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PREFACE

The Radio Library is an outgrowth of a large demand
on the part of those who are not students of the Inter-
national Correspondence Schools for an authoritative,
comprehensive, and readily understood treatise on radio
communication. It consists of five volumes each of which
is a distinet and complete treatisec on the subject or sub-
jects under consideration. Volume I, entitled Radio
Fundamentals, consists of two chapters, onc on Elements
of Radio Communication and the other on Sources of
Electromotive Force. Volume II contains instruction on
Radio Tubes and Antennas. Volume III, on Radio
Transmitters and Carrier Currents; Volume IV, on Radio
Receivers and Servicing; and Volume V, on Radio Measure-
ments.

Radio Fundamentals serves as a review of electrical
principles, a knowledge of which is necessary for a thorough
understanding of radio communication. This volume
contains a chapter on the Elements of Radio Communica-
tion by H. F. Dart, and a chapter on the Sources of Elec-
tromotive Force by A. G. Zimmerman and C. H. Vose.

The original manuscripts were edited by J. F. Witkowski,
Principal of our School of Telephony, Telegraphy, and
Radio, with the cooperation and under the supervision
of Francis H. Doane, Director of our Electrical Schools.

INTERNATIONAL CORRESPONDENCE SCHOOLS
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RADIO FUNDAMENTALS

ELEMENTS OF RADIO COMMUNICATION
RADIO WAVES

INTRODUCTION

The term radio communication is applied to com-
munication employing electromagnetic waves, or currents,
at radio frequencies. The range of frequencies employed
in radio is very large, and starts with a high frequency of
something over 300,000,000 cycles, or current changes
per second. The wave band covers all frequencies down
to about a practical limit of 20,000 cycles per second. The
frequencies just mentioned represent a range that may be
easily radiated or sent out by a suitable radiating, or
antenna, system. The usefulness of the band is some-
what limited by, or dependent on, the generating equip-
ment, interference, service, and various intervening con-
ditions as well as by the receiving apparatus, '

ETHER

The transfer of radio cnergy takes place through a
medium called the ether. This medium, which forms an
important element in radio discussions, is a convenient
name applied to a medium supposed to permeate all
matter and which is used as a basis for explaining many
radio, light, and other energy-transfer phenomena. This
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2 ‘RAp1o FUNDAMENTALS

ether, if it exists at all, and some claim it does not, does
not affect any of the senses of man directly. The ether
acts, in a modified way, like a highly developed means of
transportation in that it carries minute parcels of energy
through long or short distances, and does not change the
main characteristic of that energy, namely, its signal
individuality.
RECEIVED SIGNAL STRENGTH

The transfer of energy from point to point, does diminish
the amount of energy delivered, as the energy is divided
up and made available simultaneously at a constantly
increasing number of places. The radio energy decreases
very rapidly as the distance between the transmitter and
receiver stations increases. Expressed as a formula, the
amount of current picked up at any point by a simple
flat-top antenna from one of similar general design would
be

188h,h, 1,
" Rid

in which' I, = current in receiving antenna, in amperes;

hs=effective height of sending antenna, in
meters;

h.=effective height of receiving antenna, in
meters;

I,=current in sending antenna, in amperes;

R =resistance of receiving antenna, in ohms;

A=wave length of signal, in meters;

d=distance between the two antennas, in
meters.

This formula should have a correction factor applied
when the transmission is for long distances and particularly
if the path lies over a surface that absorbs some of the
energy.
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RATE OF TRAVEL

Radio waves are carried by the ether, or some other
means, with the speed of light, namely, at approximately
186,000 miles, or 300,000,000 meters, per second. So far
as distances on the carth are concerned, the rate of travel
may be considered as instantaneous. There is no appreci-
able time error, therefore, in making clock settings from
signals transmitted by stations even thousands of miles
away. The rate of signal transmission between radio
stations, is also not limited by the connecting medium, but
rather by the sending and receiving equipment. Great
strides have been made in the mechanical and electrical
development of such apparatus, but further progress is
undoubtedly possible.

CHARACTERISTICS OF RADIO WAVES

The basic principle of radio communication, so far as
the connecting medium is concerned, is that eclectrical
cnergy is radiated into and conducted through the ether.
This electrical current is alternating or reversing, just
like that in most house-lighting systems, except at a
much higher rate or frequency. The radio frequency
current or signal is modulated, or modified, at the sending
station so as to possess the desired telegraph or telephone
characteristic which gives that signal its individuality.
So far as is known the ether does not alter the signal’s
characteristic except to diminish its amount or strength
as the distance traveled increases. The fact that the
signal is not essentially altered by distance is a very desir-
able characteristic, as it means that communication will
be possible over relatively long distances with as good
results as over much shorter distances, so far as the quality
of the signal is concerned. This, of course, is dependent
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on other factors, such as interference and the ability of
the receiving set to convert the signal into sound without
introducing distortion.

Radio waves may be compared, to use the often quoted
example, with waves on the surface of water. The sur-
face is normally quiet until some energy is expended and
transferred to the water. A dropping stone possesses
considerable energy, due to its motion, some of which is
used in displacing and disturbing the water. This dis-
turbance causes circular waves to be formed, which
gradually travel out from the center of the disturbance.
To an observer the waves seem to travel rather slowly, and
in fact they are relatively slow when compared with
radio waves in the ether. The waves also appear to
diminish in size or height as they travel from the center
point. The most important reasons are that the wave
front is extending over a rapidly increasing area and there
is some energy expended in moving the water into the dif-
ferent positions that it assumes during the progress of the
waves.

Radio waves travel through the cther in just the same
manner as do the waves over the surface of the water g
that is, at the transmitting station disturbances are
produced and these travel outward in ever enlarging
circles. These radio waves will cause radio-frequency
currents in many antennas as the waves advance, just as
water waves will cause any leaves floating on the swrface
of the water to move as they receive and use energy
from the expanding rings. The energy in the radio wave
at any one point and instant is less than that at a previous
position for two reasons. The wave extends over a larger
front as it expands, and encrgy is constantly used up in
agitating the conducting mediun.
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FUNDAMENTALS OF ANTENNAS

An antenna is a conducting network used for sending
out or receiving radio waves. When used for sending, the
antenna receives the energy from the station and radiates,
or throws out, this energy into the ether, or surrounding
space, in the form of radio waves. These waves, in their
travel through space, strike various receiving antennas
and other metallic objects. If these have the proper
electrical characteristics, energy variations similar to those
in the transmitting antenna are induced in them. The
energy induced in the receiving antenna is much less than
that in the transmitting antenna, but it possesses all the
other characteristics necessary for the proper reproduction
of the signal.

By making the transmitting and especially the receiv-
ing antenna of special sizes and shapes its effectiveness for
certain purposes may be greatly improved. That is, a
beam-type transmitter and a wave-length receiver antenna
will be much more effective than those not specially
designed for efficient communication. These and other
points are considered in detail in a later section,

STATIC ELECTRICITY

ELECTRICAL PRINCIPLES

Among the many fundamental principles of radio com-
munication, or those that affect it, are several important
essential principles of the broad field of electrical engineer-
ing. TFor a complete understanding of radio it is neces-
sary to consider some of the cleetrical phenomena that
affect radio either directly or indirectly. Some of these
go back as far as the clements of matter for a satisfactory
explanation. Even then it is often necessary to make
speculative guesses, or theorics, as to what actually occurs
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and the means or methods that are employed to make
them useful.

Electricity is often considered as a motion of particles
of matter. This will be more apparent from a considera-
tion of the elements of matter in a succeeding paragraph.
Electricity has never been seen by any one; even an electric
spark must have air or other particles of matter as a con-
veyer. Electricity makes itself known by the effects it
produces, or the work it does. By thesc same means its
characteristics are determined with a great degree of
precision.

ELECTRICAL CHARGES

Electric charges form a good illustration of a basic
principle common to both electrical and radio phenomena.
A strip or rod of hard rubber that has been rubbed over a
woolen cloth a few times will pick up small picces of paper
from a table top. By a rearrangement of its minute parts
or electrons, the hard rubber has accumulated g charge
that causes it to attract the clements of the piece of paper
with enough force to lift the paper. In becoming electri-
fied the rod has taken on a charge defined as negative,
whereas that on the wool is positive. A glass rod rubbed
with silk also becomes charged, but here the rod is charged
positively and the piece of silk with which it was rubbed is
negatively charged.

A small pith ball suspended by a short piece of string
will illustrate the laws of static electricity. Suppose the
positively charged glass rod is brought near the pith ball.
The ball will move toward the rod, owing to the strong field
around the electrified rod. When the pith ball touches the
rod the ball receives a positive charge, and the two bodies
instantly repel each other. The light-weight pith ball
moves away from the rod, and tends to keep its distance.




Rapio FUNDAMENTALS i

If the negatively charged hard-rubber rod is brought into
the vicinity of the pith ball, the ball will tend to move
toward the rod. Should the pith ball touch the negatively
charge rod, the ball would be negatively charged by enough
energy coming from the rod to neutralize the positive
charge and give the pith ball a negative charge. The
pith ball would then be repelled by the hard-rubber rod
and attracted by the glass rod. These experiments show
that like electrical charges repel each other, and unlike
electrical charges attract each other.

A very interesting application of the foregoing principles
or laws is found in the threc-element radio tube. The
action of the grid, or control element, which is ordinarily
charged negatively, depends on the practical operation of
these laws. By this means the negatively charged clee-
trons are readily controlled in all their operating feats.
Thus, the more negative the grid the more will the elec-
trons be repelled or diminished. Should the grid become
positive it will instantly start collecting the negatively
charged electrons, since opposite charges attract each
other.

MAGNETISM

One of the carliest eclectric phenomena noticed and
studied was that certain ores had the unique property of
attracting ores of various kinds. Also if a piece of this
ore were suspended so that it would rotate, it would always
aline itself in a north and south direction. This ore was
first found in Magnesia, a province of Asia Minor, hence
it was called a magnet, and the property of this ore was
called magnetisn. Today, such natural magnets are
superseded by relatively strong magnets made by magnetiz-
ing or energizing special grades of steel made in any desired
shape.
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The magnet may be a small bar mounted so as to swing
or rotate in a horizontal plane. Such a magnet is com-
monly called a compass, and is a very reliable indicator of
directions. If free to move, the compass needle will
point north or south toward the magnetic poles, which
approximately coincide with the geographic poles of the
earth. The pole that points north, or is north-secking, is
arbitrarily called the north pole; and, similarly, the oppo-
site, or south-seeking pole, is called the south pole.

A fundamental fact, or so-called law, that applies to
magnets is, that unlike magnetic poles always attract, and
like magnetic poles always repel. If a bar magnet whose
north and south poles have been determined by reference
to the earth’s magnetism, is brought close to a compass, the
foregoing law may be demonstrated. The north pole of
the bar magnet will repel the north pole of the compass
needle and cause the compass needle to be deflected.
The north pole of the bar magnet will, however, offer con-
siderable attraction for the south pole of the compass and
draw that pole closer. It is of interest to note that the
magnetic pole near the geographic north pole is a south
magnetic pole, as it attracts the north magnetic pole of a
compass. Popular usage, however, has given the name of
north pole to this magnetic pole of the earth and its name
is not likely to be changed.

Iron and steel products and, to some extent, nickel and
cobalt, are the only materials affected by magnetism. A
piece of soft iron will become magnetized if brought into
contact with, or even close to, a strong permanent magnet.
A magnet that holds its magnetism indefinitely is called a
permanent magnet and is generally made of a high grade of
hard steel. The soft iron previously mentioned is a
temporary magnet, as its magnetic property lasts only so
long as it is under the influence of the permanent magnet.
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One of the main properties of a magnet is its ability to
attract iron and steel objects and to hold them with con-
siderable force. This principle is made use of in many
ways in the commercial field.

Magnetism itself is a force imperceptible to man except
by its effects on magnetic materials. A very small com-
pass such as is shown in Fig. 1, held near a bar magnet
tends to show that the attracting or pulling force seems to
converge or concentrate at points near the ends of the bar.
The magnetic force is
sometimes represented 9

by lines that are pic- emmes ~ N e
tured as continuous i G\\\ i ',,--\ \\_
from pole to pole out- / / N\ Y
side the magnet, as | / -~ 5\ \
illustrated beside the | o Vo }
magnet in Fig. 1. i 'O g5 N
These are useful in \ % il ,/ !
determining the path \ \\ A /
or way the magnetism R | S ,/'
passes from one pole i1

to the other. The BN

paths or lines could be S N

obtained by determin- Lpim, 1

ing the directions shown by a very small compass in vari-
ous positions in the vicinity of the poles. The space
through which magnetism acts is commonly called the
Jield or magnetic field of a magnet.

Magnetism is supposed to affect the material by causing
the particles, called molecules, to aline themselves in regular
fashion so that their individual magnetic effects act in
unison. They are normally arranged promiscuously so
that they tend to neutralize one another and have no
appreciable external magnetic effect. Under the influence
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of a strong magnet these particles take regular positions
so as to combine to produce a strong magnetic effect.
Curiously enough, the strength of a magnet of good mate-
rial decreases very slowly. Permanent magnets that have
been carefully handled should keep their magnetic property
for years.

DYNAMIC ELECTRICITY

MANIFESTATIONS OF ELECTRICITY

Electric currents are generally thought of as electricity
in motion or electric charges in motion as contrasted with
static electricity, which is electric charges at rest. Elec-
tricity in motion, as an electric current, is a very useful
servant of man. Electricity in some form or another is
at the bottom of many radio phenomena, and much radio
theory is based on clectrical laws and principles.

Electricity probably first manifested itself in the spec-
tacular lightning flash. However, the passage of elec-
tricity is just as definite in the smaller spark from a man-
made source. In any case, the clectricity itself is not seen,
but what is observed is incandescence caused by the violent
agitation of air or other particles in the path. Such mani-
festations are generally caused by very high electrical pres-
sures, and as such, can produce a great effect on living cells.

The presence of an electric current may also be noted or
detected by the magnetic field produced around the wire
that carries the current. This magnetic effect or force
may be noticed for some little distance by a small compass
or other type of magnetic system. This effect is similar
to the field around a magnet, and possesses many similar
characteristics, as well as some individual ones. This
magnetic field is employed in many electrical machines as
an active agent in converting electrical energy into
mechanical energy, and vice versa.
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Another way in which the presence of an electric cur-
rent may be detected is to note the heat released. Energy
is used up in sending an electric current through any mate-
rial.. Some materials will not carry much electricity
readily, as will be found later. This energy, sometimes
useful, but often detrimental or wasteful, is a manifesta-
tion of the presence of clectricity, and is, to some degree of
accuracy, an indieation of the strength of the current.

The foregoing deseription of the manifestations of elec-
tricity constitutes practically the only definition that is
known. In a thorough study of elecetric currents, or
electricity in motion, it is necessary to consider the ways
in which they behave or act under various influences.
By one or another of the preceding methods the laws apply-

ing to electric currents are very thoroughly understood and
defined.
ELECTRON THEORY

Molecules and Atoms.—In the division of matter a
certain limit is reached when the substance that is being
divided can undergo no further reduction without chang-
ing its identity. The smallest particle of water, if reduced
sufficiently, would change the water particle into its com-
ponent gases, namely, hydrogen and oxygen. The ulti-
mate divisions of any matter not affecting its identity is
called a molecule. The constituent parts of a molecule
are called atoms. The water molecule consists of two
atoms of hydrogen and onc atom of oxygen.

There are about ninety different kinds of atoms in the
composition of all matter. The material resulting from
any given combination of atoms depends on the relative
number of the different kinds of atoms entering into its
composition.

Parts of Atom.—Science has found a way of dividing
the atom into smaller parts. These are very minute
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particles of positive and negative electricity. The posi-
tive particles are called protons, and the negative particles
are called electrons. Every atom consists of a certain
number of electrons and an equal number of protons.
The protons of an atom are concentrated in a small
nucleus, which is held together by some of the electrons.
Practically the entire mass of the atom is contained in the
nucleus, around which are scattered the additional elec-
trons that render the atom electrically neutral.

The atom of hydrogen (gas) is made up of one proton
and one electron. The atoms of other elements are more
complex and consist of protons and electrons in complex
arrangements. The minuteness of these parts may be
realized when the hydrogen atom has a mass of 1—1%?4—2 gram.
One pound equals 435.59 grams. Most of the weight of
the hydrogen atom is due to the nueleus, as one electron
weighs only %5_6 part as much as an atom of hydrogen.

)
The electron is so small in weight as compared with the
nucleus or the atom’s weight that it is often considered as
not possessing any weight. The dimensions of these parts
of atoms and the spaces they occupy are correspondingly
minute. The diameter of the hydrogen atom is about
1

300,000,000
individual atoms are invisible.

Electrons represent a force that is a certain amount or
charge of negative electricity. All electrons possess the
same amount of negative electricity, namely, the smallest
amount that can exist. The nucleus always has a certain
number of associated electrons, which number is different
for each kind of material or element. In order to main-
tain its characteristics the nucleus must have a positive

of an inch, which illustrates the fact that
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charge just sufficient to hold the necessary number of
electrons, no more and no less. The atom in its normal
state has equal amounts of negative electricity, as repre-
sented by the electron charges, and positive electricity,
as held by the nucleus. The atom, therefore, does not
exhibit any electrified condition.

An electron may become detached from its nucleus or
atom, owing to increased agitation caused by heat or other
agencies. The atom will then be left with a positive
charge, and will attempt to collect any clectron that may
come within the field of its influence. The electron that
is intercepted will attach itsclf to the system and a stable
condition will be restored once more. The negatively
charge clectron that left the original atom will wander
around until it comes within the positive field of either the
parent or another atom and attaches itself thereto.

ELECTRIC CURRENTS

Electron Movement.—Electric currents are the result of
movements of electrons. As has been mentioned, each
electron possesses a certain minute amount of electricity.
If these electrons are placed under the influence of an
electric potential they may be made to move very rapidly,
and combine to transfer considerable amounts of energy.
Naturally it requires a stupendous number of electrons to
produce an easily observable effect.

The transfer of energy as represented by the electron
stream acting under the influence of an electric force or
potential is called an electric current. The particles of
the material carrying this electron current are in particu-
larly rapid motion so as to transfer the electrical energy.
The motion of the individual electrons is partly migratory,
along the path, and partly oscillatory, with the electrons
partly carrying the current and partly handing it on to
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their neighbors. Electrons in motion, thercfore, consti-
tute a flow of electric current.

Voltage.—The difference of potential, or electrical pres-
sure producing the electric current, is commonly called the
voltage. The voltage has two signs or terminals, namely,
positive and negative. In order to be consistent and uni-
form, it has becn assumed that the current as represented
by the movement of electrons, is from positive to negative.
The vacuum tube has shown, in its case at least, that the
electrons actually travel from a point of negative potential
toward one of positive potential. However, the concep-
tion that electricity flows from positive to negative is
commonly used.

Direct Current.—A direct current is an clectric current
that maintains one direction of flow. The value of the
current may be perfectly steady or may have some ripple,
but must be unvarying in direction. Such energy would
come from a battery or from suitable electrical machinery.
The designation direct current is often abbreviated to the
initials d.c. A machine giving a direct-current output
would then be called a d.-c. machine.

Alternating Current.—An allernating current is an elec-
tric current that continually reverses its direction of flow.
Although the alternations are actually caused by reversals
in the voltage the identifying term is commonly applied
to the current characteristic. Thus an alternating flow of
electrical energy would be called an alternating current,
which may be abbreviated to a.c. The alternations in
current usually occur at regular periodic intervals, but
this is not a limiting requircment. _

The curve of an alternating current is shown in Fig. 2.
The straight linc ab represents the reference, or zero, cur-
rent line. The curved line shows the current at various
instants, sometimes flowing in one direction and part of
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the time in the opposite direction as indicated by the
curved line first on one side and then on the other side of
the reference line. Thus the current might increase
from point a to the value represented by the distance cd.
It would then decrease to point ¢ and increase in the oppo-
site direction to an equal value as indicated by the dis-
tance fg. The current would next decrease to point A and
become zero again. In actual practice this curve, or
actually the current, would continue indefinitely through
other changes as points ¢ and j.

One complete positive and negative series of events
constitute a eycle. This might comprise the portion of the

i Jj,

curve between points a and h or it might start at, say, point
¢ and continue through one full set of values to the cor-
responding point on the succeeding positive section. The
number of cycles per second constitutes the frequency
of an alternating current or voltage. In some phases of
radio work, frequencies of the order of thousands and even
millions of cycles per second are encountered. The unit,
kilocycle, may be used, with the kilocycle defined as 1,000
cycles per second. For still higher frequencies the mega-
cycle may serve, and this equals 1,000,000 cycles per second.
That is, a current of 3,000,000 cycles per second could be
conveniently spoken of as having a frequency of 3 mega-
cycles per second.

1)
LY
\><<@

Fic. 2
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CONDUCTORS AND INSULATORS

A current cannot be sent through a material without
some opposition. Some materials pass or conduct an
electric current quite readily and are commonly classed as
conductors. Copper is an example of a good conductor.
Other materials offer such high opposition to the passage of
electric currents that relatively they are very poor con-
ductors. Such materials are commonly called snsulators,
and are very frequently used to confine electric currents
to the desired paths. Air, glass, and porcelain are very
good insulators for some types of work, whereas other
materials such as mica, oil, and special compounded
substances are frequently more suitable for other types of
work.

