
be apotential across BC, the fixed resistance, of something like SO volts.
This would be supplied by the B battery
of the first tube. If alittle fixed condenser in the grid circuit of the
second tube is not used, the potential
of the grid of the second tube would be
in the neighborhood of 30 volts and the
tube would be rendered inoperative. It
is this little condenser that prevents the
passage of anything but the small variations in the potential produced across
the terminals BC. (It will be recalled
that pure d.c. will not pass through a
condenser.) In place of the fixed con-

THE OPERATION OF A RESISTANCECOUPLED AMPLIFIER
Figure II: Here the vacuum tube takes the place
of the variable resistance AB in Figure G.
It will
be seen that the space between the filament is
made variable in resistance by the charges placed on
the grid of the tube.

denser, a battery (which is shown)
might be inserted which would oppose
the current flow of the B battery of the
first tube. This, however, is expensive
practice and there are not enough advantages in the system to make it advisable to use it.
For best results, audio-frequency amplifiers of the resistance-coupled type
usually require about 130 volts of B battery. The resistances used range from
3/ to
megohm. The usual form of
grid leak is admirably suited to resistance-coupled amplification and standard
fixed condensers of .01 mfd. capacity
may be used to stop the flow of the B
battery current. Although it is not advisable to use more than two stages of
ordinary audio-frequency amplification
employing the usual type of transformer, this rule does not have to be followed
in the case of resistance coupling. Here
three stages of amplification may be
used with absolute safety. In practice,
however, it has been found best to use
one stage of audio-frequency amplification with the transformer and the two
following stages with resistance coupling.
18

Resistance coupling affords faithful
reproduction of music and is without
question the best form of amplification
that has thus far been developed.
In radio reception we do not only have
the A and B battery, but we also have
the C battery, which is perhaps less understood than either of the other two.
A C battery, providing it is used correctly in audio-frequency circuits, will
effectively overcome a great deal of
needless distortion of the output current.
While C batteries are employed to
prevent distortion, they can also create
distortion. It is only by an understanding of their operation that such
distortion may be prevented.
A C battery is usually made up of
several cells of flashlight battery connected in series so that the total voltage
of the battery will be the sum of voltages
of the cells. Thus, a three-cell battery
gives 4.5 volts. Such batteries are
placed in acircuit so that their negative
poles are connected with the grid and
consequently their function is to place a
negative charge of electricity upon the

A RESISTANCE-COUPLED AMPLIFIER
Figure I: Diagram of connections used in asimple two-stage resistance-coupled audio-frequency amplifier.
The voltage drop occurs across the fixed resistance marked BC. This is the general principle employed in all
resistance coupled audio-frequency amplifiers.

grid. The positive pole of the C battery
finds its way to the filament and the
negative pole of the B battery. This
method of connection may be easily remembered by keeping in mind the fact
that it is connected just the reverse of
the B battery. The positive pole of the
B battery is always connected to the
plate while the negative pole of the C
battery is always connected to the grid.
It is to be remembered that this arrangement is not to be employed with detector tubes, but only with amplifiers.
The object is to place enough negative
potential upon the grid so that its maximum positive point will still remain
below zero. Since anegative grid cannot draw acurrent, no distortion will be
produced.
A C battery of the wrong voltage,
either too high or too low, will be worse
than no C battery at all. The voltage
must be controlled within rather narrow
limits. If it is carried beyond acritical
point and the grid is made highly negative, the plate current will be distorted.
We will have as aresult badly distorted

music, because we cannot distort acurrent with sound superimposed upon it
without at the same time distorting the
sound. Indeed if we insist upon carrying the negative potential of the grid to
apoint where it is abnormally high, we
would cut off the plate current entirely.
We should choose a C battery of such
voltage that when the grid is at its most
positive point, it will still have an appreciable negative potential. This will prevent the plate current from being distorted and also keep the music sweet
and melodious.
A potentiometer
shunted across the C battery so that its
potential could be (Fig. J) varied from
practically zero to full value is one
means of getting the correct voltage. It
will be found that the voltage should be
somewhere between 3and 9.
The amount of C battery on the first
stage is not nearly as critical as that on
the second stage. This is easy to understand if we know that the voltage of the
incoming radio wave is weaker and
therefore can be more readily accommodated to the straight part of the charac19

HOW TO USE A POTENTIONIETER
Figure 3: The manner of employing apotentiometer to place anegative
bias on the grid of the vacuum tube is illustrated.

teristic curve.
Since the voltage is
boosted in each stage of amplification, in
the second stage it has been built up to
a higher point and the radio user will
therefore find it more difficult to reach
just the proper C battery potential.
Although the C battery is usually
employed as shown in Fig. K, experience
has proven that it is more practical to
place it as shown in Fig. L where it may
be used without adding alength to the
grid lead, which, owing to its susceptibility to stray currents, it is best to keep
as short as possible. A long grid lead is
an invitation to stray currents and when
they are induced in it, afeed-back condition is brought about which usually results in audio-frequency regeneration
and consequent distortion. It is wise
therefore to place the C battery between
the filament and the secondary of the
amplifying transformer. When in this
position the impedance of the secondary
winding acts in such a manner as to
ward off any stray potentials that may
reach the grid and bring about trouble.
It is always well to keep the C battery
fresh, for when extreme chemical action
20

sets in, which is usually denoted by
swelling and the formation of blisters,
the battery is apt to become noisy
through a certain amount of current
fluctuation to which the grid is somewhat sensitive, especially at the first
stage. However, but atrifle of current
is drawn from aC battery and it can be
used for a long time before it will be
necessary to replace it.
A technical understanding of audiofrequency amplification is impossible
unless the reader becomes familiar with
the true nature of the audio-frequency
transformer. An acquaintance with this
essential will not only arm him with
knowledge that will permit him to operate radio sets most effectively but it will
also permit him to buy transformers
intelligently and to specify their characteristics.
The research work going on today is
bound to upset a number of notions
about audio-frequency transformers
which have long been prevalent among
radio fans. For example, 'people still
buy transformers by specifying the turns
ratio, although the turns ratio is no cri-

HOW NO!' TO USE A C BATTERY
Figure K: Although the C battery will function when used as shown, it is not the correct position for it.

tenon of the quality of a transformer.
Others believe that it is necessary to use
transformers having different turns
ratios in the different stages of an
amplifier, and manufacturers turn out
different ratio transformers when such
aprocedure is only an attempt to rectify
defects.
After all, the transformer must meet
just one requirement to be classed as a

high quality transformer: It must reproduce faithfully the sound currents
which are supplied to the primary circuit.
Audible sound vibrations range in
frequency from as low as 16 vibrations
asecond to as high as 30,000 asecond.
But for all practical purposes, such as
the transmission of high quality speech
and music, we are concerned, essentially,
with the range between 30 and 10,000

-0
HOW TO USE THE C BATTERY CORRECTLY
Figure L: The test will give the reason for connecting the C battery of aradio set in the position illust rated

21

o

/0 000 ev
FREQUENCY

HOW;AN IDEAL AUDIO-FREQUENCY TRANSFORMER SHOULD AMPLIFY
Figure M: The straight horizontal line shows what the amplification response should be for an ideal transformer
with changes in frequency from 60 to 10,000 cycles: it would amplify all the audible frequencies with equal intensity.

cycles a second. The lowest notes on
the piano keyboard and the beat of the
kettledrum are in the neighborhood of
95 or 30 cycles while the piccolo and
organ reed may go as high as 10,000
cycles. Between these two extremes we
have every other possible intermediate
frequency, and all possible combinations
of frequencies such as might occur in the
rendition of aselection by asymphony
orchestra, a band or a chorus. Even
when we are apparently concerned with
only one frequency (as, for example,
middle C, 250 vibrations a second, as
played by a violin), other frequencies
are involved; for harmonics (or overtones) are generated which are of several times the fundamental frequency,
and the intensity of each of these overtones bears acertain quantitative relationship to the intensity of the fundamental. It is evident, then, that for
any reproduction to sound natural, the
transformer must be able to reproduce
all frequencies from 30 to 10,000 cycles
equally well over the entire range.

The difference between an audiofrequency transformer intended for use
in radio-telegraph reception and one intended for radio-telephone or broadcast
reception will at once be readily appreciated. In the case of telegraph reception
we are concerned with one audio frequency which may be 500 cycles or
1,000 cycles or some other frequency of
that order. The transformer may be
designed to give its maximum amplification at the signal frequency, and no
particular thought need be given to
what happens at the other frequencies.
Also the transformer can be given ahigh
step-up ratio so that the transformer
itself amplifies the signal voltage as
much as possible. Ratios as high as 10
to 1have been used without detracting
from the efficiency of the transformer at
the particular signal frequency used.
Radio-telephone reception obviously
presents amuch more difficult problem
and introduces considerations which are
vital to good results.
As a measure of the quality of an
22
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DISTRIBUTED CAPACITY AFFECTS THE HIGH TONES
Figure 0: In the top figure the capacity of the secondary windings has the sanie effect as though acondenser Cs were connected across the terminals. The high turns-ratio multiplies this capacity effect so that we have
the effect of acondenser Cp as shown in the bottom figure. The result is that the higher audible frequencies are
by-passed around the primary winding and do not reach the grid of the following tube.

is equal to the voltage impressed on the
amplifying transformer we may take its
primary times the turns ratio, provided
"frequency characteristic" which shows
the coupling coefficient is unity, which is
the relative performance of the transvery nearly the case in most closed-core
former at different frequencies. Suppose
transformers. But at other frequencies
we apply a given constant voltage at
this is not necessarily so. One of the
different frequencies to the primary of
factors which is instrumental in producthe transformer and then measure the
ing this effect is the distributed capacity
voltage across the secondary of the
of the transformer secondary winding.
transformer at these different frequenIf, with a given number of turns on
cies. An ideal transformer would have
the primary winding, the turns ratio is
frequency characteristics as shown at
increased, the secondary turns increase
M. This curve shows that the transcorrespondingly.
The greater the numformer reproduces in the secondary all
ber of turns on the secondary the greater
the frequencies between 30 and 10,000
is the distributed capacity of the seccycles equally well. This is the ideal
ondary winding. This distributed cawhich audio-frequency transformer depacity behaves, in effect, as a shunt
sign should approach. The greater the
across the secondary of the transformer.
departure of actual transformers from
Dirthermore, transformer theory and
this ideal the less desirable the instrupractice show that this secondary disments would be for broadcast reception.
tributed capacity is equivalent in its
The ratio of the number of secondary
effect to a certain capacity in the priturns to the number of primary turns is
mary circuit, and this equivalent pricalled the "turns ratio." When atransmary capacity is equal to the actual secformer is designed for a particular freondary capacity multiplied by the
quency, the voltage across the secondary
23
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WHY SPEECH IS MUFFLED
Figure N: This curve shows afalling off in amplification as the frequency is increased. The high tones are lost
and the result is amuffled, drummy quality to both speech and music. This undesirable but frequent action is the
most common cause of poor reproduction in home-made audio-frequency amplifiers using poorly designed audio
transformers.

square of the ratio. Thus, if a given
transformer that has a turns ratio of 7
has adistributed secondary capacity of
C microfarads, then it behaves as
though we had a capacity of (7) 2C, or
49C microfarads capacity in the primary. In other words, the capacity
effect of the secondary is multiplied
about 60 times in the primary circuit,
and it behaves, in effect, as though it
were shunted across the primary. This
increased primary capacity produces a
great departure from the ideal flat frequency characteristic, and introduces
considerable distortion.
A transformer for interstage coupling
is generally used in connection with
vacuum tubes as in Fig. N (top) where
Cs represents the distributed capacity of
the secondary.
Fig. N (bottom) represents the same
circuit, except that the secondary distributed capacity is replaced by its
equivalent primary capacity. We thus
have two reactances in parallel, the
24

primary inductance of the transformer
and the effective primary capacity. If
there were no capacity, all the audio-frequency current in the plate circuit would
flow through the primary inductance
and would thus be effective in producing
secondary voltage. The presence of the
capacity, however, has the effect of
shunting some of this audio current, and,
as the reactance of acapacity decreases
with increase of frequency, it will shunt
more of the high-frequency currents than
the low. Also, since this shunt current
flows through the capacity rather than
through the primary of the transformer,
it can have no effect in producing induced
voltage across the transformer secondary.
As a result we have progressive falling
off of secondary voltage as the frequency
is increased, and the ideal frequency
characteristic of Fig. N begins to look
somewhat like that of Fig. P.
The first effect of a high turns ratio,
which means high distributed capacity
in interstage coupling transformers, is to
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HIGH CAPACITY ALSO PRODUCES RESONANCE EFFECTS
Figure P: The capacity and the inductance of the transformer form atuned
circuit and when the distributed capacity is high, the resonance point falls within
the audible frequencies and excessive amplification of a particular tone is the
result. This is also acommon fault of many amplifiers of the audio-frequency
type.

produce decreased amplification at the
high frequencies. The distortion characterized by the absence of the high frequencies is a muffled, drummy quality
in both speech and music, and the absence of sibilants and consonants in
speech.
The high distributed capacity that
results from ahigh turns ratio produces
still another undesirable effect in audioamplifying transformers—a resonance
phenomenon at the particular frequency
to which the circuit 1, 9 C, in Fig. 0 (bottom) tunes. This is atuned parallel circuit whose impedance at resonance is a
maximum.
The voltage developed
across it is, therefore, a maximum at
resonance. Hence there will be apeak
in the amplification at this frequency,
and there will be another departure from
the ideal transformer characteristics of
Fig. M which now begins to look like
Fig. N. The distortion introduced by
such a transformer is obviously an exaggeration of the particular frequency
95

to which the transformer constants tune,
and this is often the explanation of why
certain musical tones stand out prominently and conspicuously over all others
in aparticular receiver. If such atransformer is used in both first and second
stages of an audio amplifier it will be
evident that this resonance effect will be
multiplied in the second stage, and the
amplification characteristics will look
like Fig. Q.
To avoid over-exaggeration of this
resonance effect, therefore, many manufacturers recommend the use of atransformer having adifferent turns ratio in
each stage. This mitigates the evil of
an over-exaggerated single frequency,
but introduces instead two resonant
periods. For, when each transformer
has adifferent turns ratio the constants
will be different, and L C, (Fig. 0),
will tune to adifferent frequency. The
combined frequency characteristics of
both transformers will, therefore, be of
the nature of Fig. R where two moder-

1.•-..--RESOIsh4NCE PERK

FREQUENCY
WHAT HAPPENS WHEN THE SAME TLTRNS RATIO IS USED FOR
TWO STAGES
Figure Q: If atransformer which has abad resonance point is used in each of
the two stages, the distortion will be multiplied and an exaggerated resonance
peak is the result. It is very difficult to design atransformer to overcome this
defect.

ately sized resonance peaks are produced
as against one over-emphasized peak in
Fig. Q. This procedure is obviously no
solution to the problem of securing uniform amplification at all frequencies.
The solution is, rather, to make transformers which amplify all frequencies
uniformly, and the first step is to avoid
high turns ratio which produces two
irregularities in the ideal flat frequency
characteristic. There is poor amplification at the higher frequencies and
resonance peaks.
The high-ratio transformer will in
general give greater volume than the
low-ratio transformer, though this may
not always be the case, as it is possible
that the loss in amplification at the
high frequencies will neutralize the gain
obtained at the low frequencies. In
electro-acoustic converters it is almost
invariably true that high quality of
signal is inconsistent with quantity of
signal. In the case of microphones, high

quality of reproduction is accompanied
by diminished output. Similarly, in the
case of transformers, high quality can
only be secured at the expense of quantity
of signal, which means that high ratios
must be dispensed with so long as the
usual grade of transformer steel is used.
The next important consideration
which emphasizes the necessity of low
ratios is the primary impedance (A.C.
resistance) of the transformer. Transformers are connected as shown in Fig.
0 with primary in the plate circuit and
secondary across filament and grid.
But, as the grid is at anegative potential, the secondary may be considered as
though on open circuit. Therefore, the
total amplified voltage produced is directly proportional to the voltage available across the primary inductance 4,
and for purposes of discussion we may
regard the circuit as areactance-coupled
amplifier.
In a reactance-coupled (plain coil
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WHAT TWO DISSIMILAR TRANSFORMERS MAY DO
Figure R: The curve shown is the combined effect of using atransformer which
has one resonance point in the first stage, and a transformer with a different
resonance point in the second stage.

coupled) amplifier the voltage developed
across the reactance depends upon the
ratio of the plate reactance to the internal resistance of the tube. The greater
the reactance the greater the voltage
across it. But, when the reactance
reaches avalue of about three times that
of the valve resistance, almost maximum voltage is developed across it.
Theoretically, maximum voltage is developed across the reactance when it is
infinite, but for all practical purposes
we may consider that maximum voltage
is developed across a plate reactance
when its value is three times that of the
tube resistance. For any values of the
reactance below this, the voltage developed across it will be less than the
maximum.
Inasmuch as the reactance of a coil
is directly proportional to the frequency,
maximum voltage amplification will not
be secured unless the above condition
is met at all frequencies. To illustrate
with an actual problem, consider the
case of a transformer whose primary

has an inductance of 10 henrys (the
henry is the unit of inductance) connected in the plate circuit of atube with
plate impedance of 20,000 ohms. The
reactance of the primary is given by
6fL, where fis the frequency and L the
inductance. At 1,000 cycles the reactance is equal to 60,000 ohms, which is
three times the plate impedance of the
tube. Above 1,000 cycles the reactance
becomes greater but the voltage developed across it is practically constant.
Thus, full maximum amplification is secured above 1,000 cycles with this
transformer. Below 1,000 cycles, however, the reactance is less than that required for maximum voltage, and the
amplification is correspondingly decreased.
The characteristics of such a transformer are shown in Fig. Sand it is seen
that the low frequencies are not reproduced properly. In order that the low
frequencies be taken in by the transformer, its primary inductance must be
considerably greater than 10 henrys.
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WHAT HAPPENS WHEN THE PRIMARY INDUCTANCE IS LOW
Figure S: If the inductance of the primary winding of the transformer is too
low, the low notes are lost because they are not properly amplified. Speech or
music will then have ashrill. tinny sound.

If the primary inductance were 100
henrys, maximum amplification would
be secured at 100 cycles and over, but
frequencies below 100 would be dropped
out. The condition, therefore, for securing the very low frequencies is that
the primary inductance must be very
great, in fact high enough so that its
reactance at the lowest required frequency is three times the tube impedance.
But high inductances cannot be secured unless agreat number of turns are
used on the iron core, and for a given
transformer ratio the secondary turns
go up proportionally with the primary
turns, which produces an increase in the
distributed capacity, and aloss of high
frequencies. Thus, the conditions for
securing the low frequencies conflict with
that for securing the high frequencies.
As a result, unless radical changes are
made in the weight and dimensions of an
audio transformer, a compromise must
be struck between the conditions for se-

curing both low and high frequencies.
Constants must be chosen which will not
make the low frequency cut-off point
too high.
The above limitations to securing a
flat top characteristic for an audiofrequency transformer are, in the final
analysis, the result of restricting the
weight and dimensions of the transformer. It is desirable to economize
both in space and weight, and as a
result, transformers are generally made
small with not much iron. This introduces the various distortions which are
present.
The relationship between the various
factors involved in the magnetic circuit
of an iron core is shown in Fig. T. This
curve shows the flux density (flux
density is the number of magnetic lines
of force in asq. cm.), or number of lines
of magnetic force for aunit cross-section
of the core, produced by any magnetizing force, which is proportional to the
product of the current and the number of
28
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THE SIZE OF THE TRANSFORMER CORE IS IMPORTANT
Figure T: Small audio-frequency transformers often distort because the iron
core is so small that it is magnetized to the point A on the curve where variations
of the plate current above and below this point do not produce equal voltage
variations on the grid of the next tube. The flux density should be such that the
magnetization of the core will lie at point B on the curve. Thus it is seen that the
volume of iron in acore is important.

turns of wire through which it flows.
The inductance of any winding on a
closed iron core, as, for example, the
primary of an audio frequency transformer, depends on the number of turns
and the total flux threading the core
(not allowing for leakage which is small
for a closed core). For a given flux
density, the total flux threading the core
is proportional to the cross-section of the
core. When the cross-section of core is
small, as is the case in the average amplifying transformer, the flux density
must be high in order that agiven flux
be produced. From Fig. T it is seen that
ahigh flux density can only be secured
by a correspondingly high magnetizing
force.
As the d.c. plate current is
fixed for any given tube and operating
conditions, the number of turns must be
high to secure the necessary magnetizing
force. The smaller the cross-section the
greater must be the number of turns.
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For any given transformer ratio this re.
suits in acorrespondingly higher number
of secondary turns, with resultant increase in distributed capacity. The
consequence is that high-frequency distortion is produced, as explained under
the discussion of distributed capacity.
If the size of the transformer core
were increased, a given flux could be
produced by asmaller flux density. For
a given tube and plate current this
would be secured with asmaller number
of turns which, in the case of a transformer of given ratio, would result in
lower distributed capacity and less highfrequency distortion. The larger the
transformer the less the high-frequency
distortion.
It can likewise be shown that the lowfrequency distortion decreases as the
size of the transformer increases. For
a given flux density and number of
turns the total flux threading the larger
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THE TRANSFORMER-COUPLED AUDIO-FREQUENCY -AMPLIFIER
Figure U: This is astandard amplifying circuit with the exception that there is included, in the grid circuits, •
grid-biasing battery called a"C" battery. This will often help to reduce distortion in acircuit of this kind. C batteries al.., greatly aid in cutting down distortion in plain audio-frequency amplifiers of conventional design. However, they are practically necessary with push-pull systems.

cored transformer is greater. Therefore,
the inductance will be greater, and it will
take in more of the low-frequency range
than a smaller transformer for reasons
explained in the discussion on primary
impedance. The distortions thus produced are a dropping out of the lower
and upper range of frequencies.
There is another type of distortion
introduced 'different from those mentioned above—the introduction of new
frequencies. This is due to saturation
of the iron core and is most likely to
occur in small transformers. The current flowing through the primary of the
transformer may be resolved into two
components; first, the direct current of
the tube, and second, the audio-fre•
quency alternating current. The direct
current is the larger of the two, and produces a certain magnetizing force and
flux density which are constant. Suppose that these values are such that the
transformer operates about point A of
Fig. T. Then the audio-frequency current produces variations in the flux

density which produce corresponding
variations in voltage.
However, equal variations of the magnetizing force above and below point A
of Fig. T do not produce equal variations of flux density, due to the shape of
the curve. In other words, the wave
form of the secondary voltage is different from that in the primary of the
transformer, which means that distortions have occurred in the original
sound. An alteration of the wave form
of voltage is equivalent to the introduction of frequencies other than those
originally present. If the transformer
were large enough to permit the direct
current of the tube to magnetize the
core to the extent indicated by point B
of Fig. T, this distortion would not
occur, for equal variations in the audiofrequency current above and below point
B would produce equal variations in
flux density above and below B, because
the transformer is now being worked on
the straight-line portion of its magnetizing curve. This effect is similar to the
30

working of a vacuum-tube amplifier on
the straight-line portion of its characteristic rather than at the saturation
point where distortions enter.
The conclusion to be drawn is that
the quality of an audio-frequency transformer improves with increase in its
size and the amount of active iron in it.
Very small transformers are bound to
give poor quality. In the past, manufacturers have been guided more by considerations of space and weight economy
thanr by considerations of quality. This
policy must now be reversed if high
quality standards are to be maintained.
By proper design of the transformer, by
proper choice of turns ratio and transformer constants, and by acareful selection of materials, distortionless transformers may be made.
The ideal audio-frequency amplifier
should operate without distortion, have
a uniform amplification factor for all
frequencies and intensities within the
predetermined range, and at the same
time deliver the maximum power obtainable from the tube used at the predetermined maximum intensity of input.
The amplification curve of the amplifier, plotted against frequency with constant input e.m.f., must be flat, within
the range of frequencies predetermined.
If this is not the case, certain notes will
be heard louder than the rest, or certain
harmonics will be disproportionately
loud, and the effect will be distorted
reproduction.
In order that these requirements may
be fulfilled, it is often necessary to sacrifice efficiency in intensity and amplification to obtain quality. Usually it is
possible to amplify perfectly, with two
stages, to the same intensity as could be
done imperfectly, in one stage.
The most commonly used audio-frequency amplifier is the transformercoupled type. It will be seen from the

diagram in Fig. U that the first tube is
coupled to the input circuit through a
transformer, the primary of which, Pi,
is suited to the impedance of that circuit. In receiving equipment, the detector tube characteristics determine this
impedance and in broadcasting equipment, it is the microphone. Any variation in primary current will produce a
corresponding alternating electro motive-force (e.m.f.) across the secondary
coil, Si, which e.m.f. is impressed on the
grid circuit of the first tub,. A corresponding change in plate current of
this tube occurs, along the characteristic
of the tube, which current flowing
through winding, P2, of the second
transformer produces an alternating
e.m.f. or voltage across winding, S. I
The plate current flowing through wind- I
ing, P3, produces an alternating e.m.f.
at secondary winding, S3, in the same
manner as outlined above for the previous stage. The winding, P3, is determined by the second tube's plate
impedance and 53 depends on the output-circuit impedance.
The output
circuit, in the case of areceiving outfit,
is a loud-speaker or headset. Quite
often, the third transformer is omitted
and the headset or loudspeaker is placed
directly in the plate circuit of the last
tube. For a transmitter, the output
circuit may be alarger amplifier tube or
amodulation system.
The transformer-coupled amplifier is
the most efficient type of audio-frequency
amplifier but, in most cases, the poorest
from the point of view of quality of
reproduction. It takes advantage of
the amplification constant of the tube
and, in addition, by means of astep-up
ratio of the transformers, the secondary
voltages are raised so that with the
present receiving tubes having avoltageamplification constant of about 6, it is
possible to obtain amplification as high
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as 20 or higher. However, distortion is
introduced mainly because iron-core
transformers must be used. There is a
steady value of plate current flowing
through the primaries, and when variation takes place, the operation is not
within the straight line portion of the
B-11 curve of the laminations. In addition, aminute hysteresis loop is traced,
introducing distorting harmonics. The
frequency range of the transformers is
also usually limited, the best of transformers showing good behavior only
over a range of up to 2,000 or 3,000
cycles.
As was already mentioned, the chief
difficulty with the transformer-coupled
amplifier lies in the fact that the cores
of the transformers are saturated by the
plate current of the tube, flowing

through the primary winding. By use
of a larger core this may be partially
overcome but, at the same time, the
core losses will be increased, causing a
lessening in the efficiency of the transformer so far as intensity is concerned.
It is possible to avoid this difficulty
and yet to get the same or a greater
amount of amplification by making use
of a back-to-back or push-pull connection thus eliminating the constant value
of flux in the cores.
The connection for two stages is
shown in Fig. V. The operation of the
input transformer is the same as in the
first-mentioned type except that there
is amid-tap on the secondary connected
through a negative-grid-bias battery to
the filaments. At a given instant, the
outer terminals of Si will be positive and
s,
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OUTPUT
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:9 THE PUSH-AND-PULL AUDIO-FREQUENCY AMPLIFICATION CIRCUIT
Figure V: By means of split-winding transformers and the use of two tubes per stage, the distortion due to the
permanent magnetization of the iron cores is eliminated. This type of amplification gives exceptionally good
reproduction
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THE RESISTANCE AND CONDENSER-COUPLED AMPLIFIER
Figure W: If properly designed this type of amplifier will give better reproduction than either of the other two
types of transformer-coupled amplifiers. This scheme is almost universally used in broadcasting for amplifying
voice-currents before impressing them upon the transmitter. Slightly modified, this system also lends itself to
amplification in reception.

through further amplification, the outnegative respectively so that the grids
put transformer must also be tapped as
of the tubes in the first step are 180 deindicated by the dotted line,
grees out of phase. The corresponding
It would appear that the amplifier
plate currents will be increasing and decreasing, respectively. Before any dis- just described would be only fifty perturbance is made, the plate battery cent as efficient as the standard transcurrents will be as indicated by the former-coupled type, but when it is
arrows and lince the tubes are identical remembered that for the same total outand have the same grid potential, the put, tubes of only one-half the output
plate currents will be equal and flow in rating may be used in the push-pull
amplifier, it is understood that the two
opposite directions in the transformer
are equally efficient. In addition, the
winding, P. At equilibrium, therefore,
there will be no flux in the core of the push-pull amplification transformers
have no steady flux in their cores so
transformer, but when an alternating
e.m.f. is impressed on the grids of the that the quality of reproduction as well as
tubes, as described above, there will be the range of frequencies is bettered. There
a resultant flux in the core which will remains, however, the distortion due to
operation over the hysteresis loop which
induce an alternating e.m.f. in winding,
is always present in an iron-core device.
S. The action is the same in the second
Transformer-coupled amplifiers of
step through the output transformer as
either type are decidedly limited as to
described in the first case. The dotted
mid-tap shown on the input transformer frequency and are not, unless carefully
is necessary if a double button micro- designed, faithful in their reproduction
phone had been used or if the previous due to the introduction of harmonics
from iron cores. The resistance and consteps had been from asimilar amplifier.
denser-coupled amplifier shown in Fig.
If the back-to-back principle is followed
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W is decidedly better from these points
of view. It is, at once, obvious, however, that it is impossible to get an
amount of amplification from each tube
greater than that determined by its own
amplification factor. Even this condition is never reached, as will be explained
later. The input may be through a
transformer as before or it may be
through a coupling resistance and condenser from a smaller tube as shown.
The condensers Cl, C2 and C3 are
identical for the same type and size of
tubes as well as the grid resistances, rl,
e and r3 and the plate resistances RI,
R2 and R3.

In addition to the grid leaks, it is
often advisable to use agrid battery to
establish the proper operating grid
potential. The battery is shown at C.
When an alternating e.m.f. is impressed
across the input terminals, that same
e.m.f. will operate on the grid of the
first tube, with the exception of the
small drop in the condenser Cl. By
making the condenser large, the maximum possible impressed voltage is
assured. If this impressed voltage is
increasing in a positive direction, the
plate current of the first tube will increase, causing the drop across R1 to
increase. As the battery voltage sup-
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THE MAXIMUM AMPLIFICATION THAT CAN BE OBTAINED WITH THE RESISTANCE-COUPLED
AMPLIFIER
Figure X: It will be noticed that, as the value of the plate resistance is increased, ihe amplification obtainable
is also increased up to acertain point, where it remains constant.
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plying the plates is constant and the
battery resistance is small in comparison
to that of the remainder of the plate
circuit, the plate voltage of the first tube
will be decreased correspondingly. This
decreasing voltage is impressed across
the grid and filament of the second tube
where the same process is repeated and
so on throughout the other stages of the
amplifier,
Assuming the drop in the coupling
condensers to be negligible (this will be
treated in detail later), it is possible to
express the amplification per tube as
follows.
Let,
Ip= effective value of the a.c. component of
the plate current of tube No. I.
k=voltage amplification constant of the tube.
Egi =effective value of a.c. voltage impressed
upon the grid of tube No. 1.
Rp=a.e. plate-to-filament resistance of the
tube.
R1=external plate coupling-resistance, as
shown.
kEgi
then Ip —
RpRi
Bo the effective value of a.c. voltage
impressed upon the grid of the second
tube, will be
kEgi
IpRi—
— Egi
Rp
Eg2
k
and the ratio
Egi
Rp R1
which is the voltage amplification obtained per stage of tube.
It is thus seen that as R1 is made
large, the maximum amplification obtainable is of the value, K. The accompanying curve shows this action graphically. It must be remembered, however,
that as R1 is increased, it is necessary
to increase the voltage of the plate battery accordingly, or the normal voltage
on the plate of the tube is so decreased
that its amplification constant is decreased.

The drop across the grid-coupling
condensers, as has been mentioned before, must be small in comparison to
the total value, IRI. In other words,
the reactance of the grid condenser
must be small in comparison to the resistance of the parallel circuit, composed
of the grid-leak resistance and the internal grid-to-filament resistance of the
tube. Here again, the wide range of frequencies, to be accounted for, establishes aweakness. Since 25 cycles was
taken as the minimum frequency. the
condensers must have a comparatively
large capacity. But when the condensers are made large, another consideration enters. If the grids of the tubes
were operated free, that is, with no grid
leaks, which corresponds to an infinite
leak resistance, the action would be
erratic.
In the above condition, a sudden
stray negative voltage on the grid of a
tube might cause the plate current of
that tube to drop to zero. Due to the
insulation of the grid through the condenser, the plate voltage would not
appear until the charge was removed
from the grid. This action is commonly
termed "blocking" of the tube, and it is
for this reason that the leaks are used. ;
Now if acondenser, C, and aleak, R, '
are used on a tube. the time for the'
grid to resume its operating potential
is defined by the time constant. RC
seconds. If, therefore, the capacity of
the condensers is increased, the amplifier will tend to distort so that to bring
the time constant back to the proper
value defined by the frequency of the
highest note, the resistance of the grid
leaks must be decreased. In so doing,
the drop I
er, which is the actual voltage
affecting the grid will be reduced. It
is therefore seen that the proportioning
of leak resistance and condenser capacity is a compromise. A further
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THE APERIODIC RESISTANCE-COUPLED AUDIO-FREQUENCY AMPLIFIER
Figure Y: This is at the same time the purest reproducer and simplest of the resistance type of amplifiers.
Although its over-all amplification is by no means as great as in the case of the transformer-coupled type. nevertheless it has its peculiar advantage, because all possibility of distortion is eliminated.

effect in this amplifier enters when the
leak voltage drop is made to compare
with the condenser drop. In this case,
the amplifier will operate with greater
intensity on notes of higher frequencies
because the ratio of leak voltage to the
voltage drop across the condenser
changes appreciably.
From the above discussion, it is obvious that the plate coupling-resistances
may be displaced by high-inductance
chokes of comparatively low resistance.
In this way, greater amplification may
be obtained from aplate battery of the
same voltage. However, the element of
iron losses and distortion due to the
iron core enters to counterbalance the
increased amplification.
Due to the more faithful reproduction obtained, the resistance and condenser-coupled amplifier described above
has been adopted to considerable extent
for the speech input amplifiers on broadcast transmitters. The practice has
been to use more tubes and get good
quality rather than to use transformercoupling with its high amplification and
possible introduction of distortion. The
resistance and condenser-coupled am86

plifier, however, is limited to the upper
frequencies, but since most musical and
speech reproduction is above 200 cycles,
satisfactory operation is obtained.
There is an amplifier that is simpler
than the ones described above which responds uniformly to all frequencies
from zero, or d.c., to about 100,000
cycles, at which frequency the internal
capacity-coupling in the tube limits the
operation. In other words, it is an
aperiodic amplifier. Its circuit for four
stages is shown in Fig. Y. The plate
coupling-resistances, RI, R2, R3, are designed in the same manner as in the case
of the resistance and condenser-coupled
amplifier. The grids are coupled conductively to the plate of the pietx-ding
tube through asmall battery. It is the
purpose of these batteries to neutralize
the plate voltage and thereby to establish the proper potential on the grid.
Since there are no condensers or inductances in the circuit, all possibility of
distortion is minimized. Further, it will
be seen that there is a through conductive path, making d.c. amplification
possible. It is asimple matter to positively adjust this amplifier.

The apparatus required for a fourstage unit is as follows:
4 Western Electric 216-A vacuum
tubes or equivalent;
4 sockets for above tubes;
6 Western Electric 38-A, 48,000-ohm
resistance units (or equivalent)
96,000 ohms per plate;
1 "A" battery potentiometer, 200 to
400 ohms;
1D. C. milliameter, 0-25 milliamperes;
1 input discharge resistance, 50,000
to 100,000 ohms;
1 storage "A" battery, 6volts;
1 "B" battery, 120 volts, capable of
delivering 50 milliamperes;
8 "C" batteries, 45 volts each, adjustable, current practically nil.
Be sure that all connections are as
illustrated in Fig. Y in the section explaining the theory of the amplifier.
Obtain the static characteristic curves
for the tubes used, so that the value of
plate current for proper operation may
be determined. For the 216-A tubes,
this is about 9to 15 milliamperes, and is
obtained for the last tube when the grid
is connected directly to the negative
filament lead. When these tubes are
used, disconnect the grid of the last
tube from the negative of es, and connect it temporarily to the negative
filament terminal. Note the plate current as read for the last tube on the
milliameter, say 11 milliamperes. Now
disconnect the grid of the third tube
(from the left on diagram) from the battery, and connect it to the negative filament, at the same time connect thé grid
of the fourth tube to its battery. Adjust
the connection of es until the original
normal plate current is restored to the
last tube, 11 milliamperes in this example. Connect the grid of the second
tube to negative filament, and adjust e3
to give normal plate current in the last
tube. Finally connect the grid of the

first tube to negative filament and adjust 1
2 for normal plate current in the
fourth tube. The complete amplifier,
excepting the first stage, is now correctly adjusted to give maximum
amplification with minimum distortion.
The critical adjustment on the first tube
is made when the input transformer has
been connected. Under this condition,
the potentiometer is regulated until the
plate current of the last tube is once
again restored to normal value.
The amplifier is simple and easy to
operate, once the initial adjustments
have been made. One point must be
continually observed; the plate current
of the last tube should not be allowed to
change or "dance."
Any movement of the needle on the
meter indicates the presence of distortion. It is best to provide ameans for
controlling the input to the amplifier,
and, by means of this control, the current must be kept steady and fixed.
The introduction of the dry-cell
vacuum tubes with their very special
characteristics, has confused many radio
experimenters who have attempted to
employ these devices in amplifying systems. For the benefit of these workers
there is appended a comprehensive accumulation of data along these special
lines. The material, as presented, was
prepared by Frank A. Hinners, R.E.,
after along series of exhaustive experiments:
"Many laymen who are thinking
about joining the ranks of broadcast
listeners, and even large numbers of
broadcast listeners of experience, find
it difficult to decide when to use, and
when not to use the dry-cell tubes.
• "When portability is required above
all else, the dry-cell tubes obviously
recommend themselves. Even when
portability is not afactor but the consideration of small first cost and low
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upkeep is important, the dry-cell tubes
have much to recommend them. The
cost of astorage battery and the charging appliance represents a considerable
sum, which is, of course, unnecessary
with dry-cell tubes.
"The dry-cell tube used for some
purposes performs quite as well as the
larger storage-battery tubes, yet for
other purposes it cannot equal the large
tube.
"To mention some examples, the drycell tube fitted with the proper grid leak
when used as the detector in regenerative
receivers, produces results closely approaching the larger tube, if not in
signal volume, certainly from the DX
standpoint. Used with the proper grid
leak in non-regenerative receivers in
which radio-frequency amplification is
not incorporated, results equalling but
not excelling the crystal detector are
the rule. Reference is made to the
WD-12 tube operated from asingle dry
cell. Operated in this type of receiver,
without proper grid leak, results are inferior to a crystal detector. Since we
are considering the amplifying properties of the dry-cell tube here, its detector action cannot be described at
length; sufficient to say that the dry-cell
tubes, which are of the hard, highly
exhausted type, are not especially sensitive detectors.
"In choosing between the two general
types of tubes now in use, storage and
dry-cell operated, the public finds itself
confused by much conflicting information. Many, attracted by the lower first
cost of the dry-cell -ubes, buy them with
expectations of a performance equal to
the larger tubes. Frequently, disappointment is a result, because the listener expects too much from this type
of tube—due to no fault of the tube.
Were the information regarding the
dry-cell tube available in quantitative
38

form, instead of the prevalent terms
such as 'good,' fair' and `poor,' the
truly remarkable merit of this form of
tube would become known and needless
disappointments, therefore, avoided.
"In order to supply this quantitative
information, a series of observations
were conducted in the laboratory under
conditions practically duplicating actual
service.
"An audio-frequency amplifying
transformer of exceptionally good electrical design, with a four-to-one turn
ratio, was used. The results obtained
apply strictly to this particular make of
audio-frequency transformer and therefore would not be found correct for all
makes of such transformer. In general,
however, the differences between the
amplification obtained from the various
tubes hold approximately true for other
transformers of similar design and of the
same general characteristics.
"In Fig. Z a family of curves is
shown. The vertical axis shows the
audibility or current amplification. The
horizontal axis shows the, audio frequencies of the alternating-current voltages applied to the vacuum tubes and
the audio-frequency amplifying transformer. In the test, the amplification
and the frequency of the a.c. voltage
applied to the grids of the amplifier
were noted. The amplification, together
with the particular frequency of the
input current were plotted as the observation was made.
A curve drawn
through the points plotted indicates how
the amount of amplification obtained is
influenced by the varying frequencies
applied to the grids of the various
vacuum tubes indicated in combination
with the audio-frequency amplifying
transformer. The frequencies used in
the experiments correspond to the basic
range of frequencies produced in music
and human speech.
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A GROUP OF FREQUENCY-AUDIBILITY CURVES FOR AMPLIFYING TR'fl FO R MERS
Figure Z: The four top curves in heavy black lines show the audibility record of one transformer used in connection with four different types of vacuum tubes. Notice that the amplification is constant over awide range of
audio frequencies. This is agood transformer; it does not distort but it amplifies with equality all the frequencies
witt
the range shown. The lower dotted curve shows the audibility of a poor transformer. Notice how the
amplification falls off at the higher frequencies. This transformer would produce distortion. It is unusual to find
vacuum tubes of different manufacture that will give the same curve with the same transformer. Oftentimes tubes
of the same manufacturer will not do this.

"At points where curvature appears
the change in amplification noted is the
direct result of the particular frequencies applied to the grids of the vacuum
tubes.
At these frequencies, tones
emitted from loudspeakers and headphones operated by the transformer
and vacuum tubes cannot correspond, in
point of volume, to the original tone
acting upon the microphone in abroadcasting station. This effect is known as
`distortion,' and appears wherever the
output does not reproduce the input
with fidelity.
"To illustrate to what an extent an
audio-frequency transformer of poor
design may be held accountable for distortion, the characteristic curve of another transformer has been added,
which appears as curve 'D.' Obviously a transformer that produces such
an erratic characteristic would be unsuited to broadcast reception. Yet, a
considerable number of such transform39

ers are being offered to the public and
enjoy awide sale.
"The ideal transformer would produce a straight line parallel to the frequency scale. Although the transformer
used in these tests has asloping characteristic below 600 cycles a second, at
higher frequencies it produces practically uniform amplification. For this
reason it is well suited to these measurements, as we are in quest of information
on vacuum-tube performance.
"In these measurements the amplification is expressed as 'times audibility'
and represents the number of times the
telephone current has been multiplied in
passing through the particular vacuumtube and transformer-combination used.
"In all curves shown in Fig. Z, the
voltage applied to the plates of the
various vacuum tubes used was 67.5, a
voltage most frequently specified by
transformer manufacturers. The grids
of all tubes tested were connected to the

DRY CELL TUBE DATA
1

Tube
201-a
tO1
199
WD-12

2

3
I 4
ONE STAGE

5

6

7
I 8
TWO STAGES

9

Current
Ampli.

Energy
Ampli.

%
Output

%
Diff.

Current
Ampli.

Energy
Ampli.

%
Output

%
Diff.

25
23.5
21.5
19.5

625
550
460
380

100
88
73
61

0
12
47
39

625
550
460
380

390,000
300,000
210,000
144,000

100
77
54
37

0
23
46
63

negative-filament terminal. This connection is standard with most amplifier
and receiving-set manufacturers.
"In the table on this page the results
obtained from the curves in Fig. Z
have been entered, together with some
further information obtained by calculation. The theoretical energy amplification obtained with UV-201-a tubes
has been made the standard of comparison, its value being expressed as
100 percent.
"The sound volume delivered by
headphones and loudspeakers is governed by the electric energy supplied to
them. The current increase due to amplification, in itself is not adirect indication of the comparative sound output
that either the headphone or the loudspeaker may be expected to produce. To
determine the comparative sound volumes that may be produced by headphones or loudspeakers operated by
various tube combinations, it is necessary to express the measured current or
audibility increase as energy amplification, inasmuch as such devices are
energy-operated.
"The energy amplification may be
assumed to vary as the square of the
current amplification because the impedance of the load circuit was main-

faked constant as well as larger than
the internal plate impedance of the
vacuum tube. This assumption is quite
correct, as the relative amplification
values noted in the above table are
taken along the flat portion of the characteristic and thus free from the influence of frequency changes.
"The energy amplification computed
in this manner is noted in column S.
"Column 4shows the percentage output produced by the various tubes specified in terms of 201-a output. Column
5shows the percent difference in output
of such tubes in terms of the 201-a
output.
"From the observations noted in columns 3, 4 and 5, it will be seen that the
WD-12 tube used as asingle-stage audiofrequency amplifier delivers an energy
output, equivalent, in round numbers,
to 60 percent of the 201-a tube output,
representing a 40 percent sacrifice in
result. In the case of the 199, these
figures become 73 and 27 respectively,
representing asmaller sacrifice in result,
namely, 27 percent.
"Instead of using the percentages of
column 4, let us refer to the energy
amplifications listed in column 3.
"Suppose we consider the electric
energy fed to the amplifier by the de40

tector as the energy unit. One stage of
aud io-frequency amplification would
produce a sound volume 625 times
larger than this unit with the 201a
tube; 550 times with the tube 201;* 460
times with tube 199 and 380 times with
tube WD-12. These values differ considerably numerically on paper, yet the
differences seem less impressive to the
ears of the listener.
"Two stages of audio-frequency amplification are more widely used by the
listener and for this reason an appraisal
of the dry-cell tube's performance in
this field will perhaps prove of even
greater interest. To carry these observations this further step forward, calculatiom are again necessary.
"Amplifiers arranged in cascade amplify in geometric progression if the
voltage applied to each of the grids falls
within the straight portion of their
grid-plate characteristic; that is, voltages whose values are below the bend in
this characteristic. When so operated,
the result produced by two stages of
amplification 'A' becomes the product
'A x A.' This relation applies to the
amplification whether expressed as current or energy amplification. In either
case the amplification for two stages is
the product of the amplification of the
individual stages, however expressed,
and if each stage produces the same
amplification `A' the result of two stages
is `A2.' In the case of three stages of
audio-frequency amplification, were
there are no very serious practical limitations, the over-all amplification produced would correspond to the third
power of the amplification of the individual stage, equal amplification, of
course, being obtained from each of the
stages.

"This geometric relation which governs the operation of the cascade amplifier is of the greatest significance, and
yet it is little known to the radio listener.
"Vacuum tubes are rated in terms of
their individual performance, but their
operation in the cascade arrangement
leads to results of a different order.
Differences noted in their individual
performance, which may be quite small,
assume astonishing proportions in the
cascade arrangement.
"It may be of some interest to note
how the action of the cascade arrangement would differ if it obeyed arithmetical instead of geometrical law. The
case, it should be remembered, is purely
hypothetical and except for purposes of
illustration, it has no value whatever.
Were the amplification arithmetical,
two such stages of amplification would
equal the sum of the individual amplification of the two stages. The values
of columns 6and 7would be only twice
as large as the values of columns 2and 3.
A far greater number of tubes would be
required to produce the amplification
values noted in columns 6and 7. The
percentages noted in columns 8 and 9
would not, however, differ from those
of columns 4and 5.
"Take the 199 tube as an example:
This tube was 73 percent as effective as
the 201-a tube. It produced 165 less
energy units than the 201-a tube. Two
such stages of amplification obeying
arithmetical law would lack another 165
energy units, reaching a total of 330
units. This would, however, still be
equal to 73 percent of the amplification
produced by two 201-a tubes.
"Actually, however, because the overall amplification is the product and not

'The improvements in storage-battery-operated tubes
are also dearly indicated. It is to be observed that
tube 201-a produced atrifle less than 14 percent more
energy amplification than the older 201 tube. This by

itself is aconsiderable improvement but, when accomplished with one-fourth of the filament current formerly
needed, represents a decided advance in the art of
vacuum-tube manufacture.
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the sum of the individual amplification
of each tube, the resultant amplification
becomes .73 x .73, or 54 percent.
"Referring to the table we find two
stages of 199 and WD-12 are, respectively, 54 percent and 37 percent as
effective as two stages of 201-a amplification. The comparative loss or sacrifice in volume for two stages of 199
and WD-12 becomes 46 percent and 63
percent, respectively.
Differences in
performance of this order, which are
enormous indeed, account in large
measure for whatever disappointments
listeners experience in their use of .the
dry-cell tubes.
"These differences may be more
strikingly illustrated by referring to
column 7of Table 2. Here the over-all,
calculated energy amplification has been
entered. Also in this case consider the
energy fed to the first amplifier tube as
the unit. We find that if two 201 tubes
replace 201-a tubes of like number, the
energy is increased 300,000 fold. For
two 199 tubes, 210,000 fold, and WD-12
tubes, 144,000 fold.
"Now with two 201-a tubes an amplification of 390,000 fold was noted. If
we consider the loss of energy units, it is
to be noted 90,000 units less are obtained
with 201 tubes;* 180,000 less with 199
tubes, and 246,000 less with WD-12
tubes.

"From the data obtained it must be
apparent that when cost is weighed
against results, the use of the dry-cell
tube as a single-stage, audio-frequency
amplifier is wise economy.
"However, weighing cost against results, the dry-cell tubes used in the
amplifier of two stages do not, in the
opinion of many, represent real economy. Considering the investment represented by the receiving set, two-stage
amplifier, vacuum tubes, loudspeaker
and sundry accessories, the added
storage-battery and charger cost is not
prohibitive, particularly as each of these
units is so much less effective when drycell tubes are used.
"It should be noted, however, that the
two-stage amplifier that uses dry-cell
tubes produces an amplification many
times greater than the amplification of
the single-stage amplifier using the
larger tubes. When it is considered
that the two-stage amplifier fitted with
dry-cell tubes costs less than a singlestage amplifier that uses the larger tube
provided with its complement of storage
battery and charger, the former has
much in its favor. Do not, however,
look for performance approaching the
two-stage amplifier fitted with storage
battery tubes."
'Here it is to be observed that the two-stage audio.
frequency amplifier using SOI -a tubes produces SO percent more energy amplification than the older SOI tubes.

SECTION VIII

Radio-Frequency Amplification

T

an engineering sages have it that
radio-frequency amplification with
unit controlled tuning mechanism, represents the Philosopher's Stone
of wireless communication. It seems,
too, that manufacturers are aiming
more and more toward receivers of this
type because of their great sensitivity
and the possibility of using them without asystem of clumsy wires outside the
house.
Mr. L. M. Cockaday contributes in
the following pages, a very agreeable
treatise on the subject of radio-frequency amplification:
"Radio-frequency amplification is amplification of the .current impulses received from the antenna circuit of areceiver before they have been rectified by
the detector tube. The successive stages
are coupled together with radio-frequency transformers.
"Before we take up the subject of how
the radio-frequency amplifier works,
however, let us learn of one of the disadvantages of audio-frequency amplification. That will help us to better understand the aim and purpose of amplification before detection.
"The detector tube receives radiofrequency oscillations and turns them
into impulses of direct current. But
the impulses must be of acertain strength
before the detector will respond to them.
"Let us consider the case of areceiving
act that employs avacuum tube detector

and two stages of audio-frequency amplification. The set is installed in acity.
Signals from stations located in the city
may be detected and received with such
volume as to be unbearable. This happens because the detector delivers a
fairly large impulse to the amplifiers and
they further strengthen them to an
enormous value. Signals from stations,
say 500 miles away, are only just audible
with the detector .alone, but when the
amplifiers are used they are comfortably
audible; the amplifiers take the feeble
current from the detector and nourish
it. Signals from across the other side of
the country, however, may be too weak
to be detected by the detector tube and
so the amplifiers are supplied with no
current and no signal is heard.
"This difficulty of the audio amplifier
may be summed up in the following
statement. The audio-frequency amplifier will not function on asignal unless
the signal is of sufficient strength to
operate the detector tube and thus supply an audio impulse to the amplifier.
This is true no matter how many stages
of amplification are used. Audio-frequency amplification has its use, however, as it is the most efficient method
used in getting a loud signal when the
initial signal is strong enough to operate
the detector tube.
"Radio frequency, on the other hand,
has just the opposite characteristics; by
its use, weak distant signals are ampli79

fled, but they cannot be increased by
this method to a value high enough to
operate a loud speaker satisfactorily.
Radio-frequency amplification strengthens the feeble oscillations received from
the antenna circuit until they are
strong enough to be detected by the
vacuum-tube detector. In other words
radio-frequency amplification takes place
before the signals are rectified by the
detector and audio-frequency amplification takes place after they are so rectified.
"So much for the general explanation.
Let us now see how the radio amplifier

works. In the diagram we show aconventional circuit with two stages of
radio-frequency amplification, and a
vacuum-tube detector, that employs a
loop antenna. The tuning elements consist of the loop inductance and the variable condenser VC. The first stage of
amplification consists of the tube VI;
this is coupled to the second stage tube
V2 by means of the radio-frequency amplifying transformer Ti. The second
stage is coupled to the detector tube V3
by means of a second transformer T2,
which is started by a condenser VC2,
and which supplies the amplified radio0L
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RADIO FREQUENCY ANALYZED
Figure A: The lower chart shows exactly what current changes take place in a radio-frequency amplifying
circuit.
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frequency impulses to the detector tube
for rectification.
"A weak impulse (much too feeble to
operate a detector tube, let us say) is
received by the loop and tuned by the
condenser VC1. This high-frequency
impulse flows through the input circuit 1
and impresses a tiny voltage wave (A)
on the grid of the amplifier tube VI. The
relay action of the tube reproduces this
wave form in its plate circuit II and
causes acurrent (B) to flow through the
primary winding of the transformer Ti.
The voltage of the impulses is stepped up
by the transformer Ti, and supplied by
its secondary winding to the grid of the
V2 in circuit No. III. This voltage is
shown at A; by comparison with A it
will be seen that it has been increased
considerably. The tube W then responds to this voltage Ai and the current
wave B1 flows in its plate circuit IV,
through the primary winding of the
transformer T2. Comparison of B and
BI will show agreat increase in the current value. The transformer T2 then
steps up the voltage of the impulses and
impresses avoltage A" on the grid condenser (GC), which passes it to the grid
of the detector tube VS in circuit No. V.
Compare voltages A and A". A" is
very much stronger than A.
"If Ahad been supplied to the detector
tube direct, it would have been too weak
to be detected by the tube VS and there
would have been no response in the
plate circuit VI. However, the weak
impulses shown at A have been amplified
by the radio-frequency amplifier until
they are strengthened as shown at A",
when the tube VS is able to detect them,
or in other words, rectify them as
shown at Bu lin circuit VI. This current
B" flows through the bypass (see Part
9, Condensers) condenser C and the
voltages on the condenser cause a lowfrequency current, as indicated by the

dotted lines in B", to flow through the
telephones T thus producing audible
sounds.
"It must be borne in mind that the
impulses on the grid of each tube oscillate about its free grid potential, and to
secure maximum results the potentiometers R1 and Re are provided as
means for adjusting this free grid potential with respect to the filament.
"This same sensitivity of the radiofrequency amplifier makes it suitable for
use with the loop antenna, which collects only an extremely small amount of
energy, where the audio-frequency amplifier alone would fail.
"The use of radio-frequency amplification with aloop antenna for building up
the strength of the feeble impulses so
that the detector tubes can detect them,
combined with the use of the audiofrequency amplifier to increase these
audible impulses to sufficient strength to
operate a loudspeaker, makes an ideal
set for listening to broadcasting. And
not the least of its virtues is the fact
that it may be assembled complete in a
case similar to that of a phonograph,
with batteries, tubes, loop and all; no
outside connections are necessary.
"The use of audio-frequency amplification is limited to signals which are
strong enough to be detected and this
method will increase the volume tremendously. The use of radio-frequency
amplification is for increasing the
strength of feeble impulses that are not
strong enough for adetector to pick up
alone.
Our discussion of radio -frequency
amplification must have impressed us
with the fact that the transformers used
between the tubes are most important
parts of the amplifying equipment. After
all is said and done, successful radiofrequency amplification is amere matter
of transformer design; the transformer,
81

as simple as it is, has been the engineering stumbling block. We are fortunate in having this side of the question discussed for us by Mr. George
Lewis, an engineer of splendid standing
in the art. Mr. Lewis' work follows:
"Radio-frequency amplification has
been used for anumber of years in the
design of radio receivers for commercial
communication purposes wherein the
wavelengths range from 600 to 25,000
meters. At the longer wavelengths, corresponding to those used in trans-Atlantic communication, little difficulty is
experienced in obtaining good results.

"The advent of radio broadcasting at
wavelengths between 360 and 500
meters, however, introduced so many
new problems in transformer design,
that the manufacturers of radio-broadcasting receivers seemed to favor the use
of adetector and several stages of audiofrequency amplification. The operation
of the vacuum tube as aradio-frequency
amplifier offers far greater application
than any other service at the present
time. And while it is true that the
vacuum tube may be utilized effectively
as an audio-frequency amplifier and as a
detector in receiving circuits, yet signals
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Figure B: These two resonance curves show the relative selectivity obtained with an air-core transformer and an iron-core transformer for radio-frequency amplification.. Notice how much greater
amplification is obtained on 360 meters with the air-core transformer. On wavelengths other than
this, however, the iron-core transformer gives the greater amplification.
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"

cannot possibly be received unless their
strength is sufficient to operate the
detector.
"In the early days of radio, communication over a certain distance was
looked upon as aproblem of transmitter
power, as it was considered that acertain energy would be required to operate
a detector and unless the transmitting
station was capable of delivering this
energy at the receiving point, communication could not be established. Today
the problem has been altered from
transmitter power to receiver sensitivity—
a much less expensive proposition,
brought into effect by radio-frequency
amplification.
"In other words, the more modern
receiving equipment brings about the

same effect as moving the transmitter
up toward the receiver.
"It is an accepted fact that the output
of a detector does not vary in direct
proportion to the input voltage applied
to the grid, but as the grid potential is
lowered acertain (cut-off grid voltage)
is reached below which no response is
registered in the plate circuit and the
electron tube ceases to function as a
detector.
"This means, that signals from radio
stations located at a distance so far
from the receiver as to prevent potentials greater than the cut -off grid
voltage to be applied to the detector
tube of the receiver, cannot be recorded,
even though anumber of stages of audio.
frequency amplification are employed.
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Figure C: In this case the transformer has a winding tapped in three places. The highest amplification is obtained on 400 meters. The next highest peak would be at approximately 350 meters and
the lowest tap would give a peak at 300 meters. At wavelengths between these taps, however, the
amplification would drop off quite severely.

83

inherent (cut-off) factor of the detector
tube. This condition immediately recommends the use of radio-frequency
amplification.
"Radio -frequency amplification, in
general, may be grouped in the following
classes:
1: inductive coupled

"At applied potentials greater than
this (cut -off grid voltage) value the
output or response in the plate circuit of
the detector increases more rapidly than
the square of the input potential. Therefore, any arrangement that tends to increase the potential delivered to the
detector will not only greatly increase
the volume of detected signals, but make
it possible to receive stations which
would be inaudible otherwise, due to the

Air-core transformers (aperiodic)
Air-core transformers (timed)
Iron-core transformers (aperiodic)
Iron-core transformers (tuned)
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A RESONANCE CURVE FOR A TUNED TRANSFORMER
Figure D: This device would be used with avariable condenser. The condenser settings are shown
along the bottom edge of the chart. These settings correspond to the wavelength ranges shown in the
charts in Figures C and D. Using this method of amplification, the resonance peak could be shifted
along over the entire range with higher constant amplification at the various wavelengths. For instance, at asetting of 50 on the condenser, corresponding to a wavelength of about $00 meters. the
amplification could be considered as 100. By simply varying the condenser throughout the entire
scale, the peak can be shifted to cover all wavelengths (within acertain range) with equal efficiency.
This is shown on the graph, by the two additional curves for acondenser setting of 60 and 100 respectively.
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A RECEIVER EMPLOYING TUNED RADIO-FREQUENCY AMPLIFICATION
Figure E: The antenna circuit is tuned with acoil, Ll used in connection with avariable condenser. VC1. or
'book' type. The plate circuit of the radio-frequency tube is tuned by asimilar coil and condenser, Le and VCS
respectively.

direct coupled
Tuned impedance
Choke-coil arrangement
Resistance coupled
Electrostatically coupled
"Practically all of the systems of radiofrequency amplification have been used
from time to time with some degree of
success, either in this country or in
Europe. However, the particular construction of the American vacuum tube,
together with the shortness of the waves
utilized for broadcasting, has tended
until recently to confine the practice in
this country to inductive-coupled transformer arrangements.
"During the past few year?, however,
anumber of manufacturers have developed and marketed receivers in which
the radio-frequency amplification was
accomplished by a fixed ratio. Transformers of the direct-coupled type are
composed of two inductive windings
which, when operated in connection
with the grid-to-plate capacity of the
vacuum tube, bring about resonance of

4:

the desired frequency. This arrangement for transformation is limited by
the extremely narrow wavelength band
over which the transformer will efficiently operate. A fixed-ratio transformer with an air core is remarkably
efficient in its operation. However, the
sharp resonance curve confines all practical operations to wavelengths quite
close to its resonance period.
"This limitation is shown by the sharppeaked resonance curve at A.
"Here it is evident that the receiver
operated with this transformer will receive radio concerts at awavelength of
360 meters with a signal intensity or
volume of 80. Other stations broadcasting on a wavelength of 400 meters
will be received with avolume of 10.
"The air-core transformer has been
utilized with a fair degree of success
when the windings are provided with a
switching arrangement wherein the turn
ratio and the resonance period can be
set for several separate wave zones.
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"For instance, a transformer may be
constructed with three taps so connected
to the windings that a resonance is
obtained at 300, 350 and 400 meters.
An amplification curve for a transformer of this class is shown at C.
"It will be noted that the highest amplification point is at 400 meters, and
that all of the other resonance points
are lower. This is due to the resistance
introduced when the coils are tapped.
The 400-meter position utilizes the
whole coil. The other positions do not,
but have (dead ends) or inactive sections, which absorb apart of the energy.
"While the amplification obtained at
360 meters is only 40, as compared to
the 80 listed for the transformer in
Fig. B, this tapped transformer can be
used more efficiently at all wavelengths
between 275 and 425. It is readily
appreciated that the strength of received
signals is not uniform between the wavelengths here listed, but stations transmitting at wavelengths of 300, 350 and
400 meters are received with amaximum
signal strength, and those at 275, 320
and 370 meters are received .
with reduced volume.
"A great majority of the radio-frequency transformers in use at the present time, instead of using tapped windings so as to obtain tuning peaks or
high-amplification points as described,
introduce a magnetic core which tends
to broaden the useful wavelength band.
The construction of this transformer is
exactly the same as the air-core transformer except for the introduction of
the magnetic core. The influence of
the magnetic circuit in broadening the
resonance curve is shown by the low,
broad curve of Fig. B, wherein the
sharp resonance period of 360 meters
is not obtained, as is the case when the
core is removed. While the volume of
the received signal is reduced to 45 in
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comparison with the 80 obtained when
the core is removed, the signal volume
at 300 and 400 meters is increased.
"Receivers that embody transformers
of the types described above have been
operated with a certain degree of success during past years where all of the
radio broadcasting stations of this country were licensed to operate on wavelengths of 360 or 400 meters. Stations
transmitting at wavelengths greater or
lower than these values are what may
be termed beyond the useful amplification wavelength zone of these transformers.
"The sharp resonance curve shown in
Fig. B represents the amplification at
various wavelengths on each side of the
resonance point with a transformer
composed of two coupled windings having a definite value of self inductance.
As the windings are composed of agreat
number of closely associated turns, they
bring about a high value of distributed
capacity between the various turns of
the windings. The effect of this combination can be represented by a condenser having the same value as the
distributed capacity and connected between the terminals of the coil.
"In the particular instance of the
transformer of Fig. B the inductance
and capacity of the windings are purposely proportioned in the design of the
transformer to be resonant at 360
meters, thereby enabling the radio concerts to be received with the greatest
intensity at this broadcasting wave.
"Windings designed to have an appreciable value of distributed capacity
cannot be included in the class of
efficient inductances as the condensers
formed between the windings are notoriously inefficient, due to the poor
dielectric properties of the insulation
covering the wire. A more efficient design may be arranged by altering the

construction of the inductance so as to
reduce the internal or distributed capacity as far as possible and then bring
about the resonant condition at 360
meters by tuning the circuit by means
of an efficient variable condenser. An
arrangement of this class is termed
tuned- radio -frequency amplification,
and represents the most efficient form of
radio-frequency amplification available
at the present time. Not only is the
amplitude of the received signal increased from 80 to 100 by the introduction of an efficient inductance and condenser, but the wavelength range of the
system can be greatly increased.
"As an example, assume that the condenser and coils were selected so that
resonance was obtained at 600 meters
when the condenser was set at 100 degrees, corresponding to its full scale, or
maximum capacity, position.
"The resonance curve obtained at this
setting is shown by the right-hand
curve of Fig. D. This arrangement
would bring about resonance at 400
meters when the condenser was set at 50
degrees, as shown by the middle curve of
Fig. D. The 300-meter resonance curve
is shown at 20 degrees. If resonant at
360 meters, the condenser would be
adjusted to a position between 30 and
40 degrees where the 360-meter signals
would be received with the same intensity as the three waves already
shown. Here we have aradio-frequency
amplifier of practically uniform amplitude, that is, amplification with equal
intensity at any wavelength over the
range of the instrument. The simplicity
of construction and the ease with which
the tuned-radio-frequency amplifier is
operated cannot be overestimated.

"Fig. E illustrates a receiver of this
class wherein the inductance consists of
a special form of basket-woven coil of
an extremely efficient type used in combination with atuning condenser.
"In this type of amplifier the condenser plays an important part. Experimenters and investigators have appreciated the technical advantages embodied in this principle of amplification.
However, the popularity of this system
has been retarded by the discouraging
reports circulated by those constructing
such an amplifier with condensers having high dielectric losses or strong
external or stray electric fields. The
condenser having the high loss reduces
the over-all efficiency of the device to
that of the ordinary transformer and the
stray field prevents the proper wavelength adjustment.
"It is claimed at times that there is
little difference between radio-frequency
amplification and audio or voice-frequency amplification except a slight
increase in the range of the receiver.
"It may be stated that radio-frequency
amplification will not materially increase
the power or volume of strong signals,
and that all magnification of power
must be accomplished by radio-frequency
amplification. However, the following
inherent advantages found in radiofrequency amplification arc most important in the design of an efficient radio
receiver:
1—An increase in the receiving range of a
receiver;
2—Amplification without distortion of
signals;
3—Possibilities of employing loop or frametype antennas;
4—Reduction of the possibilities uf interference caused by re-radiation when
used with regenerative receivers."
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SECTION IX

Fixed and Variable Condensers

I

sr the last part on coils it was said
that aradio set consists principally
of three vital devices, coils, condensers and vacuum tubes. These, with
perhaps the 'phones thrown in, are indispensable elements. The condensers
and coils are used for tuning to the
waves and the vacuum tube is used to
detect and amplify the signals. It is in
recognition of the importance of this
third element, the condenser, that this
treatment has been included concerning
fixed and variable condensers.
It would perhaps be wise to briefly review what has previously been said
about electrostatic current storing devices. When acondenser is mentioned
there should immediately crop up in
the mind of the reader amental picture
of two or more metallic plates separated
by a non-conducting substance such as
air, glass, mica, or quartz. We may
recall that only alternating current may
pass through condensers because they
continuously cause the plates to be
charged and discharged and direct currents have the power to charge the plates
only once.
We were also told that acondenser is
something like a milk bottle or other
liquid receptacle.
It will discharge
(overflow) only after it has become filled
(charged). The time required for its
becoming charged depends entirely upon
its electrical capacity and this in turn
depends upon the quality of the materials used in the condenser and their
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arrangement. A condenser as big as a
piano box may be made that will not
have the capacity of a condenser small
enough to be placed in the palm of the
hand so that we see the size of a condenser is deceiving when taken as an
index of its capacity.
Before passing on to the more intricate electrical features of variable condensers let us devote afew moments to a
brief outline of the mechanical side of
condenser construction. After all, the
mechanics of every electrical device
must be understood before one can pass
on and intelligently consider the electrical side of the subject.
In our sketch (Fig. A) we see the
general scheme used in the manufacture
of fixed condensers, that is, condensers
with fixed capacities. Looking at it
carefully we see that it is nothing more
or less than a series of electrical sandwiches, the "bread" being little slabs of
insulation while the filling is a conductor. It will be noted that there are
two groups of fillings and that they are
separated from each other by the blocks
of insulation. The pieces of conducting
material are usually referred to as
plates. The plates in each group are
connected together (soldered) and awire
lead brought out to the terminal.
Since it is desired to obtain a large
electrical capacity in asmall space, tinfoil is used for the plate material and
mica in very thin sheets for the insulating material in most cases. Mica is
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ROW A CONDENSER IS ASSEMBLED
Figure A: This illustrates the scheme used to make fixed condensers. The insulating
material, which is usually mica, is sandwiched in between the metal plates. These plates, in
the case of fixed condensers. are of copper foil or tin foil. In the construction of condensers of this
type, it is essential that the plates (both insulation and conductor) are pressed together tightly.
Otherwise heavy losses will be introduced and the quality of reception will be brought down to •
low level. Some special mechanical means is usually employed to keep tilt plate together.

exceptionally efficient for this purpose
because it has a high insulating vr-lue
and very thin sheets of it may be used to
produce high capacities. Exceptionally
thin sheets may be used in radio receiving because we are not dealing in any
case with exceptionally high voltages
and there is no danger of the insulation
being punctured. If asmall receiving
condenser should be placed across a
3000-volt line, the insulation would, no
doubt, break down under the terrific
pressure and the condenser would become short circuited. Under these conditions it is usually said that the condenser has become punctured.
If we examine the second sketch (Fig.
B) we will see the common forms taken
by fixed condensers. The first form is of
the mica type with the elements
squeezed between two bakelite end
plates, eyelets being used not only to
hold the end plates in position, but to
also form the terminals of the condensers. The largest condenser is of the
paper type. That is, paper is used as
the insulator and condensers of this type
have acapacity in the neighborhood of
Wi to 2mfds. However, such devices
are more often employed in continuous
wave radio transmitting sets.

While on the subject of small fixed
condensers it will perhaps be well to
warn the reader against the use of
paper condensers in reception. Paper
condensers are not usually produced
with end plates and the elements are
very loosely assembled. When such
acondenser is placed in an alternating
current circuit, the rapidly changing
charges on the surface of the plates
exerts an actual mechanical forceand the
condenser will give out ahumming noise
corresponding to the frequency of the
current in the circuit. It is natural to
assume that a condenser acting in this
manner is not performing its service
efficiently and that it is not the best
thing to use. Paper condensers should
never be employed in radio receivers and
especially in audio-frequency circuits.
In the audio-frequency circuit the current is vibrating at acomparatively low
rate and the inertia of the plates of such
condensers is small enough so that they
respond readily to these currents. If
an exceptionally poor paper condenser
is used in the audio-frequency side of a
receiver «one may readily hear the music
or voices coming over it by simply placing the ear close to the condenser. Some
physicists, taking advantage of this prin98

DIFFERENT TYPES OF FIXED CONDENSERS
Figure B: The small condenser at the left is mica insulated and it is available in the smaller capacities. The
condenser in the middle may have acapacity anywhere from .45 mfd. to Imfd. At the right is illustrated the form
taken by paper or telephone condensers. The larger type of paper condensers are employed in fTstems to "iron"
out the ripples in apulsa ti ng di rec tcurren t. Thi s pr i
nc i
pa li
s employed in the construction of "B
battery eliminators so that the current or voltage put on the plate of the vacuum tube will be of auniform nature.

ciple, have reproduced the human voice
with an electrostatic loud speaking device.
Coming back to our little fixed condenser with the eyelets, we will see that
it is very convenient to increase capacity
by using more than one condenser and
slipping each condenser over two
machine screws as illustrated in Fig. C.
Such an arrangement really amounts to
an adjustable fixed condenser and since
these small mica condensers may be
purchased in capacities running all the
way from. 0025 to .01 mfds. practically
any capacity may be arrived at.
These little fixed condensers have a
multitude of uses in radio reception.
In the most simple type of acrystal receiving set they are used to bridge
across the 'phones as in Fig. D. In
such aposition they help to increase the
signal strength and clarify reception.
Such condensers are also used a great
deal in performing what is known as a
bypass function. We know that alter99

nating current will pass through condensers and that direct current will not.
Therefore, by properly using a condenser we can choke off direct current
and permit alternating current to pass.
The two circuits may be simply separ-*
ated by a condenser. Thus, in reflex
work radio-frequency current is made
to pass over audio-frequency circuits
although the current flowing in the
audio-frequency circuit cannot reach
the current flowing in the radio-frequency circuit due to its direct pulsating
nature. Sometimes small fixed mica
condensers are bridged across audio
transformers so that the radio-frequency
current in the circuit will be able to
avoid the windings of the transformcr
because the resistance of the condenser
is lower than the windings. The term
resistance, by the way, when used in
connection with alternating current is
more often referred to as impedance.
The reader should remember this to
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BUILDING UP CONDENSER CAPACITY
Figure C: By slipping anumber of small mica condensers over two machine screws, the callacities
will be added. This is so because the condensers are connected in multiple. The capacity of condensers connected in this fashion are always added. Two .045 mfd. condensers, for instance, would
give acombined capacity of .050 mfd. Th:s is aconvenient system for use in building up correct capacities with the condensers on hand.

avoid confusion in digesting radio literature.
The subject of the variable condenser
will be best introduced by carefully
analyzing the general mechanical features of this type of instrument. Electrically it is the same as the fixed condenser; we have a number of electrical
sandwiches consisting of insulation with
metallic filling. The insulation in this
case, however, is invisible because ordinary air performs the function. The
group of stationary plates which are all
connected together are sandwiched in
between the movable plates which are
also connected together. The separate
groups of plates must not touch each
other for the condenser immediately
becomes short circuited and a direct
conducting path is formed through it.
Incidentally the plates in the stationary group are called the stator plates
and the plates in the movable group
are called the rotor plates.
We will obtain avery good idea of the
practice followed in condenser construction by considering the attached sketch

Fig. E. The condenser plates are
made semi-circular and either aluminum or brass is the metal used. The
plates may be soldered together but
more often they are held in a slotted
metallic member. The end plates, that
is the plates at each end, should not
function electrically but should be used
merely as mechanical supports for the
stationary and movable plates. Sometimes these end plates are made of an
insulating material, but modern practice seems to be in favor of metallic
plates. When metallic plates are used
some effective means must be employed
to prevent aflow of current between the
movable and stationary plates. The
stator plates must be insulated from the
rotor plates. It is very important too
that this insulation is of the very best
kind and that it should be placed in a
certain definite position for we must
remember our definition of acondenser;
it is made by separating two conductors
by an insulator. Unless the solid insulation used to separate the rotor and
stator plates is placed correctly there
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BAD PRACTICE IN VARIABLE CONDENSERS
Figure E: Condensers assembled with fibre bushings in the manner shown are very inefficient devices and will
greatly impair the efficiency of any radio receiver with which they are used. Fibre should never be employed as an
insulator for condensers because of its property of absorbing moisture.

WHERE SMALL CONDENSERS ARE USED
Figure D: This diagram shows one of the methods usedi pemploying small fixed condensers in crystal receivers.
This condenser could be given several other positions in such a circuit but the one illustrated is most effective.
Such condensers find a multitude of uses in vacuum tube circuits.
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will be adamaging capacity effect which
will interfere with the capacity obtained
between the sandwiched plates. We
shall consider this matter more in detail
later on in this Section.
We will understand that the bearings
of a variable condenser are important
when we think of the changes in capacity that would result if the rotor plates
were wobbly. This would cause adifference in the distance existing between
the rotor and stator plates when the
rotor was moved and our condenser
would not give a uniform change in
capacity; there would be little jumps
in it that would greatly affect tuning.
Small brass bushings are always employed in good condensers and they
should be machined very accurately so
that the shaft of the rotor will revolve
without changing its vertical position.
In tuning aradio set it is often desirable to turn the rotor shaft of a condenser an almost microscopic distance.
This is difficult to do with the unaided
fingers and for this reason condensers are
nearly always provided with vernier
attachments.
That is, attachments
that may be used in causing the rotor
to turn only asmall fraction of an inch.
These verniers take various forms.
Gears are sometimes used and in every
case the knob employed on the shaft of
the condenser is in two parts. One
part of the knob makes adirect connection to the rotor shaft and the other
part works through a train of gears or
by friction on alarge disc connected to
the shaft. If gear operated verniers are
purchased the reader should carefully
check the instrument for lost motion.
This is ordinarily referred to as "play"
and it is the result of mechanical imperfections between the gear teeth or the
gear train. It is most difficult to tune
accurately with acondenser having this
lost motion.

Insulation takes an important part i
condenser design and it might be well
for us to go into this angle of the subject a little more thoroughly before we
tackle the phases of the subject that are
more difficult to understand than those
just treated.
Although Professor Einstein did not
specifically say so, insulation is a relative term. A substance that will effectively insulate at one voltage will pass
current under another as freely as water
passes through a sieve. Indeed, there
is nothing that will not pass a certain
quantity of electricity. Therefore, we
insulate to minimize the leakage of
currents.
Electric leakage is an insidious thing
from the viewpoint of the radio fan.
When a water pipe, boat or air tank
leaks it is a simple matter to find the
outlet and to apply the needed remedy,
but in a radio set we can have a leak
as big as all outdoors and still we cannot see the invisible fluid that manages
to escape. If there is anything that
will quickly reduce the efficiency of a
radio set, it is poor insulation. This
is doubly true about transmitters, and
even in receivers it is an important
factor.
The degree of insulation necessary
depends upon the voltage used. A water
pipe that carries ten gallons of water
per minute at a pressure of 60 pounds
to the square inch would probably burst
if the pressure in pounds to the square
inch were suddenly multiplied by five.
The same might hold true of a wire
carrying electric current; if the voltage
were suddenly multiplied by five or even
by two, the insulation would become
ineffective and we would experience
heavy leakage.
Although insulation
cannot burst, it can break down electrically and burn up when the voltage
reaches the rupture point where it can
10

puncture things in its path that offer
resistance.
There are two things that are most
important in considering the subject of
insulation: One is voltage, as we have
already seen. The higher the voltage
the greater the resistance of the insulation must be, to effectively keep it in
its path of virtue, so to speak. The
other factor would probably be little
suspected by the average experimenter.
It is frequency.
The way in which frequency affects
an insulating substance may be a bit
obscure, but nevertheless this fact is as
true as the law of gravity. Some notion
of the importance of frequency and its
effect upon dielectric strength (insulating strength) may be gained from the

fact that an insulator that will stand
up under an application of 100,000 volts
at a frequency of 60 cycles per second
may break down and become totally
ineffective under a voltage of 20,000 at
150,000 cycles per second. From this
we learn that radio-frequency currents
are much more difficult to handle and
insulate. They are the wilder and more
unruly members of the electric-current
family.
It is usual to measure resistance of
insulating materials in ohms just as the
degree of resistivity offered by acopper
wire is measured in ohms (or fractions
of an ohm). In measuring resistance
of real insulators we have such "gobs
and gobs" of ohms that we use a more
convenient term, the megohm (1,000,.

AN ELEMENTARY TEST OF INSULATION
Figure F: With a regular "B" battery and an extremely sensitive microammeter connected in series with a
piece of insulating material. at is sometimes possible to get acurrent of IS microamperes to flow through the insulation. This test is acrude test, however, and would only serve to show up avery poor piece of insulating material.
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000 ohms). That this term is more convenient will be appreciated when it is
understood that a unit cube of a good
insulating material might have aresistance of 100,000,000,000,000,000 ohms.
The dielectric strength of any substance (and by this we mean its ability
to resist a voltage that would tend to
break it down) can be likened to the
mechanical strength of the metal in a
high-pressure tank. Any dielectric or
insulating substance has a critical voltage point at which it will rupture or
break down and allow current to pass
through it freely. If it is a good insulator the amount of voltage that must
be applied to do this is necessarily high,

ranging from 1.000 to 500,000 volts for
the different thicknesses of insulation.
Dielectric strength is measured in
terms of the number of volts required
to puncture any definite thickness of
the material. It is a sort of indefinite
quantity, since it is difficult to measure with any degree of accuracy. In
the accompanying illustration we see a
small high-potential transformer of
7,000 volts potential, set up to puncture
a small thickness of insulation of the
much-used "mud" variety, which is
usually acombination of lampblack and
shellac. The voltage at which puncturing takes place, depends upon the frequency of the current, the time during

A TEST OF THE DIELECTRIC STRENGTH OF AN INSULATING SHEET
Figure G: A high-potential transformer A is connected across the terminals of aspark gap B. The
sheet of insulation of known thickness is then fastened between the electrodes of the spark gap and
then the voltage of the transformer is raised until the slielect rie st retort hof the sheet is overcome and a
spark passes through the insulation. The voltage at which this electric breakdown occurs is the
dielectric strength of the material, and it is measured in volts per mil.
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which the voltage is applied and the
size and shape of the electrodes and
their distance apart.
For instance, the use of needle points
will often cause abreakdown at voltages
where flat surfaces will not. This, of
course, can be understood since what
we might call the voltage gradient in
the insulator is larger in the case of
the needle points and a smaller area
of the insulator is called upon to withstand the entire strain. If the same
load were distributed over alarger area
the insulator might successfully withhold it.
The insulating materials that we use
in our radio sets should be of the best
variety. The "mud" referred to should
be used only where it is not called upon
to resist the passage of radio-frequency
currents, no matter what their voltage
value may be. The contributor has made
a—number of tests on the insulating
strength of some of the .lower grades
of this substance and he finds that at
radio frequencies they pass a considerable amount of current even when the
voltage is seemingly insignificant. Some
of this material makes beautiful-looking
grid leaks and it is only necessary to
mount the binding posts in it at adefinite distance apart to obtain any number of megohms or fractions of a megohm as agrid leak! Even with adirect
voltage, this material shows the passage
of dangerous amounts of current. A
simple experiment with a microammeter, similar to that shown in the
photograph gives indisputable proof of
this statement. If a small piece of the
stuff is connected up in series with a
100-volt "B" battery, appreciable quantities of current will be allowed to pass,
even when the electrode separation is
comparatively large! With aseparation
of A] inch the contributor has had an
ammeter reading as high as 15 micro-

amperes.