There is no sharp line between the materials classed as
conductors and those classed as insulators. For instance,
certain gas compounds may serve as a conductor of clec-
tricity for some certain purpose, and be considered as an
insulator in other cases. Where conductors are desired
some of the cheaper metallic materials are commonly
selected, whereas for insulators the adaptability of the
material is quite as important as the price. In the selec-
tion, many other features than those enumerated are
generally considered.

ELECTRICAL UNITS

Ampere.—Electricity in motion as electric currents
obeys very definite laws. Just as in any other energy
transfer, it is convenient to have units for the accurate
measurement of the energy. The ampere is a unit of
current that has been adopted as a standard and is uni-
versally used and accepted. For some radio work frac-
tional parts of an ampere are more convenient, such as the
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milliampere, which is one-thousandth part of an ampere,
and the microampere, which is one-millionth part of an
ampere.

The current is commonly read on electrical instruments
called ammeters. These are made up in different styles
and generally depend on the force exerted by the current
on a magnetic field to move the indicating needle. Some-
times the expansion in a heated wire i§ employed to indi-
cate the strength of a current, especially in some phases
of radio work. Instruments based on the use of a thermo-
couple, heated by the current in the main wire, are some-
times used.  The voltage gen-
erated by the thermocouple
affects a measuring instrument
the scale of which may be laid / V4
out or calibrated to read the |||/f&
milliamperes of current in the G ,
main wire. The instrument | %
used to measure these small
currents is called a malli-
ameter,one of which is shown in
Fig. 3. The needle is pivoted Bichs
on jeweled bearings so that only a very weak current is
necessary to produce a deflection. The moving system
includes a coil that carries the current to be measured.
The electromagnetic field established by this coil acts
against a strong field maintained by a permanent magnet
mounted inside the protective case. Such instruments
may be obtained in various styles of mounting. Instru-
ments for reading other electrical quantities may be
obtained with this same size and style of case.

Ohm.—Electrical resistance is commonly measured in a
standardized unit called the ohm. This has been stand-
ardized as the resistance of a column of mercury of cer-

M TTRS
sl \_1,_},,\:1:5- LI e
L — ||
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tain definite dimensions. Resistances of 1,000,000 ohms
or more are often given the Greck prefix meg, meaning a
million, and are then expressed as multiples of one megohm.
The resistance of a circuit may be measured directly by
suitable apparatus, but it is more often calculated by the
formulas given in succeeding paragraphs.

Volt.—The voltage, or difference of potential, is mea-
sured in a unit called the volf. It may be defined as the
clectrical pressurc necessary to send a current of one
ampere through a resistance of one ohm. The voltage
may be read on a voltmeter such as is shown in Iig. 4. The
one illustrated has two scales with suitable binding posts
and internal construction
so that voltages over a wide
range of values may be read
very accurately. A push
button is also provided so
that the instrument may be
connected in the circuit as
desired. This instrument
has a moving coil, which
reacts on the field established by a permanent magnet.
The deflection of the coil thus causes the needle to give a
reading that is a measure of the applied voltage.

Watt.—Electrical power is measured in a unit called the
watt. The power may be considered as the rate at which
work is done or used up. It may actually be expressed by
two methods, which are, however, related mathematically

P=FEI or P=1R
in which P =power, in watts;
E =potential, in volts;
I =current, in amperes;
R =resistance, in ohms.
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With a current I of 1 ampere and a potential £ of 5 volts,
the power P will be

P=EI=1X5=5 watts

Or suppose a current I of 5 amperes is sent through a
resistance R of 6 ohms. The second formula will give

P=1R=5*X6=5X5X6=150

the rate, in watts, at which cnergy is expended in the
resistance unit.

The power passing a certain given point in a circuit
may be measured by means of a wattmeter. Such an
electric instrument has potential and current connections
and may be calibrated to read directly in watts.

Where relatively large amounts of power are involved
it is convenient to refer to a larger unit of power, namely,
the kilowatt, which equals 1,000 watts. The power in
watts may be calculated in the usual manner, and the
result divided by 1,000 to give the answer in kilowatts.
The term kilowatt may be abbreviated to kw.

Some types of electrical apparatus, as used with alternat-
ing-current circuits, may produce effects so that the preced-
ing formula for power is not correct.

Coulomb and Joule—Another clectrical unit and one
that is not used so very often, is the coulomb. A coulomb
is the quantity of electrical energy transferred in one second
by a current of one ampere. Still another useful unit is
the joule as a measure of work. A joule is the amount of
work done in one second by a current of one ampere in a
resistance of one ohm.
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ELECTRIC CIRCUITS

TYPES OF CIRCUITS

An electric circuit is considered as a system of intercon-
nected paths for the passage of electric currents. The
circuit or path usually comprises one or more sources of
electricity, as batteries, apparatus or equipment to which
the energy is supplied, and a suitable system of intercon-
necting conductors or wires.

A series circuit is one in which the electric current passes
first through one device or part of the circuit and then on
through the remainder of the parts of the circuit in succes-
sion. Two devices, or parts of a circuit, are said to be con-
nected ¢n series when all the current that passes through
the one passes through the other. Two devices, or parts
of a circuit are tn parallel when the current divides, part
passing through each device or part of the circuit. Within
reasonable limits any number of devices may be connected
in either a series or parallel arrangement or as a combina-
tion of these two systems of connection.

Voltages in series add ; that is, they all combine and add
together to give a higher voltage. - The resultant voltage
Egr will be the sum of the individual voltages E,, E,, E;
and so forth. That is

Ey=E\+Es+E,

With three 1.5-volt dry cells in series the total voltage
will be Erp=15+15+15=4.5 as the total available
potential. This law holds, whether the voltages are equal
or not. Several voltages, or rather sources of voltage, in
parallel do not change the effective or line voltage, but
merely reduce the energy drain of each unit.
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OHM S LAW

Ohm’s law gives the relation between the voltage, the
current, and the resistance in a direct-current circuit. If
any two of these values are known, the third is found by
solving the simple equation of their relation. This law
expressed in the form of equations is as follows

E
==

R
E=IR

E
R=—

I

in which I = current, in amperes;

E =electromotive force, in volts;
R =resistance, in ohms.

These equations show that as the voltage is increased
the current is increased by a proportionate amount.
Similarly, as the resistance is decreased the current is
increased by a proportionate amount.

ExampLe 1.—Suppose it is desired to find the current sent
through a 5-ohm resistanecc by a 10-volt battery. The problem
is to find the current I when the voltage E=10 and the resistance
R=>5 is known.

0 . .

SoLUTION.— =—=?=2, or the resulting current will have

[

a value of 2 amperes. Ans.

ExampLE 2.—With a resistance of 275 ohms what voltage will
be required to produce a current of .4 ampere?

SoLuTioN.—The unknown voltage E may be calculated from the
known resistance =275 and the required current J =.4 by Ohm’s
law in the form E=IR =275X.4=110, which valueis 110 volts. Ans.

ExaMmpLE 3.—With a 6-volt storage battery, what resistance is
necessary to insert in the line to a tube that takes .25 ampere at
5 volts?

SoLution.—Here the voltage is the difference between 6 and 5,
or E=6-5, and the other known value is the current I=.25, while
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E 65 1
the resistance R may be found by R= i=)—)=— =4,

The necessary resistance is 4 ohms.  Ans.

Resustances in series add; that is, resistances in series
combined in their effect to oppose the passage of clectric
currents. The formula to express this effect is very much
like that for other similar cases.

1€,~= R1+1€2+R1
in which R,=resultant resistance in ohms
Ry, R,, and R are the resistances in ohms of the
various units. Other resistance units, if
such were present, would also be added.

ExampLE.—Consider a case with four resistance in series with
the following resistances in ohms, 7, 146, 1.5, and 33. Find the
total resistance.

Sorurion.—In the formula this would give RE.=R\+R,+R,+R,
=7+146+1.5+33, or R, =187.5; the total resistance, in ohms, is,
therefore, 187.5. Ans,

Resistances in parallel reduce the opposition, or resis-
tance effect, of cach unit. This relation may be expressed
as formula in the form

1 1 1 1
Seqr==
R, R R R;
in which R, is the resultant resistance and £, Ry, and I,
represent the individual resistance units that are connected
in parallel.

ExampLE.—With resistances of 2, 12, and 4 ohins in parallel, what
is the resultant resistance?

1 1 1 1 1 1
SoLUTION.— 1€,=I€.+R2+7€;=2+12+1 or
l=l—0' solving this gives R'= 12 or
R, 12 11

R,=1.2 the total combined resistance effect of the
three resistance units in parallel measured in
ohms. Ans.
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Many combinations of resistances in various series and
parallel assemblies are possible. They may be combined
in an almost unlimited number of ways, each to perform
some particular function. In calculating the resistance of
combinations it is necessary to consider small groups and
then use these as units in further calculations.

TEMPERATURE COEFFICIENT OF RESISTANCE

The resistance of a conductor increases as the tempera-
ture rises, and decreases as the temperature diminishes.
The temperature coefficient of resistance of a material
expresses this change and may be used in a formula to
obtain the resistance at any required temperature.

R.= R,(1+at)

in which R,=resistance, in ohms, at a desired centigrade
temperature;
R,=resistance, in ohms, at at 0° C;
a=temperature coefficient of resistance;
t=desired centigrade temperature.

The temperature cocfficient of resistance or specific
resistance for copper is .00427 at 0° C. The values for
other materials at 20° C. may be found in another Section.

SKIN EFFECT

The electric field aceccompanying an electric current in a
conductor takes an appreciable time to establish itself
through the body of the conductor. If, as in the case with
high radio frequencies, the current reverses in direction
before it is completely established through the conductor,
only the outer section of the conductor will be effective
in carrying current. So far as the radio-frequency current
is concerned, the conductor might be a thin hollow tube or
pipe, as the inner portion is not effective in carrying its
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share of the current. The resistance of the conductor is
thus apparently increased. The skin effect of a conductor
is its apparent increase in resistance to high radio-frequency
currents.

The skin effect may be greatly reduced by making the
conductor out of many strands of fine wire, insulated from
each other and woven so that there is a large conducting
surface able to carry the radio-frequency current well dis-
tributed over a large section.

CONDENSERS
PRINCIPLES OF CONDENSERS

A condenser is an clectrical device formed by two con-
ductors separated by an insulator. In practice the name
condenser is applied to a device made with a relatively
high condenser value. The chicf characteristic for which a
condenser is designed is its ability to store up electrical
cnergy. This ability is commonly termed the capacity of
a condenser, or more strictly the capacitance. Except for
incidental circuit losses a condenser may be made to give
up all the energy it received and stored. A condenser
should be thought of merely as a sort of storage reservoir
for electrical energy. The condenser is often employed
as a tuning device, but even here it must store the energy
for short intervals of time to accomplish the desired

result.

The actual storage of energy by a condenser occurs in
the insulating material called the dielectric. The conduct-
ing surfaces are commonly called the plates, as they often
take that form. A condenser may be made up in the
form shown in Fig. 5, with plates a and. b separated by
the insulating material, or space, c¢. Connections to
the electrical source would be by means of conductors d
and ¢, one connected to each plate. 1In order to distribute
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the eclectrical energy uniformly the plates should be
made of good conducting material. When the condenser
is connected across a source of electricity, a potential,
or voltage, difference is established between the plates,
and the plates become oppositely charged. If the mate-
rial ¢ between the plates were a conductor a definite
steady current would be established. With the insulating
material, which is a requisite of a condenser, there is a
momentary rush of current. The applied voltage will
establish this current only until the energy stored in the
condenser is of the value determined by the voltage.
When the condenser has stored this energy and becomes
charged, as it is called, the dielectric material is actually
under an electrical stress.

SPECIFIC INDUCTIVE CAPACITY

The capacity of a condenser with
dry air as the dielectric is only slightly
higher than with a vacuum maintained
between the plates. All other insulat-
ing materials possess a greater storage capacity than air,
other things being equal. It is common practice to refer
to the ratio of storage capacity as the specific inductive
capacity, this being referred to air as 1.0.  All other insula-
tor materials have specific inductive capacity values greater
than 1, the most common ones ranging from 4 to 8. A
table of values for some of the most used dielectric mate-
rials is given elsewhere.

Fic. §

FIXED CONDENSERS

The different values of specific inductive capacity
indicate that some dielectric materials would make more
compact condensers than would others. 1t is common
practice to use these high dielectric materials in condensers



26 ‘RAPIO FUNDAMENTALS

whose capacity need not be changed, and which are called
fized condensers. There are some other factors that
enter into the selection of a dielectric material, especially
as made for the commercial field. The dielectric should
not be too expensive, should be easy to handle and work
to desired size and shape, should resist high-voltage
puncture or breakdown, should not be affected by mois-
ture, and should not have high losses. Paper fulfils many
requirements and is extensively used in fixed condensers.
Mica is more expensive but is the preferred dielectric
material. Air for fixed condensers is used only in special
cases, owing chiefly to its bulk.
Since solid dielectric materials are
most common a rigid plate is not
required. Copper foil is a very good
plate material, since it has good con-
ductivity and occupics little space.
Fixed condensers should be solidly
assembled and sealed or impregnated
so the capacity will remain constant
and so there will be no possibility of
moisture cntering to affect the

Fia. 6

characteristics.

A commercial fixed condenser embodying many of the
principles enumerated above is shown in Fig. 6. The two
plates or sides of the condenser end in terminals at the
top, to which conncetions may be made. The lugs at the
bottom are suitable for mounting the condenser securely
in any convenient position.

VARIABLE CONDENSERS

Condensers whose capacity may be readily changed,
are called variable. Largely for mechanical reasons, air
stands unrivalled as a diclectric material. Variable con-
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densers generally consist of two sets of plates so arranged
that one may be moved almost entirely within or outside
the field established by the other. Aluminum and brass
are both very good plate materials and both are largely
used in practice. Care should be taken in design and
manufacture to produce a type of construction that will
offer a low resistance to the currents while the charge is
being distributed over the plates with each reversal of
the signal current. A good connection should also be
provided between any movable set of plates and its bind-
ing post or terminal.

Extreme care in design is
necessary to reduce the losses
through the rigid insulating
material that supports the
movable plates. This support
receives the full potential
applied across the condenser,
and itself acts as a small con-
denser with its body as a
dielectric. It is important
that good material be used,
and that it be designed so as to introduce as small an
effect into the unit as is possible.

Variable condensers may be made in many different
styles and shapes. Usually, one set of plates, called
the stator, is stationary or fixed, while the other, called
the rotor, is movable. Semicircular plates are most
economical of space and material, and are very commonly
used. The tuning of a circuit with such a condenser results
in a bunching, at the lower condenser settings, of stations
equally spaced according to frequency. In order to give
equal dial settings on such stations, the rotor or stator
plates may be made in special shapes. The construction
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employed in the variable condenser shown in Fig. 7 gives
equal dial spacings for equal frequency tuning changes.
Even though the weight is not equally distributed on both
sides of the rotor shaft, the difference in weight on opposite
sides of the shaft is not so great but that the friction in the
bearings or a counterweight may be depended on to hold
any desired setting.

CONDENSERS ON DIRECT CURRENT

In the discussion it was stated that the condenser takes
current until the dielectric material becomes charged.
On a direct-current source, such as from a battery, this is
practically the only thing that happens so long as the
voltage is maintained constant. There will be a continuous
minor supply of current to the condenser to compensate
for any leakage or other loss of energy in the condenser.
If the current supply is removed the charge will still
reside in the condenser. The condenser would retain its
charge indefinitely except that with most commercial
condensers there is enough leakage to permit the charge to
disappear within a few minutes. The condenser may be
discharged at once by connecting a heavy wire between
the plates. There will be a rush of current as the plates
become equal in potential. The energy that was stored
in the condenser will all be expended in the wire as
resistance loss.

CONDENSERS ON ALTERNATING CURRENT

On alternating current, which constantly reverses, a
condenser periodically charges and discharges with each
alteration of the current. The condenser will charge in
accordance with the polarity of the supply at any one
instant. As soon as the next reversal occurs, however,
the condenser will first discharge and then assume a
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charge of the opposite polarity. When the condenser
discharges, its energy goes back to the supply line, which,
having reversed its polarity, is in a proper condition to
receive this energy. The amount of energy returned or
discharged to the line is equal to that originally taken as a
charge less the circuit and condenser losses. These losses
are very apt to increase rapidly with the higher frequencies
and to be very important with relatively high-frequency
radio signals.

CAPACITY UNITS AND FORMULAS

Farad.—The unit of capacity is the farad, which is
really a measure of the charge that may be stored in a
condenser. A condenser has a capacity of one farad when
a potential difference of one volt causes it to have an
electrical charge of one coulomb. A condenser with a
capacity of one farad would have a monstrous size. A
much more convenient and common unit is the micro-
1,003,00—0> of a farad.
Sometimes the micro-microfarad is used as a unit, it being

—-) of a microfarad.

one-millionth <1,000,000
Capacity of Two-Plate Condenser.—The capacity of a

condenser may be calculated when the dimensions of the
plates and the thickness and material of the dielectric are
known. For a two-plate condenser the formula is

A
C= .0885%—

farad, which is one-millionth <

in which C = capacity, in micro-microfarads;
K =specific inductive capacity of dielectric;
A = Area of each plate, in square centimeters;
t=average thickness of dielectric, in centimeters.
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A condenser could be made with a mica dielectric which
would have a specific inductive capacity, or K, of 6. With
5-centimeter plates the plate area will be 5X5=25 square
centimeters. A dielectric thickness of .05 centimeter may
be used. The capacity of the two-plate condenser will be

6X25
C=.0885——
.05

= 265.5 micro-microfarads.

The capacity in microfarads will be one millionth as
great; that is, 265.5-+ 1,000,000 = .0002655 microfarad.

Capacity of Multiplate Condenser.—A condenser made
up of several plates connected in parallel has a large
capacity due to the capacity effect between the different
sets of plates. For calculating the capacity of such a
condenser the formula is

= omsgfAQT D)

in which C'=capacity, in micro-microfarads;
K =specific inductive capacity ;
A =area of each plate, in square centimeters;
N =total number of plates;
t=thickness of the dielectric, in centimeters.

The fact that the part N—1 is in marks of parenthesis
means that that portion is to be solved first. That is,
with a 9-plate condenser and the same dimensions as were
used in the preceding case,

625X (9—1)
05
6X25X8
05
=2,124 micro-microfarads

C=.0885X%

=.0885 X
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The capacity in microfarads will be this value divided
by 1,000,000 or 2,124-1,000,000=.002124 microfarad.
This same formula really applies to the preceding example
of a two-plate condenser. In that case the number of
plates, N, would be 2 and the result would be 2—1, which
would still leave 1. The formula would merely be
multiplied by 1, but that would not alter its value in any
way. .

These formulas may be used to caleulate other factors
than the capacity if only one term is not known. For
example, how large will the plates of a 3-plate mica
condenser need to be to have a total capacity of .00025
microfarad, if the mica is .01778 centimeter thick? Sub-
stituting the value of 4 for K and the other known values
in the formula gives

4x(3—1)A
00X .00025 = =

1,000,000 .00025=.0885 " "o
1,000,000 X .00025 %X .01778

A=
L0885 X4 X2

A =6.278 square centimeters.

The area of the plate could be made up by using a plate
2.54 centimeters on each side, the area being 2.542=6.4516
square centimeters or 1 square inch, approximately.

Capacity of Condensers with Semicircular Plates.
Another capacity formula that is applicable to radio
apparatus is the one that permits of the calculation of
condensers with semicircular plates. This applies speci-
fically to the various types of variable condensers which
are made in a variety of shapes to obtain certain tuning
effects.

KN-1)(. =r?)
t

C=.139
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in which C = capacity, in micro-microfarads;
K =specific inductive capacity of main dielectric ;
N =total number of plates;
7, =outside radius of plates, in centimeters ;
ri=1inside radius of plates, in centimeters;
t=thickness of the dielectric, in centimeters.

Capacity of Condensers Connected in Parallel.—The
capacity values of condensers connected in parallel add to
give a resultant capacity equal to the sum of all the
individual capacity values. This applies to parallel con-
nected plates mounted in one condenser unit as well as
separate condensers. The rule holds with any number of
plates connected in parallel, and with both large and small
sized condensers. Expressed as a formula this would be

C¢ =Cl+02+03+04+0tc.

in which C,=total capacity, in microfarads;
C1=capacity of one condenser, in microfarads ;
C2=capacity of second condenser, in microfarads ;
Cy=capacity of third condenser, in microfarads;
Cs=capacity of fourth condenser, in microfarads,

If there were only two or three condensers, only that
number of terms would be considered. Also, if there were
more than four condensers in the group, additional terms
would be added or the capacity values could be added
directly. The capacity values are all give in microfarads,
but any other unit might be used all through, such as
micro-microfarads. For instance, two condensers of
00015 and .00575 microfarad connccted in parallel will

give €= 00025 +.00575 = .006 microfarad.
Capacity of Condensers Connected in Series.—The

capacity values of condensers in series act to reduce the
total capacity of the whole combination. This may best
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be expressed as a formula with the same symbols and units
as were used in the preceding case.
11,111
C. CC e
Additional terms may be added to this formula if there
are more than four condensers in the series, or some may be
omitted if the number of condensers is less than four.
That is, six condensers, each with a capacity of .00012
microfarad, will give

11 1 1,1 1 1
¢~ 0001z 00012 T-00012 00012 00012 00012
1_ 6 1

C, .00012 .00002
or solving algebraically
C,=.00002 microfarad.

CONDENSIVE REACTANCE

Like other electrical devices, a condenser offers con-
siderable opposition to the passage of eclectric currents.
This opposition, for a condenser, is termed condensive
reactance, and may be expressed by a formula
_ 1
_27rfC
in which X.=condensive reactance, in ohms;

= constant, or 3.1416;

f=frequency of alternating current, in cycles
per second ;

C = capacity of condenser, in farads.

Xe

This formula shows that the reactance or opposition of
a condenser decreases dircctly as the frequency increases,
and that it is smaller, the larger the condenser. Sometimes
a high reactance is desirable, but to reduce the reactance
it is necessary to increase the capacity of the condenser,
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ELECTROMAGNETIC AND INDUCTIVE EFFECTS
ELECTROMAGNETIC FIELDS

An electric current is considered as being established in
the body of the conductor. As such it produces certain
effects inside the conductor. An electric current is also
always accompanied by electric forces that surround the
conductor. These forces are of a magnetic nature in that
they will act and react with magnets. This force or field,
because of its electrical origin, is commonly called electro-
magnetic.

The lines of clectromagnetic force surround a single
conductor and extend for some distance from the condue-
tor. They diminish in strength rapidly as the distance
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from the conductor increases. The electromagnetic field
may be greatly strengthened by winding several turns of
conductor into a coil. The foree due to each turn of wire
is added to all the others and the several turns in the
coil combine to give a relatively strong electromagnetic
field. In I'ig. 8 the electric circuit is supplied with energy
from battery a. The switch b may be used to close the
circuit to establish a current from the positive pole of
battery a through the straight conductor ¢, the coil d,
and switch b to the negative battery terminal.
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As soon as switch b is closed the current is established
in the circuit and the magnetic field is established uni-
formly along the conductor. The force around the con-
ductor section ¢ is represented by the circular rings enclos-
ing the conductor. The arrowheads indicate the direction
of these lines or the direetion in which the north pole of a
magnet would point. The direction of the lines of force
may be determined by grasping the conductor with the
right hand, with the thumb pointing in the direction of the
current. The fingers will then point in the direction of
the lines of force that encompass the conductor. It is
well to remember that these lines of foree are actually not
at all visible. They are merely lines drawn for convenience
in studying the fields and forces surrounding conductors.
The individual lines of coil d have lost their identity and
combined to form the larger dotted lines shown linking with
that coil. The fiecld would be strongest near the ends of
the coil, as is shown by the greater number of lines in
those positions, and gradually gets weaker away from those
points, as is represented by the greater spacing between
the lines.

The number of lines about both ¢ and d, which lines
should be thought of as a measure of the field strength and
its direction, will depend on the strength of the electric cur-
rent. The current, with a given voltage, will depend
wholly on the resistance of the circuit. The strength of the
field about coil d depends on the number of turns of con-
ductor as well as the current strength.  Coils made up with
an air core arc called solenotds. When used with an iron
core the field is established mueh more easily and will be
much stronger for the same electric current. The form
of a coil with an iron core is called an electromagnet. Such
a device is very frequently used in clectrical and radio
work because of the ease with which a magnetic field of
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the desired strength and shape may be established. The
field will be removed immediately whenever the electric
current is stopped.

INDUCTANCE FIELD

Inductance is the property of a circuit and tends to
oppose a change in current in that circuit. Energy is
required to establish a magnetic field about a conductor.
There is a magnetic stress applied to the material surround-
ing the conductor, which results in a strained condition
that actually stores up the energy. The inductance is the
opposing force. The current thus builds up slower than
if inductance were not present. After a current is once
established and is constant in value the magnetic field
remains constant in strength. If the circuit is opened the
current tends to die down. The magnetic field now has no
force to maintain it, and so collapses almost immediately.
The lines of force which expanded from the conductor
previously, now contract and finally disappear. How-
ever, the energy stored in the magnetic field is nearly all
returned to the eclectric circuit as the field disappears,
because of electromotive force established by the lines of
force cutting across the conductor. The inductance effect
is still responsible, and, by causing the current in the
conductor gradually to decrease again, exhibits its property
of tending to oppose a change in the current.

INDUCTANCE ON DIRECT CURRENT

An increase or decrease of current in the circuit will
increase or decrease, respectively, the strength of the
magnetic field. This effect will lag behind the current
change and in so doing will tend to prevent the current
change. The effect of an inductance coil on a direct cur-
rent that is just established is to cause the current to
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increase more gradually than if the coil were not present.
The inductance will not affect the steady current value,
although the resistance of the conductor will have some
effect. The inductance does not take any energy from
the circuit after its magnetic field is once established.
When the circuit is interrupted the current will decrease
and the magnetic field will collapse. The energy stored
in the magnetic field will be returned to the circuit in the
form of an electric current. If an attempt is made to
open the circuit, the energy returned by the inductance
may be sufficient to produce an arc across the contact
points as they are opened. Then, instead of being returned
to the circuit as useful energy, part of the energy of the
magnetic field is dissipated as heat in the arc and wasted.

INDUCTANCE ON ALTERNATING CURRENT

On alternating currents the magnetic field constantly
reverses periodically with the voltage and current changes.
As the voltage increases the current change is opposed by
the inductance. Similarly, as the voltage decreases the
current change is opposed by the inductance. With
special apparatus this effect may be studied as the induc-
tance actually causes the current changes or current wave
to lag behind the voltage changes or voltage wave. The
relations are such on an alternating-current circuit that
the cnergy stored up in the magnetic field is all returned
to the circuit each time the voltage reverses. The induc-
stance effect of a conductor is greatly increased if it is
formed into a coil shape. Another phenomenal increase
in the inductance of a coil may be secured by inserting an
iron core in the coil. Permalloy, a nickel-steel alloy, as
well as compressed pulverized-iron dust are also used as
core material in certain electrical and radio coils,
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SELF AND MUTUAL INDUCTANCE

The inductance effects that have been deseribed are the
result of the flux, or lines of force, upon the conductor
that produces them. In a coil, for instance, the lines of
force interlink all the turns of wire in that coil. The
inductance produced by the action of the electromagnetic
field on the coil that produces the field is called the self-
inductance. Such coils have very extensive use in various
phases of radio and clectrical work.

The electromagnetic flux from a coil may spread out
and interlink a near-by coil as well, such as the part of

flux from coil a, of Fig. 9, which will link with coil b.
Some of this flux field will cut the adjacent coil and tend to
induce a current in the neighboring coil b, which current
will become a real transfer of energy and pass through the
resistance ¢.  The inductance that is due to the flux or
effect from another coil is called the mutual inductance.
Both self-inductance and mutual inductance are alike in
principle and produce similar effects.

Transformer action, or the transfer of electric energy
from one closed circuit to another is based on the principle
of mutual inductance.
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UNITS OF INDUCTANCE
Inductance is measured in a unit called the henry, and

1
may be expressed in smaller units as the millihenry < 1,000
henry), which is one one-thousandth of a henry, and the
1 N -
microhenry < 1,000, 300.000 henry> which is one one-millionth

of a henry. The henry is defined as the inductance of a
circuit that induces a voltage of one volt when the current
is changed at the rate of one ampere per second.

INDUCTANCE FORMULAS

There are some important fundamental formulas that
apply to inductance coils. From these formulas it is
possible to seec what factors actually influence the induc-
tance of a coil.  Such formulas also furnish information for
the calculation of the inductance of the coil. Basically, the
inductance of a coil is dependent on the amount of flux,
the number of turns of the conductor, and the current.
Thus, any factor that changes any or all of these factors
affects the inductance of a coil.

The inductance of a long coil with an air core may be
calculated from its dimensions, which includes the number
of turns, by the formula drn’A

107
in which L =inductance, in henries;
r=3.1416;
n=number of turns in the coil;
A =mean area of the coil, in square centimeters;
I=axial length, in centimeters;

The inductance of a long solenoid may also conveniently
be expressed as 3 048N2r2

L= 101
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in which r=radius of the coil, in centimeters, and the
other units are as used in the preceding formula.

The following formula may be used where the dimen-
sions r and [ are expressed in inches:
10,028n*

101

When the length of the coil is not several times the

radius of the coil, the following formula may be used:

L=

L=3,948n27‘2
10"
in which the dimensions are in centimeters, with the units
. . . 2r
as previously given, and K is a value dependent on ,
which may be obtained from the following table.
TABLE 1
VALUES OF K FOR INDUCTANCE FORMULA
e e
T K 1 K 7 K
.00 l 1.000 .60 .789 2.0 .526
.05 979 .65 775 2.5 472
.10 .959 .70 761 3.0 429
.15 .939 .75 .748 3.5 3%
.20 .920 .80 735 4.0 .365
.25 .902 .90 711 4.5 341
.30 .884 1.00 .688 5.0 .320
.35 867 1.10 .667 6.0 .285
.40 .850 1.20 .648 7.0 .258
45 .834 1.40 612 8.0 237
.50 .818 1.60 .580 9.0 .219
.55 .803 1.80 .551 10.0 .203

ExampLe.—The inductance of a coil of 40 turns 3 inches in
diameter and 2 inches long is to be calculated.
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SoruTion.—The inch dimensions ean be ehanged to eentimeters
by multiplying by the conversion factor 2.54. The radius ris } the

2 2X1.5
diameter, or 1.5 inches. The faetor Tr is X2 —=1.5. In the

table, K is given for both 1.4 and 1.6 values. The value for 1.5
may be taken as halfway between these two, or as .596.
L B9BXA0X (15X 2.54)°
B 101X 2X 2.54

=.000108 henry
or L =108 microhenrics.

X.596

TYPES OF INDUCTANCE COILS

Inductance coils are made up in many types and forms.
In general, inductance coils are air-core coils; that is, they
do not have any magnetic material in their fields.
Naturally, the prime requisite of an inductance coil is that
it shall possess a large amount of inductance. However,
it must not introduce other undesirable features, such as
high resistance or distributed capacity between the turns
of wire. Taps or leads on coils, while very convenient,
may be a detriment to the securing of best results.

Inductance coils are often wound on insulating tubing,
which acts as a support. This tubing should be rigid,
moisture-proof, thin, and good electrically. If it is not
good electrically the tubing may introduce losses, which
will affect the coil itself. The size of wire is important as
affecting the resistance of the coil. The spacing between
the turns affects the capacity between those turns, which
introduces a capacity effect that must be considered in good
design. This spacing is often controlled by the insulation,
which should be air, cotton, or silk. Insulating liquids
may be used but are not reconmended.  As the inductance
of a single-layer winding is not very great per unit of length
such coils must be made awkwardly long to secure the
larger inductance values.
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Choke coils are simple coils of wire wound on a support-
ing frame with no magnetic material in the flux field.
As such they may be used to block or choke out the passage
of high-frequency currents. They do not offer much oppo-
sition to the passage of relatively low-frequency currents.
An iron core at radio frequencies is not very satisfactory,
as its actions are erratic and the iron will not become
fully magnetized with each reversal of current.

On relatively low frequencies an iron core is often
inserted into the field of the coil. The flux or electro-
magnetic field will be established through the iron much
more easily than through air, and, for the same current
strength, the field will be stronger. It takes an appreci-
able time for this field to be established
~v through the iron core, although actually
W\ it is only a very small fraction of a
/l| second. The stronger field represents
VAL, o, greater opposition, and a more effec-
tive action is secured by the choke coil.
Ordinarily, choke coils are used to keep
currents of certain frequencies confined to their proper.
circuits. In the case of a choke-coil amplifier the voltage
drop across the coil is made use of in applying a signal
change to the succeeding tube.

Coils for the reception of short wave-length, or high-
frequency, signals need only a relatively small number of
turns of wire. Also, in order to cover a large range of
stations, the inherent, or distributed, capacity should be
small, which necessitates the spacing of the turns.  Fairly
heavy wire will give the necessary rigidity to the coil,
which may or may not have reinforcing ribs placed length-
wise of the coil. A short-wave coil is illustrated in Fig. 10,
and serves as an example of these several features. The
coil is equipped with pin-type jacks, which may be used to

Fic. 10
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insert this or other coils readily into the receiving circuit.
Sometimes such coils are made with a sort of basket-weave
system of winding with thick insulation on the wire.
This gives a low distributed capacity and also makes the
coil relatively rigid if of large wire. In addition, the turns
may be tied with string, where they cross, to secure added
rigidity.

Most inductance coils are fived, that is, are not variable.
Since it is more convenient to make good variable con-
densers than variable inductances, tuning of circuits is
practically always accomplished with variable condensers.
One type of variable inductance, called a rariometer, has
one-half the winding mounted on a rotatable support so
its inductive effect may oppose
or help that of the other half.
Thus a large range of induc-
tance, continuously variable,
may be secured. At other
times inductance coils are Fie.
adjustable by means of clip connectors.

A bank winding is a form of winding in which the turns
are banked or piled systematically on top of cach other in
two, three, or even more layers. A section of a few turns
of such a winding is shown in Iig. 11. The numbers
inside the circles are the sequential numbers of the wind-
ing order; that is, turn 1 is wound first, then turn 2, and
turn 3 is then wound on top of, and between, the first two
turns. Turns, 4, 5,.and 6 are then wound in the order
given, then 7, 8, and 9 in their numerical order.

Colls of the honeycomb type are multilayer coils formed
with a spaced diagonal winding. Adjacent turns do not
lie as close to one another as in the preceding types of
windings, and hence the distributed capacity is reduced.
Such capacity may not be at all objectionable, wherew

(15)12) 9 Y(6)
DDO6O
A@A ANV ANPAN
V7777722772777 727 777
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in other cases it may seriously affect the useful range by
limiting the low-wave length tuning. Such a coil is shown
in Ilig. 12, with its two leads for connection with the cir-
cuit. Any liquid binder insulation should be used very
sparingly in this or any other type of coil. The honey-
comb coils are often mounted on special plugs that serve
both as a connection medium and support when plugged
into a special receptacle designed for the plugs. A table
of inductance values for honeycomb coils is given in
another Section.

Spiderwed coils take their name
from the general appearance of
the winding, which resembles a
spider web. As shown by I'ig.
13, the coil is wound radially
on a wooden
spoke form. The
turns are well
separated in this
type of winding
and the distri-
buted capacity
of such a coil when carefully made will be very satis-
factory.

INDUCTIVE REACTANCE

The inductance of a coil is a property of the coil, and
is always a constant value. The opposition of this
inductance to the passage of electric currents is called the
inductive reactance. The inductive reactance of a coil
corresponds to a considerable extent with the resistance
of a resistance unit or device. The unit of inductive
reactance is the ohm. The inductive reactance may be
expressed or determined by the formula

X1=2xfL
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in which  X;=inductive reactance, in ohms;
f=frequency, in cycles per second;
L=inductance, in henries.

When the coil also has an appreciable resistance, as is
more usually the case, the total opposition to the passage
of an electric current is called the ¢mpedance. This may
be expressed by the formula

Z= VR4 (2rfL)?
in which Z =the impedance, in ohms;

IR =the resistance, in ohms; and the other units
are as given before.

From the foregoing for-

mulas it may be seen that e v
the higher the frequency E

the greater will be the re- _“M

actance of the coil. This &

is a very important point §

to remember in dealing with ~ §

various types of inductance ‘: b d
coils. The latter formula F’::_”:’

also has a term that in-
creases with frequency. If the frequency were zero cycles
per second, that is, a direct current, this term would become
zero and leave only the resistance term. This is what is
found in practice, as then the only opposition offered to a
direct current by an inductance coil is that of the resistance,
with the exception of the momentary effect noted upon
closing or opening the circuit. When considering the effect
of inductance coils it is often convenient to divide the
resistance and inductance effects into two units and con-
sider that all the inductive effect is localized in one unit
and all the resistance effect is concentrated in the other
unit.
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The manner in which the inductive reactance varies
with the frequency may be shown graphically by Fig. 14.
The reactance increases directly with the frequency, as was
shown by the formula. In the figure the reactance at
point a for a certain frequency ob is represented by the dis-
tance oc. If the frequency is doubled to point d the reac-
tance will also be doubled to the value oe, which gives the
point f on the curve.

OSCILLATORY CIRCUITS
INDUCTIVE AND CAPACITATIVE CIRCUITS

Electric circuits containing an inductance coil and a
condenser properly connected have some peculiar pheno-
ena that are of special interest in radio circuits. When
the reactive values of these devices are properly related,
the circuits, as a whole, possess characteristics different
from their properties when other relations obtain. These
characteristics are made use of in various ways in the
tuning and design of radio circuits. The resistance effect,
while not so essential, is a feature of importance and

should be considered.

a SERIES RESONANCE
The impedance offered by a circuit to
:ﬁ” the passage of electric currents includes
b the opposition of all the devices combined.
A circuit made up of three devices in
- series, as in Fig. 15, with a resistance «,
—___J an inductance coil b, and a condenser ¢,
Eicpts is connected with a source of alternating

current at d. The total impedance is given by the

formula N2
— 2 —_——
VA \/R +<21rfL 21rfC>
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in which Z=impedance, in ohms;
R =resistance, in ohms;
r=3.1416
f=frequency, in cycles per second;
L =inductance, in henries;
C = capacitance, in farads.

Analyzed, this formula is made up of the resistance, the
inductive reactance, and the condensive reactance. If the
resistance contains any inductance or the coil or condenser
possesses any appreciable resistance, these values, if
relatively small, may be combined with the main resistance
or inductance units for mathematical treatment.

In the preceding formula the inductive reactance term

2xfL is positive, whereas the capacitative term S

1 .
2+/C '
negative. When these two terms are equal they will
counteract each other, leaving only the resistance term.
The resistance is then the only factor opposing the cur-
rent, and the current, when the unit is connected with an
alternating-current source, would be theoretically exactly
the same as when connected with a direct-current supply
source. Actually, if connected with a direct-current
circuit the current would cease as soon as the condenser
became charged.

When the inductive and capacitative reactances are
equal, the current is a maximum, as the total impedance
is a minimum. The current is given by the formula

E
Z
in which I =current, in amperes;

E =applied potential, in volts;
Z =impedance, in ohms.
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With the impedance a minimum, the current, for any
given voltage, will be a maximum. A circuit is said to be
In resonance when the condition for maximum current, is
obtained.

The condition of resonance may be shown by curves, as
in Fig. 16. Curve abc shows the variation of current as
the capacity is increased from a low value on through
higher values. The largest current at point b is secured
when the resonance condition is reached at some definite
capacity. Its value is determined by the resistance in the
circuit. At lower and higher condenser settings the cur-
rent rapidly decreases to a relatively low value, which is
then nearly constant over the remainder of the range of
possible condenser settings.

With a resistance two or
three times as large as was used
previously the maximum cur-
. e . rent at resonance is smaller as
d—/\f shown by the curve through

Capacity points d, ¢, and f. Points d

Fic. 16 and f nearly correspond with
similar points on the other resonance curve, but the
resonance value peak e, while definite, is not so great
as was the preceding case at point b. These curves
emphasize the necessity for keeping the resistance in a
circuit low. That is, the lower the resistance, the greater
the current or signal strength, and the sharper the tuning.

b

Currernr

PARALLFL RESONANCE

A coil with a condenser in parallel will give results far
different from those with the coil and condenser connected
in series. As there is always some resistance in the con-
ductor forming the coil it will also be considered. While
this resistance is actually not a separate unit or device, it
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will be so considered for convenience in calculations. Such
a circuit is represented in Fig. 17 with coil a and its resis-
tance b shunted by a condenser ¢, all supplied from an
alternating-current source connected at d.

Currern?

a,

Freyueﬁcy
Fig. 17 Fic. 18

The current has two paths; namely, through the coil
and resistance in series and through the condenser. The
total current is expressed by the formula

o 2mfL \? R\

I=E <21rfC— ) > +< )
R*+(2nfL)? R4+ (2nfL?

in which I = current, in amperes;

E =potential, in volts;

f=frequency, in cycles per second;

C =capacity, in farads;

L =inductance, in henries.

The condition for minimum current obtains when

2nfL
R*4(2xfL)?
This is the value of the properties of the circuit that give

the minimum current, which condition is called parallel
resonance. 1f, as is often the case, the resistance is negli-

2fC =

1
gibly small, the formula is 27fC =3

£ -
oL or parallel reso

nance.
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The variation of current with frequency is well shown by
the curve in Fig. 18. At low frequencies the current is
relatively high, owing to the lessened reactance of the coil.
As resonance is approached, at point a the current dimin-
ishes because of the increased impedance effect. At q
the current is relatively low and represents only a suffi-
cient amount to supply the losses in the resonant circuit,
By the preceding formulas, the resonant current is

_ER
T R*4(24fL)?

in which I,=the resonant current.

r

The current increases with still higher frequencies, owing
to the increasing total impedance caused chiefly by the
condensive reactance.