According to

Ohm's Law

E

R =

If we have a current of

.00000025 amperes and a voltage of
100, it is evident that the insulation is
only 4 megohms which is disgustingly
low for anything that is dignified by
the name of insulation. This material
is probably all right to use for knobs,
dials and the like, but its performance
as a restrainer of electric pressure is
not sufficiently noteworthy to warrant
its use in radio equipment.
Any of the synthetic-resinous products are well suited to radio use whether
in transmitters or receivers. They offer
a fairly substantial resistance to moisture, their dielectric strength is high
and their mechanical strength is enormous. The contributor can say little in
favor of vulcanized fibre as far as its
use for radio insulation is concerned.
Its use for panels is to be discouraged
since it has aterrific appetite for water
and sucks in atmospheric moisture with
sponge-like efficiency. Fibre has a dielectric strength of 330 volts per mil,
or 13,000 volts per millimeter with a
thickness of 1/32 of an inch. This,
of course, is in the perfectly dry state
(which is unusual and which can be
maintained only in the laboratory under
experimental conditions).
Compared
with this, the resinous materials show
a dielectric strength of 1,000 volts per
mil or 39,400 volts per millimeter in a
thickness of 1/32 of an inch. A good
piece of this material has a volume
resistivity of about 1,000,000 megohms
(10 12 ohms) per centimeter cube. The
surface resistivity may be anywhere
from 100 megohms to 10,000,000
megohms. These figures show us that
any of these products can be used with
perfect safety as panels and for other
insulating purposes in a radio set.
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There are numerous grades of this type
of material. One is formed by allowing sheets of paper, white duck, or
cloth to soak in raw resinous liquid
varnish. The sheets are then placed
one on top of the other in a powerful
steam-heated hydraulic press.
The
press comes down, giving the sheets a
tremendous squeeze and heating them
at the same time. When the sheets
come forth from the press they are in a
much changed condition. What was
once 50 or 75 sheets is now a single
flat block of exceptionally hard material
that will resound healthily when it is
struck a sharp blow with a hammer.
The sheets are welded together, forming ahomogeneous material.
Other forms of insulating materials
are molded. For instance, molded,
synthetic-resinous or rubber materials
are placed in the mold and subjected
to heat and pressure at the same instant. The material fluxes and becomes
almost semi-fluid, filling every interstice
of the die. There is both a chemical
and physical change. The chemical
change is irreversible and permanent.
Most of the "spaghetti" that we buy
is composed of cloth tubing impregnated with either oxidized linseed oil or
raw bakelite varnish. This material
should be freely used where bus or
other wire comes in contact with the
wooden parta of the cabinet. In no
case should the connecting wires be
allowed to make contact with the wood
without being heavily insulated. Wood
is an exceptionally poor insulator and is
usually filled with atmospheric moisture.
The contributor hopes that those who
have read this course will give more
thought to the insulation of their radio
outfits henceforth. Insulation is amighty
important thing, and since we cannot see
the leakage that is taking place there is
only one thing left to do. That is to

insulate our variable condensers and
outfits, in the best manner that we know
how, using materials that have proven
their worth in the workaday world.
The variable condenser is the most
important radio device for tuning since
it provides means for infinite variations
of wave lengths over a given range.
While it is possible to vary the period
of acircuit by adjustment of inductive
values, this system is not only more
wasteful of energy but is highly impractical from the standpoint of pure
mechanics. If infinite variation is to
be had in acoil, the mechanical appurtenances necessary to bring this result
about are so involved and complex as to
make the whole arrangement bulky and
unsatisfactory. Furthermore, such a
system of wavelength variation could
never be as efficient as the system of
capacity change.
The variable condenser is the one
ideal, and, providing that the resistance
of the condenser is a negligible factor
and that its general losses are beyond
measuration, no more efficient tuning
device can be desired. The variable
condenser method gives asharpness at
resonance that is unattainable by other
systems.
However, this cannot be
taken to mean that every condenser
regardless of its electrical properties
produces the same results. Actually,
there is a wide variation in cOndenser
efficiency depending solely upon (1) the
electrical design and (2) the quality of
the material used. Unless strict adherence is given to the scientific niceties
of condenser construction as laid down
by the best authorities today, unsatisfactory results will be had.
Condenser losses, due to the complexity of the electrical phenomena involved,
are of amost insidious nature and much
of the total energy received by condenser tuned outfits can be dissipated
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in useless forms without a hint of such
a process to the user. Frightful losses
may occur and efficiency may drop as
much as 50% in condenser devices alone
unless the prescribed rules of construction are adhered to by the manufacturer.
Although a condenser is of comparatively simple construction from a
mechanical standpoint it is not, as many
believe, a simple matter to defeat the
natural tendencies toward loss and inefficiency. Like all of the devices used
in radio, the net efficiency depends upon
how sucessfully the manufacturer has
met the demands determined by the
Bureau of Standards and other authorities. Although a condenser may present avery grand appearance to the eye,
it may create an appalling loss of energy
when checked by precision instruments.
At the same time acondenser may have
the very best of materials in its construction and yet if they are not properly
arranged, the device may function as
poorly or even worse than the one involving good design with poor materials.
Although it is not easily conceivable
to the lay mind, acondenser, when introduced into an electrical circuit,
represents alarge element of resistance.
Since unwarranted resistance is fatal to
radio efficiency it stands to reason that
the elimination of this resistance is one
of the ideals to which conscientious
manufacturers must hold themselves.
With the introduction of the low loss
idea, many extravagant claims have
been made about the resistance of variable tuning condensers and many
manufacturers, to meet the need of the
new public demand, have made no more
drastic changes than to add asticker to
their cartons claiming "low loss." Since
the layman has no means at his disposal to check up these extravagant
claims, it follows that thousands of
highly inefficient devices have been

sold due to the unscrupulous activity of
those who have not had the necessary
capital to change their tools and method
of manufacture.
In stating the resistance of a condenser it is customary to claim that it
has avalue equivalent to a,series resistance of such-and-such an amount. This
means that it has a resistance that
would allow the same current to pass if
it were connected in series with a perfect condenser of the same capacity.
Due to the great difficulty of making
correct calculations in the higher radil
frequencies, these resistance measurements are usually made with a 1,000
cycle source. Overlooking the fact that
many of the figures given are altered
to make them sound more reasonable,
the figure itself means little or nothing
for it has been determined again and
again that it is not scientific or even
correct to assume that there is a fixed
relation between 1,000 cycle measurements and measurements at radio frequencies. It means practically nothing
to compare the resistance of two differently constructed condensers at high
frequencies when the standard 1,000
cycle frequency current has been used
as abasis of measurement.
Resistance and insulation in condenser construction are intimately related
and it is through this that many mistakes are made. Every dielectric or
non-conductor used for electrical separation between the movable and stationary plates lias what is known as an absorption factor; that is, the materials
are capable of absorbing a certain percentage of the total energy that passes
through the device. The larger the
quantities of this material introduced,
and the greater the mass, the greater
the losses will be. The placing of this
material is also au important factor for
if it is placed where the electrostatic
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A PHENOMENON ILLUSTRATED
Figure A: How apiece of solid insulating material will affect the capacity of an air
insulated condenser. It will le seen that the solid insulator allows more of the electrostatic lines of force to travel through it than does the air. This can be compared with the
effect caused by apiece of iron introduced in amagnetic field. Since iron is abetter conductor of magnetic lines of force, the field concentrates through the iron. The electrostatic lines of force are illustrated doing the same thing.

eld is most intense, and where the
electrostatic lines of force passing
through it are great, greater losses will
result. This may be compared in away
with magnetic phenomena for it is well
known that the magnetic lines of force
influenced by a piece of soft iron will
depend entirely upon the position of
the iron in relation to the coil producing the lines of force. Succcssful construction then is possible only when
material with extremely low dielectric
loss is used and placed in aposition where
the electrostatic field is at minimum value.
Reference to Fig. H will demonstrate
the meaning of this statement. In this
case we have two metal plates separated
from each other by air and placed at
different potentials. Under such conditions there will be an electrostatic
field between the plates and the shape
taken by this field is shown by the dotted
lines. If an extremely poor dielectric
substance is placed between the plates,
the electrostatic lines of force will at
•
once redistribute themselves, and many
of them, instead of passing through the

more efficient dielectric, the air, will
pass through the poor dielectric with
consequent loss in electrical efficiency
through the increase of resistance. If the
dielectric material is able to pass six times
more lines of force than an equivalent
space of air, it is said to have adielectric
constant of six. What is needed for
high efficiency is a substance that will
pass very little more or less lines of
force than the air. It is a matter of
scientific record that few such materials
exist in the world.
It will be seen from the above that
condensers merely insulated with bushings (see Fig. E) cannot in any way be
reconciled with the demands of low
loss construction.
Condensers with
solid insulated end plates, unless the
insulation is of one of the best materials,
are also wasters of valuable energy and
very inefficient.
It is interesting to note at this point
that these dielectric losses through absorption increase with frequency due to
the fact that the electrostatic lines of
force are building up and collapsing
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with every change of potential from
zero to maximum.
There is still another source of loss
due to electrical connections between
plates themselves. This means that
good clean, tight connections must exist
between the plates and between the
stationary terminal and the connection
formed between it and the rotating
plates. This latter connection has been
the source of some trouble and in many
cases pigtails, or flexible connections,
have been introduced. The Bureau of
Standards, after much research, has
been emphatic in its stand against the
use of pigtails due to the losses that they
induce. The best practice is that of
producing the best possible electrical
connection between the end of the rotor
shaft and the fixed terminal by means
of acontact. The Bureau of Standards
holds, and rightly so, that the inductance of the leads of acondenser should
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be at absolute minimum for the apparent
capacity of a condenser at high frequencies will increase with frequency
due to inductance in the leads in a
similar manner to the variation of
the apparent inductance of a coil with
distributed capacity. Connections between the binding posts and plates
should be short and thick, for this has
been found to minimize both inductance
and resistance.
In these days of low loss construction a great deal is heard about
minimum capacity.
Of course the
minimum capacity of acondenser should
be as close to zero as is consistent with
reasonable cost of manufacture. A condenser with a positive zero might be
constructed but it would be so costly
as to be beyond the means of the average
purchaser. Some hold that a low minimum is impossible when metal end
plates are used. This is true only under
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WHAT A STRAIGHT LINE CONDENSER INVOLVES
Figure I: A straight-line condenser, whether of the frequency, wavelength or capacity types,
must show an increase and decrease in capacity that will give a straight line when plotted as intuit, ated.
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a certain condition, i.e., when the distance separating the stationary plates
and the end plates is small. There is a
law that states that the intensity of the
electrostatic field existing between two
members at different electrical potentials
is inversely proportional to the square of
the digance. This means that if the distance is doubled, the field is quartered,
etc. If a distance equivalent to the
distance separating the plates were
used between the end plate and the
stationary plates, a natural high minimum would result. However, when
this distance is made W
I of an inch or
more the resulting minimum capacity is
so small as to be almost beyond accurate
measurement. Of course, at maximum
capacity, that is, when the movable
plates are interleaved between the stationary plates, the end plates have
absolutely no effect for they are at the
same potential as the movable plates.
There can be no electrostatic field where
there is no difference in electrical potential.
The Bureau of Standards draws attention to the inadvisability of using end
plates of dielectric materials with high
temperature coefficients. Such materials have changes in mass and shape
when subjected to varying temperatures
and quite naturally these changes are
reflected in capacity. It also usually
happens that end plates made of ordinary dielectric materials absorb huge
quantities of moisture (sometimes as
much as 8%) and through their temperature changes and moisture absorption they warp appreciably. That is the
reason why some very cheap condensers,
after they have been used for some time,
will develop a short circuit.
The insulation warps and consequently throws
the entire device out of mechanical adjustment. Since small changes in this
way effect large changes in the position

of the plates due to leverage, it requires
but asmall change in external conditions
to bring about fatal results.
Much has been said about straightline condensers and there exists in the
public mind some amusing fallacies
as to the why and wherefore of such
instruments. When acondenser is said
to be straight-line little or nothing is
meant unless some information is imparted on the nature of the straight
line, that is, whether it has to do with
capacity, wavelength or frequency.
Most condensers are manufactured for
straight-line capacity. This means in
effect that the capacity is calibrated
against the dial setting and that the
result of this process is a perfectly
straight line on the graph, instead of a
curve (see Fig. I). The same is true
of wavelength and frequency. As far as
the ordinary purchaser is concerned
straight-line can be totally ignored forit has little to do with efficient operation. What the discriminating fan desires to know is the amount of loss that
acondenser has when it is operated in
connection with circuits at radio frequencies. If such apurchaser will look
for the features mentioned in this treatment he will be able to purchase condensers that will minimize the destructive losses that occur in the average
radio receiver.
Several misconceptions are current
about condensers for use in radio receiving sets. We have heard suggestions
as to how to use condensers properly
in tuning, as to what the proper capacity should be, and as to the smallness
of the resistance allowable in the condenser.
"Low-loss" condensers have been
placed on the market. Competition
among the manufacturers of these lowloss condensers is very keen. As aconsequence, many statements have been
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DIAGRAM OF AN ORDINARY
TUNING CIRCUIT
Figure
Shows the usual manner of representing •
simple vacuum tube tuning circuit where the voltage
arises in the windings of the inductor, L.

made concerning the resistance which
are not based on absolute fact.
There are afew physical facts which
we must understand to be able to comprehend the problem.
The three-electrode vacuum tube, for
example, is used in connection with circuits that include an inductor and a
condenser. The vacuum tube is essentially a voltage-operated device, so
that the problem hinges around the
voltages set up in the circuit.
Figure J represents a simple tuning
circuit connected to a three-electrode
vacuum tube in the usual manner. L is
the inductor and C is the condenser. It
can easily be shown that the tuning
circuit can be represented in the form
shown in Figure K. The point is that
the results are the same whether we
consider the electromotive force as arising in the windings of the inductor, or
as being applied in series with it. Actually it arises in the windings, but as the
simple series circuit of Figure K is exactly equivalent, we will use this figure
in these considerations.

Voltages, or differences of potential,
are set up between two points in acircuit due to the impedance between these
points. The impedance may be apure
resistance, a pure capacity, or a pure
inductance, or a combination of these.
Actually there are no such pure quantities, every electrical device containing
all three of these quantites to some degree. For simplicity, however, we will
consider the inductor as a pure inductance and the condenser as a pure
capacity.
The part of the impedance which is
due to either the capacity or the inductance, or both, is known as the
reactance. The reactance due to the
inductance alone is XL = 0.00628 FL
and that due to the capacity alone is
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159.3
XC= —
fC
When a proper balance between the
capacity and inductance in a circuit is
obtained which results in resonance,
these two reactances are equal and op-

SIMPLIFIED DIAGRAM OF A
RECEIVING CIRCUIT
Figure K: This shows the equivalent tuning circuit of
that in Figure 1. In this circuit the voltage is applied
in series with the other elements.

mean that this conclusion is incorrect;
posite in effect, and the total reactance
he means that it is not one half the
of the circuit is zero.
story.
In these formulas Xe and XL are
The story becomes somewhat different
the inductive and capacitive reactances
when we consider the resistances in the
respectively, in ohms, fis the frequency
circuit. The presence of resistance repin kilocycles, C is the capacity in microresents aloss of power as given by the
farads and L is the inductance in microformula
henries. These reactances exist in the
P = RI 2
circuit even when resonance is obtained,
in which P is the power loss in watts,
even though their net effect on the
R the resistance in ohms, and Ithe curtotal circuit is zero.
rent in amperes. It is to be noticed that
The voltage drop between any two
the loss of power increases in proportion
points in such a circuit is the product
to the square of the current; that is, for
of the current in the circuit and the reagiven resistance the power loss is quadsistance or reactance between the two
points. Thus the voltage drop across a rupled if the current is doubled. This
loss of power results in broadness of tunpure resistance is V = RI and the drop
ing as well as inefficient operation of the
across a pure inductance or capacity
receiving set and lowering of its receiv159.3
ing range. It is this loss that we are
VC= Xd= —
VL=
= 0.00628f
trying to overcome in our low-loss confC
densers and coils. We will now consider
To obtain a large voltage across the
what effects are present in condensers
inductance or capacity in Fig. J, it is
and coils and other parts of the tuning
evident that the reactance for a given
circuits that give rise to these losses.
current and frequency must be high.
Until lately there have been no satisIn other words, alarge inductance and
factory
methods known by which to
small capacity should be used. This is
measure the resistances of small air conthe conclusion that has been arrived at
densers.
Various bridge methods of
by someone along time ago, and everymeasurement have been used from time
one has been following it as sheep follow
to time, but these are satisfactory only
their leader. The contributor does not
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THE RESISTANCE CHANGES IN CONDENSERS AT DIFFERENT DIAL SETTINGS
Figure L: Notice that resistance rises sharply at the lower dial settings. These observations
indicate that it is well to designyour inductors so that you can tune with your condensers at higher
dial settings (those above 30)•
at lower frequencies than are used in
radio reception; generally in the audible frequency range. When high frequencies are used there are losses of
power in the bridge which vitiate the
results of the measurement.
Substitution methods of measurement
have been used, which require the assumption of zero resistance in a condenser specially constructed and used as
a standard of comparison. Common
sense tells us that zero resistance in
any piece of electrical apparatus is
impossible, so that this method of measurement must be regarded as very inaccurate.
Experimenters have attempted to
compute the resistance of condensers by
making the measurements at 1,000
cycles on a bridge and then calculating
the probable resistance at radio frequencies. The method used is outlined
as follows, together with the objections
to the method. Condenser resistances
have been measured at low frequencies

by the bridge methods and plotted as
shown in Fig. L.
This is the curve for a glass condenser of capacity 0.002 microfarad.
It will be noticed that this curve is
straight throughout its whole length
except for a very slight curvature at
the lower end. Moreover, it will be
noticed that it covers the range from
1,000 meters to 4,000 meters, or from
300 kilocycles to 75 kilocycles. These
are frequencies which are not used in
ordinary radio work (except in the case
of long-wave transatlantic stations).
In this method of measurement, as the
curve is practically a straight line, it
was assumed to be straight all the way
as the broken line shows. Experimenters
therefore have assumed that the resistance of acondenser decreases in the
same proportion as the wavelength is
decreased.
A bridge measurement
which gives 125 ohms as the resistance of
the condenser at 1,000 cycles (300,000
meters) would then have a resistance
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R proportional to 1ne
This is the effect that has been neglected in the method described above.
As a result of all this a new method
has been devised which eliminates the
inaccuracies of the above methods, and
permits the measurements to be made
The calculation is given for both wave
under the same conditions which prevail
length and frequency.
in
radio circuits. The measurements
That this method cannot be correct,
were on a great many condensers, inor give evei,. nearly correct values of the
cluding all types and all makes. The
resistance is indicated by the slight curmethod was carefully checked by measvature at the foot of the curve in Fig.
urements made on known resistances.
L. A curvature so slight as amounting
The resistances ranged from about 0.5
to only 0.01 ohm for a range of 1,000
to 2.5 ohms, the low-loss types showing
cycles would not be noticeable on the
slightly lower resistances than the old
curve, but its effect would be multitypes. We will not at the present time
plied 1,000 times if the same curvature
go into the resistances of the particuwere maintained over arange of 1,000,lar makes. What the contributor wishes
000 cycles. The result would then be
to do is to give his reader an unexagin error by 1 ohm and the actual regerated idea of the importance of the
sistance would be 11 times the comcondenser resistance.
puted value. This is an exaggerated
Now, consider the subject of coils,
example, used to illustrate the case, but
for these are always used with conit can be shown that even if the curvadensers in tuning circuits.
ture is very much less than this the
It is well known that coil resistances
error in the result will be several hunrun very high, expecially at radio fredred percent from the true value.
quencies, which we are considering.
The trouble lies in the assumption
One manufacturer of aconcentrated inthat the curve is a straight line. This
ductance of 100 turns advertises the reis equivalent to saying that the powersistance of his coil to be 80 ohms at
factor (known also as the phase-differ500 meters. Another manufacturer adence) of the condenser is constant. The
vertises the resistance of his loop anpower-factor is given in degrees by
tenna to be about 30 ohms at 200 meters.
0.36 fR C
In fact, as far as the writer knows, no
in which fis in kilocycles, R in ohms,
inductances have as yet been designed
and C in microfarads. We can see from
having resistances which even approach
the formula that the power-factor canthe low values of condenser resistances.
not be constant. As fvaries, the value
Let us consider, for example, a conof R also varies, due to skin effect, so
denser which has a resistance of 1ohm
that the power-factor must vary. If it
used with the loop mentioned above
did not vary the resistance would be
which has aresistance of 30 ohms.
inversely proportional to the frequency,
Suppose we replace this condenser
and we would write
with one which has a resistance of 0.5
R proportional to 1/f
ohm. The total resistance of the circuit will be reduced only 0.5 ohm out
But on account of the skin effect the
of 30.5 ohms, or less than 2 percent.
correct relation is:

of 0.125 ohm at 1,000 cycles (300
meters), according to their method of
reasoning. That is,
1,000
300
x194= 0.123 or---- x125 0.125
1,000,000
300,000

%p =
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RESISTANCE CURVE OF A CONDENSER OPERATING ON THE
HIGHER WAVELENGTHS
Figure M: It has been assumed that resistance in condensers varies directly with the wavelength.
Calculations of resistance made on this assumption are erroneous at low wavelengths where the resistance decreases at aslower rate as indicated by the slight curvature of the graph.

The great worry about condenser resistance is therefore needless, and agreat
deal of undeserved pressure has been
brought to bear upon the manufacturers
of condensers by those who would better have devoted their time and energy
to designing low-loss inductors.
There is another very important point
that should be brought out here. By
the new method it was possible to
plot the variation of resistance of acondenser with the dial setting. The general shape of this curve is shown in Fig.
M. Its shape might be suspected from
the inverse relationship between the
resistance and cross-section of a conductor.
In Fig. M, the important point to
consider is where the curve begins to
bend. Experiments have proved that
the resistance remains practically constant from 100 on the dial to about 30,

at which point it turns up sharply. At
10 on the dial or less the resistance may
go up as high as 15 or 18 ohms. This
particular condenser had a capacity of
.0005 mf d.
Interpreting this in connection with
receiving circuits, it is not well to use
the condenser at the low dial settings.
The inductance used with the condenser
should be so designed that the wave
range can be covered without having to
go lower than about 30, or best 25 on
the dial. This should relieve the situation somewhat with regard to the minimum capacities of condensers. If we
should not use the lower end of the dial,
who cares, then, what the minimum
capacity is? The best practice, in consideration of these facts, is to select a
condenser that has alarge capacity ratio
between 100 and 30 on the dial, and
to design the inductance to give the
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wave range desired. This will mean
using a larger condenser and small inductance which is often advantageous,
since asmall coil can be constructed to
have lower resistance than a large one.
It is well to point out here, also, that
the effect of soldered joints in various
parts of the circuit, including those between the plates and elsewhere in condensers, is likewise negligible. More
importance should be attached to the
design of low-resistance coils. There
are many forms on the market, but they
are all more or less alike. There are
some things in connection with coils
that have not generally been considered,
and it is probable that abroader way of
looking at the problem may result in
considerable improvement in design.
The writer has built an inductance coil
of a special form which permitted reception on aloudspeaker at a distance
of 15 miles from the local broadcasting
station using a simple one-tube circuit
and an old-style condenser.
We are now ready to understand better what the relation of condenser to
inductance in atuning circuit should be.
To obtain high grid voltages the capacity should be small and the inductance
great. But large inductance goes with
greater coil resistance. This means that
our grid voltage will not be as high as
we expected it to be. A compromise
must be effected so that fairly high grid
voltages can be obtained.by having the
reactances high, without sacrificing too
much by the increased resistance. The
usual 0.00025 or 0.0005 may be used
satisfactorily for ordinary work, but in
view of all the preceding arguments the
author has lately been more inclined
toward the 0.001 size, using asmall 3or
4-plate condenser shunted around it for
accurate tuning.
Sir Oliver Lodge has contributed some
interesting and helpful reflections on

variable radio condensers for those who
desire to go more deeply into the mathematical side of the subject. To quote:
"When a conductor is charged with
electricity, its potential rises. And,
if the quantity of electricity supplied
to it is doubled, the potential is doubled
too. The ratio of the charge to the
potential is called the "capacity" of the
body.
"There is the same sort of thing in
heat. The more heat is supplied to a
body, the higher grows the temperature.
And the ratio of the amount of heat
supplied, to the consequent rise of temperature, is called its 'thermal capacity.'
"The thermal capacity of abody naturally depends on its size or rather its
weight; but it also depends on its material. That part of the capacity is
called "specific," which means the capacity of each pound or each gram.
The specific capacity of lead is one thing,
of iron another, and of water is greater
than either.
"In this respect, thermal capacity differs from electric capacity. Electric capacity does not depend on the material
of the conductor, but, as Faraday
showed, on the nature of the material
surrounding the conductor. A conductor in air has one capacity; but if
plunged into a vessel of oil, or melted
resin, or pitch, or some other insulator,
it has another and greater capacity.
Hence there is a specific inductive capacity for each insulating material,
which can be ascertained by experiment.
"In addition to that, however, the capacity of a body changes, not only by
reason of the insulator surrounding it,
but also by reason of conductors in its
neighborhood. If it is brought near the
earth, for instance, or near a wall, its
capacity increases. And this increase
of capacity is calculable from the geo116

metrical conditions, that is, when the
shape and distance of bodies is known.
"In some respects, therefore, electrical
capacity is less simple than thermal capacity, since the latter has wholly to do
with properties of materials, whereas the
former is dependent on geometrical conditions besides.
"Take the simplest case—an isolated
sphere: the moon, for instance, or a
brass ball far away from anything else.
A charge on it is measured by the
repulsive force it can exert on asimilar
equal force at a given distance, in

accordance with what is called Coulomb's Law. The electrical force varies
inversely with the square of the distance, just as gravitation does. But
force is always equal to gradient or
slope of potential. From this it follows,
though not quite obviously, that the
electric potential at any point near a
charged body is equal to the charge
divided by the distance i.e., the simple
distance of that point from the charge.
"Assuming this, and applying it to the
case of an isolated sphere, let us ask:
What is the potential of its center?

A TYPICAL RECEIVING CONDENSER
Figure N: The ordinary receiving condenser has air insulation and the plates are spaced as close
as mechanical considerations permit. This is asatisfactory procedure since the potential between the
plates is low, and the close spacing gives relatively high capacity. If them was replaced by another
insulating material, the capacity of the condenser would be increased. Any difference, however shght,
in the distance between the rotor and stationary plates will affect th e capac ity ofth e condenser. Even
changes in atmospheric conditions will bring about slight changes in the electro-static capacity.
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"The charge resides wholly on the surface; hence the center is at a distance
from that charge equal to the radius
of the sphere. Consequently the potential is Q.
"And since the body is a conductor
and the electricity is at rest upon it,
its potential is uniform, or the same
throughout.
This
therefore gives
the potential of the conductor. And, if
you want to know its capacity, you
simply divide the quantity by the potential and you get r.
"That is, the capacity of an isolated
sphere is equal to its radius, and can be

e

expressed in centimeters, meters, miles
or any other units of length.
It may be asked: How can acapacity
be alength?
"The capacity depends, not on the
body itself, except as regards its size and
shape. It depends essentially on the
properties of the material surrounding it.
The material surrounding the moon is
the ether of space. The material surrounding abrass ball is the ordinary atmosphere. The two surroundings do
not differ appreciably in this respect.
They both have practically the same
specific inductive capacity. But un-

A COMPACT TYPE OF CONDENSER
Figure 0: This tiny condenser has about ten times the capacity of the one shown in Figure N
because it is constructed with mica insulation and the plates are spaced only afew thousandths of an
inch apart. Part of the condenser is cut away to show the interior construction. The physical size
of acondenser means little as an index to the measurement of capacity. This tiny condenser illustrated
could have an electro-static capacity many times greater than acondenser many times larger.

118

fortunately its value is unknown. It is
accordingly called K. And when we
speak accurately, we ought to say that
the capacity of an isolated sphere is K r.
"But for practical purposes, we cannot
deal with an unknown quantity. The
simplest plan is to assume it to be 1,
and proceed with the memory of that
perfectly gratuitous and arbitrary assumption at the back of our minds.
This is the basis of the electrostatic
system of measurement. When athing
is expressed in electrostatic units, the
meaning is that the unknown quantity
K has been arbitrarily called 1. The
worst of it is that we get so used to
doing this that we are likely to forget
the assumption altogether. The convenience of the assumption is that it
enables us to specify our measurements
in avery much more simplified manner.
"Now put an outer hollow globe round
the brass square. It can be done,
and actually used to be done, by applying to it two brass hemispheres bigger
than itself, and suspending it symmetrically in the hollow. It can be
charged through the suspending wire. If
the outer shell is earthed, the inner
globe will now be found to have amuch
greater capacity than before.
The
charge on it has, so to speak, pulled up
from the earth an equal quantity of opposite electricity; and the two charges
face each other across the insulating
space.
"If we now reckon the potential of the
center of the sphere, it will be 1due
to the one charge, and º due to the
other. The potential will then be:
(1
1
r'— r
Ql
-Q
r r'J
rr'
and hence the capacity (Quantity -I-

Potential) of the globe, now that it is
surrounded by an outer shell of radius r', is
rr'
C —
e- r

"Now, we see that r' — ris the thickness of the insulating space or dielectric
separating the two conductors, which we
may call Z; and if this space is very
thin, that is if the spheres nearly fit, rr'
may be called r
2. So the capacity of
such an arrangement as this, which is
familiar to electricans as acondenser, is
1. Now the area of a sphere is 4Xri.
Hence we may specify the capacity
of the spherical condenser as.
A
4ir Z
"This result is general; for it does not
really matter whether the condenser is
spherical or not, provided the dielectric
thickness is uniform. It will do equally
well for apair of flat plates, one earthed,
the other insulated, each plate of area
A. So the capacity of a condenser in
general is,
A
4w Z
provided only air or ether is between
the plates. If, however, some other
substance is used as the insulator or dielectric, such as glass or mica or paraffin
or oil, we must multiply this value by
the specific inductive capacity of the
material relative to air, as determined by
Faraday; and may thus get four or five
times the air-value. This numerical
ratio has to be determined by experiment for different materials, and is
usually recorded among the data characteristic of different substances.
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SECTION X
Coils

T

o look upon asingle layer coil of
wire wound upon ahomely cardboard cylinder, one might think,
and logically enough, that such coils
function on very simple principles and
that they could not be involved in the
delicate formulte of the engineer. If
such a coil should be prepared for use
in adirect current circuit, this speculation would be justified, but when they
are used in a radio-frequency circuit,
many very interesting things take place.
As amatter of fact, it would be possible
to write a book about the things that
happen, although this may amaze the
layman who visualizes nothing but a
magnetic field about the coil when it
passes current.
In the following paragraphs we will
consider only those phenomena that
.effect radio reception. The reader will
also notice as he goes on that the phenomena discussed become more and
more involved and while the serious student may wish to continue through to
the last, the reader who does not care to
enter into mathematical discussion may
stop midway feeling that he has agood
practical understanding of coils and
their function.
In Section IV we learned that coils of
wire were used for two general purposes.
Their most important use was in •the
process of tuning. By connecting acoil
of wire to an aerial and varying the
length of the coil through a movable
contact it was found that the wave-

length of an aerial system could be adjusted to different values depending
upon the amount of wire in the coil.
Coils are also used as the medium for
the transfer of electrical energy from
one circuit to another through electromagnetic induction.
In our early discussion of the simple
laws of electricity, we saw how two
different circuits involving two coils
in proximity could be used for atransfer
of energy. The first circuit involving a
current source and acoil would transfer
energy to a second circuit containing
nothing but a coil with a current detecting instrument. We see this principle used again and again in radio circuits where one coil is coupled to another so that energy may be transferred
from the first to the second circuit and
so on. In some radio receivers the electrical energy is transferred as many as
ten times. That is it jumps (electromatically) across ten gaps between the
aerial and the reproducing device.
During the past two years radio engineers have set out on a campaign to
reduce the electrical losses in radio receiving equipment. A great deal of
their effort has involved coils and many
improvements have been made that
have helped to stop the appalling waste
that takes place in the ordinary types.
Let us for the moment focus our attention on the very common form of coil
in Fig. A. Here we have an insulated
tube which may be bakelite, hard rub173

A SIMPLE INDUCTANCE COIL
Figure A: A simple inductance coil of the type usually found in
radio receivers. Coils take various forms, but this type is conventional.

ber, fibre, cardboard, glass or wood.
Upon the outer surface of this tube is
wound a number of turns of insulated
wire and the ends of this wire are connected to two binding posts or terminals
mounted at one end of the tube. To lay
any claim to perfection such a coil
would have to have (1) very low resistance, (2) no distributed capacity and
(3) a maximum inductance for the
amount of wire used.
The first of these important features
does not depend entirely upon the
ohmic resistance of the wire. The best
we can do in selecting the wire for acoil
is to see that it has asufficiently large
cross section, that the insulation is of
the best possible kind (silk, for instance)
and that the wire is of pure copper. As
we shall see later, the wire alone does
not determine the resistance; it is only
one factor. In the case of direct current, the wire alone would be the only
thing considered in determining the
number of ohms of resistance in the circuit. The use of high-frequency cur-

rents changes all of this and our very
simple little coil becomes a veritable
bundle of the most intricate phenomena.
In a previous paragraph we mentioned distributed capacity. Unless the
reader has studied literature of this
type before, the term will be anew one
to him. We know that capacity is a
term used in connection with condensers
and we know further that condensers
are made up merely of two conducting'
surfaces or elements such as metal plates
separated by anon-conducting medium
such as air or glass. A simple combination of these elements is capable of storing electricity providing there is a
difference in electrical potential. Such
capacities are also capable of transferring energy from one circuit to another through what is known as electrostatic coupling.
Where there is a difference of electrical potential there is always a capacity effect; by this we mean that the
elements involved tend to act as an
electrical condenser. We know that
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ILLUSTRATING THE CAPACITY BETWEEN TURNS.
Figure II: The dotted lines in the diagram represent the small condensers that are formed between
the turns uf an inductance coil used in aradio receiver.

when current is allowed to pass through
acoil such as we have been dealing with
there will be a higher potential at the
entrance to the coil than at the exit.
No matter how well the wire in the coil
conducts electricity, it will offer some
resistance and this will create apotential
difference between the terminals. Not
only this but there will be a potential
difference between every turn of the coil,
because of the electrical resistance
offered. If there is apotential difference
between each turn of the coil and the
turns are insulated from each other, we
may look upon the coil as having anumber of tiny condensers connected between its turns. Reference is made to
the sketch (Fig. B) where this effect is
diagrammed. We do not need to merely
imagine the presence of these little
condensers for they are there just C_'.
surely as the coil itself and it is this
effect that is called di,etributed capacity
and it is a phenomenon that associates
itself only with alternating currents in
the higher frequencies.
It will be evident that coils with a
minimum distributed capacity are desirable for we shall see that the charging
of all of these little condensers involves
aloss of energy and that we must strive
in designing coils to minimize this
capacity effect between turns.

The nature of the insulation on the
wire and the distance separating the
turns of the wire will effect this so-called
distributed capacity.
If we should
wind a coil with silk covered wire,
measure its capacity and then apply to
the wire acoat of shellac we should find
that the distributed capacity would be
greatly increased and that the electrical
efficiency of the coil would drop to a
lower level. It might be well to warn
the reader here against this practice.
Oftentimes the shella,cing of a coil will
render a radio receiver totally inoperative. If the coils in a Cockaday fourcircuit tuner are shellaced, the receiver
becomes practically useless, due to the
drastic increase in capacity.
Let us go back to the simple coil that
we have been analyzing and see if we
cannot find other capacity effects. It
will be noticed from the drawing that
the terminals are mounted at one end
of the coil and that the wire from one
end of the coil runs down the inside wall
of the tube to make connection to one
of the terminals. This wire runs directly under the turns of wire on the
outside of the coil and it is separated
from them not only by the insulation of
the wire but by the material of which
the tube is constructed. Here we have a
wire running under wires of a higher
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ANOTHER SOURCE OF USELESS COIL CAPACITY
Figure C: How capacity is formed between the turns and lead wire of acoil. This difficulty may
be easily overcome, however, by running the lead wire through the tube concentrically.

potential and consequently we must
have a capacitative effect. This effect
will be as illustrated in the accompanying sketch, Fig. C.
We know• that the terminals of the
coil must be at different potentials and,
if they are mounted as shown in the
original sketch (Fig. A), we know that
there must be a capacitative effect between them. This is also shown in
Fig. D. If these terminals are placed
close together, the capacity of the condenser of which they form the plates can
be very high for we must remember that
the maximum potential difference is at
the ends of the wire. Since the capacity of condensers decreases as the
distance between the plates is increased
(this follows an inverse law), it will be
seen that efficient coils should have
their terminals as far removed from each
other as possible.
Condensers used in combination with
coils form a practical tuning combination and such combinations are widely
employed in radio receivers. Let us see
now what effect this distributed capacity would have in acoil used in combination as depicted in Fig. E. Here
it will be seen that the condenser is connected in parallel or shunted across the

terminals. Back in our discussion on
condensers, we learned that when condensers are connected in parallel the
capacity is added. From this it will be
seen that the capacity of the condenser
connected across the coil will be added
to the distributed capacity of the coil
itself. Thus, if the coil has a distributed capacity of 50 mmfd.
micro -micro farad) and the variable
condenser a minimum capacity of
20 mmfd., the minimum of the system in general will be 70 mmfd. If
the condenser has a maximum of 250
mmfd. the maximum of the system will
be 300 mmfd. Such acombination will
give a range of capacity of approximately 1to 4 or wavelength of 1to 2,
since the wavelength varies as the square
root of the capacity.
If the capacity of the coil should be
reduced to 25 mmfd., the minimum
capacity with the same condenser would
be 45 mmfd. and the maximum 275
mmfd.
With this combination we
would have acapacity range from 1to 6
and awavelength range of from 1to 2.4
instead of from 1to 2as in the case of
the coil with the distributed capacity of
50 mmfd. From this, it is evident that
the wavelength variation will be greatest
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THE CAPACITY BETWEEN COIL
TERMINALS
Figure D: If the binding posta of a coil are
mounted close together as illustrated, a capacity
will be formed between them. This capacity, like
all other unwanted capacity in acoil, helps to reduce the efficiency.

in systems of this nature when the distributed capacity of the coils used is
minimum. Not only this, but there is a
great saving in energy and the electrical
losses will be less when the distributed
capacity is low.
Coils should be designed to get as
great atuning range as possible with a
given variable condenser. This condition is met when the capacity of the
variable condenser is small and the number of turns in the coil large. Signal
strength will be high when large amounts
of wire are used. However, this object
is defeated when the distributed capacity is allowed to reach agreat value.
The Fig. F herewith shows a conventional type of coil investigated some
time ago by Prof. Morecroft of Columbia University. It will be noted that
the two leads from the coil make connections to the terminals inside of the tube.
When first tested, this coil had anatural
period or a natural wavelength of 117
meters. When the two leads were taken

away from the terminals in the wooden
end, the wavelength was reduced to 93
meters. When the long lead was run
through the coil as concentrically as
possible, the wavelength was reduced to
86 meters and afurther reduction•to 71
meters was the result when the binding
posts were placed one at each end of the
coil near the ends of the wire. This also
reduced the distributed capacity from
13.7 mmfd. to 5.05 mmfd.
In general it must be said that coils
should have aminimum of bulk, or better that the forms upon which the coils
are wound should have a minimum
bulk. This is so because we do not
want to introduce a large amount of
dielectric material into the magnetic
and electrostatic field produced by the
coil. The material must be moisture
proof and it must have sufficient
strength to be mounted so that the
turns will remain intact and vibration
will be eliminated.
We must come back to the subject of
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A COIL AND A CONDENSER
Figure E: The text will explain bow the combination of acoil and acondenser
in aradio receiver will be affected by the presence of alarge amount of distributed
capacity in the coil.

distributed capacity to consider means
of reducing this effect by winding the
wire so as to minimize the electrostatic
field produced by potential differences.
Since we know that the capacity of two
bodies to store electric current decreases
inversely as the square of the distance
separating them, it should be our object
to place the turns of every coil as far
apart as possible. To follow this practice blindly would be very impractical
for our coils would be so cumbersome as
to require many times the space that
they now occupy. Some coils are being
based on this principle using a separation of about 1/16th of an inch between
the turns and winding the coil upon very
slender frames having little bulk. Such
coils are said to have low losses and it is
true that they are more efficient electrically than ordinary types.
•
Lorenz, an electrical experimenter,
developed a method of winding coils
that greatly reduces this destructive distributed capacity. By winding the wire
upon aseries of pegs arranged in acircle
he was able to zigzag it in the fashion

illustrated (Fig. G). If this method is
examined closely it will be seen that no
two wires parallel each other for any
distance at close proximity. The turns
are close to each other only at points
where the wires cross and, of course,
there will be a capacity effect at these
points but it will be so small as to be
well beyond values ordinarily obtained.
There is still another method of winding Lorenz coils by mounting the pegs
radially and zigzagging the wire to form
a pancake type of coil. (See Fig. H.)
Spider web is the name usually applied
to coils of this type and owing to this
zigzagging method, the distributed capacity of these coils is also reduced to a
fair minimum.
The most practiced method of varying
the inductance of plain coils is that of
providing the coil with tapped joints as
illustrated (Fig. I). The introduction of
these points, due' to their electrical
effect, immediately contributes to the
losses already taking place. They not
only add resistance to the coil, but distributed capacity as well, for there will
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A COIL MADE FOR RESEARCH PURPOSES
Figure F: Prof. Morecroft of Columbia University investigated a coil built in the
manner illustrated above and found out many interesting things. The results are given
in the text.

be a difference of electrical potential
between each point and between each
lead. Of course, this cannot help but
establish a capacitative effect between
these members and to this there will be
added resistance. The effect would be
the same as that illustrated; we would
have acoil used with anumber of very
small resistances and small capacities.
In viewing our tapped coil diagram,
we will notice that when the switch
point is not on the last tap that there is
an unused portion of the coil. This is
usually referred to as adead end. As a
matter of demonstrative fact, there is
really no such athing as adead end and
if we could apply the proper measuring
instruments we would find that this
dead end was a greedy consumer of
energy and that it would do agreat deal
to reduce the general efficiency of the
coil.
Perhaps the average reader of this
manuscript has heard honeycomb coils
alluded to in conversation between
amateur radio telegraphers. The honeycomb coil which we have illustrated in
Fig. Jis really acoil of the Lorenz type,
since the various turns are caused to

cross each other at different angles. This
quite naturally reduces distributed capacity and produces a more efficient
radio inductance. Such coils are ordinarily employed with small plugs and
there is a measurable capacity across
the terminals of such plugs. This capacity will act as a condenser shunted
across the coil. However, this need not
worry the novice for even with this
drawback, honeycomb coils are decently
efficient and they are very convenient
for use as loading coils, wave trap inductances, and tuners. When used
as a variable tuning device, the honeycomb coil must be provided with a
standard.
The holders for the coils
proper are made movable so that the
inductive relationship between the coils
(and thereby the wavelength) can be
altered. When the coils are close to
each other, there is close coupling and
maximum wavelength and when they
are away from each other, there is minimum coupling and minimum wavelength.
Since these coils are interchangeable
in their mountings, and since they may
be purchased in awide variety of sizes,
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WOODE/V PEGS

A FORM OF THE LORENZ COIL
Figure G: By winding wire zig-zag on pegs in the manner illustrated, the distributed capacity may
be reduced greatly.

they are very convenient in making
large changes in the wavelength of any
receiver.
The amateur experimenter
equipped with agroup of these coils may
change the wavelength of his receiver
from the broadcasting range to the high
transatlantic telegraph range by simply

inserting anew set of larger coils which
is amere matter of afew seconds.
To facilitate the use of such coils we
have included two tables which will be
found quite accurate for the duo-lateral
or honeycomb coils that are now obtainable in every radio store. In one table

ANOTHER FORM OF LORENZ COIL
Figure
This is also aLorenz coil wound in adifferent fashion. The wire is zig-zagged around
pegs placed radially.
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CAPACITY BETWEEN COIL TAPS
Figure I: This is what happens when the
taps of acoil are placed too close together.

we show the natural wavelength range two halves form the letter D. It might
of the coils with different turns. In the just as well be called afigure-8 coil, for
it also forms this figure. It will be seen
second table the average wavelength
that this coil is wound by slotting atube
obtained with honeycomb coils and 5,
in the manner illustrated. The wire
11, 21, and 43 plate condensers is given.
used may range anywhere from 14
In such cases, it is assumed that the
gauge to 28 gauge depending upon the
variable condenser used is connected
range of wavelengths desired.
directly across the terminals of acoil.
Due to its peculiar construction and
There are many, many different types
the fact that the magnetic fields proof coils and we could carry this discussion on for hundreds of pages without duced by each half of the coil oppose
each other, the coil produces a very
having exhausted the fund of data that is
available. What we wish to do is to small total magnetic field. This makes
the device of value in reducing to a
familiarize ourselves with the most pertinent features of coils in general. This minimum stray magnetic coupling with
grounding will permit us to use good other coils in the receiver. To put it
more clearly, this coil may be used
judgment in the choice of coils for recloser to other coils without danger of
ceiving sets, and, after all, modern receiving sets are largely a matter of magnetic coupling.
In still another sketch (Fig. L) we
vacuum tubes, coils and condensers.
see
what is known as a bank wound
The rest of thE. material used must be
coil and here again the effort is toward
of an accessory nature.
increasing the electrical efficiency by deIn the accompanying sketch (Fig. K)
we see still another type of coil which is creasing losses through distributed capacity and resistance. By bank wound
called the "D" coil, SQ P-Olned because its
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A HONEY-COMB COIL
Figure Jr This picture not only shows the
conventional form taken by honey-comb coils
but also the distributed capacity that may
exist between the terminals.

HONEY-COMB COIL CHARACTERISTICS

No. of Turns

25
35
50
75
100
150
200
249
300
400
500
600
750
1000
1250
1500

Inductance in
Mil!Henrys at
800 Cycles
.039

.0717
.149
.325
.555
1.30
2.31
3.67
5.35
9.62
15.5
21.6
34.2
61.0
102.5
155.0
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Natural
Wavelength
in Meters

Distributed,
Capacity
Micro-micro
Farads

65
92
128
172
218
282
358
442
535
656
836
1045
1300
1700
2010
2710

30
33
31
26
24
17
16
15
17
13
13
14
14
13
11
13

method we obtain a very compact coil
with a most respectable low degree of
distributed capacity.
It is more than likely that the average
readers of this discourse will understand
very little about wire sizes or the general nomenclature in use by wire manufacturers. Yet a little more than a
smattering of facts is necessary if the
student is to gain more than asuperficial
mastery over the subject of radio.
Perhaps there is no better place to insert
material of this nature since we have

coils we mean coils that are wound with
staggered turns of wire. We will obtain
a very good idea of the procedure followed in winding such coils upon tubes.
First, two turns are wound upon the
tube, one following the other. When
the second turn is finished, the wire is
given a little kink and the next turn is
placed so that it will come between and
on top of turns 1and 2. Then the wire
is kinked again and turn 4 is made.
Then turn 5is placed on top of 2and 4,
etc.
By following the bank wound

MINIMUM AND MAXIMUM WAVELENGTHS OBTAINABLE WITH DUOLATERAL COILS WHEN USED WITH VARIABLE CONDENSERS *

Type No. of
Pacent Var. Con.
Capacity
Range of Condenser in
Micro-micro
Farads

Max.

Coil Numbers

US
US
US
US
US
US
US
US
US
US
US
US
US
US
US
US

25
35
50
75
100
150
200
249
300
400
500
600
750
1000
1250
1500

Min.

SPlate

5 Plate

11 Plate

21 Plate

43 Plate

49

91

208

418

877

10

13

21

7

8

Wave
Length in
Meters

Wave
Length in
Meters

Wave
Length in
Meters

Length in

Length in

Min. Max.

Min. Max.

Min. Max.

Min. Max.

Min. Max.

75
105
145
195
250
335
435
535
680
830
1050
1270
1600
2090
2570
3320

105
145
205
290
380
550
730
910
1120
1450
1840
2200
2760
3660
4670
5800

75
105
145
200
255
340
445
560
690
870
1080
1300
1680
2140
2640
3400

130
175
250
365
475
705
935
1170
1430
1880
4390
2840
3570
4750
6000
7500

75
105
150
210
260
355
465
575
720
890
1120
1360
1710
2240
2770
3570

180
245
355
520
675
1020
1350
1700
2140
2750
3430
4130
5100
6900
8900
11000

Wave

Meters

120
160
220
340
430
680
900
1100
1400
1800
2300
2800
3500
4700
6000
7500

245
335
485
715
930
1410
1880
2370
2870
3830
4870
5700
7200
9600
12500
15400

Wave

Meters

120
355
160
480
220
690
340
1020
430
1330
680
2060
900
2700
1100
3410
1400
4120
1800
5500
2300
7000
2.800
8200
3500 10400
4700 13800
6000 18000
7500 22100

Note—In making calcula ions of the 21 and 43 Plate condensers aminimum capacity of 100 micro-microfarads has been assumed which includes the capacity of accessories in the circuit.
'Courtesy of Pacent Eke rie Company.
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HOW BANK WOUND COILS ARE MADE
Figure L: The method ii,ed in winding a bank wound
coil. '1'he numbers on the wires indicate the order in which
they are laid down.

THE CONSTRUCTION OF THE D COIL
Figure Is:: A simple but effective coil with a lair degree
of electrical efficiency to its credit.
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just completed apopular explanation of
coil phenomena and are about to embark upon technical features of design.
When awire is referred to by acertain
number, as, for example, "No. 16 or
No. 28," this number means the
"gauge" of the wire. It is a way of
specifying the thickness. It would be
much more convenient and scientific
simply to set down the diameter of the
wire in thousandths of an inch or in
millimeters, but years ago engineers got
into the habit of specifying the sizes of
wires and rods and plates by the particular slot or hole in a "gauge plate" into
which the wire or other thing would fit.
The habit has persisted. These slots or
holes were numbered, hence the present
numbers used to designate the sizes of
wire.
Many such systems of gauges have
been in use in different countries and at
different times. In the United States,
for use with copper wire, only one of
these systems has survived. This is the
American Standard or "Brown and
Sharpe" gauge, often referred to as the
"B. and S." gauge. The numbers in it
•are purely arbitrary, like the width
letters for shoes. The gauge numbers
do have, however, amathematical relation to each other such that an increase
of three numbers means a decrease of
the cross-section of the wire by just onehalf; which means, in turn, a doubling
of the electrical resistance of each foot
of the wire.
It is useless, however, to bother about
remembering this mathematical relation.
The table printed with this article gives
the numbers in the Brown and Sharpe
gauge, with the diameters of the wires
in "mils," one mil being one thousandth
of an inch. In this table, for example,
number 18 wire is seen to have a diameter of 40 mils, which means that

its thickness is 40 thousandths, or one
twenty-fifth of an inch.
In many of the books you will see
tables of "circular mils." This is the
square of the diameter of the wire in
mils. For example, number 18 wire
equals, in circular mils, the square of
40, or 1,600. Note that this is not the
area of the cross-section of the wire, for
the wire is circular instead of square
and the area of its cross-section is not
the square of its diameter but must be
calculated from the geometrical formula
for the area of acircle.
Fortunately the possible confusion
about the circular mils has little importance in radio calculations as circular
mils are not much used by radio writers.
The best thing to do is to use always
the diameter of the wire in mils. If
figures are given in circular mils take
the square-roots of the numbers and you
will have, in all cases, the diameters of
the wires in mils.
The electrical resistance of a copper
wire depends on its cross-section. In
the table are given the resistances of
wires of the different gauge numbers for
direct current at ordinary room temperatures. In practice these resistances must
be considered merely as approximate
values, since the resistance of wire
varies slightly with the hardness or softness of the wire, with the temperature
and sometimes with other things. The
figures in the table are close enough for
all ordinary purposes.
Bear in mind that these resistances are
for direct current. For ordinary alternating currents, such as are used in
power work or in house lighting, the
resistances are about the same, but for
radio-frequency currents the resistances
are quite different because of the skin
effect. It is impossible to give a general table for resistances at radio frequencies since the frequency, the nature
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THE SIZES AND PROPERTIES OF DIFFERENT KINDS OF COPPER WIRE

B &S
Gauge

Diam.
Mils.

Feet
Per Pound

Ohms
Per Foot

TURNS PER INCH
Bare

S. C. C.

D. S. C.

Enameled

8

128

20

.00064

7.8

7.3

9

114

25

....

7.7

.0008

8.7

8.2

....

8.6

""
....

10.8

10

102

32

.0010

9.8

9.2

11

91

40

.0013

11.0

10.3

9.6

12

81

50

.0016

12.3

11.5

13

....

72

63

.0020

12.1

13.8

12.8

13.5
15.1
16.9

14

64

80

.0026

15.6

15

14.3

57

....
....

100

.0033

17.5

15.9

....

16

51

127

.0041

19.6

17.9

17

45

18.3

160

18.9

.0052

22.2

20.0

20.4

21.3

18

40

200

.0065

25.0

22.2

19

SO

22.7

260

23.8

.0082

27.7

24.4

20

32

25.2

26.5

320

.0104

31.2

27.0

21

28.0

28.5

408

29.7

.0131

35.1

29.9

31.0

33.1

22

25.3

515

.0165

39.5

33.9

23

34.4

22.6

650

37.2

.0208

44.2

24

37.6

37.9

20.1

820

41.5

.0262

49.7

41.5

25

41.8

17.9

1,030

46.5

.0330

55.8

45.7

46.1

52.1
58.5

26

15.9

1,300

.0416

62.8

50.2

27

50.8

14.2

1,640

.0525

70

55

28

55

12.6

2,060

65

.0662

79

60

61

73
82

29

11.3

2,600

.0834

88

65

30

66

10.0

SAO

.105

100

71

31

8.9

72

4,140

91

.133

112

77

32

8.0

5,230

103

.167

125

33

84

7.1

as

78

6,570

115

.211

140

90

91

130

84

6.3

8,330

.266

158

97

85

99

5.6

10,480

145

.335

178

104

106

161

36

5.0

13,200

.423

200

111

37

114

4.5

16,600

180

.533

222

118

121

204
227

38

4.0

21,000

.673

250

125

39

128

3.5

26,500

.848

285

135

40

137

3.1

33,400

256

1.070

322

141

145

286
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of the winding, the character of insulation on the wire, the tube that it is
wound on and even other factors, may
affect the measured resistance of acoil.
For use in winding coils and in calculating the amount of wire needed for
them the tables of turns per inch will
be found useful. This means linear
inch, along the coil, one layer deep. The
figures are approximate only, as the wire
made by different manufacturers differs
slightly. "SCC" means "single-cottoncovered"; that is, a wire wrapped with
one layer of cotton insulation. Similarly. "DSC" means "double-silk-covered" wire, having two layers of silk
insulation. There are also "double-cotton-covered" and "single-silk-covered"
wires but they are little used in radio
work. Enameled wire, having athinner
and transparent insulation, is much used
in radio.
Wires of unusual shape, as for example, square bus-wire, are usually
specified by the number of the round
wire to which they are equivalent in
electrical resistance. This means that
such wires have the number of the round
wire having the same cross-section. A
number 16 bus-wire, which is a common size for wiring radio sets, has as
much copper in it per foot as has a
number 16 round wire. There will be,
therefore, about 1,75 feet of such wire
in apound.
In England an entirely different set
of gauge numbers is sometimes used for
No. 10 S.W.G.
No. 14 S.W.G.
No. 18 S.W.G.
No. 22 S.W.G.
No. 26 S.W.G.
No. 30 S.W.G.
No. 34 S.W.G.
No. 42 S.W.G.

wires. It is called the "British Imperial
Standard Wire Gauge," frequently abbreviated to "S. W. G." A few British
publications use the Brown and Sharpe
gauge just as we do, but if the gauge
system is not specified it is safe to assume, in British work, that the S. W. G.
system has been used. This system is
also used more or less in other countries,
though in France it is customary to
specify, also, the diameter of the wire in
millimeters. A millimeter is one thousandth of a meter or about .04 inch.
One millimeter equals 39.37 mils, and
one mil equals .0254 millimeter. These
figures permit easy conversion of either
one into the other.
The B. and S. gauge, the S. W. G.
system, the measurement in mils and
the similar measurement in millimeters
are the only four ways commonly used
to specify the size of copper wires. But
for iron and steel wires three other
gauges are sometimes used; the Roebling
gauge (also called the Washburn and
Moen gauge), the Birmingham gauge
and the Stubs steel-wire gauge. The
Stubs iron-wire gauge (as contrasted
with that for steel wire) is the same
as the Birmingham gauge. All this is
rather complicated but it has, fortunately, little application to radio as
these gauges are not used for copper
wires.
The approximate relations between
the two gauges that are used for copper
wires are given in the following table:

(British) equals No. 8B. and S.
(British) equals No. 12 B. and S.
(British) equals No. 16 B. and S.
(British) equals No. 21 B. and S.
(British) equals No. 25 B. and S.
(British) equals No. 28 B. and S.
(British) equals No. Si B. and S.
(British) equals No. 38 B. and S.
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(American)
(American)
(American)
(American)
(American)
(American)
(American)
(American)

These relations are not exact, but
give an idea of the relation between the
two gauge systems. For the exact diameters of wires in the two systems,
as well as for details concerning exact
resistances and the like, it is necessary
to consult the more comprehensive
tables in the handbooks of electrical
engineering.
By special permission of the Director
of the United States Bureau of Standards, Washington, D. C., we are able to
include in this data on coils avery practical and at the same time very accurate
manuscript by Morris S. Strock of the
Bureau radio staff:
"In the tuned circuit of every radio
receiving set there are one or more coils
of wire which carry the feeble alternating
currents induced in the antenna by the
incoming radio waves.
"Such currents go to make up a
minute amount of electrical power. If
the coils in which these currents flow
are improperly made, they will waste a
larger portion of this power than is
necessary. This condition limits the
flow of useful current with the result
that the current value may not be quite
high enough to produce an audible signal in the telephone receivers. In this
case the substitution of more efficient
coils would give understandable reception from adistant station when otherwise it could not be heard.
"A receiving set that employs regeneration or radio-frequency amplification
will detect exceedingly minute currents,
yet, there is always athreshold current
value (in the vacuum tube) below which
even these sensitive circuits will fail.
"There are two other reasons for using
efficient coils, and these reasons involve
the signals obtained from any transmitting station. The first of these additional reasons tells us that efficient coils
increase the selectivity of the circuit.

"Selectivity is something every receiving circuit needs, and means of
improving it are well worth while.
"Coils of low power loss will permit
of good amplification without excessive
filament currents or high plate voltages.
"This means that the signals will be
less noisy and less distorted—and, to
all those who are interested in broadcast programs, what single consideration is more important than that of
securing reproduction which is natural
and lifelike?
"Let us take an inventory of the factors that cause these power losses, in
order to learn how to avoid them.
"First, it should be stated that power
losses in acoil increase as the resistance
of the coil is increased.
"Resistance—more properly called
high-frequency
resistance—may
be
measured. Radio-frequency resistance
changes somewhat with the frequency,
but at all radio frequencies the same
features of coil construction always
cause an increase in apparent resistance.
Therefore, change of apparent resistance
with frequency need not be considered
in detail.
"Alternating currents of radio frequency are unevenly distributed through
the conductor, their effect being most
pronounced on the surface, and the
higher the frequency the greater this
skin effect will be. Therefore, if the surface area of the conductor is increased,
its resistance will usually be decreased.
For braided or stranded conductor this
statement may not be literally true. For
instance, at frequencies below 1,000 kc
(wavelengths over 300 meters) a solid
conductor sometimes has alower radiofrequency resistance than stranded Litzendraht cable of greater surface area.
"Second, the insulating material between the turns of the coil increases its
apparent resistance.
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"This is due to a phenomenon called
dielectric absorption. The insulation
acts much the same as the insulation (dielectric) of acondenser, and if the insulating material is apoor dielectric the losses
are relatively high.
"Third, the insulating material of the
form upon which the coil is wound and
other insulating material in the field of
the .coil, will also increase its resistance
and for the same reasons just given.

"Fourth, any metal in the field of the
coil will increase its radio-frequency
resistance because the metal object has
eddy currents induced in it and these
currents absorb useful power from the
circuit. At the back of the panel in
many radio receiving sets is placed a
metal shield which serves acertain useful purpose; it will, however, considerably inereate the resistance of coils
mounted too close to it.

KEEP THE AUDIO TRANSFORMER AWAY FROM THE TUNING COIL
Figure M: In arranging the instruments, remember that audio transformers necessarily contain alot of
iron which has aparticularly strong choking effect at radio frequencies.
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"Fifth, leakage of current between the
turns of the coil will increase its radiofrequency resistance. This most usually
occurs when the conductor insulation
collects moisture.
"Sixth, unused turns (dead ends) often
increase the resistance of a coil. The
dielectric effect previously mentioned,
increases the distributed capacity of the
windings and in the case of dead ends,
a resonance effect may be obtained
which causes the radio-frequency resistance to rise to ahigh value.
"Seventh, taps taken from the coil and
connected to switch points, increase its
resistance. The switch points being imbedded in insulating material, the phenomenon of dielectric absorption comes
into play.
"Results of actual tests showing how
the radio-frequency resistance of coils is
increased will emphasize the remarks
just given and point the way to practical hints forming the subject-matter of
this contribution.
"A first example involves atypical coil
(shown at the left in Fig. 0) such as
might be used in the antenna circuit of
a receiving set. (For the present, the
hand of the observer holding the metal
rectangle is to be ingored; this will be
considered shortly.)
"This coil was made by winding sixty
turns of No. 20 DCC wire around a
four-inch cylinder of phenolic insulating
material (bakelite, so called, but actually it may be something else). At 750
kc (400 meters) the radio-frequency resistance of this coil was 3.2 ohms—and
now comes the significant part of the
experiment. An identical coil was wound
on a dry cardboard cylinder and its
resistance at the same frequency was
only 1.1 ohms. Thus the humble cardboard, used in adry place, was superior
electrically (although not mechanically)
to the more aristocratic insulating ma-

terial. This is not true, however, when
the cardboard absorbs moisture.
"Now, consider the one-sixteenth inch
brass rectangle shown at the left of this
coil. Metal parts of greater weight or
size than this are frequently used in
mounting coils. For mechanical reasons
this may be necessary, yet the amount of
metal should be reduced as much as
possible. The metal piece shown in the
photograph was placed inside the coil
and the apparent resistance was thereby
increased 0.5 ohm.
"A final test of this coil shows the
effect of leakage. A few drops of clean
water were allowed to soak through the
insulation over the area shown by the
dotted lines, and the resistance of the
coil was increased 0.6 ohm. This hints
at the importance of protecting the coil
winding from moisture, especially in the
case of cotton insulation which readily
absorbs moisture from damp air. These
measurements were made in a dry atmosphere so that the cotton insulation
was extremely effective.
"At the right of Fig. 0 is shown a
so-called spider-web coil which was
wound from No. 24 DCC wire on dry
cardboard. This type of winding supposedly gives lower radio-frequency resistance than a winding in cylindrical
form because of a slight spacing of the
turns. This factor is, in itself, an advantage, yet due to the peculiar form of
winding the losses may be unnecessarily
high. At 713 kc (420 meters) the resistance of this coil was 3.9 ohms. Another coil was made by winding the same
kind of wire on a cylinder of dry cardboard so that the same inductance was
secured—that is, either coil could be
substituted in the measuring circuit
without changing its frequency. The
radio-frequency resistance of the second
coil was only 2.9 ohms.
"We now come to an excellent exam-

190

pie of how a coil should not be made.
This is shown in Fig. P—the primary
portion of a two-circuit tuner (loose
coupler) made in the days when little
was known of coil losses. If the designer had tried to secure a high radiofrequency resistance he could scarcely
have done better! Note the large brass
rod for the sliding secondary, the insulating material completely covering the

winding (70 turns of No. 22 SSC wire),'
the large switch points embedded in
the insulating material, and finally, the
large metal support for the coil form.
This construction incorporates excellent
mechanical features and one good electrical feature—firm contact on the
switch points. In securing these results, however, the radio-frequency
power losses were greatly magnified A

THE WRONG WAY TO ARRANGE THE INSTRUMENTS
Figure N. If you place the audio transformer up against the tuning coil as shown, it may cut down the
efficiency of the set as much as fifty percent. It will make the signals weaker and will cause the tuning to
be very broad.
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EXPERIMENTAL COILS THAT GAVE SURPRISING RESULTS
Figure 0: The dotted liDC3 on the center coil indicate the area that was wet with afew drops of clean water.
Wetting just this small portion of the coil greatly increased the resistance. The spiderweb coil was not as efficient
as astraight cylindrical coil of the same inductance value.

measurement of resistance including all
the turns of this coil, gave avalue of 25
ohms at 483 kc (020 meters)—at least
five times the necessary value.
"Thus far we have taken an inventory
of the causes of power losses in coils
and have given practical examples of
these losses. Working from this foundation, we will now give practical hints
for reducing or eliminating power losses.
It must be borne in mind that merely
substituting an efficient coil for one of
poor design in a receiving circuit will
not give any startling improvement in
results, if the rest of the circuit and
the antenna and ground system have
an unnecessarily high radio-frequency
resistance. Reasonable precautions in
wiring and careful selection of parts
should, however, take care of these difficulties. In the case of coils, the experimenter has quite afield, for he frequently makes them himself, or, if the
purchased article is used, it can usually
be rewound if necessary.
"An ideal coil, as far as power losses
• are concerned, would be one made by

winding a conductor of zero resistance
into a coil having no material support
and using the whole thing in an isolated position. This fantastic illustration emphasizes the importance of taking precautions which will approach
this condition. These precautions will
apply to all coils used in: wavetraps;
single-circuit tuners; two-circuit tuners;
regenerative tuners; tuned-radio-frequency transformers in reflex or neutrodyne circuits. Single-layer coils only,
are assumed—multi-layer coils, except
those having spaced turns, should never
be used for broadcast or amateur frequencies.
"First considerations involve the conductor.
"Unless space is rather restricted it is
agood rule to use nothing smaller than
No. 20 copper wire. An instance was
once noted, where, in the wiring of a
receiving set, an inexperienced person
had used steel wires! This introduced
an unnecessary resistance of several
ohms and the set would not operate
satisfactorily. When some of the longer
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AN EXAMPLE OF ELECTRICAL INEFFICIENCY
Figure P: This primary portion of atwo-circuit tuner (loose coupler) was made in the old days
when little was known of coil design. It has almost every fault mentioned in this Section, including
large masses of metal in the field and too much insulation material surrounding the coil. It has five
times the resistance at radio frequencies that such asize coil should havel

steel wires were replaced with copper
wires, the circuit gave good results.
"Stranded (Litzendraht) cable, consisting of enameled strands of fine wire
braided in aspecial manner, often gives
alowered resistance at frequencies above
1,000 kc (wavelengths below 300 meters)
provided the following precautions are
observed:
"(1) Testing each strand for continuity;
"(2) Testing each strand, for possible
shorting through insulation, with every
other strand;
"(3) Observing great care in winding
so that no strands will be broken;
"(4) Equal care in soldering terminals so that no strands will be missed.
"A violation of any of these conditions may cause an excessively high
radio-frequency resistance. Precautions
(1), (3) and (4) are necessary because
the fine strands break easily and are
difficult to solder; precaution (2) is necessary because 'pin holes' are common
in the enamel insulation. The best way
to remove enamel from these fine strands

is by heating cautiously to a dull red
and plunging into alcohol.
"The insulation and spacing of the
conductor is also important. Enamel
insulation, alone, is not desirable because it gives anoticeably higher radiofrequency resistance than silk or cottoncovered wire of the same size. The
enamel is a poor dielectric and because
of its thinness, gives the coil a high
distributed capacity—hence the resistance is increased. Double-cotton-covered wire is good, because the cotton insulation gives good spacing between
turns, and the cotton itself, when dry,
is an efficient dielectric. Enameled wire
which has adouble-cotton-covering has
apeculiar advantage in that the enamel
excludes moisture and prevents leakage
losses while the cotton takes care of the
spacing. Here the dielectric effect of
the enamel is not serious because of
greater spacing of the turns. Wire that
has single cotton or single silk insulation
is not desirable; double silk insulation is
very good and does not absorb moisture
as readily as cotton.
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"Having decided upon the conductor
and its insulation, it is logical to consider the winding form.
"Phenolic insulating materials, commonly used for this purpose, are usually
not as good from the dielectric viewpoint as dry cardboard or wood, although their non-hygroscopic properties
are excellent, as well as their ability to
withstand high voltage. In the receiving circuit, however, no such voltages exist, so this latter advantage is
nil. These materials are mechanically
stronger than any other kind and this
advantage is worth considering if the
equipment is for rough portable use.
"Other winding forms are hard rubber, cardboard and wood. Hard rubber
has excellent non-hygroscopic properties
and most hard rubber has lower dielec*
tric losses than cardboard or wood; it is
also better from the mechanical viewpoint.
"Wood forms are not common except
for use in rotors but for this purpose they
may be made almost as efficient as
cardboard. The wood should be treated
the same as the cardboard but the drying process should be longer. One difficulty in the use of wood is that it may
have been rather green when turned
out at the factory. If aclose examination reveals no sign of cracking and if
the wood itself appears dry it is most
probably well seasoned.
"Wood or cardboard forms as purchased should not have been varnished
or treated with any compound, particularly black varnish, which may increase
the power losses.
"In mounting the completed coil, precautions must still be observed but mechanical requirements of metal mean the
sacrifice of some electrical efficiency.
However, as little metal as possible
should be used, especially inside of the
coil. Also, the coil should be mounted

at least two or three inches from any
shields at the back of the panel. Taps
should be connected by short wires to
switch points which should be small in
order to reduce the dielectric effect of
the insulating material in which they
are imbedded.
"Two general factors can be taken advantage of to reduce coil losses. First,
use no more turns or taps than are
necessary; if a variable condenser is
used, it will take care of the fine tuning
adjustment. Second, do not use along
coil of small diameter, nor avery short
coil of large diameter; to do so means
that more wire will be needed to secure
a given amount of inductance,—;with
the result that the radio-frequency resistance will be somewhat greater. It
can be shown experimentally that the
maximum inductance with agiven length
of wire is attained when it is wound in
a coil with a diameter equal to about
2.3 times its length. This is a good
standard to go by, but the limits are
rather wide and coils somewhat longer or
shorter, relative to their diameters, may
be used, the approximate extremes in
either direction being shown in Fig. Q.
"Coils of various fancy forms of winding may be purchased or the experimenter may be capable of winding them
himself. Some of these coils actually
have low losses while others may not be
as efficient as simple single-layer coils
wound with precaution. When coils are
purchased, select those having lowest
losses by avoiding:
"(1) Small conductors; (2) conductors
having fine individual strands,—broken
strands cause high resistance; (3) closely
spaced enameled wire; (4) bulky coil
forms; (5) coil terminals mounted in
large blocks of insulating material; (6)
large pieces of metal used in mounting;
(7) heavily varnished windings; (8)
more taps or turns than are necessary.
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"One brief concluding sentence suggests the marrow of this contribution:
"As proved by laboratory tests, radiofrequency coils in a receiving set waste
power, and definite precautions in coil
construction reduce these power losses,
enabling the set to give clearer signals."
Those who wish to ascend to greater
technical heights in the matter of coil
design and construction will find in the
following pages abeautiful contribution
to the subject by no less an authority
than Sir Oliver Lodge. While the facts
presented may be beyond the point
that the average experimenter cares to
go, the mathematics are by no means
beyond high school education.
"In the first place, to keep the distributed capacity to a low value the

actual wire used in coils for areceiving
set should be thin, so as to expose but
little surface. The wire should be of
the highest conductivity, but the smaller
its diameter the better, so far as this
desideratum is concerned. Also the
shorter the length the better, since the
capacity varies directly with the length.
The only disadvantage of a very fine
wire is that its resistance is high. But,
after all, resistance does not much
matter. For a receiving station the
Current is feeble, and the thinnest wire
will serve. It may be coated with silk,
cotton or enameled. And if astranded
core is employed, the enameling of each
separate strand is sufficient to keep them
isolated from each other.
"But it is well to wind the turns of

THE RELATION OF COIL DIAMETER TO LENGTH IS IMPORTANT
Figure Q. These coils represent about the limits of diameter and length for the highest efficiency. Avoid long,
small coils and very large, short coils; both extremes are bad because they require more wire to get the same induct.
ance—and this increases the loss.
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wire not too close together. Hence a
fairly thick cotton covering might be
applied outside the real insulation, so
as to diminish the capacity effect of each
turn upon the others. The thickness of
the ultimately covered wire may therefore, be three or four, or even ten times
the thickness of the copper core; but we
may doubt if it is ever necessary or advisable to use a covering as thick as
that. And were it not for the practical
experience which has developed "basket" or open winding, the author should
have been disposed to advocate aclose
compact coil wound so as to give maximum inductance for agiven length. In
any case, maximum inductance must be
aimed at, whether the covering of the
wire be thick or thin. We shall assume
then that the wire to be used has an
external diameter or thickness T, and
that the copper core has the thickness t,
and shall proceed to consider what is
to be done with it.
"Given the antenna capacity and the
wavelength or range of wavelengths
desired, we can at once determine the inductance or range of inductances necessary. Here is the formula, which gives
the coil inductance as the square of
the wavelength divided by forty times
the antenna capacity; everything being
expressed in the same units of length*:
Square of wavelength
Inductance —
40 times the capacity

"For instance, to receive on a wavelength of 200 meters with an antenna
whose capacity is 1meter, which would
be a likely value for a single wire elevated by apole 20 meters high, the coil
must have an inductance,
40,000
L=

that is, 1kilometer, or 10 centimeters,
or a tenth of a millihenry. To get a
wavelength of 1,000 meters with an antenna of 2meters capacity would need
an inductance
10 4
L = — = 12,500 meters,
80
that is, 12% kilometers or 1V1,millihenry. Twice this value would be
needed if the capacity of the antenna
were halved. But if the wavelength
were to be doubled the inductance must
be quadrupled .
t
"Now, to get the necessary inductance
in a coil, using the smallest length of
wire, it must be wound on aframe of the
following shape and dimensions, viz., a
disc coil of external diameter 14 units,
of internal diameter 8 units, and with
the channel for the wire a square, 3
units to a side. There remains only
to determine the size of the unit which
will give the required inductance L,
for wire of given external thickness T.
The formula for determining the actual
size of the coil's external diameter D, is:

that is L es40C

D

'See appendix at end of this Section.
fSee Appendix for explanation. The following table
mill effect conversion from conventional capacity units
to length units: the latter being in many respects more
*.ronvenient except for large capacities:
1microfarad = 9kilometers
1millimicrofarad = 9meters
1micromierofarad = .9 centimeter
'For practical purposes a capacity expressed in microsnicrofarads may be interpreted at once as nearly
equal to the same number of centimeters. A ten percent allowance can be made if desired, for a centi-

= 1,000 meters.
40

6

=

60.6LT4

meter is ten percent bigger than a micromicrofarad.
For inductance: the conversion is still easier:
1henry .= 10,000 kilometers = athousand million
centimeters
1 millihenry = 10 kilometers = a million centimeters
1 microhenry = 10 meters = a thousand centimeters
1millimicrohenry = 1centimeter
Flence, to express inductances in centimeters is
always quite easy.
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WIRES (SPACED

TWO STANDARD METHODS FOR WINDING COILS
Figure R: The coil on the left is known by numerous names, such as basket weave, honeycomb and
duolateral; the turns of wire cross each other at an angle and therefore, the capacity between turns
(called the "distributed capacity" of acoil) or between layers is low. Compare this method of winding
with the coil on the right, which is an ordinary solenoid winding. Here the turns of wire lie right
along side of each other and close together: the distributed capacity of such acoil is high, especially
if anumber of layers are wound over each other.
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And once having determined D, the size
of the coil is known in every detail, also
the number of turns of the given kind
of wire, and the length of wire necessary.
"The use of this formula will be best
illustrated by an example.
"Suppose the inductance required is
one millihenry, that is to say, 10 kilometers or 10 6 centimeters; and let the
thickness of the covered wire be 2millimeters or 1/5 centimeter; then D5,
comes
out from the above formula as

6

=

X

625

66 X 400,000
D =

6

10 6,

n
=
(

b = — D = 2.142 centimeters;
14
the number of turns n, of covered wire
of thickness five turns to the centimeter
will be

the mean radius of aturn r, is,
r= et (D)

d) = 4centimeters;

and hence the total length of wire is,
= Q ir

nr = 27.6 meters.

"Or it may be more convenient to
work with inches, so far as the workshop dimensions are concerned. If we

—
b

1=

the breadth of the coil b, or the side of
the square channel in which the wire is
wound will be,

=115;

4.84 inches.

= 106,

and the length of the wire used,

8
d = — D = 5.7 centimeters;
14

b
y

=

10,000

or a trifle more than 105;and therefore
the extreme diameter D = 10 centimeters practically. The internal diameter d will then be

n =(—

'%1

So that the internal diameter will be
d = 2.72 inches. And the side of the
square channel b = 1.03 inch. The
number of turns will be,

66.6
D

are dealing with the same inductance
we must divide 10 6 centimeters by 2.54
to bring it to inches. Or we may take
as example a round number:
Let
the required inductance be L = 400,000
inches, while T, the thickness of the
wire, = 1/10 inch. Then we tan
reckon the external diameter of the coil,
in inches, as:

w (D -F d) = 1,260 inches
or 35 yards.

"The result we see is not alarge coil,
even for so thick a covered wire. By
diminishing the thickness of the wire
the coil can be much decreased in size.
For if the size of the channel is given,
then the use of a wire of half the
thickness will give a16-fold inductance,
because it depends inversely on the
fourth power of the thickness. This
is indeed obvious. For if the wire is
half as thick, double as many turns
can be put in each layer, and there will
be twice as many layers, so the number
of turns altogether is quadrupled. And
as the inductance depends on the square
of the number of turns, that will be
magnified 16 times.
"As regards size of bobbins for agiven
thickness of wire, we can make this
statement: doubling the linear dimensions of the bobbin for agiven wire will
magnify the inductance of the result-
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ing coil 32 times. This is not quite so
obvious, but it clearly appears from
the formula, since L varies with the
fifth power of D, and 26 = 32.
"The first idea of self-induction originated with Faraday, long ago, but he
was quite vague about it, and called it
"the electrotonic state of aconductor."
It puzzled him a good deal, and he
treated it almost as if it were some
chemical property of the metal, acquired
under electrical influence. He named
it "electrotonic state" in November,
1831, during his great discoveries in
electromagnetic induction generally.
"The idea became rather more definite
in the hands of Sir William Thomson
(Lord Kelvin), who in 1853 gave the
mathematical theory of electrical oscillation. He perceived asort of analogy
between Faraday's electrotonic state and
electrostatic capacity—only he perceived it was kinetic instead of static—
and he therefore called it "the electrodynamic capacity of adischarger." In
other words, he found that it was aconstant belonging to all the wire circuit
through which aLeyden jar discharged.
Thus in an oscillating circuit there were
the two things, both essential to oscillation:
"First. the electrostatic capacity of the
charged areas:
"Second, the electrodynamic capacity
of the connecting wire or discharging
rod. Resistance came in subordinately,
as a damper of oscillation, in acomparatively simple way which he thoroughly understood.
"Then, later on, it was realized that
just as two wires lying alongside of each
other had amutual coefficient of induction, so that the one induced currents in
the other (as discovered by Faraday)
—each being susceptible to the rate of
variation of the current in the other—so
it might be said that every longitudinal

part of a single wire reacted on the
other parts of the same wire, or, in
other words, that the wire was itself
susceptible to the rate of variation of
the current in itself. Hence it was possible to speak of not only the mutual
induction of two parallel conductors, but
of the self-induction of one. And so
Maxwell introduced the term "self-induction," and made it quite definite and
calculable. Later, Heaviside styled it
inductance, to correspond with resistance.
"There are two ways of calculating
this quantity, now commonly denoted
by the letter L. One is to reckon the
number of magnetic lines of force which
effectively surround a wire carrying a
current—the momentum, so to speak, of
its magnetic field—and to call that momentum Ll, where 1is the strength of
current. The other is to treat the wire
as if stranded, and to reckon the mutual
induction of the strands on each other.
This can be done by taking it as equal
to the mutual induction of two parallel
wires at what is called the "geometric
mean distance apart": that is to say, at
adistance determined by the shape and
size of the cross section of the single
wire—a distance which can be reckoned
as the average distance of the points in
such a section from each other. It is
all worked out in Maxwell's great
treatise, published in 1873; and he gives
an expression for this geometric mean
distance for different shapes of section.
It is important, because it applies, not
only to a single wire, but to the cross
section of the wound channel in acoil.
That cross section may be square, or
oblong, or round—as when the coil is
shaped like acurtain ring.
"In practice the section is usually oblong or square. It may be oblong
broadways, as when one or afew layers
are wound cylindrically on a tube; or
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oblong depthways, as when short layers
are wound so as to be piled on top of
each other, making asort of disc.
"For acoil with one narrow dimension
(that is to say, for awinding whose section is athin oblong, whether the coil is
wound horizontally or vertically) the
geometric mean distance asunder of its
parts is .223, or say a quarter, of its
larger sectional breadth.
"For asquare section, the value is .45
times the length of one of the sides, that
is, about half the side of the square.

"For acircular section it is .78 or say
three quarters of the radius.
"For an oblong section in general, the
accurate expression is decidedly complicated, involving logarithms and tangents, but it may be taken as approximately a quarter of the width and
depth of the section added together;
b+d
more accurately,
—, which is very
(20)
nearly right. The complete formulas
will be found in Maxwell, or quoted

FIGURE S
It is interesting to note that if we build acoil of cera
tain dimensions A. it will have a certain inductance.
If we double all its dimensions, including the diameter
of the wire (as in coil II), the inductance will increase
very slowly in proportion to the added size. If, however, we keep the wire the same size as in the first coil
and at the same time double all the other dimensions
of the coil. as in C. we will find that the coil has inductance 32 times greater than coil A.
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in Professor Fleming's comprehensive
treatise and we need not attend further
to it now, because we want to concentrate on the most compact section—
either acircle or asquare. For it is this
compactness which gives the maximum
self-induction.
"That, however, is not all that is necessary to be known, by any means. That
only determines the shape of the channel in which the wire is wound. We
must know the average size of the channel in relation to the circle of wire so
formed, that is to say, we must know
the external and internal diameters of
the coil in terms of its sectional dimensions. Maxwell calculates that too,
though he says it was first worked out
by the mighty mathematician Gauss, in
1867; though under what circumstances
and for what reason Gauss can have
calculated it, we do not know. It will
be instructive to some readers if we indicate the manner of calculation, though
those who like may skip the algebra,
which we may defer for the immediate
present. Anyhow, the result is clear and
definite and simple enough. The width
and depth of the channel's cross section
must be approximately three-fourteenths
of the external diameter of the coil, or
three-eighths of the internal diameter,
the external diameter being fourteeneighths or 1% times the internal. (See
Fig. S.) That determines completely
the shape of the best coil, whatever its
size may be. Every coil that we now
proceed to speak of is to be of this shape,
they will differ only in size, one will be
like another magnified. But the wire
which is wound on the coils will not be
magnified. If it were, the number of
turns would remain the same, and the
inductance would increase very slowly
in proportion to the additional size. It
would, in fact, in that case simply increase with the linear dimensions, or,

what amounts to the same thing, it
would be proportional to the length of
wire used.
"But if the wire is maintained at a
constant thickness, no matter what the
size of bobbin on which it is wound, the
inductance increases vastly as the dimenions increase. It increases not only
because of the greater length of each
turn of wire, but also in proportion to
the square of the number of turns. If
the linear dimensions are doubled, the
number of turns are quadrupled, and
therefore the length of wire is quadrupled. The inductance depends on the
square of the number of turns, and
therefore is quadrupled twice over,
making it 16-fold, and the linear dimensions being doubled makes it altogether
32-fold. That is to say, increasing the
size of the coil, for agiven thickness of
wire, increases the inductance as the
fifth power of the size. In other words,
doubling all the linear dimensions
multiplies the inductance by 32.
"The formula connecting the three
things—outside diameter of coil (D),
thickness of covered wire (T), and maximum inductance (L.)—is as follows:
D4
— = 66.6L.
T4
"Here the D, T, and L must all be expressed in the same units, no matter
what those units are; and for convenience L should therefore, in such cases,
always be expressed as alength, not in
such units as henries or fractions thereof,
though these are useful for other purposes.
"So also it is best, for radio apparatus,
to express capacity as alength, and not
in farads or microfarads or micromicrofarads. It is much better to express it
in meters, because one usually wants to
employ it to calculate the wavelength.
The wavelength is 27r times the geo-
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metric mean of the inductance-length
and the capacity-length, that is, about
6times the square root of their product.
Thus, suppose L is 10 kilometers, and C
is 1meter, the wave length would be 600
meters. If L is 1kilometer, and C is
10 meters, the wavelength is the same.
If L is 16 millihenries, or 16 x 10 6 centimeters, and C is 100 centimeters,
the wavelength will be 240,000 centimeters, or about 232 kilometers.
"By thus working in length units, the
calculation is quite simple, and can be
done in one's head; and slips of extensive magnitude can be avoided, because there is a common-sense feeling
about the size of the quantities dealt
with, all the time, which prevents their
being accidentally taken hundreds or
thousands of times too big or too small,
as may easily happen when hastily dealing with meaningless units of quite unsuitable size. To measure things in
farads and henries when we want the
dimensions of a coil in inches, or a
wavelength in meters, is not practically
convenient.
"Any open oscillating circuit transmits
its energy to the ether, and so radiates
it into space. If a circuit consisted of
two capacity areas separated by along
wire or rod, it would be an exceedingly
powerful radiator, and would radiate
practically all its energy in two or three
swings or alternations.
"However; acircuit of this type would
be unsuitable for tuning or for any
precisely resonant effects. To prolong
the oscillations we must introduce electrical inertia in the form of inductance.
The electrical oscillations will then alternate back and forth for a much longer
time. It will conserve its energy to
some extent; in other words, the damping coefficient will be diminished, so that
if left to itself it would continue swinging
twenty or thirty, or even more, times;

or if connected to a continuous-wave
generator it will be kept in vibration
with but little applied power when tuned
to the right frequency.
"When acurrent runs through awire,
it inevitably wastes some energy in the
form of heat, especially if the wire is
of small diameter. Any straight conductors should therefore be fairly large
so as not to damp the vibrations out
too much. But inductance which must
be added to prolong the oscillations,
and control the frequency of oscillation,
has to be added in the form of a coil.
For best operation, the resistance of
this coil should be a minimum, and its
inductance a maximum. It is obvious
that if too great a length of wire is
used, the resistance will be unnecessarily
high, and the resistance and damping
effect more than is needed. The question is whether thin wire will do for
the coil, or whether it must be as large
in cross-section as the lead-in wires.
"Let us now consider the resistance
and inductance of acoil wound in agiven
channel, or on aspecified size of tubing
or other frame. The damping depends
on the ratio of R to L (i.e., Resistance
Inductance); and so long as this ratio
is constant, the damping will be the
same. It does not depend on R alone,
nor on L alone, but on the ratio of the
two. Suppose we fill the channel with
athick wire, its resistance will be small,
but its inductance will be small also.
Whereas, if we wind it with wire of
small diameter, we shall have a large
number of turns; so that the resistance
will be high, but the inductance will also
be high, and we must, therefore, consider whether the ratio remains the
same. We shall find that it does, and
that whether the coil is wound with a
single thick wire, or whether it is wound
with thousands of turns of fine wire, the
ratio is not altered. For the resistance
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will depend on the square of the number of turns, since the length of wire
will increase with n, and the cross section of the wire will diminish with n,
Therefore, the resistance will depend
on n2. But the inductance also depends
on n2. Hence the ratio of R to L remains constant whatever wire is
used.
"With extremely thin wires the space
is largely occupied with insulation, and
there is a tendency for the ratio of R
to L to increase somewhat on this
account as the thickness of the wire is
diminished. But the increase is little,
and for practical purposes is unimportant. Consequently, although the leadin wires should be fairly substantial,
or at least not too constricted in diameter, the wire on the coil may be
reasonably thin. And any further details about the winding should be dealt
with from the point of view of capacity
as the resistance may be left to take
care of itself.
"The way to keep the capacity in the
coil small is to wind it in asingle layer,
such as a number of turns wound on a
cylinder. In that case we have only the
capacity of each turn upon those on
each side of it, unless the tube on which
it is wound is of some conducting material, in which case the wire will form
one coat of &cylindrical condenser, and
the capacity will be far from insignificant. It is important, therefore, to use
good insulating material for the cylinder
on which wire is wound.
"Another plan, though more troublesome, is to wind the wire as athin disc,
in a large number of superposed layers
of small breadth. By adopting this
method of winding, and without using
end pieces or metal frames of any kind,
we reduce the capacity to a minimum.
And we can, if we like, separate the
turns, making asort of basket winding,

or else a spiral with interspaces, such
as is often used for a loop antenna.
Such methods of winding, however, are
far from giving the maximum inductance possible with a given length of
wire; so that the resistance may begin
to be excessive, since that depends on
the total length of wire used.
"If the wire is wound more compactly,
say as compactly as possible, by filling
a square section channel with layers of
wire, one on top of the other, the inductance can be made a maximum by
choosing a channel of the right dimensions, in proportion to the diameter of
the coil; and the length of wire used will
be a minimum, which is advantageous
if the capacity effect is not troublesome.
"To calculate the capacity effect of
a coil of many cylindrical layers, we
can treat each layer as if it were one
coat of acylindrical condenser; and we
shall find that we do not have to add
these capacities together. The effective
capacity of the whole coil will not be
more than the capacity of a single
layer, because the •
whole difference of
potential between the terminals will
not be applied to any one layer, but
only a fraction of it. The whole difference of potential exists between the
terminals of the coil, that is, between
the inner and the outer layers. If there
are six layers, only 1/6 of the difference
of potential is applied to each, and to
reckon the effective capacity we shall
have, therefore, both to multiply and
to divide by 6. Hence it is that the
number of layers does not matter. All
we want to know is the capacity of any
one layer.
"Take the axial dimensions of the coil,
or what may be called its breath; call
that b. And take the radius of the
coil, which we may call r. The layer
forms a cylinder whose area is the
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THIS CIRCUIT WOULD RADIATE ITS ENERGY QUICKLY
Figure U: If a circuit consists of two capacity areas such as the antenna and pound
arranged as shown, it would radiate practically all its energy in two or thre• swings or
alternations. Such acircuit could not be tuned properly.

zircumference multiplied by the breadth;
that is,
2v rb.
"It only remains to reckon the distance
which separates one layer from the next,
and this will be equal to the thickness of
the covered wire minus the thickness of
the uncovered wire. For an approximate estimate we can neglect the thickness of the uncovered wire, assuming
that it is thin, and take the distance as
the diameter of the wire, that is, twice
the thickness of the covering.
Treating it in this way, we know
that the capacity of aplate condenser is
A
47r Z
where A is the area of either coating,
and zthe distance between the coatings.
So in the above case this quantity will be
eirrb
4 71-

T

if T is the thickness of the insulation. We will consider the order of
magnitude of this capacity for a given
example.
"Let the breadth of the coil be 2inches,
and the mean radius of all the windings

on it be 3 inches, and let the diameter
of the covered wire with which it is
wound be rather more than
millimeter, or say 1/40 of an inch. The
capacity of each layer, with regard to
the layers above and below, will then be
rb
— =240 inches
that is, 20 feet, which is comparable to
the capacity of a single-wire antenna
400 feet high!
"The coils we advocate are wound with
much thinner wire than that. And if
the diameter of the covered wire is
.006 of a centimeter, even though the
breadth of the channel is only 1centimeter, yet with the mean radius 3centimeters, the effective capacity will be
3
.006
that is, 500 centimeters, or 5 meters,
which is still very large—bigger than
most amateur antennae. '
"To have that capacity, asingle-wire
antenna would have to be about 100
meters long and even aquadruple horizontal antenna with its four wires spaced
ayard apart would have to be 40 meters
in length.
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"But we do not want the capacity of
the coil to have any relation to the
capacity of the antenna. The coil should
be kept in its due insignificance so far
as regards capacity. What we want in
the coil is inductance. Distributed
capacity along the coil only introduces
confusion, spoils the sharpness of the
tuning, and make precision impossible.
It introduces the same kind of confusion
as a submarine cable introduces into
telephonic speech. The Leyden jar effect of acable—that is, of a wire conductor separated by an insulator from
an outside coating—prevents high-speed
transmission and tends to smooth out
the signals and make them indefinite.

and

"This effect in cables can be remedied
by the introduction of coils at intervals,
showing that coils are not in themselves
deleterious. But they should always
have as much inductance as possible in
proportion to their resistance, so as not
to introduce unnecessary damping."
Prof. Morecroft, of Columbia University, has added a most understand'
able and helpful treatise to this discussion concerning coils:
"It would seem that such a simple
thing as a coil could require but little
analysis; that anyone could build acoil
which would prove satisfactory when
used in aradio circuit. Of course anyone can build acoil which will operate in

THE DAMPING QUALITIES OF A COIL CAN BE MEASURED
Figure T: In order to determine the damping qualities of any coil it à only necessary to measure its resistance
inductance. Calculation of the damping effect of acoil will indicate how sharply it will tune in aradio circuit.
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THIS CIRCUIT WOULD TUNE SHARPLY
Figure V: The inductance added to the circuit between the antenna and ground serves
as a balance wheel to the electrical oscillations and heeps them swinging much longer
than would be the cue with the antenna shown on page 204.

a radio circuit; the question is—how
good is the coil and how well will it operate compared with the best coil Which
can be built for the purpose?
"It is the purpose of this contribution
to point out some of the factors which
determine just how good acoil is and how
well it should function.
"There are three so-called electrical
constants which enter into all of our
calculations in radio work; not only
enter into our calculations but which
also determine completely how well aset
may operate. They are:
The inductance;
The capacity;
The resistance.
"Resonance is, of course, the key-note
of operation of all radio circuits; the
product of the inductance and capacitance used in the circuit determine at
what frequency resonance is obtained.
The sharpness of this resonance (that is,
the relative ease with which it lets
through the desired frequency as compared with others of different frequencies not desired) is determined by the
ratio of the resistance of the circuit to its
inductance.
"It is evident that the characteristics
of acoil, simple thing as it is, are well

worth while studying; this study soon
shows that resistance and inductance at
radio frequencies are not the simple
things taught in elementary physics, but
are rather complicated—so much so that
theory alone cannot predict what the
constants of a coil will be at high frequencies, so that recourse must be had
to experimental determination.
"The student of electricity learns that
if the voltage (in volts) of acontinuous
current circuit is divided by the current
(in amperes) which flows through acircuit, the quotient will be the resistance
of the circuit (in ohms), and that this
resistance is constant unless the temperature changes. In an alternating
current circuit the same quotient yields
the impedance of the circuit, the impedance being made up of two components, resistance and reactance. If the
current lags behind the voltage, in
phase, the reactance is inductive; if the
current leads, it is capacitive. The resistance of the circuit is not the same
value at all as would be determined by
continuous current test, using Ohm's
law for its calculation; in fact, acircuit
which shows millions of ohms resistance
to continuous current flow may have
only a fraction of one ohm for a high.
frequency alternating current.
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the circuit to establish resonance is
accurately known, the inductance of the
coil, as well as its resistance, is determined by the resonance test. So with a
good wavemeter, and a well built and
carefully calibrated condenser, with
suitable thermocouples for current measurement, resistance and inductance
measurements may be made with afair
Power used in the circuit
degree of accuracy for frequencies as
Resistance
high as ten million or more.
(current flowing in the circuit)
"This contribution gives the results of
"If the power is given in watts.and the
afew measurements made by the writer
current in amperes, the resistance will
in such afashion; from these results cercome out in ohms.
tain conclusions may be drawn which are
"It might be questioned how this defiinteresting to the radio enthusiast. By
nition can be used in radio circuits—can
the radio enthusiast is meant the one who
we use a watt-meter to read the power
is interested in knowing why certain
used? The answer is "no"; the procethings are as they are, not the one who
dure indicated by the definition does demerely boasts that he furnishes the
termine the resistance but is not generneighborhood with so much noise from
ally followed. We could put the circuit
his set that the police department have
in a calorimeter, measuring the rate at
to censor him, or the one who hears so
which heat is developed, divide the
many distant stations that actually do
amount of this heat by the square of the
not exist.
measured value of the current flowing,
"Why should the resistance of acoil be
and so determine the resistance; but
different at radio frequencies than for
such a method is not suitable for rapid
continuous current?
and accurate determinations.
"There are manythings resulting in an
"It is possible to so adjust the circuit
increase in resistance for the high frethat its reactance is zero, in which case
quency alternating current which do not
the resistance is given by Ohm's law.
exist at all for continuous current or very
low frequency alternating current. For
R = E /I
continuous current all of the crosssectional area of the conductor is useful
"In another method the alternating
in carrying current, whereas for high
current Wheatstone bridge is used, by
frequency, due to what is called the skin
which the resistance and reactance of the
effect, but a small part of the copper
coil are both determined at once when
may be useful in carrying current. The
the bridge is balanced. The bridge is
probably not accurate at more than a losses in bits of metal used in the construction of the coil (for terminals, for
few hundred thousand cycles a second
example)
change the effective resistance
so that the resonance method (making
of the coil, always making it greater than
the reactance equal to zero) is the only
it is for continuous current. The mateone available.
rial on which the coil is wound is in a
"If the frequency of the power supply
high-frequency electric field, and even
is known (as it will be by wavemeter dethough it be aperfect insulator, permittermination) and the capacity used in
"As Ohm's law does not suffice to determine resistance in an alternating current circuit we must get anew definition
which does meet the situation. This
definition, which is applicable to all circuits for continuous as well as for alternating current (that is, it includes
Ohm's law as aspecial case) is
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—perhaps afew per cent. But such is
not the case; the resistance for highfrequency alternating current may be
many times as much as it is for continuous current. Thus one coil such as
might be used in an ordinary receiving
set had acontinuous current resistance
of 0.45 ohms; at 500 meters wavelength
it had 3.5 ohms, and at 200 meters it had
18 ohms. In other words, the coil had
forty times as much resistance as the

ting no current at all to leak from one
turn of the coil to the next, it is subject
to losses called 'dielectric losses,' or
'dielectric hysteresis.'
This loss increases directly in proportion to the frequency and so may give asubstantial increase in the effective resistance of the
coil at the high frequencies used in radio.
"It might be thought that this change
in effective resistance with increase of
frequency is not worth bothering about
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wire table for resistance of copper wires
would predict. This was not adefective
coil, but agood single layer solenoid of
No. 20 solid copper wire.
"To show how the resistance of coils
varies with frequency the curves of Fig.
X are given; they are experimentally
determined curves for ordinary solenoids such as are used in receiving sets
of the better class. The wire of which
the coils were made was of radio cable,
made of 48 strands of No. 38 enameled
copper wires properly bunched together.
Up to frequencies above one million
cycles a second the cable shows itself
superior to solid wire, as the solid wire
has not the same cross section as the
cable but is of such asize that it winds
the same number of turns to the inch.
The continuous current resistance of the
solid wire was only about one-half as
much as that of the cable, showing there
was more copper in it than there was in
the cable. Above one million cycles,
however, the solid wire actually becomes
better than the much more expensive
cable, or litzendraht,' as it is sometimes called.
"The superiority of the solid wire is
well shown in Fig. Y, which gives the
resistance of solid wire and cable coils
of the proper number of turns to make
them suitable for short wave sets. It
will be seen that at the higher frequencies the solid wire has less resistance
than the cable, although at the frequency used in broadcasting (about
833,000 cycles) the cable is considerably
the better of the two. As to just where
the solid wire becomes better than the
cable will depend somewhat upon the
form of coil; the conclusions reached
from these curves holds only for coils of
similar shape and method of winding.
It is comforting for the amateur who
'builds his own' to know that the cable,
costing about twenty times as much as

the solid wire, and which is also troublesome to tap, is but little better than the
cheap, easily worked solid wire.
"For agiven type coil, wound of a
given kind of wire at a specified frequency, there is one coil which gives a
better performance than one with either
more or less turns; that coil having the
greatest ratio of reactance to resistance
will tune best, be most selective; to get
this highest ratio acoil with the proper
number of turns must be used.
"Using two and three layer banked
winding solenoids, made of radio cable
(48-38's), the ratio of reactance to resistance was found for various coils as
given in Fig. Y. The coils were all of
the same diameter (about 4inches), and
the length varied with the number of
turns used. These curves indicate that
to get the best tuning (greatest selectivity) aproper coil should be used for a
certain wavelength. Thus, for tuning to
500 meters we should use coil A in
preference to any of the others, but for
800 meters practically all of the coils are
equally good. It must be borne in mind
that the conclusions drawn from these
curves, while in general correct for any
form or type of coil, hold specifically
true only for coils of this size and wound
with the kind of wire used here; also that
the losses in the condenser used in conjunction with the coil for tuning must be
considered. In general if two coils have
the same ratio of reactance to resistance,
that with the smaller inductance is preferable, as it will require agreater capacity for tuning and the effective resistance of avariable condenser always decreases with increase of capacity.
"The resistance of the loading coils
used in transmitting sets is an extremely
important factor in the efficiency of the
station.
Unfortunately the requirements for tuning, as at present carried
out, practically require that a coil of
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heavy copper strip be used so that clips
can be moved along them for adjusting
the wavelength. The resistance of these
coils is excessively high at radio frequencies. In one coil of heavy copper
strip measured by the writer the resistance at 3000 meters was 350 times as
much as its continuous current resisance; at 200 meters it would have been
thousands of times as great as one would
think, looking at the amount of copper
used. In a certain one-kilowatt transmitting station the loading coil got so
hot that it was uncomfortable to touch;
it seems likely that two or three hundred
watts were being used up in this coil, an
amount of power which required an investment of perhaps $200 in tubes to
generate. It seems advisable to build the
loading coil of heavy radio cable, of the
proper number of turns to tune the
antenna to aslightly lower wavelength
than it is desired to radiate, and bring
the circuit up to the desired wavelength
by putting agood variable condenser in
parallel with the antenna. If the loading coil of your transmitter gets appreciably hot it is asafe guess that the coil
has a very high resistance and is inefficient.
"The coefficient of self-induction of a
coil may be easily calculated when the
dimensions of the coil and number of
turns are given. If the coil is measured
at, say, 1000 cycles the calculated value
of L will be found the same as the measured value, generally closer than 1per
cent. If, however, the coil is measured
at radio frequency the inductance may
be found either slightly less or considerably more than the measured value.
And in the extreme case what is evidently a coil measures up as a condenser!
"The reason that the measured value
of L may come out smaller than the calculated value is because of the shift of

the current from amore or less uniform
distribution throughout the cross-section of the wire at the low frequency, to
acrowding to that side of the wire which
is closer to the axis of the coil at radio
frequencies. As this shift in the current
is equivalent to adecrease in the radius
of the coil, of course the measured value
of L is smaller than the calculated one,
as the formula assumes a uniform distribution of current. If radio cable is
used in constructing the coil this effect
cannot occur, so the value of L does not
show a decrease as the frequency is
raised; the effect occurs to the greatest
extent in the strip coils used for transmitting loading coils.
"The apparent increase in inductance
with increase in frequency exists in all
coils, no matter how they may be built,
and does result in an increase in the
measured value of L at the higher frequencies, no matter with what kind of
wire the coil is wound. In the solid
wire, or copper strip coil, therefore, we
may expect the inductance to decrease
slightly at first as the frequency is raised
and then to increase, whereas with cable
wound coils the measured value of L
will show a continual increase in L as
the frequency is raised. This increase
is due to the distributed capacity of the
coil itself. Each part of the coil acts
with every other part to form akind of
complicated condenser, so that the coil
really should be represented as acoil in
parallel with afixed condenser, the capacity of this condenser being equal to
the distributed capacity of the coil. This
representation is not complete because
actually the capacity of the coil changes
with frequency, an effect which is generally neglected in treating the theory of
coils.
"The effect of this distributed capacity
is, in general, not detrimental, but may
be so if the capacity is comparable to
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that used with the coil for tuning purposes. In this case, as the capacity of
the external condenser is only apart of
the total effective capacity in the circuit,
variation of its value does not accomplish tuning as sharply as if there were
no capacity of the coil affecting the circuit.
"It might seem that distributed capacity in acoil is nqt objectionable, as
we have to ha. eacon tenser connected
to the coil anyway —for tuning pur/6

poses. But such is not the case. It is
best to keep this capacity as small as
possible because the dielectric used in
that capacity is poor compared to the
dielectric used in the external condenser.
The distributed capacity of the coil has
cotton, paper, shellac, or enamel, for its
dielectric, whereas the regulation tuning
condenser is a very well built air condenser, and air is far superior to any
other substance as adielectric; it has no
losses at all.
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"The various turns and layers of acoil
should be kept reasonably far apart if
the distributed capacity is to be kept
low, and the dielectric between layers
and turns should be air, if possible. Several years ago the writer showed how
such aconstruction could be carried out
without too much difficulty. Using air
for the dielectric between layers has the
double advantage of low specific inductive capacity and also prevents leakage
of current in passing from one layer of
the coil to another.
"Many times a solenoid is furnished
with many taps and amultipoint switch
for tuning purposes; although this is a
convenience it does not give as good results as a single coil of the proper number of turns. This is especially true if
but a small fraction of the coil is to be
used, say a quarter or less. In such

cases the coil acts as an auto-transformer, the used portion having comparatively high voltages induced in it and
thus producing large unnecessary copper
and dielectric losses in the unused portions. Also it is evident that the switch
points mounted in the panel of bakelite
or similar material constitute a condenser in parallel with the tuning condenser; in this connection it should be
borne in mind that losses in the bakelite,
or leakage across from one point to another, is, of course, just as detrimental
as leakage in the coil itself.
"To prevent the losses in the unused
portion of the coil it is best to build the
coil in sections, an inch or more apart;
many times it will be found advantageous to short-circuit that part of the coil
which is not being used. This is especially true when but asmall part of the
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coil is being used. Although there will
be eddy current losses in the short-circuited part of the coil these losses may
be less than if the coil were not shorted.
There will be practically no dielectric
losses in the unused parts of the coil, because the voltage in these parts will be
low; and furthermore it is quite possible
that there will be less current in the unused part than if it were not shorted,

strange as this may sound. If there are
several sections in the unused portion of
the coil it will not be necessary to short
all of the unused part; shorting the section directly next to that part of the coil
which is being used is, in practically
all cases, almost as satisfactory and as a
matter of fact it is in general easier to
accomplish. These rules of practice may
be very easily followed."

APPENDIX
A PLEA FOR EASY SPECIFICATION
By Sir Olirer Lodge
When working with ordinary coils and condensers
in the laboratory, the specification of capacity in microfarads is convenient enough, and so is the specification
of inductance in terms of henries or secohms. But
when working in radio wavelengths, it is convenient
to have the antenna capacity, and the inductances
associated with it, expressed in terms of length because
the geometric mean of those two lengths—that is, the
square root of their product—gives the wavelength direct when multiplied by
r, that is practically for
rough estimate, by 6. Six times the square root of the
inductance and capacity multiplied together is aclose
approximation to the wavelength; and in predetermining the inductance required for any given case this
must surely be ahandy rule.
Capacity in electrostatic measure is a length, and
inductance in electormagnetic me asure is also alength.
The truth is that in all units—that is to say, in absolute measure--capacity is really IC times a length,
while inductance is ptimes alength. And it is natural
to express the one in static measure, under the convention that II = 1, and the other in kinetic--that is,
magnetic—measure, with the totally different convention that p = I. For the one has to do with charge,
and the other with current.
The capacity of an ordinary amateur antenna
is some simple fraction of its height or linear dimensions: about one-twentieth of the length of an isolated
thin single wire measures its capacity. But the fraction
may vary for different antennas from a twentieth to
about atwelfth, as will be shown later. A microfarad
is far too big a unit for convenience. A millimicrofarad. or even amicromicrofarad, has to be employed,
and they are by no means convenient. The length
corresponding to a microfarad is 9 kilometers. So a
millimicrofarad is 9 meters, and a micromicrfoarad is
nine-tenths of a centimeter; that is to say, 10 micromicrofarads equals 9centimeters. So that for arough
estimate, it may be taken as a centimeter, though it
is atrifle smaller.
On the other hand, ii,henry is 10,000 kilometers. So

amillimicrohenry—or what is sometimes called abillihenry—is exactly 1centimeter. While amicrohenry is
10 meters. and amillihenry 10 kilometers.
Conversion from one set of units to another
always a nuisance. But after all a henry and its
sub-multiples have no particular meaning which the
imagination can seize hold of; whereas the length of
a meter or a kilometer is easily imagined. Hence it
might be well to have the coils used in radio thus
marked—that is. marked in terms of length—using
any unit of length that is handy for the purpose and
suitable to the coil. Thus, take an antenna with a
capacity of 1meter, and put a coil of 10.000 meters
inductance in series with it. The geometric mean of
the two is 100 meters, and the wavelength, therefore,
600 meters.
The meter as a rule is the most convenient unit of
length under the circumstances, since wavelengths are
commonly so specified. But some people prefer to
work in centimeters; and it is easy enough to remember that a billihenry is 1 centimeter. The farad is
not a convenient unit. It was always much too big;
but it can be remembered that amicrofarad is equivalent to alength of 9kilometers. In radio work, however. it is certainly more convenient to express capacity
as alength, whether it be agreed to speedy inductance
also in that way, or not.
.It is curious to note that afarad coupled to ahenry
would have a slow oscillation period of six seconds;
and so give aquite inappreciable wave. 1,800,000 kilometers long. A microfarad connected to ahenry of inductance would t'ciliate a thousand times in six
seconds, and so generate awave 1,800 kilmoeters long.
Whereas a microfarad coupled to a microhenry would
have a frequency a thousand times as great, and so
might give a strong wave 1,800 meters in length; the
same wave being also generated by a millimicrofarad
coupled to a millihenry; which may be expressed as a
9-meter capacity and a 10,000-meter inductance.
The intensity of radiation increases very fast as the
wave is shortened.
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SECTION XI

The Improvement of Broadcast Reception

7

711E elimination of disturbing noises requires something more than intelligent
manipulation of the tuning knobs. The interference may be of adozen different kinds and it may have a dozen different sources and it is only by
treating the subject in its entirety that we can hope to meet all of the problems that
arise in this particular and very important phase of the radiophon,e art.
John V. L. Hogan, who is one of the greatest authorities on the design of radio
receivers in the United States, contributes the following matter to the course and
the student may read and absorb it knowing that no more thorough or accurate
contribution has been made to this kind of popular radio literature.
There is really just one big problem
facing those who listen to broadcast
radio-telephone transmission—the attainment of perfect reception.
Already the technique of radio-receiver construction has progressed to
the point that even the average set gives
areproduction of speech and music that
compares favorably with the results
obtained from the average phonograph.
But there is no reason why even such
progress should satisfy us, for the time
is coming when radio reproduction will
be much better than any phonograph
can give.
Suppose we begin, then, by finding
out what it is that is responsible for
imperfect broadcast reception.
We may divide up the defects or
difficulties into three main groups, i.e.,
the effects that occur in the transmitting
station, those that take place as the
waves flash through space, and those
that happen at the receiver.

We propose to go into more detail as
to the matters concerned in receivingapparatus design and use than as to the
first and second classifications, for two
reasons; in the first place, the receiver
is in your own hands and you yourself
can improve its operation; and in the
second place, there is more room for
improvement in the receiving system (as
a general rule) than anywhere else.
Nevertheless, we should understand
something of the transmitting-station
and wave-movement difficulties if we
are to appraise properly the performance
of our receivers.
Consider the transmitter for a moment. Here we must first produce a
perfectly uniform and unvarying stream
of radio waves of a single definite frequency. If the wave frequency varies
during transmission the signals will appear to fade away and grow stronger
again as the radio wave departs from
and returns to the frequency that the
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AN OLD-TIME "BROADCASTING STATION"
Figure A: The improvement made in radio transmission and reception since the days of the old "transmitting
amateur" has been one of the outstanding accomplishments of the past three years. Until the advent of the presentday broadcasting station, amateur spark stations similar to the one pictured above and naval and commercial
telegraph stations were the only transmitters that the radio fans could listen to.

listening receiving sets are adjusted to
intercept. If the transmitted wave frequency remains constant during any one
program, but varies from night to night
or day to day, this sort of artificial
"fading" will not be noticed, but signals
from the station will be located at different receiving tuner settings at different times. Of course, such a variation
in the wave frequency makes it difficult
to receive from the station in question.
Keeping the transmitted wave steady
is simply amatter of arranging the generating apparatus at the broadcasting
station so that it will produce oscillations of uniform frequency, since the
wave frequency must always be the
same as that of the alternating currents
that produce the waves. Fortunately

the job of maintaining constant frequency of oscillations is no longer very
difficult; most broadcast transmitters do
very well on this score.
The fluctuations in wave frequency
that cause apparent fading of signals
are, of course, slow. It may require
several minutes for the wave to change
to a value only a few percent from its
initial frequency. What would happen,
then, if the variations in wave frequency
occurred more rapidly? There are several general effects, and how much of
each will be observed depends upon the
rapidity and extent of the fluctuation.
If the wave varies from its average
value ten times asecond, we would expect to hear a fluttering sound -when
listening to the station. The loudness

219

Ie
c .5

ITIME

I
r«-

-»"1

C

BROAD TUNING IS CAUSED BY CHANGES IN FREQUENCY
Figure B: The upper curve represents aperfect carrier wave. The lower curve shows how rapid changes in wave
frequency spoil its uniformity and make close tuning impossible. Slow changes cause signal fading and the speeds
in between make a warbling note in the receiver.

of the flutter would increase as the
amount of wave-frequency change increased. If the rate of fluctuation were
increased to twenty or thirty times a
second the flutter would be changed to
alow-pitched rumbling tone. Still more
rapid fluctuations would:result in higherpitched musical tones in our receivers.
All these noises, you should bear in
mind, would be heard while listening to
the unmodulated and supposedly quiet
"carrier wave" of the transmitter in
qi.testion. Further, they would be produced by the mere changes in wave
frequency even though the amplitude or
intensity of the emitted wave were
absolutely uniform.
Now, let us suppose that the rate of
frequency variation in the carrier wave
is reduced to three or four times asecond, and that the changes in value are
not abrupt. The alterations in the carrier wave would not then produce a
noise in the listening receiver, but we
should be able to notice an effect that is
quite different, namely, an apparent
"broadness of tuning." It is not hard
to see that, if instead of sending out a
uniform carrier wave of 833,000 cycles
a second frequency (corresponding to
360 meters wavelength), some particular station radiates at afrequency which
slides up and down between 836,000 and
830,000 cycles, we cannot tune our receivers sharply to it at any single value
between those limits.
Such fluctuations in carrier-wave
frequency are undoubtedly responsible
for some of the cases of broadness of
tuning of broadcast transmitters that
have been reported, and, even today,
probably account for part of the poor
quality of speech and tone consistently
observed in listening to some broadcasters. Thus a loss of quality, or of
fidelity in tone reproduction, that is generally blamed upon "poor modulation,"

may actually be caused by avery different thing. If you notice cases of wavefrequency fluctuation you can do afavor
both to the broadcaster and to the radio
listeners by writing to the station and
telling its management in detail about
your observations.
There is still another trouble that may
be caused by the sending out of an
incorrect wave frequency. Broadcasting stations are now licensed to radiate
standard waves that have been chosen
just 10,000 cycles apart in frequency.
Waves so separated will not dirzctly interfere with each other. But if, for
example, station WRC in Washington,
which broadcasts at 640,000 cycles (469
meters) were accidentally to increase its
carrier frequency to 644,000 cycles, and
if station WCAE in Pittsburg were to
reduce its frequency from the assigned
value of 650,000 cycles to a new figure
of 646,000 cycles, the two station waves
would obviously be only 2,000 cycles
apart. With such small difference in
frequency any two radio waves would
directly interfere with each other. By
the well-known beating or heterodyne
action they would produce a whistling
tone of 2,000 cycles pitch, about equal
to that of the third C above middle C
on the piano, in every radio receiver that
was so tuned and so located as to receive
both waves.
This whistling note might be only a
faint sound in the background, if one
of the two interfering stations were relatively far away, or it might be so loud
as to ruin reception of either or both
programs. This latter would be the case
when the two stations were about equally distant from ,or were received at about
the same intensity on, the observing receiver.
There is no reason other than accident or carelessness for the occurrence
of any such whistles caused by beating
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NOISY RECEPTION IS CAUSED BY CHANGES IN INTENSITY
Figure C: The upper curve represents aperfect carrier wave. The lower curve shows how variations in the
power supply affect the carrier wave. Generator bum or steady sizzling and frying noises—which you hear between
features on the program—are nearly all due to changes in the strength of the carrier wave.

between the waves of broadcast stations
in the United States, with the single exception of the "Class C" group that is
licensed to use only 833,000-cycle waves
(360 meters) Any two Class C stations
are likely to interfere directly with each
other, and the interference may be, and
often is, so severe as to ruin their programs. If you like to listen to some
particular Class C station and you find
that it is continually being spoiled by a
more or less steady whistling note, you
should tell that fact to its management
and urge them to ask for reassignment
to aClass A or Class B wave frequency
that will not be so disturbed.
The great majority of high-grade
broadcasting stations (and particularly
those in Class B) have little or no diffi•culty with variations in their carrierwave frequency. If we listen to such a
station as heard in an oscillating receiver
so that abeat note may be produced by
the heterodyne interaction of the local
oscillations and the carrier, we find that
the beat tone is pure and constant in
pitch. This means that the simple, unmodulated wave coming from that particular transmitter is uniform as to frequency and, consequently, that it is the
ideal wave for bringing us radio-telephonic speech and music of high quality.
If it is not so nearly perfect it will not
serve so satisfactorily as aradio carrier
wave.
Leaving the matter of frequency fluctuations, let us consider another possible
defect in the radio wave as it is transmitted by abroadcasting station. This
is a slow or rapid variation in the intensity of the carrier wave, which may
occur even though the transmitter operates at a perfectly uniform frequency.
The effects produced at a listening receiver by variations in the intensity or
amplitude of the transmitted wave are
in some ways like those caused by

changes in frequency, which have just
been discussed.
For instance, if the wave intensity
varies slowly, and by a considerable
amount, it may produce at the receiver acorresponding variation in signal
strength. If the intensity of the wave
fluctuates rapidly, at arate within the
range of audible frequencies, it will make
sounds in any ordinary listening apparatus and will be what is called a
"noisy carrier wave." Such noises will,
of course, be an obstacle to perfect reception of broadcast programs, and, at
the transmitting station, they must be
reduced to the practical minimum.
There are still other characteristics of
the waves sent out by broadcast transmitters that may cause trouble in reception. One of these is the radiation of
waves at more than one frequency, i.e.,
at certain definite frequencies other than
the single one that is authorized for the
particular station. It is not uncommon
for a transmitter to send out "second
harmonic" waves at twice its normal frequency, and sometimes other waves go
out at other and higher multiple or
harmonic frequencies. As a rule this
harmonic radiation is agood deal weaker
than the main or fundamental wave, and
consequently it does not carry so far.
However, wherever it is heard, the program of the sending station will be received on the higher wave frequency,
and this may cause substantial interference.
For example, let us imagine that the
Memphis station, which uses a main
wave of 600,000 cycles frequency or 500
meters length, were to radiate astrong
second harmonic wave. This would
necessarily be at 1,200,000 cycles
(double the fundamental frequency),
which corresponds to 250 meters wavelength. Such harmonic radiation would
severely interfere with reception from
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Figure D: Changes in frequency are due to the swinging of the antenna or local conditions within the transmitter. Uneven power supply or bad modulating apparatus cause anoisy carrier wave.

Class A stations using this 1,200,000
cycle frequency as their fundamental
wave, as can easily be seen.
The extra radiation may not be at
harmonic intervals, i.e., at double,
triple or quadruple frequencies, as in
the above instances. Cases have been
observed where asingle station sent out
several waves at relatively closely adjacent frequencies, and, consequently,
set up strong interference that disturbed
reception from anumber of other broadcasting plants.
Generally speaking, there are four
kinds of interfering noises that may
come in with the radio waves you desire
to receive.
The first of these is caused by variations in the carrier wave from the station
to which you are listening, and we have
already looked into the matter of frequency and intensity variations in these
carrier waves.
The second kind of interfering noise is
that caused by radio waves other than
the one to which you are listening; interference of this kind may produce several
quite different effects in your receiver.
The third kind of interference is that
arising from natural cr atmospheric
electrical discharges, and is what we
ordinarily call "static" or "strays."
The fourth type of noise is produced
by electric power or signalling lines or
the apparatus connected to them, and is
usually called induction.
Let us go back for a moment to the
first type of interference.
Noises caused by frequency fluctuations in the carrier wave being received
have been fairly well covered. We have
also studied the matter of intensity variations to some extent, and we have
pointed out that an uneven power supply at the transmitting station, or the
use of bad modulating apparatus, would
cause a noisy carrier wave. Before

leaving the topic of "noisy carriers," as
they are often called, it will be worth
while to consider in alittle more detail
several of the ways in which they are
set up. The ideal carrier wave for any
radio telephone station would of course
be absolutely uniform as to frequency
and intensity. When no voice or musical signal is being sent out, the wave
should not vary in any way. Such a
uniform carrier wave, when received
upon a non-oscillating receiving set,
would produce no sound whatever in
the telephones or loudspeaker. Consequently, when either music or speech
was impressed upon this silent carrier
wave it would be conveyed to the receiving station and there reproduced
without any distrubing sound caused by
wave fluctuations.
Now let us suppose that the transmitter which we are considering has a perfect carrier wave, within practical limits. That is to say, let us imagine that
when we tune to the wave from this
station we hear nothing except the telephonic voice or music. This will imply
that the transmitter has awell-designed
power source, so that no noises will arise
from its irregularities. It also means
that the modulating apparatus introduces no undesirable interference. If
the modulator, in addition to quiet operation, has the ability to impress upon
the carrier wave faithfully-copied variations corresponding almost exactly with
the sound variations that strike the
pick-up microphone, we have every
reason to expect high grade transmission
from the station.
But it often happens that abroadcasting transmitter has acarrier wave that
is normally silent and free from frequency changes, together with a modulating system that is capable of highquality tone production, yet that when
we listen on some particular occasions
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HOW THE SPARK SETS MAKE TROUBLE
Figure E: The curves at the top of the figure show how signals from spark transmitters of commercial radio.
telegraph stations spread out over the broadcast wavebands. The reason for changing the spark-set wavebands is
apparent from this illustration.

the signals are accompanied by noises
and are not clearly reproduced by our
receivers.
When this happens, many listeners
are apt to say that the trouble is caused
by "bad modulation."
As a matter of fact, the modulating
operation of the radio transmitter may
be perfect and the troubles may occur
far away from the modulation apparatus
of the broadcasting station. It is much
more common, in well-planned broadcasting stations, for noises and distortion of this kind to develop in the pickup microphone (and its amplifier and
connecting line systems) than in the
modulating apparatus itself.
If you know what to look for, it is not
hard for you to pick out cases where
noisy carrier waves are produced by the
effects of the pick-up line that connects
the microphone with the radio generating portion of the broadcast transmitter.
Usually the short pick-up line that runs
from oscillation generator and modulator equipment to a nearby studio is
quite free from such influences, and thus
when the station is broadcasting events
from its studio there may be none of the
interfering noise heard by radio listeners.
On the other hand, it is quite common
for the longer pick-up lines that are used
in transmitting "out-of-studio" programs (such as park concerts, sports,
and so forth) to bring various kinds of
noises into the radio sending apparatus.
If the carrier wave, as heard between
the announcements or the numbers of
the program, is silent when transmission from the studio is going on, but
noisy when outside events are being
broadcast, you may be sure that the
noise is awave-intensity variation introduced by disturbances affecting the long
pick-up lines.
Sometimes the sources of these noises

may be identified by listening closely;
electric motors, stock tickers and telephone ringers all have characteristic
sounds. Any of them may induce disturbing currents (in amicrophone pickup line) which, when conveyed to the
modulating apparatus, will be impressed upon the outgoing radio waves
and thus carried to your loudspeaker.
In the same way you may note variations in the quality of reproduction when
listening to different program items that
are broadcast from some particular station. If the speech is clear and distinct
when the speaker is at the studio, but
muffled and hard to understand when he
is talking over along pick-up line, you
may be sure that the faulty transmission
is not caused by "poor modulation" but
by poor transmission to the modulating
apparatus. The defects introduced by
poor pick-up lines, which often will convey telephone currents of some frequencies far better or far worse than agood
average value, are particularly noticeable in musical transmission. Often a
poorly adjusted pick-up line so distorts
the currents that the tones of individual
musical instruments cannot be identified
with certainty.
¶When you notice noisy carrier waves
or distorted transmissions of the kinds we
have just described, you will be doing a
great favor to broadcast listeners generally if you will write to the management
of the offending broadcasting station and
tell them what you have observed.
But when you write, don't say that
the trouble is caused by "bad modulation" if in fact the modulator is doing
its best and the noise is introduced by
the pick-up lines!
Next let us take up the second general
type of interfering noises that come in
with the waves.
This second type is radio wave inter.
ference. To make improvements in your
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reception when it is disturbed by radio
interference is not, as arule, amatter of
writing letters to the interfering stations.
In the vast majority of cases the trouble
can be completely remedied, or at any
rate greatly reduced, by modification or
careful adjustment of your receiver.
Radio wave interference is probably
the greatest single cause of imperfect
broadcast reception. It is, of course, true
that there are many defective radio receivers in use, and that these sets reproduce noisily or with distortion, but so
far as Ican determine the great majority
of receiving sets function correctly
within the limits set by their design.
We must now assume that your receiver
is working as well as it can, and, in
treating "outside" causes of receiving
difficulties, limit ourselves to effects that
occur in spite of amore or less approximate perfection in the individual parts
and the assembly of the receiving set.
If your set is not working well, and if
you can locate the trouble within its
circuits, you should repair it before
giving any time to the matter of outside
interference.
There are three main varieties of radio
wave interference, and these have come
to be known as "sparks," "whistles" and
"cross-talk."
The division called "spark interference" should really include all types of
telegraphic code distrubance, even,
though the interfering radio-telegraphic
station is not of the spark type. Practically all interference of the code classification, however, comes from the oldfashioned spark transmitters that are
still in use in so many radio-telegraph
stations, and so all of it is generally
blamed on sparks.
Interference from code transmitters is
growing less as time goes on, because
more and more spark sending stations
are being re-equipped with modern

transmitters that cause less disturbance.
Further, there is in formulation aplan to
reduce the trouble from the spark transmitters still remaining in service, by
transferring their operations to wavefrequencies farther removed from the
broadcasting range. Assistance along
these lines will assuredly be welcomed by
broadcast listeners everywhere, but as
great progress in either direction will
necessarily take some time it seems well
worth while to see what can be done to
make receiving sets themselves less susceptible to spark interference.
Let us see, then, just what the spark
interference problem amounts to.
Suppose that you are listening to a
broadcasting station of which the wave
frequency is 610,000 cycles asecond, corresponding to a wavelength of 492
meters.
Your receiver may be sufficiently well
tuned to prevent your hearing any other
broadcasting stations, but still the
broadcast program may suddenly be
interrupted by loud dots and dashes
that come in from some unknown radio
telegraph transmitter. Whether or not
you are disturbed by such code interference will depend mainly upon four
factors. The first. of these is the difference between the frequencies of the desired wave and the interfering wave.
The second is the width of wave-frequency band occupied by the interfering
wave. The third is the excluding power
(or sharpness of tuning) of your receiver;
and the fourth is the intensity of the
interfering signal compared to the broadcast signal you desire to receive.
We should examine these four factors
separately if we are to understand the
situation, and if we do not understand
the problem we are trying to solve there
will be only an exceedingly remote
chance of our making any progress.
From some viewpoints it is one of the
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A SWINGING ANTENNA LIKE THIS CHANGES THE TUNING
Figure G: Antennas rock when the bough bends or the tree sways in the wind. If the wind blows
the tree toward the house, the antenna tags down to the position shown in the dotted line. This
changes the capacity of the antenna and is often the cause of fading signals.

misfortunes of present-day radio that
the practical development of broadcasting has come so rapidly, for the demand
for apparatus and services of all kinds
has been too great and too sudden to
permit sound engineering to be the rule
rather than the exception.
Considering, then, the effect of frequency difference upon interference, it
is not hard to see that with other conditions remaining unchanged we will have
least trouble from interfering waves that
are widely different in frequency from
the wave we desire to receive. This is
simply because any receiving set that
has any pretentions to selective ability,
or the power to respond well to signals
of some particular (tuned) frequency
while excluding signals of other (untuned) frequencies, will discriminate to

the greatest extent between waves of
widely different frequency values.
What differences in wave frequency
may we expect under today's conditions
of broadcasting and marine radio-telegraph signalling?
The best and most concise answer to
that question may be had from atabulation of the various values of wave frequency in use, as shown below:
It is quite evident that amateur spark
transmitters that use waves at or near
the frequency of 1,500 kilocycles (1,500
thousand cycles or 1,500,000 cycles) will
be likely to interfere with reception from
broadcast stations that use the higher
frequencies in class A, and that marine
spark transmitters will often cause
trouble in receiving from class B stations near the frequencies of 1,000 kc,

466 kc and 500 ke. There is little message traffic handledly ships at the highfrequency wave of 1,000 kc, and the
Department of Commerce has assigned
no broadcasting wave nearer to it then
that of WSAI (Cincinnati) a,t 970 kc;
consequently the 1,000 kc ship wave
does not greatly trouble broadcast listeners. The 666 kc wave has been extremely bothersome, as it comes right in
the middle of the broadcasting range:

666
670
680
690

Ship Interference

WMAQ (Chicago)

WOS (Jefferson City)
NAA (Radio, Va.) .

Regulations have beeti put into effect
by the Department of Commerce, however, which have had the effect of
greatly reducing the marine traffic
transmitted at 666 kc, and this has
been of great help to broadcasting. The
most important marine traffic wave, of
500 kc, is still largely used by spark
transmitters and still causes much interWaveference for listeners who are receiving
Frequency length
Service
from KSD (St. Louis, 550 kc), KYW
Cycles
Meters
(Chicago, 560 kc), WNYC and WOAW
(New York and Omaha, 570 kc), and
Amateur Radio-tel1,500,000
200
some others which use the lower-f reegraph Transmitquency waves.
ters
When you experience spark interferClass A
ence with your broadcasting reception,
1,350,000
222
Broadcasting
to
to
it is agood plan to tune your receiver to
Stations
1,050,000
286
the interfering station for amoment. If
your set is of one of the types in which
Class B
1,040,000
288
Broadcasting
the scale readings are more or less proto
to
Stations
1,000,000
300
portionate to the wavelength to which it
is tuned, you can get a very fair idea of
Marine Radio-tele1,000,000
300
the wave frequency of the station caus. gra ph Transmitters
ing the trouble. For instance, if WNYC
comes in at 80 on your tuning dial and
Class B
1,000,000
300
the code interference becomes louder as
Broadcasting
to
to
the dial reading is increased to 95, for
Stations
670,000
448
example, it is evident that the interferMarine Radio-tele• 666,000
450
ing wave is in the neighborhood of 500
graph Transmitkc. If the interference is loudest near
fers
the tuning point for WJZ or WCAE, the
Class B
bothersome station is probably using the
660,000
455
Broadcasting
to
to
666 kc wave. If the interference is far
Stations
550,000
546
down the scale it may come from 1,000
kc ships or 1,500 kc amateur transmitMarine Radio-tele500,000
600
graph Transmitters. The radio-telegraph transmitters
ters
occasionally send out incorrectly adjusted waves (and both commercial and
amateur stations sometimes offend in
640 kc KF1, WCAP and WRC (Los Angeles
this respect); a little experience in oband Washington)
650
WCAE (Pittsburgh)
serving interference as suggested above
660
KDZE and WJZ (Seattle and New
will aid you to determine this fact, and
York)
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you may be able to do some good by
reporting your test to the Radio Supervisor in your particular district.
An odd thing about the transmitter
defects is that their effects upon the
receiver are in anumber of respects like
those of certain defects which may exist
in the receiving set itself.
Where the difficulty in reception is
caused by something that has gone
wrong at the transmitting station, you
have, of course, no direct cure available
to you. You may write to the broadcasting station explaining the trouble
and your observations upon it; and you
should do that in every instance, for you
will thus be helping not only yourself
but thousands of other listeners. On
the other hand, if the defective operation is to be blamed upon your own receiving apparatus, you have the opportunity of remedying it right before you.

All you need is alittle information as to
what produces these possible troubles in
radio receivers, and afew suggestions as
to how they may be eliminated.
It is probably worth while, therefore,
to interrupt our discussion of transmitter troubles at this point so that we
may consider for amoment some of the
things that can happen at a receiving
station and which will produce similar
effects.
Unless you are able to determine definitely whether some particular phenomenon is due to a cause existing at
the radio sending station, you will naturally hesitate to write to the broadcaster about it. There would be the
distinct possibility that the trouble
really lay in your own receiver and that
the broadcast station management could
do nothing whatever to help you!
Let us first take up the effects pro-
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duced by variations in the frequency of
the carrier wave received from aradiotelephone transmitter, so that we may
find out what things can happen within
your receiving set and there produce
similar effects.
As we pointed out previously, fluctuations in the frequency of acarrier wave
may occur slowly, or with moderate
rapidity, or even at a high rate. The
resulting effect will, of course, be
different in each of these cases.
A slow change of carrier frequency
will cause the signals heard in asharply
tuned receiver to eary slowly in strength
as the wave swings in and out of
resonance with the receiver. It is almost obvious that an identical effect
would be produced if something caused
the resonant frequency of the receiver to
vary slowly, for then, assuming the
carrier wave to remain fixed in frequency, the receiver itself would slowly
swing in and out of tune. As the receiver's tuned frequency departed from
the frequency of the carrier wave, the
signals would necessarily weaken, only
to become stronger again as the receiver
returned to resonance with the wave frequency.
Possibly you are one of those listeners
who has always thought that the frequency to which his receiver responded
best was determined by the settings of
the dials and by nothing else. An impression of that kind is certainly warranted by some of the discussions of
tuning that have been written, but it is
really far from the fact. Where we are
considering only the closed tuned circuits of a receiver, that is to say, the
circuits in which a coil is shunted
directly by acondenser for tuning, it is
safe to consider that the tuning depends
mainly (if not entirely) upon the values
of the coil and the condenser, and that
some particular setting of the tuning

condenser is invariably best for the reception of some single wave frequency
(or wavelength). On the other hand,
where the antenna circuit is to be taken
into account the situation is very different.
It is probable that most of the receiving sets in use require reasonably accurate adjustment of the antenna circuit
in order to give good signal strength
from moderately distant stations. Such
adjustment means that the natural electrostatic capacity of the antenna, in conjunction with its inductance, must be
balanced against the inductance of the
coils and the capacity of the condensers
that are connected in the antenna-toground circuit within the receiving set.
The resonant wavelength of such an
antenna circuit, or (which is another
way of saying the same thing) the wave
frequency that will best be received at
any time, is controlled by the values of
all these inductances aild capacities.
Thus, even though you may leave the
adjustable coils and condensers within
the receiving set at any fixed value, the
slightest change in the inductance or
capacity of your receiving antenna will
change the "tune" of your receiver. If
the change in the antenna circuit is
slight, the effect may not be serious;
also, if your receiver uses a broadly
tuned (or so-called "aperiodic") antcona circuit you may not notice the
variations. On the other hand, (and
this is the situation with most of the
receivers in use), if your antenna circuit
is sharply tuned you will find that fluctuations in your antenna constants will
make themselves felt to a serious degree.
It is afortunate thing there are only
two general causes for such changes in
antenna capacity and inductance. One
of these is the actual movement of the
receiving antenna with respect to other
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THE SINGLE CIRCUIT IS SENSITIVE TO ANTENNA CHANGES
Figure I: The secondary circuit is the most sensitive part of any receiver and in the single circuit
the antenna is directly connected to this part of the receiver. Three-circuit sets, especially those in
which the antenna is left untuned, are affected very little by changes in the capacity of the antenna.

conducting bodies in its neighborhood,
and the other is the variation of capacity
of other wires or conductors located near
the antenna under consideration.
Taking up the first of these, it is not
hard to see that if your antenna is along
wire, hung loosely so that it may swing
in the wind, it will have alarger capacity
when it dips down toward the earth than
when it is drawn high above the ground.
This is simply because the antenna wire
acts like one plate of a condenser, the
other plate being the conducting surface
of the ground; we all know that the
nearer the two plates of acondenser are
placed together, the higher will be the
capacity of that condenser.
The
changes of capacity produced by aslight
swinging of the antenna wire may be so
small as not to affect tuning appreciably,
but as a practical matter it is not uncommon for received signals to fade out
and swing in again as the antenna drifts
back and forth in the breezes.

In most instances such variations in
signal strength, caused by changes in
the receiving antenna, sound very much
like the signal intensity variations that
are caused by frequency fluctuations at
the transmitter.
Indeed, they also
sound a good deal like the common
"fading" effects that are due to the
little-known changes in space between
the transmitter and the receiver. Usually, however, when the soaring of signal
strength is caused by movement of the
receiving antenna wires it is of more or
less regular or periodic occurrence; that
is, the signals swing in and out amore or
less definite number of times per minute,
corresponding to the mechanical swings
of the antenna wires.
The obvious cure for this particular
defect is to string your receiving antenna fairly taut, and if it is suspended
from a tree or other support that can
sway in the wind, to rig it with aweight
and pulley so that it will not dip toward
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the ground. This alone may not be
enough, however, for if there are telephone lines, power wires or in fact any
conducting bodies near the antenna, and
if they can swing or move toward and
away from the antenna wire, its effective
tuning will be changed by their motions.
For best results, then, you must not only
prevent your own antenna from swinging but you must locate it out of the
vicinity of all other conducting bodies
that can move.
There is one infallible test by which
you can determine whether variations
in signal strength are caused by fluctuations at the transmitter, by changes in
your receiving antenna constants, or by
a "fading" effect in space between the
sending and receiving stations. By connecting asimple tuned-antenna (singlecircuit) regenerator to your antenna and
tuning it to amoderately distant broadcasting station while allowing the receiving set to oscillate, you can find out
whether the fluctuations are of frequency or of intensity. To do this, you
should adjust the receiver to oscillate at
afrequency just the veriest trifle different from the frequency of the carrier
wave. This can be done by setting the
tuning condenser or inductance as
closely as possible "between the two
whistles" that are characteristic of
oscillating-receiver or heterodyne reception, and carefully tuning to one side or
the other so that a slow beat-flutter in
the signal is heard. Such exact adjustments are difficult unless you use a
vernier or geared condenser, but in this
case are not hard to obtain.
With the regenerator so adjusted,
listen carefully to this fluttering sound
produced by the slow beats between the
carrier wave and the oscillations of your
own receiver. If the flutter swings in
and out, or if it turns into amusical tone
of varying pitch, you may be certain

that frequency changes are taking place
somewhere in the system. If the flutter
or the low musical beat note remains
practically constant, but the sounds increase and decrease in intensity, you
may be sure that the carrier wave is constant in frequency, that your antenna
does not swing enough to worry about,
and that the fading is caused either by
power variations at the transmitter or
by fluctuations of the "carrying power"
of the space between your receiver and
the transmitting station.
Let us assume that this test shows,
by the changes in pitch of the beat-note
heard when you allow your regenerator
to oscillate at afrequency very near to
that of the carrier wave, that somewhere
in the system there is achange of radio
frequency going on. The next thing to
find out is whether the frequency variation is at the transmitter or in your own
receiver. This is easy. All you have
to do is to set up a radio-frequency
oscillating circuit (which may be another
regenerative receiver) near, but not too
near, to your own receiving set, and
pick up the oscillations which it produces. Such an oscillator will generate
radio-frequency currents of practically
constant frequency for reasonably long
periods of time and you should have no
difficulty in producing abeat-note signal
between its oscillations and those of your
own receiver.
If this beat-tone is constant in pitch,
even when the sound frequency is reduced to avery low note or flutter, you
can assure yourself that your receiver's
oscillation frequency is uniform and,
therefore, that your antenna does not
change appreciably in its constants
under the conditions of your tests. It is
afair conclusion, having procured these
results, that the frequency variation is
occurring at the radio transmitting station upon which the observations were
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HOW TO TEST FOR VARIATIONS IN THE RECEIVING SYSTEM
Figure J: On the right in the receiving set or any other set which is to be tested. On the left is
shown acircuit for an oscillator capable of producing continuous and steady radio-frequency oscine•tions. By tuning the two sets to the same or "beat" note. variations in the receiver will produce
periodic howling noises.

taken. This can be checked by stopping
your receiver from oscillating, tuning it
to the transmitter in question and then
adjusting the second oscillator (which
uses no antenna, of course) to make
beats with the wave currents from the
broadcasting station. If these beats are
of variable pitch, that is, if the beat or
note frequency changes while you are
listening and without your touching the
receiving set or oscillator, it is proof
that the carrier wave is varying in frequency and you are entirely justified in
writing to the broadcasting station to
ask them to steady things up so as to
permit improved reception.
The second general cause of changes
in the inductance and capacity of receiving antennas is even more serious
than the mechanical swinging discussed
above, but fortunately it does not happen so frequently.
Where a large number of receiving

sets are installed close together, however, as in the same apartment house, it
often creates agreat deal of annoyance.
This second cause is the variation of
capacity of conductors in the vicinity of
the receiving antenna. For instance, if
another receiving antenna is hung within fifteen or twenty feet of yours and is
connected to ground through areceiving
set, the operation of tuning that other
instrument is likely to throw your receiver out of adjustment.
To illustrate this, let us assume that
you have "tuned in" the signals that
you desire to hear from some particular
broadcasting station. This has been
done, we will say, while your neighbor's
antenna tuning condenser is set at 20°
on the scale. If, now, he moves his
condenser to 80° (Tor example) he may
increase the effective capacity of his
antenna, and, also, because your two
antennas are close together, increase the
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CARELESS TUNING CREATES RADIO CHAOS WHERE ANTENNA; ARE PLENTIFUL
Figure K: In neighborhoods where antennœ are strung close together, great care must lie used in tuning; otherwise the set will break into oscillation and spoil the reception uf every other nearby receiver.

capacity of yours.
That would be
likely to throw your receiver so far out
of tune that the signals to which you
were listening would vanish quite without warning, and you would have to retune your set to bring them in again.
Should it happen that the act of retuning your receiver similarly disturbed
your neighbor's reception, he would be
likely to adjust his.once more and thus
again disturb your balance. Thus an
exceedingly aggravating condition may
arise, and you may neither be able to enjoy
the operation of your outfits.
If you notice tuning effects of this
kind, which are evidenced by the sudden
dropping out of signals, or by their
irregular weakening, or by their appearance at various different settings on your
antenna tuning scale, first see how far

your receiving antenna is from other
wires. If there is another antenna near
it. get together with your radio neighbor and find out by experiment whether
the adjustment of his set affects the
tuning of yours and vice versa. If you
interfere with each other in this way,
try to work out a plan whereby your
two antennas may be kept as far apart
as possible, and after moving them to
the new locations, try the test again.
Sorfietimes it happens that the two
antennas cannot physically be separated
far enough to prevent t
hum from affecting each other; in such instances some
improvement may be had by installing
broad-tuned antenna circuits in both receivers, for the reactions caused by
tuning coupled circuits will generally be
less. Some loss in signal strength may
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ROW A SILENT OR BEAT NOTE IS PRODUCED
Figure L: When two high-frequency waves are near the same rate of oscillation, they reinforce each other
and neutralize each other in regular sequence. If this sequence occurs at arate above sixteen times asecond, an
audible note is produced in the telephones. The two sides of the V in the diagram show the plotting of this note
as one of the radio frequencies changes wavelength. The darkly shaded section marked "no sound - is the "beat"
note.

be experienced, but as a rule it will be
more than compensated for by increased
convenience in tuning.
.Neighboring antennae are not the only
conductors that change in capacity and
thus affect tuning conditions. If your
antenna runs close to a power wire or
a telephone circuit, you may find that
certain broadcasting stations tune in
best at one setting sometimes and at
other settings at other times. Where a
certain wavelength is best heard on your
tuner may then depend upon whether
somebody's telephone is idle or is in use,
or whether acertain elevator is running,
or whether the lights in some particular
house are turned on or off. The remedy
for troubles of this kind is to follow the
good old rule of keeping your receiving
antenna as far as you possibly can from
all other conductors, including wire lines
and your neighbors' antenne.
Although it is not at all difficult to
handle asimple regenerative receiver so
as to secure from it really remarkable
gains in radio reception, there exists a
widespread impression that great skill is
necessary for its proper manipulation.
This is perhaps due to two prime causes:
First, because many poorly designed
regenerators, which are almost impossible to control properly, have been
made or sold and are in use;
Second, because well planned and
built receivers are frequently supplied
with incomplete or even misleading instructions for operation and so puzzle
unskilled users.
Radio phenomena, understandable
enough when the fundamental reasoning
underlying them is explained, are indeed baffling to the uninstructed novice;
when one adds to the simple tuning
effects the interesting and varied actions
which the feed-back circuits produce, it
is something of a wonder that in the
tremendous recent growth of radio re-

ceiving more trouble has not been experienced.
In order to fix our ideas about the
operation of the Armstrong feed-back,
let us concentrate upon asimple circuit
arrangement which is now in wide use
and which is capable of giving excellent
results with only simple adjustments.
Figure M. is a diagrammatic representation of this layout, which may be
called the "single-tuned circuit" with
inductive feed-back. It shows asimple
aerial-to-ground circuit including avariable tuning condenser and atuning coil
which is preferably adjustable in steps
and to which is inductively (and variably) coupled another coil. The terminals of the tuning coil are connected
to the detector tube grid, through condenser C1and leak resistance RI,and to
the negative side of the filament. The
filament circuit includes the usual sixvolt storage battery and afinely adjustable rheostat R2 for controlling the temperature or brilliancy of the filament
cathode and consequently its electronic
emission. The plate circuit is completed
through the second or feed-back coil
above mentioned (frequently called the
"tickler" coil), the telephone receivers
and the "B" battery of about 20 volts
potential—the telephones being shunted
by aby-pass condenser C2.
For best results on the 360 meter wave
length, which is common in radio broadcasting, the aerial capacitance should be
not greater than about 0.0005 microfarad, and its natural wavelength less
than 220 meters or so. These conditions will be met by a single wire antenna from 120 to 150 feet long (including the down-lead to the instruments) and from 40 to 60 feet above the
earth. The tuning condenser should be
variable over at least the range from
about 0.0001 microfarad minimum to
0.0007 maximum capacitance.
The
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MI
How the single-circuit receiver should be connected. Mr. Hogan is here shown tuning the antenna cif., lid with the eon.
denser (at his left), while controlling the amount uf regeneration by moving the tickler coil nearer or fart her away from
the tuning coil.
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Th., wiring diagram for the 5ingle-circuit oscillating receiver. This is the type of receiver that causes agreat deal of radio
interftrence hi-cause of the audio-frequency pulsations st transmits into the ether.

tuning coil should have an inductance in
the general neighborhood of 50 to 100
microhenries, the exact value (which
may in some cases be outside these
limits) being determined largely by the
particular antenna used. A coil of fifty
turns of No. 22 B & S double cottoncovered magnet wire wound on a
cylinder of SA inches diameter and provided with taps at 20, SO, 40 and 45
turns will give good results in most cases.
A "hard" vacuum tube like the VT-1 or
UV-201 should be used for the detector,
as its vastly increased stability is ordinarily to be preferred over the ddicately
adjusted higher sensitiveness of agassy
tube in regenerative circuits. A grid
condenser C1of about 0.0003 microfarad ,
grid leak of 1megohn and by-pass condenser C2 of 0.005 microfarad will usually give good results. The filament
rheostat will be of about six ohms total
resistance.
This leaves only the feed-back coil for
consideration; a winding identical with
that suggested for the tuning coil will
work well under most conditions. The
two coils should of course be arranged
to be easily moved with respect to each
other, so that the amount of feed-back
coupling can be varied conveniently.
In working with wavelengths as short as
860 meters and capacitance values of the
order of 0.0005 microfarad and less,
changes in tuning are frequently produced by the additional capacitance introduced when one's hand is brought
near the circuit to adjust it. In an experimental outfit these bothersome
effects can be avoided by fitting the
tuning condenser and the coupling with
insulating control handles some twelve
inches in length, which will permit adjustment without close approach of the
operator's hand. When aset is built up
in panel form, agrounded copper shield
plate between the control knobs and the

instruments aids in securing compactness.
So much for the constructional funda..
mentais of asimple but effective regenerator.
It will be noted that there are only
four variable elements in the entire system, namely: (1) the tuning condenser;
(2) the tuning coil; (3) the coupling controlling the amount of feed-back, and
(4) the filament rheostat. As the lastnamed item is not critical and as both
the tuning controls produce the same
general effect, it is fair to say that only
two elements (the tuning condenser and
the feed-back coupling) need be adjusted
in the normal use of this outfit. The
tuning condenser will ordinarily be of
the semicircular multiple plate type
having a total capacitance of about
0.001 microfarad; for easy adjustment in
short wave working it is convenient to
provide in addition aso-called "vernier"
condenser, which has only two or three
plates and which, when connected in
parallel to the main tuning condenser,
produces achange of tuned wavelength
(for amotion through its entire scale of
180°) equivalent to only three or four
degrees of the main condenser. The
other adjustment—the feed-back coupling—may be controlled by turning a
knob which varies the angular position
of the "tickler" coil with respect to the
tuning coil, or simply by moving the
coils themselves nearer together or farther apart.
If you have purchased aregenerative
receiver of the single circuit inductive
feed-back type you will have no difficulty in these two adjustments; the handle usually marked "tickler" controls,
from maximum to minimum, the
amount of regeneration; and the resonant wavelength is varied by means of
the "tuner" knob, supplemented, in
some of the better instruments, by a
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closely adjustable condenser called the
"vernier," as described above. In setting up an assembled or home-made
outfit, however, it is necessary to determine the proper or additive direction of
feed-back coupling. To do this, first be
sure that the circuit is wired exactly as
shown in Figure M2; put into circuit the
full 50 turns of each of the two coils, and
place them some distance (at least 8to
12 inches) apart on the operating table.
Listening in the telephones, test the detector circuits by turning on the filament to normal brilliancy and making
and breaking aconnection of the 20-volt
plate battery; if everything is all right
astrong click will be heard in the telephones at each completion and interruption of the circuit. By varying the
tuning condenser it should now be possible to pick up (and tune to maximum
strength) some radio telegraph or telephone signals; perhaps it will be necessary, if your aerial is relatively large, to
reduce the number of turns used in the
tuning coil. If signals can be "tuned
in," the proper current direction in the
feed-back coil can easily be determined
by moving it nearer to the tuning coil,
for if the signals increase in strength as
the coils approach each other everything
is all right. On the other hand, if bringing the two coils nearer together produces aweakening of the signals, either
the tuning coil or the tickler coil must
be reversed end for end. Once having the
relative directions correct, the amount
of regeneration is, of course, controllable
from minimum to maximum by moving the coils from a relatively widely
spaced to a closely adjacent position.
If signals cannot be picked up while
the coils are far apart, try varying the
tuning condenser as the coupling between the coils is increased, first with
one relative direction and then with the
other. Radiophone or wireless tele-

graph messages may be intercepted at
some wavelength, with the help of regenerative amplification, so that the
proper relation of the coils may be observed. If no signals whatever can be
heard at the time the apparatus is being
tried out, you will have to rely upon the
oscillation test. Listening in the telephones as before, slowly bring the tickler
coil near to the tuning coil; as they
approach, if the relative directions are
correct, you will hear a single "cluck"
in the telephones. This marks the point
of increased regeneration at which the
whole receiver begins to generate radiofrequency oscillations. On moving the
coils apart these local oscillations will
cease; by increasing the coupling once
more arepetition of the "cluck" will be
heard, indicating the recommencement
of oscillations. If the two coils are
wrongly directed with respect to each
other it will be found either that these
oscillations cannot be produced at all or
that the two coils must be nearly touching each other in order to do so. The
remedy is, as before, to reverse one of
the coils. Instead of turning one coil
end for end, the wires connecting to it
may be transposed.
Now let us look a little more closely
at the adjustments necessary to get best
results.
The set must be so assembled that the
oscillation or "cluck" effect just described can be secured easily at the
working wavelengths; when the feedback coupling is increased to the point
where oscillations are generated, their
presence can be detected by tapping the
grid connection of the detector tube; on
each contact of the finger this same
characteristic cluck will be heard in the
telephones. If your set will not work in
this way it is not regenerating properly,
and you will not get the best results
from it until it is fixed up.
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FIGURE N
In order to insure accuracy in his description of the way to tune astandard singlecircuit regenerative receiver, Mr. Hogan actually performed the work in his laboratory—as these illustrations demonstrate. He especially warns the amateur against
allowing the tube to oscillate, which causes interference to others in the neighborhood.

To pick up asignal of unknown wavelength, or one for which the tuning condenser setting is not known, the tickler
coupling should be set at apoint sufficiently loose (toward the minimum) to
prevent the set from oscillating as the
condenser knob is swung back and forth
throughout its range. If the desired signals are not heard at any point of the
condenser scale with the full tuning coil
inductance in circuit, change the number of turns and swing the condenser
handle again; when the tuning coil is re-

duced in inductance by cutting out some
of its turns, the tickler coil can ordinarily
be moved up closer to the tuning coil
without causing oscillations to begin.
After you have found the best number
of tuning coil turns and the best condenser position for the desired signals,
move the tickler coil slowly toward the
maximum coupling position; as the coupling is increased nearer and nearer to
the point where the receiver starts to
generate oscillations, the signals will
grow louder and louder. The tuning
244

condenser should be readjusted slightly
as the tickler coupling is increased, for
the greater feed-back action makes the
circuit more sharply tuned and a very
exact setting becomes necessary in order
to secure the loudest signals. It is for
this final critical adjustment that the
vernier condenser is so convenient.
The feed-back coupling cannot be increased indefinitely, for as the point
where oscillations begin is closely approached the signals will not only increase in volume, but will show signs of
distortion. This is particularly disadvantageous in receiving radiophone
speech or music with amplifiers. When
the oscillation point is reached or passed,
the radio-frequency currents generated
in the receiver react with those of the
received wave to produce electrical beats
which may entirely spoil the character
and quality of the signals; hence the
feed-back coupling should always remain
on the side toward "minimum" from the
oscillating point, for receiving radiophone, spark or other modulated wave
signals.
There is another good reason, beyond
the loss of signal clarity, for always
keeping the tickler coupling below the
oscillation-generating point; the radiofrequency currents set up in the receiving outfit by circuit reaction pass out of
the receiver itself and into the aerial,
there radiating electromagnetic waves of
the frequency to which the set is tuned.
Thus the receiver virtually becomes a
continuous-wave transmitting outfit,
which, although relatively feeble in
power, is capable of creating severe interference for several miles around.
Every time you allow your regenerative receiver to break into the oscillating
condition by increasing your tickler
coupling too far, you send out radio
waves from your antenna. Every time
you hear in your telephones the loud

heterodyne whistle caused by interaction between the received carrierwave and the oscillations generated
within your outfit, the waves your set
radiates are producing similar interference whistles in sensitive receivers
near you. Thus you not only spoil your
own reception, but also that of your
radio neighbors in a zone of several
square miles. All of us have heard interference produced in this way and have
learned how aggravating it is. As this
disturbance is totally unnecessary and
nothing more than a demonstration of
ignorance or lack of consideration on the
part of "transmitting" receiving set
users, no one who understands its causes
and effects will want to create such interference deliberately.
While there is no hardship in tuning
to an unknown telephone or modulated
wave while keeping the regenerative receiver slightly below the just-oscillating
condition instead of slightly beyond it,
sometimes one finds it convenient to pick
up acontinuous wave by setting the receiver into oscillation and swinging the
condenser knob back and forth until the
heterodyne whistle is heard.
This
should never be done at wavelengths
near the broadcasting wave of 360
meters; even at other frequencies it may
produce bad interference. However, by
equipping the receiver with a single
radio-frequency amplifier in advance of
the detector tube, the local oscillations
may be kept almost entirely out of the
aerial and this source of interference
practically eliminated. Figure 0 shows
a circuit arrangement of this kind;
further details of it will be given later.
The ordinary audion is so much more
effective when used with a well-designed feed-back circuit than in a nonregenerative outfit that there are comparatively few grid-tube sets used in the
latter fashion.
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FIGURE 0
The diagram gives the proper connections for including one stage of rad io frequency amplification
in the regenerative set. By this means the set is prevented from re-radiating high frequency oscillations, which cause so much interference in the hands of inexperieured operators. Static is also reduced
by this addition.

Regeneration has two points of
especial utility:
First, it neutralizes alarge part of the
wasteful resistance in the ordinary aerial
and in the receiver circuits (thus giving
louder signals and better selectivity).
Second, it provides a convenient
means for receiving continuous wave
telegraphy or for picking up telephone
carrier waves by employing the selfheterodyne method.
The first of these advantages iS perhaps the more useful, especially when
it is necessary to use rather poor aerials
for receiving.
The second point represents a possibility that is of tremendous help to the
individual user of a regenerator, but as
it requires the set to be placed in the
oscillating state, .it may create a good
deal of interference to reception by other
listeners within azone of several square
miles.
This matter of interference caused by
oscillating regenerators seems to be by
no means as serious as it was some
months ago. When radio novices were
setting up feed-back circuits of all conceivable types and, in the absence of
competent instruction, were allowing
them to oscillate continuously and
slightly off-tune from the broadcasting
wavelengths, it was nearly impossible
to receive a complete radiophone program. Of course these unskilled users
themselves heard nothing but whistles,
louder than the interfering tones they
produced in their neighbors' outfits;
largely as aresult of this many of them
have learned to use their receivers
properly without allowing them to
oscillate. Self-interest has thus brought
about agreat public benefit.
The ideal condition in which there will
be no interference from regenerators has
not yet been reached, however. Occasionally while listening to abroadcasting

station one hears the swinging beat note
or whistle which proves that someone in
the vicinity is tuning his receiver by the
"heterodyne search" plan.
In the
suburbs of New York such interference
nowadays is often only momentary, but
there is no need even for that. It is
entirely feasible to pick up long distance
radiophone signals by tuning one's receiver with the feed-back set somewhat
below the oscillating point, and if this
is done it will cause no inconvenience
to other listeners. Some otherwise good
regenerators are so designed, however,
that it is practically impossible to tune
over even arather small band of wavelengths without either readjusting the
amount of feed-back or losing the benefits of regeneration. This is especially
true of many of the plate-variometer
outfits, in which helpful amplification
can be had (for a single setting of the
plate circuit inductor) only over asmall
wavelength range. Tuning beyond such
limits results either in negligible regenerative amplifications or in the production of oscillations that may greatly
disturb nearby receivers.
There are several ways in which one
may get most of the useful features of
regeneration without causing the radiation of interfering waves from his receiving aerial.
With these arrangements it is feasible to pick up signals
from distant stations by the heterodyne
or beat-note method, and to increase
signal intensity by regenerative amplification resulting, in part, from neutralization of circuit resistance. As they
depend, however, upon the use of a
radio-frequency repeater between the
antenna and the feed-back circuits they
will not permit great reduction of aerial
resistance; it is consequently desirable to
use these circuits with an antenna which
is itself of sufficiently good design to be
an effective wave-absorbing system.
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A SIMPLE CIRCUIT THAT INCLUDES A REPEATER TUBE
Figure P: A circuit with one stage of tuned radio frequency amplification with regenerative
detector. This à the "hook-up" of the set pictured on the page following.

A simple circuit that includes such a
repeater tube is shown in Figure P.
Here the antenna is connected to the
ground through a tuning condenser of
about 0.0005 microfarad maximum capacitance and an inductor of some 50 or
100 microhenries. Across this coil is
connected the input circuit of the repeater tube, as shown; the grid potential
can be controlled, from 0 to 6 volts
positive of the negative filament lead, by
means of the potentiometer. The output circuit of the repeater tube contains
the tuned primary of a short-wave inductive coupler; the balance of the circuit is the conventional transformer
feed-back or "tickler" arrangement. In
making the installation the only point

that requires special care is the choice of
the proper constants for the coils and
condensers that will enable the circuits
to tune to the wavelengths it is desired
to receive.
The operation of this circuit is alittle
more difficult than that of the ordinary
single-circuit regenerator.
In the first place, there are two sets
of circuits that can oscillate independently. The whole idea is to prevent the
first tube (repeater) and the aerial from
generating oscillations, and to confine
this action to the second tube and its
circuits (See Fig. Q).
In the second place, there are three
tuned circuits (Ci-Li; Cs-L2; and Cs-14)
and two couplings (14-14 and 1
4-L4)to
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adjust. But once the proper constants
are chosen and the outfit is correctly set
for reception of some particular wavelength, it will not be found difficult to
tune to others.
Probably the best way to start using
this receiver is to connect it up as shown,
then to light only the detector tube, to
set coil L2 as far as possible from' 1.4 and
to couple the aerial coil LIto secondary
L3.
This makes the set a simple twocircuit regenerator with inductive feedback, and it may be tuned to anearby
broadcasting station in the ordinary

h.

way. Thus one can find fairly closely
the best values for C1,LI,Ca,L3 and Lt.
Of course the final tuning should be. done
with quite weak coupling between Li
and L3, so that the inductance of each
coil will not be too greatly influenced by
the reaction of the other. There remains only the determination of proper
values for L2 and C2, and the co-ordination of the adjustments throughout the
set.
This will not be difficult if the operator now removes coil Lt from the
vicinity of L3 and couples In and L3

THE AUTHOR ILLUSTRATES THE "HETERODYNE-SEARCH" PLAN OF TUNING
re Q: Mr. John V. L. Hogan is seen adjusting the wavelength of the plate circuit of the amplifier tube with
thand, while controlling the regeneration in the detector circuit with his left hand. The "heterodyne'plan of tuning may be used with this set, without causing interference to other sets in the neighborhood.
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with moderate tightness—of course,
turning on the filament of the repeater
tube also. If the potentiometer contact
is too near the negative end the repeater
tube will be likely to oscillate as he adjusts C2 and L2,so it is well to turn it
well over toward the positive end of the
potentiometer winding while he is making his first adjustments.
There is no reason why he should not
use identical coils for L2 and 1
4 and
the same kind of variable condensers
for C2 and C3. If he does this, he may
set C2 and L2 to the same values that
have just been determined to the best
for
and Le. Then the whole set can
be tuned, simply by making compara-

c3

tively small changes in the settings of
the three condensers.
Once working, the antenna circuit
may be left tuned to approximate resonance with the desired wave and the
potentiometer set at apoint well toward
the positive end (so that the aerial circuit will not oscillate) and then forgotten, until the operator wants to make
a substantial change in wavelength.
For smaller variations the condensers
Q and Q are handled just like the
primary and secondary condensers of an
ordinary two-circuit tuner, and the
couplings L2-I4 and L3-Li are handled
like the primary-secondary and secondary-tickler couplings of such an outfit

A REPEATER TUBE SET THAT IS EASY TO TUNE

of

Figure R: This is adiagram of the set illustrated on the following page. It shows one stage
resistance-coupled radio frequency amplification, with a tuned regenerative detector circuit. This
circuit will he found to be easier to tune than the circuit shown in Figure P.