The main characteristic of a parallel-resonance circuit is
the extremely high impedance it can offer to an alternating
current. Such a combination is often desirable in radio
‘circuits where it is desired to pass low- or high-frequency
currents and to effectively block out currents of a certain
frequency.

The three factors, inductance, capacitance, and fre-
quency, are all interrelated and a change in one will alter
the resonant frequency. However, for any combination
of two factors a value for the third may be found that will
give a resonance condition.

INDUCTIVE COUPLING

The transfer of energy from one circuit to another is
accomplished by some method of coupling. Ordinarily
the electric field from a coil or condenser in one cireuit is
made to interlink a similar device in the other circuit, and
the actual transfer is made by this interlinkage. Such
energy transfers are usually between tuned circuits as the
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transfer is greatest and most efficient under those condi-
owing to the larger current at that time.

The field of coil ¢ in IMig. 19 is shown as interlinking coil
b of an adjacent tuned circuit. At the start, with no
current in coil @, there will be no field around coil a and
nothing induced in coil b.  As the current in coil a increases
the electromagnetic field of coil a expands and some of the
lines of force cut across the wires of coil b. This flux-
cutting coil b induces an clectromotive force therein which
sends a current through the remainder of the circuit con-
nected with coil b.  As the current in coil a reverses, the
field reverses and induces in coil b a potential that is

il L
il

opposite in direction to that previously obtained. The
current in coil b and its cireuit is also in the opposite direc-
tion. The actual direction of the induced voltages and
currents is not important, but the actual transfer of energy
from one circuit to another is very important. This
transfer will continue as long as the current in coil a con-
tinues to change periodically. If suitably designed and
properly placed, this arrangement can transfer a relatively
large part of the energy in coil a to the circuit of coil b.
This is called znductive coupling, as inductance coils form
the active coupling agents. The coils need not necessarily
be of the same dimensions. On transformers for low-
frequency radio work, both coils may be mounted on the
same iron core.

- —~—

, ]
%N N ’
SooetE Sele”

Fic. 19
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DIRECT COUPLING

The coupling between two circuits may also be a direct
coupling with a common coil or condenser as the inter-
mediate agent. In Fig. 20, "
coil a is the one that affords N L
the coupling between the

c

L

circuit comprising coil @, another coil b, and condenser c,
and the input circuit d, over to the circuit comprising
coil a, another coil ¢, and condenser f. In fact, coils b and ¢
are not essential, as coil a and condenser ¢ could form
one tuned circuit and coil a and condenser f the other
tuned circuit.

The direct coupling may also be by means of a condenser
common to both tuned circuits. Such would be as illus-
trated in Tig. 21 with condenser a the direct-coupling
device between the two tuned circuits.

Fic. 20 Fic. 21

CAPACITATIVE COUPLING

The term capacitative, or condensive, coupling is, strictly
speaking, a form of coupling with condensers as the
transfer agents through

their common active fields.

Condenser a of Fig. 22 has a T ——
a strong field, part of which B
is occupied by condenser b.

The charging of condenser a F1e. 22

produces a field that causes a transfer of energy from the
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circuit connected with condenser ¢ to the circuit of con-
denser b.

The energy transfer has been spoken of as occurring
between tuned circuits, These methods of coupling may
be applied, whether or not the circuits are tuned, but the
energy transfer will not be so great with untuned circuits
as with circuits resonant to the same frequency.




SOURCES OF ELECTROMOTIVE FORCE

PRIMARY BATTERIES

WET CELLS

An electric cell or battery is a device for transforming
chemical energy into electrical energy. There are two
general types of primary cells, namely, wet and dry,
depending on the nature of applying the electrolyte. In
wet cells it is necessary, for continuous service, to renew
the electrolyte and the electrode which is consumed by
chemical action.

In general, a primary cell may be
made from any two dissimilar metals
immersed in an alkaline or acid solu-
tion. For example, in Fig. 1 is shawn
a glass jar, two electrodes, one of zinc
on the right and the other of copper
immersed in a dilute solution of sul-
phuric acid. A resistance is shown
connected between the two terminals
of a cell. If the cell is connected to a
voltmeter in place of the resistance, with the copper clec-
trode connected to the plus side of the instrument and the
zine electrode to the minus side, a potential difference of
about one volt between the copper and zinc terminals will
be indicated on the voltmeter.

If these electrodes are connected to an external load,
represented by the resistance in Fig. 1, this difference of
potential will establish a current from the positive electrode
through the resistance to the negative electrode and from
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the negative electrode through the solution in the cell to
the positive electrode. The changes that take place
within the cell when it is delivering current may be briefly
summarized as follows: as soon as the cell is connected
to the load and current flows through the circuit, the
sulphuric acid in the clectrolyte attacks the surface of
the zinc plate, forming zinc sulphate and hydrogen.
The hydrogen immediately collects on the copper plate
in the form of bubbles, some of which rise to the surface of
the clectrolyte and escape into the surrounding air, while
others cling to the copper plate. After this process has
continued for a short time the copper electrode becomes
covered with a film of hydrogen, which, being a non-
conductor of electricity, gradually decreases and finally
stops the current. A cell in this condition is said to be
polarized, and therefore will not function properly as a
generator of an electromotive force.

Many mechanical and electrical depolarizing schemes
have been devised for increasing the active life of a
primary cell. The only feasible schemes, however, are
of a chemical nature, that is, a chemical is introduced
into the cell which reacts strongly with hydrogen and
absorbs a portion of it, removing the undesirable polarizing
effect.

Other clectrodes than those used in the above discussion
may be substituted as indicated in Table I, which is
arranged so that any single clement is negative with respect
to all clements between it and the positive end, and
positive with respect to all elements between it and the
negative end.

All combinations, however, are not commercially
feasible, the carbon-zinc combination being the most
practical and being commercially used with a sal ammoniac
(ammonium chloride) electrolyte in the so-called dry cell.
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There are several different types of wet primary cells
that are used for supplying current for various purposes.
Among these may be mentioned the Daniel, the gravity.
The Edison-Lalande, and the Leclanche cells. These
cells, however, have little or no application to modern
radio receivers because of their space requirements,
necessary care, and inability to

TABLE 1 . 5
T —— furnish sufficient power.
SERIES OF ELEMENTS
DRY CELLS

Negative (—)| Lead Construction.—The  primary
Sodium gi(l)\rz)epr(‘r cell used in many modern radio
LETAIEND : circuits for 4, B, and C battery
Aluminum | Platinum .
Zine Gold supply, is the dry cell. Most
Cadmium | Platinum dry cells are a modification of the
Iron Carbon Leclanché wet cell except that
Nickel Positive (+)  the electrolyte is carried in the
Tin pores of some absorbent material

or combined with some gelatinous
substance so that the cell may be placed in any position.
The negative pole is a zinc cylinder, which replaces the
glass jar in the Leclanché type of cell, and the positive
pole is a carbon rod held in the center of the cylinder by
a sealing compound. The general construction of a
typical dry cell is shown in Fig. 2. The zinc container g
forms the negative terminal, of the cell, with a connector
atj. The positive terminal is a carbon rod b, placed in the
center of the can with a connector at 7. The electrolyte in
this case is a solution of sal ammoniac, part of which is
absorbed by a pulp-board lining ¢, and the mixture d is of
powdered carbon and manganese dioxide. The latter is
the depolarizing agent. The cell is closed by a water-tight
seal ¢ that is separated from the lining ¢ by a layer of cor-
rugated paper f, which is prevented from adhering to the
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seal by a layer of fine sand g. A layer of sawdust h
separates the corrugated paper from the lining ¢. The
purpose of the corrugated paper is to serve as a cushion
between the seal and the mixture, thus allowing for any
expansion or contraction in the cell. The open-circuit
voltage is approximately 1.5.

Dry-Cell A Battery.—Dry cells, in the form described,
have a wide variety of uses; chief
among them, however, is furnishing
the A supply, or filament current, to
radio receivers.

There are two general types of
vacuum tubes designed for operation
on dry cells, namely, Radiotron types
WD-11 and UX-199. The number
of cells to be connected in series, in ¢
parallel, or in series parallel, depends
on the number of tubes used in the
radio set and also on the operation
hours of the set.

The WD-11 type of tube has a
filament designed to operate on 1.1
volts; therefore, the dry cells for —
furnishing filament current for this Hic2
tube should be connected in parallel as in Fig. 3, which
gives a terminal voltage of 1.5. A general rule to follow
for determining the number of cells to use with this type
of tube is one cell for each tube in the radio set.

The UX-199 type of tube has a filament designed to
operate on 3 volts; therefore, to supply filament current
for this tube, the dry cells must be connected in a series-
parallel arrangement as in Fig. 4, which gives a terminal
voltage of 4.5. A general rule to follow in using this type
of tube is, one set of three dry cells in series for every four
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tubes, connected in parallel. For example, a radio sct
having eight UX-199 tubes would require six dry cells
connected in series-parallel as in Fig. 4.

The UX-201-A type of Radiotron is primarily a storage-
battery tube but it may, however, be operated from dry
cells connected in a series-parallel arrangement. The
filament voltage being 5.0, it becomes necessary to con-
nect four dry cells in series to obtain the proper voltage.
A general rule in this case, is one set of four cells in series
for each tube in the radio set, connected in parallel. For
example, a radio set using four UX-201-A type tubes would

: require 16 dry cells
connectedas in IFig. 5.

The curves shown
in Fig. 6 give the
approximate hours of
service of dry-cell 4
batteries when con-
nected in ac-
vy cordance with

t * the rules set

Fc. 4 forth above.

Dry-Cell B and C Batteries.—For furnishing B and C
voltages to radio sets, the dry cells are made much smaller
and are combined into blocks of cells, or batteries, as
shown in Fig. 7. A cell of an 4 battery is shown at 4,
a B battery at B, and a C battery at C. These B and c
battery blocks are manufactured commercially in various
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types and voltage ratings. For B-battery supply they
are made in blocks of 221 and 45 volts. For C-battery
uses they are made in blocks of
41 and 22} volts. These blocks
are furnished with binding posts
in many cases so that various
voltages may be obtained for
special radio uses.  Asin the case
of dry cells, the life of B batteries
depends on the operation hours
of the radio set, which will be approximately 6 to 9 months
under conditions of average use with the proper batteries
for any given radio set.

STORAGE BATTERIES
TYPES

The secondary, or storage, type of cell, unlike the
primary type, may be recharged, after being in continuous
service, by passing a current through it in a direction appo-
site to that which it furnished on discharge. There are
two general types of storage cells; namely, the lead-sul-
phuric-acid, or lead, type, and the nickel-iron-alkaline

type.
LEAD-SULPHURIC-ACID CELL

Construction.—In the lead-sul-
phuric-acid cell the grids, both posi-
tive and negative, are of lead or of
lead-antimony alloy. The electro-
lyte is a solution of sulphuric acid,
formed by mixing 1 part of pure con-
centrated acid with 2.5 parts, by
weight (4.5 parts by volume), of distilled water. The
specific gravity of the electrolyte—that is, the ratio of the
weight of a given volume of electrolyte to that of an equal
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volume of water—is about 1.2. Two fundamental, or
general, types of plates have been developed for use in the
lead cell: the Planté, or formed, plate, and the Faure, or
pasted, plate.

The Planté plate, so called after its inventor, Gaston
Planté, consists of a sheet or a grid
of pure lead, usually ribbed or cor-
rugated, in order to increase the
superficial arca. By an clectrolytic
process, the active material is formed
on the surface of the plate from the
metal composing the plate. This
type of plate is rather heavy and
costly, but is very durable. The
formed-plate cell is commonly used
in stationary batteries for heavy
service and where durability is of
primary importance.

The Faure plate, invented at
practically the same timne by Faure
in France and by Brush in the
United States, consists of a grid
provided with ribs, openings, or
pockets, to which is applied the
active material in the form of a
plate consisting of red lead for the
positive plate and of litharge for the
negative. After the paste has set,
the red lead of the positives is L,
changed to lead peroxide and the litharge of the negatives
to pure sponge lead by passing current through them in the
proper direction in the forming bath of dilute sulphuric
acid. The pasted type of plate is almost exclusively used
in portable cells.
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An external view of a portable storage battery for radio
work is shown in Fig. 8. The battery consists of three cells
that are contained in a composition box. The cells are
electrically connected by two conductors a and b that con-
nect the positive terminal of each cell with the negative
terminal of the next. The terminals of the battery are
shown at ¢ and d.

The elements of each cell are contained in a composition
jar, Fig. 9 (a). In one type of cell the supports at the
bottom on which the elements rest provide a space for any
sediment that may fall from the plates. A detailed view of
the plates is shown in Fig. 9 (b). The like plates, that is,
cither the positive or the negative plates, of each cell are

connected by means of connecting straps a and b, to which
the terminal posts that project through the cover are
secured. The outline of the framework of the plates in
which the lead paste is pressed can be seen. One of the
separators that are placed between the plates in order to
prevent short circuits is shown in Fig. 9 (¢).

When the cell is in working condition, the electrolyte,
which consists of sulphuric acid and water, should fill the
jar high enough to cover the plates. Provision is made by
means of removable plugs in the battery cover for the
addition of distilled water as the clectrolyte evaporates.
The top cover of the battery is sealed in place so as to be
acid-tight.
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In Fig. 10 is shown a type of storage battery often used
as the 13 battery in radio receiving sets. For this purpose
a high voltage is desired with a very small current out-
put. The cells are often assembled in units or racks with
11 cells connected in series and the voltage of the battery
is 22 volts, approximately.

Normal Voltage.—The normal discharge voltage of a
storage battery is usually taken as 2 volts per cell, this
being about the average voltage delivered during the
normal discharge of a cell, as shown by Fig. 11, which
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represents typical charge and discharge curves for a
lead-plate cell. For instance, the normal discharge volt-
age of a three-cell storage battery is 6 volts, although the
actual value of the voltage of the battery, when fully
charged, is approximately 1 volt higher. Storage batteries
are generally designated by their normal voltages, as, for
instance, a 6-volt battery, a 12-volt battery, a 16-volt
battery, and so on. When the voltage has dropped to
about 1.7 per cell, the battery should be recharged, because
it retains only a comparatively small amount of electrical
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encrgy at this voltage and it drops rapidly during discharge
after getting below 1.7. The life of the battery is short-
ened by discharging below 1.7 volts per cell. The volt-
age usually remains fairly constant for a discharge at
normal rate, but drops off rapidly if the battery is dis-
charged at a more rapid rate. However accurate the
voltage readings, they should not be the only factor on
which the state of charge or discharge of a cell is based.

Specific Gravity.—The specific gravity of a substance
is the quotient obtained by dividing the weight of a given
~ volume of the substance by the weight of the same volume
of some other substance used as a standard. Pure water
is usually taken as the standard for solids and liquids. It
will be noted that the strength, or specific gravity, of the
electrolyte decreases during discharge and increases
during charge, and furnishes an indication of the state of
discharge of the cell. A fully-charged cell should show
a specific gravity of the electrolyte of from 1.275 to 1.300.
The cell is practically discharged when the specific gravity
is as low as 1.150, and recharge should be started as soon
as possible. In practice the specific gravity is often used as
a whole number.  For example, a specific-gravity of 1.275
is often called simply twelve seventy-five.

The hydrometer is used for measuring specific gravities
of electroytes, and may be obtained with numbered scales
ranging from 1.100 to 1.300. The hydrometer sinks into
the liquid, and the reading is taken on the scale at the
level of the top of the electrolyte.

The ball-type hydrometer contains either two or three
small wax balls constructed so that they will float or sink at
different values of the specific gravity of the electrolyte.
The electrolyte is drawn up into the glass tube holding
the balls. The condition of the battery is indicated by
the floating or sinking of the individual balls.
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Regular Charge.—A regular charge is given to the bat-
tery as frequently as may be necessary to restore the
energy taken out on discharge. This regular charge can
be given at the normal rate throughout; but if it is neces-
sary to hasten the charge, a much higher rate can be used
at the beginning, provided the rate is reduced from time to
time to prevent violent gassing and to keep the tempera-
ture of the cells below 110° F.  The regular charge should
be continued until the specific gravity of the pilot cell is
from 3 to 5 points below the maximum reached on the
preceding overcharge. All the cells should then be
gassing moderately, but not so freely as at the end of over-
charge.

When a battery has been completely discharged, the
charge should be started as promptly as possible.  Long
standing in a discharged condition tends to produce a
hard and crystalline form of lead sulphate on the plates
that will reduce their capacity temporarily. This sul-
phate may not cause permanent injury, because it can be
decomposed by a long overcharge at low rate.

The most reliable indication of a complete charge in
a lead cell is the fact that the vollage and specific gravity
have reached a maximum and become stationary for
15 minutes to & hour, the charging current being kept
constant. These final values of voltage and specific
gravity are not always the same, the voltage varying with
the temperature, the rate of charge, the type of plates, and
the age of the battery; and the specific gravity with the
temperature, the height of the clectrolyte, and the amount
of acid lost by spilling, gassing, or combining with sedi-
ment in the bottom of the cell.

Toward the end of the charge the cells will gas very
freely, an indication in a healthy cell that the charge is
nearing completion. While portable cells in sealed rub-




66 ‘RApi1o FUNDAMENTALS

ber jars are being charged, the soft-rubber stoppers in
the covers should be removed and the cover of the battery
box or compartment should be left open.

It should always be borne in mind that the gasses,
oxygen and hydrogen, given off by a battery toward the
end of charge form an explosive mixture. The battery
room or compartment should therefore be freely ventilated
at such times, and exposed flame should be absolutely kept
away.

The electrolyte should be kept above the tops of the
plates by filling the cells with chemically pure water from
time to time. The local supply of city water is not sufi-
ciently pure, and the use of distilled watoer is strongly
recommended in all cases. Water for filling cells should
be stored and handled in wooden, carthenware, or glass
vessels; the use of vessels made of iron or other metals
should be avoided. Under normal conditions of tempera-
ture and ventilation, filling and inspection onee a week are
sufficient. The acid in the clectrolyte does not evaporate,
and during normal operation should never be added to the
cells except by special instructions from the manufacturer.
Electrolyte from one cell should never be mixed with that
of another cell.

NICKEL-IRON-ALKALINE CELL

Plates.—The positive plate, Fig. 12 (a), of the nickel-
iron cell consists of a number of hollow tubes, or pencils,
of perforated steel, nickel-plated, supported vertically in
a nickel-plated stecl grid. The pencils, Iig. 12 ), are
made of steel ribbon wound spirally with overlapping
riveted seams, and are reinforced at intervals by steel
bands. The active material consists of nickel peroxide
and flake nickel tamped into the tube in alternate layers.
The flake nickel is added to decreasethe internalresistance.
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The negative plate, Fig. 13, consists of rectangular
pockets of perforated nickel-plated steel supported in a
nickel-plated steel grid, the pockets being filled with finely
divided iron oxide, which is reduced to metallic iron by
the initial charge. In Fig. 14 are shown the plates of one
cell when assembled.

Separators and
Electrolyte.—The

; | plates are separated
;ﬂ: 1 from each other by
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rubber, square in scction, inserted with their vertical edges
against the plates, as shown in Fig. 15, which is a view of
a cell from above. Sheets of hard rubber are inserted be-
tween the outside negative plates and the jar, and hard-
rubber bridges a, IFig. 14, notched to receive the vertical
edges of the plates, serve to separate these edges from
the sides of the jar. The plates rest on hard-rubber
bridges on the bottom of the jar, as shown in Fig. 14.
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The electrolyte is a dilute (21 per cent.) solution of
-potassium hydrate (caustic potash), the specific gravity of
which is approximately 1.200.
A small amount of lithia (lithium
hydroxide) is added.

Container.—The container of the nickel-iron cell is a
box made of nickel-plated sheet steel, corrugated to give
added stiffness, the cover being welded on after the ele-
ment is in place. The two terminal posts a and b, Fig. 16,
pass through ecircular openings provided with rubber
bushings. Another opening in the
cover, used for filling the cell, is
closed by a spring cap containing a
valve ¢ that allows the gases to
| escape during charge, but excludes
the external air.

Voltage.—The open-circuit volt-
{ age of the nickel-iron cell is 1.5,
and the average discharge voltage
1.2.  After a substantial discharge,
the open-circuit voltage is restored only very slowly, and
never completely until a freshening charge has been given.

Fic. 16
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In Fig. 17 are curves that show charge and discharge
voltages of the nickel-iron cell at normal rate. The dis-
charge curve, as shown, is carried to .9 volt, though the
normal-rate discharge is seldom carried below 1 volt in
practice. The manufacturers recommend providing a
charging voltage of 1.85 per cell.