9.A0

TUNING THE RESISTANCE-COUPLED SET
Figure S: The designations of the parts. shown in circles on the photogranh. correspond with the designating
letters in the text and diagrams. If you want to try out these circuits, you will be able to identify the right parts,
and hook them up properly. Mr. Hogan not only explains how to tune these circuits but he gives explicit directions
for adjusting each instrument.

used with regeneration. He can throw
these circuits into oscillation by moving
L4 nearer Ls, in order to pick up carrier
waves by means of the beat-tone method
and he can thus get regenerative amplification and selectivity in these circuits.
Yet the repeater tube will prevent the
oscillations from feeding into the aerial
circuit and radiating interfering waves.
The first tube is referred to as aradio
frequency repeater rather than an amplifier because little amplification will be
had at broadcasting wavelengths if the
potentiometer contact is kept far enough
toward the positive end to prevent the
aerial system and the first tube from regenerating and thus tending to oscillate.
By decreasing the positive potential thus
applied to the grid the operator can take
further advantage of regenerative amplification in this first tube and get considerably louder signals, but if he goes
far in this direction he will be back where
he started, for the repeater tube will
begin oscillating if the coupling 1
4-14 is
slightly reduced and the oscillations will
be radiated as interfering waves.
Proper operation of this outfit requires
the first tube to remain in the nonoscillating condition regardless of
changes in the circuitethe regeneration
supplied in the detector tube circuits is
used for selectivity, amplification and
heterodyne pick-up.
The constants for the instruments
used in such receivers have been stated
many times, but for the sake of completeness it may be well to repeat.
There will be some deviation from normal, in agood many cases, to get best
results; but a typical set of values of
general utility is the following:
Condensers Cli C2 and C3 of 0.0005
microfarad maximum capacity, preferably fitted with verniers; coils 14, 14 ,
and 14 each 50 turns of No. 22 B & S
double -cotton -covered magnet wire

wound on paper or bakelite tubes of 3 2
inch diameter, with taps at 20, 30, 40
and 45 turns; potentiometer 200 ohms;
filament rheostats 6 ohms; grid leak 2
megohms; grid condenser 0.00025 microfarad; by-pass condenser 0.005 microfarad; tubes UV-201 or VT-1; filament
battery 6 volts (storage); plate battery
two or three 22% volt blocks. A good
antenna would be asingle wire from 100
to 150 feet long (including down-lead)
with the horizontal portion some 40 feet
or more above the earth. All of these
values are stated for use on amateur
and broadcasting wavelengths.
A little additional ease of adjustment
may be had, at the cost of some selectivity, by using the circuit of Figure
R. The elements are the same as before,
except that C2 and 14 are omitted and
Its and Cs added. R1 is a coupling resistor of about 50,000 ohms and CS a
fixed condenser having about 0.0005
microfarad capacitance. With this arrangement the only important variables,
once the set is adjusted to approximately
the best condition, are Cl
i Ca and the
coupling between 14 and L4.
It will be found that with the Figure
R circuit there is much less tendency for
the repeater tube to produce oscillations
in the aerial circuit; and that the potentiometer contact can be moved much
nearer its negative terminal. Further,
the tuning is considerably simpler than
that of Figure P. It will be noted that
the plate circuit potential of the repeater should be increased to about 60
volts in order to offset in part the effect
of the resistance unit R.
Either of these two circuits is capable
of sharper tuning than the ordinary
single-circuit regenerator and, on agood
aerial, will give excellent results. With
reasonable care in adjustment the user
can do all the searching for long-distance
stations he may desire, taking the full
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A CIRCUIT THAT WILL IMPROVE THE CRYSTAL RECEIVER
Figure T: This hook-up with acrystal detector will give high selectivity because of the coupled circuits and the
method of tapping the secondary coil.

advantage of the beat-note for locating
weak signals, and yet be secure in the
knowledge that he is not interfering with
his neighbors.
We have considered spark or code interference most specifically, and we saw
that, although some improvement may
be expected as aresult of the reduction
of the number of radio code messages
being sent on waves that lie within the
broadcasting range, we must go farther
than this to get the desired relief. The
situation will be greatly aided by the
installation and operation of higher.
powered broadcasting transmitters. But,
it will take time to get these stations into
operation. Meantime, we should improve our receivers so that they .will
better discriminate between the music
and the speech and the undesirable code
interference. This improvement must
naturally be sought through increasing
the selective power of our receiving
sets.
It is well to remember that even the
most nearly ideal radio receiver, from
the point of view of selectiveness, will
not entirely exclude interfering signals
sent out by powerful and nearby spark
transmitters. Nevertheless, most of the
radio receivers in use are of types that
can be substantially improved in their
capacity to cut out spark signals, and,
what makes the improvement of added
value, they will at the same time become
better able to choose between the signals of different broadcasting stations
that operate on adjacent waves. Thus,
while we are attempting to get more
satisfactory conditions for listening to
broadcast programs without interruption from ship or shore spark transmitters, we will simultaneously be reducing
our troubles from "cross talk" or direct
program interference between broadcasting stations.
We should consider next the way in

which two-tuned circuits may be used
with crystal receivers.
The most satisfactory arrangement is
to tune the antenna-to-ground circuit
separately and to couple it transformerfashion with a second tuned circuit to
which the detector is directly connected.
Such a receiver is shown in Figure T.
in which the first or antenna-to-ground
circuit is shown at the left extending
from the antenna A through the primary
coil L1and the primary tuning condenser CI to the ground connection G.
The size of the coil and condenser to
give best results, will depend up on the
size of the antenna to be used. As a
general rule, the larger the antenna is,
the smaller the coil may be and the
larger the tuning condenser that may be
used.
For this sort of circuit it is desirable
to use an antenna that is not too long
and which is large or has great capacity
through its umbrella-rib or parallel wire
formation. If you have asingle tall flagpole or similar support, an umbrella antenna constructed on it is very effective.
The individual wires should not be over
75 or 100 feet long, and all of them
should be of the same length, including
the down-lead to the receiver. If you
have available two masts or points of
support you will get good results from
four parallel wires, each of which should
be not more than 50 or 60 feet long, and
hung at least three feet apart between
spreaders.
With afair-sized antenna of the sort
just described, the primary condenser
may be of .0005 or even of .001 mfd.
capacity, and the coil Li may be chosen
by trial so that the broadcasting waves
come at intervals that spread well over
the scale of the condenser. A good coil
to begin with would have 100 turns of
No. 2t DCC copper wire wound on a
tube three and a half or four inches in
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Signal Corps, U. S. A.
THE UMBRELLA :1NTENNA HAS NO DIRECTIONAL EFFECT
Figure U: This type of aerial has alarge eleetrostatic capacity on account of its numerous wires. The individual
wires shoubl be not more than 101 feet. and all of them should be as near the saute length as possible. 1he dou nlead shoula not Le langer than the antenna mires.
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diameter. If the antenna is of fairly
high capacity, it may be found that the
long-wave broadcasters "tune in" too
far down the condenser scale. If, for instance, WEAF (610 kc or 492 meters)
tunes at less than 70 or 80 divisions on
a 100-part scale, it is an indication that
the number of turns on the coil may be
reduced to advantage. The same indication may, of course, be obtained by
noting the tuning point of any of the
lower-frequency (longer-wave) stations
such as KSD, KYW, VVNYC, WCX or
VVIP. What is sought is to make the
coil of such size that the lower frequencies tune at the maximum-capacity end
of the condenser scale, because then the
tuning adjustment will be most effective
over a large part of broadcast wavelengths.
If the coil I4 has too few turns for the
antenna you are using, or, in other
words, if the antenna is too small for
the coil, you have the option of adding
more wires to the antenna (it is not so
good to increase its length) or of increasing the coil.
As a general rule, it is better to enlarge the antenna than to use more than
100 turns on the coil. You can, of
course, tell whether the coil or the antenna is to small, because the mediumwave stations such as WJY, WGY or
WFI will tune at the high-capacity end
of the condenser scale instead of near
the middle. Thus, if you cannot reach
the longer-wave stations on your condenser dial, you will have to add turns
to your coil or else increase the size of
the antenna. Sometimes the use of a
larger tuning condenser will do the
trick. However, because the effective
capacity of the whole circuit is limited
by the capacity of the antenna, this
does not help as directly as an increase
in the coil would.
The tuned, secondary circuit consists

of the secondary coil L2 and the secondary tuning condenser C2.
This is asimple closed circuit the tuning range of which depends almost entirely upon the size of the coil and the
condenser. Forty turns of No. 22 DCC
on a three-and-a-half-inch tube as the
coil will ordinarily work quite well in
connection with avariable condenser of
.0005 mfd. maximum for C2. In making
this coil you should tap it at the tenth,
twentieth (midpoint) and thirtieth turns
go that the detector connection may be
attached, as will be described later. It
may be that your present receiver contains the parts necessary for this secondary circuit. Some sets have acoil and
avariable condenser in series with it for
tuning the antenna circuit; and, if yours
is one of these, you need only connect
the antenna and ground binding posts
together by ashort piece of wire. Then,
if the detector is connected across the
coil within the set, your outfit will be
like the secondary circuit of Fig. T,
except that the lead from the detector
will be connected to the left-hand end of
the secondary coil instead of to the
tap X.
Of course, your antenna and ground
are to be disconnected from the set and
connected to aseparately tuned primary
coil and condenser as described in the
preceding paragraphs.
The detector circuit of Fig. T consists simply of the crystal detector itself,
at D, an accumulating condenser of .001
or .002 mfd. (the size of this condenser
is not particularly important) and the
headphones.
The detector is not connected across
the entire secondary coil, but instead its
upper lead-wire runs to a tap on that
coil as indicated at X. Ordinarily about
half-way down the coil there will be the
best average position for this tap, but, if
still greater selectivity is desired in tun-
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TUNING CHART FOR A SIMPLE-COUPLED RECEIVER
Figure V: The settings for any station may he found from this curve. For instance: VVJZ at 660 kilocycles
(455 meters) will tune at 39 on the primary and at SS on the secondary. It is most convenient to plot these curves
in kilocycles. as they are expressed in tens.

ing to strong signals, less than half the
turns may be included between X and
the right-hand end of the coil leading to
C3. The greater the number of turns you
place between X and the right-hand end,
the louder the signals may be, but you
will obtain less selectivity. Under some
conditions the use of the midpoint tap
will give not only greater selective power
but also louder signals than a position
for X including more turns in the branch
circuit containing the detector. This,
however, is a matter that must be determined by trial under your particular
working conditions.
The only factor that remains to be
considered is the coupling between the
primary and secondary coils, which is
indicated by the double-ended arrow
marked K. This shows that the coils
are intended to be relatively movable
along the line of their common axis; you
may fix 14 in position and arrange L1so
that you may slide it back and forth.
It should be possible to move the coils
together into the abutting or end-to-end
position, or to separate them so that two
or three inches of free space will separate their nearer ends. It is not necessary to make one coil slide within the
other, as has been done in many old designs of couplers. Ordinarily the circuit
will show very poor selective qualities
with the coils in this position.
Having set up the circuit in accordance with the above suggestions, you
will find it rather different in behavior
from (and far superior to) the usual crystal receiver. To learn to use this improved receiver, it is well to begin with
the two coils abutting and at a time
when you are certain that several broadcasting stations in your neighborhood
are transmitting. Also, you will need a
test buzzer to make sure that your
crystal is adjusted to asensitive point.
With the ordinary crystal set you will

hear something as soon as you start to
adjust your detector, and, thereafter,
turned adjustments will merely improve
or hinder matters a little. With this
outfit you should hear nothing unless your crystal is asensitive condition
and both your tuning condensers are
properly set.
Therefore, begin by making your crystal respond strongly to the test buzzer,
and slide the two coils close together.
Listen in the headphones carefully, set
the antenna or primary tuning condenser
at 100 and then swing the secondary condenser slowly back and forth between,
say, 60 and 100. If you hear nothing,
set the primary condenser at 95 and
search again with the secondary condenser. Continue to reduce the primary
condenser in five scale-reading steps and
swing the secondary condenser more
widely through its scale as the primary
setting becomes smaller. If your set is
working and if there is any station that
is transmitting within your range, you
should "pick it up" without difficulty.
Once you hear a station, find the best
positions for both condensers tend write
them down. Try to get similar records
for anumber of stations throughout the
wavelength range that your set covers.
It may help you the first time you attempt to pick up these stations if you
connect the detector across the entire
secondary coil. If you have to do so,
you should then tune for the same stations again and record the tuning settings when the midpoint tap X is used.
You will be surprised by the improvement in tuning sharpness that the use
of this X tap produces.
Having prepared alist of stations and
their best tuning settings as above, mark
it "K maximum" (indicating that it applies when the coils are as close together
as possible—i.e., with the maximum
coupling) and then go through the pro-
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A SIMPLE VACUUM-TUBE 1100K-UP
Figure W: This is atype of selective circuit that employs tuned antenna and secondary circuits. If aWD-11
or WD-I2 tube is used, the "A" battery need be only asingle dry-cell and the "B" battery asmall RÎ3-volt block.
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THE TEST BUZZER ARRANGEMENT
Figure X: An old electric door bell will perform the
necessary work if the clapper is cut off and wired up. as
shown above. When the buzzer is operated, an electromagnetic field around the pigtail will affect the receiving circuit; this effect will be heard in the headphones if
the crystal detector is properly adjusted.

cess again with the ends of the two coils
one inch apart. This, will shift the
tuning positions on both condensers
somewhat, but the earlier records should
be of considerable help to you in locating the stations under this new condition of looser coupling.
You will observe that the tuning will
have sharpened up agood deal, and the
signals in some cases may be a little
weaker. Make alist of the settings for
the several stations with "K one inch,"
for future reference. If this separation
of the coils gives you adequate freedom
from interference, you need experiment
no further. You may find it worth
while, nevertheless, to try a coupling
distance of two inçhes or even more,
and to reduce the number of turns in
the detector portion of the secondary
coil.
For your antenna and detector you
will find some coupling and X tap
position that give the best all around

results; and that is where you should
conclude your tests. If you "log" the
tuning settings for anumber of stations
under these conditions you can draw a
tuning curve such as is shown in Fig.
V, which will be of great assistance to
you in locating the adjustments for other
stations of which you know the wave
frequencies or wavelengths.
You will see at once that the foregoing instructions for operating a twotuned-circuit receiver apply when you
have built up the secondary circuit with
acoil such as that described or when you
are using the circuit of your old receiver
as a secondary. You may have to use
some ingenuity in mounting the antenna-circuit coil if you have utilized the
old receiver, but this should present no
real difficulty if you remember that it is
to be arranged next to the secondary coil
and with acommon center line or axis.
It is perhaps not so obvious that the
same general arrangement may be used
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HOW HIGH POWER STATIONS CAN AVOID SPARK TRANSMITTERS
Figure Y: As long as the signal intensity of the broadcasting station is less than that of the spark set, interference will exist as shown graphically in the diagram. However, by increasing the intensity of transmitted signals
as indicated above the broadcaster will break through spark "jamming."

THE OLD-STYLE SINGLE-SUDE TUNER
HOOK-UP
Figure Z: Crystal sets wired in the manner shown in
this diagram tune too broadly for satisfactory radiotelephone reception.

with a simple or non-regenerative
vacuum-tube detector. The vacuum
tube is two or three times as sensitive as
the crystal, and requires no adjustment
of contact points; consequently its use is
often well worth while, even though it
is more expensive and requires two sets
of batteries.
Fig. W shows a very simple singletube receiver circuit corresponding to
Fig. T except for the change in the
detector. The tap X has been left out,
because the vacuum 'tube ordinarily
does not affect sharpness of tuning in
the secondary circuit as much as the
crystal does; thus it becomes possible to
connect its grid-filament circuit across
the entire coil without much if any loss.
The principle of tuning and loosely
coupling the antenna circuit may be
applied to practically any receiver from
the simplest crystal set, such as that
described, to the most complicated
superheterodyne. In most cases the
change is well worth while, because of
the freedom from spark interference and
cross-talk that it gives, even though, as
ordinarily applied, it requires the tuning
of an additional condenser. With the
large number of broadcasting stations

now in operation, and with the coming
of higher powered transmitters, increased selectivity is partic ularly valuable.
It is feasible, moreover, to tune the
antenna circuit at the same time and
with the same motion that tunes the
secondary or closed circuit by using
equalized and simultaneously variable,
double condensers.
That invention
(which I described some ten or twelve
years ago in connection with commercial
radio receivers) provides the ease of
tuning that is characteristic of single
circuits and besides the high selectivity
of multiple-tuned circuits.
Interference with broadcast reception
caused by spark transmitters was one of
the topics that the Department of Commerce Conferences have studied with a
good deal of care, and a number of
recommendations have been made that
should be directly helpful in improving
the situation.
In increasing the number of wavebands or channels to be used for broadcasting, so as to allow the broadcast
stations to operate with less mutual
interference, the Conferences suggested
anew grouping of wave frequencies and
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TFIE DOUBLE-SLIDE TUNER
Figure AA: The re-arrangement indicated in this diagram of asingle-circuit tuner shows how selectivity
may be improved whereby closer tuning for broadcasting can be accomplished.

tabulation, and features that are bound
to help out our recent troubles from

a new classification of broadcasters, as
shown in the table on this page.
Outstanding features shown by this

spark and other wave-interference, are
the following:

Frequency
Cycles

Wave
length
Meters

Service

2,000,000
to
1,764,000

150
to
170

Amateur CW and
ICW Radio Telegraph

1,764,000
to
1,666,000

170
to
180

Amateur Radio Telegraph

1,666,000
to
1,500,000

180
to
200

Amateur CW and
ICW Radio Telegraph

1,460,000
to
1,420,000

205
to
211

Class 3 Broadcasters
(less
than
100
watts power)

1,400,000
to
1,090,000

214
to
275

Class 2Broadcasters
(corresponding to
old Class A)

1,070,000
to
550,000

280
to
545

Class 1Broadcasters
(corresponding to
old Class B)

500,000

600

Marine calling and
distress signals

1.

The amateurs have agreed to eliminate
spark transmission, thus freeing the
high-frequency end of the broadcasting
range of waves from this interruption.

2.

The amateurs have agreed to restrict
their radiotelephone experiments to
the band between 1,666 and 1,764
kilocycles (170 to 180 meters) to aid in
removing this sort of interference from
the broadcast range.

S.

The marine interests have agreed to stop
the use of the old 1,000 kc (300 meter)
and 666 kc (450 meter) waves, which
caused so much trouble in broadcast
reception.

4.

The marine interests have agreed to use
the 500 kc (600 meter) wave, adjacent
the broadcast band, for calling and distress purposes only. Ship-and-shore
message traffic will thus be handled
upon the new lower-frequency channels more remote from the broadcasting waves.

It is only natural for all of us to hope
that these various recommendations and
agreements of the Conference can be
put into practical operation at the earliest possible date. They are likely to
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A VARIABLE CONDENSER USED WITH THE
ELEMENTARY SET WILL HELP FIGHT THE
SPARK
Figure BB: Introducing capacity in the antenna circuit as shown above will enable you to improve tuning
with a single-circuit crystal set.

produce an immediate improvement in
broadcast reception, though of course no
one expects any or all of them to prove
itself a perfect panacea that can overcome all difficulties. It still remains for
us to do everything we can to improve
the selection or discrimination power of
our radio receivers, for unless we do our
utmost in that direction we may expect
to suffer interference from spark transmitters even under the new wave assignments.
You may wonder why the changes in
working wave frequencies will not be
sufficient to prevent the occurrence of
such interference. It seems entirely unreasonable to many people that they
should be disturbed, in receiving broadcast speech or music, by dots and dashes
sent out at what appear to be widely
different wave frequencies.
For instance, even a reasonably selective receiver can take programs from WJZ
(New York) on the 660 kilocycle wave
without interference from WEAF at 610
kc or VVNYC at 570 kc. The frequencydifferences are 50 and 110 kc respectively. Yet this same receiving set,
while tuned to WJZ, may be badly interfered with by aship at sea operating

at the nominal wave of 425 kc (706
meters), differing from WJZ's wave by
215 kilocycles!
Whereas a modern continuous-wave
(CW) or interrupted-continuous-wave
(ICW) radio-telegraph transmitter will
work within a waveband less than one
or two kilocycles wide, and produce little
or no interference in receivers sharply
tuned outside of that band, the old
spark transmitter may spread out its
signal splashes over all wave frequencies
within afew hundred kilocycles!
Thus, a CW transmitter working at
405 kc can hardly be heard, if at all, in
a good receiver tuned below 404 kc or
above 406 kc, even though the receiving
point is located relatively near to the
sending station. On the other hand, a
spark station having high damping
might be heard, in the same receiver, on
all settings from 200 to 700 kilocycles.
Some of you are perhaps now wondering why the radio art tolerates such inefficient use of the "ether" as is necessary
when spark transmitters are permitted
to operate. The answer is that the spark
installations were in existence and were
doing fairly satisfactory work long before the demand for more and more radio
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THE ADDITION OF A VARIOMETER WILL
GIVE GREATER REFINEMENT FOR TUNING
Figure CC: The crystal set that is
with avariable condenser and variometer wired as in this diagram
will meet ordinary needs for reception from superpower stations.

channels became as acute as it is today.
All of these old sets on shipboard represent a substantial investment, and the
amount of money involved in replacing
or converting them is no small sum.
They are gradually being changed-over
or scrapped, however, and some day we
may expect to see them only in museums.
But in the meantime, as has aptly
been pointed out, traffic in the radio
channels can be no more effectively
regulated or utilized than could trafficon
a boulevard where huge juggernauts
fifty or a hundred feet in width were
allowed to plunge along at will. We
shall have spark transmitters with us
for years, however, unless somebody
loses patience with their propensity to
tear through the radio channels, and,
over the protests of their owners,
legislates them out of existence.
What can we do in these spark-ridden
years, then, to make the interference as
little as possible? Is there anything that
will help us to receive broadcast programs free from dot-and-dash interruptions?
Fortunately there is. We may take

advantage of the third and fourth factors
of the problem (as outlined on aprevious
page of this Part). We may improve
the excluding-power (or sharpness of
tuning) of our receivers; and we may
improve the intensity of the broadcast
signal we desire to receive, as compared
to the intensity of the interference.
The first of these items—the improvement of receiver selectivity—cannot cure
the spark evil.
That is true because the spark station
distributes its power all over avast number of wave-frequencies, and, if you are
at all near to the spark transmitter you
will be likely to pick up some interference on any broadcasting wave no matter how sharply you tune to it. Nevertheless, there are some features of this
interference problem that appear to have
been overlooked in many quarters and
yet which offer some hope to us.
Most broadcast receivers do not exclude interference from powerful, nearby stations even though they are capable of discriminating sharply between
waves from distant stations. There is vast
room for a general improvement along
these lines, and it is this type of improve265

ment that will be helpful in cutting out
spark interference. Incidentally, gains in
this direction will also be valuable in reducing interference from "static" or
strays, and from nearby radio telephone
stations.
The second point of attack on the
spark interference problem is one which
the listeners can help only indirectly.
It consists simply of increasing the power
of broadcasting stations.
This is by far the most certain way to
overcome all kinds of interference, as
has been demonstrated again and again
in all branches of the radio field. Years
ago transatlantic radio telegraphy was
attempted with transmitter powers as
small as five kilowatts. Even with such
small power signals were received at
great distances, but only under the
quietest and most favorable conditions.
By increasing the power of the transmitters to as much as two hundred kilowatts the received signal was made six
or seven times as loud, so that it could
be distinguished through whatever part
of the interfering noises could not be
filtered out in the receiving apparatus.
The best broadcasting stations are
using, on the average, something over
one-half kilowatt of power.
At distances of even fifty or one hundred
miles the signals from such stations
are often too faint to be heard clearly
through interfering noises. To be sure,
conditions are sometimes so good that
the stations are heard over thousands
of miles, but we must all admit that such
long distances represent exceptional and
not average day-and-night, summerand-winter, performance.
Let us suppose that some particular
evening you are receiving from a moderately distant half-kilowatt broadcaster
whose signal may be said to have a
strength of 100 units in your receiver.
Now imagine that an interfering spark

"breaks through" with areceived •intensity of 300 units. Of course your reception will be spoiled. If, now, the broadcast station could quadruple its power,
making it two kilowatts, the signal would
be doubled to 200 units. This would
still be too weak to be heard above the
interference of even a few local spark
transmitters.
But if the broadcast plant could be
increased to twenty kilowatts, the received signal would rise to over 600
units in strength and would dominate
the interference.
This is such asimple and positive way
of overcoming many interference troubles that one wonders that it has not
been more generally applied.
The
reason is probably that twenty kilowatt
radio-telephone stations cost more than
half-kilowatt plants, just as the big
electric stoves used in some hotels cost
more than household electric toasters.
The hotel stove may use twenty kilowatts of power; the toaster uses about
half a kilowatt. It is certainly high
time that radio broadcast stations got
out of the toaster class, so that their signals might override much of our presentday interference. It is profoundly to be
hoped that more powerful broadcast
stations will soon come into operation,
and you can do apart toward advancing
the art by encouraging such larger
plants.
Having reviewed the possibilities in
this direction, let us return to the matter
of receiver selectivity and see what can
be done to gain some freedom from interference by that means.
Of course there are all kinds of radio
receivers in use for listening to broadcasting, and the various kinds have
varying degrees of selectivity. Lowest
on the list is probably the single-tunedcircuit crystal set, and since this is
doubtless the least selective outfit in
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common use, let us first find out what
can be done to improve it.
If the receiver consists simply of acoil
of wire connected in variable amounts
(by amultiple-point switch or asliding
contact) between antenna and ground,
and having the crystal, telephones and
accumulating condenser shunted across
the entire portion of the coil that is in
circuit, we can do agood deal to improve
matters. Probably the most effective
step would be to connect the side-circuit
containing the crystal and condenser
across only half or even less of the active
part of the coil.
Further improvement would be had,
though probably less in amount, by cutting out the switch or sliding contact
and putting a variable condenser in
series between the entire coil and the
antenna. This variable condenser would
then be used for tuning. A mill better
arrangement would be acondenser and
a variometer in series between antenna
and ground, with the crystal side-circuit
tapped across only half of the variometer.
This marks about the limit of what
can be done with a single-tuned-circuit
and crystal detector, though in any
event it is a good plan to be sure that
there are no insulation leaks or highresistance joints in the antenna-toground circuit. Signal strengths in a
receiver have often been doubled or
trebled by the simple plan of scraping
bright and re-splicing every connection
in the circuit.
A considerably greater degree of freedom from spark interference can be
had by converting the single-tuned receiver into one using two tuned circuits.
Since the adoption of the new wavefrequency (or, in the old phrase, wavelength) allocations for broadcasting, the
number of transmitters that can be

heard by any receiving station has been
substantially increased.
Under the former plan the transmitters were licensed to work at only
two wave-frequencies--833 and 750
kilocycles a second (corresponding to
360 and 400 meters wavelength). If
the broadcasters had lived up to the
regulations no one would have been able
to receive from more than two stations,
one on each wave, at any one time. As
a matter of fact it was found that so
much interference developed when only
the two waves were used that the station managements gradually tuned
their transmitters to waves a few kilocycles either side of the specified frequencies. This practice, together with
the division of operating hours among
the numerous senders that desired to
transmit in each locality, helped out the
situation agood deal. Despite the fact
that it resulted in two groups of stations, the larger group operating in the
neighborhood of 833 kc and the other
clustering about 750 kc and even though
the waves were chosen more or less at
random, the shifting away from the
authorized wave-frequencies made possible what little choice of broadcast programs was enjoyed by radio listeners
in the past.
Some novice listeners have complained that the wave-frequencies of
the various stations are too close together and that it is not possible to heir
programs from one station without
simultaneously picking up music or a
speech from other broadcasting plants.
These complaints have come only
from listeners whose receiving sets are
poorly designed or poorly manipulated.
It has been proved that receivers of
only average selectivity, adjusted with
only normal care, are fully capable of
discriminating between various broadcasting waves that are said to interfere
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with each other. If you are having
trouble in picking out the station you
want to hear, and in listening to that
station alone, don't blame the wave
assignments. Bear in mind that thousands of other people are having no
trouble at all, and get busy on your
receiver. Make it as highly selective
as you can and enjoy the choice of programs that you will be able to get in
that way.
Some of your neighbors (and probably agood many of them) have found
that by sharp tuning they can hear any
one of twenty or more stations at a
time of "good nights" this season; last
winter they were lucky to be able to
choose more than five or six.
Let us look more closely into this
matter of receiver selectivity.
The term is almost self-explanatory,
it means the ability of aradio receiving
outfit to select signals transmitted on
one frequency of carrier wave from
other signals that are simultaneously
being sent out on waves of other frequencies.
Suppose we made a chart of some
of the broadcasting wave-frequencies
as in Fig. DD, where the different
values are arranged along a vertical
scale. In this figure, the localities to
which the various wave-frequencies
have been assigned are indicated, as
well as the corresponding wavelengths
in meters.
Toward the right-hand side Figure
DD is drawn a heavy vertical line,
marked AA, with an opening equivalent
in width to 100 kilocycles. Imagine that
this line represents the barrier set up
by your receiving tuner; that no wave
energy can get through at the frequencies opposite the line, but that the
wave-frequencies opposite the opening
can get through to operate your telephones. From the diagram it is quite

clear that a receiving set which admits
a 100-kc. band (or continuous group)
of wave-frequencies could simultaneously pick up signals from two of the
New York stations, from Philadelphia,
from Washington at 640 kc. and (if the
signals were strong enough) from Pittsburgh, Chicago and afew others. This
assumes that the particular set be
located in the east; if it were on the west
coast, it would simultaneously admit
signals from San Francisco, Los Angeles
and Portland.
Following the diagrqm's teachings a
little farther we see that even a receiver so non-selective as this could
choose between three New York stations at 610, 660 and 740 kc. Although in the position shown it admits
both 610 and 660 kc. by turning the
tuner controls to give resonance to
the lower frequencies (which would have
the effect of lowering the opening in
the line AA) the 660-kc. wave could
be cut out. By raising the admitted
frequencies 40 kc. above the illustrated
values, 610 kc. would be cut out but
740 kc. not yet admitted. On the other
hand, so broad a tuner could not be
effectively used with a very sensitive
detector and amplifier, for the increased
responsiveness of the receiver would
bring in interference from the more
distant stations.
Here we have the crux of the whole
tuning situation. Your receiving tuner
must be more and more selective the
more sensitive your detector and amplifiers, or the farther you desire to receive.
If you are in the vicinity of two or
three broadcasting stations that use
well separated wavelengths, and if you
are satisfied to limit your reception to
those stations, arelatively dull detector
(such as a crystal) and a tuner with
100 kc. selectivity may be all you need
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Figure EE: This chart allows how abroad-tuning set would include the signals of anumber of stations at one
time while the sharp-tuning set would get only one or two. The small gap in the dark heavy line at the extreme right
of the chart would include only New York, Memphis and Seattle. This line is for asharp tuner. The large gap
.n the second heavy line includes everything from Jefferson City to Philadelphia and San Francisco; this line is for
a broad tuner and considerable interference would be experienced.

If, however, you want to reach out with
amplifiers so as to hear Omaha, Detroit, Philadelphia or other stations
whose wave-frequencies are not very
different from each other, you will
have to match your sensitive detecting
system with a highly selective tuner.
You can see at once that the narrowness of the opening in the line AA
(Fig. DD) is ameasure of the receiver's
selectivity. If this opening is made
more narrow, say to awidth admitting
only a 20-kc. range at one time, as in
BB, the receiver sensitivity may be
greatly increased without bringing in
interference, because the selectivity of
the tuner has been much increased.
With atuner that would exclude all but
10 kc. at atime, one might use asufficiently sensitive amplifying system to
pick up any of the broadcasting stations
in the United States without experiencing interference from any of the others.
It is feasible to build receivers having
even more than this extreme degree of
selectivity.
The chart of Fig. DD is based on the
assumption that the receiving tuner
will admit freely, and with equal facility, energy received on any of the wavefrequencies that fall opposite the opening in the line AA but that at the
end frequencies of this admitted band
the tuner will cut off sharply so as
not to admit any energy from waves
outside the frequency limits marked by
the opening. It is possible to build
receivers that have practically this sharp
cut-off characteristic, but the ordinary
tuners that depend upon simple circuit
resonance for their selectivity have a
gradual or tapered cut-off on each side of
asingle frequency that they receive best.
Fig. EE compares these two characteristics, here the frequency scale is
drawn horizontally and the vertical scale
represents the percentage response that

the receiver would give to a signal o'
some definite intensity at all of the
wave-frequencies illustrated.
In Fig. EE the square-shaped line
marked AA corresponds to the barrier
line and opening similarly designated
in Fig. DD and represents a receiver
that admits a 100-kc. wave-band with
sharp cut-off at each end. It is easy
to see that, at the setting illustrated, a
wave of frequency 590 kc. (as used by
some of the Philadelphia stations and
indicated by the vertical dash line P)
will produce 100-percent signals. A
wave of frequency less than 585 would
produce no response on account of the
sharp lower cut-off. A wave of 660 kc.
(used by WJZ in New York and shown
at line Q) would give 100-percent response, but 690 kc. (Washington; line
R); would be above the upper cut-off
and give no signals.
Now look at the curve XX in Fig.
DD, which shows the selection characteristic of an ordinary but reasonably
good receiver. When set to give amaximum response to 660 kc. (line Q, as
shown) signals on carrier frequency 690
kc. (line R) would give only about 15
percent full response, while other signals
of 590 kc. (line P) would produce practically no sound in the telephones.
We might make a table showing the
best signal strength that would be received by such a tuner for various differences of wave-frequency, using this
resonance curve as abasis:
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Difference from
Resonant Frequency

o

10
20
30
40
50
60
70

Percentage of
Resonant Signal
100
80
25
15
10

5

o

From such a table we can see just
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THE CONVENTIONAL SINGLE-CIRCUIT CRYSTAL RECEIVER
Figure FF: Many beginners who have this type of simple set are experiencing trouble with interference. The
author telh us that the trouble may be lessened if not eliminated by changing over this circuit to the circuit shown
aFigure Hil.

THE INDUCTIVELY COUPLED CRYSTAL CIRCUIT
Figure GG: This is the best crystal circuit to use from astandpoint of selectivity. It is even better than the
hook-up shown in Figure CC.

what to expect in the way of freedom
from interference. For instance, if instead of tuning to 660 kc. as shown, you
adjusted to New York (WEAF) at 610
kc., the energies of signals from other
stations would be as follows (New York
being rated 100 percent because tuned
to its maximum):
Memphis and Davenport-80 percent of their
maxima.
Dallas and Philadelphia—'25 percent of their
maxima.
Washington and Detroit-15 percent of their
maxima.
Pittsburgh and Omaha-10 percent of their
maxima.
New York (WJZ) and San Diego-5 percent
of their maxima.
Chicago and St. Louis-8 percent of their
maxima.
Jefferson City and others—O.

Note that these relative signal
strengths are given as percentages of
the loudest possible signal your set
could receive from any particular station, and that each percentage refers to
the signal from the station in question
and that only. In other words, this
above table will not show the relative
signal strengths in comparison with the
signal from some one stations, such as
the one to which the set is tuned. To
get this information we must combine
with the above figures another tabulation giving the relative signal strengths
of the station in question. One or two
examples will show how this can easily
be learned and applied in the practical
operation and control of radio receivers.
Suppose that with your receiver,
under some particular condition, you
can hear New York (WEAF) with intensity 100, New York (WJZ) with
intensity 60 and Philadelphia (WIP)
with intensity 20. If your tuner has
the selectivity characteristic of curve
XX in Fig. DD, can you expect to hear
Philadelphia without even the faintest

interfering signals from either New
York station?
To find out the answer we need only
note that Philadelphia's wave-frequency
is 590 kc and those of the New York
stations 610 kc. for WEAF and 660 kc.
for WJZ. The differences are 20 kc.
and 70 kc.; if the receiver is tuned to
VVIP, the desired signals will be received at full 100-percent intensity or
20; WEAF's signals, being 70 kc. removed, would not be heard. But WJZ's
signals, only 20 kc :away from WFI's
would come in at 25 percent of their
full strength of 60, or at 15 which is
three-quarters as loud as WIP. Consequently WJZ would interfere with
WIP under these conditions, and a
more highly selective tuner would be
required to receive signals from this
particular Philadelphia station without
interference.
What can one do to increase selectivity so that such interference can be
prevented? The details of all the
answers to that question would be
enough to fill the space of several articles such as this, but we can at least
set down some of the high spots:
1. If you are using acrystal detector
with single-circuit receiver (the ordinary
form of which is shown in Fig. FF),
change over to the double-circuit receiver of Fig. GG. If you cannot do
this, at least tap the detector circuit
across only apart of the inductance coil
as in Fig. HH.
2. If you are using an ordinary
vacuum-tube detector, in a non-regenerative circuit, change to agood regenerative circuit, and preferably one which
is coupled inductively to the antenna
(as in Fig. II).
S. If your interference conditions are
too severe to be overcome by acircuit
of the type represented by Fig. II (a
very unusual state of affairs), use aloop
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A DOUBLE-CIRCUIT CONDUCTIVELY COUPLED CRYSTAL SET
Figure HA: By using only asmall part of the coil Li for the secondary circuit which contains the detector
and the telephones, the selectivity is increased to aconsiderable extent over that obtained by the circuit in Fig. FF.

antenna with tuned radio-frequency amplifiers and regeneration, or, perhaps
still better, with asuper-heterodyne receiver.
Above all things, bear in mind that
as much skill is required to operate a
highly selective tuner a.9 to drive a car
through the heavy traffic encountered
in abig city.
Don't expect to become expert in
handling the tuner any sooner than the
car. It is easy to pick up and enjoy
programs from the local stations—as
easy as it is to run aphonograph —but
practice and patience are required to
learn to hear all the available distant
points through the local interference.
But, don't let that fact discourage you;
you can do what others are doing, with
a little perseverance, in really learning
the facts about tuning.
If your object (or one of your objects) in radio receiving is to "get
distance," get the most highly selective
tuner and the most sensitive detecting
and amplifying system that you can
handle effectively, and work with it
until you learn the tricks of manipulation. Your effort will be well repaid,
and you will find that the new schedule
of wavelengths makes these great results possible.
You may remember that when alterations that occur in the wave frequency
are of substantial amount and that
when they occur at a rate that is in
the low audible range (say from fifteen
to thirty times asecond), you will hear
afluttering noise in your receiver, from
the carrier wave of the broadcasting
station.
A nearly identical noise may, however, be caused by variations in the
intensity of the radiated wave, as was
pointed out previously. If, when you
are listening to some particular station,
you hear such a noise between the

"numbers" on the program, your
natural question will be: How can Itell
whether this flutter is explained by
frequency variations or by intensity
changes in the radio waves?
You may also ask yourself whether
or not the sound is the result of something going on in your own receiver,
and therefore, whether it marks a defect for which you are yourself responsible.
Fortunately there are not many things
that can happen in aradio receiver that
will cause afluttering sound in the telephones or loudspeaker. Furthermore,
anything that does tend to make such a
sound will probably have the same effect
on all the signals you hear and is likely
to keep on going even if no signals are
being received. The logical thing to
do, then, is to distinguish first between
the home-made noises that may be produced by your receiver, and the transmitter-made noises that come in with
the waves.
Let us suppose that when you are
listening to some certain broadcasting
station you hear a fluttering sound
whenever the carrier wave is being
received. It may be heard above and
along with the speech and music that
is sent out, or it may be so much weaker
that you do not hear it except between
the successive items of the program.
The first thing to do it to try detuning
your receiver; that is to say, turning
your tuning knobs (or one of them)
a little away from the position where
the signals are heard loudest. If the
noise continues, you would be justified
in concluding that it originated within
the receiving set. To make sure, however, it is agood plan to disconnect the
antenna so as to cut out the signals
altogether; if the flutter is still heard
you may be reasonably sure that something in the audio-frequency system is
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THE TRIPLE-CIRCUIT, VACUUM-TUBE, REGENERATIVE CIRCUIT
Figure
By adding one more coil to your present single-circuit tuner you may greatly increase the selectivity
and ,st the same time cut down re-radiation which is the most objectionable feature of the single-circuit hook-up.

WHAT HAPPENS WHEN THE POWER SUPPLY IS NOT STEADY
Figure JJ: The upper curve A. shows the form of a perfectly oscillating wave. Curve B shows graphically
the variations that sometimes take place in the voltage of the current supplied to the plates of the tubes. The
lower curve shows the effect of this variation on the oscillating carrier wave.

wrong. Likely places for such trouble
are in the amplifier circuit and sometimes in the grid-leak and condenser
used on the detector tube.
On the other hand, the flutter may
"tune out" with the signal, but change
in pitch from alow note (or even arattle) up to ahigh whistle, which gradually disappears as the pitch increases,
while you detune. This is proof positive
that your receiver is generating radio
oscillations within its own circuits. It
is very difficult to receive broadcast telephony satisfactorily under such conditions, and you should arrange matters
so that the oscillations are prevented.
To do this may require merely the
change of position of one of the adjusing knobs, such as a "stabilizer," "intensity" control or "tickler," or it may
be necessary for you to provide an additional adjustment.
Many home-made receivers (and a
good many that are put out by the factories) insist upon oscillating at certain
wavelengths and so prevent, or at least
make very difficult, the proper reception
of broadcasting.
One of the simplest and most effective
cures for this trouble is to connect a
variable and moderately high resistance
directly in series with the ground lead,
and then to "cut in" enough of this
resistance to overcome the set's tendency to oscillate. A standard potentiometer of 200 or 300 ohms is often useful
for this purpose (see Fig. KK). The
trouble is most likely to occur in receivers that have radio frequency amplifier tubes, and is particularly common
in reflex sets.
There is athird possibility which also
indicates that the trouble is in your
receiver. This is, that although the flutter vanishes when you tune out the station to which you began to listen, it
comes in again in exactly the same way

whenever you tune to any other station.
If the coming and going of the fluttering sound is accompanied by changes in
pitch, as just described, it means that
your receiver is oscillating. If the flutter does not change in character or
sound, but merely in intensity, and if it
appears whenever you listen to any
broadcasting station, there is something
wrong with your .receiver. Whatever
causes this kind of flutter will probably
be in the radio-frequency circuits, as
your tests will have proved that it requires the presence of radio currents to
produce the sound. However, such effects are both rare and obscure, and no
diagnosis that could be given without
inspecting the receiving set would be
likely to be helpful. I mention the
phenomenon with the idea of eliminating
all the things that may occur in the receiver, so that you may have confidence
in your observations if they point to a
defect in the arriving wave.
And, so, we come to the situation
where (1) the flutter tunes out when
the wave from the particular broadcasting station you are investigating is
tuned out, (2) the flutter does not turn
into awhistle as it is tuned out, and (3)
it does not reappear as you tune to the
waves from other stations.
Under these conditions it is a fair
conclusion that the irregularity that produces the sound exists in the carrie{
wave, and that it has its origin outside
of your receiving station.
Your next problem, if you really
want to know what is wrong, is to find
out whether the noise is caused by frequency changes or by intensity changes
in the wave. If the fluctuations are
small there may be some difficulty in
doing this, but the test is so simple that
it is worth trying in any event.
If the frequency of the incoming
wave changes from instant to instant, it
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FIERE IS A WAY TO STOP YOUR RECEIVER FROM SQUEALING
seriesFigure
with the
XX:ground
A variable
lead can
resistance
be adjusted
of 200to
orprevent
SOO ohms
the(an
tendency
ordinary
of "A"
the receiver
battery to
potentiometer)
oscillate on certain
connected
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lengths.

is evident that asharply-tuned receiver
will not hear all of the wave all of the
time, so to speak, at any one tuning
adjustment. To hear the station at full
intensity at every instant, it would be
necessary to change the tuner settings
continuously so as to follow the variations in wave frequency. The general
effect of such fluctuations is, then, to
broaden the range on the tuner throughout which the signals are heard.
By comparing the broadness of tuning, or the number of degrees you may
turn the tuning dial away from the loudest position without completely cutting
out the station, you can get some information as to the constancy of the
wave frequency.
If you take as astandard some other
station whose carrier wave does not flutter, and which you hear at approximately the same intensity as the plant
you are studying (and which preferably
has approximately the same wave frequency) you may find, for example, that
the signals tune out when you move the
dial about three degrees away from the
maximum setting. If, then, you find
that equally loud signals from the station having the fluttering wave persist
when you move the tuning dial six or
eight degrees from the best setting, it is a
good indication that the wave frequency
of that transmitter is varying.
On the other hand, if both the standard and the fluttering waves tune out
in the same way, the probabilities are
that the noise is caused by intensity
variations. In either case you should
write to the manager of the broadcasting
station that is sending out the noisy
wave and tell him of your observations;
he can check them up himself, and thus
determine the possibility of improving
his transmitter.
There are two other possible causes
of flutters in the received carrier wave,

and as neither of them can be blamed
upon your receiver or upon the broadcasting station, they should be mentioned here. If a second broadcasting
transmitter, perhaps more than athousand miles away, happens to be sending
out awave that is within afew cycles of
the wave to which you are listening, the
two will beat together. The beat will
not produce a musical tone if the two
frequencies differ by less than about 16
cycles asecond, but it may cause exactly
the sort of flutter we have been discussing. Such conditions are rare in
practice, and should never occur except
at the 833 Ice. (360 meter) waves of
the class C stations, for the Department
of Commerce is doing its utmost to
prevent undue duplication of wave frequencies among broadcasters. Occasionally atransmitter may get so far out
of adjustment as to cause this effect,
but the chance of striking so closely the
frequency of another station is exceedingly remote. If you should hear two
stations making low-frequency beats of
this kind it is likely that you would find
the wave frequency of either or both
changing gradually while you listened,
so that the flutter would drop out at one
instant, come in again, change to alow
musical note of varying pitch, return
once more to a flutter, and so on. A
condition of this kind should be reported
to the broadcasting station whose signals are affected.
The second way that beat flutters
may be made is by the reception, along
with the signals you want, of waves sent
out by an oscillating receiving set. The
final effect is almost exactly the same
as when you receive an interfering wave
of the same frequency and intensity
from adistant broadcasting station.
If one of your neighbors has a radiating receiver, and if, while it is in the
oscillating condition, he tunes to the
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HOW TO SEARCH FOR POOR CONNECTIONS
Figure LL: With the antenna and ground disconnected, but the batteries hooked up and the phones on, it's
easy to find af
aulty connection. Press against each wire with the end of ahard rubber fountain pen or other piece
of insulation and agrating or rasping sound will be heard in the phones when the poor connection is touched. ..

result of frequency variations, either
same station that you are listening to,
radiation from his set will probably in- slow or rapid, in either the transmitters
or the receivers; we have also looked
, terfere with your reception. This is
into the possibilities of distinguishing bebecause, as has often been explained,
any receiver that is so adjusted as to tween these various effects, so that any
generate radio oscillations in its antenna listener can find out whether the source
of his disturbance lies in his own recircuit will act for the time being like
ceiver or at amore distant point.
asmall transmitter.
The next topic is that of noises proShould your interfering neighbor tune
his oscillating set to exactly the same duced by intensity variations either in
frequency as the wave you desire to the wave or in the response to the rereceive, you will not hear abeat flutter ceived signals.
If you hear unwanted noises while
or note, but if he deviates from this
you are listening, the first thing to find
exact frequency (or if the broadcasting
station itself swings in frequency by out is whether they are produced by a
even a few cycles), you will hear the defect in your own set or whether they
come in with the waves. Much the same
fluttering sound that has been described.
Ordinarily you can tell whether such plan as suggested above for detecting
receiving interference is produced by a frequency variations should be followed;
neighborhood "squealer" or by adistant if you hear the noises at all settings of
broadcasting station, by observing the your tuner, or if they continue when
constancy of the beat note or flutter. It you disconnect your antenna, it is alis unusual for a listener who uses a most certain that something is wrong
whistling receiver to leave his adjust- in your apparatus. Bothersome sounds
of this sort, which persist even when
ments alone for more than a few secno signals are coming in, can often be
onds or at most afew minutes at atime.
When he changes his tuner settings the traced to poor connections in the set.
If you bump your receiver with your
beat noise will change correspondingly,
usually turning into a musical note of hand while listening in the telephones,
gradually increasing frequency. When you should hear nothing but the ringing noise produced by the vibration of
you hear such changes in the flutter you
the
tubes. If the tubes are well mounted
can be reasonably sure that the interference arises in your own vicinity, and on acushioned base, you may not hear
that you will be repaid for making a even that. If the jar causes arattling
tour among the radio listeners who oper- sound in the telephones, or if the noises
ate sets near your home. Most of the that you have been hearing are more
people who allow their sets to give this violent, you should hunt for aloose consort of trouble do so through inexperi- tact in some of your instruments or
ence or lack of appreciation that they wiring.
Of course, this crude "bump" test
are interfering with other people's reception, and it is ordinarily not difficult will not be helpful if your receiver is
to build up aco-operative spirit among of the crystal type, without tubes; in
a group of closely adjacent listeners such aset the chances of internally prothat will permit all to receive without duced noises are fairly remote, though
sometimes ashaking contact will cause
such bothersome interruptions.
We have now considered most of the them and, in any event, abad connecphenomena that are likely to occur as a tion will make the received signals
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CUSHIONED SOCKETS HELP TO MAKE YOUR RECEIVER QUIET
Figure MM: Socket A is made with the lower portion of soft rubber. At B is asoft rubber platform on which
astandard socket can be mounted. The socket on the right is made in two pieces held apart by springs at point C.
With such sockets and with all connections tight, there will be no noises unless they come from outside.

weaker than they should be. The best
way to test the contacts in acrystal set
is to try to shake each of them with an
insulating rod (like a closed fountain
pen) while listening to signals; a bad
connection will usually show up by making a noise or by stopping the signals
when you move it.
If there are no loose contacts in your
receiver, and you still hear irregular
noises while the antenna is disconnected,
you should look for the trouble in your

.
"B"

batteries (which may have become
run down and noisy) or in your detector grid-leak (which may have become microphonic or may not be of the
correct value for the tube you are using).
Should the noises not appear when you
allow the set to remain untouched, but
if they show up when you adjust some
particular element such as atuning condenser, a coupler or a potentiometer,
you may expect to find a "floating" or
irregular bad contact in that instrument.

END OF SECTION XI
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Prom a photograph made for POPI'LAII RADIO

Sir Oliver Lodge
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SECTION XII

Making Simple Radio Measurements

T

HE student will find in this part
much valuable and understandable data concerning the calculation of inductance, wavelengths, capacity, and the like as well as adescription
of the simF le devices with which these
measurements may be made.
No
lengthy or involved formulae are included and any novice with a good
grounding in arithmetic may arrive at
accurate conclusions by means of the
methods given.
Perhaps there is no more important
instrument used for radio measurements
than the wavemeter. It may be employed in a dozen and one ca let.lations
and, contrary to what might be expected, it may be constructed and operated by students of the science with
little or no trouble.
A wavemeter is really acombination
transmitter and receiver of the calibrated type. That is it may be adjusted
to emit awave of definite length and it
may be set to receive awave of definite
length. In this way it is possible to
calibrate transmitters and receivers by
its use.
Every amateur who operates atransmitting apparatus ought to have a
wavemeter—for his own protection.
Yet few amateurs own one. No transmitting set can be adjusted properly for
wavelength without the aid of an accurate wavemeter. In the proper adjustment of a spark transmitter a wave-

meter is indispensable, as a resonant
condition between the closed and open
circuits is far more essential for maximum efficiency than "antenna current."
In obtaining resonance in atube transmitter, the amateur is usually guided by
the use of various voltmeters, ammeters and milliammeters. But reliance
should not be placed upon guess work
in determining the length of the emitted
wave. Our Government, through the
Department of Commerce, has complete
jurisdiction over radio communication
and has designated the operating wavelengths of various classes of stations,
and these wavelengths must be adhered
to strictly in transmitting. The amateur who uses awavelength greater than
that to which he is entitled is in danger
of forfeiting his license.
The amateur who wants to build his
own wavemeter—and the task is not
difficult—will find the following instructions of practical value. The apparatus
here described is really efficient; for
amateur purposes, indeed, it may well
take its place alongside the justly famous Kolster decremeter. The specifications call for the following material:
1 pe. bakelite 3/16 by 8% by 8%
inches.
1 Weston thermo-galvanometer No.
425.
1 1% volt flashlight cell.
1 Century buzzer.
1 Rotary Switch lever.
9

2 Contact points.
1 Variable Condenser .001 mfd. with
dial.
2 Binding Posts.
1 Suitable oak or mahogany case.
The schematic drawing Fig. B, shows
the electrical connections; the dotted
lines represent wires which should be
of No. 14 solid-copper wire covered with
cambric tubing.
In Fig. F is shown acircuit diagram,
and in Fig. C adrilling plan of the panel.
Across the binding posts A and B (Figs.
B and F) are shunted the windings of
the wavemeter coil which complete the

circuit through either the meter or the
buzzer.
To calibrate the receiving set, place
the wavemeter near the antenna leadin wire, insert the desired coil across the
binding posts A and B and place the
rotary switch in the "on" position,
closing the battery circuit through the
buzzer and coil. Set the dial of the receiving set at zero and vary the position
of the condenser dial on the wavemeter
until the maximum sound is received
in the head set that is connected to the
receiving set.
Continue this process, taking readings

FIGURE A
Row to make the coils. Coal has 50 tunal on it, and coil 3has 44 turns. 'This is tte

only difference.
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of the wavemeter dial when the receiving dial is set at zero, 5, 10, 15, 20 and
on. Then by reference to the curve
(shown in Figs. D and E) you can
ascertain the exact wavelength of each
of the various settings of the dial on the
receiving set.
Once you have obtained the values at
different points, you may plot a new
curve for your particular receiver;
thereafter you need merely to refer to
this curve to learn at aglance the exact
wavelength of an incoming signal.
This meter, it will be noticed, is also

equipped with two extra binding posts
to accommodate apair of telephones to
be used in conjunction with the crystal
detector as shown in the circuit diagram
in Fig. F and in the photograph on page
16.
To tune atransmitting set, the only
change necessary on the wavemeter is to
move the rotary switch to the "off" position; when the transmitter is in operation, bring the wavemeter near the apparatus and move the wavemeter dial
until the maximum deflection of the
thermo-galvanometer is noted. By refer-

11.8C 43
PLATE Mg
CON0f/YSER
0011 MID

FIGURE II
Figure Ft shows a schematic drawing of the instrument layout with the circuit eon.
nectinns indicated by dotted lines.
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ence to the curve you can immediately
ascertain the exact wavelength of your
transmitter.
Care should be exercised not to place
the wavemeter too near the transmitter,
as the thermo-galvanometer shown is
very sensitive; the full scale deflection is
equivalent to only 115 milliamperes. A
thermo-coupled milliammeter of 0-100
scale will also be suitable for this purpose.
For construction of the coils across
A and B, see Fig. A. If every detail
is followed closely in making the coils.
the curves shown in Figs. D and E

are accurate within asmall percentage.
The instrument described will be a
guarantee that you do not exceed the
wavelength allotted to you.
An inductance coil or inductor is
sometimes improperly called an "inductance." An inductance coil or inductor possesses an electrical property
called inductance, but it also possesses
electrical resistance and a certain
amount of capacity when used in circuits
at radio frequencies. The latter property is usually spoken of as "distributed
capacity," as it is made up of innumerable small capacities between the various

FIGURE C
Where to drill the holes in the panel. Follow this diagram and know exactly what
site the holes should lie and exactly where they should be drilled.
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more calibrated variable condensers of
different values sufficient to cover the
desired range of frequencies or wavelengths, a calibrated wavemeter which
may or may not be equipped with a
buzzer, a pair of telephone receivers
and acrystal detector.
First, we will determine the apparent
inductance of a coil using the buzzer
driven wavemeter as adriver and repeat
the measurements using the radio-frequency generator as the driver. First
connect the terminals of the inductor to
the terminals of the calibrated variable
condenser and connect the crystal detector and telephone receivers at one
point of this circuit as shown in Fig.

turns of wire in the coil and between
the coil and surrounding objects.
Fig. I (a) represents the usual method
of denoting an inductor in acircuit. If
we take account of the distributed capacity, we might think of it as in Fig.
I (b) where all the innumerable small
capacities enter in.
The characteristics of an inductor
which we will consider at radio frequencies will be the apparent inductance, the pure inductance, the distributed capacity and the natural frequency.
In measuring these characteristics, in
addition to the inductor to be measured, it will be necessary to have one or
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J. The connections between the inductor and condenser should be as
short as possible. The buzzer on the
wavemeter is started and the wavemeter coil is brought near the coil under
test so that the coupling between the
coils is rather close. The setting of the
variable condenser in the test circuit is
then varied until the buzzer note is
heard in the telephone receivers.
The coupling between the two circuits may now be loosened so that
the buzzer note is heard only at avery
definite setting of the condenser S,

which setting is recorded and also the
setting of the wavemeter. If the condenser of the wavemeter is changed to
another setting adifferent frequency or
wavelength will be set up and another
point on condenser C may be found. As
many points as desired may be taken
in this way.
Upon completion of these tests we
will have two columns of data from
which to make our calculations of apparent inductance, one column of condenser settings for which we know the
corresponding capacity values, and a
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FIGURE E
The wavelength chart for coil Q. This chart is used in the same manner as the chart shown in
Figure D. It will be noticed that coil 1bag •wavelength range of 150 to 400 meters and that cod
has arange of 400 to 740 meters. If the experimenter desires to make his wave meter astill more
useful device by increasing its range beyond the points made possible with the two coils described,
it is only necessary to make longer cods and to draw up curves to match them.
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,econd column of condenser settings for
which we know the corresponding frequency or wavelength values. These
values might appear as shown in the
first and third column of Table 1.
TABLE

No. 1

Determination of apparent inductance of coil
Condenser Capacity. Wavemeter Wave
Apparent
Setting
Micromicrm Setting Length, Inductance,
farads
and Coil Meters Microhenries

10.1
30.1
50. 2
80.1
139.9
170.0

114.5
247.2
375.8
565
951
1144

179.4
94.5
4.5
96.4
36.8
81.2

B3 822
A41150
B41400
B41700
C4 2188
C42400

1660
1506
1467
1440
1422
1416

and
C = the capacity

in micromicrofarads of the
known condenser.

The same measurement may be made
with greater ease and accuracy by using
an electron tube radio-frequency generator as the driver, a wavemeter to
determine its frequency and a thermogalvanometer and single turn of wire to
determine the resonance point.
The connections are indicated in Fig.
K.

The procedure is similar to that given
above in that the radio-frequency generator is started and the condenser in
The apparent inductance in Table 1
the circuit of the coil under test is
was calculated from the following forvaried until a maximum deflection is
mula:
obtained in the circuit consisting of the
o.esisX2
thermogalvanometer and single turn of
La —
wire. The single turn of wire may be
from four to six inches in diameter and
Where
is placed two or three inches from the
La = the apparent inductance in microhencoil under test so as to have its axis
ries,
parallel to the axis of the larger coil.
= the wavelength in meters,

FIGURE F
Th:s circuit diagram shown the electrical hook-up for the apparatus. Either coil Ior coil 2may be
used acros ,ithe binding posts in accordance with the wavelength range to be covered.

15

The coupling between the coil and generator should be kept as loose as possible and yet have a deflection in the
thermogalvanometer which is readily
seen. Having determined the resonance
point, the setting of the condenser S is
read and the wavelength of the generator
is determined with the wavemeter. Several points may be obtained and acurve
may be drawn showing the change in
apparent inductance with frequency or
wavelength. Fig. L shows the values
of inductance and wavelength in Table
1in plotted form.
If we should make measurements of

the inductance of this same coil, usink
direct current or alternating current at
1,000 cycles asecond (for instance), we
might find that the values we obtained
that way would be somewhat less than
the values we have just obtained at
radio frequencies. This is because in
the equation used above for calculating
the apparent inductance it has been assumed that the only capacity present
was in the variable condenser.
We stated at the beginning that the
coil itself had some capacity in itself
which we call distributed capacity.
We will now make afew calculations

A PANEL VIEW OF THE COMPLETED WAVEMETER
1?igure G: With this apparatus the amateur may check up on two important pointa—e•
wavelength ,d the signals that he is transmitting and the wavelength of the signals that he is
receiving. NOradio installation is complete without this important measuring instrument.
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to determine the value of the distributed
capacity of the coil. We may select
three or more sets of observations from
the data already taken in determining
the apparent inductance. We will determine the capacity of the condenser
and the wavelength of the generator for
these points. After squaring the values
of wavelengths, plot these values as ordinates against the corresponding values
of capacity in micromicrofarads. (See
Fig. M.)
If the measurements have been care-

fully made, these points will lie on a
straight line which may be drawn
through these points and extended to
the abscissa axis, as in Fig. M.
It is seen that this line cuts the ordinate axis some distance from the origin
and continues to the left of this axis.
The distance OA, measured by the same
scale as OC, is the value of the distributed capacity for the coil, and in
this case is about 20 micromicrofarads.
One perhaps wonders how this small
value of capacity, the distributed ca-

THE NECESSARY APPARATUS FOR DETERMINING THE CONSTANTS OF COILS USED IN
RECEIVERS
Figure Hi The small spiderweb coil under test is shown connected to alaboratory standard variable condenser
with the oscillator at the left and toe wavemgter in the background.
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TWO VISUALIZATIONS OF INDUCTORS
Figure I: The upper diagram (a) is the conventional
inductance symbol. The lower diagram (b) indicates
the existence of the distributed capacities of an inductive circuit that are never graphicaily represented.

pacity, enters into the fundamental equation for the wavelength of acircuit made
up of an inductance coil and acondenser
in series, which may be written
X= K VLC,
X being in meters, K aconstant, L the
inductance in the circuit and C the capacity in the circuit. The quantity C in
this equation is made up of the capacity in the condenser and the distributed
capacity of the coil.
The pure inductance of the coil may
be calculated from the equation:
Where

°Asia,
(C+Co)

Lp = pure inductance in microbenries,
= wavelengths in meters,

and
C = capacity of condenser in micromicrofar-

ads.
Co = distributed capacity of coil in micromicrofarads.
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It was stated above that the distributed capacity of an inductor may be
made up of innumerable small capacities between the various turns of wire
in the coil. If this is true it would
seem that agiven inductance coil might
have one or more frequencies or wavelengths to which it would respond or go
into resonance. That is the case and
one or more frequencies can usually be
found at which the coil will be in resonance when the two ends of its winding
are not connected to anything. To determine one or more of these frequencies the coil is placed near a radiofrequency electron tube generator and a
resonance indicator consisting of a
thermogalvanometer and aturn of wire
are coupled to the coil. The frequency
of the generator is varied until a resonance indication is observed, when the
frequency or wavelength of the generator is measured with awavemeter.
Fig. 0 shows the connections.
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CIRCUIT DIAGRAM OF THE AUDIBLE MEASUREMENT METHOD
Figure J: This shows the hook-up that employs abuzrer-driven waverneter to excite the circuit
under test. Acrystal detector and phones are connected to this circuit to detemme its resonance point.
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1100K-UP OF THE SIMPLER AND MORE ACCURATE METHOD OF MEASURING FREQUENCIES
Figure K: This diagram indicates the mode of frequency determination that employs an electron tube radiofrequency generator as adriver, awavemeter and athermogalvanometer fur indicating the resonance of the circuit
under test .
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The frequency giving the greatest indication in the thermogalvanometer will
be the natural frequency of the coil and
will be the shortest wavelength at which
resonance may be found. The natural
period is usually much higher than the
frequency to which the coil would be
in resonance if the circuit contained any
capacity of such values as are ordinarily
employed.
Measurements upon some coils will
show little, if any, change of apparent
inductance with frequency or wavelength and the distributed capacity will
be found to be very small also. Measurements upon two spider-web coils gave
such results, also the measurements
upon a cylindrical spaced single layer

coil. Coils of these two types give sharp
tuning in radio circuits and are wellsuited for use in some radio receiving
sets. The data given in the table is for
a coil of 70 turns bank wound in four
layers, and wound on atube about
inches in diameter. The apparent inductance of this coil varied from 1,660
to 1,415 microhenries over the range
from 820 to 2,330 meters. Its pure inductance or low-frequency inductance
was about 1,390 microhenries and its
distributed capacity about 20 micromicrofarads. All of these values may be
changed by the method of mounting the
coil, the presence of metal objects in the
immediate vicinity of the coil and the
absorption of moisture by the form upon

Harris & Ewing

THE EQUIPMENT FOR DETERMINING THE NATURAL FREQUENCY OF INDUCTORS
Figure L: The apparatus (from left to right) is aradio frequency electron tube generating set with pancak e
coil., awavemeter, aspider•web cod under teat and aloop of wire connected to athermogalvanometer.
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distributed capacity, the apparent inductance for any setting of the variable
inductor will vary with frequency or
wavelength. The apparent inductance
for a given setting will be larger for
the higher frequencies or lower wavelengths than for the lower frequencies
or higher wavelengths. As the wavelength is increased the values will come
closer and closer to the values obtained
at audio frequencies, but it is obvious
that measurements must be made at
high frequencies if the results are to be
employed for operation at these higher
frequencies.
The primary standard of radio frequency of the Bureau of Standards
consists of two standard wavemeters
which cover the frequencies in general
'Published by permission of the Director of the
Bureau of Standards of the U. S. Department of
Commerce.
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use, viz., from about 18 to 4,600 kilocycles a second (16,650 to 65 meters).
These wavemeters are similar in general construction, each consisting of a
variable air condenser, four fixed condensers, a number of interchangeable
inductors, and a resonance indicating
device, all mounted in a fixed position
upon a specially constructed movable
table.
The variable air condenser is of about
0.001 microfarad maximum capacity
and is aBureau of Standards type of condenser, having its movable plates connected to a metal shield which is connected to• ground when in use. Four
shielded mica condensers are also provided having capacities of 0.001, 0.002,
0.004 and 0.008 microfarad, respectively.
For the one of the two wavemeters
which serves as primary standard five
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CURVE OF THE CHANGES OF APPARENT INDUCTANCE WITH WAVELENGTH
Figure N: This graph shows that the apparent inductance of •coil increases much more rapidly at the lower
wavelengths or higher frequencies.
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inductors are provided. Four of these
five inductors are of the single-layer,
spaced-winding type, employing skeleton frames of laminated phenolic insulating material wound with high-frequency cable and forming coils of polygonal cross-section. The inductors are
provided with terminals so that they are
interchangeable.
The three smallest
coils are boxed in to prevent changes in
the inductor constants from the displacement of aportion of the winding by
handling.
The resonance indicator consists of
two turns of heavy wire fixed in position near the wavemeter inductor and
two indicating instruments. A thermogalvanometer is used for coarse adjustments and acrystal detector and direct
current milliammeter for finer adjustments, the latter instrument permitting
of much more accurate indication of the
resonance point than the former.

In the wavemeters of this general design formerly used by the Bureau the
condenser and inductors were mounted
separately. After tests were-completed
with awavemeter of this type, the condenser, inductor and connectors were
put away in acase until needed again.
There was always the chance of changing the calibration of the condenser by
carrying it from one place to another,
as well as the chance that errors might
be introduced by using different connecting wires or by accidental bending
of the wires.
Much of this chance of error was
overcome by mounting permanently a
standard variable air condenser and
connecting leads for the coil terminals
upon atable equipped with rubber-tired
wheels.
The resonance indicator for the wavemeter built on this principle was acombination of a single turn of wire and
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CIRCUIT DIAGRAM OF THE MEANS OF FINDING THE NATURAL FREQUENCY OF COILS
Figure 0: With the coil under test left open, the wavelength of the circuit can be determined as in Figure K;
(using the electron tube radio-frequency generator as adriver with athermogalvanometer) and the capacity torreiponding to this wavelength is the distributed capacity of the coil.
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a Weston

"thermogalvanometer" Model
a thermoelement and adirect-current indicating
instrument. The single turn of wire was
mounted with its plane parallel to the
turns on the wavemeter inductor but
was not fixed in position. It could be
moved along aline perpendicular to the
axis of the wavemeter coil. The indicating instrument and the turn of wire
were connected to the grounded terminal
of the wavemeter. This wavemeter
covered arange of from 30 to 4,600 kilocycles (10,000 to 65 meters) using a
425, the latter consisting of

condenser of about 0.001 microfarad
capacity and six fixed inductors.
Among the improvements in awavemeter of this type was the addition of
the four mica condensers which could be
connected in parallel with the variable
air condenser in order to extend the
range of the wavemeter. A micrometer
adjustment for the movable plates of
the variable air condenser was added
also.
The wavemeter now in use is a still
further improvement on this type. The
connections to the inductor are made of

TABLE No. 1
CONSTANTS OF THE INDUCTORS FOR THE
PRIMARY STANDARD WAVEMETER
INDUCTOR
Diameter, centimeters
Length, centimeters
Number of turns
Spacing, centimeters
Size of wire (high frequency
cable)
Distributed capacity, micro microfarads
Pure inductance, microhenries
Equivalent resistance, ohms for
the frequency corresponding
to a le setting of the air
condenser
Same for 175 ° setting of the air
condenser
Direct current resistance, ohms

E
12.5
6.6
0.8

F
12.5
7.1
22
0.3

G
22.8
9.4
39
0.2

H
£7.9
15.4
96
0.2

L
38.0
18.2
320
0.1

48x38

48x38

48:38

48x88

32x38

11
56

11
382

14
2439

s

8
9.2

2.4

£.2

6.2

0.4
0.27

0.7
0.44

2.0
1.54

90
22880

11.3
5.1
5.1

21.0

TABLE NO 2
RANGES OF VARIOUS COIL AND CONDENSER COMBINATIONS
Frequency
Wavelength
Coil and
Kilocycles per second
Meters (approximate)
Condenser
10 setting
175 ° setting
10 ° setting
175 ° setting
Combinations
4610
1500
65
200
E
1650
615
180
490
700
233
42.5
1285
G
241
172
1240
1740
G and I
174
142
1720
2110
G and II
280
93
1070
3220
H
95
68
3120
4380
H and I
70
57
4300
5280
H and II
73
29.5
4100
10160
30.3
22.0
9900
13600
L and I
22.3
18.3
13400
16400
L and II
14

rectifier and direct-current milliammeter.
The latter combination is much more
sensitive than the former and permits
much looser coupling between the radiofrequency generating set and wavemeter. The instrument shown in the
photograph (Fig. P) has a full-scale
range of 2milliamperes, but when in use
the current is usually kept between 0.4
and 0.8 milliampere, which permits extremely loose coupling between the generator and the wavemeter.
The resonance indicator circuit is not
grounded or connected to the wave-

3-millimeter brass rod forming a rectangle 25 by 29 centimeters. Four rods
support the connections to the inductor.
The two on the insulated side of the
condenser are of Pyrex glass. Of those
on the grounded side of the condenser,
the support nearer the condenser is of
brass and connection to the ground is
made through its lower extremity. The
support nearer the inductor is of laminated phenolic insulating material.
The resonance indicator may be connected either to a model 425 Weston
thermogalvanometer or to a crystal

THE STANDARD WAVEMETER OF THE BUREAU
Figure Pi Mr. Hall, is shown in the center, explaining the wavemeter to Dr. E. E. Free (at the right). The indicator instruments are shown at the left and the inductor at the right. Mr. O'Keefe (at the left) is adjusting the
wavemeter to resonance.
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meter circuit in any way. A greater deSection may be obtained by grounding
that circuit at certain ranges of frequency, but this is noticed particularly
with the crystal rectifier and milliammeter which is more sensitive than the
other instrument. The increase in deflection is caused by the apparent increase in coupling with the generator
resulting from connecting to the ground
connection. This is noticed particularly
with the smaller inductors, where there

is likely to be achange in the calibration
because of the proximity of the two turns
of wire which are at ground potential,
to the wavemeter inductor.
This method of resonance indication
permits of looser coupling than may be
obtained with the indicator directly in
the wavemeter •circuit, except perhaps
for the very high frequencies. When a
crystal detector and a sensitive wallgalvanometer are used, the wavemeter
may be from ten to twenty feet from

HOW WAVEMETERS THEMSELVES ARE STANDARDIZED
Figure Q. To check the readings of wavemeters the Bureau of Standards has devised a method of setting up
very short standing waves on parallel wires and measuring these waves with atapeline. The generator for the short
waves is shown at the left. The photograph shows the method of measuring with the tape the position of a resonance point previously determined with the ammeter seen to the right of the operator's hands.
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THESE CURVES INDICATE THE ACCURACY OF THE WAVEMETER
Figure R: The percentage error encountered with three condenser combinations is shown by the three curves.
Note that the maximum error, at the worst portion of the highest curve, is only alittle over two-tenths of aper
cent; an error which is altogether negligible in practical work.
the generator, but such acombination is
not portable although very accurate results may be obtained in this way.
When an indicating device of 4 or 5
ohms resistance is placed in the wavemeter circuit the equivalent resistance
of the circuit is considerably increased
and closer coupling is necessary.

Another feature of this wavemeter of
some interest is the fact that the table
is made with two tops separated by
pads of sponge rubber about
inches
thick. With this device and with the
four-inch rubber-tired wheels, the air
condenser is kept quite free from jarring when it is moved around the lab-

THE MOST IMPORTANT PARTS OF THE WAVF.METER
Figure S: At the left is the cased variable condenser, at the right is one of the inductors, and in the center is
the indicating instrument with its loop. Note how the inductor is supported by its rigid frame of phenolic insulating
material.
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disignoi

oratory. This precaution is important
if the calibration is to be reliable.
The wavemeter is used with aground
wire attached to the shielded side of the
air condenser. This reduces the error
in noting the resonance point which is
likely to be caused by capacity effects
between the wavemeter circuit and the
body of the operator. When making
measurements of frequency the wavemeter is coupled to the radio-frequency
generating set as loosely as possible.

e -

The distance between the generating set
and the wavemeter will vary from a
few inches at high frequencies to several
feet on lower radio frequencies. The
operator always stands on the grounded
side of the wavemeter, well away from
the inductor.
The constants of the inductor coils
and the frequency ranges attainable are
given in the accompanying table. The
precision of setting the wavemeter to a
given frequency is dependent on the

THE "PHANTOM ANTENNA" USED POR LABORATORY TESTS
Figure T: One of the authors demonstrates the resistance box, A, which can be set at any value of resistance
to be substituted for the resistance of the antenna; B. the variable condenser, which substitutes the capacity; D,
the wire substituted for the ground, and C, the coil which furnishes the inductance which would be found in the
real antenna.
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sharpness of the resonance point as denoted by the resonance indicating instrument, which in turn will vary with the
amount of capacity in the wavemeter
circuit.
For capacity values such as are in
general use at this time the precision
varies from 0.2 percent for low condenser settings to about 0.02 percent
with fixed condensers of about 0.002
microfarad capacity. In the majority
of work with the wavemeter these
values will vary between 0.1 percent
and 0.03 percent. The precision of
measurement may be increased by
using more sensitive resonance indicators.

Whether an antenna is a poor or
agood receiver of radio waves depends
to a great extent upon its constants
(electrical properties which can be determined by measurements or sometimes
estimated or computed) and by another
property of the antenna, "effective
height."
The term "constant" is somewhat
misleading because some of these electrical properties of an antenna vary
greatly with the length of radio waves
to which the antenna is tuned. But at a
particular wavelength the constants of an
antenna when used with a ground do
remain much the same for a considerable period.

A. DELICATELY CALIBRATED VARIABLE CONDENSER
Figure
Here is shown astandard variable condenser which bas been taken out of ita protective casing. By
rotating the black lever the rotary plates telescope inside of the stationary plates and the capacity of this instrument is varied.

29

overlapping plates which are at all times
insulated from each other.
(1) Resistance;
The interior of the condenser is shown
(2) Capacity;
in Fig. U. An antenna is acondenser
(3) Fundamental wavelength, and,
in which the wires and the earth take
(4) Inductance.
the place of the two sets of overlapping
plates. The coil C has about the same
The resistance of an antenna is the
inductance as the average simple reopposition which it offers to the flow of
ceiving antenna. If the wire in the coil
the high-frequency (rapidly reversing)
is unwound and pulled out straight, its
currents induced in it by the radio wave.
inductance is much less. This explains
High-frequency or radio frequency curwhy the long wire in an antenna has so
rents flow only on the surface of aconsmall an inductance value. In practice
ductor. Therefore if the surface area is
no attempt is made to secure acertain
increased the resistance will be reduced.
value of antenna inductance. The conAntenna resistance is a complex quanstants in the artificial antenna are
tity, but it may easily be expressed in
"lumped"; in a real antenna they are
ohms.
The capacity of an antenna is a "d istributed ."
If the inductance and capacity of an
property which enables it to hold acerantenna (artificial or real) are increased,
tain electrical charge, and then to disits fundamental wavelength is increased.
charge this in the form of electrical
(The capacity is more easily changed
energy through the receiving set to
than the inductance.) The resistance
earth. Capacity is expressed in microhas no effect on the fundamental wavefarads.
length, but if the resistance is increased
The fundamental wavelength of an
the current induced by the radio wave is
antenna is the length of the wave to
decreased.
which it will respond when it is connectImagine that the inductance of the
ed directly to earth. Thus if an antenna
artificial antenna is "distributed," and
has a fundamental wavelength of 290
that the coil C is the tuning coil of the
meters, electrical vibrations or oscillareceiving set. Then we may connect a
tions will be set up in the receiving anvariable condenser across the terminals
tenna by a transmitting station that is
of the coil, and thereby increase the
sending out signals of this wavelength.
The inductance of an antenna is a wavelength to which the complete antenna system will respond. To desort of electrical inertia which retards
crease the wavelength of the system, we
the changes in the rapidly reversing curmay insert the condenser in the wire
rent induced in the antenna by the inleading from the right-hand terminal of
coming radio wave.
the coil to the box A.
On page 98 is shown an artificial
The artificial antenna on page 28 is a
antenna in which the required value of
poor receiver of radio waves because its
resistance is obtained by adjusting the
dimensions are so small that it cannot
box A and the required value of capacity
by adjusting the condenser B; while a pick up much energy.
In Fig. V is shown an antenna
fixed value of inductance is obtained in
(erected on the roof of the Radio Buildthe coil C. The wire I) represents the
ing at the Bureau of Standards) which is
conducting earth under the antenna.
used for receiving from radio telephone
The condenser B consists of two sets of
What are the constants of an antenna?

80

broadcasting stations. The antenna is
115 feet long and 18 feet above the roof.
The lead-in wire (shown at the right
end) is 45 feet long and passes down
the far side of the building, and then
through a window. The resistance of
this antenna was measured first with
aground connection made to agas pipe
(inside ground), and then with aground
connection made to a pipe driven into
the ground (outside ground) directly
below the lead-in wire. The measurements were repeated with asingle wire in
the horizontal part of the antenna. The
other constants were measured with the
inside ground only as the particular kind
of ground connection would make little
difference. The results of these measurements are given below:
RESISTANCE WIT INSIDE GROUND
At 1,110 Meters
14 ohms (two-wire antenna)
6ohms (single-wire antenna)
At 400 Meters
34 ohms (two-wire antenna)
43 ohms (single-wire antenna)
At 360 Meters
45 ohms (two-wire antenna)
37 ohms (single-wire antenna)
RFsisTAricE WITH OUTSIDE GROUND
At 1,110 Meters
(Not measured for two-wire antenna)
16 ohms (single-wire antenna)
At 400 Meters
22 ohms (two-wire antenna)
23 ohms (single-wire antenna)
At 360 Meters
23 ohms (two-wire antenna)
17 ohms (single-wire antenna)

was reduced by using a single-wire antenna with an outside ground connection. Antenna capacity decreases as
the wavelength increases, and then becomes approximately constant. The
higher fundamental wavelength of the
two-wire antenna is due to higher capacity and inductance as compared with
asingle wire.
How may one determinf, the constants
of an antenna?
Resistance can only be measured with
special apparatus which is elaborate and
expensive. It can not be computed. The
other constants can be measured with
less elaborate and, consequently, less expensive apparatus. It is also possible for
une who owns areceiving set to measure
these other constants with fair accuracy
by adding afew simple pieces of apparatus.
Capacity can be computed, although
in many cases it is necessary to make allowances for intervening objects, and
other factors. On some antennae the
computed capacity will check closely
with that measured. In other cases the
accuracy is not so good. In the formula
C = 12.2h NIA+2.7 A .. .
(1)
1,000,000 Xh
C = capacity in microfarads
h = height of antenna above ground in feet
A = area of horizontal portion of antenna
in square feet

To apply this formula to asingle-wire
antenna, A is obtained by multiplying
the length of the nearly horizontal portion of the antenna by 2.5. The result
obtained for C must be multiplied by a
factor as follows:

CAPACITY WITH INSIDE GROUND
0.00053 microfarad (two-wire antenna)
0.00038 microfarad (single-wire antenna)
FUNDAMENTAL WAVELENGTH
230 meters (two-wire antenna)
190 meters (single-wire antenna)

LENGTH OF ANTENNA
(
I
NFEET)

INDUCTANCE
25 microhenries (two-wire antenna)
22 microhenries(single-wire antenna)

FACTOR
1.12

These results show that the resistance
of an antenna varies with wavelength,
and that at the shorter wavelengths it
81
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Owing to conditions about the average
receiving antenna, this result should
now be increased by about 20 percent.
The factor is not used when the antenna
has more than one wire and in addition
has a length less than eight times its
width.
Fundamental wavelength in meters
may often be accurately computed for
asingle-wire antenna by multiplying the
total length of wire in feet by 1.37.
Practical allowances can be made for an
antenna of several wires close to obstructions, although the result will not
be so reliable.
The inductance (L) of an antenna
can not be accurately computed by a
theoretical formula. It can be computed after one knows the fundamental
wavelength (X 0)and capacity (C), from
the formula
L = X. 2
3,550,000 X C

(2)

If the reader has not the facilities for
measuring antenna constants, he may
determine them by applying the formdla just given.
To illustrate the method some typical
antennas will be considered. The preceding formulae and the following examples apply to "L" antenne—the type
used in the majority of cases. If the
lead-in is taken from the center, the
capacity remains about the same, but
the fundamental wavelength is decreased.

of this antenna at 360 meters should not
be mure than 15 ohms.
To compute the capacity use formula
(1) and let h = 40 and A = 80x2.5 =
200. Substituting these values in formula (1)
C

12.2 X 40 •,/ '200 -I- 2.7 X 900
—
1,000,000 X 40
= 0.000186

This value is multiplied by the factor
1.32 giving
C = 0.000245
increasing the value 20 percent gives
C = 0.000294 microfarads
If the antenna is close to trees or obstructions, or if the lead-in is closer than
one foot from the building, the capacity
will be increased still more.
The total length of wire (vertical and
horizontal) in this antenna is 120 feet.
Multiplying this by 1.37 gives 165
meters as the fundamental wavelength.
Add 10 percent to this value if the antenna or lead-in is close to obstructions.
Inductance is computed from formula
(2) and is:
(165) 2
3,550,000 X 0.000294
= 26 microhenries
The same method of computation may
be applied to single-wire antennae of
various heights and lengths.
Example 2.
A two-wire antenna 40 feet long and
50 feet high with the wires three feet
apart; the lead-in wire is brought down
vertically from one end. With a good
ground connection the resistance of this
antenna, if it hangs clear in space,
should not be more than 10 ohms at 360
meters. Because of its comparatively
short length this type of antenna is
likely to be erected in arestricted space.
In this case its resistance may be in-

Example 1:
A single wire 80 feet long and 40 feet
high; lead-in wire is brought down vertically from one end. The antenna and
lead-in are clear of obstructions. If the
ground connection is good, the resistance
32

creased two or three times. The capacity is computed as before, using A =
40x3, and is found to be 0.000192 microfarads. (If the wires are closer than 3
feet, the value of A is the same). Although the antenna has more than one
wire, its length is greater than eight
times its width; afactor of 1.16 is therefore used in obtaining the result. As
before, buildings or obstructions which
are very close will increase this capacity.
Multiplying the total length of wire
(90 feet) by 1.37 gives 125 meters as

the fundamental wavelength. This antenna has a capacity somewhat higher
than if a single wire were used. The
fundamental wavelength is thereby increased. To allow for this, increase 125
by 15 percent. This gives 145 meters
for the fundamental wavelength. Again
increase this value by 10 percent if obstructions are near. Inductance, computed as before, is 23 microhenries.
What is the best receiving antenna?
This is not an easy question to answer;
in fact it can not be answered at all un-

WHERE UNCLE SAM TESTS AMATEUR AERIALS
Figure V: A special two-wire testing antenna used by the Bureau of Standards in Washington. This is of the
inverted L type, and was used for making the determinations explained in this article.
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less one knows the location of the antenna and the type of receiving set.
If you have a receiving set with a
regenerative tuner or one that employs
some kind of radio frequency amplification it is not necessary to have avery
high antenna; in some cases ahigh antenna may be a disadvantage. If you
live in apart of the country where static
is bad, ahigh vertical antenna (especially one of several wires) is undesirable.
Instead, asingle horizontal wire should
be used. But if you have areceiving set
with asimple (non-regenerative) detector and not more than one step of radio
frequency amplification, it is well to
have the antenna as high as possible,
and also to keep it away from all obstructions. A receiving set connected in
the ground lead close to the ground increases the effective height of the antenna and improves reception.
The following points apply irrespective of the kind of receiving set:
(1) Unless you are using an antenna
near its fundamental wavelength or one
which is exCeptionally long compared to
its height its directional effect will be
slight and not worth considering.
(2) The antenna and lead-in should
be kept as free as possible from swaying.
The lead-in should be kept as far from
obstructions as possible. The vertical
part of an antenna is as important as the
horizontal part. After the wire has
entered the building, it must not be
tacked to the wall.
(3) No. 14 copper wire is large
enough for any ordinary receiving antenna and ground connection. Larger
wire or stranded wire is better because
it is mechanically stronger. Of course
the greater the surface area, the lower
the resistance, but in practice there are
so many other features of resistance involved that alarger conductor than No.

14 is not necessary. It makes no difference whether the wire is bare or insulated.
(4) All connections, especially those
made outdoors, should be soldered; this
insures permanently low resistance.
Ground connections to a pipe can best
be made with a clamp; a clean surface
for contact should be secured. It sometimes happens that areceiving station is
situated where the soil is dry and where
there is no natural ground connection;
in this case a counterpoise (which is
nothing but another antenna suspended
near the surface of the ground, under
the regular antenna) should be substituted. The counterpoise should consist
of several parallel wires.
(5) Unless a high antenna is used,
natural supports can usually be found.
The ropes that support the antenna
should have insulators inserted in them.
Glazed porcelain is best, but oak blocks
boiled in paraffin can be used.
(6) If the fundamental wavelength of
the antenna is above 250 meters, acondenser connected in series with the wire
leading to the receiving set should be
used. If a fixed condenser is used its
capacity should be about 0.0003 microfarad. To allow tuning to awider range
of wavelengths a special switch may be
used in such away that avariable condenser may be connected in series with
the coil or shunted across the terminals.
(7) It is agood plan to take the leadin from the center of the antenna instead
of the end, when by so doing extra bends
can be eliminated.
(8) A water pipe is a better ground
connection than aradiator or gas pipe.
An iron pipe driven several feet in moist
earth may be used.
(9) A single wire will usually give, as
good results as several wires in the bon-
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zontal portion of an antenna. If space
is limited, two or more wires may be
used.
This matter concerns antennas most
effective in the reception of wavelengths
between 200 to 450 meters.
A wavemeter is one of the most essential instruments used in radio. Now
that so many transmitting stations have
been given wavelengths close together,
the wavemeter assumes even greater
importance than formerly.
As its name implies the wavemeter
is used to measure the wave emitted by
a source of radio frequency oscillations.

The most important point to know
about this wave is its length—how far it
is from the crest of one wave to that of
the adjoining wave. This distance is
called the wavelength.
The wavelength is related directly to the frequencys number of waves or impulses
asecond, by the relation X=V /F where
X wavelength in meters, V= velocity
of electro-magnetic waves (about 3x10')
meters a second) and F= frequency of
electro-magnetic waves asecond.
Radio frequency currents reverse the
direction of their flow from (say) 10,000
to 30,000,000 times a second. Audio

TESTING A WAVEMETER IN THE LABORATORY OF THE BUREAU OF STANDARDS
Figure W: To calibrate an unknown wavemeter 13, a high-frequency generator A. is used for generating •

wave which is accurately measured by the standard wavemeter C. Then the unknown wavemeter B. is tuned to the

frequency of the incoming wave and the setting of the instrument checked.
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frequency currents reverse the direction
of their flow from 16 to 10,000 or 15,000
times asecond. It is possible to build a
frequency indicator that will respond
directly to each alternation up to 500 or
1,000 cycles asecond, but beyond that
other means for determining the frequency may be employed, such as comparing the audible note produced to tnat
of a known source, such as a tuning
fork.
When we consider radio frequency
currents we see at once that some other
method of determining the extremely
rapid alternations is necessary. This is
done by employment of the principle of
resonance and by taking advantage of
the large current which flows in aradio

circuit that is in resonance with a"driving" circuit—that is, acircuit that emita
waves or impulses of the same frequency.
Wavemeters may be of two types: receiving or transmitting. Both contain
an inductance and acapacity. The inductance is usually made up of one or
more interchangeable coils of different
sizes, and the capacity is a variable air
condenser.
The receiving type of wavemeter employs a means for indicating when the
maximum current is flowing in the circuit. This is sometimes avisual means
(such as a thermal galvanometer of
some type, a small battery lamp or a
vacuum tube filled with some inert gas
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HOW TO CALIBRATE A WAVEMETER BY MEANS OF A HIGH-FREQUENCY
GENERATOR
Figure X: Here is aschematic diagram that illustrates the method of calibrating an unknown wavemeteriy
means of a high-frequency generator and astandard wavemeter as illustrated by the set-up shown in Figure W.
Resonacce in this case is indicated by agalvanometer in the circuit of the unknown wavemeter.
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like neon which glows when an electric
discharge passes through it), or it may
be an audible means, such as acrystal
detector and telephone receiver.
The transmitting type of wavemeter
usually employs a battery-excited buzzer. The buzzer energizes the wavemeter circuit by impact, and the latter
discharges, causing an oscillating current
to flow in the wavemeter, the frequency
of which is governed by the values of
inductance and capacity in the electrical
circuit.
There are several methods of connecting the various resonance indicators to
the wavemeter; each has its own merits.
The purpose of this article, however, is
not to discuss the relative merits of the

various connections, but to give ageneral idea of the method of calibrating a
wavemeter.
The range of frequencies or wavelengths which awavemeter will possess
can be calculated readily beforehand,
but an absolute calibration of the instrument can only be obtained by comparison with a wavemeter which has been
calibrated or standardized.
The calibration of awavemeter should
not be considered to be exactly correct
without regard to the time when the calibration was made. That this may be assumed was shown by arequest received
some time ago from amanufacturer of
wavemeters, who asked for acopy of the
calibration of a certain wavemeter.
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HOW TO CALIBRATE A WAVEMETER THAT HAS A ITNI-LATERAL CONNECTION
Figure Y: To calibrate an unknown wavemeter employing a uni-lateral connection either acrystal detector
may be used or else amilliammeter, as indicated by the dotted circle.
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Upon looking up the data for this wavemeter it was found that the calibration
had been made six or eight years ago,
so that it could not be depended upon
alter so long atime.
For accuracy, awavemeter should be
checked up at least once ayear.
In calibrating awavemeter the following apparatus is required: a radio frequency generator capable of emitting
any desired frequency over the range of
wavelengths covered by the wavemeter under test, astandard wavemeter
which is calibrated in terms of frequency
or wavelength, the wavemeter to be
tested, and asheet of paper upon which
to take data.
Five or more points should be selected

on the scale of the condenser of the
wavemeter under test, at which tests are
to be made. In selecting these points
the extremes of the scale should be
avoided. The lower ten degrees on the
scale should not be used (except in extreme cases to obtain an overlap between
two coils). This lower portion is avoided
because of the small capacity in the
wavemeter circuit in this region and the
proportionally larger liability of introducing errors by reason of the proximity
of other objects. The upper limit of the
scale should be avoided because of the
chance of error in the resulting calibration curve in case the scale is not set
exactly correct with respect to the condenser plates.
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ROW TO CALIBRATE A WAVEMETER THAT EMPLOYS BUZZER EXCITATION
Figure Z: In this case no external generator is necessary. The standard wavemeter is moved up close to the
generator: sometimes extremely close proximity is necessary on account of the small amount of energy emitted by
the buzzer. The settings on the scales of the two instruments are then compared and the unknown meter is corrected
to correspond to the standard.
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In starting the calibration, the condenser of the wavemeter to be tested is
set at the first point and the radio frequency generator is varied until resonance is indicated by the indicating instrument of the wavemeter. The condenser of the latter should then be varied
slightly in each direction to determine
whether true resonance has been obtained.
At times it is possible to appear to
have reached the resonance point by
tuning the generator to the wavemeter
but if the wavemeter condenser is varied
somewhat it may be found that resonance is obtained somewhat away from

the desired point. This may be caused
by areaction of the wavemeter upon the
generator owing to too close coupling
between the two, or it may be due to the
capacity existing between the wavemeter and the operator's body. If a
wavemeter is properly shielded this
latter difficulty will not be observed,
except perhaps near the minimum setting of the condenser.
A wavemeter, whether used for measurement purposes or in calibrating,
should be coupled as loosely as possible
to the source of power. If the wavemeter is coupled too closely to the generator it will react upon the generator.

Pacific and Atlantic
A "PRECISION WAVEMETER"
Figure AA: The Bureau of Standards has done some wonderful development work in designing and constructing standards of measurement.
These standards include instruments for exact measurement of
length, weight, velocity, pitch, and intensity in practically all fields where measurement can be made.
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This condition is more likely to occur on
coils of large inductance which have a
large distributed capacity and ahigh resistance. It may be observed on the
wavemeter by obtaining two apparent
resonance points, by turning the condenser in opposite directions. These two
points may be afraction of adegree to
several degrees apart. The only thing
to be done in such cases is to move the
wavemeter away from the generator
(loosen the coupling) until but one point
is observed.
Another reason for keeping the coupling fairly loose when calibrating the
wavemeter is because the power that
exists in harmonics of the fundamental
frequency may be picked up instead of
the fundamental frequency. A radio frequency generator does not have its entire
power output at one frequency; it is distributed upon several frequencies which
bear certain relations to the fundamental
frequency or that obtained from calculations of the inductance and capacity in
the circuit.
The fundamental frequency has the greater part of the
power, but the harmonics may have
sufficient power to operate a sensitive
detector. Usually no difficulty is experienced from tuning to harmonics
when ahot-wire ammeter or thermogalvanometer is used as the resonance
indicator.
After the generator is accurately
tuned to the wavemeter at the point desired, the wavemeter is detuned and
moved away from the generator and the
standard wavemeter is brought up and
tuned to the generator. The condenser
setting of the standard wavemeter is
then read and is entered on the data
sheet opposite the proper condenser setting of the wavemeter under test. The
identification numbers of all apparatus
used should be kept so that errors will
be avoided in computing results.

The standard wavemeter is next detuned and moved away from the generator and the first one brought up and the
generator tuned to the second point. All
points throughout the series of coils are
obtained in asimilar manner. After the
first complete test is finished it is repeated and the average of the two values
for agiven point is taken, unless there is
too much of a difference between the
values. In such acase athird reading is
taken at the doubtful point, and it is
likely that two of the three readings will
agree sufficiently well. Errors in measurement or calculation are sometimes
apparent when the calibration curve is
drawn, because one or more points fail
to lie on asmooth curve joining the majority of the determined points. The frequency or wavelength for other settings
of the condenser than those at which
tests are made can be obtained by reference to the calibration curve.
The calibration of a wavemeter that
uses acrystal detector and telephone receivers as aresonance indicator is made
in the same manner. If an electron tube
radio frequency generator is used, undamped waves are produced and a
means of modulation must be provided
to produce a response in the telephone
receivers, such as applying an alternating potential to the grid circuit of the
generator. It will often be found that
the resonance point is quite broad and
that it is difficult to determine the exact
point of resonance. Sometimes when
the unilateral connection of the detector
and telephone receivers is used asensitive direct current milliammeter may
be connected in the circuit (as shown by
the dotted circle in Fig. Z) without appreciably altering the resonance point.
Then it is possible to obtain asharp indication of resonance.
Before this method is used, the wavemeter should be tried out both ways to
40

determine if .the probable error in using
the milliammeter is negligible. If the
difference in resonance points by the
two methods is significant, the milliammeter should not be used.
When calibrating a buzzer-excited
wavemeter, the condenser of the latter is
set at the desired point and the buzzer
started. The standard wavemeter is
brought up and tuned to resonance with
the buzzer wavemeter. Difficulties are
often encountered here owing to the extremely small amount of power emitted
by the buzzer wavemeter. Extremely
close coupling between the two wavemeters is often necessary. The resonance indicatór of the standard wavemeter may be a thermo-element instrument of the crossed-wire type, with a
couple of turns of wire connected to two
terminals and coupled to the inductance
coil of the standard wavemeter, and the

other two terminals connected to agalvanometer, as shown at (a) in Fig. Y.
Another indicator that is suitable consists of acoil of acouple of turns, asensitive crystal detector and a wall galvanometer, all connected in series as
shown at (b) in Fig. Y.
Thus it is evident that in calibrating a
wavemeter, whether of the receiving or
the transmitting type, it is necessary to
have a radio frequency current with a
frequency or wavelength that corresponds to that of the wavemeter under
test for the particular setting under consideration. This frequency will be determined by means of the resonance indicator of the calibrated wavemeter.
Wavemeters should be checked up
with an accurately calibrated wavemeter at least once ayear to be certain
that the calibration has not changed.
One of the most important problems

FIGURE BB
Calculations for an antenna circuit with acoil in series resolve themselves into asimple formula for
wavelength of acoil with acondenser shunted across it. The condenser in this case represents the capacity
between the antenna and the ground.
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A CHART FOR DETERMINING THE CONSTANTS FOR YOUR SET
Figure CC: By merely laying his ruler across this chart (in the manner indicated by the diagonal line) the practical amateur may calculate the proper sizes for the condensers and the inductances of the set he proposes to build
for use with acertain wavelength range. He need know little or no mathematics; the chart solves the difficult and
intricate problems involved. The amateur has only to read from the chart this answer to his particular problem.
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to confront the amateur who designs
his own radio set is how to calculate the
correct sizes of the inductances and the
condensers for the various parts of a
radio circuit for agiven wavelength.
There are several mathematical formulas for determining these "constants"
as they are called. But these formulas
are usually so complicated that they are
not much used by the ordinary amateur.
Most amateurs who design their sets
resort to the "cut and try" system;
that is, they wind atemporary coil with
taps, connect it in the circuit, find the
correct tap and then build apermanent
coil with a corresponding number of
turns on it. Sometimes they build a
number of coils and try them all out in
order to find the best size to use.
Fairly good results are often obtained
in this way, but this method is obviously
unscientific. It entails awaste of time,
energy and money. It is better and
more practical to use standard formuhe
that will give the correct sizes for all
parts to be built; further, these standard
formuhe enable the builder to design
his set on paper and then build it according to the recorded specifications; in
that way he will know in advance just
what the results will be.
For the benefit of the average amateur
some of these standard formule have
been simplified and are represented here
in the form of "alignment charts."
These charts offer the most convenient possible way of solving equations
which have three or four variables.
They make it possible for the ordinary
radio fan to use the charts without
the aid of anything more than common
sense and aruler.
The prime problem to be dealt with in
radio is that of "resonance" in the different circuits. In order to have resonance
in acircuit, or in other words, in order
to tune acircuit to any particular wave43

length, the circuit must contain inductance in the form of acoil, and capacity
in the form of a condenser. A certain value of inductance and a certain
value of capacity together in a circuit
give it a certain wavelength; unless
either or both of these values are varied,
the circuit will absorb energy of no
other wavelength.
The basic formula for the wavelength
(W. L.) follows the equation:
W.L.= 1884

LXC

1

wherein L is the inductance in microhenries and C the capacity in microfarads. The above formula is shown in
chart form in Fig. CC.
In order to illustrate the method of
using this chart, let us take the following problem: In Fig. BB we have a
coil connected in an antenna circuit.
This circuit is equivalent to acoil with a
condenser connected across it—the condenser in this case being the capacity
between the antenna and ground.
The example is this:
To find the proper value of inductance
for this coil when used in an antenna
circuit that has acapacity of .0002 microfarads, in order to tune up to 400 meters.
With a ruler on the chart in Fig. CC,
connect the value of capacity (.0002 mfd .)
on scale 1, with the wavelength desired
(400 meters) on scale 2. The answer
will be found at the intersection on
scale 3; it is 225 microhcnries.
This same example applies to calculations for a secondary circuit in which
the capacity will be the variable condenser connected across the coil.
To calculate a circuit that has two
capacities (as shown in Fig. BB), we
find first the resulting capacity which
will follow the relation:
1
1
— = —
Ci

1
—
C2

2

wherein Cl, c2 are the capacities condesires to cover in his proposed transnected in series and c is the resulting
mitting or receiving set, and when he
capacity. This formula is plotted on a has determined the correct electrical
chart shown in Fig. DD.
constants for the coils which will cover
Let us take another example:
this range, the next step is to construct
Find the correct value of inductance
the coils that will have these constants.
to use in a circuit shown in Fig. EE in
In other words, if the amateur wants
which acondenser is placed in series with
to tune to a wavelength of 400 meters
the antenna circuit, the antenna having
and he has an antenna with a capacity
a capacity of .00025 mfd. and the conof approximately .0002 mfd., his pridenser acapacity of .001 mfd. to tune to
mary coil should have an inductance of
400 meters.
225 microhenries. The question now is:
The first step is to find the resulting
"What size of coil will I make that
capacity of the two condensers with the
will give me this value of inductance?"
aid of the chart in Fig. DD. Connect
Of course the answer can be figured
.001 on scale No. 1with .0025 on scale
out mathematically by an engineer, but
No. 2by astraight line and read at the
the average radio fan would find himself
intersection with scale No. 3the resultin water too deep for him if he should
ing capacity of .0002 mfd. Having a try to do it himself.
capacity of .0002 mfd. and a desired
However, the simple alignment charts
wavelength of 400 meters, we find that
that accompany this matter have been
we will need an inductance of 225 microprepared so that even the novice will
henries, as found in the first example we
find the answer to his problem in a
have given.
few seconds. These charts are based on
The chart shown in Fig. CC may also
mathematical formulas, but all the
be used to find the wavelength, when the
reader must know is how to draw a
capacity and inductance are known, or
straight line and how to read figures.
to find the capacity when the inductance
For the benefit of the more experiand wavelength are known. The genenced amateur who understands someeral rule is this: Connect two known
thing of mathematics, we will show how
values on any two scales and the unthe alignment charts for inductance and
known will be found where the line
design of acoil were evolved.
crosses on the remaining scale.
The formula for inductance of a coil
The amateur is advised to keep these
follows the equation:
charts for reference, to be used along
L=4/r2 (
2) n'IK
1
with additional charts on the design of
wherein
coils necessary to get acertain value of
inductance, and also with charts that
L = the inductance required.
d = the diameter of the coil in centiwill calculate the capacity of an anmeters.
tenna.
1= the length of the coil in centiBy the use of these charts the amateur
meters.
,may design his set with adefinite knowln = the number of turns per centimeter.
edge of what wavelength range to exand k = aconstant depending on the ratio
pect when his set is finally put together
d/1
and connected up.
When the amateur has finally deAs tne correction factor kdepends on
cided what range of wavelengths he
the relation of the diameter and the
2
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A CHART FOR CALCULATING THE CAPACITY OF CONDENSERS IN SERIES
Figure DD: The capacity of two condensers connected in parallel may be easily found by adding the capacities
of each of the condensers together, which will give the capacity of the whole. But to determine the capacity of
condensers in series is a more complicated matter. This chart indicates the answer to this problem; by laying a
ruler across, as indicated by the diagonal line, calculations may be made.
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length of the coil, we cannot, by means
of the above formula, calculate directly
the dimensions of a coil assuming the
other three variables.
Therefore, in order to make the equation No. 1available for asimple alignment chart, we will have to eliminate
the coefficient k. We plot the correction
factor against the ratio d/1 on asheet of
logarithmic cross-section paper and substitute astraight line for the curve. By
so doing we eliminate this troublesome
feature of the formula, with results
which will not differ perceptibly from
the original values, within the practical
limits of acoil design.
The equation for a straight line on
logarithmic paper has the form:
y = ex°
2

where yand xare variables and eand n
are constants.
One of the most important, but extremely uncertain, of calculations in
radio engineering and design is the determination of the constants of the antenna system.
Under the term "antenna system" we
understand the total construction outside of the set, connected to it in order
to transmit to or receive signals from a
distant radio station. These include the
antenna proper, grounds, fire-escapes,
bedsprings, or any other aerial system
used to radiate or collect energy.
Previously, we showed that for a
certain wavelength we require acertain
amount of capacity and a certain
amount of inductance. To use the first

AERIGIL

COIL

T
ROO
.OP

CON OEMSER

FIGURE EE
To calculate an antenna circuit with acoil and acondenser in series resolves itself into aformula for a

coil with two condensers in series with it. One of these capacities is the condenser and the other is that be-

tween the antenna and the ground. These are added together by means of the chart in Figure DD.
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Figure FF: Lay .
voue ruler across the alignment chart. as described in this article—and read off at aglance the
answer to your problems in calculations.

two charts ; however, we were required
to know the amount of capacity incorporated in the design of our antenna,
in order to calculate the correct coil
to use with our antenna for a given
wavelength.
In this matter, then, we are introducing achart that gives us the capacity of
our antenna, with the requisite amount
of accuracy to calculate the proper inductance for the coil to use with it.
To take advantage of simplicity, without deviating from accuracy—and the
practical radio engineer always welcomes
simplicity—we will neglect the induc-

tance of the antenna, as it is small in
comparison with the inductance of the
coil to be used with it. This will not.
materially affect our calculations.
The chart Fig. JJ for calculating the
capacity and fundamental wavelength
of our antenna system is derived from
data obtained from many experimental
tests and laboratory experiments on
vertical and horizontal antennas.
We will readily see by trying a few
calculations on imaginary antennae
(with the aid of the chart) that the
longer and wider (or the more wires
used) our antenna is constructed, the
47
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A STEP IN THE PREPARATION OF THE CHART
Figure GC.: In this diagram we haie the correction factor k. plotted against the ratio d—l. which is shown in
the form of acurve. In order to eliminate the factor k from the formula used in the charts, this curve has been
replaced by a straight line with results that do not differ perceptibly from the original, values in the original
curve.
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USE YOUR RULER ON THIS CHART—
Figure Ha As described in the accompanying text—to learn the exact dimensions of the coil you need.
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more capacity it will have, and the
higher up it is suspended the less capacity
it will have.
The chart has five scales.
Scale No. / indicates the effective
length of the antenna (figuring the full
length of the horizontal part and half the
length of the vertical part.)
Scale No. 2contains the width of the
antenna; (it also indicates the imaginary
width to use for the single wire antenna). When more than one wire is
used, the width will be the distance between the outer wires. The wires should
be spaced not closer than two feet and
not farther apart than four feet in order
to be effective.
Scale No. 3indicates the value of the
effective height from the ground.
Scale No. 4 gives the resultant capacity in microfarads.
•
Scale No.5 gives the approximate natural fundamental wavelength of the antenna, which corresponds to the values
on the Scale No. 1, and in accordance
with the standard formula:
= 1.381
wherein x =the natural wavelength of the
antenna in meters,
and 1= the length of the antenna in feet.
Let us work out the following example
in order to understand clearly how to
use the chart:
We have an antenna with a 45-foot
horizontal, single-wire stretch, a40-foot
vertical lead-in, and a 10-foot ground
connection.
Taking the full amount for the horizontal wire (45 feet) and half the
amount for the vertical part
(40 + 10)

e

— 25 ft.

We will have an effective length of
(45
25) = 70 feet.
Connecting 70 on scale No. 1with the
mark "single wire" on Scale No. 2, and
50

then connecting the point of intersection
(of this line we have drawn with the reference line) with the effective height of
the antenna (40 + 10) = 50 feet, on
Scale No. 3, we may read the resulting
capacity of the antenna on Scale No. 4.
The approximate natural wavelength
of this antenna would be about 97
meters.
In these days of modern radio when
the multi-stage radio frequency amplifier, the super-heterodyne receiver,
the super-regenerative receiver, and the
various reflex circuit receivers have been
coming into more or less general use,
the loop antenna for receiving has been
brought more into prominence.
The three outstanding advantages of
the loop type antenna—its directional effect, the simplicity of tuning and the absence of the troublesome and bulky outdoor antenna—are important to the city
fan who is interested in receiving only.
There are several standard receiving
sets now being placed upon the market
that incorporate the loop antenna. However, there are many people who make
their own sets, and who are experimenting with radio frequency amplification
who have occasion to design and build
their own loop antennas.
And the question "How many turns of
wire shall I wind on the loop" is not
often answered correctly.
For their benefit we have prepared
this chart, that tells exactly how many
turns of wire to use for a given wavelength range. A loop antenna is almost
universally tuned by placing it in shunt
to agood variable condenser and this is
all that is necessary in the way of tuning.
First of all, the wavelength range
should be decided upon.
Then the size of variable condenser
should be chosen for use with the loop.
With these two points determined the
prospective builder may easily calculate

KNOW THE CAPACITY OF YOUR AERIAL!
Figure II: Everyone who uses either areceiving or transmitting set employs an antenna of some kind, and the
value of his set is largely dependent upon the efficiency of it.
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HOW TO USE THE CHART FOR DETERMINING THE CAPACITY OF YOUR ANTENNA
Figure Ji: With a ruler, connect the effective length of your antenna (scale No. 11 with the width of the
antenna (scale No. el. Then connect the effective height of the antenna (scale No.3) with the intersection of the
first aine and the reference line. Carry the line out over scale No. 4—which will indicate the capacity of the antenna.
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the necessary inductance which must be
used in the loop to cover the wavelength
range chosen. A previous chart tells
you how to do this.
When this inductance is known, you
may then use the chart in the present
instruction, for calculating the correct
number of turns of wire to use to give
the required inductance value.

The accompanying chart (Fig. LL) is
based on the square form of loop ,on which
the wires are spaced M an inch apart.
This form of loop should not be mistaken for the spiral loop.
When you use the chart, connect
values on scale No. 1. with values on
scale No. 3, with a ruler and read the
number of turns required on scale No. 2.

Kadel & Herbert
A LOOP ANTENNA INSURES MGR SELECTIVITY
Figure KR: When used with supersensitive amplifying systems it is avaluable aid in doing
away with static and interference. The loop shown here is located on the deck of a Navy
compass station.
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HOW TO USE THE CHART
Figure LI,: Pummels: If you should want to build aloop antenna that would have a dimension of three feet
to aside, and you wanted to incorporate in the loop enough turns of wire to give an inductance of 300 microhenries,
how many turns would you wind on it?
SOLUTION: First, connect the value 3on scale No. I, with the value SOO on scale No. S. with aruler, and carry
the line out over scale No. 2. Theo observe the value on scale No. 2 where the line crosses the scale—which value
would be the correct number of turns of wire to use.

54

ALL YOU NEED IS A RULER, A PENCIL AND A PAIR OF HANDS
Figure MM: By means of the table on page 59 the amateur who builds his own apparatus
may calculate in an instant the design for acondenser that will have apre-determined capacity, or find
out the capacity of acondenser that is already built.

Example:
To build a loop on a square form, 3
feet on each side, with the wires spaced
M inch apart to have atotal inductance
value of 300 microhenries. How many
turns of wire should be used?
With aruler, connect the size of the
loop (3 feet), on scale No. 1, with the
desired inductance value (300 microhenries) on scale No. 3. If this line,
connecting the two points is extended
over to scale No. 2 it will cross at the
correct number of turns (10 turns).
Alternating current may be transformed from one voltage to another by
the use of a transformer that consists
of a primary and secondary winding
wound on an iron core.
The transformers are used to "step
up" or to "step down" the voltage of the
current.

The "step up" transformer may be
used for the CW (continuous wave)
transmitting stations; the "step down"
transformer may be used for supplying
low-voltage current for charging storage
batteries. Some form of rectifier must
be used in the latter case.
The fundamental formula for the
transformer is
E =4.44 fF„, n100,000,000.
Where E =the effective value of the impressed voltage.
f =the frequency.
F =the maximum value of the magnetic flux.
and n =the number of the primary turns.
The magnetic flux is
F.,=A.df
2
where A =the area of the cross-section G¡
square inch for Y4 KW, 1square
inch for 1KW).
df.=suitable flux density per square
inch to be assumed as 60,000.
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THE TRANSFORMER CHART
Figure NN: This mathematical chart enables you to calculate the
proper design for your transformer for alternating current work. How to use
the chart is fully described in the text.
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From equation (1) and (2) and assuming afrequency of 60, we will have the
number of primary turns:
P. =6.3 Volts /Core Area
The efficiency in a well-designed
transformer is very high, but for simplicity we will assume a 50 percent
efficiency, so that arheostat can be connected in series with the primary.
The ratio of the secondary voltage
and the primary voltage is equal to the
ratio of the number of the secondary
turns and the primary turns.
In order to simplify the above mathematical operations and the evaluations
of the equations, achart has been substituted and is here illustrated with the
aid of an example:
The example is to design a transformer having a 1,000-watt input from
alighting current of 110 volts, 60 cycles,
an output of 1,000 volts, at 50 percent
efficiency. The area of the core is assumed to be 2square inches. The current to be calculated for the primary
will be then 2,000 watts.
Connect 2,000on scale No .1(Fig. 00)
with 110 on scale No. 3and read at the
intersection with scale No. 2the resulting 18 amperes; then connect 18 on
scale No. 4 with 110 on scale No. 3.
You will find the line intersecting scale
No.5 at 5.5 ohms which will be the maximum resistance in the primary circuit.
Looking at scale No. 14 (Fig. NN) ,
we
find the cross-section of 2square inches
connected with 350 on scale 11, which
is the number of the primary turns.
Connect 5.5 on scale No. 6with 2on
scale No. 7, then connect the intersecting point on the reference line No. 8with
350 on scale No. 9. We find the line
intersecting scale No. 10 at 20 which is
the minimum thickness of the wire in
B & Sgauge to prevent overheating. We
can take No. 14 to 16 wire.
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The secondary unit will give us 1,000
watts with avoltage of 1,000. Connect
350 on scale No. 14 with 1,000 on scale
No. 13; the line will intersect the scale
No. 12 at 3,700 which is the number of
the secondary turns. Connect 1,000 on
scale No. 1with 1,000 on scale No. 3;
(Fig. NN) the line will intersect scale
No. 2on 1; then connect 1on scale No.
4 with 1,000 on scale No. 3. We find
the line intersecting the scale No. 5 at
1,000 which is the resistance permissible
in the secondary circuit.
Connecting 2 on scale No. 7 with
1,000 on scale No. 6, the line will intersect the reference line No. 8; this intersecting point connected with 3,700 on
scale No. 9 gives us the required wire,
No. 33 B & S gauge on scale No. 10.
For efficiency a wire of No. 34 to 36
could safely be employed.
For 220 volts read values on scale No.
15, but take point of calculation across
to scale No. 14.
Previously we have given the calculation of a fixed condenser which follows
the equation:
C = .0000002248 A Kid
where C is the capacity in microfarads,
A the area of the effective plates in
square inches, D the distance between
the plates and K the dielectric constant,
which in our case—for air—will be 1.
The area of the plates will be very
closely figured by taking the area of
one rotor plate and multiplying by the
number of the plates less one, as the
capacity effect is accomplished between
adjacent plates. From an economical
standpoint mostly, an odd number of
plates is used.
The thickness of the plates is measured with asheet-metal gauge, the space
between the plates may be measured by
using various thicknesses of blank wire;
the heaviest wire which could be placed
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THIS CHART WILL HELP SOLVE YOUR CONDENSER PROBLEMS
Figure PP: This diagrammatic drawing will give you, at a moment's notice, the maximum capacity of any
make of variable condenser, whether it contains 11, 17 ,43, 46, or 43 plates. It does not matter whether the condenser has aspacing between plates of anywhere between .003 to .3 inch. the chart will tell you the capacity. This
is important in buying a new condenser for a given circuit where a given capacity is necessary.
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ROW THE RESISTANCE CHART IS USED
Figure
You must first determine the diameter of the coil upon which you are to wind the resistance wire.
Then you should decide what size of wire you want to use. The chart will give you the resistance of the wire and
the number of turns you should wind on to get any specified resistance.
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.41(

5PEEP

OF

RqpiowAuE5

186,000 MILE5
300.000.000 METER5 PER 5ECOND
1000 EYELE5 -ONE KILOCYCLE

WAUE
LEND Tli

ONE CYCLE

Figure RR: A imple chart that shows the relation bet wren wavelength and irequency. The distance from
crest to crest is the wavelength; this corresponds to one cycle. or acomplete reversal of the alternating current that
produces the wave.

between the plates will be taken as to be
equal to the distance between the plates.
Another close method could be used
with simplicity to measure the distance
between plates by cutting small strips
from the middle page of this course
and placing them between the plates,
multiplying the maximum number thus
obtained by .003" (which is the thickness of the paper), resulting in the distance in inches.
Knowing the distance between the
plates and the diameter of the rotor will
be sufficient to calculate the maximum
capacity of the condenser with the aid
of the accompanying chart, Fig. PP.
For example: acondenser has arotor
diameter of 23/2 inches, 21 plates and a
distance of No. 18 gauge wire between
the plates. Connect 23/2 on scale No. 1
with 21 on scale No. 2, intersecting at
the reference line; then connect the intersection with 14 on scale No. 3 and
read the maximum capacity of .00017
microfarads on scale No. 4.
Materials used for transmission and
distribution of electric energy an conductors which have acertain resistance.
This resistance is measured in ohms.

The resistance of awire is inversely proportional to the cross-section of the wire;
that is, the thinner the wire, the higher
is the resistance.
The standard thicknesses for wires, in
electrical engineering, follows the B. &
S. wire gauge and most handbooks have
reference tables for the resistance of a
standard length of wire.
Copper has almost the lowest resistance of any of the conductive materials.
Assuming the resistance for copper as a
unit, we can find the resistance for various materials by multiplying the resistance of copper by the following figures,
if the same length and thickness is taken:
Silver
by
.94
Copper.
" 1.00
Aluminum.
"
1.7
German Silver.
by about 20
Monet Metal
by 26
Mercury (quicksilver)
" 63
Nichrome Alloy.
" 68
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A rheostat is adevice for controlling
the resistance of acircuit. The rheostat
plays alarge role in most electrical circuits; especially in radio work. For
standard material German silver or
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HOW TO USE THE CHART
Figure SS: On the outer edges of the two upright lines are given the wavelengths in meters. with their cmresponding frequencies denoted opposite them between the two sets of upright lint,. Thus, for a wavelength of
300 meters. the corresponding frequency is 1,000 kilocycles a second, and for a wavelength of 3,000 meters, the
corresponding frequency is 100 kilocycles asecond.
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MAKE YOUR CALCULATIONS ON THIS TABLE
Figure Ti': The text tells you just how to determine the proper resistance to me with acertain type of vacuum
tube and acertain voltage "A" battery. There are agreat many other uses that you will find for this handy chart
in connection with the calculation of Ohm's Law.
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TWO WAYS OF CONNECTING UP RESISTANCES

Figure UU: The figure at the top shows resistance in series; the figure at the bottom
shows them in parallel—which are often confused in calculating resistances.

nichrome wire is used and wound into
the shape of acoil.
The method of calculating the resistance of a rheostat is simplified by the
use of the chart illustrated on page

The length from the crest of one wave
to the next one (see Fig. RR), completing
one cycle, is called the wavelength.
The number of waves passing a fixed
point in a second is the frequency of
the electric oscillations.
To find the resistance of a No. 18
If we take awavelength of 600 meters,
wire, 12 feet long, connect 18 on scale
to find the frequency per second we
No. 4with 12 on scale No. Sand read,
divide 300,000,000 by the wavelength,
for copper, on scale No. 5. The result is
which in this case is 600. This will give
.09 ohms. For nichrome, on scale No. 6 us 500,000 cycles. The amount runs
the result would be 6.2 ohms.
into a high number and, therefore, we
To calculate the resistance of a coil
can substitute for 1,000 cycles, one
rheostat half an inch in diameter, having
kilocycle (as kilo means always thou90 turns, made of No. 18 B. & S.
sand in the metric system), giving us
nichrome wire, connect .5 on scale No. 1 500 kilocycles.
with 90 on scale No. 2intersecting the
It therefore follows that the multireference line on scale No. 3, giving a plication of the wavelength and the
total length of 12 feet.
number of kilocycles must give us the
Then connect the intersecting point on
figure 300,000.
scale No. 3with 18 on scale No. 4and
To facilitate the calculation of waveread the resulting resistance of 6.2 ohms
length and frequency the accompanyon scale No. 6.
ing chart (Fig. SS) has been prepared.
This table will help you greatly in the
Simply read the wavelength and cordesign of special rheosta ts of various reresponding frequency from the same
sistances.
horizontal line crossing the two vertiThe speed of any ether waves is
cal lines at the desired frequency or
approximately 186,000 miles a second
wavelength you wish to convert.
or 300,000,000 meters.
The amount of current that flows
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RESULTING
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HOW TO USE THIS CHART FOR FIGURING YOUR RESISTANCES AT A GLANCE
Figure VV: Put your ruler on line Iat the number of ohms of one rheostat connected in parallel and join it
with the number of ohms of the other rheostat on line e; then read the effective resistance on line 3. The dotted
line shows how it is done.
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in a circuit depends upon the voltage
of the battery and upon the value of the
resistance in the circuit. The equation
—called Ohm's Law—applied to above
conditions, states that the current is
equal to the voltage divided by the resistance or
I = E/R
wherein Idenotes the current measured
in amperes, E is the electric pressure
(voltage) measured in volts, and R is
the resistance, measured in ohms.
Ohm's law is equally applicable to direct current (DC) and alternating current (AC) circuits, but in the latter case
the above simple relations must (in
general) be modified.
Ohm's law is
correct only for solid conductors at
ordinary temperatures; in radio work it
is used to calculate the resistance required, in a rheostat, for the proper
operation of afilament for various tubes
and the various voltages supplied.
For example:
Using a WD-12 tube, which requires
a current of .25 amperes at a filament
voltage of 1.1, we can find the necessary resistance by transposing the above
formula, so that the resistance is equal
to the voltage divided by the current.
Substituting the above values, we have:
R=
—
—44
=
ohm.s
I = .25
which is the resistance of the filament.
Using a 6-volt storage battery (6.6)
we will have an additional voltage of 5.5
volts, which should pass through a resistance current of .25 amperes.
We therefore divide 5.5 by .25 and
find the necessary resistance to be
22.0 ohms, which is the additional resistance required for the circuit. Adding acertain amount of resistance, allowing for filament control, we find we will
have to use a 30-ohm rheostat for this
purpose.
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For handy calculation, achart is attached (Fig. TI') which can be used in
the same manner as any one of the
charts previously published.
For the above example, connect 5.5
on scale No. 3 with .25 on scale No. 5
and read (on scale No. 4) the resulting
resistance of 22.0 ohms.
The amount of current which will
flow in any given electrical circuit can
be calculated by the use of Ohm's law,
which has been dealt with previously.
The equation for this law takes into
consideration a single resistance or
several resistances connected either in
series or in parallel.
The combined resistance of anumk er •
of units which are connected in series
as shown in Fig. UU, is the sum of the
separate values according to the equation:
R
R1 + R2 -F
The effective resistance of a number
of units connected in parallel as shown
at 1, can be calculated by the equation:
1/R = 1/R1

1/R2 + 1/R3 +

If you use the accompanying chart
(Fig. VV), the equation for resistances
in parallel may be solved graphically.
You need only to draw a straight line
from one known resistance picked out
on No. 1scale to the value of the second
resistance on No. 2scale and the resulting resistance value can be read off at
the point where the line you have drawn
intersects scale No. 3.
For example: Assume that we have
two rheostats connected in parallel and
the individual resistances of the rheostats are 73x2 ohms and 15 ohms respectively. To find the effective resistance of the circuit we connect 73x2 on
scale No. 1with 15 on scale No. 2and
we find the effective resistance to be
5ohms which is the point at which the

line will intersect scale No. 3. If these
same two rheostats were connected in
series the resulting resistance would be
23/2 ohms.
To obtain the resistance of anumber
of units some of which are connected in
series and others in parallel in the same

circuit, the effective resistance of the
parallel portions of the circuit are obtained separately by the use of the chart
and then these figures are added directly to the values of the resistance units
which are connected in the circuit. in
series.

END OF SECTION XII
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SECTION XIII

Learning the Language of Dots and Dashes

T

As the experienced operator sits at his
typewriter and copies an important
message coming, perhaps, from astatesman or aking, he changes the paper in
his machine. He even tells a joke to
another operator beside him, and maintains his normal rate of speed although
he may have been working eight hours.
He is at ease, and has none of the worry
of the beginner who strains to catch
every letter separately as it comes to
him.
But he was once a beginner himself,
and he strained his mind before he
learned a better way. He first learned
the dots and dashes which go to make up
letters, and he learned them slowly,
thinking them over as he went to sleep
perhaps, and wondering when he would
ever distinguish between Q and Y.
Some schools prefer that the students
learn the letters by sound only and ask
them never to look at charts which show
the dots and dashes used for each letter.
They may be in the right, for the sense
of hearing is the one which is most concerned, and the sense which must be developed.
Not all minds are alike, however, in
their processes of learning. The mind
with the strongest visual memory no
doubt makes better progress at the start
by looking at achart; such amind must
listen to the buzzer for the auditory sensation of the letter, and then refer to its
visual memory to identify the letter by

RE student of radio code grows
impatient with his perfectly good
mind when he tells it again and again
that "da de da da" is the letter "Y", and
he wonders how any mind can be so
stupid. He is too harsh with himself.
Even when the student has progressed
more or less steadily, and when he is
about fast enough to secure afirst grade
license, his mind often seems to make no
progress for weeks and even months at
atime. Some students quit in disgust at
such atime, little knowing that success
waits just around the corner and that
their minds have been working faithfully
all the while.
'Success does not come by speeding up
the progress of copying down the letters
as they are sent, but rather by forming
new habits of hearing entire words and
even phrases without paying specific attention to the individual letters which
form them.
The radio code is aforeign language.
No one could speak alanguage fluently
if he stopped to spell each word to himself, no matter how fast his mind might
work. He must think in phrases which
he has heard so often that his mind
forms them almost automatically.
The operator who copies forty words
a minute usually strains less than the
beginner who copies ten. His mind does
not work faster than the mind of the
beginner; it merely works with fewer
acts.
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its arrangement of dots and dashes.
The visual process is a roundabout
way, of course, and must soon be discarded for the simpler system of auditory
memory. The auditory system of teaching, without the chart, is quite likely the
best, although there is no way to prove
it.
The beginner with akeen visual memory may often startle his friends with
his rapid start, but learning the code is
atrue art which has no short cut, and
sooner or later he slackens his pace, and
his friends overtake him.
An ordinary mind can remember six
figures when they are spoken, and can
usually repeat them, both forward and
backward. Some minds, of the keen
visual type, can retain as many as ten
or more figures "in the mind's eye," and
repeat them at leisure. If such amind
exists in aclass, and the instructor sends
ten letters at a time, the student with
the unusual mind can retain the letters
and set them down at leisure usually to
the astonishment of his classmates,
most of whom have been unable to receive more than two or three of the
letters.
Such a student will stand well in his
class always, but if he is to become nfast
operator, he must discard the visual
processes and learn to write letters,
words, and then phrases as he hears
them.
Learning the code is much like solving
a puzzle. Little Willie in the fourth
grade humiliates his venerable old
grandfather by learning the trick of it
before grandfather, with all his great
store of knowledge, has obtained agood
start in finding the solution.
The code, in its democratic way,
offers the same lengthy task to the old
as well as the young and to the quick as
well as the slow.
As the long and short buzzes come to

the ear in acomplex maze, the mind at
first strains and can make nothing out of
the confusion. It sounds like "oodle
oodle de oodle" to the novice. The
student in the classroom is almost as
much at sea, even though the signals
are much slower.
He is unable to distinguish between
the letters at all until suddenly some
feature catches his ear and helps to fix
the signal in his mind. The single dash
for T and the single dot for E are distinguished first as arule, and other letters
fix themselves in the mind much more
slowly.
Perhaps the beginner discovers that
the signal for Q is like the warning
whistle of a train as it approaches a
crossing; two long notes, ashort one and
then another long one. Thus, the similarity helps him to recognize Q when it
comes to him slowly, but he must forget
the similarity later if he is to become a
fast operator. He will not have time to
think "train whistle" before his pencil
writes Q. He must make his actions
more simple and automatically write Q
just as aGerman says "rot" or aFrenchman says "rouge" or a Spaniard says
"roto" when he speaks of the color red.
He must not be discouraged if his
pencil stands still when the buzzes of the
letter Q come to him, even though he
knows perfectly well, a second later,
that the letter was Q. A mother must
point many times to ahat or coat and
say "red" before her baby finally understands, and the college instructor
finds the same difficulty in teachiag a
foreign language.
If the mind is kept continually open
and sensitive to the signals it will after
a time eliminate errors and discover
short cuts. The beginner who is discouraged needs only to recall his efforts
in first learning to put on his collar and
tie his necktie. His fingers were slow,
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Progress as shown in the accompanying
method, for if he tries to keep up with
chart, when his mind seems to be at a the ticks he is apt to anticipate them
standstill.
and, hearing the first half of a familiar
The curves shown on the chart repreword, write the whole word and thus
sent the progress of agroup of students
make mistakes.
who were learning telegraphy. The
Experts can copy from six to ten and
curves show in a general way how a even twelve words behind, depending
student can expect his mind to act. In
upon theirpower to remember the words.
the curve marked "receiving" an inacThey find it good practice to keep betive period or "mental plateau" is shown
hind, for the meaning of the sentence
to occur during the fourth and fifth
may help them to make out a word of
months of the student's efforts.
which they were not quite certain.
The accepted explanation of the plaTo shift from copying letters to copyteau is thus set forth by Prof. R. S.
ing words often stumps the student. At
Woodworth, of the Department of
first he is sure to miss many of the words
Psychology at Columbia University:
and his copy is hopelessly incomplete.
"The plateau is the figurative indicaHe thinks it is better to copy letters,
tion of a natural slowing down in the
leaving out uncertain ones and trustprogress of the student during aperiod
ing that he will catch enough letters to
of study, and is followed ordinarily by
make out most of the words. He hates
signs of renewed impetus caused by the
to miss an entire word. It seems stupid
adoption of improved methods."
to him.
To progress from the plateau stage it
He should realize that he is starting
is necessary not to increase the speed of
all over again, in asense, and that he is
the acts which the mind has already
learning words and phrases instead of
learned to perform, but to learn new
letters. He must think of letters only
habits of hearing words and even phrases
when they come to him detached or in
in their entirety. Such new habits can
coded messages. He will find that such
come only from continued practice; while
"mixed" messages will be easy enough;
the mind seems to have gone stale, it is
he will copy the words readily and will
really getting a fresh start in a new
have plenty of time to think of the dedirection as is shown decidedly by the
tached letters and figures.
abrupt upward trend of the curve after
The word-habit will cause many misfive or six months.
takes at first, but after atime it will not
The plateau may come at the end of
only be simpler but superior in accuracy.
three, four or five months, and it may
Copying with a typewriter is much
last much longer than a month or two
faster than with apencil after the operdepending upon the individual's alertator has learned the keys. A single
ness. It is a bugbear to the student
movement in pressing a typewriter key
who does not understand it, but he
takes the place of aseries of movements
should not be discouraged, for it comes
in making aletter with apencil.
to all beginners, regardless of their
To send with atelegraphy key is much
ability.
easier than to receive at first; that is beThe beginner should learn, by all
cause the fingers always know just what
means, to "copy behind," that is to
to do. As the chart indicates, a speed
write down the words several seconds
of some twenty words a minute is
after they are sent. This is the only safe
attained with almost steady progress.
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INTERNATIONAL MORSE CODE AND CONVENTIONAL SIGNALS
TO BE USED FOR ALL GENERAL PUBLIC SERVICE RADIO COMMUNICATION
I.
2.
3.
4.

A dash is equal to three dots.
The space between parts of the same letter is equal to one dot.
The space between two letters Is equal to three dots.
The space between two words is equal to five dots.

A.

Period

C.
D—
E.
r.. —.
—
H
I ••

Semicolon
Comma
Colon
Interrogation
Exclamation pant

.1 •— —
— •—

Apostrophe
Hyphen
Bar Indicating fraction

Inverted commas
Underline

v
w

Double dank

.

Distrens Call
Attention call to precede every transmission

z
(German) .

General Inquiry fall

.—

A or À(SpanIsh•Scandlnavlan)
.—
.
(Gerrnan•Spa
. nish)
— — — —
É (French)
— ..

o (German) —

From (de)
Invitation to transmit (go ahead)
Warning—high power

.

(German)

Quiense;rn.plegaronr°Z,!..re',."
Walt
Break (Bk.) (doable dash)

1.— —

—

Underatand

I ••— — —
3

Error

— —

4 ....

Received (O. K.)
Position report (to precede all position
messages)

7—

8---..

End of each message (cross)

.

Trenemlasion gabbed (end of work)
(conclusion of correspondesce)

o
II—6t1G0

THE KEY TO THE INNER CIRCLE OF THE ETHER
Fifteen minutes of study aday for a period of a month will give the average man (or woman) sufficient
knowledge of tb.. code to enable him tu read most of the amateur signals. A buzzer practice set may be obtained
for about two dollars.
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The plateau in learning to send is not
marked, although the hand can actually
be made to think in words instead of
letters and can acquire trains of action.
A slight plateau is shown in the curve
after about two months of practice. It
is at this time that the hand is learning
to send words instead of letters, and is
busy learning the trains of action which
form common words.
Perhaps the most obvious train of
action in every day life is demonstrated
unconsciously when we dress and undress. Almost everyone at some time has
started to take off his shoes only and has
suddenly awakened from his absentmindedness to find that he has removed
his hose and perhaps other garments as
well.
The victim of such absent-mindedness
has formed atrain of action in undressing. He has followed this train in the
same way for years, and when he once
starts his mind on the train by removing his shoes, he continues without conscious effort.
In the same way the muscles of the
hand learn to send common words in
code. The operator has only to think
the word; he does not think the letters.
And his hand ticks it out. Common
words such as "the," "and," "but." and
"in" are learned almost at the outset.
Endings of words such as "ing" and
"ion" become automatic; after long
training the hand acquires an extensive
vocabulary of words which it sends in
trains.
After three or four months the hand
has approximately reached its muscular
limit in the speed of sending letters and
its progress from that time on comes in
sending word trains which •are not
slowed down by the brain that thinks of
each letter.
After a certain point in training is
reached, sending is learned much more
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slowly than receiving because the mind
can be trained to work much faster than
the fingers; if a typewriter is used the
operator can receive much faster than
he can send. He can eventually find
time to correct the sender's mistakes as
he writes the message down.
Most beginners have heard of the
"glass arm," but most of them do not
take proper care to prevent it.
If the key is operated with the fingers
or with the muscles of the hand, the continual strain will sooner or later cause
temporary paralysis when the operator
attempts to send with a key; this condition is known in the trade as the "glass
arm." The operator may be able to
write and use his hand in any other way,
but when he attempts to send amessage
with a key, his hand and arm become
rigid and will not obey him.
Almost any good operator can show
the beginner how to place his fingers
lightly on tlre key and make the movements with his wrist in the proper
manner.
Progress at first will be much slower
than would be the case if the student
used his fingers to form the dots and
dashes, but in the end the wrist movement is much the speedier. A tired
hand or wrist is a danger signal and
shows that the method of sending is
wrong. A perfect wrist movement will
enable an operator to send for hours,
causing him little more fatigue than
would come from writing a letter or
other mild exercise of the hand and
forearm.

CODE LEARNING DONT'S
1. Do not let your thoughts divert
to other things. Form the habit of concentrating. It is the basis of all success
in learning the code.
2. W HEN you memorize the code,

INTERNATIONAL RADIOTELEGRAPHIC CONVENTION

LIST OF ABBREVIATIONS TO BE USED IN RADIO COMMUNICATION
MIMI.
OWN
PRB
IRA
RB
RC
RD
RP
RO
Rit
RJ
RE
RL

Irg
RO
RP

. 12

RI
RO
RV
KW

QUESTION

ANSWER OR NOTICE

Do you wish to communicate by means of the
International Signal Code?
What ship or coast station la that?
What is your distance?
What le your true hearing?
Where are you bound for?
Where are you bound from?
What line do you belong tot
What is your wave length in meten?
How many words have you to send?
How do you recette met
Are you receiving badly? Shall Isend TOI.
. . .
.
for adjustment?
Are you being interfered with?
Are the atmospherics strong?
Shall IIncrease power?
Shall Idecrease power?
Khali Isend fader?
Shall Isend slower?
Sh•ll Istop sending?
Have you anything for met
Are you ready?
Are you buy?

I wish to commienicate by means of the
International Signal Code.
Thla is
My distance in
lily true bearing is
degrees.
Iam bound for
Iam bound from
1belong to the
Line.
My watt) length Is
meters.
1have
words to send.
Iam receiving well.
Iam receiving badly. Please send SO.

l
ig

RZ
SA

QSB

Itig
SF
KO
Sil
SJ
sIC
SL
SIN
SN
SO
QSP

r
, ,,r

so

*HST
ISW
SX
SY

Shall I stand by?
When will be my tarn?
Are my signals weak?
Are my signal* strong?
amy tone bad?
la my spark bad?
le my spacing bad?
What Is your time?
Is transmission to be in alternate order or in
sorted
What rate shall Icoll.« for
is the lut radiogram canceled
Did you get my receipt?
What is your true course?
Are you lu communication with land?
Are you In communication with any ship or
station (or: with
)t
Shall Iinform
that you are calling
him?
Ie
calling ma
Will you forward the radiogram?
Have you reedy ed the general call?
Please call me when you have Melted (or:
at ........clock)?
Is public correspondence being handled?..
Shall Ilures,* my spark frequency?
Shall Idecrease my spark frequency?
Shall I send on a wave length of
meters?

QSZ
ÎTA
TE
TF

What le sty true bearing?
What is my poiltiont

ior.adJustmeiat.
Iam being interfered with.
Atmospherics are very strong.
Increase power.
Decrease power.
Send faster.
Send slower.
Stop sending.
Ihave nothing for you
lam ready. Al? right now.
I am buey (or: I am buy with
Please do not interfere.
Stand by. Iwill call you when required.
loar turn will be NO
1our signals are weak.
Sour signals are strong.
The tone is bad.
The spark is bad.
Your spacing Is bad.
My time Ix
Transmission will be In alternate order.
Tranemieslon will be In series of gmessages.
Transinhalon will be lu aerie. of 10 messages.
Collect
The last radiogram is canceled.
Please acknowledge.
Ny true cow« Is
degrees.
Iam not in communication with land.
I am in communication with
(through
).
Inform
that Iam calling him.
You are being railed by
Iwill forward the radiogram.
General call to all stations.
Will call when Ihave linIshed.
Publie correspondence is being handled.
Please do not interfere.
Increase your spark frequent).
Decrease your spark frequent.>.
Let us change to the wane length of
meters.
Bend each word twice. Ihate diMenity in
receiving you.
Repeat the lut radiogram.
Your true bearing Is
degrees from
lour position is.... latitude .... longitude

'Public correspondence is any radio work, official or private, handled on corntnercial wave lengths.
When an abbreviation is followed by amark of interrogation, it refers to the question indicated for that abbreviation.
11-830
THE NUCLEUS OF A UNIVERSAL LANGUAGE
These abbreviations are observed internationally; they constitute what is. in effect., the beginning of a world
tongue. Every amateur who applies for alicense to transmit must pass an examination on this list.
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make it an "intelligence test" by mastering it in agiven length of time.
3. ONCE you have learned the code
and you "miss" acharacter, do not stop
and try to think of it. It will come to
you the next time. If the group is a
word, the character can be filled in;
otherwise you have lost the entire group.
The habit of holding on to characters,
temporarily forgotten, retards the progress in speed.
4. TIIE beginner who insists on counting the dots and dashes invariably confuses one character with another, particularly when trying to copy speed.
5. Go over the characters in your
mind in between times; not by so many
dots and dashes but by the sound. For
instance Y is—dah-dit-dah-dah.
6. EACH code character is a musical
sound. Memorize it in that way. If you
must begin by counting the dots and
dashes, do so. But save time and acquire
speed by reverting to the sound method
as soon as possible.
7. Do not attempt to put acharacter
down before it has been completed.
Read ahead and write at least one or
two characters behind the key.
8. IN copying well behind the key
there is ample time to determine doubtful characters before you come to them,
to space the groups or words properly
and to make aneat copy.
9. THE habit of writing two or more
characters behind the sender comes from
retaining groups or words in the mind;
that is, by having someone send press,
word at a time, which must not be
written down but connected in the mind
and called off as completed. Begin
with short words, sent slowly, and
increase in length and gradually in
speed.
10. THE habit of trying to guess the
words and attempting to write them
down before they have been completed
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is a bad one. In many instances the
word turns out to be other than that
expected and the result is that you become disconcerted and lose the rest of
the message.
11. M AKE the characters legible. I's
and E's, T's and L's and K's and H's,
for instance should not resemble each
other. Dot the I's and J's, cross the
Ts and distinguish M's, N's and U's
from each other.
12. W HEN you send, round out the
characters properly. Make the dashes
of equal length the dots in proportion,
and evenly and equally spaced.
13. DON'T try to send fast at first.
Learn to form the characters correctly;
then send slowly and work up in speed
as you grow in proficiency.
14. Avoin jerky sending. This is
generally the result of holding the
muscles stiff. Let the forearm rest on
the table; let the muscles relax and put
the movement in the wrist. This rests
the arm and makes it easier to form the
characters correctly.
15. To send fast is one thing; to send
fast correctly is another.
Become
known for having agood "fist" by first
practicing slowly and carefully.
16. THE habit of letting the fingers
come in contact with the metal of the
key while sending is abad one. It will
eventually result in ashock.
17. W HEN you make an error in transmission make two interrogation marks,
instead of series of dots, and then begin
the word anew.
18. SEPARATE the heading of the
message from its body by a break or
double dash; likewise the body and
signature.
Every "ham" in the United States
is welcome to know how the Signal
Corps directs an entire battle by radio
with less than a score of characters
wrong in the messages exchanged. This

is the attitude of Lieutenant Colonel J.
E. Hemphill, head of the Signal School
at Camp Alfred Vail, New Jersey, where
the latest and best methods of instruction are employed
They know what is the matter with
the "fist" of every beginner at the key
at the Signal School, and they know
just how to go about teaching him to
copy at a lively clip and to become
practically letter perfect.
The 'lamp literally bristles with antennas, and when there is asham battle
in progress the woods about the camp
are alive with messages which are sent
with precision and copied in a style
which is a distinctive feature of the
school's training. Messages are not
written, but actually printed by the
operator.
To one who is used to copying messages in the usual "long hand," as he
would write a letter, any system of
printing seems impossible. He realizes
how fast he must write to copy at a
good speed, and how slow he must go
if he prints. He does not take into
consideration how many unnecessary
movements he makes when writing and

how many of these he can eliminate by
correct printing.
The Signal School has developed a
unique system of printing which is an
outstanding monument of efficiency
both in saving time and insuring accuracy. The accompanying chart on page
78 shows how few actual strokes need be
made in forming the letters of the alphabet and the numerals.
The first letter on the chart is a decided shock to any operator who has
been making the letter "u" in the usual
way. It requires only one stroke,
whereas in ordinary script it would require two or three similar movements,
depending upon the position of the
operator's pencil at the beginning. The
round dot shows the beginning of each
stroke, and the arrow shows the direction.
There is no letter on the chart which
requires more movement of the fingers in
printing than .in writing. In actual
practice the system is found to be nearly
as fast as any method of writing and
by far more accurate and legible.
Perhaps the chief advantage of printing lies in the fact that when one char-

LEARNING WITH EXPERT INSTRUCTION
Code learning is largely amatter of becoming familiar witb certain combinations of sounds and the student is
not always in need of expert instruction.
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A GRAPHIC RECORD OF A POOR "FIST"
This record of astudent's message is made on an undulator—an apparatus that consists of apaper tape moving
at auniform rate under apen which is fed with ink by asyphon action. The pen moves back and forth across the
tape in perfect time with the student's manipulation of the key and is, theretore, apicture of his message as he send s
it.

acter in aword is missed, the remaining
characters are formed perfectly enough
so that the word can be made out. Although the army is anxious to have all
letters perfect because most messages
are sent in cipher, tests prove that its
method of printing is practical for all
purposes.
Just as all soldiers take the same
length of step after they have been in
service for a while, all army operators
have the same handwriting when it
comes to copying messages. Any officer
can read the penciled message of any
private, no matter how fast it has been
copied.
There are many operators outside the
army, especially the "speed merchants,"
who can not read their own hasty writing after it "gets cold."
This never happens at the Signal
School, because all messages look alike,
the old, the new, the hot and the cold.
Last year's log is as readable today as
ever.
There are anumber of script chara,ctters which are easily confused, such as
"m," "n" and "i" when they are written
together hastily, whereas the same letters written the army way are easily told
apart. The letter "n" is printed with
one stroke running in three directions
only. When the letter is made in this
manner it saves the time required to
make the final downward movement of
the script letter and when it is finished
it is easily distinguishable from any
other character.
The letter "y" has an unusual form
which is the result of long experiments

and genuine inventive ability. The first
stroke is like the letter "v" and the
second completes the character in away
which distinguishes it positively, even
though the operator may be somewhat
careless in forming it.
An extra stroke is added to the figures
1and 0, so as to distinguish them from
the letters I and O. The 1 is underlined and the 0has aline drawn through
it. The extra strokes do not delay the
operator, however, because the code
gives him the time of five dashes for the
0and four dashes and adot for the 1.
One of the chief arguments for adopting the printing system is that no
operator can avoid copying abbreviations and unusual words and combinations of letters which are strange to him
and which he must write plainly if he is
to make aperfect record.
Europe is now so close to America,
from aradio point of view, that almost
any American amateur is apt to hear
a foreign station sending in a foreign
language.
When such a thrill comes
he is glad to know all the tricks of his
trade and to fill his log with the prize.
The commercial operator also knows
the value of accuracy in messages of
importance.
The "fist" of the army operator also
receives much consideration at Camp
Vail, tor there is usually apoint in the
training of an operator where his ability
to receive increases faster than his
ability to transmit.
When the operator is struggling to
copy ten or fifteen words a minute, he
sometimes develops a wrist movement
7'7

•

LI] IHIP ZT IL I E—.
is
3
2

111X

IF
2

N

,M

V

10 IQ IC

1311"P-aRlS
I . 234'5
17 8
THE APPROVED METHOD OF WRITING CAPITALS. TRY IT YOURSELF !
Students at Camp Vail are taught to move the pen or pencil in the direction of the arrows shown on each letter.
This nethod of transcribing messages received by radio eliminates mistakes, and it may be faster than ordinary
writing
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which enables him to send twenty or
twenty-five words a minute, but as he
progresses his hand lags. He may,
after some months, be able to copy at
the rate of thirty or thirty-five words a
minute, but there are few operators who
can send well at that rate.
The man in an army class has an
advantage over a man who struggles
alone at home with PX and with other
"hams" who are as slow as he, but the
army has rules which will help any beginner, and many who are advanced,
if they have the courage to follow them.
It is usually difficult for aman to forsake his speed of nine words a minute
because he has a wrong wrist movement and start over again at the rate of
three or four, but if he is going to be
successful he must treat his arm right.
His fingers, which have been trained for
many other delicate tasks, perhaps, are
little good to him in working akey, and
this is the hardest blow to the beginner.
He can seize a key tightly with his
fingers and play alively tune on it after
a few days if he is agood mechanic or
an artist in any other line where manual
skill is required. His wrist movement is
too awkward at first to be of any value
to him, but if he is to gain any great
amount of proficiency, he must forget
the nimbleness of his fingers and use
them merely as loose and clumsy flappers to rest almost carelessly on his key.
The chief value of his thumb and finger lies in keeping his hand from sliding off the key. The real work, the
snappy dots and dashes with which he
will soon punctuate the ether are made
by his wrist, moved largely by his forearm.
As the radio code is received by way
of the ears, it is obvious that the proper
way to learn it is by sound and not by
sight.
The best method of learning the code

is to have an expert send each letter
over and over again until the beginner
knows that letter by sound without stopping to think that it is made up of just
so many dots and dashes.
Most radio fans are not so fortunate
as to have an expert operator at their
command to teach them the code.
Here is anovel way to learn the code
that will give the proper swing to the
letters. By this method you can practice when you are walking to the office
or on the stroll after lunch. If you
recite a code letter according to this
system for every step you take on even
one long afternoon walk, you will get a
good working knowledge of the code.
To begin with, the number and relation of the dots and dashes that make up
each letter of the code alphabet should
be memorized until you can give the
code equivalent of any letter without
looking at the paper. Be sure to consider the dots and dashes as combinations of the words "dit" and "dah"
rather than as so many periods and
dashes.
In general, consider one step equal
to adash, three dots or aspace.
Thus, letter B would be dah-dit-dit-dit
with the dah long enough to last for
one step and the three dits following
evenly during the next step.
There are exceptions, of course, but
the chart shows how to time the dots
and dashes with your steps.
Remember always to leave a space
one step long between letters. And
when you get to the point where you
are making words and sentences, leave
atwo-step space between words.
Try it!
Dots are made by raising the wrist
with a slight quiver. A series of dots
is made by only one upward movement
of the wrist, and such movement should
require no strain upon any of the
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LEARNING THE CODE WHILE WALKING
The even swing of march time forces you to recite the code letters properly. The
faithful use of this system will help to speed up the recognition of code characters
when they are received.
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muscles of the arm, the wrist or the
fingers. When the proper quiver of
the wrist is mastered, five dots can be
made with the single upward movement
as easily as one.
The dash is made with the downward
movement of the wrist. As the (lash is
longer than the dot, it gives the wrist
plenty of time to move downward.
At Camp Vail an undulator can be
switched to the key of any pupil whose
sending is ragged, and he can see upon a
tape just what mistakes he is making.
Such a visual record is nothing short
of a revelation to many operators, because few can hear themselves as others
hear them.
The novice is invariably astounded
when he first learns that one operator
can know another by his sending just as
he would know a voice over the telephone. When he gets farther into the
subject of dots and dashes, however,
he finds that there are few "fists" which
have no foreign accent.
The undulator reveals such abrogue
or stuttering on the part of an operator's
hand by means of an ink line on a
paper tape. The undulator used at
Camp Vail feeds ink with a syphon
action through a hollow point which is
vibrated back and forth across the paper
tape as the operator taps the key. As
its response is instantaneous, the student's defects are revealed at once when
his record is compared with a perfect
model.
It has been found that practice with
some kind of coded message is more
beneficial than with messages which can
be understood by the man who copies
them. A few press messages are sent
occasionally to enliven the lesson.
The amateur who practices with his
neighbor often finds it unhandy to plan
new code messages constantly, and so he
resorts to sending the news of the day

from a daily paper. To make a code
message out of anewspaper story, however, it is only necessary to send the
story backwards. Starting at the end
of the story, the operator can send five
letters at atime, just as they come, with
a pause in between each group of five
letters. When he has finished, he can
readily check the message by reading it
backward.
There are two reasons why men at
Camp Vail take pride in being real
amateurs. The first is that they cannot tell when an amateur is going to
contribute to radio science in a way
which will be a valuable aid to his
government, and the second is that they
are interested in developing amateurs
and helping them. The response of
"hams" during the war has earned for
them adefinite place in the activities of
the Signal Corps.
The set used for local work at the
camp is perhaps more representative of
the American "ham" station than any
other. It consists of four five-watt
tubes, and it is worked with the army
call letters, BSG. This little set so far
has reached out some 300 miles with
only 1.5 amperes in the antenna.
Experiments are constantly made
with this little outfit to help the amateur.
Officers in charge of this development
work are among the best technical radio
men of the country and they are genuinely interested in amateur radio.
Because of the difficulty of mastering
this code language and the necessity of
keeping the ether free of inexperienced
novices, alicense is required before one
is permitted to operate a transmitting
apparatus. As thousands of radio fans
have learned in the last few months, no
license of any sort is required by the
government for a receiving set in the
United States.
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Just as the immigrant who comes to
operating aradio telephone transmitter?
this country reads the preamble to the
The reason is sufficient.
Constitution to prove that he can comSending stations are apt to interfere
mand the English language sufficiently
with one another. The number of waveto make his way about, so there is a length bands is so relatively small for
minimum speed requirement in the use
the great amount of traffic that is
of the Continental Morse code for pass- already being sent over them—that coning the amateur's test. The operator siderable regulation is necessary in order
must be able to send and receive ten
to give an equal chance to all. Of course
words aminute, and has to understand
the control must be centralized in one
the international abbreviations, two of
place, or disputes would arise which
which are `SOS," the signal of "diswould end in the hopeless deadlock of
tress" and "QRM" meaning "Interfer- two small boys, one saying, "My mother
ence."
says Ican play in your yard," and the
But why is a license necessary for other, "My mother says you can't." In

Underwood & Underwood
A CLASS OF APPLICANTS STUDYING THE CODE
You must be able to receive ten words aminute in order to qualify for the amateur first-grade license. This
requirement is not difficult to obtain.
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fact, it would be worse, for there would
be no strong right arm to settle the
matter. So Congress has provided the
arm to start with, and power to regulate
radio communication has been vested in
the Secretary of Commerce, who administers it through the Commissioner of
Navigation. The present law makes no
difference between radio telegraph and
radio telephone.
If you are an American citizen, it is
not difficult to get asending operator's
license, provided, of course, that you
know the Continental Morse code. The
first step is to find out who the district
Radio Inspector is and get in touch with
him.
The United States is divided into nine
radio districts; the area of each is based
upon its population and need for radio
supervision.
The First District comprises the New
England States, and its Inspector is at
the Customs House at Boston. The
Second District has its headquarters at
the Customs House at New York City
and takes in the counties of New York
State along the Hudson River, Long
Island, and the northern part of New
Jersey. The rest of New Jersey, southeastern Pennsylvania Delaware, Maryland, the District of Columbia, and
Virginia are included in the Third District. This Inspector's office is at the
Customs House at Baltimore, and he
has jurisdiction also, at present, over
the Fourth District, which is composed
of the southern Atlantic Coast States:
North and South Carolina, Georgia and
Florida; and the island of Porto Rico.
In the near future, the Fourth District
will have its own inspector, with headquarters at the Customs House at
Savannah.
District Number Five takes in the
southern states west of District Four,
and extends as far north as the northern

'aoundaries of Tennessee, Arkansas, Oklahoma, and New Mexico. Its Inspector
is at the Customs House at New
Orleans. The Sixth District takes in the
southwestern corner of the United
States: Utah, Arizona, Nevada, and
California, and also extends itself to take
in Hawaii. Its headquarters is at the
Customs House at San Francisco.
Seattle, Washington, is headquarters
for the Seventh District, and its Inspector is to be addressed at 2301 L. C.
Smith Building. This district comprises Wyoming, Montana, Idaho,
Oregon, Washington, and Alaska. The
Eighth District takes in the rest of New
York not included in District Two, the
rest of Pennsylvania not included in District Three, West Virginia, Ohio, and
the lower peninsula of Michigan; its •
Inspector is at the Federal Building in
Detroit. The Ninth District takes in
all that is left; its northern boundary
follows the Canadian border east from
North Dakota through the middle of
Lake Superior, then curls down through
Lake Michigan to the northern boundary of Illinois. Its Inspector has his
headquarters at the Federal Building in
Chicago.
Having written to the Radio Inspector
of the proper district, the prospective
operator receives application blanks for
his examination.
Examinations are
usually held at the offices of the district
Radio Inspectors, but Inspectors may
arrange examinations at other places in
their districts when they deem it necessary.
The examination consists of two parts:
A practical test on sending and receiving
in the Morse Continental code, at which
aspeed of ten words aminute must be
attained; and awritten examination on
the adjustment and operation of the
prospective operator's apparatus and the
regulations of the International Conven83
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THE STATION LICENSE
This is the document that permits you to use your amateur transmitting station. It is issued to any American
amateur who has already installed his transmitting antenna and planned his set and who can pass the tests that
qualify him for the operator's license. This license is good for two years—providing you conform tu the rules.

84

Lion and Acts of Congress "in so far as
they relate to interference with other
radio communication and impose certain duties on all grades of operators."
The Radio Laws and Regulations of
the United States, Part II, Section 121,
states:
"Amateurs, before applying for their
operators' licenses, should read and
understand the essential parts of the
International Radiotelegraphic Convention in force and sections 3, 4, 5, and 7,
of the Act of August 13, 1912. The
Department recognizes that radio communication offers a wholesome form of
instructive recreation for amateurs. At
the time its use for this purpose must
observe strictly the rights of others to
the uninterrupted use of apparatus for
important public and commercial purposes. The Department will not knowingly issue alicense to an amateur who
does not recognize and will not obey this
principle. To this end the intelligent
reading of the International Convention
and the Act of Congress is prescribed as
the first step to be taken by amateurs.
A copy of the radio laws and regulations
may be procured for this purpose from
the radio inspector or from the Commissioner of Navigation, Department of
Commerce, Washington, D. C., but
they are not for public distribution.
Additional copies may be purchased
from the Superintendent of Public Documents, Government Printing Office,
Washington, D. C., at anominal price."
If the applicant is so far away from
the district headquarters that the expense of going there for examination
would be too great, he may obtain a
second-grade amateur operator's license
without examination upon submitting
evidence that he is qualified to hold a
license. To do this, he gets an operator
who holds a license to examine him on
sending and receiving in code and upon
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the other requirements, or he may go
before a local radio club for such an
examination. He sends in the statements of those who have examined him,
and, if these are satisfactory, asecondgrade license is granted him, subject to
later inspection and examination by the
Radio Inspector of his district. An
amateur second-grade operator's license
is usually granted for eight months. It
may be revoked if the holder refuses to
offer himself for examination when given
opportunity to do so.
After receiving his operator's license,
the applicant's sending apparatus is inspected and tested, and he is assigned
his call and wavelengths. The call consists of a number followed by two, or
more, letters. If the Inspector cannot
go over his set at once, the amateur receives a temporary station license for
use until his apparatus can be inspected.
Most amateur sending stations are
classed as "general amateur stations,"
and their transformer input of power is 1
kilowatt or less. There are, however,
"restricted amateur stations" whose
input must not exceed one-half kilowatt. This restriction is placed upon
stations located within five nautical
miles of anaval or military station.
It is interesting to note that in all
laws relating to radio supervision, distance is measured in nautical miles.
The nautical mile is 6076.1 feet, or
about 134 land miles.
Each operator must have two licenses,
the operator's license and the station license. These licenses are renewable at
their time of expiration. Radio Laws
and Regulations, Part III, Section 153
(b) says:
"Operators holding licenses for grades
other than commercial, who submit satisfactory evidence to -the examining
officer showing actual operation of radio
apparatus for three months during the

last six months of the license term, may
be issued new licenses without examination. Otherwise, applicants for renewals
will be examined in the usual manner."
No charge is made for any license or
examination.
Having received his licenses, it is incumbent upon the operator to keep the
rules and regulations which apply to his
section of the ether. The first of these,
which in these days of broadcasting
seems a little bizarre, is secrecy. This
is required, in fact, even of those who
only listen.
"No person or persons engaged in or
having knowledge of the operation of
any station or stations shall divulge or
publish the contents of any messages
transmitted or received by such station,
except to the person or persons to whom
the same may be directed, or their
'authorized agent, or to another station
employed to forward such message to
its destination, unless legally required
to do so by the court of competent jurisdiction or other competent authority.
Any person guilty of divulging or publishing any message, except as herein
provided., shall, on conviction thereof,
be punished by afine of not more than
two hundred and fifty dollars or imprisonment for aperiod of not exceeding
three months, or both fine and imprisonment, in the discretion of the court."
But, of course, the rules and regulations were made originally for commercial operators.
Another rule strictly prohibits ship or
coast stations from sending unnecessary
signals. This applies to amateur as well
as commercial operators. Trials and
practice are allowed only at times and
under conditions that make interference
with other stations negligible, and even
then the experimenters are cautioned to
listen in frequently for distress signals,
which have right of way over every-

thing else. Commercial operators not
infrequently have their licenses withdrawn for sending unnecessary signals.
Transmission of profane language is
forbidden by another rule.
Every licensed operator is assigned a
wavelength upon which he must send,
and he must be careful not to overstep
his limits and interfere 'with other communication. Willful or malicious interference constitutes amisdemeanor under
the law, and is punishable by a fine of
not to exceed five hundred dollars or imprisonment not to exceed one year, or
both. It is often difficult for amateur
operators to be sure that they are sending within their proper wavelengths, and
the Bureau of Navigation has recently
issued the following warning to them:
"The Bureau has received a number of
complaints recently of amateur stations
using wavelengths in excess of those
authorized in their licenses, which has
resulted in much unnecessary interference. Amateurs should, if possible,
have their wavelengths measured (with
awavemeter) to avoid violating the law."
In sending messages, the operator
must give his call letter. This gives
other operators a chance to take it up
with him if his messages are interfering
with those of other operators. Little
trouble is experienced with operators
sending without a license. There is a
strong sentiment against such apractice
among licensed amateur operators, who
are very proud of their licenses, and they
are quick to object when messages are
sent out under irregular call letters. If
such a rebuke does not, silence the unofficial sender, and he becomes a pest,
'complaint may be made to the Radio
Inspector of the district. If areprimand
from the district Inspector is not sufficient, the might of the law may be invoked against him, and the case turned
over to the District Attorney. But
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quarters must be at the principal harbors of this country.
But since July 1, 1922, when aslightly
larger appropriation was made available
to the Bureau of Navigation for radio
inspection, extension of the service of
the district radio inspectors has been increased, and provision has been made to
cover fully every large city in the
United States. It is, of course, impossible for the Government to place inspectors in every state and every
town at the present time.
Eight grades of licenses are issued by
the Bureau of Navigation: (1) Commercial extra first grade; (2) commercial
first grade; (3) commercial second grade;
(4) commercial cargo grade; (5) corn-

trouble of this kind is rare. The American boy is alaw-abiding citizen.
The inspecting force of the Bureau of
Navigation for regulation of amateur
operators is fast becoming inadequate.
The district inspectors' offices being at
the seaboard leaves the great interior of
the country almost without supervision.
The work of inspecting outgoing vessels
to see that their radio outfits are in perfect working order is by far the most
important duty of the Bureau of Navigation. Vessels upon the high seas are
dependent upon their radio sets for all
their communication with the rest of the
world, and in time of danger it is vital
that radio messages can be sent. It is
for this reason that inspectors' head-

ROW APPLICANTS FOR A TRANSMITTING LICENSE ARE EXAMINED BY THE RADIO INSPECTOR
A typical scene in the inspector's office. In this case the assistant radio inspector is sending "code" to applicants who are located in the next room with phones on their heads, copying down as much of the test messages
as they can. The test papers are then corrected by the inspector and rated for speed in reception.
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THE AMATEUR OPERATOR'S LICENSE
This is the coveted document that is issued to you after you have passed the required examination. It is good
for two years and is issued without fee other than the trifling cost of the notary's seal.

mercial temporary permit; (6) experiment and instruction grade; (7) amateur firstgrade; (8) amateur second grade.
The commercial extra first grade is
the highest license granted radio operators by the Government. It is issued
to operators whose trustworthiness and
efficient service entitle them to extra confidence and recognition. It may be
earned by commercial first-grade operators who have put in eighteen months
satisfactory service on sea or land during the two preceding years and have
not been penalized for violation of the
radio laws and regulations, upon passing
aspecial examination. In the examination aspeed of at least 30 words aminute, Continental Morse, and 26 words a
minute, American Morse, must be
attained. The technical questions and
the questions on the radio laws and
regulations will be considerably wider
in scope than those for commercial first
grade, and a higher percentage is required, 80 or better on ascore of 100.
The commercial first-grade applicant
must know how to adjust, operate and
care for his apparatus, correct its faults
and change from one wavelength to another. He is required to transmit and
receive by ear at aspeed of not less than
20 words aminute in Continental Morse.
For these tests aword is agreed to consist of five letters. He must also know
how to care for a storage battery and
other auxiliary power apparatus, and he
will be examined upon his knowledge of
international regulations of radio communication and the requirements of the
Acts of Congress to regulate radio communication. An operator who holds

a commercial first-grade license or a
commercial extra first-grade license is
qualified for employment at any ship or
land station.
The commercial second-grade examination covers the subjects given for the
first grade, but the questions asked are
not as comprehensive in character.
To operate in this class, aspeed of only
twelve words per minute is required.
All American steamers carrying radio
outfits must keep acontinuous watch for
distress signals. On cargo vessels, one
first or second-grade operator isrequired,
but the man to relieve him may be any
member of the crew or other person
qualified to recognize the distress signal
when it is included with other words and
to recognize thecall signal of his own ship.
He must also be able to test the apparatus with abuzzer to determine whether
it is properly adjusted to receive signals.
All the foregoing are licenses granted
to commercial radio operators. There is
another license which, while classed as
a"commercial grade," may be issued to
amateurs. It is known as the Experiment and Instruction grade. It has,
however, no reference to the instruction
of radio operators as such, but is required by those who operate stations
carrying on scientific experiments but
are unable to obtain commercial operators' licenses. To obtain this license
the operator need know only the essential parts of the radio laws and regulations and be able to recognize distress
and "keep out" signals, but he has to
satisfy the Radio Inspector that his
scientific attainments warrant his receiving alicense of this class.