Efficiency.—The cfficiency of the nickel-iron cell is
lower than that of the lead cell under similar conditions.
Not only is the difference in voltage between charge and
discharge proportionately greater in the nickel-iron cell,
but the efficiency is low on account of the gassing that

2’°°4'Hl¥ﬂ~ﬁ'“j A
l.so»_li R | tl»' ‘!’If"wr"‘. T l‘ mEE
i -+ 1+ Charge | ‘:‘ 4
= 1607 {
N 1 NN
x> 140N\l 1 - - 1
&R ) HH
Emo_‘_l ;le- .1 l | 11 :
LOO—Il!l}-Ji’ - |- j 1# l
. 1 ] ! 1 L
o AT
] 2 3 4 5 6
Hours of Charge and Discharge
Fic. 17

occurs during the entire charging period.  An efficiency of
50 to 60 per cent. in commercial operation is about as high
as can be expected, and this figure may be reduced if an
attempt is made to utilize the maximum capacity of the
battery.

Advantages and Applications.—The principal advan-
tages of the nickel-iron cell are durability, mechanical
ruggedness, and ability to withstand neglect and abuse
without injury. Life curves published by the manu-
facturers as a result of laboratory tests show a maximum
of 1,100 complete cyeles of charge and discharge. The
cell is not injured by standing in a discharged condition,
nor by excessive overcharge, provided excessive tem-
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perature is avoided. At low rates of discharge, the nickel-
iron cell is much lighter than the lead cell for the same
watt-hour output; but this difference in weight disappears
as the rate of discharge increases, on account of the pro-
portionately lower voltage of the nickel-iron cell. The
Edison cell is, therefore, best adapted for service at low
discharge rates where the cost of charging current is low,
where light weight is important, and where indifferent
care and attention are given. On the other hand, the
nickel-iron cell is not well adapted for high rates of dis-
charge, nor for serviee in which the cost of charging current
is high, nor where a battery must retain its charge for a
long period of time without recharging.

Charging.—The state of charge of the nickel-iron cell
cannot be determined by the density of the electrolyte,
which does not change. Neither is the cell voltage or the
amount of gassing a reliable guide. The only practicable
method is to measure the output and input in ampere-
hours, either by noting the rate in amperes and the time
or by means of an amperc-hour meter. The manufac-
turers recommend a charge of 7 hours at normal rate after
a discharge of 5 hours at the same rate, which is equivalent
to 40 per cent. overcharge, in ampere-hours. The cell
temperature should not be allowed to exceed 120° F.

The method of operation best adapted to the nickel-iron
cell is that in which partial, or boosting, charges are given
in the intervals between partial discharges. Boosting
charges are particularly advantageous where the rate of
discharge is sufficiently high to produce excessive polariza-
tion drop. The boosting charge quickly restores the cell
voltage to normal, where otherwise it would remain
abnormally low.

Changing Electrolyte.—The electrolyte in nickel-iron
cells gradually deteriorates, owing to the absorption of
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carbonic-acid gas from the air. Deterioration, however,
cannot be absolutely prevented, and although this gas does
not permanently injure the plates, it reduces the capacity
of the cells temporarily. About once in 6 months the
electrolyte should be completely renewed.

YWater that is to be used for filling the cells must be
protected from exposure to the air for any considerable
length of time, because water absorbs carbon dioxide
(carbonic-acid gas) from the air. The local water supply,
or cven rainwater, which is very nearly pure, cannot
safely be used for filling; distilled water protected from
exposure to the air is generally necessary.

Special Precautions.—The containers of nickel-iron
cells, being of metal, must be carefully insulated from
each other and must be kept clean. The wooden crates
in which the cells are supported, as well as the sides and
floor of the battery compartment, must be kept clean
and dry for the same reason. If the insulation between
cells becomes defective from any cause, a small leakage
of current will, by electrolytic action, puncture the steel
containers.

The nickel-iron cell is gassing more or less at all times,
whether charging, discharging, or standing on open circuit.
These gases (oxygen and hydrogen) produce an explosive
mixture. Care must therefore be taken to guard against
bringing an exposed flame or producing an electric spark
in the vicinity of the cells, unless the ventilation is very
thorough.

CAPACITY OF STORAGE BATTERIES

The capacity of a storage battery is usually stated in
units called ampere-hours. An ampere-hour is a current of
one ampere maintained for one hour; hence, the capacity
of a battery in ampere-hours is found by multiplying the
number of amperes of current delivered by the number of
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hours during which the current passes. For instance, a
storage battery that is capable of discharging 5 amperes of
current continuously for a period of 8 hours has a capacity
of 5X8=40 ampere-hours; in like manner, one that will
deliver a current of 10 amperes for a period of 12 hours has
a capacity of 120 ampere-hours, etc. The rate of discharge
of a battery is often referred to in terms of hours. In the
examples just given, the batteries are said to be discharged
at the 8- and 12-hour rates, respectively. The ampere-
hour capacity varies with the rate of discharge, being less
at high rates than at low rates. The term e fliciency applies
to the ratio of energy output to energy input. Under
usual conditions, the efficiency of a lead-sulphuric-acid
battery that is fully charged and subsequently completely
discharged, varies from 70 to 80 per cent. The output of a
battery depends on several variable characteristics of its
make-up, each of which may cause an appreciable varia-
tion in its efficiency. Under favorable operating condi-
tions, where the battery is only partly discharged and soon
recharged, the efficiency may be over 90 per cent.

The size of storage battery to use depends largely
on the rate of current output required, and the frequency
between charges. If a relatively large output is required
it is desirable to use a fairly large battery, while if charg-
ing facilities are not convenient, one does not like to take
the battery to be recharged too often. The 60-ampere-
hour battery is one very largely used in radio work where a
current of 1 to 3 amperes is required. For some radio
work a current of less than .1 ampere is required. Some
storage cells of very small capacity have been designed
especially for this class of work. They possess small ele-
ments made up in miniature sizes, and sell for a much lower
price than the large batteries. They may be recharged
in the usual manner, and are convenient when used in large
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radio stations where dry cells would have a short life.
They have found a large field of application in research
laboratories.

The four general methods of charging storage batteries
are from a direct-current line, from an alternating-current
line through a mechanical rectifier, from an alternating-
current line through a chemical rectifier, and from an
alternating-current line through a vacuum-tube rectifier.
The last mentioned method is the most common and is
described later on.

GENERATORS AND MOTORS

GENERATORS

Principle of Operation.—A generator is a machine that
converts mechanical energy into clectrical energy. This
energy transfer is accomplished by means of an armature
carrying upon its surface, conductors that act in conjunc-
tion with a magnetic ficld. The armature, in the case of
a direct-current generator, is always the revolving element
but this is not true in an alternating-current generator,
as the armature in the latter case may be either the revolv-
ing or the stationary clement.

The undertying theory of
generator action may be
understood by referring to
the following clementary ex- —
periment, which covers the
principles of clectromagnetic
induction: In TFig. 18 are
shown a permanent maguet a
and a copper conductor b, connected to a voltmeter c.
If this conductor is moved rapidly across one pole of the
magnet, there will be set up, in the conductor, a voltage,

Direction of
Motion

Fra. 18
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which will be indicated on the voltieter. Now, if the
conductor is moved in the opposite direction across the
pole of the magnet, it
will be scen that the
induced voltage, as
indicated in the volt-
meter, will be in the
opposite direction.
The amount of voltage
that is generated de-
pends on the speed
with which the eonductor is moved and on the strength of
the magnet. The high voltage of a generator is obtained
by moving many wires in series very rapidly across the
faces of very strong magnets.

Alternating-Current Generator.—In Fig. 19 is shown a
simple two-pole alternating-current generator, or alter-
nator. The magnetic flux is produced by a magnet hav-
ing a north pole N and a south pole 8. A single turn of
wire a is rotated counter-clockwise, by some mechanical
means, in the magnetic field produced by the magnet.
In rotating this wire one revolution, it will have passed
through two alternations, or one cycle. Consider, now,
cight successive positions of this wire during one cycle.
These eight positions

are represented nu-

nierically on the dia- T /\
XTalT. Positions

§ Position 1. Both 1 P23 a7’/
sides of this turn or

both conductors are Fra. 2

mmoving in a direction

parallel to the magnetic lines of foree and therefore, no
voltage is generated.

ge

Vo/ta
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Position 2. The conductors are now moving obliquely
across the magnetic field and, therefore, an electromotive
force is being induced.

. Position 3. Here o

the conductors are

nmoving  perpendicu- s "

larly to the magnetic | N
OR

field and themaximum
electromotive foree is
being generated. a
For the remaining
positions of the con-
ductors it will be seen that the electromotive force will
gradually decrease and again increase and decrease in the
opposite direction. The voltages generated in the various
positions of the conductors are indicated in Ilig. 20.
The alternating electromotive force varying in the
manner shown in Fig. 20 is called a sine wave of electro-
motive force. This electromotive force may be applied

IF1c. 21

Fic. 22

to an external circuit a, as shown in I'ig. 21, by connecting
the ends of the single-turn coil to the slip rings b and c.
In commercial alternators, this single-turn coil is replaced
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by a multiturn coil, connected in series, to produce suffi-
ciently high voltages for commercial use.
Revolving-Armature Alternator.—The revolving-arma-
ture type of machine is used principally where small out-
put or slow speed is required. In Fig. 22 is shown a

Fic. 23

two-pole revolving armature alternator in which the
permanent-magnet field, shown in Fig. 19, is replaced by a
separately-excited electromagnetic field. The armature is
shown at a, Fig. 22, the two slip rings, one behind the
other at b, the brushes at ¢ and d, the external circuit at e,
the two-pole pieces of the magnetic circuit at f and g,
the frame at h, and the shaft at 7. The field coils on the
pole pieces are connected through a field rheostat Jjtoa
divect-current line.

Revolving-Field Alternator.—The revolving-field type of
alternator, shown in Fig. 23, is used for large high-voltage
machines because the high voltages are more -casily
insulated and connected to the external circuit @ when the
armature conductors are embedded in slots in the stator,
or the stationary member, b. The rotor, or the revolving
member, ¢ carries the windings of the field coils ; these are
connected through slip rings and brushes to a direct-cur-
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rent line. The current in the field circuit is regulated by
a field rheostat d.

Commercial Alternators.—Commercial alternators are
built to furnish alternating current at 25, 50, 60, 500 and
100,000 to 200,000 cycles. The 25-cycles machines are
primarily intended for power uses; 60-cycle machines are
used for both power and lighting loads; 500-cycle and
100,000- to 200,000-cycle alternators are designed for radio
transmission. The last mentioned machine is called the
Alexanderson alternator, which is of a special construction
and is here briefly described.

Staror

)
Rortor

T ©
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The Alexanderson alternator, so named from its designer,
has been successfully operated for the generation of vol-
tages at 100,000 and 200,000 cycles. The field and arma-
ture windings are stationary and properly mounted with
respect to the magnetic circuit. A rotor of magnetic
material with numerous radial slots cut near its outer
edge, produces many changes in the flux of the magnetic



78 ‘RAp10 FUNDAMENTALS

circuit per revolution, thereby generating in the stationary
armature coils a voltage of very high frequency.

The general arrangement of the clementary parts of an
Alexanderson alternator is shown in Fig. 24 (a), which
represents a radial section from the center of the shaft to
the outside of the machine. The magnetic circuit is
energized by the current in two coils a, each extending
completely around the inside circumference of the outer
frame of the machine. In soine machines when the,stator
frame is In two parts a slightly different arrangement
of field coils has been developed.  The field coils receive
exciting current from an external direct-current source.
The armature windings located as shown at b are wounl,
as represented in view (b), in zigzag formation in open slots
around the whole circumference of the machine. This
type of construction is necessary in view of the large num-
ber of active conductors (in some cases 600) which must
be placed in a rather limited space. The rotor ¢, view (a),
a portion of which is shown in view (¢), is made of very high
grade steel, carefully machined and balanced. Radial
slots are cut near the outer edge of the rotor and filled with
some non-magnetic material. This makes the face of the
rotor smooth, which, at the high rotative speed, is very
essential in preventing excessive windage losses.

The magnetic flux, tending, as always, to follow the
path of least opposition, will be tufted or bunched through
the spokes of the rotor. The non-magnetic filling of the
rotor slots between the spokes will act practically the sane
as air so far as its influence on the field flux is concerned.
As changes in the nuinber of lines of force occur with the
passing of the rotor teeth or spokes, the recurring increase
and decrease of field flux must necessarily cut the armature
conductors and generate voltages in them. The con-
ductors are so spaced that as the flux is increasing near one
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conductor, it is decreasing near the one next to it, and so
on around the armature. Thus the clectromotive forces
generated by the different conductors can be combined
to give the desired value of voltage. As the changes in
the values of the magnetic fluxes affecting the armature
conductors are made very rapidly, a high-frequency vol-
tage is generated. In some installations the alternator
armature windings are connected to a transformer and the
voltage for the radio system taken from the high-vol-
tage coils of this device.

The rotor bearings at d, Fig. 24 (a), are lubricated by
oil, supplied by a positive-feed oiling system. It is
imperative that oil be kept supplied to the bearings, other-
wise they would soon burn out.

The portion of the magnetic circuit near the armature
conductors is made up of laminated iron to prevent local
currents froin being set up by the rapid changes of flux.  In
larger capacity machines these local currents may cause
considerable heating. In some machines of this type,
cooling is effected by water circulating through pipes
placed near the armature conductors.

These machines are usually driven by high-speed alter-
nating-current or direct-current motors equipped with
special apparatus to give them constant speed with
fluctuating load. An enclosed gearing is usually employed
between the motor and alternator to give a high rotative
speed to the alternator rotor. The speed of the rotor is
usually at least 2,000 revolutions per minute, and in some
cases is as high as 20,000 revolutions per minute.  When
a rotor with several hundred spokes is used, it is quite
possible to generate an alternating voltage of exceedingly
high frequency.

Direct-Current Generators.— Direct-current generators
are usually designed with the armature the rotating
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meinber, because the alternating clectromotive force that
is generated in the armature must be rectified by com-
mutation. An ele-
mentary  direct-cur-
ruent generator is
shown in Fig. 25.

The principle of
generation is exactly
the same as in alter-
nating-current genera-
tors. The alternat-
ing electromotive force
gencrated in the re-
volving coil a, Vig. 25 SL
(a), however, is recti- %" ®
fied by a commutator
b, which is a mechanical switeh that alternately connects
the proper armature conduetor to the external circuit, so
that the voltage impressed on the external cireuit will
always be in the same direction.  In Fig. 25 (b) is a curve
showing how the lower half of the alternating-current cyele
is rectified by the commutator and placed in the upper half
so that a unidirectional voltage is obtained in the external
circuit. Direct-current generators are manufactured in
three general types that vary in the way their fields arc

connected.
a The series generator is indi-
cated schematically in Fig. 26,
which shows, as the name
b implies, the field coil a con-
nected in series with the
armature b and the external
circuit. This type of machine is used principally on
automobiles for charging storage batteries.

$
3
3

Fia. 25

Fra. 26
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The shunt generator has its field coil connected in series
with a rheostat across its armature as indicated in Fig. 27

(@) )

(a). The field rheostat controls the amount of current
passing through the field coil, which in turn varies the out-

Fic. 28

put of the generator. The field coil may be connected so
as to be self-excited or separately excited, depending on
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the class of service for which the generator is used. These
variations are shown in views (a) and (b). This type of
machine is used com-
___________ ! compouns  Mereially in power stations.
Q}M y The compound generator
is & combination of a series
and a shunt machine ard
combines the desirable
qualities of cach. The vol-
tage of a shunt generator
falls off as load is applicd.
As a compound generator is
provided with shunt coils @ and series coils b, Fig. 28, it
overcomes this disadvantage, for, as the load is increased,
the increased current in the series field coils b increases the
field strength, which in turn increases the output voltage.
This operation, however, is not a straight-line function :
therefore, a compound generator usually has its series field
adjusted so that the no-load and full-load voltages will be
the same. In Iig. 29 are shown voltage curves comparing
a shunt and a compound generator. I'rom these curves
the effect of the series coils can be clearly secen.

Terminal Vo/t's

| fated Load

Amperes Load
Fic. 29

MOTORS

Alternating-Current Motors.—The principle of action
of a polyphase induction motor is here described with
reference to Figs. 30 and 31. In Iig. 30 is shown a two-
phase induction generator connected to a two-phase
induction motor. Phase A of the generator is connected
to the field windings on two poles ¢ on the motor stator.
Phase B of the generator is shown connected to the field
winding on two poles b of the motor stator. At the
instant shown, phase A is generating a maximum voltage
and thercfore, is delivering current to the motor field coils
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while phase B is generating no voltage and, therefore,
there is no current in the motor field coils b, Thus, a
strong magnetic field is established between poles a of the

Fic. 30

motor and no magnetic field between poles b, The position
of the magnetic ficld, for this instant, is shown in Fig. 31 (a).
When the armature of the generator, Fig. 30, has turned
45° from its present position, the voltage in phase A will
decrease, as it is moving out of the generator field, whereas
the voltage in phase B will increase, as it is moving into
the generator field. The same conditions, therefore, exist

a a a a
® o) |o o) (o o) (o b

a a a a
4 ) © )

a a a I

b o) o b) (b o) (b
o a . - i
© o ©)

b
*)
Fiac. 31

in the motor; that is, the magnetic field between poles a
has decreased and the magnetic field between poles b has
increased. The positions of the magnetic fields at this
instant are shown in Fig. 31 (). When the armature of
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the generator has turned another 45°, the conditions just
explained are continued; that is, phase A, Fig. 30, is in
the neutral position and, therefore, is generating no voltage
while phase B is in a parallel position to the field and is
generating maximum voltage. The resultant fields in the
motor are further shown for every 45° of motion, in Figs.
31 (b) to (k). Thus, there is established the principle of
an induction motor; that is, a rotating magnetic field has
been produced in the stator.

The rotor of an induction motor is made by soldering,
welding or casting many bars between two metal rings,
thus forming a squirrel cage, Iig. 32. This squirrel cage,

Fic. 32 Fic. 33

or rotor, is mounted in the revolving field, and has voltages
set up in it by the principle of electromagnetic induction.
As the squirrel cage is all connected together electrically,
the induced voltages will establish currents in the copper
bars. This current in turn sets up a magnetic field around
the bars, which field reacts with the revolving magnetic
field in the stator, and both produce a rotating, mechanical
motion,

The action is more clearly indicated in Fig. 33, where one
north pole of the stator is depicted and one conductor a of
the squirrel cage. If the current in the conductor is in the
direction toward the reader, a magnetic field will be set up
around it in a counter-clockwise direction, which reinforces
or distorts the original magnetic field from the north pole
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on the bottom side, and tends to nullify it on the top side.
This crowding of magnetic lines of force on one side of the
conductor and rarifying them on the other side, will cause
the conductor to move upward, which, in turn, causes the
squirrel cage to rotate. The commercial forms of alternat-
ing-current motors operate on the foregoing principle, but
have a large number of poles and many conductors on the
squirrel-cage rotor, so the action is frequently repeated.

A three-phase alternator or motor operates on the same
general principle, but the currents in the phase windings
are 120° out of phase instead of 90° out of phasec.

Direct-Current Motors.—The general theory of opera-
tion and construction of direct-current motors is identical
with that explained under direct-current gencrators,
except that in the case of a generator the armature is
revolved and a voltage is produced, whereas in the case of
a motor the voltage is supplied and a rotating mechanical
motion is produced. The rotation of the armature is
caused by the reaction of the magnetic flux of the field and
the magnetic flux of the armature conductors. Dircct-
current motors, like direct-current generators, are divided
into three classes, depending on the field connections.
They are series, shunt, and compound.

The series motor is used mainly in strect car or clectric
traction service where it operates always under load. It is
best adapted to this type of serviee because of its high
starting torque. The shunt and compound motors arce
used for general power purposes.

CONTROL DEVICES FOR DIRECT-CURRENT MOTORS

Counter Electromotive Force.—When an armature
conductor is forced by motor action to move across the
flux of the field magnets, an clectromotive force is gen-
erated in it. This clectromotive force is usually called
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counler electromotive force, but it is also known as motor
clectromotive force, back electromotive force, and back voltage.

An arnmature has but a very low resistance—a fraction
of an ohm in many cases—and if the armature is clamped
so that it cannot rotate and the full voltage of the line
is then impressed on its terminals, the windings would
probably be damaged by the resulting large current.

If the armature is free to rotate, the counter electro-
motive force established in the active conductors acts in
direet opposition to the impressed electromotive foree from
the power circuit, and thus limits the current. As the
specd increases, the counter electromotive foree increases
and the armature finally reaches such a speed that the
opposing action of the counter clectromotive foree is such
that just enough current is taken by the motor to develop
the required torque. In the case of a shunt motor, if the
load changes, the speed varies slightly and there is auto-
matically established a new value of the counter clectro-
motive force that is suitable for the new value of the current
required for the motor load.

The voltage that is actually effective in foreing current,
through the armature is the difference between the
impressed clectromotive force and the counter electro-
motive force. This difference is usually only a few volts,
because the ohmic resistance of the armature is so low that
only a low effective voltage is required to force the neces-
sary current through the windings.

Purpose of Starting Resistance.—In starting very small
motors, the voltage of the line may be impressed directly
on the armature terminals, because these arnatures have a
comparatively high ohmic resistance.  1n largermotors, the
mipressed voltage is adjusted to a lower value for starting
by the insertion in the armature cireuit of an adjustable
resistance, called a starting box, starting rheostat, or motor
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starter.  As the speed and counter electromotive force of
the armature increases, the resistance of the rheostat is
gradually cut out of circuit until, finally, the armature is
connected directly across the line wires.

With sinaller rheostats, the face plates, on which are
mouunted the arms and contacts by means of which resis-
tance sections are cut into or out of cirveuit, are placed on
the front of the box containing the resistance coils or grids.
With larger rheostats, the face plates may he mounted on a
switchboardand the resistance sectionsinstalled separately .

'@-l- Lrine —@: ‘ e -

Fie, 34

Starting Box of Simple Type.—In Tig. 34 is shown one
type of motor starter connected to o motor and its power
circuit. This box has four terminals for connections to
external circuits. A protective coil ¢ is mounted on the
face plate. This coil will hold switch lever b when the lever
is at its on-position. To start the motor, switch ¢ is closed,
thus connecting the starter to the line, and the switch
lever is moved to the right, making contact with button d.
The shunt-field circuit of the motor is then energized.

VW NEIN UIEIE I SUWIHLILIIU Uit s vassy = -
drawn up and the resistance ¢ is short- circuited by the bax

across contacts f and g, thereby placing full line voltage on



88 ‘Rapto FUNDAMENTALS

At the same time the armature circuit is closed through
the resistor sections e. The current established will
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the motor.  Simultancously with the rise of the plunger,
the key h moves upward, placing resistance 7 in series with
coil d, which operation decreases the current through this
branch circuit. The smaller current through the coil is
sufficient to hold the plunger in position, and reduce the
likelihood of the coil becoming overheated.

Speed adjustment of the motor is by variation of the
field current through changes in the field rheostat 7
Opening the line switch stops the motor and the plunger
drops, owing to gravity, to its proper position for the suc-
ceeding start.

Three-Step Automatic Starter.—A complete circuit
diagram for a three-step automatic motor starter connected
to a motor-generator set is shown in Fig. 36. The appa-
ratus mounted in the box « is designated as the motor
starter, whereas that at b is an overload relay serving as
auxiliary protective apparatus.  When the line switch ¢ is
closed as shown and the operator’s control switech d is
open, a circuit is completed from the positive line through
the shunt-field rheostat ¢, shunt-field winding f, and over-
load coil g of the overload relay, to the negative side of the
direct-current supply line. The motor field f is now
energized.

If the machine is to stand idle for some time the main-
line switch should be opened, but it is normally left
closed. The current in the shunt field is usually small
and the power loss is not objectionable when operating
intermittently in view of the better starting and stopping
characteristics obtained.

To start the motor-gencrator sct, the operator closes
the control switch . This operation closes a ecircuit
starting with the positive line, through resistance & and
coil 7 to the lower contact of the overload relay and its
lever j, then through control switch d, and back to the
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The terminals on the box are usually designated by names
or letters representing the correct circuit connections for
each terminal.

Single-Step Automatic Starter.—The starting device
may also be of the automatic motor-starter type, in which
casc the switching is done automatically, each operation
cutting out a section of resistance when the motor speed
has accelerated to the proper point.

The automatic starter shown in Fig. 35 is of the single-
step type, as there is only one resistance step to be cut
out of the circuit when starting. The single-step starter

is satisfactory when used with motors of rather low power
output, as they will readily reach full speed, especially
when starting without load. C(losing the line switch a
serves to establish a current through the motor armature b,
which is limited in value by the current-limiting rvesis-
tance . As the speed of the motor inereases, the counter
electromotive force of the armature increases.  The coil d
is connected in shunt across the brushes and hence the
voltage across the coil is the same as that across the motor.
When there is sufficient current in the coil, plunger e is
drawn up and the resistance ¢ is short-circuited by the bar
across contacts f and g, thercby placing full line voltage on
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the motor. Simultancously with the rise of the plunger,
the key h moves upward, placing resistance 7 in series with
coil d, which operation decreases the current through this
branch circuit. The smaller current through the coil is
sufficient to hold the plunger in position, and reduce the
likelihood of the coil becoming overheated.

Speed adjustment of the motor is by variation of the
field current through changes in the field rheostat j.
Opening the line switch stops the motor and the plunger
drops, owing to gravity, to its proper position for the suc-
ceeding start.

Three-Step Automatic Starter.—A complete circuit
diagram for a three-step automatic motor starter connected
to a motor-generator set is shown in Fig. 36. The appa-
ratus mounted in the box a is designated as the motor
starter, whereas that at b is an overload relay serving as
auxiliary protective apparatus.  When the line switch ¢ is
closed as shown and the operator’s control switch d is
open, a circuit is completed from the positive line through
the shunt-field rheostat ¢, shunt-field winding f, and over-
load coil g of the overload relay, to the negative side of the
direct-current supply line. The motor field f is now
energized.

If the machine is to stand idle for some time the main-
line switch should be opened, but it is normally left
closed. The current in the shunt field is usually small
and the power loss is not objectionable when operating
intermittently in view of the better starting and stopping
characteristics obtained.

To start the motor-gencrator sct, the operator closes
the control switch d. This operation closes a circuit
starting with the positive line, through resistance h and
coil 7 to the lower contact of the overload relay and its
lever j, then through control switch d, and back to the
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starter. As the speed and counter electromotive force of
the armature increases, the resistance of the rheostat is
gradually cut out of circuit until, finally, the armature is
connected directly across the line wires.

With smaller rheostats, the face plates, on which are
mounted the arns and contacts by means of which resis-
tance sections are cut into or out of circuit, are placed on
the front of the box containing the resistance coils or grids.
With larger rheostats, the face plates may be mounted on a
switchboardand the resistance sectionsinstalled separately.

e

— . —

o |

lc '@-I- Line —é—:-l &)

Fic. 34

Starting Box of Simple Type.—In Fig. 34 is shown one
type of motor starter connected to a motor and its power
circuit. This box has four terminals for connections to
external circuits. A protective coil ¢ is mounted on the
face plate. This coil will hold switch lever b when the lever
is at its on-position. To start the motor, switch ¢ is closed,
thus connecting the starter to the line, and the switch
lever is moved to the right, making contact with button d.
The shunt-field circuit of the motor is then energized.
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At the same time the armature circuit is closed through
the resistor sections e. The current established will
depend on the voltage and on the resistance active in the
motor starter and of the rest of the armature ecircuit.
Under normal conditions there will be sufficient current so
that the armature will start to rotate and a counter elec-
motive force will then be established in the armature
conductors. In case of a heavy load on the motor, the
lever may move over two or three contact buttons before
the motor starts.

Ffurther movement of the lever reduces the active resis-
tance in the starter and the motor armature comes up to
normal speed. At the extreme right-hand position of the
lever, all of the resistor seetions are cut out of the armature
circuit and the armature is conneeted directly across the
power circuit. This is the normal running position of the
lever.

The holding coil ¢ in series with a resistor f and the
armature-starting resistors to the left of lever b, when
the lever is at its on-position, is connected across the
circuit. The resistors e have a very low resistance as com-
pared to the resistance of coil ¢ and the resistor f, - The coil
holds the lever in its on-position, but if the power circuit is
opened, the magnet a releases the lover and a spring carries
it back to its off-position. The motor stops and must be
started again when the line is in operating condition.

Speed control is accomplished by changing the active
resistance of the ficld rheostat g. A change in the cur-
rent in the field circuit changes the field flux and this
affects the speed that is required to generate the proper
value of the counter electromotive force for the given
load conditions. It is important when connecting up a
starting box that all conncctions be made exactly as
specified for proper starting and operation of the motor.
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negative line. The current through coil ¢ draws up the
plunger £ that makes contact with point [, between which
point and points m, n, and o are connected the resistance
units of the three steps.  The rotor will now start, owing
to current through the circuit from the positive line to
point o, through the resistance units, point I, plunger k£ and
flexible connection p to the positive armature connection,
thence from the negative armature connection through
coil g, to the negative side of the line.  Further movement
of the plunger & cuts out the three resistance steps and the
nmotor attains full speed.  The rapidity of stepping up of
the plunger is controlled by the adjusting point of the
resistance . When the movement of & is completed, the
shunt around h is opened automatically, making the hold-
ing current through coil /i small. The motion of the
plunger £ is steadied by the action of a piston in a vacuum
chamber and this action permits a slow regular advance.
After the plunger brings the motor up to full speed on
point o, it also makes contact with point ¢. A circuit is
now established through the alternator field winding as
follows: the positive line to point o, through plunger k to
point ¢, thence through the alternator-field rheostat r to
the inner slip ring, through field windings s and outer slip
ring to coil g and negative line.

Speed control of the motor, and consequently of the
frequency of the alternator, is accomplished by varying
the motor-field rheostat e, The alternator-field rheostat »
serves to control the current through the alternator field s
and the voltage at the terminals £

The weight of the plunger inside coils ¢ and « of the
overload relay normally keeps the lever of switch j down
against the lower contact. The control circuit is then
complete and is in its normal operating condition.  Should
the current through coil g become excessively large, due
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Fic. 36
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to overload or other unnatural condition, the iron plunger
will be drawn up, by increased electromagnetic action,
thus opening the lower switch contact of j and closing the
upper contact of the same switch. Opening the lower
contact of j opens the circuit through coil i.  The plunger &
then falls and opens the motor armature circuit. - The
closing of the upper contact of switch j energizes coil u in
the circuit established through the positive line, resis-
tance v, coil u, upper contact of switch 7, control switch d,
and to the negative side of the supply line. This serves
to hold the lever j on its upper contact until control switch d
or switch ¢ is opened, thus preventing restarting until the
trouble can be investigated and corrected.

When the control switch d is opened to stop the motor,
the coil 7 is deenergized and plunger & opens the armature
circuit in practically the same way as has just been
described. In either case plunger k falls across contacts w
and z and makes a low-resistance path between them. A
circuit is now closed through the positive armature termi-
nal, contact z, plunger k, contact w, resistance y, to the
negative armature terminal.  As the motor field is excited
and the armature will continue to rotate due to inertia, an
electromotive force will be generated, sending considerable
current through the resistance y. This will provide a
dragging load on the motor armature and bring it to a
quick stop. The three-step starter is particularly desirable
in starting large motors, and in giving an acceleration more
uniform and steady than would be possible if fewer steps
were used.

The current through the control switch d, Fig. 36, is
only enough to excite the coils 7 and » and is so small that
an ordinary snap switch or push-button switch can be used.
The switch can be located at any convenient point near
to or remote from the starter. For example, such a starter
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can be located near its motor and controlled by means of
a small hand-operated switch some distance away. Clos-
ing the switch causes the relays to operate and start the
motor; opening the switch causes the relays to open and
stop the motor.

RECTIFIERS

TYPES OF RECTIFIERS

A rectifier is a device that converts alternating current
into pulsating direct current. The following types of
rectifiers are commercially used: (1) Hot cathode (high
vacuum); (2) Hot cathode (gas arce); (3) Electrolytic; (4)
Gas tube; (5) Contact; (6) Mercury are; (7) Mechanical,
(a) Synchronous, () Vibrating.

The action of any rectifier is more easily understood
when referred to a mechanical analogy. 1for all practical
purposes, the old-fashioned bellows with its intake valve
will serve to illustrate the action of a rectifier. Iere an
oscillating motion of the handles produces an intermittent
or pulsating flow of air through the nozzle. This uni-
directional flow is controlled by means of the intake valve.
This valve offers little or no resistance to the flow of air into
the bellows when the handles are expanded, but when the
handles are compressed, the valve closes and offers a
high resistance to the outward flow of air through the
valve.

This valve action in electrical eircuits is accomplished
in several ways, which will be described under the indi-
vidual types listed.

HOT CATHODE (HIGH VACUUM)

Half-Wave Rectifier.—The hot cathode (high vacuum)
type of rectificr, better known as a kenotron, consists of a
filament and a plate, properly arranged, and enclosed in
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an evacuated container. The smaller types are somewhat
similar in external appearance to a medium-sized electric-
lamp bulb. Other types are made in various

shapes and sizes. Information on these tubes

will be found in another Section. ﬂ

The internal connections of a kenotron are \/\
schematically shown in Fig. 37. The plate « is
made of molybdenumn, nickel, or some suitable
alloy and is usually of a cylindrical shape. This ¥ ¥
plate surrounds the filament b, which is usually made of
tungsten or a combination of tungsten and thorium, the
latter having a better operating efficiency. The size,
shape, and spacing of these elements depends on the
amount of voltage that will be applied across the plate
and filament, and also on the amount of power that the
kenotron is intended to furnish. The action that takes
place in a kenotron is explained by the electron theory.
An clectron, by definition, is a minute but highly active
particle of negatively charged electricity. Most metals
when heated give off clectrons. This emission of elec-
trons is improved when certain metals are used or when the
metal is placed in a vacuum. The clectrons are thrown
off at high velocities and in quantities that increase in
proportion, up to a certain point, with an increase in
temperature of the metal.

The clectron flow, from the heated fila-
ment to the cold plate, in a kenotron,
can be best illustrated by a circuit such
as is shown in I'ig. 38. Here, the fila-
ment a is heated by a battery, known as
the A battery. The positive terminal of
the battery is also connected through a
milliammeter b to the plate c.  As the electron has a nega-
tive charge and the plate, in this instance, a positive charge,

Fic. 38
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a large number of the clectrons emitted by the filament
will be attracted to, and impinge upon, the plate, causing a
current between the plate and the filament in the direc-
tion indicated by the arrow. This current is opposite to
the direction of the electron flow.

If the plate is negative with respect to the filament, that
is, the plate return connected to the negative side of the
battery, the electrons emitted by the filament will not be
attracted by the plate and little or no current indication
will be obtained on the milliammeter. If, however, the
filament is heated to a greater degree, some stray electrons
will collide with the plate by pure accident and produce a
slight current as a result. In Fig. 39, a represents the
tube, b the plate, ¢ the filament, d the
milliammeter, A the filament heating
battery, and B the plate battery, which
has been added. The plate milliam-
meter d in this case will indicate a
larger current than when the B battery
is omitted, as in Fig. 38.

With the addition of a plate battery, as shown in Fig. 39,
many or all of the electrons emitted by the filament will be
attracted to the plate because of its higher positive
potential with respect to the filament. Now, if the plate
battery is reversed so that the negative terminal is con-
nected to the plate, there will be little or no indication of
plate current, since the negative charge on the plate tends
to repel the electrons emitted by the filament. [t should
be noted, that electrons are emitted by the heated filament
and flow in one direction only, namely, from the filament
to the plate, giving the required valve action.

With the conditions of unilateral conduction, as just
explained, it follows that if an alternating voltage is
applied across the filament and plate, the plate will be
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positive for ome-half cycle and a current will result.
During the other half cycle the plate will be negative and
there will be no current.
In Fig. 40 (a) is shown
the ecircuit and in (b)
the applied voltage
curve and the rectified
current curve. An X AT T ietaesrioe
altern_ator a, view (a), 5 N peetpid Cumt
supplies a sine-wave D)

voltage between the Fra. 40

filament b and the plate ¢ of the tube d.  The filament of
the kenotron is heated by the A battery. The voltage and
current wave shapes are best checked by a very sensitive
galvanometer vibrator in an oscillograph represented at e.
The applied voltage and the resulting direct current are
indicated in view (b). The negative half of the cycle is
entirely cut off, thus producing a pulsating direct current.
This is known as a half-wave rectifier.

Full-Wave Rectifier.—If an-
other reetifier of the kenotron
type is connected with this tube
in such a manner that, during
the interval that one tube has a
negative potential on its plate,
the other has a positive potential,
a full-wave rectifier is the result.

In Iig. 41 (a) are

-
NN NG Alternating Veltage shown the connce-

AN tions of the two tubes.
Reclifred Current

(%) The alternator has
Fia. 41

been replaced by a
transformer a, the sccondary coil of which has a neutral, or
mid tap, b. The kenotrons are shown at ¢ and d. Both of
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the filaments are heated by the A battery. Suppose that
for one alternation the potential on the plate of tube ¢ is
positive, then there will be a current in this tube. At the
same time on the other end of the transformer winding and
on the plate of the tube ¢, a negative potential will exist,
which means that no current will flow in tube d. This
action is reversed during the next alternation, and there
will be current in tube  and no current in tube ¢. Each
kenotron plate is positive once during a cycle for full-wave
rectification of single-phase alternating current, as shown
in view (). Both half waves of the voltage curve serve
to supply direct current to the apparatus connected to

+ terminals ¢ and f. The two
halves of the secondary coil of
the transformer alternate in
supplying current to the
rectifier.

In Fig. 42 is shown a full-
wave  rectifier  completely
operated by alternating cur-
rent, through a transformer.
The alternating line voltage is
applied to the primary coil a, the filament heating current
is obtained from the portion b of the secondary coil, and
the high voltage for the plates, from the portion ¢ of the
secondary coil. The resulting wave shape of current is
similar to that indicated in Fig. 41 o).

For the rectification of higher voltages, larger trans- -
formers, insulated to withstand the high voltages must be
employed and the kenotrons construeted accordingly.
Kenotrons capable of rectifying voltages up to 100,000
and supplying currents as high as two amperes are in
commercial use. Where a great amount of power is
required, several kenotrons are connected in parallel.

Fig. 42
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Kenotron rectifiers may be connected to work on multi-
phase circuits, producing a fairly smooth and uniform
direct current that is casily filtered.

HOT CATHODE (GAS ARC)

Hot cathode (gas arc) rectifiers are commercially known
as Tungar or Rectigon rectifiers. The Tungar bulb as
shown in Fig. 43 consists of an evacuated glass bulb a,
a graphite-button plate that forms the anode b, a closely
wound spiral of fine tungsten wire that forms the filament,
or cathode, ¢, and an ordinary Edison lamp base d.  This
base permits convenicnt connection to the
terminals of the filament, while a short pro-
jecting wire e forms a terminal for the con-
nection of the plate supply, by means of a
clip. After the bulb has been evacuated to
the highest possible degree, it is filled with an "
inert gas, such as argon, at low pressure.

This type of rectifier has been designed, in
some cases, to furnish current up to 25 ===
amperes at voltages not exceeding 25.  The ﬁ
reason for the high current at low voltage is ?
explained by considering the action of the ¥ ®
tube. During the interval that the anode is positive, the
electrons emitted by the incandescent filament ¢ are
attracted toward the anode, or disk b, by the voltage
impressed across the tube. In passing from the filament
(cathode) ¢ to the plate (anode) b, the electrons collide
with the molecules of the gas, ionizing them. This
jonization by collision makes the gas conductive in the
direction of anode to cathode.

While the plate is negative, on the other half of the cycle,
any electrons that are emitted by the filament will be
repelled by the charge on the plate, so that ionization does
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not oceur and a high resistance path is established during
that half of the cycle.

The tungar rectifier is used chiefly in storage-battery
charging appliances, for which it is particularly suited.
The same principles of operation apply to the tube, whether
it is used as a half-wave rectifier, Fig. 44, or in a full-wave
rectifier, Fig. 45.

In the circuit shown in Fig. 44, the tungar bulb is shown
at a, having a filament b and a plate ¢ connected, as
indicated, to a suitable transformer d. When the side e
of the secondary coil of the transformer winding is positive,
the current will be in the direction indicated by the arrows;
that is, through the load and bulb, and back through the

Fic. 44 Frc. 45

side f of the secondary coil of the transformer. When the
alternating-current supply reverses and the side f becomes
positive, no current flows through the tube.

Full-wave rectification is accomplished by using two
half-wave bulbs connected as shown in I* ig. 45. When the
side a of the secondary coil of the transformer is negative,
side b will be positive, and a current will be established
through the load and branch ¢, as indicated by the solid
arrow.  During this half cycle no current will low through
the branch d.

When the alternating-current supply reverses, side b
becomes negative and a current will be established through
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the load and branch d, as indicated by the dotted arrow.
No current will be in branch ¢ during this half cycle.

The silvery-gray appearance of tungar bulbs is caused
by the condensation of the gas purifying agent, magnesium.
This is introduced into the bulb to react with any impuri-
ties in the argon since the presence of a very small amount
of impurity produces a rapid disintegration of the cathode
and has a noticeable and harmful effect on the voltage
characteristic of the tube.

ELECTROLYTIC RECTIFIERS

If an electrode of aluminum and an electrode of lead are
suspended in a suitable clectrolyte and a voltage impressed
on these two clectrodes, a film will
form on the surface of the aluminum.
This film will offer a high resistance to
the current. Thus, if an electrolytic
cell consisting of an aluminum anode
and a lead cathode immersed in a solu-
tion of borax is subjected to an electro-
motive force, a momentary current
will low but will rapidly decrease and finally reach a low
value due to the formation of a coating of aluminum
hydroxide on the anode. This operation is dependent on
the rate of formation of the oxide film.