END OF SECTION XIII
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SECTION XIV

Batteries, Battery Eliminators and Chargers
battery is six and in the latter it may
run anywhere from 22% to 100 or even
150 volts.
The six volt storage battery is always
made up of three cells connected in series so that their voltages will be added.
When fully charged, a single cell will
deliver current at a voltage of 2.2.
Thus a 22% battery would have about
11 cells.
The lead-plate storage battery, is
made up of electrodes that contain
active elements of lead peroxide and
sponge lead as the positive and negative
materials respectively, immersed in a
dilute solution of sulphuric acid.
When fully charged and in good condition, the positive plates have a dark
reddish-brown or chocolate color, while
the negative plates are gray or slate
colored. The plates may be readily
distinguished by their color and also
by the character of the active material
on them. The lead peroxide is hard,
like soapstone, while the negative material is soft and can be readily cut
into with the finger-nail. The negative
material is pure lead which has been reduced to asponge like form.
On discharge, the electrolyte (the
solution) combines with the active materials of the electrodes and, on charge,
the active materials are reduced to their
original condition. The chemicals extracted from the electrolyte are released and returned to the electrolyte.
It follows then, that the density of the

A

battery is really not abattery but a container for electric
current—a sort of electrical receptacle which will hold and deliver adefinite
quantity of electric current. It differs
from the ordinary chemical battery or
cell (a battery is agroup of cells) in that
no destructive chemical action takes
place between its elements. Take the
ordinary dry cell as an example for
illustration. The dry cell is not rechargeable and its metallic element
(zinc) is consumed in the generation of
current. The generation of current not
only gradually exhausts the zinc but the
active chemical agent (sal ammoniac)
as well.
In astorage battery or cell nothing is
consumed but certain chemical changes
take place every time a battery is
charged and discharged. When a cell
is charged, electric energy is stored as
chemical energy and when the cell is
discharged this chemical energy is converted back into electric current and is
available as such at the terminals of
the device.
In radio reception, storage batteries
are used both to light the filaments of the
vacuum tubes and to place the proper
electrical charge upon the plates. When
used to light the filaments, the storage
battery is referred to as an "A" battery
and when used to place the correct
charge upon the plates of vacuum tubes,
it is called the "B" battery. In the
former case the terminal voltage of the
STORAGE
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electrolyte is greater at the end of
charge than at the end of discharge, and
also that the active material on the
plates expands as discharge proceeds.
The unit of capacity of any storage
battery is the ampere-hour. This is
generally based on an eight-hour rate
of discharge.
Thus a 100 ampere-hour battery will
give a continuous discharge of 12
amperes for eight hours. Theoretically
it should give adischarge of 25 amperes
continuously for four hours, or 50

amperes for two hours. As amatter of
fact, however, the ampere-hour capacity
decreases with an increase of discharge
rate.
The capacity of acell is proportional
to the exposed area of the plates to
which the electrolyte has access, and
depends on the quantity of active material on these plates.
The capacity of batteries depends,
therefore, on the size and number of
plates in parallel, their character, the
rate of discharge and also the tempera-

WHAT THE HYDROMETER READINGS MEAN
Figure A: When the hydrometer sinks down so that the level of the
top of the solution is near 1.100. as shown at the right, the battery is
practically discharged and should be recharged at once until the hy•chunneter floats up to nearly 1,300 as shown at the left
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ture. Taking the eight-hour rate of
discharge and temperature of 60 degrees F. as standard, the capacities
which obtain in American practice are
from 40 to 60 ampere-hours a square
foot of positive plate surface (equals
number of positive plates in parallel
multiplied by the length by the breadth
and by 2). If the capacity under the
above conditions is taken at the eighthour rate as normal, the table below
shows the decrease in capacity with increase in discharge rate for average

plates of American manufacturers:
8-hour rate
8-hour.
100 percent
6-hour
96
"
4-hour
88
2-hour
70
1-hour
48
The voltage of any storage cell depends only on the character of the electrodes, the electrolyte density, and the
condition of the cell, and is independent
of the size of the cell. The voltage e!
the lead sulphuric-acid cell, while on
«6
it

INSERTING THE SEPARATORS BETWEEN THE PLATES
Figure B: A thin sheet of wood or perforated rubber is used as insulation between each positive and negative
plate tu prevent them from making contact with each other and thus cause an internal short-circuit.
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charge is from 2to 2.5 colts, while on
discharge it varies from 2.0 down to
1.7 volts.
The density of the electrolyte is measured with an instrument called a hydrometer (Fig. A and J), which is immersed in the liquid and floats with a
greater or less amount projecting above
the surface of the liquid according to the
density or dilution of the liquid. It has
ascale on the upwardly projecting portion, on which the degree of density may
be read. Where cells are so small that

the hydrometer cannot be immersed
in the electrolyte, it is customary to use
a combination syringe and hydrometer
which draws up into itself some of the
liquid from the cell.
In addition to an effect on the voltage
and electrolyte density, the temperature also influences the capacity and
efficiency. The capacity of a cell, at
discharge rates of eight hours or less,
increases with the temperature. If the
capacity at 60 degrees F. is taken as
normal, the increase of capacity will be

111111111111I
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HOW THE STORAGE BATTERY IS PUT TOGETHER
Figure C: Inside the outer wooden case is the rubber jar that contains the plates and solution.
The black area is the pitch composition that is run in between the case and the jars. Note the
ridges in the bottom of the jar that support the plates and provide room below them for the sediment to collect without causing ashort-circuit.
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about one percent for discharges at
four-hour rate, and at the two-hour rate
the increase is about two percent, for
each degree increase in temperature.
The electrolytic action seldom penetrates to a depth greater than 1/16 of
an inch at ordinary discharge rates, so
that where the thickness of the active
material, measured from the surface of
the electrolyte to the conducting plate,
exceeds this amount, the portion in excess of this thickness is practically useless.
In order to obtain any desired capacity, the proper number of plates are
assembled in acell, all the plates in one
cell being necessarily in parallel, the
positives being joined together in one
group and the negatives in another
group, interleaved with the positives.
Customarily, the number of negative
plates exceeds the number of positive
plates in each cell by one, so that the
extreme end plates of each cell are negative plates. The plates of similar character in a cell are joined together by
so-called burning the plate terminals to
a common bus-bar, which is also lead.
The burning is in reality alead-welding
process, in which the heat of an OXy hydrogen blow-pipe is used to melt the
parts together. This is the universal
method of joining up the lead work in
battery installations.
The plates are assembled in containing cells usually made of hard rubber.
The cells are, in most cases, provided
with upwardly projecting ribs and on
these ribs the plates are supported. As
the alternate electrodes are at opposite
potentials they must not come in contact with each other, otherwise an internal short-circuit will result which will discharge the cell and injure the plates. In
order to prevent this, some spacing arrangement or method of separation is
necessary. The separators are made of

specially treated pieces of wood or rubber. The illustration in Fig. B shows
one of these spacers as well as the
method of inserting it between the
plates.
The troubles to which batteries are
most commonly subject are:
First; loss of capacity;
Second; loss of voltage;
Third; corrosion of electrodes;
Fourth; distortion and fracture;
Fifth; shedding of acting material.
Nearly all these except the third are
directly traceable to over-discharge, although overcharge and impurities in the
electrolyte are important factors.
It has been shown on discharge, that a
portion of the active material which
enters into the chemical combination
with the electrolyte is reduced to lead
sulphate. Since this sulphate is mixed
with the uncombined active material,
the whole mass retains its conductivity
to alarge extent and does not expand to
aharmful degree if provision is made for
a reasonable amount of expansion in
the plate. If discharge be prolonged,
however, beyond the proper point, it
produces an over sulphation which
manifests itself in avariety of ways. The
lead sulphate deposits in white crystals
on the surface of the plates. Its excessive increase in volume closes up the
pores in the plates, thus reducing the
true active surface. The expansion
either causes the active material to
loosen and fall from the supporting grid,
or with certain types of plates, it will distort the electrode, and in some cases
fracture it.
The distortion usually
takes the form of awarped surface and
is known as "buckling."
Over-discharge may be caused by the
prolonging of the current from the battery on discharge; by internal discharge,
produced by impurities in the electrolyte, and by accidental short-circuiting
95

A SPOILED PLATE AND A SEPARATOR
Figs. D and E: Above is shown a wood separate, while the picture below
shows abadly sulphated plate caused by over discharge.
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of the plates, which last frequently
occurs inside the cell. Internal shortcircuiting may be caused by buckled
plates which are so far distorted as to
crack the wood separators and come in
contact with each other, but it is most
likely to be caused by active material
deposits which accumulate in the bottom of the cell. When this sediment
has reached such a thickness that it
touches two electrodes of opposite polarity it will short-circuit the plates to a
greater or lesser degree and cause overdischarge with the attendant troubles
above named.
A little care will greatly prolong the
life of astorage battery. A few random
hints may not come amiss.
For purposes of illustration let us consider a six volt, sixty-ampere-hour bat-

tery of the lead-acid type, which has
been discharged and needs recharging.
Such a battery may be recharged in
several ways. If you have direct current, you may use a few thirty-two
candle power lamps, connected in multiple as shown in Fig. I. If you have
alternating current, a number of rectifiers that are on the market will serve
the purpose, such as the Tungar bulb
rectifier or the magnetic rectifiers. These
rectify the alternating current and turn
it into direct current, as all storage
batteries must be charged with the
direct current.
Before you put the battery on charge.
make sure which is the positive and
which is the negative terminal of the
battery. The positive is marked "Pos."
or ± or is painted red; the negative is

TOO HIGH CHARGING CURRENT RUINED THIS PLATE
Figure F: After years of service, the positive plates gradually go to.
pieces. This plate gave out long before its time because of excessively high
charging rates and prolonged over-charging. The large amount of gas produced under these conditions loosens the active material and it drops out.
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THE RESULT OF OVER-DISCHARGING
Figure G: When current is drawn from the storage battery, the acid in the solution combines with the plates
and increases the volume of the material in them. When carried beyond the proper limit, this causes the plate.
to swell and buckle.

marked "Neg." or —, or is painted
black. The polarity of the charging
wires (if they are not marked), may be
determined by placing them in aglass
of water to which a teaspoonful of salt
has been added; if you do this make
sure that the wires are not too close together. Fine bubbles of colorless gas will
collect on the negative wire under water.
The positive terminal of the battery
must connect with the positive wire of
the charging circuit and the negative terminal of the battery must connect with
the negative wire of the charging circuit.
The battery is now on charge. The
direct current flows through the plates
and the solution, causing a chemical
action which takes off that part of the
solution that had combined with the
material in the plates during the discharge and returns it to the solution
again. Great care should be taken that
the charging rate is not greater than the
correct charging rate of the battery.
(This is usually shown on the manufacturer's nameplate).
Let us assume that the charging rate
of the battery is five amperes and the
battery is a sixty ampere hour type.
Therefore we will charge it for twelve
hours. For example: 5 amperes X 12
hours =- 60 ampere hours. However,
this should be determined by means of a
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hydrometer or hydrometer syringe. By
inserting the end of the syringe in the
filling holes of the battery and by
drawing up enough solution to float the
glass bulb inside of the instrument, the
reading of the scale at the surface of the
liquid gives the strength of the solution
which must be between 1.250 and 1.350
when the battery is fully charged.
Another way of making sure that a
battery is fully charged is to leave it on
charge for two or three hours after each
cell has started to gas or bubble. However, everyone should have a battery
hydrometer to test his battery.
Upon discharging the battery, let us
assume that we are using adetector and
one step of amplification. The two vac-.
uum tubes used are drawing about two
amperes between them. The battery
has but sixty ampere hours of current;
therefore 60÷2 =30 ampere hours. This
means that we can only draw two amperes for thirty hours.
The battery is now fully discharged
and must be recharged immediately.
However, a battery of sixty ampere
hours' capacity that has two amperes
drawn out of it should never be discharged for more than twenty-five
hours. This leaves some life in the battery, which lengthens the total life of it.
Hydrometer readings should be taken

at least once every week and pure distilled water should be added to the solution at least once every week, so that the
plates are always covered. The full
charge hydrometer reading of a leadacid cell should be between 1.250 and
1.300 and the battery should never be
discharged below a hydrometer reading
of 1.18. The lead-acid cell has a fully
charged voltage of 2.2 volts and discharged voltage of 1.8 volts.
Another type of battery is the Edison
cell battery. The positive or nickel
plate consists of one or more perforated
steel tubes, heavily nickel plated and
filled with alternate layers of nickel hydroxide and pure metallic nickel in thin

flakes. The tube is drawn from a perforated ribbon of steel, nickel plated,
and reinforced with eight steel bands,
equidistant apart, which prevent the
tube from expanding away from and
breaking contact with its contents.
The negative or iron plate consists of
agrid of cold rolled steel, nickel plated,
that holds anumber of rectangular pockets filled with powdered iron oxide.
These pockets are made up of a finely
perforated steel, nickel plated. After
the pockets are filled, they are inserted
in the grid and subjected to great pressure between dies which corrugate the
surface of pockets and force them into
good contact with the grid. The elec-

TAKE YOUR HYDROMETER READING ONCE A WEEK
Figure H: The full (bare, hydrometer reading nt a lead acid cell should be between 1,450 and 1.300, aid the
battery should never be discharged below a reading uf 1.18.

99

trolyte consists of a 21 percent solution of potash in distilled water with a
small percent of lithia. The density of
the electrolyte does not change on charge
or discharge. The Edison cell has a
fully charged voltage of 1.2 volts and a
discharge voltage of .9 volt. The Edison cell may be overcharged or overdischarged, or even short-circuited,

without injury to the plates. The lead
cell, if allowed to remain idle, will lose
its charge, and if left in adischarged or
apartially discharged condition for any
length of time, deterioration of the
plates will take place. The Edison cell
will retain its charge for a long time
and is not damaged by being left in a
discharged condition.

A SPECIAL RADIO HYDROMETER
Figure .1: The battery solution is drawn up into the
outer glass tube of the hydrometer syringe by means
of the rubber bulb at the upper end. The narrow part
of the floating indicator is graduated, much like a
thermometer, to read in "specific gravity." The point
where the surface of the liquid crosses the scale on the
float gives the correct readrig.
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Never leave your storage battery discharged for any length of time, and do
not try to use it when it is run down, or
it will become permanently injured.
Data for the construction and operation of home battery charging equipment has been included in the following
paragraphs for those who care to assemble their own devices at low cost. The
reader who is not interested in homemade equipment will also gain a more
practical knowledge of battery operation and maintenance if he reads through
the following instructions:
The charging of a storage battery is
a problem that has to be solved by
every radio enthusiast who operates a

NEG

vacuum tube set. A storage battery
may well be compared to a living organism, which soon dies and must be
discarded if it is neglected. On the
other hand, a little regular care, water
and food—which in the case of the
storage battery is water and charging—
prolongs its life over along period.
When a storage battery is discharging, the acid in the electrolyte (liquid)
mixes and combines with the active
material of the plates. For this reason
the specific gravity of the electrolyte,
which depends entirely upon the ratio
of acid to water, varies as the battery
becomes charged and discharged. When
the battery has completely discharged
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A CIRCUIT FOR CHARGING YOUR BATTERIES FROM THE D. C. LIGHTING MAINS
Figure I: This diagram illustrates the connections that should be used with a 110-volt D.C. lighting circuit
through abank of lamps. Be sure that the positive terminal of the lighting main is connected to the positive terminal of your battery
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most of the acid has gone from th e
water and combined with the plates
leaving an electrolyte that consis ts
largely of water.
When the battery is charged the re
verse action takes place; the acid i
driven out of the plates back into th e
water. If all of the acid is not thu
driven out, the battery is not corn
pletely charged. If this happens a
number of times the acid tends to do
up the porous active material (spong y
lead) of the plates and the battery be
come sulphated.

While it is true that the rectified
current does not maintain a steady
value while flowing, it is uni-directional
and therefore suitable for the charging
of storage cells.
There are many ways of rectifying
an alternating current. Some of the
most commonly used and efficient pieces
of apparatus are the mercury-arc lamp
rectifier, the Kenotron and the Tungar
rectifiers, the mechanical rectifier, and
the type of rectifier to be described in
this part, called the electrolytic rectifier.
The electrolytic rectifier is perhaps
the one most easily made by an experimenter who has only a few tools. A
photograph of the completed reçtifier
and resistance is shown in Fig. N. The
following materials are necessary:

It is seen that the route taken by th e
acid is either into or out of the plate
and that this direction of movement i
controlled by the direction in whicl 1
current flows in the battery. When a
battery is discharging, the direction o
the internal e.m.f. between the plates is
2 mason fruit jars—pint size;
from negative to positive as shown in
2strips of aluminum; size-6 inches
Fig. K, and that during charge the
by 1inch by Hiinch;
flow is in the opposite direction. It is
2strips of lead, size-6 inches by 1
necessary, therefore, that the charging
inch by X3inch thick;
current flow in one direction only; in
A few ounces of borax;
other words, that direct current be
4terminal posts.
used. An alternating current cannot be
used because the direction of flow
The construction is so simple that a
changes periodically. This is shown in
lengthy explanation is unnecessary. A
the oscillogram in Fig. L.
close study of the photograph will show
In this diagram the electromotive
that the two strips are bent and hung
force takes a positive direction for
over the edge of the jar into the elec1/20th of a second and a negative ditrolyte.
rection the next 1/19.0th of a second;
The electrodes as noted in the list
1/60th of a second is necessary for a
above are of lead and aluminum, cut to
complete reversal of current. Such a
the sizes given in the list.
current is a 60-cycle current; it is the
The electrolyte consists of two pints
kind supplied to most lighting circuits.
of water to which has been added about
If arectifier or some other method of
three heaping teaspoonfuls of borax. A
eliminating one direction of flow is innew electrolyte should be prepared and
troduced in the circuit the pulsating
substituted every few weeks. This is
direct current that is shown in Figure M
necessary because the electrolyte beresults. The lower or negative side of comes saturated with aluminum parthe curve shown by dotted lines is the
ticles which come off the positive plate
flow eliminated by the rectifier.
and mix with the electrolyte, thereby
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lowering its resistance. The lead plate
does not wear away.
The jars used are the pint size mason
fruit jars which may be purchased in
any hardware or grocery store.
The terminal posts should be one-inch
round head brass machine screws with
two nuts. Their size should be 8/32 or
10 /32 thread.
The jars should be set into awooden
rack as shown in the photograph. A
rack such as the one shown can be made
of whitewood and stained any desired
color. The electrical terminals used
should he heavy enough to form lowresistance paths for the large current.
While in operation the rectifier "boils"
due to the heat produced by the current

that flows through the electrolyte between the lead and aluminum electrodes.
The water is therefore evaporated and it
is necessary to add water to take the
place of that lost by evaporation. It
is not necessary to add more borax; this
element does not reduce itself by evaporation.
A connecting lead-wire to hook the
rectifier up to the lighting circuit is necessary. This should be as long as required and should have a screw plug
fitted to one end so that it may be
screwed into alight socket. Spring clips
should be soldered to the other ends for
clipping it onto the rectifier and resistance terminals as indicated in Fig. O.
A double-pole double-throw switch to
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HOW A BATTERY DISCHARGES
Figure E: When a battery discharges the current flows outside the battery. through
the circuit, from the positive terminal to the negative terminal. The flow inside the battery
is from the negative to the positive, through the electrolyte, as indicated by the arrows.

108

change the battery from charge to discharge will be found convenient and may
be connected as in Fig. O.
It is important that the two sets of
aluminum plates and the two sets of
lead plates be connected together, with
the jars paralleled and also that the
aluminum strip electrode of the rectifier
be connected to the positive terminal
of the storage battery. If the polarity
is not marked on the battery it may be
determined in any of the following
ways:

negative to negative. Get a
reading on the voltmeter and
note the markings on the connecting posts.
3. Dip the terminals of the battery
into aglass of water into which
alittle salt has been dropped,
being careful not to let them
touch; bubbles will appear at
the negative terminal.
4. Use apolarity indicator; this may
be purchased in any electrical
supply store.

I. Cut apotato in half, and insert
the two leads from the battery; a green formation will
take place around the positive
terminal.

The rectifier and storage battery
should be installed in the cellar near
the electric meter. This, of course, will
necessitate running two wires up to the
radio set but it removes the possibility
of any of the sulphuric acid coming in
contact with furniture and carpets.
If the battery is installed in any place

L. A direct current voltmeter will
read correctly only if connected positive to positive and
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AN ALTERNATING CURRENT WAVE BEFORE RECTIFICATION
Figure L: The ordinary lighting current in most homes is 110 volts. 60 cycles. A. C. This means
that the current reverses its direction of flow 100 times asecond. In this form the current is useless
for charging abattery
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where it may injure fabrics or furniture,
it should be kept scrupulously clean. It
is well, any way, to keep the lead connectors and terminals coated with vaseline. Always unscrew the caps while the
battery is on charge so as to allow the
gases which are generated to escape.
The generation of gas (shown by bubbling) in the electrolyte while the battery is being charged indicates that the
battery is nearing the fulbcharge point.
After this has been going on for four
hours it is safe to assume that the battery is fully charged. Providing the
capacity of the charger matches the
battery.
It is necessary to insert a resistance
in the line; such a resistance may be a
100-watt lamp or a water rheostat,
made as shown in Figure P.
The jar for this should be 6inches by
8inches in size. The electrodes should
be lead and carbon. Connect the lead

to the negative side of the line. The
electrolyte should consist of pure water
to which has been added a half tes-.
spoonful of salt.
Practical application has shown that
only two rectifying jars are necessary
for the ordinary 40 or 60 ampere-hour
battery. If, however, a battery of
larger capacity is to be charged, three
jars in parallel may be used to cut
down the time necessary for charging.
Two jars may be used in any case, but
the higher the capacity of the battery
the longer the time that is necessary for
charging.
Before the completed rectifier is put
into use it should be connected across
the lighting circuit line for several hours
until the plates have taken on a crust
or deposit. The plates are then said to
be "formed."
This is necessary because the rectifier.
when it is first connected to an alter-
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AN ALTERNATING CURRENT WAVE AFTER RECTIFICATION
Figure M: After passing an alternating current (such as indicated in Figure L) through • battery charging
rectifier, which "cuts out" one-half of the alternations, apulsating direct current à left which can be used to charge
astorage cell.
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There are many different types of battery chargers on the market and some
of them are designed to charge direct
from the direct current mains while
others are constructed to operate on
alternating current circuits. It is easy
to see that it is only necessary to reduce
the voltage when a battery is to be
charged on a 110 wit D.C. circuit.
Charging the battery by connecting it
directly to acircuit of this voltage would
overcharge the device so rapidly that
it would soon succumb to the mistreatment. Direct-current charging devices
are usually made up of a series of resistance coils so arranged as to get the
proper voltage drop when they are used
in connection with direct-current circuits. Sometimes a number of electric
lights are used in place of the resistance

nating current line, acts only as a resistance, and if it were connected to
the battery without first having the
plates formed, it would allow alternating current to flow through the battery.
In other words, the rectifying action
of this type of cell depends on the
chemical action which takes place in
the thin crust or deposit on the aluminum plates, and if the plates are not
first formed they will not rectify efficiently..
The only part that has to be replaced
in the cell is the aluminum plate,which
eats away after aperiod of usage.
The above type of rectifier has been
used for many months by the designer,
and it has given him uniformly excellent results and the cost per charge has
been extremely low.
POSIT IV E
ALUMINUM
ELECTRODES

NEGATIVE
LEAD
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EARTHENWARE CROCK
A COMPLETE CHEMICAL RECTIFIER AND WATER RHEOSTAT
Figure N: The rectifier jars are set up in a woo den rack, and an earthenware crock is used to hold the electrodes of the water rhenctat. With these two units the radio fan may charge his own batteries at home from the
A.C. lighting mains at small cost.
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but this is really a wasteful method
since the lights must be kept burning
while the battery is charging. It is
easy to see that something more than
a resistance must be placed between a
lighting circuit carrying alternating current and astorage battery to be charged.
A mere resistance will not suffice because the alternating current will have
no charging effect whatever on the
battery. This is so because the current
has no definite polarity. One instant
one side is negative and the next instant
it is positive. The charging apparatus
must not only reduce the potential of
the circuit but it must also rectify the
alternating current; that is, change it to
a unidirectional pulsating current with
the positive and negative polarity.
Rectification for purposes of battery
charging may be carried out in a number of different ways. There is what is
known as amagnetic or vibrating recti-

fier. This is really mechanical rectification brought about by means of avibrating armature.
This vibrating armature which is caused to vibrate by the
alternating current impulses, is arranged
with asystem of contacts so that when
it is in motion it functions as apolarity
changing switch. It is by so changing
the path of the electric current that the
current is kept going in a single direction. It will be seen that a vibrator
would not have to operate very rapidly
to keep pace with a60-cycle current.
We see in Fig. Q asketch representing a well-known type of vibrating
rectifier. In this instrument the current is allowed to pass only in one direction. When it reverses itself it is prevented from entering the terminals of
the battery. The voltage is brought
down to the proper level by a small
step-down transformer which we see
illustrated diagrammatically in connec-
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HOW TO WIRE UP A CHARGER
Figure 0: The circuit diagram for connecting up arectifier, the rheostat, the storage battery and the changeover switch. By throwing the switch to the left the battery is put on charge and by throwing it to the right the
battery is connected to the vacuum tube receiving set.
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tion with the sketch. A fuse is inserted
in series with the ammeter so that the
circuit will be protected should a"short"
develop on the secondary side of the
transformer. The two coils A and B
function to operate the armature.
When the device is in use the ammeter
will register the number of amperes that
the battery on charge is taking. If the
charger is operating efficiently this
charging rate will taper off as the battery becomes filled. It may start at
6or 6 amperes and taper down to 1.
Here it might be helpful to say something about the indications that a
healthy battery will give while it is
being charged. It is advisable to remove the filling caps from the cells so
that the battery will gas freely for this
is one of the indications of successful
charging. If the battery is not gassing
freely or does not gas at all, it is prob-

ably not charging. In the case of a
magnetic type of rectifier, the trouble
may be traced to a number of things.
The fuse may be blown and in such a
case the ammeter would register zero
current. It may be also that the clips
on the charging wires have not made
proper contact with the terminals of the
storage battery. Storage battery terminals are very difficult to establish connection with due to extreme corrosion
of the metal that is brought in contact
with them. Sometimes the filing of the
clips on the end of the charging wires
and on the battery terminals will overcome this trouble. Although it is not
necessary to constantly adjust the contact points of vibrating rectifiers, they
do in time become misplaced and it is
necessary to move the adjusting screw
or screws until apoint is reached where
the ammeter indicates that the battery
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HOW A WATER RHEOSTAT IS PUT TOGETHER
Figure P: The rheostat consists of an old earthenware crock which is filled with water
to which has been added ahalf-teaspoonful of salt. The lead and the carbon electrodes
are I
hen immersed in the liquid on opposite sides of the crock.
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CONNECTIONS OF A BATTERY CHARGER
Figure Q: One of the schemes of connection used in aconventional magnetic charger for storage batteries.
The small transformer at the right is of the step down type, bringing the voltage from 110 down to approximately
six. Practically all magnetic battery chargers on the market are operated on this principle.

is receiving its normal charging current.
Contacts on these devices also burn and
it is necessary to eventually replace them
with new ones that may be supplied by
the manufacturer.
The cautious student will see that
when two or more batteries are charged
at one time the method of connecting them is important.
Since the
voltage of the rectifier is usually in the
neighborhood of six and since the
voltage of a storage cell is about 2.2
more than three cells in series could not
be charged. All radio A batteries are
made up of three cells connected in
series and when it is desired to charge
more than one A battery the batteries
must be connected in parallel as will be
seen by reference to the sketch Fig. R.
These parallel connections leave the
voltage of the entire battery still six but
the current consuming capacity of the
system is doubled providing the two
batteries are of the same ampere hour
capacity. Hence it will take twice as

long to charge the two cells. More
than two batteries in parallel is not
advisable and as a matter of fact is
quite beyond the capacity of the average
type of magnetic rectifier. Some of
them will "carry on" but they become
dangerously hot and might cause trouble
unless watched very carefully.
Since radio broadcasting has been .
commercialized, storage battery manufacturers have accommodated radio
users with storage B batteries that
may be charged and recharged many
times before they are finally exhausted.
These batteries are usually put out in
45, 90 and 100 volt capacities. By
dividing every one of these figures by
two we arrive at the number of cells in
each battery. The cells are sometimes
in glass containers and sometimes in
rubber containers.
It is impossible to charge radio B
batteries with a magnetic charger or
any other type of charger used in the
conventional way. It is evident that
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we cannot hope to charge a 45-volt
producer with a 6-volt source. That
would be like trying to force a 6-lb.
stream of water against a45-lb. stream.
By following out certain directions however, simple provisions may be made so
that B batteries can be charged from a
vibrating rectifier.
We have shown in Fig. S how such
connections are made. The accessories
necessary follow.
1 2-socket plug.
1 porcelain socket.
1 60-volt lamp.
8 standard attachment plugs.
These plugs are connected up with
standard flexible lighting cord as shown
in Fig. S. Since the fuses used in magnetic rectifiers are usually of the plug
type it is only necessary to remove the
fuse and insert the plug as shown. This
system works only when the A battery
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is being charged at the same time.
Omission of the A battery will unbalance the whole system and make it
impossible to charge B batteries.
It is a comparatively easy matter
to charge an Aor B battery from adirectcurrent circuit since it is only necessary
to insert the proper regulating resistances. Such resistance units are available on the open market and they may
be connected with a switch as illustrated (Fig. T). In this way it is only
necessary to throw the switch over to
change the battery connections from the
radio set to the charger. All of the connections can be permanently made.
Unless a voltmeter is available it is
difficult to determine when a battery
is completely recharged. When a battery has been successfully recharged it
should cease to gas freely and its temperature may go up considerably. The
sides of abattery will always be slightly
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RIGHT AND WRONG METHODS OF CONNECTING BMERIFS
Figure R: The diagram above shows the correct method of connecting two six-volt storage batteries to asix volt magnetic or vacuum tube charger. The method illustrated at the bottom should never be employed unless
at
welve-volt charger is available.
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HOW TO CHARGE A B BATTERY
Figure S: How aB battery is charged with amagnetic charger. This must be done while asir-volt A battery
is on charge. The connections shown must be slightly different for the different makes of chargers on the market.

warm after it has been charging for
some time. The safest practice is that
of applying the voltmeter.
It is not wise to leave batteries in an
uncharged condition for any great
length of time. In the case of the ordinary lead plate battery this is very dangerous practice and usually results in
permanent injury to the cells. If batteries are to be left for a long period
(two or three months) unused it is
advisable to first give them a good
charging. They may then be left either
in the wet or dry state. That is, the
electrolyte may be poured off or it may
be left in. If the electrolyte should be
poured off and replaced, chemically pure
water, which is available at every battery charging store for 2,5 cents abottle,
should be used. Water from the city
source always contains a sufficient
quantity of certain chemicals to destroy
storage batteries even when introduced
in small amounts. This is especially
true of B batteries where the plates are
smaller and more delicate and consequently more susceptible to abuse,

either chemical, mechanical or electrical.
Those who object to the hum of the
magnetic type of rectifier may desire to
invest in the tube type of rectifier. This
is more quiet in operation and charges
a battery just as thoroughly as the
types dealt with previously. In this
type of rectifier an exceptionally heavy
two element vacuum tube of special
construction is used to rectify the 110volts of alternating current. Of course
astep-down transformer is employed in
connection with the tube so that the
proper voltage will be available at the
terminals. Such chargers are used in
exactly the same way as the magnetic
chargers and all connections save those
for charging B batteries are the same.
There has recently come to the
American market numerous devices
called B battery eliminators. It is the
function of such equipment to take current from the lighting circuit for the
purpose of placing the requisite charge
upon the plate of vacuum tubes, afunction heretofore performed by storage
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CHARGING FROM THE D. C. MAINS
Figure T: It is only necessary to use a small resistance unit in connection with a D. C. circuit when storage
batteries are charged. This illustrates the method of connecting it to the line.

B or dry-cell B batteries. It should be
plain to the student that we could not
take the raw direct or alternating current
from asocket and place it upon the plate
without producing distortion in the
music. For this purpose we must employ an absolutely unvarying and uniform source of voltage. Even a direct
current taken from the lighting socket
will be unsuited because of the very considerable commutator ripple. This commutator ripple causes a hum which is
quite noticeable in the loud speaker. It
stands to reason that alternating current
without being rectified and smoothed
out would be hopelessly unsatisfactory because of its constant reversals.
At one instant there would be anegative
charge on the plate and at the next instant a positive charge, while we know
from experience that an unvarying positive charge is necessary.
What B battery eliminators do then
is to take 110 volts of direct current or
alternating current and doctor it up so
that it is available for plate use instead
of A and B batteries. Of course no

rectification is necessary in the direct
current types as we shall see by referring
to Fig. V. Here we will find pictured a
choke coil, two 4-mfd. condensers and
two resistançes. The heavy paper condenser and the choke coil are used in
connection with this set to "iron out
the ripples" as engineers put it. The
tendency of the condensers and the
choke coil to eliminate the depressions
or the variations in voltage, thereby
cutting out the hum that would be present if the 110 volts should be connected
directly to the plate. The object of the
resistances is simply that of permitting
the user to tap off different voltages.
It is evident that 110 volts is the maximum amount that could be used with
this sort of equipment. As amatter of
fact it is really alittle less than this for
the choke coil has an appreciable resistance which must be overcome at a
sacrifice in potential.
The device just described is so simple
and functions so beautifully in connection with direct current circuits that the
more ambitious reader may wish to
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THE PRINCIPLE OF THE B BATTERY ELIMINATOR
Figure U: Here the connections used in asimple type of Il battery eliminator are given. This type, however, is
designed only for use in connection with a 110-volt direct current circuit.

construct it. The 4-tnfd. condensers
are available in any large radio shop
and the choke coil may be the primary
of an ordinary audio-frequency transformer. The secondary connections of
the transformer are not used. The two
resistances shown are No. 10 Bradleyohms.
Alternating-current B-battery eliminators are of necessity much more involved than the type just described.
Two different types are available. One
is achemical type in which rectification
is brought about by a chemical cell
similar to that described in the earlier
part of this particular portion of the
course. After the current is rectified it
is put through a circuit similar to the
one just described, in which the ripples
and irregularities of the line voltage
are smoothed out. The other type of
alternating-current B-battery eliminator employs a special type of rectifier
tube in place of the chemical cell just
mentioned. This tube has a filament
and a plate and is usually constructed
along the lines of the original Fleming
valve save that it is capable of handling
a large volume of current and is built
along modern lines. The filter circuit,
which is the smoothing out circuit, con-

tains inductances and condensers arranged in some fashion similar to that
employed in connection with the direct
current B battery eliminator which was
described previously.
Dry cells intended for B battery use
do not need to have a very great current capacity and consequently they
may be very small in size. This makes
it possible to mount a large number of
them in asmall space so that abattery
giving the required voltage does not take
up much more space than an ordinary
heavy duty dry cell of the type employed
for door bells. B batteries are usually
made in two voltages 22% and 45.
These classifications are further divided
into two sizes, the small and large 22%
and the small and large 45. Of course,
the larger sizes last longer because the
cells are larger and are able to deliver a
greater volume of current over agreater
period.
There is really little that a user of B
batteries can do in the way of proper
care save refraining from short circuiting the terminals. Due to the small
cells it is avery easy matter to permanently injure aB battery by allowing it
to remain upon ashort circuit for only
a short time. Batteries should also be
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HOW TO CONNECT BATTERIES
Figure V: how batteries are connected to obtain various degrees of voltage and current.

kept in as cool a place as possible for
they rapidly deteriorate in an abnormal
temperature.
Extreme deterioration
can usually be detected by blisters that
rise on the surface of the sealing wax.
The battery may also bulge at other
points and if tested under these conditions with avoltmeter it will be found
that the voltage has dropped considerably. There is no practical way of
reviving B batteries although many
radio fans may feel that some of the various chemical treatments do some
good. The trouble, expense and muss
caused is entirely out of proportion to
the results achieved.
The failure of B batteries is indicated
in radio sets by a reduction in volume
and if the batteries are in a very bad
condition by noises caused by extreme
chemical action. It is, of course, advisable to have a small pocket volt-

meter on hand to test the batteries when
it is felt that trouble is arising from titis
source. Such voltmeters can be placed
directly across the terminals of the
large and small batteries without any
danger to the instrument. If the hands
are sensitive a small shock may be felt
from the 45-volt size, but it is usually
nothing more than atingle. However,
people sensitive to shock and especially
children should not permit their fingers
to come across the terminals of two of
the 45-volt size connected in series.
Such acombination will deliver quite a
substantial jolt.
Since ordinary dry cells of the heavy
duty type are being used so much nowadays with the dry cell tube the reader
may find something of value by referring
to Fig. V. Here he will find diagrams
showing the different ways in which dry
cells are connected for different voltages.
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SECTION XV

The Different Types of Receivers

S

broadcasting has come into its
own our research workers, under
the impetus of competition, have added
many new types of receivers to the list
of those available for public use. Some
of these outfits have represented distinct new departures in principle while
others have been mere adaptations of
the standard circuits. It is avery easy
thing to disguise aradio circuit so that
the novice cannot identify it, and many
youngsters have gained considerable
notoriety through the newspapers in
developing circuits with new names and
old principles.
In this work of classifying radio receivers we had best start at the very
bottom of the ladder and give our first
attention to the crystal set. In Fig.
A we have what is known as a single
circuit crystal receiver. By single circuit we mean that we have but one
tuned circuit which is the antenna circuit. In reality this is atwo-circuit receiver, although for practical purposes
it is said to have one circuit. The two
circuits that we refer to are the open
circuit (aerial circuit) and the closed
circuit (tuning coil, detector, and
'phones.) Sometimes this is referred to
as a close-coupled circuit because the
circuit involving the 'phones, tuning
coil and detector are connected directly
to the aerial circuit.
DICE

An improvement over this single circuit receiver can be made by replacing
the single slide tuning coil with aloose
coupler, that is a two-coil tuner with
the coils inductively arranged, one
within the other. It is plain that we
have two circuits here, the aerial circuit
which is sometimes called the primary
circuit and the circuit involving the
'phones and detector which is sometimes called the secondary circuit. The
coil in this circuit is also called the
secondary coil. The advantage of this
two-circuit crystal receiver lies in its
ability to tune more sharply and to
give agreater signal strength.
Crystal receivers may be elaborated
upon by introducing more circuits and
by adding variable condensers and fixed
condensers, but the money that would
be necessary to increase the efficiency of
acrystal receiver would be so great an
amount that it could be used in the
purchase of a vacuum tube outfit.
Consequently it would be folly to launch
off into an extended discussion of this
subject.
If we will refer to Fig. C we shall be
given an opportunity to study the various circuits involved in asingle vacuum
tube receiver containing but one tube
which, naturally, is the detector tube.
Here we have first the grid circuit. The
grid is always connected directly to the
131
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THE SINGLE-SLIDE TUNER
Figure A: This is one of the most simple radio sets that could possibly be aasembled. By leaving
the system untuned the tuning coil could be eliminated but the aerial would have ta he of the correct
size for the wave to be received.
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A ONE-TUBE RECEIVER
Figure C: Here is perhapirone of the most practical and simple single tube receivers that could be assembled. The receiver could be made more sensitive by using the regenerative principal.

tuning device. Next we have the filament circuit which involves the rheostat
for the control of the A battery current,
the A battery itself and the filament of
the vacuum tube. It will be noticed
that this A battery circuit forms part
of the grid circuit as aunit. The third
circuit is the plate circuit which is often
referred to as the output circuit. This
involves the plate of the vacuum tube,
the B battery and the telephones or
loud speaker. It will also be seen that
this plate circuit makes connection with
the filament circuit.
In Fig. D we have added two amplifying tubes to the simple circuit shown and
it will be seen that we have added several more circuits to the layout illustrated in Fig. C. We have added two
more grid circuits, two filament circuits
and two more plate circuits. It will
also be noticed that we have added another B battery, since a single battery
cannot be used for detector and amplifying tubes working together. The

detector must always maintain its own
private source of plate-current supply.
It is good practice however, to use but
asingle 45-volt B battery on atwo-stage
amplifier.
In Fig. E we will find asingle tube receiver which is called asingle circuit receiver because only the antenna circuit
is tuned. This is really not a single
circuit receiver because it has the plate.
filament and grid circuits. It is only
because but one circuit is capable of
being tuned that it has been mis-named
the single circuit receiver. It might be
well to point out here that it is the single
circuit receiver that causes so much
annoyance by interference in neighborhoods where it is used. It is a prolific producer of squeals and squawks and
every squawk and squeal produced is
radiated into space to be picked up by
perhaps hundreds of receivers in the
neighborhood.
Before going further with our discussion of radio receiver types let us for
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USING THREE TUBES AND REGENERATION
Figure D: Here we have the regeneration or feed-hack principle of Armstrong used in athree-tube receiver
of conventional design. Many modifications of the Armstrong principle have been used.
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A DISTURBER OF RADIO PEACE
Figure E: Here ie asingle-circuit regenerative receiver which causes so much interference with reception.
This combination is at once a receiver and a transmitter and causes squeaks and howls in neighboring
receiving sets. It is g good circuit to avoid.

THE TICKLER THAT CAUSES REGENERATION
Maine F: Here asmall coil is inserted in the plate circuit and placed in inductive relationship to the secondary
of the tuning device. Thus energy is fed back from the plate circuit to the grid circuit.

a moment take up the subject of the
regenerative receiver. The single circuit receiver which was depicted in Fig.
E was regenerative and very similar to
the one shown in Fig. F, which represents the conventional Armstrong hookup. If we study Fig. F closely we shall
see that we have nothing more or less
than a regular detector and tuner, the
only difference between it and a nonregenerative circuit being that a small
coil is inserted in the plate circuit and
that this coil (which is called atickler) is
brought up so that it is in line with the
secondary of the loose coupler. In this
system part of the output current passing through the telephones and plate
circuit is re-impressed upon the grid of
the vacuum tube and re-amplified.
This results in agreat reinforcement of
the signal strength, and the process is
sometimes referred to as "feedback",
and such circuits are sometimes called
self-amplifying circuits, since the vacuum tube is made to serve as adetector
and an amplifier. Regenerative or feed-

back circuits may be adjusted by changing the position of the tickler coil in relation to the secondary coil of the loose
coupler. When the coupling is made too
close an audio-frequency squeal which
results in impressing too much energy
upon the grid circuit takes place which
makes reception impossible. The position of the tickler is simply changed until
this squeal disappears and normal reception is secured.
There is another much used method
of securing this regeneration or feedback effect, and this is done with a
double circuit receiver shown in Fig. G.
Here two variometers, one in the grid
circuit and one in the plate circuit, are
used. The energy transfer is brought
about by adjusting the variometer until
the grid circuit is resonant with the plate
circuit. When both circuits are in tune,
the feed-back effect will take place and
greater amplification will be produced.
While this circuit is exceptionally sensitive it is at the same time difficult to
control and unless controlled intelli-
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THE TWO-VARIOMETER REGENERATOR
Figure G: Here regeneration is produced by tuning the plate circuit to the grid circuit using the two vari°meters illustrated.

REGENERATION WITH CAPACITY FEED BACK
Figure II: In this case regeneration takes place not inductively but capacitatively through the
natural rapacity of the vacuum tube used in the circuit. This principle is little used however.
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THE COCKADAY FOUR-CIRCUIT, A GOOD MODIFICATION OF THE REGENERATIVE PRINCIPLE
Figure I: Here is aregenerative set constructed along original lines. Four independent circuits are used and
exceptional results in selectivity are accomplished.
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THE RHEINHARTZ RECEIVER
Figure 3: Here we have still another modification of the regenerative principle of reception.
rpeebt Cr has been vastly popular with the transmitting amateurs.

The Rheinharts

•m••

ANCYTIIER TWO-VARIOMETER RECEIVER
Figure IC: This receiver is exactly the same as t
hat illustrated in Figure G save that one variometer is co nnec t
d
e
in adifferent position. This is included to show that, although the instruments of a radio set may be connected iu
slightly different position, the operating principles may remain the same.

gently it is practically impossible to
obtain good reproduction.
There are many modifications of the
regenerative circuit first discovered by
Armstrong. In some cases a capacity
feed-back as shown in Fig. H is employed. Here there is a capacitative
transformation of energy between the
plate and grid circuits. As amatter of
fact it is not always necessary to use a
condenser for it usually happens that
the capacity between the grid and plate
is sufficient to bring this result about
especially with American made tubes
which have large plates and grids.
English tubes, due to the ban on regenerative receivers in that country, are
made with exceptionally small elements so that the capacity between
them is small, hence these tubes are
very good for radio-frequency amplification.
The only two really original adaptations of the regenerative circuit that
have appeared since the advent of

broadcasting are the Cockaday fourcircuit tuner and the Reinhartz tuner.
In each case the improvement has been
brought about in the development of a
selective tuning device.
Cockaday
achieves greater selectivity by employing the arrangement shown in Fig.
I. Here four independent circuits can
be traced in the tuning arrangement,
the real feature being that, although
involved, the circuit may be tuned
with exceptional ease, and with asingle
knob. The four circuit tuner possesses
features that closely approach the ideal
tuning arrangement. Great selectivity
with what practically amounts to unit
control is something that engineers have
been aiming at since 1922.
In Fig. J we see the second worthwhile adaptation of the regenerative
principle which has been developed by
Reinhartz, the American Amateur Ace
who is recognized in his art on both
continents.
In Fig. K we find another regenera-

140

REGENERATION WITH A TUNED GRID CIRCUIT
Figure L: Here we have avariable condenser used in the grid circuit of aregenerative set to bring about res011110Ce.

live circuit with a few improvements
and refinements which help to bring
about more agreeable results especially
in the matter of control which is so important to the novice. This is a two
variometer circuit, or more technically,
a tuned plate and grid circuit which
involves a variable grid condenser.
In Fig. L there is another version of
the tuned plate circuit with the grid
circuit controlled by a variable condenser of large capacity in place of the
variometer described in connection
with the previous receiver. While we
are on the subject of reception by regenerative sets it might be advisable to
broaden the discussion so as to include
brief instructions in operation.
Before aregenerative set of the single
circuit type can be operated successfully the novice must learn to control the
regeneration; especially the audio-frequency regeneration. This audio-frequency note, which very often develops
into an annoying squeal, is developed by
the detector, and the amplifying system,
of course, functions and makes it much
louder than it would be with the detector alone.
There are really two ways of putting
a regenerative detector into a responsive condition. One is to turn the filament rheostat until a point is reached

just this side of squealing. In such a
condition the loud speaker or telephones will emit a rushing sound of
rather low intensity. Under such circumstances the detector will be in a
most sensitive condition, and it should,
by a little further adjustment of the
filament rheostat, bring in very clear
signals. There is still eloCuer way of
adjusting single circuit receivers and
this is to bring the filament rheostat to
a point beyond that where noise is
first heard into another zone of comparative silence. Here again a hissing
sound will be registered which indicates
acondition of high sensitivity.
Sometimes detector tubes in regenerative circuits are much too sensitive
to oscillate because of too high voltage
on the plate. It often happens that
even 22% volts, which is the regulation
amount for detector tubes, is too high
and must be brought down to 16
volts
before the tube will function normally.
rr a regenerative circuit gives trouble
by breaking into oscillation, the reduction in B battery voltage is one of
the first remedies that should be tried,
It might be said in general that a regenerative set regardless of type is most
sensitive to broadcasting and telegraphic signals when the detector is on
the verge of breaking into audio-fre-
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in publications that it would take a
queney oscillation. The filament rheostat should be brought up as far as pos- fair sized volume to deal with the propsible and it will be found in general that erties of all of them. The best that we
the music will become slightly distorted can hope to do in this particular part of
just before the receiver breaks into a our manuscript is to outline in as practical away as possible some of the prinsqueal.
•
-The three -circuit regenerative set cipal receivers of this type. First, howsimilar to the one involving the two ever, let us go into the general matter of
variometers and the loose coupler is, of reflexing. Let us assume that we have
course, a little more intricate for tun- connected up in a simple reflex circuit
ing but it should not completely baffle a crystal detector and a vacuum tube.
the novice if he follows the instructions By employing the reflexing principle it
is possible to make this one vacuum
given below. The initial operation is
tube perform two functions. Current
that of lighting the vacuum tubes and
can be led to it from the aerial and ambringing the detector up to its position
plified at radio frequency. It may then
of maximum sensitivity. The amplifybe passed on to the crystal detector
ing tubes should never be worked bewhere it is made audible. From this
yond a point where clear reception is
point it may be passed through the
possible. Pushing the tubes may allow
vacuum tube again and amplified at
one to gain a little in volume but the
quality of the reproduction is offensive audio frequency. Thus it is seen that
this single vacuum tube functions as a
to musically sensitive ears.
Having brought the set to asensitive radio-frequency amplifier and audiocondition, it merely remains to tune in frequency amplifier simultaneously. In
such a case we have asingle tube rea broadcast wave. Of course, this
operation is done with the aerial or ceiver giving results often comparable
and sometimes superior to those obprimary circuit, for we could not hope
to enmesh a wave unless it was first tained with more conventional threecaught in the aerial system. The next tube combinations.
In Fig. M we have afour-tube reflex
operation is that of bringing the secondcircuit in which the reflexing is done
ary circuit to a point where it will be
through two tubes only. The first three
resonant with the aerial circuit. This is
done by moving the variometer or var- tubes function as radio-frequency amiable condenser and the position of the plifiers and the incoming signal passes
through these tubes before it reaches
secondary coil on the vario-coupler.
If this operation is done properly, the the detector where it is brought down
signal strength should now be built up to an audible range. The output of a
to apoint where further adjustment in .detector is then fed to tubes 2 and 3
connection with the variometer in the where the current is amplified at audio
plate circuit should bring the ouptut frequency.
In Fig. N we have still another recurrent to maximum amplitude.
flexing system where the first three
The principle of reflexing has been
widely used in radio but so many var- tubes are used both as audio-frequency
iations have been made and so many and radio-frequency amplifiers. Howdifferent types of reflex sets have been ever, the quality of this combination
placed upon the market and described would not be as good as the quai 142
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A FOUR-TUBE REFLEX
Figure M: In this set, two tubs', of afour-tube set are caused to perform two separate functions, acting both
as audio and radio-amplifiers simultaneously. The effect is that of six tubes.
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A THREE-TUBE REFLEX WITH CRYSTAL DETECTOR
Figure 0: Here the reflex principle is used with a crystal detector, which, although not as sensitive as the
vacuum tube detector, is found suitable when the current is amplified before it is detected.

143

A REFLEX PRINCIPLE IN PRACTICE
Figure P: Here is the hook-up of aGrimes inverse duplex receiver involving the reflex principle. Three tubes
are made Sensitive enough so that •loop aerial may be employed.
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STILL ANOTHER PRINCIPLE OF REFLEX ACTION
Figure Q: Here is the Grimes principle illustrated in asimple way. It is this reflex principle that is employed
in the receiver illustrated at Fig. P.

ity of the reflexer shown in Fig. M.
In Fig. 0 we have areflex outfit very
similar to the one shown in M save that
three tubes are used, acrystal performing the function of adetector tube.
Grimes, aradio experimenter who has
done a great deal of research work in
reflexing, has constructed a receiver in
which the current takes the path
shown in Fig. Q. It will be seen that
the current reverses on itself. It will
also be noted that the output is taken
from the first tube which is both aradioand audio-frequency amplifier. The
circuit used in carrying out this principle
is illustrated in Fig .P. The receiver shown
is athree-tube Grimes reflex and standard
radio material is used throughout.
In the past agreat deal of trouble has
been experienced with radio-frequency
amplifiers because of audio-frequency
regeneration taking place between the
various circuits involved. This regeneration, even though carefully guarded
against, would take place because of the
capacity coupling established by the
elements of the tubes used. Professor
Hazeltine of Stevens Institute; Hoboken, N. J., developed the neutrodyne
principle to eliminate this disadvantage of radio-frequency amplifiers. In
Fig. R we have a circuit which in a

way describes the Hazeltine method.
The phantom condenser connected between the grid and the plate of the
vacuum tube represents the always present capacity between the tube elements.
The capacity directly opposite this, at
the bottom of the drawing is a neutralizing capacity, which tends to stabilize the system and to prevent audio
frequency regeneration. This neutralizing condenser takes various forms,
but in all cases it is adjustable so that
the right capacity can be inserted to
overcome the tendency previously mentioned. In the construction of every
homemade neutrodyne the real trouble
will come in the work of neutralizing
the capacity in the tubes of the radiofrequency amplifiers..
In Fig. S we have placed before us
what is without doubt the most sensitive and practical combination of radio
instruments that can be devised at the
present time. This is Armstrong's superheterodyne, and although, large,
clumsy and intricate it is an instrument
of marvelous sensitivity and will, if
properly constructed and intelligently
manipulated, afford music of apleasing
character.
Let us see what happens when signals
are picked up by the loop in the super-
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THE COLOSSUS OF RADIO—THE SUPERHETERODYNE
Figure S: Here is an exceptionally good hook-up of asuper heterodyne circuit which affords marvelously sensitive reception with agreat degree of quality providing the engineering is done correctly. This is an eight-tube
receiver and should have anormal receiving range of 2,500 miles when used with the correct type of aerial.

AIEUTE'ALIZING CAPACITY

THE HAZELTINE NEUTRODYNE
Figure R: This diagram shows how the capacity of a tube, which is indicated by the dotted lines, can be
neutralized by placing acapacity in the position shown. This has the effect of preventing vacuum tubes from
oscillating through capacity feed-backs which results from the capacity between the elements of the tube.

heterodyne. It will be noted that this
loop is in series with a small coupling
coil (1). Connected across the loop and
the coupling coil is a43 plate condenser
(2).
This particular circuit should
cover a wavelength range from about
175 to 600 meters. The inductance (3)
and the condenser (4) form a tuned
circuit which determines the frequency
of the local oscillations. This local
oscillation is nothing more or less than
a vacuum tube set up to oscillate as it
might in an ordinary regenerative receiver. It is made to oscillate at agiven
frequency depending upon the wavelength of the station being received.
It is always adjusted to a frequency

50,000 cycles less than the signal frequency. The output of the first detector will make available this frequency modulated with the desired
signal of audio frequency. The 50,000
cycle output is tuned to by means of
the two tuned circuits containing coils
5and 6and condensers 6and 7. It is
then amplified by the 4-stage resistance
coupled amplifier.
The signals are
then detected by detector (2) and amplified at audio frequency. Briefly this
is the principle of the super-heterodyne but as in the case of the reflex
many variations are possible and each
experimenter has his own particular
idea as to what is best to use.
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From a photograph made for POPULAIt RADIO

Dr. Reginald A. Fessenden
The inventor of the first sensitive detector and one
of the most extensive holders of radio patents in
the world.
- I congratulate

all wireless workers on the fact that in POPULAR
limo° they have a publication which is absolutely independent of
all commercial interests. This means a great deal in these days of
propaganda. As a rule, I do not read many of the so-called
'popular articles,' but these are so up to date and so authoritative
that Iam glad indeed to get them, and the fact that they are so
lucid that anyone can understand them without previous technical
training is a remarkable achievement in this field of work."
—Da. REGINALD A.FESSENDEN
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SECTION XVI

Important Radio Accessories
receiver or a loud speaker to convert
more of an essential than
these fluctuating, sound-carrying curan accessory, reproducing devices
rents back into audible sounds. This,
usually come under the latter
too, is done through the aid of avibratclassification. There are two different
ing diaphragm, only the diaphragm is
types of reproducers, the telephone •
caused to vibrate by the fluctuating
receiver and the loud speaker. There is
currents instead of by sounds as in the
little electrical or mechanical difference
case of the transmitter. If we refer to
between the telephone receiver and the
Figure A we shall see a diagram of the
loud speaker, and the distinction seems
simple mechanism involved in the conto be made largely on the basis of quanventional type of loud speakers and
tity of sound produced. If a conically
telephone receivers. The fluctuating
shaped horn is attached to an ordinary
currents, which we will recall are protelephone receiver so that the sound
duced by the action of the telephone
waves generated by the telephone
transmitter, are allowed to surge through
receiver are guided through the horn,
the electromagnets illustrated. The
we have the effect of a loud speaker.
diaphragm, which is mounted very clase
Without the horn, which has the effect
to the pole faces of the magnet, will be
of amplifying the waves generated by
caused to take on a sympathetic vibrathe reproducer, it would be necessary to
tion. In the case of radio, the vibration
hold the device to the ear to render the
of the diaphragm of the loud speaker or
sounds clearly audible.
telephone will be in exact sympathy
In alater Section we shall have occasion
(providing it is agood telephone or loud
to learn in detail how sound waves are
speaker) with the movement of the
impressed upon electric currents through
diaphragm in the microphone at the
the medium of adevice called the telebroadcasting station. The transmission
phone transmitter. It is the function
of sound between the two points is
of the telephone transmitter to convert
practically instantaneous.
sound waves into corresponding fluctuaLet us return to Figure A. When the
tions of current. When a sound wave
fluctuating
sound-carrying current passes
strikes the diaphragm of a telephone
through the coils of the reproducing
transmitter, the current flowing through
device, it naturally sets up a magnetic
the transmitter is made to "vibrate" in
field which will be strongest at the ends
exact sympathy with the acoustic disof the coils. This magnetic field cannot
turbances.
be uniform so long as the current
It is the sole function of a telephone
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CONVENTIONAL LOUD SPEAKER CONSTRUCTION
Figure II: This loud speaker is really aform of telephone receiver with accommodations made, for the attach.
ment of a horn.

producing it is of a"vibratory" nature.
If we had some means of seeing magnetic
fields we should find that the field
above an excited loud speaking element would be vibrating in sympathy
with the distant transmitter whether of

the wire or wireless type. Since this
highly agitated magnetic field acts on
the iron diaphragm the iron will also get
into step and make a brave effort to
follow the rapid changes. Sometimes
the diaphragm succeeds very well in
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PLAN OF THE LOUD SPEAKER
Figure A: This shows the schematic arrangement of coils and diaphragm used in aloud speaker or telephones.
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RELATION BETWEEN VACUUM TUBE AND LOUD SPEAKER
Figure C: According to electrical laws, for the most efficient operation the impedance or resistance of the last
vacuum tube should match the impedance or resistance of the loud speaker. This is like saying that the alternating current voltage across each should be the same.

good loud speakers and other times it
acts very badly as in poorly designed
loud speakers.
In passing it will be seen that the
diaphragm must be of thin sheet iron,
otherwise it will not be sufficiently
susceptible to the minute current
changes. If the reader is observant he
will notice that the coils of the speaking
element in Figure A are wound upon
the poles of a permanent magnet. He
will further reason that the permanent
magnet must exert aconstant attraction
for the diaphragm and that the diaphragm will tend to be pulled down
toward the pole faces whether or not a
current is passing through the coils.
This is very true but this action facilitates rather than impairs the sympathetic vibration of the diaphragm.
All permanent magnets used in telephone receivers and loud speakers do not
take the shape shown. Various systems
are employed and the permanent magnet
usually takes some compact form so that
the unit is saved from being bulky and
heavy.
11

The distance separating the poles of a
permanent magnet from the diaphragm
of aloud speaker is important, because
upon this rests to a large extent the
sensitivity of the device. In the interests of electrical efficiency it is evident
that the pole faces should be as close to
the diaphragm as possible so that the
magnetic lines of force developed by the
fluctuating current will have aminimum
of air space through which to travel.
Air, it will be remembered, is a most
reluctant transmitting medium for magnetism and magnetic lines of force find
it difficult to traverse any great distance
without being very much the worse for
it. Yet it will be seen that the movement of the diaphragm must be allowed
for in setting the pole faces of the
magnet. If the latter are set too close
to the diaphragm, the diaphragm will
strike them and this will have adampening effect which will tend to destroy the
quality of the transmitted music or
voice. For this reason, some manufacturers have equipped their loud
speakers with an adjusting screw which

FEwEE TllieNS
LOW /MPEOANCE
LOUD SPEA/(E2

111.1111
THE LOUD SPEAKER AND THE TELEPHONE TRANSFORMER
Figure D: The-proper method of connecting an output transformer to aloud speaker is shown. The transformer illustrated in this case is aspecial one with ahigh resistance primary and low resistance secondary.

allows the user to regulate the distance
between the pole faces and the
diaphragm. This permits aloud speaker
to carry extra large volume without
rendering the device inoperative.
It may perhaps be helpful to add a
few words concerning the exact function

of the diaphragm. We have seen how
the diaphragm is made to vibration with
the distant diaphragm. Air rests at the
usual pressure upon both sides of the
diaphragm and it is natural that any
vibration of the diaphragm will be communicated to the air. This is exactly

SOFT /key POLE PIECES-

CaeteUeATED 0/APAPAGM •

PEP/OA/VENT
MAGNET
TO SET

BALANCED ARMATURE LOUD SPEAKER
Figure E: This loud speaker was invented by Baldwin and its main feature is that there is no permanent
strain on the diaphragm.

PLUG AND EXTENSION CORD
Figure F: This shows the conventional type of radio
plug with an extension cord which permits the user to move
the loud speaker about the room.

what happens and the air will be found
to follow faithfully every minute movement of the diaphragm.
It is unfortunate that we cannot set
the air into direct vibration without
the use of some moving intermediary
like the diaphragm of aloud speaker or
telephone receiver. We can never hope
to reproduce the complicated vibration
of asymphony with absolute faithfulness
while we depend upon a highly inefficient medium like adiaphragm. Those
who have studied the physics of sound
'ven superficially have been shown that

every body has a sound or frequency
period of its own. For instance, atuning fork may have aperiod of vibration
of exactly 256. This is determined not
only by the physical dimensions of the
fork but also by its physical shape.
Every body has its own sound frequency
or the frequency to which it will respond
most efficiently. A cigar box, a hall
dollar, akitchen table, atelephone pole;
all such things have their own frequency
periods and adiaphragm is no exception.
Every diaphragm used in atelephone or
loud speaker has its own special sound
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SIMPLE JACK CONNECTION
Figure EL How atwo-pole jack is connected to asimple one tube radio
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FIVE MEMBERS OF THE JACK FAMILY
Figure G: While there are many different types of jacks designed to bring about different connections, the five
shown are most used in radio receivers. The purpose of each one is described in the diagrams and the text.
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CONVENTIONAL USE -OF JACKS
Figure I: By the use of the jacks shown the detector may be used alone or with one stage of amplification.

period which will depend upon (1) the
thickness of the diaphragm (9) the diameter of the diaphragm and (3) the
particular alloy or metal from which it
is made.
There is always one particular frequency which will find the diaphragm
most sympathetic and which will represent its highest point of efficiency. We
do not mean in stating this that a
diaphragm cannot be made to vibrate
to sounds having a frequency above or
below this natural period. However, it
is physically impossible for the diaphragm to reproduce other frequencies
with the same degree of faithfulness
that it is able to reproduce afrequency
near that of its own period. With these
conditions holding we cannot expect a
loud speaker to respond perfectly to the
woodwinds, the bass viols, the kettle
drums and brasses of a symphonic
orchestra, nor can we expect such a
diaphragm to respond with equal
efficiency to the voices of baritones,
tenors, contraltos and sopranos. Further

research in connection with loud speakers will have to do with the problem of
either obviating entirely the diaphragm
or finding some diaphragm that will
handle awide range of sound frequencies
with fairly reasonable efficiency.
The conventional form taken by most
loud speakers is shown in Figure 13.
The diaphragm is clamped solidly
between the case holding the magnets
and the cap or top which is screwed to
the case. The aperture to which the
horn is attached permits the sound waves
to pass freely into the small end of the
cone.
Trouble with loud speakers takes a
number of different forms and perhaps
the most prevalent one and the one least
suspected by the average lay operator
is that of overloading. By overloading
we refer to the practice of permitting too
heavy a current to flow through the
magnets. The radio set with which the
loud speaker is used is probably operated
at its maximum and the heavy current
surging through the magnet pulls the
15

USING JACKS WITH TWO TUBES
Figure .1: It Is the function of the first jack to cut out the amplifying tube so that the detector may be used
alone.

diaphragm down until it hits the pole
faces. This results in a high pitched
crackle, a sound that resembles metal
touching metal. Of course the only
remedy for a condition of this kind is
that of reducing the current output of
the set by retarding the filament current
of the vacuum tubes. Nothing is
gained by operating aset at high volume;
indeed much is lost. The quality will
be poor and there is imposed upon the

A and B batteries an unnecessary drain.
It should be the rule of every set owner
to operate his receiver at the lowest
point consistent with good hearing.
With the adjustable type of loud speaker
the set may be operated at high volume
without danger of striking if the adjusting screw is manipulated until the crackling sound is eliminated. However,
the quality will be a disappointment to
anyone who has agood ear for music.

ANOTHER WAY OF USING TWO JACKS
Figure K: Here the action illustrated above is performed by athree-spring jack.
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there is enough magnetism left in the
A loose diaphragm is another possible
permanent magnet to hold the diasource of distortion and this is always
phragm on end, the trouble is undoubtremedied by the simple expedient of
edly located elsewhere. Although this is
screwing down the cap of the speaking
more or less of arough and thoroughly
unit more tightly. Incidentally the
unscientific test, it is of great value in
owners of good loud speaking units are
locating trouble of this nature.
warned against the practice of removing
Before we go into the subject of other
the diaphragms for little or no reason or
types of loud speakers it would perhaps
simply through insatiable curiosity. In
be wise to say something about the
being removed the diaphragm is very apt
resistance of both telephone and loud
to be bent and if it is bent it becomes
speaking devices. So many lay operatpractically useless. Even the slightest
ors are confused to the point of believing
indentation in the diaphragm can be
that resistance is an indication of sensiresponsible for bad behavior. If the
tivity.. Ignorant or unscrupulou,s dealdiaphragm of a telephone or loud
speaker must be removed it should not ers have sold headphones on the
be lifted with the finger nails. Due to strength of their being wound to a
resistance of 4000 when a 2000 -ohm
the constant pulling down of the permatelephone of good manufacture would
nent magnet any lifting done in this way
probably perform just as efficiently if
may' bend the diaphragm and destroy
not more so. All of this illicit traffic
it efficiency. Diaphragms should be
based solely on the gullibility of unwary
slid off their seat and slid back again.
purchasers could have been avoided by
This preservas their flatness which is
brief instruction in the meaning of
most essential to good reproduction.
resistance and its application to reproStill another cause of not necessarily
ducing devices.
bad reproduction but weak reproduction
It is not the resistance of areproducer
id failing B batteries or A batteries.
magnet that counts so much as the numThis is mentioned in connection with
ber of ampere turns of wire that are
loud speakers because some new receiver
carried by the magnets. To put it
operators may blame the loud speaker
briefly, a magnet used for reproducing
foi` weak reproduction when the blame
sound modulated currents through the
should really rest with other parts of
medium of the vacuum tube should have
the radie set. Tubes that have been
as many turns of wire as possible in as
used foie a long time can cause both
small a space as possible. For this
poor and weak reproduction. The only
reason very small wire is used with very
way in which a loud speaker can cause
thin but highly efficient insulation.
weak reproduction is through the loss of
Such wire is usually enamelled with a
magnetism in its permanent magnet.
current-resisting medium.
This, however, should not take place for
It is more scientific to calculate the
several years, and any suspicion that
resistance of telephone receivers and
the loud speaker has lost part of its
loud speakers with alternating current
magnetism can be confirmed or denied
at from 500 to 800 cycles than it is to
by the simple expedient of removing the
use direct current. A receiver measurdiaphragm and conducting a simple
ing 2000 ohms with direct current may
experiment. The edge of the diaphragm
run as high as 20,000 ohms with alteris placed against the pole faces. If
17

nating current of 800 cycles. In such
cases the resistance is usually referred
to as impedance and instead of saying
that a 'phone or loud speaker has an
alternating current resistance of 20,000
ohms we say it has an impedance of
20,000 ohms. Impedance is always
used with alternating current.
There is an old rule in electricity that
states that maximum current from an
electric cell will flow when the resistance
of the external circuit will be equivalent
to the internal resistance of the cell.
This holds true with practically every
electrical circuit and the vacuum tube
and loud speaker are no exceptions. If
the last vacuum tube has an impedance
of 20,000 ohms between its filament and
plate, the loud speaker to operate most
efficiently should have the same impedance. Unfortunately, this matching of
impedance cannot be brought about with
extreme perfection because the voltage
across the loud speaker terminals is
found to vary with the sound frequencies
carried by the modulated current
whereas the voltage across the tube
elements remains practically constant
and is not influenced by the sound
frequencies. Reference to Fig. C will
help the reader to understand the condition that holds.
It has often been found convenient to
produce loud speakers with a very low
impedance, but in such casPs it is advisable to insert between the loud speaker
and the reproducing device an audiofrequency transformer with asecondary
impedance that will match the impedance of the vacuum tube employed.
The method of connecting such acombination is illustrated in Figure D. The
battery shown in series with the plate
and secondary of the transformer is the
B battery.
In Figure E we have a loud speaker
18

which represents a severe departure
from the conventional types that we
have been investigating. We have here
aloud speaker that is built on the Baldwin or balanced armature principle. It
will be noticed that no electromagnet is
brought in proximity to the corrugated
diaphragm, but instead a small rod is
fixed to the center of the diaphragm
with the opposite end connected to an
armature suspended on delicate bearings
between the poles of apowerful permanent magnet. Since the pulling force of
each pole of the magnet is equal and in
opposite directions there will be no
constant strain on the diaphragm as in
the case of ordinary reproducers.
There is wound upon the soft iron
armature a small coil and the current
impulses from the radio set are permitted to flow through this coil. It is
this fluctuating current that causes the
armature to vibrate in the permanent
field. This vibration is communicated
to the small rod connecting the armature with the diaphragm and the diaphragm is thus made to keep step with
the armature. Loud speakers of this
type are remarkably sensitive and usually provide very good quality.
In the cone type of loud speaker,
wherein the diaphragm takes the form
of alarge paper cone about 12 inches in
diameter or more, units of this construction are generally employed. The
unit is so mounted that the connecting
rod between the armature and the diaphragm is attached to the apex of the cone.
Since jacks and plugs are so universally and abundantly employed in all
types of radio receivers, and since they
are used largely for the purpose of
making connections with loud speaker
horns and telephones, it will be advisable to take up their construction and
intelligent employment at this time.

HOW THE MORE COMPLICATED JACKS ARE EMPLOYED
Figure I.: By tracing the connections for these jacks the reader will note that they also control the filament
current of the vacuum tubes not in use. For instance, when the detector alone is used the filament current of the
two amplifying tubes is automatically cut off.

CARBON PILE RESISTOR
Figure 0: This resistance unit is operated by varying
the pressure on apile of carbon disks. This varies the resistance.

In Figure F we will see the photograph of an ordinary plug which has
been standardized for use in connection
with all jacks. That is one fortunate
thing that has happened in radio, the
standardization of the dimensions of
principal parts of all jacks and plugs.
Although the various plugs and jacks
mentioned each have their individual
merits they are all interchangeable.
The plug in Figure F has an insulated
covering so that the user may employ
it without danger of grounding the set
through his body or receiving a shock
from a high-potential B battery. The

projecting part of the plug is made up
of asleeve with arod fixed concentrically
within it. The rod and the tube or
sleeve are insulated from each other
and one is connected to one tip of the
telephone cord while the other is connected to the other tip. Various patented
means have been devised for holding the
tips of the cord to the plug and in some
cases it is only necessary to insert the
tips. They are held in position by a
spring arrangement and the tip will be
released only when a small lever or
button is pressed. After all a plug is
nothing more or less than two terminals

COMBINATION RHEOSTAT
Figure M: This rheostat is provided
with two windings and two control handles.
One winding serves as apotentiometer and
the other as afilament resistance.

SIMPLE RHEOSTAT
Figure N: This shows another type of
rheostat or variable resistance with but a
single winding. The binding posts for
connections are shown at the side.
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AUTOMATIC FILAMENT CONTROL
Figure R: This filament control is made up of asmall
piece of special alloy wire sealed in a glass tube. This
automatically controls the filament current of the vacuum
tube as will be explained in the text.

because connections may be changed in
only one circuit at a time. The plug
is inserted and the sleeve of the plug
makes contact with the bushing through
which it passes. Thus the bushing is
grounded in the frame. The projecting
prong, which is of spring brass or phosphor bronze, slips up onto the rounded
end of the rod within the sleeve and thus
we have established adouble connection.

mounted on the end of a loud speaker
cord. The jack is adevice used to make
connection with the peculiar kind of
terminals used on a plug. The convenience sought in these two devices is
afast and reliable means of connecting
and disconnecting.
In Figure G at 1we will see a very
simple type of jack. This is usually
referred to as a single circuit jack

ANOTHER RHEOSTAT
Figur Q: Here is another conventional
rheostat of the wire type. It is made up in
various resistances from 6 ohms to as high
as SO ohms.

ANOTHER CARBON PILE RESISTOR
Figure P: Here is apotentiometer type
of resistor built up on the carbon pile principle. Grid leaks are also made in this form.
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LIGHTNING ARRESTER COMBINATION
Figure T: On this block there is mounted a
lightning arrester and aground switch.

Of course the spring member is insulated
from the frame of the jack by an insulating block. Connections are soldered,
one to the frame and one to the flexible
or spring member.
If we desire to use ajack of this nature
in connection with an ordinary single
tube radio set it will be employed in the
manner shown in Figure H. Inserting
the jack between the two contacts shown
would establish aconnection through the
telephone receivers.

If the reader will study the various
types of jacks shown in Figure G together
with the diagrams I, J, K and L he will
understand how many different functions may be performed with these
devices. Jack No. 2 in Figure F not
only connects the telephones but also
lights the filaments of the vacuum tube,
acting as an automatic switch. When
the plug is taken out of the jack, the
spring members return to their normal
position and the filament current is

HONEYCOMB COIL MOUNTING
Figure S: This mounting is made to accommodate
honeycomb coils with standard bases.
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PERMANENT CRYSTAL DETECTOR
Figure
Be mounting acrystal in a very
special way the adjustment may be kept permanent. This shows asealed-in crystal of this type.

interrupted. When the plug is inserted
in Jack No. 2, the lower spring member
is forced up just enough to bring the
two top spring members into contact
thus lighting the filaments of the vacuum
tubes. Jack No. 5 is a highly complicated one and when aplug is inserted
in it it not only connects the telephones

but lights the filament and disconnects
both terminals of the following audiofrequency transformer.
On many radio sets we find three or
more jacks. The first jack permits the
user to plug the 'phones in on the
detector alone; the second one allows
the use of the detector and one stage of

MIDGET CONDENSER
Figure V: By using this midget condenser in connection with astandard sire, small changes in capacity
may be brought about. This replaces the vernier dial.
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VERNIER ATTACIIMENT
Fig. W: By permitting the periphery of the
rubber wheel pointed out to come in contact
with the edge of acondenser dial vernier tuning
may be accomplished.

GEAR TYPE VERNIER
Figure X: This vernier operates with internal gear.: which
remit the condenser shaft to turn very dowl:.• brough 11.e
high rear ratio.
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ANOTHER VERNIER DIAL
Figure Y: This shows another tvpe of dial used to
make very small adjustments on variable condensers.

audio-frequency amplification while the
third jack receives the total output of
the set. References to Figure I will
show how this is accomplished.
In Figure J we have a simple jack
stationed at the detector which cuts the
audio frequency out automatically when
the 'phones are inserted. In Figure K
we have a jack performing a similar
function but the jack is of a different
type having three spring members instead of four as in Figure J. In Figure L
we have ahighly complicated circuit in
which the filaments of the vacuum tubes
are controlled. The first jack controls
one filament, the second jack two filaments and the third jack three filaments. By using the proper jacks
automatic circuit control is brought
about efficiently and quickly.
Rheostats and potentiometers (the
latter are usually employed for fine

divisions of voltage) take on two distinct forms both of which are illustrated
in Figures M and N. The one in
Figure M has adouble winding. Sometimes one winding is for the control of
the filament current of the vacuum tube
and the other winding is made to serve
as apotentiometer for grid bias. Then,
too, there are certain rheostats on the
market with double windings, each one
for the control of one vacuum tube.
It is simply a method used to combine
two rheostats in one for the purpose of
simplifying construction. Rheostats of
this particular design will be found to
have two control knobs, one for each
winding.
It is important that the proper rheostat be selected for the tube with which
it is to be employed. The table given
in Section 6will help in the matching of
rheostats with tubes. If the resistance
25

LOCK SWITCH
Figure Z: This shows afilament switch, the plug of which
may be placed in the pocket. This is in event the owner
does out care to have the set tampered with in his absence.

of arheostat is too high for the filament
of a tube, insufficient current will pass
and the tube will fail to function at
normal efficiency. If the current consumption of the tube is too great for the
wire on the rheostat, the wire will
heat up and burn the fibre strip upon
which it is wound. This invariably
destroys the rheostat and may set fire
to the receiver.
Due to the constant sliding of the connecting arm of arheostat over the wire,
trouble is sometimes had with poor connections at this point. Such trouble
can usually be corrected by asimple set
screw which releases the slider arm and
permits it to be adjusted to the shaft.
The type of rheostat and potentiometer shown in Figure 0 was brought
out two years ago and has been found
very practical. It embodies a pile of
carbon discs and the resistance through
the pile of discs will be lowered or
increased by varying the pressure exerted
upon the discs by the adjusting knob
shown in the photograph. By carefully designing a device of this nature,
it is possible to produce aregulator that
will give a beautiful regulation of current. Rheostats, potentiometers and

grid leaks are made on this principle.
In Figure P we have another form
of carbon pile rheostat for the regulation
of filament current. This is included
to show that current regulators of this
nature can take different forms. In
Figure Q we have still another type of
wire wound rheostat constructed for use
in connection with vacuum tubes. There
is also on the market a device which
automatically adjusts the filament current of vacuum tubes. This is illustrated in Figure R. It is made by
sealing awire of the proper resistance in
a glass tube. If the vacuum tube is
inclined to draw too much current, the
wire becomes heated, its resistanoe
increases and the current is automatically
adjusted. The automatic filament controls have a low resistance at low
temperatures but a high resistance at
high temperature. In other words, the
metal wire used has a high co-efficient
of resistance. These filament controls
are made for all standard tubes.
In Figure S we have a much used
accessory which is more or less essential
when honeycomb coils are used for
wavelength adjustment. This is a
double coil mounting with the standard
26

INTANCE SWITCH
Figure AA: This inductance switch is so constructed that the connecting posts are back of the panel.
This makes for neatness and practicability.

honeycomb plug so that the coils can be
plugged in with a good electrical connection. With this particular type of
mounting the shaft to which the arrow
points passes through the panel and is

equipped with a regular dial. The
other arrow points to aspring member
which permits the inductance between
the coils to be varied when the dial is
rotated. Honeycomb coil mountings

ELECTRICAL METER
Figure BB: Small panel meters of this type arc used on the
more complicated receiving sets to indicate filament voltage, B
battery voltage, filament current, etc.
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also come provided for three coils.
These are usually used in regenerative
circuits with one mounting provided for
the tickler coil.
Lightning arresters take on a multitude of different forms. Some are of
the vacuum type and others simply
employ asmall spark gap mounted in a
glass cylinder. The arrester illustrated
in Figure T is also equipped with a
double-throw, single-pole switch which
permits the user to ground his antenna
when the receiving set is not in use
during aheavy electrical storm. Some
arresters are made for inside use and
others for outside use.
In Figure 1J we have a conventional
form of permanently fixed crystal
detector. Detectors of this type are
usually made in the form of atube with
the crystal sealed in in some very special
manner so that no further adjustment is
needed.
In Figure V we have avernier variable
condenser. This is really a midget
condenser which is used in connection
with larger condensers so that exceptionally small changes in capacity can be
brought about. This permits sharper
tuning and naturally eliminates some
interference.
When vernier condensers are not
employed, vernier attachments similar
to that shown in Figure W may be used
in their stead. Here we have a small
wheel with arubber per;phery which is
caused to make contact with the edge
of the tuning dial. By turning this
wheel through the agency of a small
knob, the tuning dial is driven by
friction and due to the great difference
in size or to the ratio of the circumference
of the dial to the rubber covered wheel,
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alarge movement of the latter will cause
asmall movement of the dial.
Figures X and Y show two other
vernier attachments which operate on
the gear principle. Reducing gears are
housed behind the dials and a slow
motion is imparted to the condenser
shaft through this agency.
There are multitudes of switches for
use in connection with radio sets, but
the two principal types are shown in
Figures Z and AA. In Figure Z we
have afilament control switch which is
used on receivers that are not provided
with filament control jacks. Operating
this switch either turns on all the tubes
of the set or turns them all off. One
of the features of the particular switch
shown is that the plug may be placed
in the socket .;;o that the set cannot be
operated without the owner's permission.
The switch shown in Figure AA is
called an inductance switch and it is one
of a great many types. The knob of
this switch is mounted on the outside of
the panel while the binding posts which
are connected to the wires of the inductance which is to be varied protrude
behind the panel. This is an improvement over the old method of mounting
contact points on the outside of aset with
a switch lever to play over them and
make the connections.
In Figure BB we have an electric
meter of the type used in radio. Both
voltmeter and ammeter are employed
and in the case of wavemeters, galvanometers or milliammeters of the same
size are employed. Such meters are
used to check up B battery voltage,
measure the drop in filament voltage,
measure filament current consumption,
etc.