If the polarity of the impressed electromotive force is
reversed so that the aluminum is the cathode and the lead
is the anode, the current will be maintained as long as the
voltage applied is above a certain minimum. It is seen
then, that the cell offers high resistance in one direction
and a low resistance in the other. In order to utilize this
valve action as a rectifier, a cell is connected as shown in
Fig. 46, where the aluminumn electrode is shown at a and
the lead electrode at b.  If a high current is desired, several

| Atternating-CurrentLine |

Fic. 46
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cells are connected in parallel as shown in Fig. 47, and if
full-wave rectification is desired, they should be connected
as shown in I'ig. 48. The aluminum-
Alternating-Current Line lead rectifier is easily made and com-
paratively cheap. There are several
serious disadvantages that limit the
use of the aluminum-lead type
rectifier.

When first made or if allowed to

S stand idle, the oxide filin is not pres-

ent, or is impaired by chemical action.

To renew the cell it is usually necessary to reform the

film by passing a current through it. The maximum

voltage applied to a cell is limited by sparking between the
clectrolyte and the anode through the oxide film.

Another disadvantage of this cell is its high internal
resistance. In use, the high resistance of the electrolyte
produces a large /2R, or power, loss which heats the cell
and increases the chemical reaction between the cleetro-
Iyte and the aluminum on the electrode, thereby shortening
its life.

A second type of electrolytic cell is found in the tantua-
lum-lead rectifier, emiploying a solution
of sulphuric acid of approximately the
same specific gravity as is used in storage
batteries. The resistance of the sul-
phuric-acid solution is low and, there- Loga 4
fore, the IR loss in this cell is reduced.
The corrosive action of the acid solution
on tantalum is much less than the similar
action existing in the aluminum cell.
The formation of the necessary valving L,
oxide film is much more rapid in the tantalum cell and
therefore it requires less care.
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A commercial tantalum rectifier is made, consisting of an
electrode of tantalum and one of lead or lead peroxide
immersed in a solution of sulphuric acid. A transformer
is furnished to reduce the line voltage to a suitable value.
The theory of operation is similar to that of the aluminum-
lead rectifier.

GAS-TUBE RECTIFIER

The theory and proof that current casily conducted
through a gas at very low pressures gives rise to the
existence of a gas-tube rectifier. This type of tube has no
filament and operates purcly on the principle as stated
above. In Fig. 49 (a) is illustrated the point-plane con-
struction within the tube  When the plane a is negative an
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electron b, forced out by applied voltage, is almost im-
mediately attracted to the point c. In passing to
this point, or anode, it collides with other electrons and
jonization occurs. This forms a very low-resistance path
and current is established. The polarity of the elements
is reversed in view (b). When an electron b is thrown off
from the negative point c, it is attracted in a number of
directions, and attains a much lower velocity than previ-
ously and therefore ionization by collision does not oceur.
The resistance to a current in this direction (from point
to plane) is, therefore, quite high as compared with the
reverse direction (from plane to point).
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When the tube clements are connected as shown in
Fig. 50 to an alternating voltage, this valve action would
make the tube perform readily as a rectifier.

The chief advantage of this tube lies in the fact that the
power ordinarily required to heat the filament of a keno-
tron is saved. The regulation of this type of tube is also
very much better than a thermionic rectifier, owing chicfly
to the absence of a filament.

Argon and neon are some of the gases that are used in
this type of tube. It is extremely important that the gas
be pure, since the presence of g very small amount of

X
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tmpurity will impair the desired action. There is a con-
siderable amount of heat generated by this type of tube
when working at full capacity and this necessitates the
degassing of the metalic elements in manufacture. Some
of the tubes now sold commercially, like the Raytheon
tube, have a cylindrical plate construction, Fig. 51, with
vanes on the stem to increase the radiation and indirectly
increase the life of the tube since stem leakage, or electrical
leaks between the conductors in the stem, lessens the life
of this rectifier. The tubes available are designed for
voltages no greater than 500 and currents of less than .5
ampere.
MERCURY-ARC RECTIFIER

The mercury-arc rectifier utilizes the gas-arc principle
in that its operation depends on the emission of electrons
from a hot spot on a pool of mercury within an evacuated
container.
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Tonization caused by collision of the electrons and the
molecules of the mercury vapor creates the required path
of the unilateral conductance necessary for valve action.
The source of electrons or hot spot on the mercury is caused
and maintained by the plate current itself.

In Fig. 52 is shown the general shape of this type of
rectifier, with the usual connections. The glass container,
of peculiar shape, is shown at a, the cathode at b with the
two carbon anodes, for full-wave operation, sealed in the
arms of the tube at ¢ and d.

In order to start the tube, a voltage is applied across the
arms b and e, which con-
tain separate pools of
mercury and which have
terminals sealed in the
glass for external con-

q

nections. This voltage 5.V \ee Starting
is not sufficient to break ' Voltage
down the gap between

the pools of mercury, but e

if the tube is tipped -“-WWWW\’f,_

slightly so that the two Fie. 52

pools come in contact with each other, a current will pass
through the mercury path. 1f the tube is righted again,
the breaking of the contact between the separate bodies of
mercury will create an arc. This arc is sufficient to ionize
enough of the mercury vapor so that as soon as the primary
of transformer f is closed, the voltage in the secondary
winding will set up an arc between cathode b and anodes d
and ¢, alternately.

The starting potential can now be cut off since the
plate current of the tube under load will generate suffi-
cient heat on the surface of the mercury pool b to maintain
the proper emission of clectrons.
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A small inverse current from the mercury pool to the
carbon anodes is always present and may increase to
serious proportions with a reduction of vacuum or excess
heat. The heat causes the glass to take on a coating of
mercury which, if continued, soon creates a low-resistance
short-circuiting path.

Small mercury-arc rectifiers are used for charging storage
batteries. These have ratings from a minimum of 5
amperes to 30 amperes. The minimum current rating is
required to keep the tube alive. Other sizes have been
built, rated as high as 50 amperes. When the glass is
replaced by a steel casing, the rating can be increased to
300 amperes. Voltage ratings have been obtained up to
6,000.

The regulation of this type of rectifier is very good, since
the drop through the bulb does not change with the load.
The efficiency of commercial rectifiers ranges from 80
per cent. to 90 per cent.

MECHANICAL RECTIFIERS

Vibrating Type.—The required valve action of a rectifier
can be obtained mechanically by the use of a contactor or
contactors operating in synchronism with the alternating
current to be rectified. The contactor can be arranged
to make and break the circuit at proper points on the wave,
producing pulsations of current in the same direction.
In the theoretical operation, the points are 180° apart, but
owing to the inertia of the vibrating element a time lag
occurs, which is compensated for by some special electrical
or mechanical means so as to cause the contact points to
open and close at the proper moments.

Single, or half-wave, rectification can be obtained with
an arrangement shown schematically in Fig. 53. The
primary coil of a transformer a is connected to an alternat-
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ing current line. The secondary coil, acting through the
contactor b, vibrates so as to cut off the negative half of
the cycle, and allow the positive half of the voltage cycle
to be impressed on the load c.

Full-wave rectification is obtained by using a circuit
arranged as shown in Fig. 54. Here, the secondary coil
of the transformer a is tapped at the middle point, which
is connected through the load to vibrator b. The outer
ends of the winding are connected to the contacts ¢ and d.
The vibrator b makes connection with contact ¢ when that

I I W
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Fig. 53 Fig. 54

side of the transformer is positive, and with contact d
during the other half of the cycle when the other side of the
transforner is positive.

The action of the contactor is explained by considering
that it consists of a vibrating clement, of magnetic mate-
rial, placed in the field of a permanent magnet. This
element is actuated by the superimposed alternating field
established by and in synchronism with the voltage to be
rectified. The permanent magnetic field polarizes the
vibrator element and the alternating field exerts the actuat-
ing force. By a mechanical arrangement of springs, the
vibrator element is free from both contacts when the
rectifier is not in use.



108 ‘RaApio FUNDAMENTALS

The permanent magnetic field, in the majority of recti-
fiers, is obtained by the use of a U-shaped permanent
magnet. The vibrator clement is supported in this field
by means of a spring that is clamped at one end. The
vibrating system is usually constructed so as to have its
natural period of vibration occur at approximately the
frequency at which it is intended to work. This is accom-

, plished mechanically and mag-
netically in commercial rectifiers.
In Fig. 55 are shown more
e nearly the actual conditions exist-
il {

ing in a commercial half-wave
rectifier. The current supply is
obtained from the transformer a,
and a small alternating current is

obtained by connecting a few
| turns of the secondary coil to the

6 vibrator solenoid b. Thevibrator
has, then, an alternating field of
X E its own and is caused to vibrate

_ ( ) | by the attraction or repulsion of

the field set up between the north
e and south poles of the permanent
magnet. The maximum operat-
ing efficiency of this type of
rectifier is low. Instruments for
obtaining this measurement are the wattmeter ¢, the volt-
meter d, and the ammeter e.

Vibrating rectifiers are used chiefly in battery charges
for automobile and radio use and in railway work for charg-
ing signal batteries. Commercial rectifiers are built
capable of delivering current up to 5 amperes at approxi-
mately 12 volts. The voltage drop across this type of
rectifier is practically negligible. The only objection

= +
Fic. 55
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to the operation of the vibrating rectifier is the necessity
of close adjustment of the contacts. Continued sparking,
due to poor adjustment, at these points will burn the small
silver and carbon contacts, or cause them to stick.

Synchronous Rotary Type.—Rotary rectifiers are driven
by synchronous motors. A synchronous motor is one that
operates at approximately one speed regardless of the load,
within reasonable limits. This speed is said to be in
synchronism with the frequency of the operating voltage.
In other words, the
speed of the motor in
r. p. m. (revolutions per
minute) is some multiple
of the frequency of the
applied voltage.

Attached to the shaft
of the motor is a wheel,
Fig. 56, of bakelite or
some insulating com-
pound with segments of
brass or copper im-
bedded in the rim, and
insulated from ecach
other with a gap be-
tween their ends. Iour copper brushes a, b, ¢, and d are
arranged to bear upon brass segients on the periphery of
the wheel. The gaps e and f between the segments are
made as small as possible consistent with the prevention of
flash over of the high voltage applied across them.

In view (a) the transformer g has just become positive
on the upper end of the winding, making brush a positive,
and brush ¢ negative, since brush ¢ is connected to the other
end of the transformer winding. The brushes b and d con-
duct the rectified current to the load.

Fia. 56
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Now, assuming the speed of the motor to be 1,800 revolu-
tions per minute, the disk will make 30 revolutions per
second or one revolution in 4% of a seccond. Since the
alternation, or period, during which brush « is positive
lasts for 13w of a second (the supply being 60-cycle), it is
seen that the wheel will make 1 of a revolution during this
time. This brings the segments in a position with respect
to the brushes as shown in view (b). But the voltage on
the transformer has reversed, making brush a negative
and brush ¢ positive. The direction of the current through
the load is still the same as before and the rectification is
complete for one cycle. This
action is rapidly repeated, alter-
nating current being fed to the
two brushes of the wheel and a
pulsating direct current taken
from the other two.

There are several types and
sizes of these rectifiers. The
fundamental principle of opera-
-\ tion, however, is similar to the

’ explanation given. The syn-
chronous rectifier has found its
greatest application in transmitting work, especially the
amateur transmitters. Synchronous rectifiers have the
particular advantage of being rugged, of having no glass to
break and no electrolyte to spill, they are simple and easily
operated, and require little or no attention. The chicf
objection to the use of this type of rectifier is the radio
interference that results from sparking as the brushes pass
the gaps in the wheel, and the difficulty encountered in
filtering the output.

The nature of the load, whether it be reactance or
capacitance, affects, in a great measure, the operation of
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the synchronous rectifier. Since an inductive load will
tend to maintain the current when the contact breaks, a
destructive lagging arc follows the break. With a capaci-
tance load, there will be a spark from the approaching
segment to the brush, sinee the voltage stored in the con-
denser from the last impulse is greater than the incoming
transformer voltage at the beginning of the alternation.

A commercial type of synchronous rectifier is shown in
Fig. 57. These cominereial rectifiers have ratings up to
6,000 volts at approximately three-tenths of an ampere.

CONTACT RECTIFIER

The contact rectifier obtains the requisite valve action
in a manner similar to the electrolytic rectifier with the
exception that no electrolyte is used. The rectifier
action takes place between two dry disks of unlike metals,
one of which has the unidirectional low-resistance path
and the other is conductive in either direction.  In practice
the first metal disk mentioned consists chiefly of copper
specially treated, forming certain copper compounds on
one side, which will pass current easily in one direction but
offers a high resistance to current in the reverse direction.
The other disk is usually made of magnesium, which,
like the lead electrode in the electrolytic cell, will conduct
current equally well in both directions.

At present, there is no proved and aceepted theory
explaining how the eontact rectifier functions. For that
matter, the explanation of the action of the crystal detector
and the aluminum-lead cell has yet to be conclusively
proved. The engineering world, in general, has discovered
and used these particular properties for some time, with but
a small interest in a satisfactory explanation of how or why.

The allowable voltage per cell, like the aluminum-lead
cell, is low. If a certain maximum voltage is exceeded,
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the life of the cell decreases rapidly in proportion to the
value of the applied voltage. For this reason, the number
of cells is increased to an amount sufficient to handle safely
the voltages expected in operation.

This type of rectifier has been used in railway work for
some time and recently a commercial trickle charger has
been offered. In order to obtain high voltages for plate
supply, a nuinber of cells in series is required, since the
rectified voltage that cach cell is capable of delivering is
very small.

There is a considerable voltage drop oceurring across
these cells, due to the internal resistance, which tends to
heat the unit. Excessive heat is detrimental to the action
of the contact rectifier, although its normal performance
is accompanied by a slight rise in temperature.

CHARGING DEVICES

The popularity of radio has led to the design and manu-
facture of numerous types of small portable storage bat-
teries. The trickle charger has become very popular since,
with the reduction in size and ampere-hour rating of the
battery, a continuous charge of a small amount is suffi-
cient to keep the battery ready for use.

For general charging purposes of automobile and radio
batteries, the types of chargers in the order of their use are
(1) Tungar or Rectigon; (2) Electrolytic (Tantalum);
(3) Mechanical (Vibrating); (4) Contact.

The first three chargers mentioned have been manu-
factured in two types, one of which is capable of delivering
several amperes for charging and the other is capable of
supplying a small current just sufficient to keep the bat-
tery fully charged. This last type is known as a trickle
charger. The contact rectifier has been manufactured
and sold as a unit for trickle-charge purposes.
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The general assembly and connections of a charging
device are given in Fig. 58.  The transformer a is simply a
means of reducing the line voltage to the required potential
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suitable for the operation of the rectifier b, which may be
any of the types mentioned. In some cases the full charge
and trickle rates are obtained from the same unit by the
insertion of a resistance in the battery circuit as shown in
Fig. 58. When the switch ¢ is closed, the full output of
the rectifier is applied to the battery for full charge. If
the switch ¢ is opened, the resistance d is introduced into
the circuit, cutting the current down to a very small

amount for trickle charge.
One type of Tungar charger is shown in Fig. 59. These
chargers are able to charge three cells at a 2-ampere rate,
or 48 cells at .25-

il g J— 7] ampererate. For
‘ 'E:.‘m-” J|l{] charging 3 cells

Fi16. 59 Fig. 60

at 2 amperes or six cells at 1 ampere, connect the positive
lead to terminal a, Fig. 60. For charging one cell at
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1 ampere or two cells at 1 ampere, connect the positive
lead to terminal b. For charging twelve to forty-cight,
cells of B battery, connect the positive lead to terminal ¢
and a 110-volt lamp in the charging lead.

BATTERY ELIMINATORS

A-Battery Eliminators.—The advent of the several types
of so-called battery-driven power tubes has increased the
drain upon the batteries so that despite the high quality of
the standard makes of batterics, it becomes an economie
question when the frequent replacement of batteries is
considered.

Since the advent of multitube sets, in attractive cabinets
designed to take a prominent place in the houschold furni-
ture, there has been a demand for battery eliminators, and
numerous types of A-, B-, and C-battery eliminators in
separate or complete units are now available.

N o
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The elimination of the A, or filament-heating, battery
has been by far the most difficult problem, since the cur-
rent is high and the voltage is low. There are several
comimercial types of alternating-current A batteries
designed to furnish filament current to multitube sets,
using the UN-201A type of tubes, connected in parallel.
Rectifiers of the Tungar type are used in many of these
outfits because of the low voltage and high current needed
for the operation of the filaments connected in parallel.
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In Fig. 61 is shown the difference in current ‘requirement
when the tubes are connected in parallel, as shown in
view (@) or in series, as shown in view (b). The higher
the potential and the lower the current the easier the task
of filtering the supply becomes. IFor this reason, one of
the manufacturers has designed an 4 eliminator to operate
sets with the filament of the UX-201A tubes connected in
series as shown at (b). In this case, the total current
rectified has been reduced to .25 amperes with a decided
reduction in the filter size and cost. It is to be noted that
the direct-current power required at the load, instead of
being in the neighborhood of 5 volts at 1.25 amperes, is
now 25 volts at .25 amperes. Cioing still further, a satis-
factory arrangement for supplying filament current to a
radio set using seven tubes is accomplished by using tubes
of the UX-199 type, connected in series and shunted by
small  protective  resis-
tances, as shown in Fig. 62. _MM_
The encrgy required to e
operate these filaments is Fe. 62
approximately .07 ampere at 25 or 30 volts This last
arrangement, then, reduces the filtering problem to such an
extent that it is casily accomplished without the use of a
costly filter of considerable proportions.  The rectifier used
in this eliminator is a full-wave connection of two keno-
trons, which furnishes current for the B and C supply for
the radio set as well as plate potential for a power amplifier
for a complete alternating-current operated loud speaker in
combination with the radio set. By using a power unit
designed for a heavy duty rectifier, it is possible to obtain
all the operating energy from one power unit.

The perfection of several inexpensive types of storage
batteries combined with trickle chargers of the tungar or
electrolytic type, has greatly reduced the field of applica-
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tion of alternating-current A batteries. The elimination
of the B, or plate, battery is comparatively easy and
economical in contrast with A-battery elimination.

B-Battery Eliminators.—Eliminators for the B battery
are in commnon use and consist of a rectifier and a filter
system. The rectifiers fall within three general classes:
(1) Kenotrons; (2) Gas tube; (3) Electrolytic. The action
of all of these types of rectifiers has been explained previ-
ously.

The earliest types of eliminators used the ordinary three-
clement tubes of the 201-A type with the grid and plate
connected together as kenotrons, but their life was short,
since they were not designed to be used as rectifiers deliver-
ing plate currents of 20 or 30 milliamperes. Since the
recent popularity of B climinators, several types of the
rectifiers mentioned have
been produced for this

DirectCurrent s~ 90V0lfs cl of K For
45V ass work.
?’W- a 4”?[—b >~ d5Volls

example, there are several
gas-tube rectifiers avail-
able at present. A full-wave kenotron in a single bulb
has been developed and incorporated in a commercial B
battery. This tube has two filaments and two plates with
the proper connections brought out of the base. A
number of electrolytic B batterics are now on the market in
convenient and quite safe forms considering the presence
of a liquid.

The voltage output of the rectifiers must be sufficient to
overcome the resistance losses in the filter and still furnish
sufficient potential and cuwrrent to supply the tubes of the
radio set.

Some B eliminators for use on direct-current mains are
available and are simple in construction. In Fig. 63
is shown the simple filter a consisting of two 4-microfarad

Fic. 63
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condensers and an inductance coil of 30 henries and the
tapped potentiometer b. Line noises and commutator
ripple may vary and the filter system may not always be
sufficient.

Filters.—The output of a half-wave rectifier can be
filtered, but when the rectification is full-wave, the filter-
ing is much easier, since the frequency of the positive
pulsations has been doubled. This follows, since, with an
increase in frequency, the tuning of filters becomes much
sharper and at radio frequencies, filters can be made to
include a very small band, which, however, is not so easily
accomplished in the audio-frequency band.

The action of a simple filter can be explained without
the usual involved mathematical analysis by referring to
Fig. 64. Dircct current will not pass through a condenser
but an alternating or -
pulsating current will. .
In the figure, the output
of the rectifier is shown
as being made up of a
straight arrow representing an average value of direct
current having superimposed on it a pulsating current
represented by the peculiar-shaped arrow. Now, an iron-
core inductance offers considerable resistance to any
change of current and therefore the choke coil a will offer
more resistance to the pulsating current than the condenser
b and consequently most of the pulsating current, or ripple,
takes the shorter path back to the rectifier. The remain-
ing ripple that manages to get past the choke coil tends to
pass down through condenser ¢.  This type of filter sec-
tion is known as the = section and if more than one section
is used the action as just explained is repeated with a more
complete elimination of the ripple from the direct-current
supply. These filters are known as multistage filters.

Fic. 64
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Filters may be classed in three general groups: (1)
Low-pass filters; (2) high-pass filters; (3) band-pass filters.

The names are self-explanatory and indicate their func-
tions. Some of the filter systems used in commercial
eliminators with their constants are shown in Fig. 65 (a)
and (b).

Voltage Regulation.—The application of a gas tube con-
taining the point-plane construction with the pointmounted
in the middle of a cylindrical metal plate, accomplishes
two definite purposes.

An eliminator designed to furnish B supply for a six-
or eight-tube set would furnish too great a voltage for a
two-tube set, since the
voltage depends on the
load.