SECTION XVII

The Wonders of Radio Transmission

I

N what follows we shall have the
opportunity of gathering in some
particularly interesting facts about
the marvels of modern radio transmission as it is related to the control of distant mechanism (a science called radiodynamics), the transmission of moving
and still pictures as well as transoceanic telephony and what has become
known as "wired wireless."
Before launching into these absorbing
topics it might be wise to first acquaint
ourselves with the basic principles of
vacuum tube transmitter operation for
all of the modern accomplishments mentioned above are based upon this device
and its functions. First, let us permit Mr. L. M. Cockaday to tell us how
sound waves are converted into electric
currents:
"Sound exists only in our brains.
We ordinarily say that sound 'travels.'
It does not. Indeed, it does not exist at
all •outside of our brain, for sound is
merely a record on our brain produced
by asound 'wave.'
"If there were no human beings on
earth, there would be no sounds on the
earth—for there would be no brains
upon which the sound waves could make
arecord. Sound waves might be created,
but no sounds would be recorded.
"What, then, is asound wave?
"First of all, we are sure that asound
wave is not awave of sound, inasmuch

as sound does not exist outside of the
living body. From its very name we
learn that it is a wave—a wave that
makes arecord on our brain. But what
'
kind of awave? A wave in what? Here
we have aclue.
"Sound waves are waves in air. We
are sure of this because sound waves do
not pass through a vacuum. They
must have some sort of amedium (such
as air) through which to travel.
"The earth is covered with ablanket
of air which at any certain point has a
fairly constant density; the molecules of
air are fairly evenly spaced, in other
words. When Milady sits at the opera
on awarm evening, she languidly passes
a beautifully feathered fan before her
face. Little thought she gives to the
fact that she is producing a'wave in the
air,' or in other words, an 'air wave.'
But she is. In one sweep of the fan the
molecules of air are crowded together in
front of the fan and spread far apart in
the region in back of the fan. A wave is
produced; it strikes her face; she feels it.
"This wave is exactly like a sound
wave, except that it is produced about
once in every few seconds, whereas a
sound wave is produced at the rate of
from 16 to 20,000 times asecond. Air
waves which are produced at these frequencies (16 to 20,000 waves asecond)
then, are called 'sound waves.' We call
them sound waves because the human
09

ear responds only to air waves of these
frequencies. We say we cannot hear
some sounds because they are too low or
too high in pitch.
"A sound wave, therefore, is an air
wave of afrequency that can be picked
up by the ear and that will produce
sound records on the brain.
"How do we hear sounds?
"Science tells us, in the study of
anatomy and physiology, that the ear
consists of an outer sounding-board or
reflector, which concentrates the sound
waves and leads them into a tubular
passageway to a thin stretched diaphragm called the ear-drum. This eardrum vibrates in time with the sound
wave impressed upon it and produces a
nerve impulse (something like an electric current) which travels along the
`hearing' nerves up to the brain, where
it is recorded directly on the brain. This
brain record is sound. It will be seen
that the sound wave does not travel to
the brain, but it is converted into an
impulse by the ear, which does travel to
the brain.
"If we study thediagram in Figure A
we will understand how the ear vibrates
in time with the sound waves which pass
by it.
"Here we have a picture of a man
with his mouth open and producing one
single air wave or sound wave. Before
the man spoke the air density in his
vicinity was even; the air molecules were
undisturbed. This could be illustrated
by drawing lines in front of him with
equal spacing, showing an equal spacing
of the air molecules. However, when he
speaks and asound wave issues from his
mouth in ever-widening circles, the air
molecules are displaced.
"If we could automatically stop a
sound wave and make it visible so that
we could examine it, it would look
70

something like that shown in the diagram. A human ear in the portion of the
wave shown at 1, would be in a region
of normal air density as shown by the
curve A drawn on the diagram and
therefore the ear-drum would be in a
normal position, as shown, giving a
normal impulse to the brain. In this
position of the ear-drum we hear nothing, as the brain records only variations
of the strength of nerve impulses.
"If the ear were in the position 2 (in
relation to this stationary wave), it
would be in aregion of low air density or
low pressure (see the curve A at this
point), and the ear-drum would curve
outward on account of the partial
vacuum outside of the ear. This would
produce a lesser nerve impulse to be
transmitted to the brain.
"If the ear were in the position 3, it
would be in aregion of high air density
or high pressure (see curve A at this
point) and the ear-drum would curve
inward on account of the pressure outside of the ear, and agreater nerve impulse would be transmitted to the brain.
Thus 'sounds' or records of sound waves
are produced in the brain which have
the same frequency as the .original air
waves that pass the ear.
"The ear, then, changes sound waves
into nerve impulses which have the same
time and energy characteristics .as the
sound waves themselves.
"Someone may say: 'If science understands what the ear is, and how it
works, why is it that it cannot devise an
artificial ear that can record sound
waves?'
"That is just what science has done.
It has developed adevice that changes
sound waves into impulses in exactly
the same general way as the ear does,
except that the impulses are of an electrical quality and travel over wires

WHAT HAPPENS WHEN WE SPEAK
Figure A: A diagram that shows bow sound waves spread when the vocal organs or any other source uf sound
is brought into play.

HOW THE ELECTRIC CURRENT THAT FLOWS Tilltol"GH A MICROPHONE VARIES WITH THE
SOUND WAVES IMPRESSED ON THE DIAPHRAGM
Figure 11: A microphone consists of acollector horn (C) and adiaphragm (B). to which is attached aplunger
contact (D); this passes through aflexible insulating disc (A), which forms one end of acylinder (E), which contains
the carbon grains—all of which are shown in (1) abdve. A current from abattery (G) passes through the circuit,
which includes the carbon grains: this current is registered on a meter (F). When the diaphragm is vibrated,
first on one side and then on the other, by sound waves las shown in (t) and (3)1. the carbon grains are released and
compressed, respectively, and asmaller or greater amount of current flows through the microphone. This variation
of the strength of the current that flows through the microphone is directly in proportion to the strength of the
sound waves which come from the voice or the musical instrument, and which are impinged against the diaphragm.
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instead of being nerve impulses which
travel over organic wires called 'nerves.'
"This brings us to our last question:
"How does this instrument, the
microphone, change sound waves into
electric currents?
"This is really very simple, as we shall
set. First of all, this artificial ear (the
microphone) consists of an outer sounding board C (shown at 1, Figure B),
which gathers up the sound waves and
impresses them on the diaphragm B.
On the back of this diaphragm, fastened
to it and free to move with it, is asort of
plunger contact D. This plunger contact passes through a flexible insulator
disc A, which forms one wall of acylindrical box E, which is filled with carbon
grains. The cylinder is connected in an
electrical circuit in such away that the
electric current from abattery G has to
pass through the carbon grains in its
path around the circuit. The only way
it can pass through the carbon grains is
to pass from one grain to another as they
make contact with one another. If
they are pressed tightly together alarge
current will flow through them, and if
they touch each other only lightly, a
small current will flow through them.
If, for experimental purposes, we connect ameasuring meter F in series with
the circuit, we will be able to read the
value of current flowing. If no current
flows through the meter, the pointer will
be at zero at the left of the scale, and as
the current increases the pointer will
travel over the scale to the right, recording an increase of current in accordance
with its deflection.
"Now if we place a microphone in
position 1(in Figure A), in place of the
human ear, the diaphragm will be in a
normal position and the pressure exerted
on the carbon grains contained by the
cylinder E will be normal, and therefore

a normal current will be measured by
the meter F, flowing through the electrical circuit.
"The diagram in Figure C further
illustrates the normal value of the current that flows through the microphone,
by the straight line just above the outline of the microphone with the diaphragm in position 1.
"Now imagine the wave (Figure A) to
be passing by the microphone until the
microphone is in position Q. The diaphragm will now be curved outward.
Referring again to Figure B, at 2, we see
that when the diaphragm is curved outward it draws the plunger contact with
it, and this lessens the pressure on the
carbon grains. They are released and
touch each other lightly and the current
flowing through them is decreased. See
how the current value falls off, for this
condition, during the time when the diaphragm is in this position (2), Figure B.
"When the wave has advanced so that
the microphone finds itself in the position 3 in Figure A, the surface of the
diaphragm will be curved inward.
"Referring, once more, to the diagram
(at 3) Figure B, we see that the diaphragm pushes the plunger contact into
the cylinder, compressing the carbon
grains tightly together so that the resistance is decreased and alarge current
flows through them, as indicated by the
meter F. Now see how the current
gains in strength during the time when
the diaphragm is in this position (3) in
Figure C.
"If you compare the shape of the
curve of the sound wave, in Figure A,
which is a measure of the air density,
you will see that it corresponds exactly
with the shape of the electric current
wave in Figure C. which is ameasure of
the current density."
Now that we have an accurate idea
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HOW DIAPHRAGMS SWING WITH SOUND WAVES
Fig. r, This diagram shows how the electric current that flows through a microphone varies with the strength
of the sound waves. The currents fur the three positions of the diaphragm shown in Figure 3 are indicated.

A MASTER OP ELECTRICAL THEORY
Prof. Morecroft of Columbia University who has made many valuable contributions to the literature of radio
communication.

of the electro-mechanics involved in the
transmission of sounds over wires by
the aid of the simple telephone transmitter and receiver, let us see how the
vacuum tube is arranged so that it will
be able to create radio waves and impress these sounds upon them. Prof.
Morecroft of Columbia University, is a
master of vacuum tube operation and
the following matter has been prepared
by him:
"The vacuum tube is adevice which,
by apeculiar action, can take continuous (or direct) current power from a
battery or generator and transform part
of it into alternating current power.
The frequency of the power generated

by the oscillating tube is determined
entirely by the electrical constants of
the circuit; the amount of power it is
possible to generate is determined primarily by the size of the filament and
plates of the tube, and secondarily by
the adjustment of the circuits.
"To anyone at all familiar with the ordinary laws of the electrical circuit it will
•
seem strange that asource of continuous
power supply can, by means of such a
device, be changed to an alternating current power supply. The ordinary laws
of electrical circuits seem to prohibit
just such an occurrence. If we have a
generator that gives acontinuous voltage and we connect acircuit of any kind
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A GIANT VACUUM TUBE, AS COMP \RED IN SIZE
TO A TELEPHONE INSTHI MENT
Figure D: Tubes of this size (Y¡ kilowatt) are used for transmitting only. Of the various
names applied to such tunes, ranging from "radio bottle" and "Aladdin's lamp" to audion,
the term "triode" is coming into general use among scientists,

to the terminals of this generator we
cxpect to get a flow of continuous current, and practically always we do so.
How then is it that the vacuum tubè, or
triode, as it is gradually being re-named,
can transform such acontinuous energy
flow into an alternating energy flow?
"It is first to be pointed out that there
are many occurrences in our everyday
life where just such phenomena are taking place, yet we scarcely notice them—
occurrences in which asimple, straight76

forward push or pull makes something
vibrate backwards and forwards. In
fact, it seems likely than the present
popular study of radio, including such
things as the triode, will react to make
us observe more closely many of the
ordinary events that take place around
us, which we do not understand and
which have many points of similarity
with radio. The oscillating triode certainly has a place in this category; an
attempt to understand its action will
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From aphotograph loaned by Prof. J. H. Moreeroft
A PHOTOGRAPH OF AN ELECTRICAL VIBRATION
Figure E: This picture is termed an "oscillogram." It shows in graphic term how avacuum tube that is used
with acondenser in series with the grid, detects ahigh frequency signal.

General Electric
THE OSCILLOGRAPH—A MACHINE THAT PHOTOGRAPHS
ELECTRIC CURRENT
Figure F: The film end of an oscillograph box, showing the arc lamp in the spring tube
at the left and control switches, vibrators, electric shutters and field magnets. The kind of
picture that such adevice produces is shown on page 77.

surely make us pay closer attention to
many events taking place around us
which we have never questioned, although we have understood them no
better than we understand the triode.
"Everyone who has studied physics in
high school knows that sound is a toand-fro motion in the air, that it is a
vibratory action in which energy flows
past the ears at anon-uniform rate; the
flow of energy goes from amaximum to
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zero with a frequency depending upon
the musical pitch of the note. Thus the
sound from a violin string, giving the
middle C, is really caused by acompression and rarefaction wave in the air
which sends energy past our ears in the
form of 'pulses' at aregular rate of 256
asecond. The question should occur to
anyone who hears such asound: how can
the man's arm, which is evidently exerting auniform pull on the violin bow.

TUBE

PULSATI/YG E/YE2GY
SUPPL/ED TO
OSC/LLAT//YG CAPCU/T

CONT/NUOUS
E/YER6Y FLOW

SOME /S USED
BY THE TUBE
A/YD WASTED
FIGURE G
The elements of an oscillat ing tube. This diagram illustrates in simple form the
action that takes place within the oscillating vacuum tube.

send off energy at the rate of 256 pulses
asecond? Certainly the man's muscles
are not causing that phenomenon
directly.
"The answer to this question, although the phenomenon is a common
one, is not simple; it can probably be
accurately given by no one who reads
this article. The question has probably
not even occurred to any one of them,
yet we frequently hear nowadays the
question: 'What makes a triode oscillate?' It is a case of the unusual; the
violin string is so simple that everyone
thinks he knows how it works. But the
vacuum tube seems much more complicated in its action. As amatter of fact
it is easier to get an exact solution of the
action of the triode than of the violin
string.
"What makes the brakes of atrain or
automobile give off such a shrill squeal
when they are suddenly applied? Does
the driver actually vibrate the brake
shoe thousands of times asecond? Evidently not. What makes the balance
wheel of a watch continually oscillate
back and forth when the main spring is
evidently trying always to push it in the

same direction? What makes the steam
rush out of awhistle in pulses, giving off
high-pitched musical notes when it
could apparently flow through the hole
through which it is escaping more easily
if it came out uniformly—in which case
no sound would be given off at all?
"Will atoy balloon, towed behind an
automobile, proceed uniformly through
the air or will it vibrate sideways, even
though the towing string is exerting a
uniform forward pull? Why does aflag
flutter in the breeze?
"These cases could be multiplied without number; it seems in many instances
that Nature would rather do things in an
oscillatory fashion than in astraightforward fashion.
"We should not be surprised, therefore, in view of the actions just outlined,
if the electrons in the triode, on their
way from the filament over to the plate,
may be made by certain circuit connections to proceed at a variable periodic
rate rather than flow uniformly as the
continuous current generator or battery
in the plate circuit tends to make them
do.
"The elements of an oscillating tube
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circuit are as shown in Figure G. The
plate circuit generator with its associated choke coil delivers a continuous
flow of energy; this energy coming to
the tube may be partly used up in the
tube and partly flow on to the output
circuit, which is the place where the
high frequency power oscillations are
started. The oscillating circuit may be
made to act on the tube, so that the
energy is supplied to the circuit in
pulses, thus serving to keep it continually in oscillation. This action is much
the same as in the escapement of a
watch, which lets energy flow into the
balance wheel in pulses—the pulses being so timed as to maintain the oscillatory motion of the wheel.
"The period, or frequency of oscillation of the balance wheel, is fixed by the
effective mass of the wheel and the size
of spring used; shortening the spring will
•
increase the frequency and lengthening
the spring will lower the frequency. This
is what is accomplished by the 'faster'
and `slower' adjustment of your watch.
"As the electrical constants of the
oscillating circuit determine the frequency of the alternating current that is
generated, it might be presumed that
any frequency could be generated at
will. Such is nearly the case. With one
of the ordinary tubes obtainable for
small transmitters the writer has produced frequencies as low as one cycle a
second by use of large inductances and
condensers, whereas the same tube with
the smallest inductances and condensers
feasible has generated ten million cycles
a second. These are not necessarily
limits; it is possible for one who has large
and efficient coils to go lower than one a
second and by using proper care in the
selection and arrangement of the apparatus the upper frequency can be pushed
as high as three hundred million cycles a
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second—a wide enough frequency range
to suit almost everyone!
"The amount of power output of an
oscillating tube is limited entirely by the
amount supplied by the continuous current machine that furnishes the power to
the plate circuit; only acertain fraction
of this can be transformed into alternating current power. The power supplied
by the continuous current machine is
equal to the product of its voltage and
current, hence to have a large output
from atube its plate circuit must be arranged to stand high voltage and its filament must be sufficiently large to liberate a great many electrons without
operating the filament at such a high
temperature that its life would be short.
In the smaller tubes used for transmitting about 500 volts pressure is used
in the plate circuit and a current of
about SO milliamperes is permissible,
thus requiring from the plate circuit
generator 15 watts of power. As an
efficiency of 30 per cent is common in
these tubes as generally used, the
amount* of alternating current power
available is about 5watts, which is the
rating of the small transmitting tubes.
"For more power, larger filaments are
required and the arrangement of connections in the tube must be such that high
voltages may be applied between the
plates and filament. Tubes are now
being made for experimental purposes
which permit an electron current from
filament to plate of 60 amperes and
which permit avoltage in the plate circuit of 15,000 volts. As the efficiency of
these larger tubes can be made much
higher than it is for the smaller tubes
(just as is the case for any electrical machinery) we may figure on an efficiency
of 80 per cent to 90 per cent, so that the
output would be measured in the hundreds of kilowatts. Of course, these
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FIGURE II
A circuit that employs asmall battery and aresistance to keep the grid
negative while the sending key is "up." 'I his prevents any current now
through the tube while the key is in this position.

sults will be obtained by using one of
them (self-excited) to excite the grid
circuits of the others. The writer has
always found it possible to get more
power out of three tubes by using one of
them as an exciter and the other two as
power amplifiers than if all of them were
used to deliver power to the antenna. It
is easier to control the various required
adjustments for separately excited tubes
than for those self-excited.
"It is especially advisable to use separately excited tubes for short wave telegraph transmission because of the
greater constancy of the frequency generated; if self-excitation is used the
frequency of oscillation is determined by
the capacity of the antenna and any
change in this capacity will affect the
frequency sent out. If double frequency

powerful tubes cannot follow the same
constructional lines as the smaller tubes;
they are made of metal instead of glass,
and all the parts of the tube must be
arranged for cooling by circulating water
through jackets properly built into the
tube.
"For a given tube, well constructed
and evacuated, there are two prime factors which serve to limit the safe output:
the safe filament temperature and the
safe plate temperature. Excess values
of either will materially shorten the life
of the tube.
"An oscillating power tube may be
either separately excited or self-excited,
the same as any continuous current generator. In case but one tube is being
used it must evidently be self-excited,
but if three or more are used better re81
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FIGURE I
An oscillating circuit that is adaptable for use by amateurs for transmitting.
By insertion of the proper modulating apparatus this circuit may be used for telephony.

amplifiers (Armstrong's super-heterowhich must be obtained in atube to get
dyne) are used for receiving, the recepits maximum efficiency for any given
tion will be comparatively poor.
filament current and plate voltage, but
"The safe output of an ordinary tube
it is not quite so easy to furnish these
is fixed by the heating of the plate. The
conditions on an actual set. A comprelargest tubes used by amateurs have a hensive study of the question of triode
safe plate rating of 250 watts. If the
efficiency was made by the writer, with
tube is adjusted for 50 percent efficiency
the assistance of Mr. Trap Friis, and the
it is evident that the maximum safe outresults were published in the Proceedput of the tube is 250 watts. Suppose
ings of the A. I. E. E. for October, 1919..
that by a suitable adjustment the efThis seems to be the only work on record
ficiency could be raised to 90 percent,
in English that shows the necessary conwhat would be the safe output of the
ditions for maximum efficiency and how
tube? Again the safe output would be
to obtain them.
fixed by the fact that there must be no
"The grid potential and plate potenmore than 250 watts used on the plate,
tial of the tube fluctuate as the tube
but with 90 percent efficiency, when
generates alternating current power,
the loss on the plates is 250 watts,
generally following the form of a sine
the output of the tube will be 2250
wave. For best conditions the plate
watts; that is, the possible output has
voltage must fluctuate an amount nearly
been increased something like ten times!
equal to the voltage of the machine in
"It is easy to state the conditions the plate circuit. For example, if a50082

volt generator is used in the plate circuit
the plate voltage should fluctuate from
about 450 volts to 950 volts, the exact
amount depending somewhat on the
structure of the triode. The proper
value of the lower limit (50 volts) is very
important in determining the efficiency,
but it can only be given accurately when
the exact characteristics of the tube are
known. The article cited above deals
with this point in detail.
"The grid potential must fluctuate by
an amount about equal to the fluctuation of plate voltage multiplied by the
factor W 0/2 where W. is the theoretical
voltage amplification factor of the tube,
generally about five for the small power
tubes sold for amateur use. The amount
of grid bias voltage (always negative)
should be so chosen that when the grid
voltage has its maximum positive value
it is nearly equal to the minimum plate
voltage. This condition may be obtained either by the use of aC battery
of small dry cells or by the use of asuitable grid condenser and grid leak. In
either case a high frequency choke coil
should be placed between the grid and
ground (filament connection) to prevent
the use of excessive power in exciting
the grid.
"Not only •
must the proper magnitudes of grid and plate voltage fluctuations be obtained, as given above, but
the relative phases of the two must be
accurately adjusted. The phase of the
two must be exactly 180 degrees apart,
so that the maximum positive grid potential occurs simultaneously with the
minimum value of plate voltage. This
is an important point to observe if the
maximum output of the tube is to be
obtained, and is the most difficult condition to fulfill when the tube is using
self-excitation.
"The fourth condition has to do with

the load circuit. In the case of separate
excitation the natural frequency must be
the same as the frequency of the exciter
and for either separate or self-excitation,
the effective resistance of the antenna
circuit, between the two points where
the tube supplies the alternating current
power, must be equal to the alternating
current resistance of the plate circuit of
the tube. This is nearly equal to (but
always somewhat less than) the voltage
of the B machine divided by the continuous current furnished by this machine.
"It is possible, of course, to put the
transmitting key directly in series with
the antenna circuit if but little power is
being generated, if opening the circuit
at the point selected does not also interrupt the current from the B machine. It
is generally better, however, to put the
key in the grid circuit, thus cutting off
the excitation of the tube when no signals are being sent out.
"Whenever possible the key should be
so placed that when the key is `up' no
plate current flows from the B machine;
in this case when no signals are being
sent (all the time the key is up) the
plates are being cooled off and also not
so much power is used from the B generator. If this connection is properly
made the safe output of the tube is
nearly twice as much as if this precaution is not observed.
"Thus if a tube is rated at 12 watts
safe power on the plate and the above
condition is satisfied, the circuit may be
adjusted so that when the key is down
the power dissipated on the plates is 20
watts, and still the plates will not overheat.
"In the case of highly evacuated tungsten filament tubes this may be accomplished by leaving the grid `free' or
'floating' when the key is up; with oxide
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COL.
bes this
rid is a
dangeroob
dition and si.ould never
be tried. The free grid of awell evacuated tungsten tube will practically always be negative, thus cutting the plate
current down to avery small value. The
free grid of an oxide coated filament
tube may suddenly go positive, in which
case the plate current increases to a
dangerous value and the tube is spoiled
in a few seconds; in fact, they many
times 'blow up,' breaking all the internal
structure.
"For these oxide filament tubes it is
best to have the key so inserted that
when it is up the grid is forced to a
proper negative value by a battery of
small dry cells, as indicated in Figure H.
With the key up the voltage of cells A
forces the grid to become so negative
that the plate current is brought to practically zero and when the key is down
the cells are 'shorted' through the high
resistance It, which is sufficiently high
(say 50.000 ohms) so that the current
which flows from the cells doesn't
materially affect their life. A small condenser C across the switch points will
eliminate whatever slight sparking
might occur. Using this sdleme it is
possible for a small hand key to successfully control kilowatts af -power in
the antenna.
"When the conditions for best efficiency are obtained it often happens
that the tube is sluggish in 'picking up'
when the switch is closed, thus not
permitting rapid sending; for this reason
as well as for the others cited above, it is
best to have the power tubes excited by
a separate tube, which is continually
left in the oscillating state.
"Of course, everyone finds his `best'
circuit by using that in which he gets
most power out of his tubes. But any
circuit which permits the fulfillment of
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the conditions analyzed will be as
efficient as any other.
"A circuit certainly as convenient as
any is shown in Figure I. This is the one
used most frequently by the writer. A
coil H, A, B, is wound with sufficient
inductance so that combined with the
capacity of the antenna it will give frequencies considerably lower than any
which it is desired to generate. It has
about twelve taps, say every second
turn is brought out for making connection to it by aclip. Condenser C1 is a
mica condenser with four or five values,
the minimum being about equal to the
antenna capacity; a better but more
expensive set-up uses a variable condenser in this place. F and D are high
frequency chokes of about one millihenry each. C is an insulating (or
blocking) condenser of say 0.1 microfarad. G is the biasing battery of afew
small dry cells; for the ordinary 5-watt
tube 20 cells will do.
"The wavelength sent out is controlled by the position of contact A. The
grid excitation is controlled by the size
of condenser CI;it should generally be
about twice the capacity of the antenna.
The position of contact B affects the
wavelength slightly but its principal
function is to make the. effective resistance of the antenna, as measured between contact B and ground, equal to
the plate circuit resistance of the tube.
The amount of bias voltage in battery
G affects the efficiency of the tube primarily; this, and the capacity of the
condenser C1,should be varied together
in adjusting for maximum efficiency.
For small power the sending key can be
placed in the antenna circuit between
condenser C1and ground. If the maximum safe output is desired the grid should
be excited through acondenser and the
key arranged as shown in Figure H.
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FIGURE K
Curve showing how the voltage transformation ratio, for a modulation transformer which bas agreat
many secondary turns, decreases with an increase al frequency.

"For the single tube transmitter this
circuit arrangement seems as good as
any.
"When a vacuum tube is used to
generate the high-frequency power sent
off from the antenna by a radio telephone transmitter, the very rigid control
which the' grid potential exerts over the
plate current offers a ready means for
modulating the plate current—and the
plate current controls the amount of
power which the tube supplies to the
antenna.
"An arrangement suitable for asmall
transmitter that uses one tube is shown
in Figure J. When proper coupling is
used betwecn coils 1
4 ,14, and L3 the
tube will oscillate and supply alternating
current to the antenna, the frequency of
which is approximately that fixed by the
inductance and capacity of the antenna
circuit.
"The amount of plate current which

the D.C. generator B supplies to the
tube is determined by the potential of
the grid of the tube, and this potential is
controlled in turn by the voice currents
set up by microphone M, acting on the
grid through transformer A. The condenser C1,is advisable as it facilitates
the oscillation of the tube; it must not
be more than about .001 microfarad,
however, otherwise distortion of the
speech will result.
"In some sets there is also connected
across the secondary of transformer A,
(called the 'modulation transformer') a
resistance of about one megohm; it is
supposed to improve the quality of the
speech. The condenser C2, is advisable,
not only to facilitate the setting up of
oscillations but also to protect the insulation of the armature of machine B,
which is subjected to high-frequency
dielectric losses if not shunted by this
condenser.
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FIGURE J
The eir nit diagram for a low power single-tube telephone transmitter that employs the grid
method of modulation.

FIGURE M
This diagram shows how to wire up aset employing Heising modulation. All the apparatus shown at the left
of the dotted line is in the oscillator circuit and the apparatus at the right of this line is connected in the modulation
eiicuit. This is the scheme of modulation used at all the larger broadcasting stations.
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"The modulation transformer A,
must be especially designed for the
microphone and tube with which it is to
be used. It generally has a fairly high
transformation ratio, sometimes as
much as twenty-five to one.
"The primary coil, in series with the
microphone, must be of low resistance,
as low as that of the microphone itself

even with but little fluctuation in the
primary current sufficient voltage will be
induced in the secondary to properly
modulate the antenna output. Such a
high ratio would require a great many
turns of fine wire in the secondary, however; this would be sure to bring about
speech distortion as the consonants, the
high-frequency waves of the voice,

HOW SOUND WAVES ACT ON THE
CARBON GRAIN MICROPHONE
Figure L: The sound waves enter the mouthpiece C,
and vibrate the diaphragm A. which causes the carbon

grains B. to be compressed and released, thus varying
the current that flows through the microphone.
•

would not be repeated through the
transformer.
"The voltage transformation ratio of
a transformer is not the same for all
frequencies; if the secondary has agreat
many turns this ratio decreases very
rapidly for the higher voice frequencies
"This effect is suggested in Figure K
which gives the ratio of transformation
for such a transformer; for the high
voice frequencies the ratio is much less

or lower; if not, the variation in microphone resistance, brought about by the
voice waves, will not materially affect
the current from battery D; and if this
current does not fluctuate there will be
no voltage induced in the secondary coil
and so the tube output will not be controlled.
"It might seem advisable to wind the
transformer with an extremely high
ratio (say five hundred to one), so that
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than for the lower ones, so that the highfrequency consonants would not come
through the transformer with their
proper relative magnitude and the voltage affecting the grid potential would be
deficient in consonant sounds.
The
power radiated from the antenna would
thus be deficient in the high-frequency
sounds of the voice and the speech received by the listener would be drummy
and indistinct, no matter how good the
receiving set might be.
"It is to be pointed out, however, that
even if the quality of the speech sent out
by the broadcast station is excellent, an
improper adjustment of a regenerative
receiving set will always make it seem
poor. A transmitting station is frequently blamed for poor speech quality
when actually the quality is spoiled
right in the receiving set itself; we shall
analyze this point later.
"The scheme given in Figure J, which
we have just examined, called grid
modulation, is not all that might be desired because even with the best adjustment it is impossible to obtain a high
percentage of modulation (which causes
wide variations in the antenna current)
without getting poor quality.
"As long as we are content to change
the amplitude of the antenna current by
perhaps 25 percent (or in other words
get 25 percent modulation) the quality
of received speech is fair, but when it
is pointed out that in radio telephone
transmission it is the change in amplitude of the antenna current brought about
by the voice and not the actual antenna
current, which determines how far the
signal will carry, it is evident that some
scheme that will permit greater modulation is to be desired.
"Such aone is indicated in Figure M;
in Europe it is called plate modulation or
choke-coil modulation, but in the United
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States it is styled the Heising scheme of
modulation, because Heising was responsible for its development in this
country.
"This Heising method of modulating
the antenna current is almost universally used in the better class broadcasting
stations of today; although it is expensive to install and maintain compared
to the other schemes, the quality of
speech obtained when it is properly adjusted makes it far superior to any other
method so far devised.
"Many radio enthusiasts seem to object strenuously to this scheme because
they have to 'waste' half their tubes;
only half of them are oscillating to produce antenna power and their antenna
current is much less than when they
connect all their tubes in parallel to act
as oscillators to supply power to the
antenna, and modulate by the grid
method.
"With all the tubes acting as oscillators the antenna current is about 50
percent greater than when connected for ,
the Heising modulation scheme; hence it
seems as though the Heising scheme
must be inferior to the other. But we
have to again emphasize the fact that
such a judgment is based on a misconception as to what radio telephony
really is; as stated before, the reading of
the antenna ammeter is no criterion at
all regarding the usefulness of a set to
transmit telephone signals—it is the
variation of antenna current produced
by the voice that measures the station's
efficiency and not the antenna current itself.
"One transmitting station that has
two amperes of current in the antenna
as read on the hot wire ammeter, using
the Heising modulation scheme, should
be able to telephone twice as far as is
possible for another station that has a

much greater antenna current with a
less perfect system of modulation.
"In some of the large stations used for
broadcasting it has sometimes seemed
advisable actually to use more tubes for
modulators than were used for oscillators.
"The set shown in Figure M has only
two tubes; in the average 500-watt
broadcasting station two oscillators
operate in parallel and either two or
three tubes (of the same size as the oscillators) are connected in parallel with
each other to act as modulators. The
connection scheme shown in Figure M
was used extensively during the war for
Signal Corps sets and for the sets used on
naval vessels. The circuit is divided by
the dash line to indicate the two parts;
all the apparatus to the left is used to
make the oscillator function to furnish
the high-frequency power to the antenna
while that to the right is the required
addition to the circuit to speech-modulate the antenna power.
"The two tubes, oscillator and modulator, both .draw their plate current
through the iron-core choke coil D; for
the ordinary five-watt tubes this coil
should have an inductance of about two
henries. The grid biasing batteries and
filament current of both tubes are so
adjusted that the plate current of each
is equal and equal to about half the
total possible plate current, fixed by the
amount of electron emission from the
filaments.
"In Figure 0 (Page 91) is shown the
static characteristics of the two tubes
(supposedly the same for each); the grid
of each tube is so adjusted in potential
that the current taken by each is equal
in amount to AC of Figure 0, this equality of currents to be obtained when the
oscillator tube is oscillating and no
speech is acting on the microphone of

the modulator. This means that the grid
battery K of the modulator must have
the voltage OB and that the grid battery voltage of the oscillator, plus whatever resistance drop there is in the grid
leak due to the grid current taken by
the oscillator, is also equal to OB.
"As the amount of grid current flowing in the oscillator tube depends upon
the adjustments of inductance, coupling, etc., the proper amount of grid
battery for the oscillator cannot be obtained when the oscillator is not operating; an ammeter should be put in the
plate circuits after the set starts to
oscillate and the amount of grid battery
adjusted to give equality of plate currents (the currents in the two plate circuits will not then be equal when the set
ceases to oscillate). The amount of
plate current in the oscillator, AC, corresponds to acertain definite amount of
power in the antenna.
"If the grid of the modulator tube is
now made to go up and down in potential, about the point B of Figure 0, the
plate current of this tube must go correspondingly up and down. As both
tubes get their plate currents through
'coil D, however, and as this has sufficient choking action (the technician
says it has sufficient reactance) to maintain the current through itself essentially constant, the plate current of the
oscillator must go down and up by the
same amount that the modulator current goes up and down. The sum of the
two currents must continually be equal
to twice the current AC.
"This means that if the modulator
current decreases to the value AE,
(Figure 0), the oscillator plate current
must rise to AG so that AE plus AG
is equal to twice AC. As stated before,
the power in the antenna depends directly upon the amount of plate current
89

BUILDING A SET THAT EMPLOYS THE HEISING SCHEME OF MODULATION
Figure N: In this type of set one tube as used as an oscillator and another tube (of the same power) is used as a
modulator. The circuit diagram for this 34 is shown in Figure M. which indicates how to connect the two tubes
in the correct way.
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FIGURE 0
The characteristic curve for the tube. Tin.,chart is shown in order to make clear the action of
the modulator and oscillator tubes as explained by the author in the text. The curve actually shows
the increase of plate current caused by an increase of voltage applied to the grid circuit.

supplied to the oscillator tube so that
it is evident that the microphone M.
controlling, through the modulation
transformer S-P, the grid potential of
the modulator tube, actually controls
the amount of alternating current in the
antenna. Moreover, the control exercised by this connection scheme is such
that the fluctuation in atnplitude of the
antenna current represents the voice
waves actuating the microphone M,
more faithfully than is the case for any
other modulation scheme so far tried.
"In the large broadcasting stations
the microphone does not directly control
the potential of the modulator tube
grids, so it is necessary to use some intermediate tubes for amplifying. Thus the
microphone into which the broadcaster
talks works into an ordinary resistancecoupled, two- or three-tube speechamplifier which controls the grid poten-

tiul of a five-watt tube; this tube controls the grid potential of a fifty-watt
tube, which, in turn, acts directly on the
grids of the modulator.
"In this manner have the skilled researchers in this branch of radio communication developed that wonderful
system of control by which the micro.
watts, sent out by the voice, control,
accurately and instantaneously, the
kilo-watts of power necessary for communicating the hundreds and thousands
of miles which are now easily covered by
all of the best radio telephone stations."
We know that electric waves may be
produced by the sparks of high-voltage
transformers and by the oscillatory currents generated by vacuum tubes. It
might surprise us to learn that arcs similar to those employed in street lighting
are prolific producers of undamped
radio waves when they are employed in
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the proper circuits. Arc transmitters
have proven so efficient since their introduction by Poulsen some years ago that
they are used a great deal for highpower communication.
A brief reference to Figure Q will
acquaint us with the general method
used to connect all arc transmitters.
It will be observed that a condenser is
connected across the arc. It is the action of this condenser that sets up the
high-frequency undamped currents. In
a way, the action is similar to that
occurring in ahigh voltage circuit of an

old fashioned spark transmitter save
that continuous waves are generated.
In the following paragraphs we shall
learn something of the modern application of the arc in the science of wireless
communication.
The first arc transmitters designed
for use on ships were cumbersome
affairs, as every experienced marine
radio operator knows. They occupied
as much space as the first spark transmitters. The old arc chambers were designed on agenerous scale, and with the
auxiliary equipment just about filled the

CIRCULATING PIPES

CONTROL HANDLES
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THE GRANDFATHER OF ARC TRANSMITTERS
Figure P: This huge arc converter has long been used in trans-Atlantic telegraphy. It employs 1.000 K.W.
of power—ranging from 200 to 500 times as much as is used for the new type of transmitter described in this Part.

AN ARC THAT ACTS LIKE A VACI IM TUBE
Figure Q: When acondenser is placed across an electr:c arc in the mann rillustrated, the arc immediately generates oscillations like aregenerative
vacuum tube. Su( ha circuit properly connected-to an aeral will create radio waves just as efficiently as vacuum tunes and with far greater efficiency
than can be obtained with any spar% or high voltage discharge method.

all too limited space of the vessel's radio
cabin.
This unwieldy apparatus is now being
replaced by anew and compact machine
known as the panel transmitter, which
can be included in aspace 6feet high on
a floor space measuring only 24 by 20
inches for both the 2 K.W. and the 5
K.W. sizes.
This space may include the motor
generator, but it does not provide for
the water cooling tank or for the lightning switch,
As the result of practical and persistent experiment, an apparatus has been
developed that is automatic in its operation; to switch from sending to receiving
is but amatter of pressing abutton.
The auxiliaries and motor generator
are designed for a110-volt direct current
supply, the usual source aboard ship,
while the radio frequency portion is designed for an average ship antenna that
has a capacity of approximately .002
mfd., with an average fundamental
wavelength of 440 meters and a high
frequency resistance of 6 ohms at 600
meters.
Four wavelengths can be used by adjusting one switch, the transmitters generally being adjusted to 600, 1800, 2100
and 2400 meters. However, the 2K.W.
units have one high wavelength less than
the 5K.W., and provision is made for a
300-meter instead of the 2400. This is
required by law.
For receiving with non-oscillating
equipment, amodulating device is used
which allows damped wave transmission
at 300 and at 600 meters.
As shown in Figure S, the upper panel
is confined as far as possible to high frequency apparatus and leads. The open
section in the center carries the arc
chamber, the gas pressure regulator, the
modulating device, the water pump and
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the carbon rotative mechanism; the two
latter mechanisms are driven by the
same motor. The lower control panel
contains all the low tension and high
tension direct current devices and leads.
Figure S shows acomplete mounting
of the transmitter and its auxiliaries.
The ship's mains are brought to the
panel through the main fused switch.
After the set is wired, and with the
Send-Receive switch turned to "send,"
operations may proceed as follows:
I. The motor generator is brought to
full speed by the automatic starter,
which is of the current relay type.
2. The generator field circuit is closed.
3. The main line (generator) circuit is
closed.
4. The water circulating pump and the
rotating carbon device are started.
5. The potential coil of the arc striking
relay operates, closing its secondary
contacts; this in turn closes the circuit to the are striking solenoid.
6. Before the cathode (caebon) is drawn
in to strike the anode, the starting resistor is connected in series with the
arc and with the generator.
7. As soon as the arc is struck, the hydro-carbon magnetic needle valve
automatically operates and the cathode slowly draws away from the
anode, the proper action being regulated by an oil dash pot. At the same
time the current coil of the arc striking relay predominates over the potential coil and the secondary contacts of the relay open again, allowing the cathode to withdraw from the
anode. Again the starting resistor is
shorted, and the arc is allowed to
draw full power.
In the 110-volt leads an overload relay
is provided; when the current in the circuit is abnormal it flows through the cur-

rent coil of the relay and this draws up
an armature, breaking the circuit. The
armature is held by apotential coil and
cannot be released without disconnecting the ship's mains from the panel.
A relay similar to the overload relay is
inserted in the generator leads, but in
this case an overload opens the main line

contactor (solenoid type), and this opens
the positive side of the generator line.
The normal full load voltage of the 5
K.W. unit is 375 volts, variable by a
generator field rheostat, and the normal
full load current ranges from 12 to 15
amperes. Meters are provided with
readings in generator volts and amperes;

THE ORDINARY ARC TRANSMITTER INSTALLATION ON SHIPBOARD
Figure S: The apparatus in this cue is a2K.W. arc transmitter on the U. S. S. Vulcan. The
cabinet in the lower left corner contains the receiver; all the rest of the apparatus scattered about the
cabin are the variant parts of the arc equipment.
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the product of these two readings gives
the arc input in watts.
A radio frequency meter ranging from
0to 30 amperes for the reading of antenna current is also provided. At 1800
meters afair antenna current would be
18 amperes, assuming a5-ohm high frequency resistance for the antenna. The
antenna input would be of approximately 1620 watts, with an arc efficiency
of approximately 30 percent.
The arc chamber is cast in two pieces.
These are split about one-third of the
way down, and in them are screwed the
pole pieces. A water cooling duct of one
complete turn is cast in the main chamber section.
The field coils are wound in four sections, one in the upper portion and three
in the lower portion. They are wound
with square cross-section asbestos-covered copper wire and are connected in
series.
Additional insulation in the
form of empire cloth insulation is provided between coils and chamber.
Connected directly with the chamber,
and at ground potential, is the cathode,
its distance from the anode, or arc distance, regulated with acontrol handle.
The cathode holder can be removed
•
instantly from the chamber, and a
new carbon may be inserted without
tools.
The anode is, of course, insulated
from the chamber. It consists of asolid
copper tip held by alarge copper tube.
Within the large tube is a smaller one,
also of copper. The water from the
cooling system enters through the small
tube, plays directly on the solid tip and
returns through the large tube. Then it
goes through the one-turn duct in the
chamber back to the cooling tank and
from there to the circulating pump.
During aperiod of continued use, carbon
will collect in the arc chamber; this may
96

be cleaned out when the anode is removed.
Hydro-carbon is supplied to the arc
by vaporizing alcohol; when the alcohol
drips on the hot electrodes it automatically vaporizes. The pressure of the gas
in the chamber is kept constant automatically by aregulator that has adiaphragm similar to that in an ordinary
gas meter, and poppet valves are provided to prevent dangerous explosions.
It has been found that when this gas is
supplied to the arc it tends to keep the
oscillations stable and allows the arc to
handle agreater amount of power.
Unlike the high-powered arc transmitter, this set does not emit a"compensating wave." Signalling is accomplished
by switching the anode terminal from an
absorbing circuit to the antenna circuit,
and when the key switches the anode
lead the anode must always be connected
with either or both of these circuits in
order to sustain the arc.
The absorbing circuit consists of a
condenser, aresistor, and an iron plate
resistor, the complete circuit having
approximately the same characteristics
as the average antenna.
The iron plate resistor is a variable
unit, and it is possible to adjust the absorbing circuit so that it will draw
exactly the same input as the antenna
circuit. In other words, when signalling,
the anode is first connected to the absorbing circuit and then to the antenna
circuit; the arc input remains constant
as indicated by the meters.
The transfer key is of the relay type
and is remotely controlled by a single
telegraph key at the operating table. An
auxiliary handle protrudes through the
panel so that the transfer key may be
operated directly by hand in case of an
emergency.
To change wavelengths with an arc

EXPERIMENTAL 'PHONE STATION
Figure U: From this radio telephone station at Deal Beach, N. J., the tests with ships at sea were conducted.

transmitter it is only necessary to vary
the amount of inductance in series with
the antenna, or to vary the antenna constants. In this case the desired change
is reached by inserting the proper
amount of inductance in series with the
antenna. The main inductance consists
of alarge Bakelite-Dilecto tube, wound
with aheavy Litzendraht wire nearly
inch in diameter. The inductance is
wound in sections and the sections are
bank wound. Taps are taken off at
every section.
It is apparent that fine wavelength
adjustment is not possible when the
inductance is varied by taps in every
section, so acompensating inductance is
provided. This consists of one flat spiral
of strip copper, which can be varied by
ahandle on the front of the panel.
There is in the wavechange switch a
total of eight positions for the four wavelengths, the extra position for each
wavelength cuts in the compensating
inductance for fine adjustment.
For example, if the desired wavelength is 2.400 meters, the wavechange
switch is turned to the right "half" por97

tion of 2,400 meters and the wavelength
is measured and found to be 2.600 meters. Another section of inductance is
cut out of the main inductance, increasing the frequency and the wavelength is
then found to be 2,356 meters. Next,
the compensating inductance is increased and the wavemeter read, the frequency decreasing until the wavelength
is increased to exactly 2,400 meters. A
permanent clip is then substituted for
the variable contact and that contact is
used again to adjust the other wavelengths.
To produce damped oscillations a
modulator system is used. This consists of afew turns of heavy Litzendraht
wire in inductive relation to the main inductance. These turns are periodically
short-circuited by aspecial commutator
which has acertain number of bars connected together. When current flows
through the main inductance and these
turns are shorted, the wavelength is decreased approximately
percent.
The speed of the commutator and the
number of common bars were selected
to give a 400-cycle note, while the re-

suiting decrement is just enough to provide sharp tuning and yet insure being
heard when transmitting.
If the operator wishes to reduce his
power when he nears land, he may insert
a10-ohm resistance in series with his antenna, or he may reduce his arc input.
The water cooling tank has a sight
level glass and controlling valves, and is

usually mounted on the bulkhead with a
casting provided for the purpose. Water
connections are made with aspecial hot
water hose, and in winter alcohol is
mixed with the water to prevent freezing. Of course salt water can never be
used as it would short-circuit the anode
to the ground.
Excellent work has been done with

WHERE THE RADIO CALLS WERE RECEIVED
Figure V: At the desk in the foreground 'at the operator in the Deal Beach Station when the two way conversation with the "America" was carried on. The tube seta are in the background and the antennae connections are
on the balcony
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these new transmitters. A 5K.W. unit
installed at Babylon, N. Y., when radiating only 8 amperes at 2,100 meters
was reported by a tug stationed in the
harbor at Hamilton, Bermuda. The tug
had a standard Navy receiver with a
two-stage amplifier and reported that
the signals were readable ten feet from
the phones.
Another unit installed on the S. S.
Minnekanda has worked the Cuxhaven
Station at distances approximating
2,000 miles. Cuxhaven uses aquenched
spark gap.
Two-way talk by radio that enables a
man at sea to talk over the land telephone lines is the latest achievement of
the far-speaking art. The flawless performance which was given when the
commander of the incoming ocean liner
America talked when he was 360 miles
at sea with H. B. Thayer, who was
in his home at New Canaan, Connecticut, is a significant forecast of a new
year. Mr. Thayer, then president of the
American Telephone and Telegraph
Company, was naturally interested in the
development of the relations between
the telephony of the air and that which
follows the throbbing wire. The test in
which he took part on the night of
March 5, 1923, is only one of a series
which was begun for the purpose of
bringing people in the cities in touch
with their friends on ocean-going vessels.
One of these days James Wilberforce
Smith, or whatever his name may be,
will sit in his stateroom in mid-ocean and
call up Mrs. Smith to tell her what he
had for dinner. He cannot go into too
intimate detail, of course, for owners of
radio-phones all over the world almost
have a chance to listen in. They did
just this the other night when Captain
Rind and Mr. Thayer were talking of

the future of telephony. Radio fans all
over the eastern part of the country
knew all about the feat, as the conversation was naturally broadcast.
Experts may not consider it such aremarkable feat to join wire and vibrant
air, but the communication of the
America with the shore did much to
make practical a whole lot of theory.
That the change can be made satisfactorily was shown by the interesting tests
made with the coastwise steamship
Gloucester, from which speech was first
sent by wireless to the shore, then
transmitted across the Continent to the
Pacific coast, and then relayed by radio
once more to Catalina Island. When
the World War was over, the company,
as radio fans will remember, conducted
long telephone communications between
Arlington and the Eiffel Tower in Paris.
Many aradio amateur, in aspirit of
experiment, has invited some friend who
has no receiving set to listen to something choice which he has detected in
the air. Merely by placing the receiver
of the radiophone over the transmitter
of the ordinary telephone, he can entertain an auditor with some entertaining
selections. On the lines of this unauthorized practice, and, of course, with
much greater precision, the company itself connected up the wireless with its
own land wires. To do this it employed
its wireless stations at Elberon and at
Deal Beach, N. J., and such apparatus
as it required in its big operating station
in the skyscrapers at No. 24 Walker
Street, New York City, where agroup
of company officials had gathered.
Owing to many factors with which
every radio amateur is familiar by experience, there are obstacles to perfect
communication which must be overcome
in such experiments. The waves used
in sending and receiving would have
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burned each other up, so to speak, had
the two stations not been separated by
the mile and half of sands. The voice
of the captain of the America, as is
shown in the accompanying diagram
Fig. W., was carried ovei the sea for one
hundred and twenty leagues to the Elberon station. There it was so modified
that its waves were made of such frequency as to make them audible over
the land lines with which it was connected. When Mr. Thayer replied to
Captain Rind his words followed the
metal strands to the station at Deal
Beach, and were then amplified and cast
out into the air, where they were duly
received on board the steamer. The two
stations, on the New Jersey beach, although so widely separated, were doing
fine team work. The two currents—the

going and the coming current—as far as
the ship was concerned, passed through
the plant in Walker Street, *here
greater power was imparted to them, for
distribution to the telephone subscribers
who cared to listen to this historic interchange of greetings.
By the use of various duplex devices
the captain of the America, who did not
have amile and ahalf of beach for leeway, was able to talk into the 'phone
and to hear at the same time. His
voice, going through the vacuum tubes,
was easily spread in every direction and
was caught up by the station at Elberon.
Thus the two-way talk proceeded without interruption and Mr. Thayer and
the captain conversed quite as easily as
they might have done had they been in
adjoining offices in the city. The in-

TITE AUTOMATIC RADIO TRANSMITTER
Figure X: This is the type of apparatus that is installed aboard lightships and light stations.
transmitting automatically in connection with the use of the radio compass.
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It is used for

sta,ntaneous replies to questions and
greetings was an admirable demonstration of the new method.
It is a bit early to predict just how
far-reaching this innovation will prove
to be. It certainly should become of
great value for communications between
captains of vessels and the agents or
owners ashore. Instead of along interchange of wireless telegrams, it would
give the same direct and clear understanding of orders as might be obtained
by those concerned had they sat facing
each other across a flat top desk. The
need of just such direct interchanges has
often been apparent in emergencies.
While the functions of radio and wire
transmissions are so radically different,
yet they may be harmonized in many
ways. The message which comes by
wireless over many liquid leagues may
in the first place be caught by the receiving sets of many alert fans. This
was actually the case when the America
was approaching. For the ordinary purpose of business, however, the network
of land wires that reach all parts of the
nation by telephone and telegraph are a
powerful aid in the dispatching of information which is sent in throbbing
from the realms of ether. The outcome
of the latest liaison between wire and
wireless will be followed closely by the
disciples of radio.
Since we have just discussed the use
of radio-telephony at sea, it may be
interesting to tell of another very important use to which radio is put in
making sea travel safe as well as more
convenient. This device, which is also
comparatively new and which has supplied a most valuable service since its
introduction a few years ago, is known
as the radio compass.
Blanketing banks of fog, obscuring
curtains of snow and veils of pouring
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rain all too frequently lower the visibility of navigational marks and beacons
and arouse anxiety in the man upon the
bridge when steering his vessel toward a
dangerous coast.
More craft are wrecked or lost by reason of fog than through any other condition of the weather. Thousands of lives
and millions of dollars' worth of property
are thus sacrificed annually. Sudden
temperature changes will turn the clear
air above the water into an enshrouding
mist, and the seafarer may find his objective shut out from view when the way
ahead of him seemed plain sailing. A
slight deviation from aprescribed course
may make all the difference between
safety and disaster.
Day or night, fog is ample reason for
alarm, inasmuch as it is so easy for the
navigator to make amistake when groping onward toward his unseen haven.
Lighthouses and lightships are no less
essential as guides while the sun is above
the horizon, and when these nautical
mileposts, so to speak, are no longer visible, treacherous currents may swerve a
vessel from the path of secure advance.
The radio compass is the outcome of
radio phenomena which the man of
science has turned to good account.
Fully adecade back it was noticed that
radio signals had a directive element;
that is, they were heard loudest along a
certain line when the receiving instruments were swung through an arc. Accordingly, during 1916 and 1917, arrangements were made by the U. S.
Lighthouse Service and the Bureau of
Standards for experimental tests between ship and shore stations for the
purpose of devising some form of radio
control. Those researches gave promising results, but the work was halted
when the country entered the World
War.
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Figure Y: A cross section through the chart house
of alighthouse tender equipped with a radio compass
receiving outfit. The loop of the receiver is mounted
outside on the deck of the ship while the control bundle fur turning it is inside the cabin.
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During the period of conflict, the radio
experts of the U. S. Navy evolved atype
of radio compass, and they established a
large number of shore stations to help
such ships off the coast as were already
provided with radio signalling equipment. The method consisted of an exchange of signals between the distant
craft and one or more land stations,
where, by radio cross-bearings, the vessel's position was determined and the
information transmitted to her. To be
effective, the inquiring ship had to have
someone aboard who was capable of
both sending and receiving radio codesignals. The system adopted by the
Lighthouse Service operates differently,
and the mariner himself ascertains the
location of his boat; it is not needful for
him to send aradio signal to do this.
As long ago as 1888, the German physicist Hertz made use of a coil for determining the source or direction of
arriving radio waves, and the radio
compass produced by F. A. Kolster of
the Bureau of Standards is based upon a
kindred sensitive or responsive element.
His coil aerial is nothing more complex
than ten turns of wire around a rectangular frame about four ft-et square.
This frame is carried by a rotatable
shaft. When the coil lies parallel with
the path of the oncoming radio waves
the signals received can be heard loudest, and when the coil is at right angles
to the radio waves the signals are faintest. (This action was described in connection with loops back in Part V.)
Therefore, all that the listener has to do
is to swing the frame until the tell-tale
dots or dashes are strongest and clearest.
At that moment the pole of his coil is
pointing directly at the sending station.
So far, so good, but this in itself is not
enough to put the seafarer out of danger.

This is how the device works from this
point:
Suppose the fog-bound ship is traveling due north and that the signals are
sharpest when the coil is on an east-andwest line. How is the operator to tell
whether the transmitting station is off
to the right or to the left of him? This
knowledge is essential to his safety; he
must not steer toward the open sea when
his objective is in the opposite direction.
In its initial form, the Kolster radio
compass was deficient in this particular,
but it has been modified by the addition
of what is termed a unidirectional feature. This simple attachment makes it
practicable to pick up a signal's maximum intensity only when a marker is
pointing right at the generating station.
Two parallel wires set one above the
other and supported by a U-frame attached to the lower end of the rotatable
shaft and suspended immediately above
the magnetic compass, enable the man
at the helm to compare the course of his
vessel with the direction whence come
the guiding radio signals. This information, however, while helpful, does not
give him his distance from the sending
station, and this he must have so that
he may head his ship toward his unseen
goal without fear of running upon intervening or submerged obstacles. Therefore, radio signals have to be picked up
by the navigator from asecond station,
and its bearing also checked by the
magnetic compass. When a line is
drawn on the chart from each of the
two stations, which agree with the magnetic-compass readings, the off-shore
point of intersection of the two lines
indicates the geographical position of the
groping craft. This is made plain in the
accompanying diagram, Fig. Z. It is a
simple matter of triangulation-nautical
surveying.
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to its present dependability. Nearby
wiring, rigging, smokestacks, ventilators and steel masts induce what is called
"re-radiation." These "radio echoes" of

While the fundamental principle of
the radio compass has been known for
more than three decades, much study
has been required to bring the apparatus
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HOW RADIO SIGNALS DETERMINE A SHIP'S POSITION
Figure Z: This diagram shows the radio-compass stations at the approach to the port of New York. Each
station sends out distinctive signals; by taking radio cross-bearings from two or more of the stations, aship nearing
the coast can determine her position even though the lightships and the lighthouse are invisible.
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primary radio waves at first caused a
nevertheless, to bring his boat within
good deal of confusion to the listener at
800 feet of Fire Island Light Vessel,
the radio compass. Researches by the
which was his objective. He did this
U. S. Bureau of Standards have shown
with but three readings of the radio
how this source of error can be neutralcompass, and the last of these was
ized; and a radio compass can now be
taken when the tender was fifteen miles
calibrated to offset these disturbances
away from the lightship.
just as amagnetic compass can be comThe advantages of the new system of
pensated against the effects of neighguidance have been summed up thus:
boring masses of iron and steel.
1. The navigator may obtain bearings
The ordinary telephone receivers, if
himself, and is not dependent upon
used by the operator of the direction
others for the accuracy of the results.
finder, would be apt to deflect the needle
2. Any number of vessels may obtain
of the magnetic compass if brought
bearings simultaneously and as freclose to that instrument. To prevent
quently as they desire without interthis, aspecial radio receiver is located at
fering with one another.
a little distance from the magnetic com3. No knowledge of radio telegraphy is
pass, and the signal sounds are connecessary on the part of the radioveyed through rubber tubing to the ears
compass operator.
of the man at the radiacompass.
4. Transmitting stations, being autoThe radio transmitting apparatus
matic, may be supervised by the embuilt for the U. S. Lighthouse Service is
ployees of existing lighthouses or
designed to operate automatically; each
light vessels. No additional perset propagates aseries or agroup of dissonnel is needed.
tinctive signals. This is indicated on
5. The direction finder aboard a craft
the map drawing that illustrates the
may be used for locating at sea other
three radio-sending installations adjavessels that are transmitting signals,
cent to the entrance to the port of New
and this may be ameans of preventYork, at Sea Girt, New Jersey, and also
ing collisions in times of thick
aboard the Ambrose Channel and the
weather.
Fire Island lightships. In addition to
Experience up to date warrants the
the characteristic signal of each generbelief that the radio compass will do
ating unit the tone of each signal is
much to rob seafaring of some of its
sufficiently individual to prevent conhazards and that it will go along way
fusion.
toward reducing yearly the number of
A number of lighthouse tenders now
catastrophes due to low-visibility. The
carry radio compasses, and their skipgeneral adoption of the radio compass
pers have repeatedly demonstrated the
would appear to be inevitable.
value of these aids when traversing the
It is known to all of us that every
waters in the vicinity of New York
radio message is broadcast with equal
during the prevalence of a fog. On a
intensity in all directions. For some
run of about forty-three miles, for exyears now, scientists have been trying to
ample, the tender Tulip was directed
devise ameans of directive communicaentirely by radio compass. While her
tion. In such a system the waves, incommander was not very familiar with
stead of being sent out in all directions
the use of the instrument he was able,
and to all points of the compass, would
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be concentrated into a beam and the
beam would be directed to the station
with which it was desired to communicate.. It is believed that such ascheme
would allow greater distances to be covered with less power and that less expense would be involved in the erection
and operation of long-distance radio
telegraph stations.
Senator Marconi has been working
diligently with this problem for the past

nine years and his efforts have yielded
some very startling results. It is fortunate that Senator Marconi contributes
an explanation of his marvelous system
in his own words:
"Twenty years ago I got the simple
letter 'S' transmitted for the first time
across the ocean from England to Newfoundland without the aid of cables or
conductors. Those first feeble signals
which Ireceived proved once and for all

© Nadel & Herbert
THE MAGIC WAND OF THE MODERN MAGICIAN
Figure AA: With such marvelous accuracy may a beam of radio be directed by means of the
"projector" which Senator Marconi is demonstrating, that it will actuate relays, one at a time, ring
bells and operate receiving sets located at various points in a room as the beam is revolved.
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USE OF SKELETON REFLECTORS
Figure BB: Another new system for projecting a beam. Both the light and the radio beams are dependent
on the same phenomena of electromagnetic wave motion. This system uses aradio beam which is invisible.

that electric waves could be transmitted
and received across the ocean and that
long distance radio telegraphy—about
which so many doubts were then entertained—was really going to become an
established fact.
"Radio has already done much for the
safety of life at sea, and for commercial
and military communication.
From
now on it is destined to bring new (and
until recently even unforeseen) opportunities for recreation and instruction
into the lives of millions of human beings. New designs and new uses of
vacuum tubes are likely to work quite
as many new wonders in the future as
they have in the past.
"Great possibilities lie in the development of these tubes, especially in their
connection with short wave transmission, a somewhat neglected branch of
the art. Yet radio waves only a few
inches long have many advantages over
the waves now used, which range in
length up to twelve miles. Such short
waves can be more easily moulded to
carry the human voice, and receiving
sets tuned to them would be less disturbed by static and interference. Indeed, much of my time is now devoted
to experiments with the short wave,
particularly for use in the secret trans-

mission of messages. So free from interference is this short wave field that I
am reminded of my earliest experiments,
when the entire field was practically
clear and the vast territory of radio was
unexplored.
"As early as 1899 Ishowed how it was
possible, by means of short waves and
reflectors, to project the rays in abeam
in one direction only, instead of allowing
them to spread all around, in such away
that they could not affect any receiver
which happened to be out of the angle
of propagation of the beam. Ialso made
tests in transmitting abeam of reflected
waves across country over Salisbury
Plain in England and pointed out the
possible utility of such a system if applied to lighthouses and lightships, so as
to enable vessels in foggy weather to
locate dangerous points around the
coasts. At that time Ialso showed that
areflected beam of waves could be projected across the lecture room to actuate
areceiver and ring abell only when the
aperture of the sending reflector was
directed toward the receiver.
"Again in 1916 Itook up the investigation of the subject with the idea of
utilizing very short waves combined
with reflectors for certain war purposes;
in this work Iwas assisted by Mr. C. S.
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HOW BEAMS TRAVEL
Figure CC: A new system of communicating along a beam of light. A light wave is directed in a narrow
path from asearchlight and picked up by areflector which concentrates the waves on alight-sensitive cell alsicb
records the signals

Franklin. We used waves only two and
three meters long. With these waves
disturbances caused by static are almost
non-existent; the only interference experienced came from the ignition apparatus of automobiles and motor boats.
These machines apparently emit electric
waves from 0 to about 40 meters in
length; perhaps the day will come when
they will be required to have their ignition system screened or to carry licenses
for transmitting! During these experiments Iobserved that one of the short
wave receivers acts as an excellent device for testing, even from a distance,
whether or not one's ignition system is
working right. Some motorists would
have ashock if they realized how often
their magnetos and spark plugs are
working in a deplorably irregular manner.
"The transmitting reflector used to
concentrate the waves into a ray or
beam, in these experiments, was arranged so that it could be revolved and
the effects were studied at a distance
with receiving apparatus.
"Mr. Franklin has calculated the
polar curve of radiation into space in the
horizontal plane, which should be obtained from reflectors of various shapes,
by assuming that the waves leave the

reflector as plane waves of uniform intensity, with awidth equal to the aperture of the reflector. The calculated
curves agree well with the observed results. Reflectors with apertures up to
3 meters wavelength were tested and
the measured polar curves agreed with
the calculated values.
"At first the range of the signals was
only six miles. Later, on a 15 meter
wave generated by an electron tube at
the Carnarvon station, we transmitted
over a distance of seventy-eight miles
to one of the mail boats on the Irish
coast. The important fact noticed was
that there was no rapid diminution of
the strength of the signals after the ship
had passed the horizon line from Carnarvon. It was easily proved later that
clear speech could be exchanged at all
times between Hendon (London) and
Birmingham, adistance of ninety-seven
miles, by using reflectors at both ends.
"For these tests, the power supplied
to the tubes employed was usually 700
watts. The aerial was rather longer
than half awavelength and had aradiation resistance which was exceedingly
high. The efficiency of the input to the
tubes to aerial power was between 50
and 60 percent and about 300 watts
could be actually radiated into space.
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Speech heard with this arrangement is
usually strong enough to be just audible
with ashunt of from etto
ohm across
a60 ohm telephone.
"When both reflectors are disconnected and out of use, speech is only just
audible with no shunt. Average measurements indicate that the value of the
energy received when both reflectors are

used and the waves concentrated in a
beam, is about 200 times that of the
energy received without any reflectors.
It would seem that here is one possible
solution to secret radio communication,
the use of directed beams of magnetic
waves.
"During the continuous wave tests at
Carnarvon, it was found that simul-

© Underwood st Unde wood
A WORKING MODEL OF THE MARCONI REFLECTOR
Figure DD: This is the apparatus for concentrating the radio rays in one single beam. The small vertical object at the center of the reflector is the oscillator. The length of the waves propagated by this miniature antenna
syrtem is only about one or two meters
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easy to judge by ear, but the times of
taneous transmission and reception was
starting and vanishing are easy to depossible on the same aerial. This system is now being used successfully for termine, as the rate of rise and fall of
duplexing, as it avoids all switching from the signals is extremely rapid.
"By means of a clockwork arrangetransmitting to receiving.
ment adistinctive letter is sent out every
"Besides giving directional working
two points and short signs mark interand economizing power, reflectors are
mediate points and half points. This is
showing another unexpected advantage,
an advantage which is probably common done by contact segments arranged on
the base of the revolving reflector.
to all sharply directional systems. It
"These short directional waves resemhas been noted that practically no disbling abeam of light decrease in strength
tortion of speech takes place, such as is
so gradually when traveling over water
often noticed with non-directional transthat the distance of the transmitting stamitters and receivers, even when using
tion may readily be estimated.
short waves.
"Still another help to navigation may
"The results between Hendon and
be found in the reflected beam wave.
Birmingham easily constitute a record
Hertz showed that electric waves can be
for radiotelephony in respect to the ratio
completely reflected by sounding bodies.
of distance and wavelength, as BirmingIn some of my tests, Ihave noted the
ham is 10,400 wavelengths from Hendon. We consider that these results effects of reflection and deflection of these
waves by metallic objects miles away.
represent only what could be obtained
"It seems to me that it should be posfrom afirst attempt, and not what could
sible
to design apparatus by means of
now be done by utilizing the experience
which aship could radiate or project a
gained.
divergent beam of these invisible rays in
"A new wireless beacon has recently
much the same manner as asearchlight,
been developed at Inchkeith Island in
in any desired direction so that if they
the Firth of Forth, near Edinburgh. By
means of arevolving directive beam of should meet another ship they would be
radiated energy which it produces, ships reflected back to a receiver screened
from the transmitter. This would reat sea can ascertain the position of the
veal the presence and bearing of nearby
lighthouse in thick weather. With a4
ships in fog and heavy weather, even
meter wave generated by aspark transmitter and abeam reflector, signals have though such ships were not provided
been sent which were readily distin- with radio equipment."
Now we come to the subject of "wired
guishable on a ship seven miles away
wireless" or the transmission of sounds
fitted with asingle tube receiver. The
over electric waves that are made to folreflector made a complete revolution
every two minutes, and adistinct signal low wires. Dr. Henry Smith-Williams
has supplied avery intelligent explanawas sent at every half point of the comtion of this system in the following:
pass. This enabled the ship to determine
"If the textile workers of America had
the bearing of the lighthouse accurately
been able to braid silk alittle faster (or,
within a quarter point of the compass,
to be accurate, agood deal faster), there
or within 2.8 degrees.
"With the revolving beam the exact would probably be no such thing as 'wired
periods of maximum reception are not wireless' known to radio science today.
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From aphotograph by Paul Godley

"SECRET MESSAGES CAN BE SENT
BY RADIO"
So states Senator Marconi, whose recent experiments
with short waves (some of litent only a few inches in
length) that can be focused like abeam of light is opening up aline of development in radio communications
that has heretofore been regarded as closed. This picture of the Senator was snapped by Paul Godley during
avisit to the Marconi yacht "Elecktra," which is practically afloating radio laboratory.

"Of course you do not see the connection unless you happen to know the
story. The application is simple, however; Major-General George O. Squier,
known to everyone as the originator of
the wired wireless method, explained it
personally at the outset of the paper in
which he made popular announcement
of his discovery. This is how it happened:
"The 'key problem' in the procurement of essential Signal Corps supplies
in the United States during the World
War was the production of the necessary
braiding machines for finishing insulated
wire. The wire itself could be obtained;
rubber insulation could be obtained; and
there was no dearth of cotton thread for
making the braid—but machinery for
braiding the thread was inadequate, and
could not be rapidly supplied.
"All the braiding machines in the
United States in September, 1918,
could produce the braided covering for
only eight hundred miles of twisted pair
insulated wire amonth—and the American forces alone required forty thousand
miles amonth! And as if this was not
bad enough, the allied council decided
on October 1, 1918, that it would be
necessary for the United States to furnish all of this type of wire used by the
allied armies in the field, beginning
March 1, 1919. The estimated minimum requirement was 100,000 miles a
month, or more than twelve times the
capacity output of all the American
machinery in existence.
"Confronted with this situation, the
United States Signal Corps, with General Squier at its head, not unnaturally
realized the desirability of finding asubstitute for braided cotton thread.
"The Signal Corps found it. Indeed,
it found something not merely 'just as
good,' but in many respects vastly bet-

ter. Confronted with the shortage of
braiding machines, General Squier said,
in effect: 'Let us try electron tubes instead.' Asked to supply 100,000 miles
of braided cotton a month, he said: 'I
will give you an unlimited quantity of
electromagnetic waves instead.'
"Succinctly stated, whit General
Squier did was to run a bare wire of
phosphor bronze (number 18, such as is
used for Signal Corps field antennae)
across the Washington channel of the
Potomac River from the Army War College to the opposite shore in Potomac
Park, letting it sink to the bottom and
lie there absolutely unprotected. Not
only was the wire not insulated, but
pains had been taken to clean it entirely
and free it from any grease or other material that could in the least protect it.
A standard Signal Corps radio telephone
and telegraph set was directly connected
to each end of the wire; one set served as
transmitter and the other as receiver.
At the receiving end, the bare wire was
directly connected to the grid terminal
of an electron tube in the receiving set
and the usual ground connection was
left open. Tuning the wire to a frequency of about 600,000 cycles asecond,
excellent telegraphy and telephony were
attained.
"'This experiment,' declared General
Squier, 'demonstrated the possibility of
transmitting electromagnetic waves
along bare wires submerged in water,
and the use of an electron tube as apotentially operated device on open wire
for the reception of signals.'
"That statement shows the characteristic modesty of the true scientist. For
the simple experiment had really resulted in a fundamental discovery,
foreshadowing the opening up of an
entirely new department of radio science
of almost inexhaustible possibilities.

113

A DIVINING ROD FOR WIRELESS WAVES
Figuie FE: This remarkable miniature coil antenna—a trifle larger than an ordinary walking stick—collects
radio impulses when it is turned and pointed in the direction whence the impulses emanate.

"If, one of these days, you are able,
sitting in your New York office, to take
your telephone receiver off the hook and
have achat with afriend in London, it
will be because General Squier was led
(owing to the shortage of braiding machines) to find out whether he might not
send amessage along abare wire under
the Potomac.
"There are many interesting things
to be told about General Squier's further
experiments, which include successful
tests of the bare wire as acarrier of messages when laid along the moist earth,
and even buried under the soil; but
before we come to these, let us consider
the question as to how and why the electromagnetic waves follow the wire and
are thus led to adefinite goal, instead of
radiating out into space and becoming
rapidly attenuated as in ordinary radio
transmission.
"This question, however, can be answered only provisionally. We have to
do with an extremely puzzling phenomenon. Only a very bold or reckless theorizer would have predicted, with any
measure of confidence, the results which
were actually attained. Ninety-nine
radio operators in ahundred would have
dismissed the notion that awireless message could be sent along a wire as absurd. The very phrasing seems selfcontradictory. It is more than likely
that General Squier himself was not
over-confident about the success of his

experiment. But his imagination conceived the thing as possible; and presently his ears told him that the possibility had become areality. 'Wired wireless' was an accomplished fact, whether
or not atheory could be found to make
it plausible.
"The discoverer himself was content
for the moment to go on with his experiments, avowing no theory by way of
explanation. Doubtless that was the
part of wisdom. Certainly it is better
not to hamper apractical discovery by
harnessing it too closely with theory at
the outset. Nevertheless, no one can
thoughtfully consider the phenomenon
without at least attempting to form a
mental picture of things that are happening along the course of the strand of
copper wire that is so magically holding
the electromagnetic waves in leash.
"Of course it is not to be supposed
that the electromagnetic waves travel in
or even on the wire. By definition, these
waves are undulations in the ether of
space, which is supposed to be the universal medium, occupying the interstices
between the electrons that are conceived
as the ultimate particle of matter. According to one theory, the electron itself
is only a whirl in the ether. In any
event, the ether appears to ignore the
very existence of matter, passing between the molecules of the most solid
substance more freely than water passes
through asieve, inasmuch as there is no
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friction. The electromagnetic waves
with which ordinary radio deals are not
altogether unaffected by material substances, but to an amazing degree they
appear to ignore obstructions. As an
illustration, we have just seen that the
electromagnetic waves of General
Squier's experiment followed the course
of the wire laid along the bottom of the
Potomac, apparently ignoring the presence of the water. Yet they obviously
did not ignore the wire altogether—
otherwise they would not have followed
it.
"It was not the wire itself, in all probability, that enchained the electromagnetic waves, but the electric field about
the wire. An electric field, according to
accredited theory is merely the condition (of `strain' or what you will) that
exists in the ether surrounding an electron or group of electrons.
When
electrons are in transitional motion,
their transit is manifested in what we
term a current of electricity, and the
motion of the electric field about them
establishes a condition that we term
magnetism. The moving electric field
is parent to the electromagnetic wave;
so perhaps it is not strange that an
electromagnetic wave in being should
have affinity for the electric field surrounding acopper wire that chances to
lead out from the source of its origin.
"At first thought it seems odd that the
electromagnetic wave should follow a
bend in the wire; but we must reflect
that the electromagnetic waves of ordinary radio do not travel in astraight
line, but follow the curve of the earth's
surface. Possibly the electro-static conditions of the lower atmosphere have to
do with the course of ordinary radio
waves somewhat as the electric field
about the wire has to do with the directed waves of General Squier's experi-

ment—the earth's surface itself representing, in this view, amagnified wiresurface. The familiar fact that radio
messages are rapidly dissipated in the
daytime, when the upper atmosphere is
believed to be charged with electrons
from the sun, possibly gives support to
the analogy.
"All this is mere theory, however,
which the reader may find more or less
satisfactory according to the bent of his
mind but which can neither add to nor
detract from the force of observed facts,
to which we now return. The traditional apple falling from the tree on the
head of Sir Isaac Newton bruised the
philosopher neither more nor less because of the theory of universal gravitation.
"The experiment of sending messages
along the bare wire under the Potomac
having thus succeeded beyond all
reasonable expectation, aquestion naturally rose as to whether the experimenters might have drawn a false
inference from their observations. Might
it not be that the portions of wire out of
water at either terminal had acted as
antennae, and that the electromagnetic
waves had passed directly through the
air, as in ordinary radio transmission, or
along the surface of the water?
"To answer that question, the simple
procedure was adopted of cutting off the
main portion of the wire, leaving only
the short aerial portion at sending and
receiving stations, and afew feet under
water. But now messages were no longer transmitted; and this negative result
was very properly interpreted as demonstrating that the messages previously
sent and received had in reality been
directed along the wire.
"Sundry other confirmatory experiments having been made with a submerged wire, attention was directed to
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the possibility of conveying a directed
message along a wire lying on the
ground. A bare No. 16 wire was laid on
the surface of the earth connecting the
main laboratory of the Signal Corps and
asmall field station one and three-quarter miles distant. The radio telephone

instruments used were standard sets
utilizing an oscillating transmitter of
the electron tube type. The transmitting current was about one hundred
milliamperes, at any of the wavelengths
available with these sets, ranging from
about 200 to 550 meters. It was found

MEASURING THE HIGH FREQUENCY RESISTANCE OF WIRE UNDER WATER
Figure FF: An experimenter at work on the impedance bridge in the Signal Corps laboratory at
the Bureau of Standards in Washington.
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that good telephone communication
could be made with this equipment.
"As the next important step in the
series of experiments, the bare transmitting wire was buried in the earth to a
depth of about eight inches. The bare
No. 16 wire was laid in aplowed furrow
and asecond furrow was plowed alongside, completely covering the wire. The
soil was moist, sandy loam, only afew
feet above tide water.
"The wire thus buried conveyed the
electromagnetic current as before, and
satisfactory communication was established for the distance of about amile.
"To make the experiment more definitive, tests were made with the buried
wire not laid on a straight line, but
turning at various angles. Were the

wire serving only as an ordinary antenna, it was reasoned, signals would be
detected in the direction of aprolongation of astraight portion of wire; but in
reality the test showed that signals
could be detected best in close proximity
to the wire itself in all its parts, proving
that the electromagnetic waves turned
the corners in order to follow the wire.
"Although the soil did not prevent
the passage of the message-carrying
waves, it did exercise acurious influence,
screening them and in effect preventing
their escape from the region of the wire.
Proof of this was found by moving an
exploring coil along the line of the buried
wire. The detecting instrument, held
just above the surface, failed to reveal a
signal; but when a short length of the

WHERE THE EARLY EXPERIMENTS WERE MADE
Figure GG: The original transmitter used in the submarine wireless experiments between Fort
Hunt, Va.. and Fort Washington, Md. The bare wire over which the signals were sent is shown going
over the edge of the dock at the left.
ill

wire was exposed by removing the
earth, signals were at once appreciable,
and these disappeared when the earth
was put back over the wire.
"General Squier comments on the
importance of this phenomenon from
the standpoint of military usage. It is
obvious that with a buried wire radio
messages could be sent in secrecy, a
desideratum well nigh impossible of attainment with aerial messages.
"The successful termination of the
experiments above described may be
said to have established the principle of
`wired wireless' beyond controversy.
The importance of the discovery was so
patent as to excite universal interest.
Although the original tests had been
made to meet war-time needs, it was
clear that the new method would have
abundant peace-time applications as
well. The possibility of sending several
messages along the same wire simultaneously at once suggested itself; and it
was believed, with reason, that adaptation of the method will make feasible
the transmission of messages to and
from moving trains. Let it here suffice
to note, however, that General Squier,
whose earlier experiments in multiplex
telegraphy are well known, stated in his
early report that the applicability of the
new method to multiplexing was selfevident. It is obvious to anyone familiar with the general principles of radio
transmission that it should be possible,
by using different wavelengths, to send
several messages simultaneously in
either direction along asingle wire, each
message indistinguishable except to the
particular instrument tuned to receive it.
"Practical experiment was presently
to demonstrate the validity of this
assumption. In the meantime experiments designed to throw light on less
patent features of the new method were

undertaken, particularly in the Signal
Corps research laboratory at the Bureau
of Standards. One object was to determine the electrical constants of bare
wire submerged in water when subjected
to high frequency currents.
"At the Bureau of Standards a tank
was available 125 meters long, 2meters
deep, and 2 meters wide. Two wires
placed in the tank served as a to-andfro conductor, constituting a complete
transmission line immersed in water.
Using an electron tube oscillator as
transmitter, measurements were made to
determine the apparent impedance of
the system with the remote end shortcircuited and also open-circuited. Even
at the preliminary stages, the observations as to capacity and leakage of the
wire were found highly interesting.
"'It was seen,' says General Squier,
`that at low frequencies the capacity is
extremely large, about 1,200 microfarads a kilometer, the equipment of an
entire Atlantic cable, but the capacity
diminishes very rapidly as the frequency
is increased, and at afrequency of about
40,000 cycles a second, it practically
vanishes. The leakage increases with
the frequency up to about 5,000, and
then begins to decrease slowly as the
frequency is increased. The results
were surprising, particularly the high
capacity values at the low frequencies.
The experiments apparently show that
frequency of the current used has a
marked influence on the behavior of
water as a medium, and is entirely
different from what it would be for direct or low frequency current.'
"Tests of this character, while of
great theoretical importance (and that
means always, potentially, of practical
importance), have not the popular interest that attaches to the observations
that were made by General Squire and
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his associates at an early stage of the investigation with the aid of resonance
wave coils of various dimensions. The
use of the coil was originally resorted to
in order to secure high potential points
at the receiving end of the line without
losing the advantage of tuning, the circuit being open, and the grid directly
connected to the line. Adjustment was
obtained either by moving along the coil
the end of the wire connecting the grid,
or by sliding along the coil a narrow
metal ring connected to the grid, this
constituting a capacity coupling between the grid terminal and the coil.

Coils were made up of wavelengths ranging from 250 meters to 1800 meters.
"One such coil, for example, was
about four and ahalf inches (11.5 centimeters) in diameter and about twentythree inches (58 centimeters) in length,
with thirty-four turns of the wire per
centimeter, and gave a fundamental
wavelength of 1700 meters.
"This little instrument proved averitable divining rod. Connected to an
antenna or abare wire in water or earth,
as in General Squier's experiment, it
can not only be used for tuning, but at
the same time wave development on the

WILL THE WAR OF THE FETURE BE FOUGHT IN SECII LABORATORIES?
Figure 1111: In this tank, 125 meters long, the radio experts of the United States government are
carrying on their research work that has led to important changes in communication systems.
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coil permits atest of the highest potential point, or point of greatest sensitiveness. More than that, the resonance
wave-coil can be substituted for the
ordinary antenna, itself constituting a
complete antenna system. The coil
may be grounded at one end or it may be
entirely free. In either case it may be
utilized to receive radio signals.
"It may be noted,' says General
Squier, `that in an antenna of this kind
all the electrical constants, inductions,
capacity and resistance and the electromotive force induced in it by the incoming signals are of adistributive character, which makes it in a sense an ideal
wave-conductor.'
"Even that does not tell the entire
story of the little resonance coil. The
discovery was presently made that it
possesses also remarkable directive
properties. If the coil is turned about,
so that its position in relation to the direction of thç electromagnetic waves of
ordinary radio is modified, there is a
constant change in the voltage and current distribution on the coil, and a
corresponding shift in the position of
the point of maximum potential. If the
coil is held at right angles to the direction of the transmitting station from
which the electromagnetic waves are
coming, these waves beat evenly against
it, as will be obvious, and so produce a
condition of uniformly distributed electrical constants. There is a point of
maximum potential, varying somewhat
with the length of the coil, frequency,
and terminal conditions. This maximum may be determined in moving the
terminal of the grid of an electron tube
along the coil. In practice a narrow
metal ring that slides freely along the
coil is used. But if now the coil is
turned to point more or less in the direction of the transmitting station, sce4hat

the electromagnetic waves come against
it slantwise, the point of maximum potential shifts, owing to the difference in
time at which the waves strike the
oblique surface.
"Here, then, is adirection-finder comparable to the familiar looped antenna
which can be so turned as to reveal the
plane in which the electromagnetic
waves are moving. But the resonance
coil goes beyond this, for it was found
that when it is moved about until its
longitudinal axis is parallel to the direction of the electromagnetic waves (in
other words, until it is pointed toward
the transmitting station from which the
waves emanate), the potential maximum
loop, which has shifted along the shaft
of the instrument, is duplicated by another loop of substantially the same
amplitude at the opposite end of the
coil. If now the pointing instrument is
moved about a little, so that its axis is
slightly out of parallel with the waves,
it is observed that the potential loop at
one end has greater amplitude, and that
this is the end pointing toward the
transmitting station—the north of the
compass needle, so to speak.
"Evidently, then, manipulation of the
little wire-wound divining rod (Page 114)
held in the hand and tested with asliding ring connected with the receiving
grid, makes it possible to determine the
direction of the transmitting station
from which the signals proceed—a matter of tremendous significance as no one
needs to be told. A looped antenna used,
let us say, in Baltimore, does not tell
whether the message comes from Philadelphia or from Washington. But the
magic coil gives the answer."
Major-General George Squier, the inventor of the "wired wireless" system of
radio communication, proposes the use
of this system_for the purpose of supply-
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ing music and entertainment to the
hundreds of thousands of American
homes now wired for electric service.
The plan is outlined in the words of the
inventor of the system:
"Broadcasting was impossible without an audience. As soon as an audience was provided, broadcasting was
possible, and it began. The audience

was provided by the boy amateurs—by
the youthful tinkerers who for four or
five years had been playing with coils
and sparks and antennre—who had
been trying, night after night, to get
through a few dots and dashes to the
other boy enthusiast in the next block.
This amateur audience was ready and
waiting for the broadcaster; its existence

A RADIO RECEIVER THAT USES A TELEPHONE WIRE AS AN AERIAL
Figure II: The scheme for transmitting radio programs to subscribers only is brought within the realms of
possibility by this tmer-phone, or "line radio duplex transmitter and receiver." developed by R. D. Duncan, Jr.,
head of the research laboratory of the Signal Corps. The device may be attached to the ordinary desk telephone.
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is what made broadcasting such an instantaneous success.
"The present conditions in radio are
training alarger audience. Father and
mother have joined the boys around the
radio set. It has been estimated that
about five million people listen in every
evening on the broadcast programs.
"What are we going to do with this
audience?
"Amateur radio prepared the audience
for broadcasting. Broadcasting is now
preparing another audience, alarger one
—for what?
"Some people seem to think that
broadcasting is afad; they believe that
people will return for entertainment to
the phonograph, to the motion picture
and to the spoken drama. They believe, so they say, that the radiophone
is atemporary craze.
"I do not think so. What happened
to amateur radio? In one sense it
passed, but it passed into a far bigger
thing. It passed into radio broadcasting. Radio broadcasting as now conducted may pass in its turn. Iimagine
that it will. But it will pass into something else, into something bigger and
better, something more useful to men
and to society.
"The basis of a democracy is education. Unless we can properly educate
our children and our immigrants, the
American idea of government will fail.
And no one can be educated solely in
school. Far more important is the atmosphere at home; the background,
good, bad or indifferent, against which
the family life goes on. Is this abackground of good books, good music, intelligent conversation? Or is it a background of crime news from the papers
and of neighborhood gossip?
• "Think of what radio can do to help
this situation. Radio can go along way

toward supplying whatever kind of
home background the country needs its
citizens to have. Inspiring music, the
uplifting words of great teachers, the
everlasting principles of our political
fathers, can be poured every day and
hour into the waiting ears of all our citizens—poured in to form the minds of
children, to revive the courage of the
common man, to instruct and set right
the newcomer from foreign lands.
"The country can make us listen, all of
us. It will be so easy to listen that we
cannot escape. We will not want to escape. Comfortably, each one of us beside his own library table, in his favorite
chair, without cost or exertion or the
annoyance of dressing up, there will
come to our ears at the turn of alittle
knob the best thought and the finest
artistry of all the world.
"And to our children's ears no less.
To our children radio will bring the intellectual background which only the very
rich have been able to provide, a background of exquisite sound. The poorest
nursery can have its interior decoration
of music, its aural furnishing, as now
we put bright pictures on its walls. For
nurseries and for all the house we can
replace mere noise with controlled harmony. Already the music of the Marine
Band, which all of us help to support, is
not confined to Washington; it is broadcast regularly. Already any little town
in Maryland or Virginia can have its
radio set and its loudspeakers—can
gather in the evening at the band stand
for its own concert by this world-famous
organization. Yet this is only a beginning of the work of the radio engineer as an educator. Soon we will be
measuring culture by watts.
"And as to the more permanent social
influences of such daily aural backgrounds, what might be, for instance,
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"For this to come about we need only
the influence on business morality if fifty
two things:
people heard each day the simple and
"First: we must simplify the radio
persuasive eloquence of the Sermon on
receiver, and
the Mount?
"Second: we must avoid, somehow,
"This is exactly what radio can do.
the present confusion of broadcast mesThe radio engineer will be, Ifirmly believe, the prophet and the architect of a sages, the overcrowding of the ether.
"Both of these improvements can be
new social era, the inventor of the first
made, and can be made easily.
successful system for the education of
"The Bureau of Standards has proall the people.

YOU CAN "PLUG IN" TulQ RECEIVING SET ON YOUR ELECTRIC LIGHT CIRCUIT
Figure 73: That the ordinary electric light wiring can serve u aerials for "wired wireless" reception has been
demonstrated by this receiving set devised by the Bureau of Standards under General Squier's direction. It is
possible that the electric light corporations oi the future will furnish tbe broadcast service—to customers only.

123

duced avacuum tube equipment which
aerial. This can be dcne easily by using
works on an ordinary electric lighting
the electric light wire or the telephone
circuit. This may eliminate from the
wire.
radio set the present type of battery.
"Every house has two avenues
The principle of the resonance coil, dethrough which the outside world comes
veloped in the laboratories of the U. S.
into it, the electric light wire and the
Signal Corps, not only accomplishes the
telephone wire. Already the massed
virtual elimination of static but reduces
network of these wiring systems is prothe laborious and uncertain tuning to a digious in extent. The United States is
single operation, to the mere sliding of a one vast grid of wire. If some jinn
contact arm along a coil. These two
could dissolve away all the brick and
advances remove the main reasons why
iron and concrete of the buildings of
the present-day radio set is overcomplilower New York. leaving only the eleccated and is too liard to manage and
tric light wires, the form of the buildings
adjust. The next step is get rid of the
would be as visible as before. Each
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WIRE SKELETON OF A CITY BLOCK

Figure KK: The possibilities of bringing radio rmgrams into buildings by way of the telephone
and light circuits is illustrated by this diagram. If all the brick and iron of our city structures were dissolved away. the forms of the buildings would still be indicated by the wiring
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floor, each wall, each room would be
represented by a cage of intercrossing
wires. The telephone wires make another system equally complete and complex, in fact, since the telephone system
is continually changing its configuration
as its calls are plugged in and out.
"Each of these vast networks of wire
is really acage aerial, athree-dimension
antenna system. The electric light
wires and the telephone wires of New
York pulsate every instant with all the
potential changes due to every wireless
message passing through the ether.
Each Marconigram from Europe is recorded, pulse by pulse, on these two independent networks of wire.
"Both of these networks come into
your house. Why not use them to get
your radio signals? What is the use of
spoiling your roof with troublesome and
unsightly aerials, or filling up your parlor with complicated loops? The light
and telephone wires are there. They
have been laboriously and skillfully insulated from the ground and protected
against lightning. Why do this all over
again for alittle private wire system of
your own? Why not forget about your
own private aerial and use those already
available to you?
"With proper apparatus there is no
danger to or from the wires, no interference with their use for light or telephone
service. All the music and speech which
is pulsating through the ether, all this
wonderful potential background of education, comes into your house anyway
through the two avenues, namely, the
light wires and the.telephone wires. The
radio set of the future—I believe, of the
very near future—will be some simple
apparatus which you can plug into any
light socket, or connect to any telephone. It will be something which you
can buy in any drug store. It will be

something dependable and standard,
which you do not have to 'set up' or
"When we get this we can begin to
count on developing an intelligent, wellmeaning and broadminded public opinion.
"The difficulty of an overcrowded
ether can be met with equal ease. The
work of the Signal Corps on carrier current radio, or `wired wireless,' is well
known. By this system radio waves can
be sent over ordinary wires. This is already in use for telephone service over
power or telegraph wires and for superposing two or more telephone conversations on the same wire.
"By the use of this system anything
could be broadcast over the electric
light wires of acity. Items of local interest only need not be loaded on the
ether for everybody to hear; the local
wire systems will carry the load instead.
"For instance, department store advertising is of real interest to people who
live near the store. It is not of interest
to listeners athousand miles away. It
will be necessary to distinguish between
local news and general news; between
local civic matters and general governmental ones. The use of the local wire
systems for broadcasting by radio permits one to make this distinction
effective.
"Like the use of the electric light wires
as aerials, this broadcasting over them
will interfere in no way with their proper
purpose of carrying current. Several
power companies are understood to be
experimenting already with the idea of
furnishing their customers with broadcast entertainment just as they now furnish them with electric light.
"These, then, are the three developments in radio which Ican see near at
hand.
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A SMALL RADIO "TANK" WINDING ITS WAY THROUGH CROWDED TRAFFIC
Figure LL: A spectacular demonstration of a radio-controlled automobile—the forerunner of a radio-controlled tank—was given in the streets of Dayton, Ohio, on August 5, 1021, at an hour when the traffic was heaviest.
This car was developed by Captain Raymond E. Vaughan, Chief of the Radio Branch of the Engineering Division
of the Air Service, U. S. A., at McCook Field. The car was eight feet long, three feet high and two and ahalf
feet wide. It waspropelled by motor and storage batt er i
es at a speed ranging from four to ten mil es an h
our .
an d
was controlled entirely by wireless signals transmitted from an automobile that followed in its rear; Captain Vaughan
from
statesthe
"the
ground."
controls It
would
was stopped,
be effective
started,
at adistance
reversed,
of steered;
50 milesmade
and could
to blow
be a
operated
horn, ring
from
abell
an aeroplane
and fire aas
pistol
well by
as
the pressure of buttons on an automatic transmitter that sent out various combinations of dots and dashed that
caused certain controls in the car to function. The "brains" of Captain Vaughan's car is the selector—an apparatus
about as large as asaucer which decodes the combinations of dots and dashes and puts the desired controls in operation within aquarter of asecond. Any one of the twelve controls can be made operative in less than one second.
The possibilities for operating war-machines on the same principle give these demonstrations a prophetic sig.
nificance.

"First: the simplification and stand- with gray hair and strong, thoughtful
face; you are at once struck with his reardization of the receiving set.
"Second: the use of light wires and the semblance to that other wizard in the
field of electricity, Thomas A. Edison.
telephone wires as aerials for everybody.
"Third: the use of local power systems The little automobile (Fig. NN), somewhat boatlike in shape and with amast
for local broadcasting.
"Through these three developments that heightens the resemblance, stands
in the middle of the floor. It is indeed a
there will come to every man's home a
stream of the best things of the world— prosaic looking vehicle; its metal coversstream to be tapped and enjoyed when ing might give the impression that it is a
he wishes, to be shut off by the simple model of some new type of armored
turn of a switch when he does not; a 'tank.' At adistance, your only clue to
stream out of which he may select what its real character is supplied by the coil
of wire that ascends as a spiral about
pleases his fancy or meets his changing
five or six inches in diameter that winds
needs.
"Thus will the radio engineer provide about the mast from bottom to top,
a new cultural background for human- where there is a little electric signal
ity, anew and powerful agency for the light. On closer inspection you might
see within the open body of the vehicle
advancement of mankind."
aseries of electric batteries and sundry
The control of distant mechanisms by
mechanical
devices, but even that
radio waves has grown to be avery important development of the radio art glimpse would probably make you not
and many astonishingly marvelous ex- much the wiser, even if you are askillful
mechanician. About the only obvious
periments have been made to prove the
feature is a central wheel, the rim of
practicability of such remote operation.
Here again Dr. Henry Smith-Williams which projects into the body of the little
has contributed a most enlightening car, to which the propelling mechanism
manuscript on the subject and the is attached. The single front wheel, it
may also be noted, serves to guide the
reader is bound to find in it apleasantly
understandable outline of how such vehicle to left or right, just as abicycle
is guided. But there is no bicycle
system functions:
"Nu radio apparatus exhibited re- handle or other mechanism in sight by
cently that has attracted anything like which the wheel might be turned.
"Mr. Glavin, standing perhaps twenty
the popular attention bestowed on Mr.
E. P. Glavin's mystifying little automo- feet away from the car, raises his hand.
You note that the signal light at the tip
bile that is controlled by wireless.
"I use the word 'mystifying' advised- of the mast flashes, but nothing more
ly, even though there is no secret as to tangible happens. Another slight mothe way in which Mr. Glavin accom- tion of Mr. Glavin's hand. Now the
plishes the wonder. A wonder it re- car starts forward and begins its strange
journey. It glides along at amoderate
mains, however, even after the fullest
explanation. The greater your knowl- pace, like atank leisurely charging the
edge of radio, in fact, the more fully you mass of spectators, but before it reaches
them it circles to the left, and moves
will agree to that.
"You see Mr. Glavin standing at the back toward the point from which it
side of the room, a solid-figured man started.
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INSIDE INFORMATION ON THE CONTROLS OF THE RADIO CAR
Figure MM: The essential working parts, by means of which the vehicle is controlled, are as follows:
A is the spiral antenna: B is the tuning coil; C is the sensitive relay operated by the feeble radio currents;
13 is the control switch which is set into action by the closing of the contacts of the relay; E are the
storage batteries which furniah the electrical power to the motor F. and G is the propelling wheel.
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THE GLAVIN "MYSTERY MOTOR CAR"
Figure NS: The motive power is furnished by astorage battery; electromagnetic waves from the
aerial throw the current in and cult of circuit. How this is dune is the essence of the device.
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"Mr. Glavin's face is impassive, but
from time to time he lifts his hand with
alittle movement as of salutation; each
time he does so you note that the car
changes its course. It circles to right as
well as left; it cuts a big figure eight;
with seeming intelligence it turns its
prow just in time to avoid collision with
the spectators.
"I chanced to be standing beside Mr.
Glavin on one of the occasions when the
car was making such ajourney.
"'Now Iwill have it come around and
stop right in front of us,' he remarked
quietly. A wave or two of the hand and
the thing was done! It was hard to
avoid the feeling that this weirdly responsiv elittle vehicle, as it circled about
and came toward us and stopped respectfully four or five feet away, was
manifesting actual intelligence and consciously responding to the mandate of
its master.
"There was atime when an exhibition
like that would have been labeled 'wizardry,' and an interpretation would have
been put ill:ion the word that would have
boded ill for the exhibitor. The word
'wizardry' still applies, but it now has
scientific instead of superstitious implications. The medieval interpretation
would have condemned the inventor for
consorting with evil spirits, the modern
interpretation explains that he is
juggling with electromagnetic waves in
the ether.
"There is, as Ihave said, no mystery
about the method of operating Mr.
Glavin's device.
Every observer is
aware that the little car makes its pilgrimage under radio control. Everyone
knows that when the director lifts his
hand he is merely signalling to the radio
operator a short distance away. The
operator touches a telegraph key connected with an ordinary transmitting

apparatus that operates in connection
with ashort two-wire aerial. Everyone
knows that the electromagnetic waves
sent out from the aerial are caught up
by the receiving coil that is spiraled to
the mast, thus constituting a receiving
antenna, and that it is the impulse thus
coming to the radio apparatus stored
within the body of the little car that determines its movements.
"But this knowledge does not take
away the mystery. To see that little
vehicle, under no man's hand, start and
move about in an intelligently directed
path, stop, and start again and finally
make its way to the stall that is its temporary home, and stop there—quite as a
horse makes its way to its own stable—
is to witness a scientific miracle that
yields place to few others in genuine
mystery. The builder of radio apparatus can tell how the thing is done in
mechanical terms. The mathematician
can calculate the energy involved. But
no man can give what could properly be
called afull explanation of the mystery.
"It is possible, of course, to go alittle
more into detail as to the precise steps
of the series of processes by which a
wave of the hand appears to be translated into the propulsion of a vehicle—
not only appears to be, but really is so
translated, if we accept words in their
proper meitaing.
"But what takes place within the
mechanism of the vehicle when the wireless impulse is received from the transmitting aerial?
"At the outset it must be understood
that the radio waves which determine
the activities of the little car do not supply the energy of propulsion. By no
possibility could they do that. The
electromagnetic waves that come from
the aerial could no more turn the driving
wheel and propel the vehicle than could
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A FORERUNNER OF A RADIO-CONTROLLED NAVY
Figure 00: Several years ago the youthful ..wizard" of Gloucester, Mass., John Hays Hammond, Jr., attracted
world-wide attention by demonstrating how ayacht could be directed by radio impulses sent over adistance of several miles. These experiments were followed by the development of radio-controlled torpedoes.

the same feat be accomplished by those
would probably qualify that phrase and
other electromagnetic waves termed rays
say that he labored nine years before he
of light which pass from Mr. Glavin's
got the car to operating as it now does,
hand to the eye of the operator of the
and that even now he feels that he has
radio-telegraphic key. The radio waves
made only a tentative solution of the
convey more energy than the light
problem and is by no means satisfied
waves, to be sure; but in no conceivable
with it as an ultimate achievement.
way could they convey enough energy
"But the present achievement is
to propel a vehicle weighing eight
notable enough to satisfy most inventors
pounds, let alone eight hundred.
and to excite the wonderment of all
"Most of the observers are well aware
beholders. The mechanism involved, so
of that. They understand that the
Mr. Glavin assures us, is relatively
actual propulsion of the wireless car is
simple; important mechanical devices
effected by astorage battery which is a almost always are simple when perpart of the internal mechanism of the
fected. In this ease, the mechanism
car itself. A little dynamo that differs
that shunts the current from one circuit
in no essential from the dynamos that
to another consists of a small drum
propel other electrically-driven vehicles
actuated by an electromagnetic dog-and—from automobiles to trolley cars—
ratchet arrangement. Released by one
metamorphoses the energy of the storage
signal, the drum rotates enough to
battery to energy of molar motion—and
bring abrass collar in contact with poles
turns the wheel. The electromagnetic
of the battery, thus establishing a cirwaves from the aerial serve only the
cuit that lights the electric lamp at the
function of the motorman on the trolley
top of the mast head. A second signal
car, they throw the electric current in or
releases the drum and permits it to turn
out of circuit.
into the next position, where another
"It is the way in which this is accombrass collar establishes the circuit that
plished, however, that constitutes the
enables the dynamo to actuate the
essence of Mr. Glavin's invention.
propelling wheel. The motorman has
"This statement does not do full
turned his lever and established the
justice to the problem. It is necessary
circuit, and the car is in motion.
not merely to throw on and shut off cur"Now comes the third signal, and this
rent, enabling the car to start and stop
(while leaving the propulsive current in
(which is all that the motorman on the
circuit) permits another shift of the
trolley is called upon to do), but it is
drum, bringing into action an electricnecessary also to provide for the lateral
ally-driven power that turns the guiding
guidance of the car, aduty of which the
wheel to the left. The car now circles to
motorman is relieved by the railway
the left until the next signal brings the
irons. The feat of Mr. Glavin's radiowheel back again; then it will go straight
automaton might better be likened to
ahead again until the sequential signal
the task of the automobile driver who
turns it to the right.
not only starts and stops his car but
"There are twelve signals in the entire
turns it to right and left.
series, and the successive shifts of the
"Mr. Glavin labored with this probdrum necessarily take place in an unlem for nine years before he solved it to
varying sequence.
Straight ahead—
his satisfaction. The inventor himself
turn to the left—straight ahead on a
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HE LABORED NINE YEARS TO MAKE HIS RADIO CAR WORK
Not so many generations ago this inventor, E. P. Glavin, would have been condemned for consorting with the
evil spirits that propelled and guided his miniature motor car. Modern science, however, knows that he is merely
juggling with electromagnetic waves in the ether—until ultra-modern science disproves the existence of ether and
proclaims another explanation of the phenomena of radio.

new tangent—turn to the right—straight
ahead on a new tangent—turn to the
left—and so on. There is no way of
changing the succession of the signals.
"Nevertheless, the car can be made
to take any desired course—as can the
man-driven automobile. If Mr. Glavin
wishes the car to make its first turn to
the right instead of to the left, he merely
gives three signals in rapid succession
after the vehicle is under way. The

three signals can be given in less than a
second's time with the result that the
drum will shift so rapidly, that the leftturn circuit and the back-to-center circuit are passed before the wheel has
fairly begun to respond and the turn-toright circuit appears to have been directly established. In other words, the undesirable signals were 'jammed' and
rendered inoperative.
"Such, then, are the essentials of Mr.

TESLA'S FAMOUS "TELAIIMATON"
Figure PF': As far back as 1895 Nikola Tesla gave
demonstrations in New York of this radio-controlled
boat. It was eight feet long, and was operated in a
large tank. The inventor made the boat go through
many evolutions, turn lights on and off and fire miniature guns—to the consternation of the public to which
radio was practically unknown.
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A PICTURE THAT CROSSED THE ATLANTIC IN 20 MINUTES
Figure QQ: This is one of the photographs (of astreet scene in London' that was sent from England in the
radio photographic tests. These experiments prophesy the publication of pictures of important European events
in the daily press of America as soon as in the newspapers abroad.

Glavin's invention. In a sense it is
simple, yet of all radio marvels, few are
more thought-provocative than this."
Perhaps the greatest marvel of radio
transmission is the feat of translating a
photographic print into aseries of electrical impulses that may be reproduced
at adistant receiving station as an intelligent replica of the original. While

we have many such systems, each with
its own particular features and faults,
the basic principles involved are practically the same and the description of
two of the most widely divergent
schemes will give the reader a fairly
broad understanding of this growing
branch of the radio art.
The Ranger system of photographic

A RADIO CAMERA WITH A 3,000 MILE FOCUS
Figure RR: The inventor is here comparing an original photograph with its transmitted duplicate.
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transmission has been successful in
trans-Atlantic work and it is perhaps
the most simple scheme in use at the
present time, a fact that makes it admirably suited for popular description.
Mr. Ranger, the inventor, tells of the
operation of his machine in his own
words:
"Behind any development or invent
ion there must be first the desire for its

particular accomplishment. This desire
has long been behind the transmission of
pictures by radio and it has finally
culminated in the demonstration some
time ago when picture after picture was
successfully transmitted from the City
of London to downtown New York by
the Radio Corporation of America's
high-powered transatlantic system.
"Set up in the laboratories were loud-

HOW THE PICTURES SPAN THE ATLANTIC
Figure SS: The photographs and printed documents are sent from London by wire to aradio station. They
are received by an American station as indicated on this page. From the radio station the electric impulses are relayed to New York and are recorded., as shown, on the cylinder by the special pen.
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THE RECEIVING AND RECORDING APPARATUS
Figure TT: A in the picture above is the driving motor that runs exactly at the same speed as asimilar motor
at the sending end. B is the gear that runs the cylinder C on which the picture is recorded by the special pen D.
At ¡lisaa magnet that shifts the pen like atypewriter carriage. K are resistances. F. is an ink reservoir for the pen.
While the pen makes apicture, aray from au electric light makes aduplicate within the camera box F.

WiMPWIPTIVAVANMerla

One Picture isWorth
10,000 Words
[Oki Chinese Proverb)
ANYWAIIINWVWVIMAN
ROW PRINTED DOCUMENTS ARE RECEIVED BY RADIO
Figure UU: At apublic demonstration of the Ranger apparatus afull-page advertisement complete with reading matter and pictures, was transmitted from London within afew minutes, ready for
reproduction in aNew York newspaper.

speakers amplifying the signals coming
in from England; but instead of the radio
code signals with which most broadcast
listeners are familiar, this picture talk
seemed to be an incongruous collection
of buzzing noises—not particularly
rapid in succession and with more or
less of ahalting characteristic. Nevertheless, they were the shorthand indications which were accomplishing the
registration in New York City of the
photographic impulses that originated
from Radio House, London.
"Mr. Donald G. Ward, an engineer,
had gone across to London only three
weeks before to set up a 'board about
3 feet by 4 feet in size, on which was
mounted a fair-sized motor which is
used to rotate a glass cylinder. This
motor revolves at an exact speed determined by a vibrating tuning fork
which sees to it that, in spite of load
or electric current variations, the mo-

tor will keep rigorously geared to time.
"The glass cylinder supports the
photographic film to be transmitted.
The film may be either a positive or
negative, but from an operational point
of view it is usually found convenient to
use apositive print so that the operator
can judge better of the values which
should be brought out as the solid black
and the pure white of the picture. Inside the glass cylinder is a powerful,
although small, electric light which,
with its appropriate lenses, sends abeam
of light through the film at one point at
atime as the drum rotates into alight
proof box inside of which is a photoelectric cell
"This cell is the `photoradiographic
eye.' The electrical resistance of this
cell changes in accordance with the
amount of light which falls upon it and
in this way takes care of the shading of
the picture in transmission.
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THE RADIO PIIOTOGRAPHIC TRANSMITTER
Figure VV: A is the synchronous motor and B is agear that connects it with the cylinder C on which the
photograph to be sent is fastened. D is the camera box that is shifted by the magnets G while the varying lights
and shades of the phut ,igraph are being converted into electric impulses

"The photo-electric cell functions
practically without any lost motion.
That is, the instant the slightest change
in the amount of light reaches the cell, a
corresponding change in the output current of the cell takes place. In this way
the 'eye' of the transmitter is able to
`see' even the tiniest light variations; in
fact the `eye' sees and records electrically millions of different current impulses as the films sweep by the light
beam from inside the cylinder.
"The photo-electric cell is, therefore,
responsible for reproducing an infinite
number of different electric current
values which correspond with the light
or dark areas of the pictures that are
being transmitted.
"In order to cover all of the original
film, the glass cylinder is rotated back
and forth; in this way the entire surface
is eventually exposed to the piercing
light beam. The film rotates through
an angle equal to the width of the
picture, and the electric camera itself
advances down the length of the picture
one notch at a time. Thus, line upon
line, the whole picture is covered.
"After the signal impulses or electric
waves from the photo-electric cell pass
through aseries of vacuum-tube amplifiers, they are fed into amodulating device ready for transmission. The electrical interpretation of the picture is
then transmitted over land wires from
the London laboratory to the highpowered transmitting station of the
Marconi Wireless Telegraph Company,
Ltd., at Carnarvon, Wales. Here the
electric impulses on the land wire operate small relays which turn on and off
the high value currents that flow from
the 200-kilowatt generator to the antenna system. This high power electrical energy leaving the antenna in interrupted impulses, similar to dots and

dashes of the telegraph code, creates the
ether waves which carry the photograph
3,000 miles through space to the receiving station on this side of the Atlantic,
located at Riverhead, Long Island.
"The development of the photoracliogram transmitter has purposely been
carried on in connection with the established radio-transmitting stations, now
engaged in sensing radiograms daily
between Europe and America. Thus the
new device does not require the preparation of any special radio circuits for
efficient operation.
"At Riverhead, Long Island, in the
Radio Corporation's central receiving
station, the operator tunes in to the
Carnarvon station. He receives the
picture just as he would receive aradiogram, but instead of dots and dashes
which he can read he receives an undecipherable series of electrical impulses.
These impulses pass through abank of
vacuum-tube amplifiers and are then
sent by land wire to the laboratory of
the corporation, located in the building
in Broad Street, New York.
"Here this unintelligible code, carrying the photograph, is translated back
into black and white, recording the
original picture much in the style of a
stippled engraving.
"An `unscrambling' device in the
laboratory then decodes the complex
photo message and gives each individual
electrical pulse of energy adefinite task
to perform in reassembling the picture.
"The picture is reproduced in duplicate at the receiver, both on a paper
record and on aphotoglaphic film. The
paper upon which the record is made is
wrapped about a rotating cylinder,
which, in size and appearance, much resembles the early type wax phonograph
record. A specially constructed fountain pen bears against this just as the
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THE PERIODS OF REST AND ACTION ARE CONTROLLED
Figure WW: This diagram illustrates how the two crypt° discs XX control the periods of rest and revolution
of the cylinder P by means of an electrical relay.

needle of the phonograph does on a that those particular dots are being
formed nowhere else but right on the rerecord. The pen is attached to an
electrically-controlled lever in such a ceiving cylinder in New York City. No
human hand could hope to imitate the
way that every pulse of electrical curprecision of the small special fountain
rent which passes through the magnet
pen which puts down, here and there,
coils of the relay lever draws the pen to
dots or dashes, then leaves an open
the surface of the paper, making afine
space which gives the pleasing effects of
ink mark. A changing current fed
the finished picture.
through the magnet coils causes the pen
"If the same picture is transmitted
to wiggle in step with the current imtwice, the dots do not occur in exactly
pulses, thus giving the artistic stippling
the same spots on each picture; in other
effect in the reproduced picture.
words, each and every transmission is
"One of the outstanding requirements
individualistic, although the resultant
in sending pictures by radio or wire is
pictures when held at a little distance
absolute synchronism of the sending
are absolutely identical. In other words
apparatus with the receiving device;
the dots come in seemingly, hit or miss,
otherwise distortion will occur. If the
but it all depends upon the chance way
receiving apparatus should lag the
in which the picture first starts, so that
slightest particle of time behind the
the succeeding dots will take up their
transmitting set, the received picture
proper places with mathematical exactwould be blurred and unrecognizable.
ness to give true tonal value to the pic"This necessary synchronism is mainture.
tained by the use of special driving
"So it seems that this photoradiomotors, one geared to the transmitting
graphic art will soon come to have areal
cylinder and the other geared to the replace in communication; particularly as
ceiving cylinder. These motors although
facilitated by the rapidity of radio
separated by 3,000 miles maintain the
waves."
same speed. This is accomplished by
One of the greatest obstacles in the
the aid of the tuning forks already mentransmission of pictures and documents,
tioned.
"Chief of the features of this photo- especially important documents, is that
of secrecy. Anyone equipped with the
rad iographic system may be mentioned
necessary receiving apparatus may interthe fact that the entire operation at
cept the picture message by attuning
transmitter and receiver is in broad daytheir device to the transmitting station.
light. This immediately removes the
Eduoard Belin, a capable French exprocess from the laboratory stage, which
perimenter, has invented a method of
necessitated dark rooms and many other
special provisions and brings it into a sending pictures with what would seem
to be positive secrecy. Mr. Belin tells
category of usual commercial equiphow he does it in the following pages:
ment.
"The transmission of pictures and
"The building up of the received picdocuments by radio is an accomplished
ture is afascinating sight, even to those
fact. It has been done by many with
who have watched it as it became more
more or less success, depending upon
perfect day by day. This is particularly
the method and apparatus that has been
true when it is realized that it is originatemployed.
ing more than 3,000 miles away, and
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"One of the disadvantages of radio
traysmission is that someone may, with
the proper apparatus, receive the
message or document that is being sent,
even though it is not addressed to him.
This feature, of course, renders the apparatus almost valueless for commercial
purposes, as no newspaper or police department would transmit under these
circumstances any documents which
should be kept inviolate.
"To overcome this objection and
make any picture-sending method practical, Ihave devised a machine which

sends pictures by radio, but in such a
manner as to make it impossible for the
message to be received by anyone except
the station to which it is addressed.
After several years of experiments, I
have succeeded in my endeavor and have
produced an apparatus that I have
called the `radiocryptotelestereograph.'
"This apparatus (which is really a
combination of two instruments) includes a transmitter and a receiver,
almost identical to our telestereograph
(Belin's picture transmitter), for the
transmission of pictures over land

A "TIME CHART" OF THE CRYPTO MACHINE
Figure XX: This shows how the periods of rest and action are divided. The periods of rest are
determined by the number combination in much the same manner as the combination on asafe; they
are
also
duce thedisguised
picture. by sending out false signals which are similar to the transmitted signals which repro-
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wires, and acombination system somewhat similar to those used in safes,
which may be adjusted to form 999,999
different combinations. There is, therefore, but one chance in amillion for the
message to be intercepted by a station
even if it is equipped with the proper
apparatus. As an added safety, however, during the interval when no part
of the picture is being sent, a special
device fixed on the machine sends false
signals—a feature which makes it absolutely impossible to receive the documents unless the receiving operator
knows the combination number and adjusts its apparatus so that it is exactly
synchronized with the transmitter. I
have named the apparatus that accom-

plishes this feat, the `crypto,' from the
Greek word cryptos.
"The crypto is composed of six discs
that have cut on their circumference
nine slots that are numbered from 1to
9; these may be adjusted to form any
desired combination of six figures. Once
set at the proper place, ablade is set in
the slots, thus making of the discs aunit
which turns at the proper speed and
that closes contacts in a certain order
that depends upon the combination.
"Figure WW shows how at every turn
the contact C, is closed, releasing by
means of arelay R, the cylinder P, that
bears the picture or message.
"The crypto discs make one-sixth of a
turn every second while the cylinder P,

HOW THE CRYPTO DEVICE TRANSMITS THE CODE
Figure YY: On the disc M. the dot and dash characters P. are printed by raised portions
which, by means of aneedle O. close aswitch Q and arelay R. thus sending asignal to the radio
transmitter.
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Internatia.ial
TRE RADIOCRYPTOTELESTEREOGRAPII IN OPERATION
Figure ZZ: Here are shown the two complete machines, one for transmitting and one for receiving pictures
by the Belin process. Both machines are run by synchronous electric motors, and the receiver is timed by aradio
impulse sent out at regular intervals so that both the transmitter and the receiver will keen in time; otherwise
the pictures would be deciphered incorrectly and would be reproduced merely as a meaningless jumble of light
and shade.
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accomplishes one revolution in twothirds of a second; therefore, when the
contact C, is closed, the relay R,
attracts the finger F, locking the
cylinder and at the same time closing
the circuit of a magnetic clutch which
couples the cylinder to the rotating
shaft; these operations are made instantaneously.
"As the contact C, is only momentary
the relay R, is energized for only a
fraction of asecond and the finger F, is
attracted just long enough to release the
cylinder, coming again in contact with
the cylinder P, and sliding on its edge
until it falls again in the slot, stopping
it and opening the circuit of the clutch
at CI. The same cycle of operations
happens every time one of the contacts
C or CIare closed. For the sake of
clarity, only two contacts are shown in
the sketch, but six contacts are used in
the crypto, one for each disc.
"Figure XX illustrates clearly the
method of operation, as it shows the
periods of work and rest of the cylinder.
The six breaks on the discs are numbered
and are supposed to be set for the combination 913285.
"The efficient time of rotation of the
cylinder upon which is fixed the picture
that is being sent, is two-thirds of a
second, and may be taken as twentythirtieths of asecond. If the discs are
adjusted to form the combination number 913285 (for example), there will be
before the 1st turn of the cylinder, arest
period of ten-thirtieths; at the beginning of the 2nd second, the cylinder of
one turn rotates in two-thirds of a
second, and stops during thirteenthirtieths of asecond, before it starts for
the 3rd turn, and so on; the inactive
time is determined by the arrangement
of the discs.
"As may be seen, therefore, the pic-

ture is sent at irregular intervals, which
makes it necessary for the receiver to be
exactly synchronized so as to start exactly at the same time as the trans
mitter. If but a single figure in the
number is wrong, the lag at every turn
would increase and put the whole system out of tune, and the results on the
receiving cylinder would be unintelligible, as several spots would be reproduced at irregular intervals. The false
signals disc, in other words, would produce some extra spots which would
render the picture or message absolutely
unreadable.
"All these operations are made at
every turn and happen every second.
The time required to send a picture or
message being about 4 minutes.
"The vital factor in my machine is
the synchronism which insures the transmitter and receiver turning at the same
speed. It includes a clock that has a
contact system which closes a local
circuit every second. By means of an
adjustment at the receiver, the contact
may be made exactly at the same time
as at the transmitter. The operator at
the receiving end listens to the tick of
the transmitting clock which closes the
circuit of the radio transmitter, and adjusts the contact so that the local circuit
of the receiving clock is closed at the
same instant. Once this is adjusted,
both transmitter and receiver are started
and the picture sent.
"The picture to be sent is photographed on a gelatin plate which is developed and stuck on a brass cylinder
over which aneedle contact slides in the
same fashion as the needle of an old style
phonograph or of a dictaphone. The
motion is such that the needle covers at
each turn one-hundred-and-twenty-fifth
of an inch, which has been found
sufficiently accurate to reproduce de-
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THE COMPLETE TRANSMITTING APPARATUS
Figure AS: This schematic drawing shows how the apparatus insures the complete secrecy of the transmission.
With this device there is less chance than one in amillion that pictorial eavesdropping may be accomplished.

HOW PICTURES ARE TRANSMITTED
Figure B3: For transmitting photographs and other pictures that require half-tone effects
this device is used instead of that pictured in Figure YY. The microphone follows all of the various
shadings between white and black, whereas the switch device can only distinguish between pure
white and deep black.

flows through the relay 2, releasing the
tails. Every time a black part of the
synchronizing disc which is stopped at
picture passes under the needle it opens
every turn when the tooth catches on
alocal circuit, for these black parts are
the arm of the relay. The motion is
in relief; when the gelatin is developed,
therefore transmitted to the cylinder
the white parts of the picture are eaten
and the picture sent as explained preaway by the developer and form a deviously.
pression.
(See Figure YY.)
Every
"The purpose of the tooth on the syntime the local circuit is opened, the curchronizing disc is to stop the cylinder at
rent of the battery, B, is interrupted and
every revolution during a fraction of a
the circuit of the radio transmitter, consecond. The reason for this will be extrolled by the relay, R, is closed, thus
plained later. As the cylinder stops at
sending asignal.
every turn in the same position exactly
"Figure AS shows the complete transwhere the picture ends, the contact 8, is
mitter with the crypto apparatus that
closed, but at the saine time, as the maginsures complete secrecy of the transmisnetic clutch 5, is released, the switch 9,
sion. The transmitter is operated by an
is opened and is pushed back by the
electric motor upon the shaft of which
steel
disc when released; this puts in cirare mounted a friction device, the
cuit the `static machine' 7, composed of
necessary gears, the synchronizing disc
adisc corrugated so as to imitate apicand the small wheel that produces the
ture. This disc, which turns all the time
false signals. Every second, when the
with the motor, sends artificial signals
clock makes a contact, the relay 1, is
that operate the radio transmitter in the
closed; the 110 volts that energize it
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THE COMPLETE RECEIVING APPARATUS FOR PHOTOGRAPHS
Figure CS: This includes the mirror A, which reflects abeam of light from the lamp C, passing time ,h alens
II, through ashaded screen I. and alens D, onto the drum E. The screen. lens, and iirtim are located in .darkened
chamber. J. The moving coil F, causes the mirror to swing, thus causing the reflected beam of light tc sas .: through
the arc II, in accordance with the transmitted impulse. It is this swing which reproduces the p;...,ure by passing
the beam through the clear nortion or the opaque portion of the screen.

same manner as if the contacts were
made by the picture. However, while
the picture is being sent, the `static disc'
is short-circuited.
"The receiving apparatus is similar to
the transmitter except that the cylinder
upon which the sensitive film is stretched
is enclosed in alight-proof box that has
but one opening about the size of apinhole.
The received current passes
through the `string' of an Einthoven
galvanometer which normally obstructs
abeam of light concentrated through a
fine slot. When the needle passes over
ablack part of the picture at the transmitter, a signal is sent and causes the
galvanometer string to deviate at the receiver, thus unobstructing the light
beam which passes through the pin-hole,
and thereby making an impression on
the film.
"When the entire message or picture
is sent the film is developed and prints
are made in the usual way. Either a
negative or a positive may be received
at will by merely adjusting the galvanometer so that the string obstructs
the light when a signal is sent. The
reason why the cylinder that supports
the pictures at both the transmitter and
the receiver are stopped at each turn is
that it has been found by experiment
that the ordinary synchronizing systems
are not reliable, and that it is almost
impossible to keep the two cylinders
turning at the same speed unless one
uses a correcting system. In our apparatus, the correction is made at every
turn by having the main shaft stopped
by the tooth on the synchronizing disc.
Every second both cylinders start at the
same time, thereby preventing any great
variation to be introduced while the machines are running, even in the cases of
slight speed variations that are caused
by the motors.

"This apparatus, which may be built
in acompact form, has been used in experiments carried on aboard airplanes
for sending sketches and messages from
aplane to the ground. Very shortly I
intend to transmit pictures from Europe
to America.
"The process, as here described, permits only the transmission of pictures in
black and white. This is on account of
the equipment of the radio stations,
which can send only dots and dashes.
However, when a radio telephone station of sufficient power is available, the
stylus that presses against the picture,
fixed on the cylinder, may be replaced
by a microphone that has a needle
mounted in the center of the diaphragm.
Half-tones may, therefore, be sent, as
the microphone transmits all the variations of thickness of the gelatin, as
shown in Figure B3.
"At the receiving end, aBlondel oscillqgraph is substituted for the Einthoven
galvanometer, so as to permit the reproduction of all the values of gray in the
picture.
"The oscillograph is composed of a
strong electromagnet, in the field of
which is an armature made of fine silver
or gold wire in the shape of along loop.
Upon the wire is stuck a tiny mirror,
that reflects abeam of light that is projected upon it. When the picture is
being sent, the microphone modulates
the radio waves in the same way as the
voice does, and at the receiver the modulated current is sent through the armature of the oscillograph. This variable
current, passing through the loop of fine
wire, twists it more or less, and thus
moves the mirror attached to it and deflects the beam of light—as shown in
Figure C3.
"The beam of light passes through a
screen that is shaded from black to
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white, interposed between the galvanometer and the lens; this concentrates the
beam upon the film. As the light is of
variable intensity, ahalf-tone picture is
received with all the details and shades
of the original."
Is it possible to transmit radio pictures in color? This is alogical question
for alayman to ask and the surprising
part of it is that the question can be
answered in the affirmative for this great
technical feat has actually been performed. As a matter of fact, the sys-

tern used is amazingly simple when one
stops to think of the miracle worked.
In order to understand all that is involved in transmitting a color photograph over a telephone line, it is
necessary to outline the processes of
making acolor picture by the three-color
process. The three-color process depends for its possibility on the fact that
all colors may be copied with a high
degree of fidelity by the mixture of three
colors which are called primary colors.
These colors are red, green and blue.

THE RECEIVING APPARATUS FOR COLOR PICTURE TRANSMISSION
Figure DS: The unexposed film is just below the hands of Dr. H. E. Ives, the illuminating engineer,
who worked on this development. The lense to the left is the "light valve" that controls the light beams
thrown on the film from the lamp house at the extreme left.
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THE POSITIVES OF THE THREE KEY-NEGATIVES AS THEY ARE RECEIVED
Figure ES: These negatives serve in the same way as engraved plates for printing in colors; each is akey to
the primary colors, yellow, red and blue.

Mixing red, green and blue light, as for
instance by means of three projection
lanterns, each one furnished with a
proper colored glass over its lens, enables us to make white light when the
three colors are in agiven proportion of
intensity, and all other colors, including
yellow, orange, violet, blue-green, and
so on, when the proportion of the three
primaries are altered.
The process of making a three-color
photograph then consists in all cases of
making three negatives of the original
object each through acolor filter, as it
is called, which in combination with the
color sensitiveness of the photographic
plate makes a record of the amount of
one of the primary colors which will be
needed to mix with the others to reproduce the color of the original object.
Thus the filter corresponding to the red
projection lantern above considered
must transmit light from a photographed object to the amount which red
light is going to be used in order to copy
the color of the original. An orange, for
instance, will be recorded partly through
the taking filter for green; since red and
green light are to be mixed to produce
the orange color.
When the three record negatives are
obtained they may be used to make a
color picture in any one of several different ways. Transparency prints from
the negatives may be placed in three
projection lanterns and projected on a
white screen in red, green and blue
light; the three images being accurately
superposed one on the other. Or three
transparent films may be prepared
which are to be laid one over the other.
In this case the colors to be used are not
red, green and blue but the complementaries, that is, the colors which
'mixed with these make white; they are
blue-green, crimson and yellow. The

object here is not to add lights to each
other as was done with the lantern, but
successively to absorb the primary colors from the white light. Accordingly
the red record is printed in blue-green,
so that where the red record is black,
the transparency film will obstruct all
the red light coming through; the green
record is printed in crimson, the blue
record in yellow.
It is now obvious that in order to
send a three-color photograph over the
wires, all that is necessary is to send
three black and white record transparencies made from the original threecolor negatives. One of the accompanying illustrations shows in black and
white the three separate impressions of
a single picture, which if they were
printed in the proper colors and superimposed would give a colored reproduction. In making the positives for
transmission, each one was turned at a
different angle in order that the structure of fine lines which is introduced in
the process of transmitting over the
telephone wires would appear in each
received picture at such an angle as to
prevent geometrical patterns when the
three were superposed. Also the differences in the photographic density of
the three records is clearly shown, corresponding to differences in color in the
original object. The actual transmission time of the three positives together
was about 20 minutes, which included
the time for changing and making adjustments of the apparatus between
each picture.
Regarding the applications of telephone transmission of colored pictures,
there may be an important field in the
production of three-color transparency
lantern slides of news subjects. Lantern slides can be made from the transmitted photographs in a very few min-
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A. T. & T. CO.
THE EYE AT THE SENDING EHD THAT PICKS OUT THE COLORS
Figure FS: On the extreme left is the synchronous motor for rotating the film which, with the photoelectric
cell is under the dark cover just behind the lamp house. The large case with the dials contains the amplifier for
enlarging the output of the photoelectric cell.

utes and could be shown to large audiences so quickly as to offer promise of
their utilization in photo-news service in
such places as moving picture houses.
Lantern slides in color would give additional interest to such aservice. For
this purpose it is of course necessary to
have available color cameras capable of
making the original three-color negatives with such short exposures under
practical lighting conditions as to be
able to cover all kinds of subjects.
Recent developments in photographic
speeds, lenses and apparatus offer promise of the early availability of such three
color negatives.
Having accomplished the transmission of still pictures, it is evident that
the restless, inquisitive mind of man
would go out in search of a system to
transmit moving pictures. Those who
understand the optical trick employed
to give the illusion of motion in moving
picture projecting machines perhaps
know that the transmission of radio
movies involves only the speeding up of
still picture transmission. If it should
become possible to transmit sixteen pictures in one second of time, the feat of
moving pictures by radio would be
accomplished.
C. Francis Jenkins, aWashington inventor, has come very close to making
radio moving pictures areality and with
the great progress he has made it is only
a matter of time before a polished system will be completed. Watson Davis.
a well-known writer on technical subjects, describes a visit to the Jenkins
laboratory:
"When Italked to C. Francis Jenkins
over the telephone and he asked me to
come up to his laboratory. Iwas not surprised and startled that he and Icould
talk over acopper wire. Telephoning is
a common performance.
Even the
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nightly radio voices in the ether are no
longer the marvel they were amere two
years ago.
"But, when Mr. Jenkins asked me to
watch a screen in his laboratory which
was shut off from the rest of the room
and when Isaw him wave his hand to
me, although my back was turned to
him, it was unusual.
"I was seeing by radio!
"But Mr. Jenkins has done unusual
and unprecedented things before. Every
ordinary motion picture projector contains avital principle invented by him.
Readers of radio literature know also
that he has within the last year made it
possible to send diagrams, messages
written in Chinest characters, and even
photographs by wire and radio.
"Sending and receiving sets for transmitting still pictures by radio were in
his laboratory, and it was plain that this
apparatus for radio vision, a new assembly of disks, motors, lenses and
lights, was related to the more finished
and mature equipment that has been
successful in sending pictures and diagrams through thin air.
"In reply to my hardly pronounced
'How?' Mr. Jenkins showed how he
had made the movement of his fingers
and hand visible by radio. The apparatus seemed extremely simple, certainly
no more complex than the telephone
when Bell first operated it. A magic
lantern, the same as thousands in ordinary use, was projecting its shaft of light
through a disk that revolved at high
speed. The light fell on an opening in a
rectangular box, supported, much like a
small camera, on aheavy tripod placed
half way across the room. From the
black box on the tripod, wires ran to a
radio transmitting set that was heavily
screened to keep stray and troublesome
electric currents from getting in the

THIS MESSAGE
WAS

SENT

AN EXAMPLE OF FACSIMILE REPRODUCTION OF READING
MATTER (OR PICTURE) BY THE JENKINS MACHINE
Figure CS: The transmission of a"still picture" by radio was the first
step in the transmission of motion pictures—which are but aseries of still
pictures. Now the inventor is transmitting actual scenes directly from the
moving objects.

way. When awave of the hand was to
be transmitted, Mr. Jenkins simply inserted his fingers into the space where
the lantern slide holder of the ordinary
stereopticon is placed.
"The object of the whirling disk and
stereopticon, Mr. Jenkins told me, was
to impress the shadow of the moving
fingers and hand, portion by portion,
upon the light-sensitive cell that was
contained in the camera-like black box
on the tripod. How this is done will
be explained later. But the result is
that the variations in light that this cell

receives are translated into variations in
electric current, just as the variations in
sound that enter the telephone transmitter exit upon the wires as variations
in electric current. The shadow of the
moving fingers, now in the form of
varying electric current, was fed into
the radio transmitting set and handled
in exactly the sanie way as hundreds
of jazz concerts are broadcast every
night.
"The receiving antenna in the case ot
this demonstration was only afew feet
away from the sending antenna on the
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THE ESSENTIALS OF THE RECEIVING SET FOR RADIO-VISION
Figure HS: The lamp shown in the picture receives avarying electric current and transforms it into variations
in light, which are taken by the multiple lens disk and thrown onto the screen in the background in the form of a
picture. The !suitor driving the disk is located behind the screen.

1
AS IT WAS SENT—
Figure Is: This is the' original Chinese message
that was handed to the radio operator for transmission
at the sending station. Its Chinese significance is
"Ten thousand joys on your journey."

"Yet there is no question but that the
roof of the Jenkins laboratory, but for
radio
part of radio vision plays second
a short distance that wave of a hand
fiddle to the whirling disk. These rings
went through the ether in the form of
of lenses make radio-vision possible.
radio waves. After being picked up by
They
take the wave of the hand and
the receiving radio set, these impulses
impress
it portion by portion on the
were changed back into an electric curlight-sensitive cell; they take the rapidly
rent and sent to the radio-vision receivfluctuating light and change it into a
ing set.
"This receiving apparatus consisted of moving picture.
"The human eye is easily pleased and
just four essentials: alamp that changed
slurs over minute imperfections. All
electric-current variations into light
of the halftone illustrations in our
variations, awhirling disk similar to the
newspapers are nothing but areas of
one in the transmitter, alens, and apiccoarse dots, sixty to the inch, that our
ture-receiving screen.
"Radio vision is as much amatter of eyes obligingly turn into pleasing pictures. That is a very useful optical
optics as electricity, and since light and
trick and it is used by Mr. Jenkins in
electricity are both members of the big
family of ether waves, differing only sending still pictures by radio and also
in his process of radio vision.
in length, there is no reason why they
"Again, speed can be used to fool the
should not work amicably.
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—AND AS IT WAS RECEIVED
Figure J3: This is the message as it was received
by the radio operator and handed to its Chinese addressee; it is practically aperfect reproduction in somewhat grayer tone.

eye. Getting fooled is not always unpleasant, because it allows us to enjoy
motion pictures. In the theaters, sixteen photographs -Ippear on the screen
each second, and that is speedy enough
to make it seem to our eyes that the
motion is in the objects in the pictures,
not in the pictures themselves. And
this optical illusion is used by Mr.
Jenkins in radio-vision.
"Lines, not dots as in the halftone,
very close together, are the structure of
both pictures and vision by radio.
These lines of light are swept across the
progressing picture by the whirling
disks. Light is the paint and the whirling disk is the brush in radio pictures
and vision.
"In the Jenkins apparatus for transmitting still pictures. the whirling disk

has a prism curled around its circumference. Prismatic lenses, as almost all
of us have observed, have away of persuading light to deviate from its straight
path. The disks used in transmitting
still pictures by radio are made entirely
of glass, and the prismatic lens is ground
on the circumference. This is, however,
the equivalent of many lenses since it is
of varying thickness. And this causes a
beam of light, projected through it while
it revolves, to be swept from one side to
the other or up and down.
"Two of these disks are used to project the photograph upon the transmitting light-sensitive cell in Jenkins' pictures by radio apparatus. One disk
covers the picture in one direction while
the other covers it at right angles to the
first, and one of these disks operates
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TITE SIMPLE APPARATUS THAT SENDS A WAVE OF THE HAND BY RADIO
Figure KS: The inventor. C. Francis Jenkins. is placing his hand in the stereopticon which throws abean. of
light on the multiple-lens disk. This disk impresses a picture of his hand upon the light-sensitive cell (which is
across the room and not shown in the photograph) and this cell translates variations in light to variations in elec—
tricity.

many times faster than the other so that
the effect, in both sending and receiving,
is the drawing of lines across the picture
very close to each other. In sending
still pictures, this operation takes about
aminute.
"To transmit motion, the sending
must be speeded up so that at least sixteen pictures are transmitted each second instead of one picture in several
minutes. Compared with this, ordinary
motion pictures such as we see in theaters, are comparatively simple. At the
movies whole photographs are projected
on the screen all at once, and they are
thrown on and taken off so rapidly that
the eye cannot detect the separate projections but blends them together into
continuous motion of the objects in the
picture. In radio vision the picture is
projected on the screen portion by portion, but to produce the effect of motion
or actual vision acomplete picture must
be built up every sixteenth of asecond.
Prismatic disks that produce only one
picture aminute are obviously too slow.
"So Mr. Jenkins has devised a new
form or disk, that contains lenses that
combine the function of covering the
picture vertically and horizontally. In
the apparatus that he demonstrated, the
disk was so made as to produce one
complete picture with each revolution.
It contained forty-eight lenses in all.
Each of these was, in effect, acombination of a rather flat convex lens and a
prismatic lens. The lenses varied by
having the prismatic part thick on one
edge for the first lens and then gradually changing their angles until the
thickness was on the other edge for the
last or forty-eighth lens. For all lenses
the convex portion was the same. Thus
in this compound lens both horizontal
and vertical motion of the light was obtained. The forty-eight lenses forming

a prism of varying angles shifted the
scene once horizontally, while each convex lens by its vertical motion swept the
scene over the light-sensitive cell in oneforty-eighth the time of the horizontal
shift. Thus each scene was impressed
on the cell t.9 forty-eight horizontal lines
spaced close together.
The speed
necessary for the production of continuous motion in the radio-vision receiving
apparatus was sixteen revolutions a
second or 960 r.p.m.
"Exactly the reverse process takes
place in the radio-vision receiver. The
dismembered scene enters the lamp of
the receiver as a fluctuating current,
strong where the light of the transmitted
scene was strong, weak where it was
weak. Faithfully the lamp reproduces
light, and the whirling disk with its
dual-purpose lenses sweeps the scene on
the screen just as its twin in the transmitter swept it on the light-sensitive
cell.
"It is ashadowy wave of the hand or
movement of the fingers that is produced. A picture composed of only a
few horizontal lines, varying in light
intensity along their lengths, cannot be
expected to be very distinct or detailed.
"But even shadowy motion such as
was produced was a demonstration of
the important possibilities that the
method holds. Increase the number of
lenses that produce each picture to
several hundred and the detail will
come.
"In another important way, the radiovision apparatus differs from the radiopictures outfit. The light source in the
receiver must vary quickly with variations in the incoming current. The
ordinary lamp that is speedy enough for
still pictures by radio cannot make the
pace necessary for radio vision. Mr.
Jenkins is using acorona glow lamp, in

THE RADIO TRANSMITTER FOR MOTION PICTURES
Figure LS: The light I. from an object A. is focused one strip at atime, through lenses on the rotating disk E.
onto the light-sensitive cell F. Electric current from the battery G, is modulated by the light and sent out by radio
in the usual way.

HOW THE RADIO MOVIES ARE RECEIVED
Figure MS: Radio impulses are communicated through the transformer O. to the device N, which reconverts
them into pulses of light. These pulses, passing through the lenses on the rotating disk K, produce an image of
the original object on the screen J

which the gas around the internal
electrodes gives off the light. The
lamps are filled with neon, one of the
rare inert gases. With this kind of lamp
the lag is sufficiently small but the intensity of light is not great and efforts
are being made to obtain lamps of the
same principle that are more suitable.
"The question of synchronism, of
keeping the disks of the transmitting
and receiving sets running exactly together, Mr. Jenkins says, is a simpler
problem in radio vision than in radio
transmission of pictures. The pulleys
used are conical and the speed of the
disks can be regulated by sliding the
belt slightly to such adegree that synchronism can be obtained more easily
than the picture is framed in ordinary
motion-picture projection today. In
the experimental set that was demonstrated, disks of both the transmitting
and receiving sets were driven from the
same motor for the sake of simplicity
in operation.
"The transmission of pant9mime by
radio has been accomplished. There is
no reason why the receiver should not
have been in New York rather than in
Washington next to the radio-vision
transmitting set.
"The perfection of the invention has
not yet reached the point where actual
scenes in all their lights and shadows
can be reproduced or motion pictures
distributed to the hearth and home. But
the experimental apparatus devised by
Mr. Jenkins gives promise eventually of
our being able to see in New York at
nine o'clock in the morning what 'will
occur' the same afternoon at two o'clock
in London.
"Mr. Jenkins simply moved his hand
and fingers when he made his demonstration. With those moving shadows
radioed on the screen, Icould hardly re-

frain from hoping that he would form
a shadowy rabbit or bird with a long
neck or some other strange animal such
as all of us have made or seen for the
amusement of children. Tony Sarg and
his marionettes might well produce
pantomime by radio vision when the
process is slightly perfected.
"In fact, it is ahope of Mr. Jenkins
that he will be able to devise a lowpriced piece of apparatus that will take
pantomime entertainment into the home
just as bedtime radio stories now are
received with so much glee by eager
childish ears."
Closely allied with the subject of radio
movies is that of talking movies,for both
these engineering feats are made possible
with the aid of the little vacuum tube, a
device that is accomplishing more marvels than the author of "Arabian Nights"
could have dreamed of. The future will
no doubt not only bring radio moving
pictures alone but the added feature of
talking will also be possible. Lee De
Forest, whose active imagination and
untiring efforts gave the world the
vacuum tube, has applied it to talking
moving picture and in the paragraphs
that follow he describes his new system
in his own way:
"Talking movies are an accomplished
fact. Perfect synchronism of speech
and action has been attained, and this
success is another triumph for that
wonder worker of radio, the audion amplifier. The talking movie depends upon
the use of the tubes to amplify the
minute electric currents with which it is
necessary to work and it is no exaggeration to say that the vocalization of the
motion picture would never have been
accomplished at all were it not for the
fact that the motion picture technicians
had available to them the perfected inventions of the radio engineer.
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THE CAMERA THAT RECORDS BOTH ACTION AND SPEECH
Figure N3: Dr. Lee De Forest is here demonstrating his new and remarkable invention. He is inserting the
"photion - l) into its proper socket. This photion (coined from the words "photograph - and "audion." meaning
literally an audion that takes ph:dographs) is the secret of the phono-tilm machine. The microphone that receives
the voice is shown at (e); the opening (3) leads into the chamber that contains the apparatus that converts sound
into light waves. (4) is the regulation shutter equipment used on every motion-picture camera. The records of
both motion and sound are thus recorded on the photographic film.
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"The earlier attempts at talking
movies, fiascoes which we all remember so
well, depended upon schemes for connecting together an ordinary phonograph and an ordinary motion picture
machine. The phonograph was supposed to repeat a certain sound at the
exact instant that the appropriate action
took place on the screep. To make the
two machines run precisely at the same
rate there were complicated arrangements of governors and regulators. In
one of the processes, for instance, small
holes were punched at intervals in the
film. Compressed air escaped through
these holes much as it does through the
holes in the paper roll of apiano player
and this escaping air was supposed to regulate the speed of the phonograph so that
it would play its record at arate exactly
equal to the rate of progress of the film.
"None of these devices worked very
well. Not only were there delicate mechanical or electrical adjustments which
frequently got out of order, but there
was another difficulty, one which would
be entirely unforeseen, probably, by
anyone not actually experienced in the
motion picture business. This was the
disturbance of the record caused by
breakages of the film.
"Once in awhile when you are watching the pictures in a motion picture
theater you will see the picture suddenly
disappear, leaving ablank white screen.
This means that the film has torn in
two. The young man in the projection
room does a little fast work and presently the picture goes on again as though
nothing had happened. But before that
particular film can be used again its
torn ends have to be trimmed off so that
they are even and then stuck together
again with film cement. This makes
the film an inch or two shorter than it
was before.

"So far as the picture is concerned,
this shortening makes no great difference. There are sixteen separate snapshots to the foot of film and the loss of
one or two of them is not even perceptible when the film is projected. But suppose that the film is one which has been
carefully synchronized with a phonograph record. If you leave out an inch
or two of film the sound record gets behind the action by just that much.
After three or four breaks have been
made and fixed you will hear the sound
of afall, for example, asecond or two
after it has really happened. It will
sound like an echo.
"It is not possible to avoid occasional
breakage of the film and this was the
reason why experienced motion picture
engineers were always rather skeptical
of any scheme for mechanically synchronizing films with phonograph records.
What was needed, they thought, was
some way of recording the sound record
on the film itself so that the sound record
and the sight record would be synchronous and inseparable automatically.
"This is exactly what the new talking
movies are. In my process, for instance,
which I call the Phonofilm process,'
the record of the sounds is registered in
the form of anarrow strip of lighter and
darker hairlike lines running crosswise,
at the edge of the film, like the rungs of
atiny ladder. This record is produced
at the same time that the pictures are
taken, by aphotographic process. When
the film is run off these sounds are
reproduced.
"The 'photographing of sounds' is new
only in details. Scientists have been
photographing sounds for many years
and by half adozen different processes.
The beginning of the story takes us back
to 1879 and to Dr. Alexander Graham
Bell, the inventor of the telephone.
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THE LABORATORY OF A DOCTOR WHO IS A "VOCAL SPECIALIST" ON FILMS
Figure OS: The workroom of Prof. J. T. Tykoemer, of the University of Illinois, who has developed •talking
motion picture film that uses aspecial shutter actuated by sound waves instead of the moving mirror or photion on
which Dr. De Forest's invention depends

"When Dr. Bell was working out the
telephone he gave agood deal of attention also to other ways of transmitting
speech. Perhaps the telephone might
turn out a failure and some different
device might have to be substituted.
Among other things he tried out away
of talking along a beam of light. One
day in 1879 he stood in his garden and
actually talked for over two hundred
yards along abeam of sunlight reflected
from alittle mirror which he held in his
hand.
"The secret was in the mirror. It was
made out of very thin glass and it was
not perfectly flat. Instead it had aslight
spherical curvature as though it had
been cut out of the side of avery large
globe of glass. The beam of light was
reflected from this curved surface.
"Back of the mirror was a mouthpiece into which Dr. Bell spoke so that
the sound waves of his voice struck
against the back of the mirror. These
waves made the mirror vibrate just as
the diaphragm of a telephone vibrates
when you speak into it. And when the
mirror vibrated its curvature changed,
it became alternately alittle flatter and
alittle more curved. This affected, of
course, the amount of light reflected
from its front surface. The beam of
light fluctuated in strength and these
fluctuations were found to correspond
exactly to the sound waves, which were
beating against the back of the mirrordiaphragm, just as the electric currents
in atelephone transmitter correspond to
the sound waves which strike against its
diaphragm.
"Dr. Bell's device was really a telephone in which amirror took the place
of the usual transmitter and a ray of
light took the place of the electric current in the wire.
"In 1879 there was no particular use

for such adevice. The motion picture
was still a dream. The electric telephone proved to be successful and the
light-telephone—Dr. Bell called it a
photophone—dropped out of sight. He
did not attempt to photograph the sound
waves.
"But might not such adevice have its
use in war? The Germans thought so
and in 1890 they financed the investigation of one Ernst Walter Rühmer on
this same problem.
"Rühmer did not use a mirror. He
selected atotally different principle, the
principle of the electric arc. He used an
ordinary old-fashioned arc lamp, in the
circuit of which was a microphone.
When he spoke into the microphone, the
sound waves affected it and it, in turn,
affected the brightness of the arc; producing fluctuations which corresponded,
as in Dr. Bell's device, to the pulses of
the sound. This fluctuating light from
the arc Rühmer sent out in a searchlight beam miles across the country to a
receiving station where its pulses could
be converted back again into audible
sound.
"During the war the Germans revived
and improved this old method of
Rühmer's. An 4tpparatus devised by
Dr. H. Thirring is said to have been in
use at times on the Western front.
Many asearchligliit beam watched incuriously by our scouts as of no importance
may have been. carrying light-borne
words which our Intelligence department
would have enjoyed hearing. But Dr.
Thirring's work was not known until
after the armistice and the possibility
that aphotophone was beng used went
unsuspected.
"The British Admiralty, however.
were working along similar lines, though
for adifferent purpose. They were seeking a method of telephoning between
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A STRIP OF TALKING FILM
(Actual Sire of Negative)
Figure P:I• This negative WWI made by Dr. De
Forest's new phonofilm process. The hairlike lines at
the right of the strip of spnieket holes on the left is the
record of sound. During projections, a beam of light
passes through this record onto a photo-electric cell
and converted first into an electric current, amplified by
vacuum tube amplifiers and finally reconverted back
into sound by means of aloudspeaker.
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A SCIENTIST WHO UTTERS SPEECH THAT WE CAN SEE
Dr. De Forest—best known to radio fans as "the man who put the grid in the radio bottle," or in
snore scientific terms ,the invent orofthe audion or three-element vacuum tube—is here revealed in Ids
laboratory inspecting amotion picture film that records both the movements of his lips while speaking
and also the sounds that issue from them. Long before the advent of the vacuum tube, however. Dr.
De Forest was experimenting with "wireless" telephony; many old-timers among the radio amateurs
of New York recall the thrilling experimental days when bis squeaky and distorted voice-tones, transmitted by arc and high-frequency spark telephones, filled the ether with early promises of the marvels
that were to come. The square box at the inventor's elbow, with the small circular opening, contains
the new type of microphone especially developed for the talking films.
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ships at sea. Dr. A. O. Rankine, the
distinguished physicist who conducted
their investigations, did not use the arc
method. He used a vibrating grating
attached to adiaphragm, like that used
years before by Dr. Bell and was so successful that he was able to talk for adistance of eight miles over abeam of sunlight only six inches in diameter. The
familiar heliograph used in all armies and
navies to exchange dot-and-dash signals
by means of a beam of sunlight became
capable of serving as atelephone as well.
"None of these things had any immediate application to the movies. Even
in 1918 no one seemed to see that these
new war inventions contained the answer to the old problem of how to make
the movies speak.
"The first person to see this connection, or the first, at least, to actually
make it effective, was Bergland in
Sweden. Early in 1921, he exhibited to
a group of scientific men a machine in
which sound was recorded by means of a
moving spot of light reflected from a
tiny mirror. Sound waves were made to
vibrate this mirror, and the mirror vibrated just as Dr. Bell's mirror did, but
it was arranged so that the vibration
took the form of back-and-forth swings
instead of changes in curvature. These
s.vinos made the little spot of reflected
light move back and forth across amoving photographic film, and the result
was a wavy line photographed on the
film. The waves in this line, the ups and
downs of it, were found to correspond
exactly to the pulses of the original
sound. From this line the sound could
be reproduced.
"According to the published descriptions of it, Bergland's original machine
was merely a sound recorder. It produced a record of sound just as a phonograph does but it recorded this on a

strip of photographic film instead of a
disk or cylinder of wax. In applying his
invention to the making of atalking motion picture Bergland used two films side
by side. One film received the picture
just as it does in an ordinary motion picture camera. The other film received the
wavy line which was the sound record.
As the picture was taken the two films
were moved forward by the same shaft.
In this way, Bergland undertook to obtain exact synchronism between the two
films.
"But it is reported that he did not.
Motion picture film always shrinks and
changes a little as time goes on. Separate pieces of it do not always shrink
equally. Then the holes in the margin of
it, into which fit the teeth of the sprocket
arrangement which moves the film,
sometimes wear a little larger, so that
the motion of the film ii not quite uniform. These difficulties and others like
them, it is said, interfered with the perfect agreement of Bergland's two films.
It was necessary, or highly desirable, to
put the two records actually on the same
single strip of film.
"Even while Bergland was working in
Sweden this last step was being taken
by another inventor in England. Only
afew weeks after the Bergland tests Mr.
Grindell Mathews announced the perfection of acamera which photographed
the wavy line of the sound record and
the successive pictures of the scenic
record actially on the same film. The
sound reccitd was made in the same way
as the Bergland camera, by means of a
tiny mirror swung back and forth in
correspondence with the waves of sound.
"This gave to the world for the first
time a process in which the sound and
the picture could not help being synchronous, since both of them were recorded on the same film strip.
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"It might seem that not much could
be added to this but in developing the
phonofdm we have succeeded, Ithink,
in improving in at least two particulars
any of the previous processes for a

speaking film. The first of these improvements is what we believe to be a
better way of photographing the sound.
The second is an improvement in apart
of the apparatus which Ihave said noth-

General Electric

HE PRODUCES SOUND BY MEANS OF A VIBRATING MIRROR
Figure QS: What is in effect amotion picture photograph of the human voice, reproduces in the form of agraph
that records vibrations, is the invention of Dr. Charles A. Hozie. His machine is called the "Pallophotophoner
and it not only "photographs" sound but reproduces it with most amazing clarity and power.
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ing about so far, the part which transhigh frequency electric current, modulates the sound photograph back again
lated by the voice in exactly the same
into real sounds which we can hear.
way as in asmall radio-telephone trans"If you look inside the camera which
mitter. This part of the apparatus is in
we use in taking the phonofilm the only
fact identical with the radiophone
unusual thing you will see is a small
transmitter.
glass tube about the size of your little
"In the electric circuit which operates
finger. When the apparatus is operatthe photion and which causes it to glow
ing, this tube glows with a brilliant
we insert ahighly special substitute for
violet light. It is the new invention,
the microphone and one or more vacuum
which we call the `photion.' It is the
tubes as amplifiers. This ground rething which we use to photograph sound.
ceiver picks up sound waves and con"The tube contains aspecial mixture
verts them into pulses of electricity. The
of gases which it took me over three
electric pulses, after being amplified
years of experiment to perfect. When
sufficiently, control the radiophone
an electric current is passed through the
which is exciting the glowing photion
tube, this gas mixture becomes lumiand affect its light. The flickerings of
nous. It is the gas which produces the
this light, its rapid brightenings and
violet glow.
dimmings, correspond exactly to the
"Perhaps you have seen lately some of
waves of sound which enter the microthe neon-filled glow lamps which are
phone.
being used to attract attention in stores
"This shows you how the phonofilm
and shop windows. A tube of bent glass,
process transforms sounds into light;
often shaped into words or letters, conbut how does it photograph them, how
tains alittle of this neon gas, about one
do we secure a permanent record of
thousandth of one percent of which is
them on the motion picture film?
contained in ordinary air. When ahigh
"This is how. The glowing photion is
frequency electric current is sent through
in a little chamber by itself inside the
this neon-filled tube, the gas glows with
camera and this chamber is light-tight
asoft reddish light which is pleasant and
except for one tiny slit only one milliattractive. The photion works on much
meter long and afortieth of amillimeter
this same principle. Of course, the gas
wide. The moving film on which the
in it is not neon and the glow is violet,
motion picture is being taken runs past
not red. But it, too, is agas glow exthe photion chamber in such aposition
cited by an electric current.
that the edge of the film passes just un"If you watch carefully the glow of a der this slit. The light from the photion
photion in operation you may be able to
streams through the slit and is photosee that the light is not absolutely congraphed on the film, making the strip of
stant. It flickers a little. Pulses of
tiny hairlike lines already described; a
greater brightness alternate with brief
darker line for each instant when the
instants when the glow is a trifle dimphotion is brighter, a less dense line
mer. This means that the photion is
when the light of the photion is alittle
translating sound into light. The rapid
more dim.
flickers and pulses which you see mean
"This little ladder ,
of lighter and
that you are literally seeing speech.
darker lines is our photograph of sound,
"The photion tube is excited by a our answer to the problem of recording
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•
THE FIRST MAN TO TRANSMIT SOUND ON BEAMS OP LIGHT
Back in 1880 Dr. Alexander Graham Bell invented the "photophone," by means of which speech
was transmitted 200 yards on aray of sunlight reflected from acurved mirror. In the picture above
the good doctor is revealed as adiving Bell; it was snapped while be was emerging from the Williamson submarine tube in the West Indies, shortly before his death.

"But how is one to get this back into
successfully both the sight and the
real sound again? How is the sound
sound. The width of the sound photorecord on the film to be reproduced when
graphs is always the same. The intenthe motion picture is run off in the
sity of the light, and that alone, is varied
theatre?
by the sound. This feature distinguishes
"Consider first what the problem is.
the phonofilm from all other methods,
The taking of the talking motion picture
and permits a more faithful reproducinvolved two successive conversions of
tion of every light and shade of sound
one kind of vibration into another kind.
than is otherwise possible. And by this
First the waves of sound were converted
photionor phonofilm method, it is seen,
into electric waves by the microphone.
there is complete absence of any meNext the electric waves were converted
chanical moving parts, nothing in the
into light by the photion. Nciw we must
entire system up to the final diaphragm
.do these same two things in reverse
of the loudspeaker which can introduce
order. On the finished film is our little
anatural period of vibration of its own,
ladder of darker and lighter lines. A ray
tending to distort the original sound, in
of light can be made to shine through
recording or in reproduction. So far as
this ladder and the strength of the light
the taking of the movie is concerned,
that gets through will correspond to the
this is the whole of the story.
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lines on the ladder. As each dark line
passes across, the light transmitted will
be momentarily dimmer. This gives us,
to start with, what we finished with
when the movie was taken, namely, a
light which flickers in exact correspondence with the waves of sound. The
problem is to convert these flickers back
again into real sound.
Most of the previous investigators
and inventors have made this lightsound conversion by means of the metal
selenium, a metal which has the property of changing its electrical resistance
when light rays fall on it. But no one
was satisfied with selenium. It was too
erratic and undependable, too slow in
recovery.
"Years ago the same Dr. Hertz who
discovered the waves now used in radio
made another discovery. He discovered
that plates of certain metals gave off
electrons when they were illuminated.
Every radio fan knows that the filament
of a vacuum tube gives off electrons
when it is hot. Dr. Hertz's metal plates
did the same thing, only they did not
have to be hot. All that was necessary
was that light of some kind should be
falling on them. This discovery was the
beginning of the photoelectric cell.
"In modern forms of the cell, the
metal plate which is to give off the electrons is in avacuum inside asealed glass
bulb. It looks a good deal like aglass
egg with two short glass tubes about the
size of lead pencils sealed into it one at
each end. The light shines into this egg
from one side. On the other side, facing
the light, is the plate of the sensitive
metal, usually of the rare metal potassium or the still rarer one, rubidium.
"When hit by the light the metal
gives off electrons and the number given
off asecond changes with the strength of
the light. The more light, the more elec176

trons. You see at Once what the pulsating light which shines through the sound
record on the film will do. It will cause
the electron emission inside the photoelectric cell to pulsate also. More or
fewer electrons will be given off in exact
correspondence with the sound waves
which were originally photographed on
the film.

"This makes the first of the two conversions which we saw to be necessary,
the conversion of the light pulses into
electric ones. The next conversion, the
one into real sound, is made in the usual
fashion by amplifier tubes and aspecial
telephone. The electron current in the
photoelectric cell is feeble, but even one
tube will amplify it until it will operate
a telephone. Four or five tubes will
make it strong enough to operate aloudspeaker and fill the largest motion picture theatre.
"This gives you the whole process.
Suppose we are taking amotion picture
in which, let us say. Buster Keaton falls
downstairs. For each step there is a
bump and the sound wave of each bump
makes a little flicker in the glow of the
photion. This flicker records itself on
the little ladder of lines which is being
photographed on the film. Wherever
that film goes, whatever is done with it,
there is the record of Mr. Keaton's
bump side by side with the view showing
just how he came to make it.
"Then some day the film is shown in a
theatre. The light of the projection machine shines through one of the pictures
and shows a visual image of Mr. Keaton's downfall. At the same instant
another light shines through the sound
record. This light sees, so to speak, the
sound image of Mr. Keaton's bump. It
carries this image on to the photoelectric
cell. The cell instantly transforms it
into an electron image of the sound of

the bump and hands this on to the audion amplifier. The amplifier strengthens
it into agreater sound and hands it on to
the loudspeaker which lets out, in its
turn, aloud bang and we who sit, watching and listening, hear the misfortunes
of Mr. Keaton at the same instant that
we see them.
"And at exactly the same instant! For
all these changes and conversions happen with almost inconceivable rapidity,
with the speed of electric currents which
come close, most of them, to the 186,000
miles a second which is the speed of
light.
"From the special viewpoint of the
radio engineer there is one particularly
interesting aspect of these various conversions of vibrations between light and
sound and electricity. It is that they
constitute akind of modulation just like
the modulation of continuous waves of
radio telephony by sound waves.
"Light is, of course, an electromagnetic wave just like the radio waves
except that its wavelength is very much
shorter, or, in other words, its frequency
is tremendously higher. Instead of the
frequency of about 800,000 a second
which characterizes the ordinary broadcasting wave, light has frequencies
measurable only in quadrillions a second, wavelengths defined in millionths
of amillimeter.
"Now in ordinary radio telephony the
modulation consists merely in superimposing the low frequency waves of
sound, which have from 20 to about

5000 vibrations asecond, onto the moderately high frequency waves of the
continuous wave radio.
The sound
wave goes out, one might say, as apassenger on the radio wave. Similarly, in
the phonofilm, the function of the
photion is to superimpose these same
low frequency waves of sound first onto
the higher frequency waves of the radio
telephone and then onto the still higher
frequency waves of light. The passenger
is the same but is traveling on adifferent
train, atrain of much shorter cars. In
ordinary radio modulation we speak of
'audio' frequency and 'radio' frequency.
In these new light conversions we must
speak of audio frequency in relation to
what we may call 'photo' frequency,
this being the tremendously high frequency of the waves of light.
"And just as there are various ways of
producing the modulation of radio frequency by audio frequency, so there pre
various ways of superimposing sound
waves on light. The photion is one of
these ways. The mirror methods of Dr.
Bell and of Dr. Rankine are others. The
arc method of the Germans is still another. And two other methods, two
newer ones, have been announced within
the past year in the United States.*
"And now what does this mean for the
movies? Granted that a real talking
movie can be produced about which
there now seems little doubt, will this
cause any serious change in the present
methods of producing motion pictures
and of presenting motion picture plays?

*One of these methods is that of Professor J. T.
Tykociner of the University of Illinois. This, too, has
been applied to the making of talking movies. In place
of the moving mirror or the photion, Professor Tykociner uses a special mercury arc lamp. The light of
this lamp, modified in intensity by the vibrations of
the sound. falls onto the moving film, where it is photographed to make astrip of shaded lines not unlike the
record on the PI:1°13061m.
The other new method has been announced by Dr.
Charles A. Hozie of the Research Laboratory of the

General Electric Company. His device appears to depend on a moving mirror, which would make it an
improved form of the method used by Bergland in
Sweden and by Mathews in England.
In all of these methods, the curved mirror of Dr.
Bell, the arc of Rtihmer and Thirring and Tykociner,
the shaking mirrors of Rankine and Bergland and
Mathews and Hoxie, and in the photion. the result
accomplished is the same. It is the superposition of
an audio frequency signal on photo frequency waves
of light.—Edst%
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"The motion picture experts do not
agree in their answers to these questions.
Most of them seem skeptical. They do
not expect, they say, any immediate
public favor for atalking movie no matter how perfect it is. The reason they
give is apsychological one.
"The essence of a successful motion
picture, they say, is their ability to create an illusion. The images on the screen
do not look exactly like the actors. They
are just a jumble of black and white
masses and lines and dots. Our favorite
stars look lifelike to us because we have
become used to this. We recognize the
lights and shadows of the screen as symbols, much as the multitude of little
black lines and dots and curves on this
page are recognized by you as symbols of
letters and words and thoughts. This
page would not be so recognized by a
savage who did not know the symbols
of our alphabet.
"And without illusion of reality which
the mind makes for itself out of the symbols on the screen, motion pictures
would have, these experts believe, much

less interest and emotional appeal.
"Now suppose you combine these visual screen symbols with sounds. The
sounds are symbols also. They too must
create their illusion. Will they reinforce the eye symbols or will they interfere with them? Most likely, say the
skeptics, the result will be interference,
not reinforcement. It is easy, they
think, to create one illusion at a time,
either an eye illusion or an ear illusion.
It is much less easy to create both at
once and to have them fit into each other
in the mind. And so, they think, the
path of progress for the talking movie is
not going to be altogether smooth.
"Perhaps not, but this is little likely
to deter inventors from following it. We
believe that we have already in the Phonofilm adevice of great utility in scientific investigations and in the making of
speech records side by side with pictorial
ones, for instance in making records of
important events. Whether the motion
picture experts will adopt it for purposes
of public entertainment we are content
to leave to them—and to the future."

END OF SECTION XVII