"Fm' Tomr “l?/»/f
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The regulation of some rectifiers under varying loads
is poor, but the glow tube automatically takes care of this
fault since, when the eliminator is turned on, the voltage
across the potentiometer from — B to +90, Fig. 66, rises
to 125 volts but when the tube breaks down, that is, the
gas lonizes, the drop in voltage across the tube is then 90.
The extra current passes through the tube and when the
load demands more current the glow tube willautomatically
supply it, since it is serving as a reservoir of current.
The regulation of the tube itself is about 10 volts with a
current variation of from .05 to .01 ampere through it.



‘RAD10 [FUNDAMENTALS 119

Another feature of the tube is its equivalent condenser
action in by-passing a large percentage of the ripple that
gets as far as the potentiometer.

This regulation of voltage could be accomplished by
manually operated potentiometers, but with a considerable
amount of trouble and uncertainty as to the exact voltage
obtained.

Testing.—To prevent the possibility of broken down
condensers and short-circuited resistors, the Raytheon
Manufacturing Company suggests that these units be
tested before assembly. The test may be made with a
telephone receiver and dry cell, connected in series, with
the two free leads touched to condenser or resistor ter-
minals. A good condenser will give a fairly loud click
the first few times the test terminals are applied, after
which the click may grow fainter. In the smaller capaci-
ties, the click is soon rendered inaudible. Short-circuited
condensers will be detected by a loud click each time the
test terminals are applied. Short-circuited resistors will
provide an excessively loud click which may be as loud as
when the test terminals are touched together.

The resistors in the voltage divider, or potentiometer,
have a tendency to become fairly warm at full load. If a
hot spot should be observed on any of these units it is an
indication of an overload or a short circuit in the load
connected beyond this resistor. An inspection should be
made to determine the cause of this trouble and it should
be cleared at once.

Caution.—A battery climinator, or power unit, is
capable of delivering a high voltage with enough power to
give a disagreeable shock. Therefore, when working on
the power unit or on the receiver to which it is connected,
the line current should first be disconnected. It is also
good practice to discharge the condensers by shorting the
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terminals of the power unit after the supply has been shut
off. In this way there is no danger of shock.

Operating Hints.—When the power unit supplies only
the B and C voltages to a receiving set, it is advisable to
light the filaments of the receiver before turning on the B
or C power. Similarly, the B power is turned off before
turning off the filaments. It is only when the receiver tube
filaments are turned on that the energy froin the power
unit is safely dissipated. Otherwise, added strain is
thrown on the power unit as well as on the receiver tubes,
resulting in shortening the life of the equipinent and even
causing serious breakdown. An automatic relay switch
may be used for shutting off the power supply and filament
current in a safe manner.
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PREFACE

Radio Tubes and Antennas, subjects apparently unre-
lated, are probably not exceeded in importance by any
other individual items in the technical branch of radio
communication. Radio tubes are the bases of all modern
radio receiving and transmitting sets. Antennas are the
connecting links between the radio equipment and the
omnipresent conducting medium—the ether. They are
the doors by which radio cnergy may leave or enter a
radio station.

The authors have striven to present these subjects
in a way that will help both the beginner and the more
advanced worker in the radio industry to a better under-
standing of the principles involved. Progress in the radio
industry is inevitable. But progress can come only
through appreciation of present practice, through the
ability to explain phenomena that have been observed,
and, through the knowledge so obtained, to predict with
reasonable assurance what results may be expected when
new conditions arise.

INTERNATIONAL CORRESPONDENCE SCHOOLS
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RADIO TUBES AND ANTENNAS

RADIO TUBES

INTRODUCTION

The name radio tubes is not very scientific and yet it
conveys the idea of tubes used in radio communication.
Other names, such as vacuum tubes, electron tubes, triodes,
radiotrons, rectrons, valves, ete., are used, but cach of these
covers a specific class of tubes.  In this Section the theory
and application of most of the tubes used in radio com-
munication will be given, including one-clement, two-
clement, and three-clement tubes; the operating features of
thermionic and gas-containing tubes will also be con-
sidered.

ONE-ELEMENT TUBES

Ballast Tubes UV-876 and UV-886.—One-element
tubes are used, as a rule, in the power-supply units of
radio receiving sets.  They act as regulators and stabilizers
of voltage or current, and as protectors in certain parts of
circuits.

The UV-876 tube, shown in I'ig. 1, is a one-clement
tube designed especially to maintain the supply current
constant. The base a is exactly like that of an ordinary
incandescent lamp. The filament b is made of iron wire
and so designed in its various dimensions as to give the
required voltage drop with the desired current at the
critical filament temperature. The filament wire is
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suspended on mica disks ¢, which also act as separators
for the many vertical strands of wirc. Ilydrogen has is
employed in the bulb to provide the nceessary voltage
range with only a relatively small change in
the current.
| Principle of Operation.——The peculiar
operating characteristics of the UV-876 tube
are due to the variations of resistance of the
filament wire. The resistance of this wire
increases as the temperature is increased.
|| At certain temperatures iron wire changes
il its resistance by a large amount with a com-
| paratively small change in temperature.
One of the marked changes oceurs at about
900" (., when the iron becomes dull red,
The presence of hydrogen in the bulb pre-
vents the decomposition of the wire at
relatively high temperatures. The current
rating of this tube is 1.7 amperes.

Fig. 1 The main operating characteristics of the
UV-876 radio tube are shown by the curve of Fig. 2.
The current is plotted against the voltage over a consider-
able range. The useful operating range, where the regula-
tion is best, is indicated by the portion of the curve lying
between points ¢ and b. A greater range of regulation
could be secured in cases where it would be possible to let
the current vary between
wider limits. Because of A
the hydrogen gas in the
bulb, a erack in the bulb
may admit air, which
produces an cxplosive Gl
gas mixture; hence the Fe. 2
tube should be used only in a metal protective shield.

Wlts
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Connections of UV-876.—The UV-876 ballast tube is
connected as shown in schematic form in Fig. 3. The
supply line, indicated at «, represents the usual electrie
service line terminating in an extension socket. The
UV-876 tube b is next, and is connected in the circuit
between the supply line and the special radio equipment c.
The radio outfit, with the UV-876 tube, is designed to
operate direectly from alternating-current lines of from,
say, 105 to 125 volts. When a higher input current is
required the UV-886 ballast tube is used. If the line
voltage varies from time to time, the regulator tube will
maintain the current practically constant, and thereby
insure stable operation of the radio equipment or receiver.
The average characteristics
of these and of the other more
common receiving tubes are
give in Table 1.

TWO-ELEMENT TUBES b

TYPES OF TWO-ELEMENT TUBES

. IFra. 3
Two-element tubes have,

as the name implies, two active clements, or electrodes,
both necessary for the conduction of electricity through
the tube. The clectrode from which electricity flows
through the tube is called the anode, while that electrode
to which the electricity flows is the cathode. All two-
clemient tubes, when operating as they should, will conduct
current in only one direction; namely, from the anode to
the cathode.

There are two gencral types of two-clement tubes;
namnely, those in which the operation is based on one
heated element and one cold element, and those in which
both elements are initially cold. Those with one heated
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element are called thermioniec vacuum tubes; the others
may be called non-thermionic tubes. Non-thermionic
tubes are sometimes called gaseous tubes.

THERMIONIC TWO-ELEMENT TUBES

Theory of Two-Element Thermionic Tubes.—The ther-
mionic two-clement tube is dependent in its operation on
one heated element that gives off electrons and one clement
with a positive charge to attract these emitted electrons.
The two elements are placed in a bulb partially devoid of
air and the connections to the elements are made by means
of conductors carried through the stem of the bulb.

The operation of the tube may he best explained with
the aid of the diagram of I'g. 4. In this schematic dia-

gram the filament of the

@ tube is shown at a, and the
i+ plateisatb. The filament
B= is heated by current sup-
"= plied by the filament bat-
% tery, commonly known as
the A battery. In series
Fre 4

with this battery and the
filament of the tube is a rheostat, or variable resistor, c,
by means of which the filament current, and consequently
the filament temperature, may be regulated.

The plate b of the tube is connected to the positive
terminal of the plate hattery, generally called the B battery,
and so lettered in the dingram. A milliammeter d is con-
nected in the B-battery lead, to show the amount of cur-
rent in the plate circuit. The negative terminal of the
B battery is connected to one of the filament leads,
usually the positive.

The stream of negative electrons from the filament a
to the positive plate b establishes an electron current,
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which is actually also an eleetrie current and is indicated
on the milliammeter d. However, the electron current, as
produced by the electron stream, is from the filament to
the plate, whereas the electric current is considered to be
from the point of positive potential to the point with a
more negative voltage. Since the electron current is in
the plate circuit it is commonly called a plate current. in
distinetion from the current in the filament circuit, which
is called the filament current.

Characteristics of Two-Element Tubes.—The heated
filament a, I'ig. 4, produces electrons at a rate that depends
on the surface area of the filament, the material comprising
the surface coating, the
material of which the fila-
ment is made, and the
temperature of the fila-
ment. Of these factors
the last one is the only one
that can be varied in the
ordinary tube. The clec-
trons leave the filament,
and with no plate voltage,
form a cloud around the Plate Voltage
filament very much as a o €
cloud of water or steam particles is formed. The cloud,
being formed of negatively charged electrons, acts to
prevent the escape of any further supply of electrons from
the filament.

A positive potential applied to the plate b attracts
some of the clectrons thereto, and produces a plate cur-
rent. As the plate voltage is increased the plate current
rises rapidly, as is indicated by the curve shown between
points 0 and a in Fig. 5. The available electrons are all
attracted to the plate when the plate voltage is raised to

c

Plate Curren?
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some higher value, as, for example, that indieated at the
point of intersection of the lower curve and the dotted line.
A still further increase in plate voltage will produce only a
very slight increase in plate current. This is due to the
fact that practically all the available electrons given off by
the filament at that temperature are already collected by
the plate and a further increase in plate voltage can col-
leet only a few more electrons.

If the filament temperature is raised by a small amount
the number of electrons liberated by the filament will be
increased.  Now as the plate voltage is raised the plate
current will vary practically with the plate voltage up to
the higher point b when the plate-current curve makes a
sharp turn and reaches a nearly constant value at the point
of intersection of the curve and the dotted line.  Beyond
this, the rise in plate voltage will cause only a minor
increase in the plate current. If the filament tempera-
ture is increased to a still higher value, the number of
available electrons will be increased so that a still higher
plate current, through point ¢, will be secured. That is,
as the plate voltage is raised from o, the plate current rise
will give the curve through points o, a, b, and ¢. Any
further increase in filament temperature would not
appreciably alter the plate current envelope curve.  With
a higher applied filament voltage it would be possible to
extend the maximum current curve ahove those shown,
although such would probably be above the safe operating
conditions for the tube.

When a tube is operated at such filament temperature
and fixed plate voltage that an increase in temperature
produces no increase in the plate current, the tube is said
to show temperature saturation. On the other hand, when
the temperature remains fixed and the conditions are
such that an increase in plate voltage does not increase
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the plate current, the tube shows wvoliage saturation.
Referring to I'ig. 5, the curve d shows temperature satura-
tion between o and a and approaches voltage saturation
beyond the point ¢.  Similarly, the curve e shows teinpera-
ture saturation up to point b, and approaches voltage
saturation beyond. The saturation values of the filament
emission at the various temperatures are indicated by the
dotted line.

Half-Wave Rectifier.—The two-element tube is best
adapted for rectifier service. This is because of the fact
that it will allow current to pass in only one direction,
namely, when the plate is positive with reference to the
filament. Tor rectifier service, the two-clement tube may
be connected as shown in
Fig. 6. The primary “ -
winding e of the trans- e
former connects with an QJ “
alternating-current A I
supply line. The secon- Sy
dary winding b, known as hl [
the filament winding, L
gives a low-voltage out-
put for heating the filament of the rectifier tube.  Another
winding ¢ supplies an alternating potential to the plate
of the tube. Current passes in the plate circuit only when
the plate is positive, so that the output is a direct pulsat-
ing current, having the polarity indicated by the 4+ and —
signs in the figure.

Full-Wave Rectifier.—Two two-clement tubes may be
so connected in a circuit as to utilize both sides of the
alternating-current supply. Such an arrangement is
shown elsewhere. The output from the rectifier is thus
virtually doubled and the shape of the output current
wave is greatly iinproved.

Fic. 6
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Commercial Two-Element Thermionic Tubes.—Among
the numerous commercial two-element tubes, radiotrons
UX-213, UX-216-B, UX-280, and UX-281 are the best
known. Radiotrons UX-216-B and UX-281 are hali-
wave rectifiers, and radiotrons UX-213 and UX-280 are
full-wave rectifiers.

Radiotron UX-216-B is shown in Fig. 7. This tube is
rated to operate from a 7.5-volt filament supply with a
filament current of 1.25 amperes. The
filament is made of thoriated-tungsten
wire. The bulb is fairly large and is
partly discolored in the process of
manufacture. The base is of the large
standard UX type with four pins, one
of which is not used in the cireuit con-
nections. The maximum rated plate
voltage is 550 volts (root mean square
value), and the rectified output current
should not exceed 65 milliamperes.

Radiotron UX-281 is another half-
wave rectifier tube of the oxide-coated
ribbon filament type. The filament
of this tube is very sturdy and gives
unusually high emission. The plate
has a specially treated surface, which
causes rapid dissipation of heat. Its maximum output
capacity is 110 milliamperes. Two radiotrons UX-281
may be connected to give full-wave rectification with an
output of 220 milliamperes. This tube may be used in
circuits designed for radiotron UX-216-B.

Radiotron UX-213, shown in Fig. 8, is a full-wave
rectifier. This tube takes the place of two half-wave
rectifier tubes.  Its output current is 65 milliamperes at a
potential of 220 volts a.c. on each of the anodes,
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Radiotron UX-280 is an improved full-wave rectifying
tube with an oxide-coated ribbon filament. This fila-
ment is extremely sturdy, both electrically and mechani-
cally, and gives high emission with low power input.
As in the case of radiotron UX-281, the plate of this
tube has a specially treated surface, to be noted by its
dark appearance, which causes rapid dissipation of heat.
The maximum output of radiotron UX-280 is 125 milli-
amperes,  All the rectifier tubes here
described are used in the power-supply
units of radio recciving sets.

NON-THERMIONIC TWO-ELEMENT TUBES

Principle of Operation.—A non-
thermionic two-element tube operates
without a filament. The action is due
to the conduction of electricity through
a gas at low pressure. The arrange-
ment of the elements is as shown in
Fig. 9, views («¢) and (b) indicating side
and top views, respectively. The
anode a, view (a), consists of a fine
wire carried in an insulating tube.
Only the tip of this wire is exposed.
The cathode b is a metal cylinder sur-
rounding the anode a. The element structure is enclosed
in a glass vessel in which there is present a gas at very low
pressure. The gas must not be very active chemically,
and its clectrical resistance must not be too high; the
characteristics of argon and neon make them suitable
for this purpose.

If at a given instant the clement a, view (b), is positive
with reference to the element b, every free electron
liberated by the cathode b, lile that shown at ¢ is attracted

Fic. 8
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forcibly to the clement ¢. In so doing it will collide with
the atoms of gas with enough violence to remove some more

foe
7,0 (e
AN
i ®
Z
G

electrons, with the net result that
the gas becomes ionized and con-
duction takes place through the
tube. The gas becomes deionized
during the interval of zero voltage.

When the voltage is reversed so
that the cylinder b is positive,
clectrons will be liberated only from
the anode tip. Because of its
relatively small surface, the clectron

flow and consequent ionization from the anode will be
smaller than from the cathode eylinder.  For all practical
purposes, the tube may be considered as a rectifier, allowing

current to pass from the anode « to
the cathode b, but not in the opposite
direction. Distinetion should here be
made between the direction of flow of
the electrons and the direction of the
current.

Commercial Non-Thermionic Two-
Element Tubes.—A rather unusual use
of gas conduction is exemplified in the
voltage regulator tube known as radio-
tron UX-874 and shown in Ifig. 10.
The tube is equipped with a standard
UX base. The anode, or the center
electrode, connects with one of the pins
in the base, while the cathode, or the
cylindrical structure, connects with
another pin in the base.  The remain-

ing two pins are connected together and may be used for
switching purposes in the deviee in which this tube is used.

Fi1c. 10
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Radiotron UX-874 is especially adapted for plate-voltage
regulation in radio receiving sets, when such voltage is

obtained from a so-called 13 eliminator.
The tube is connected across the 90-
volt terminals. When the eliminator
is turned on the voltage goes higher
(approximately 125 volts d.c.), ioniza-
tiou takes place, and a current is
established through the tube. The
output voltage will thereafter be
maintained at very close to 90 volts.

The rectifying properties of a gas-
filled tube are ecxemplified in the
Raytheon tube. This is a full-wave
rectifier tube, and is shown in Fig. 11.
This tube has two anodes, one of which
is active during each curvent reversal,
The anodes a are introduced within the
metal cap b through suitable insulating

F1e. 11

tubes, and only the points of these project within the

cathode chamber. Four pins are show

n in the base, but

only threc of these are used for electrical connections.
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Fic. 12

Several sizes of these tubes are available for various types
of rectifier service, varying in output from 125 to 400

milliamperes.

-2
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The use of the Raytheon rectifier tube and of radiotron
UX-874 is exemplified in the B-eliminator circuit shown in
Fig. 12. The energy from some outside source is trans-
formed to the proper voltage value by the transformer a
and impressed on the Raytheon tube b. The rectified
energy passes through the filter system, consisting of choke
coils and condensers, which results in the elimination of all
fluctuations in the rectified current. A series of resistors
is connected across the output so as to divide the voltage
into values required for the different circuits of a receiving
set. Radiotron UX-874 as shown at ¢ is connected across
the 90-volt terminals so as to keep the voltage constant.
The current drain of radiotron UX-874 will vary from 10
to 50 milliamperes in maintaining the potential across its
terminals at 90 volts.

THREE-ELEMENT THERMIONIC TUBES

DISTINCTIVE FEATURES

The two-clement tube consists essentially of an electron
emitting filament and an electron collecting plate. The
three-element tube contains a third or control clement,
commonly known as the grid, interposed between the fila-
ment and the plate. This type of tube can operate as a
rectifier, amplifier of small currents and voltages, detector
of small a.-c. voltages, modulator of alternating currents,
and generator of electric oscillations. Three-element
tubes may be constructed with nearly any reasonable
characteristics, and in sizes from the dry-cell operated
types to types requiring water cooling of some of the parts.

CONSTRUCTION OF ELEMENTS
Filament.—The construction of the filament determines
in most cases the useful life of a tube. Formerly, the fila-
ments of radio tubes were niade of tungsten wire, which
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required a temperature of about 2,400° C. for satisfactory
operation. At such high temperature the decomposition
of the tungsten was quite rapid, hence it was found neces-
sary to use heavy tungsten wire, and a large current was
required to heat it.

It has been found that certain oxides are able to produce
a large number of free electrons at moderate temperatures.
A filament coated with an oxide, such as that of barium or
strontium, will give off more electrons with a smaller
expenditure of energy and at much lower temperature
than an uncoated filament. In most cases, the filament
wire is made of very fine platinum ribbon and coated
uniformly with the proper oxides. A filament of this kind
requires scarcely a perceptible glow for satisfactory opera-
tion. Such filaments are used in many commercial types
of tubes.

The electron-emitting characteristics may also be
increased by introducing a suitable metal, such as thorium,
into the tungsten filament during the process of manu-
facture. The thorium is diffused through the tungsten
and later brought to the surface by normal operation or by
special treatment. The filament may then be operated
at a temperature well below incandescence withsatisfactory
emission. The tungsten in the filament operates at a safe
temperature and essentially acts only as a combined heater
and support agent for the useful thorium. So long as the
filament temperature is not excessive, the thorium on the
surface is steadily replaced by that from the interior of
the filament, and the tube will have a very long useful life.
If the electron drain is exeessively high the free available
electrons will be greatly reduced, and the operation of the
tube will be very poor. If the abnormal condition has
not been continued for too long a time, special treatment
should restore the filament to a good operating condition.
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The filament is especially subject to troubles with gas in
the tube. The electrons in the plate circuit will decompose
any gas atoms in their path and liberate charged ions.
Because of the difference in potential between the filament
and plate, these positively charged ions will travel rapidly
to the filament and strike or bombard it. Such bombard-
ment is very hard on the coated and thorviated types of
filaments and in time may ruin the operation of the fila-
ment. Ina very few cases, a special gas is introduced into
the tube to give it special characteristics, such as for detec-
tor service.

In order to reduce the gas content, the tube is subjected
to a very special pumping or exhaust process during
manufacture. Many parts of the tube are heated to assist
in the clean-up of gas, both free and that diffused into the
glass and metal parts. The heating up of the plate in most
cases vaporizes a chemical agent, such as magnesium,
which will combine with any gas still left in the tube.
This clement is commonly called a getter. The vaporized
getter combines with the atoms of air left in the tube and
forms a deposit on the bulb. In the case of magnesium
the bulb deposit has a silvery appearance.

The ageing of a filament is the process of cleaning its
surface of any detrimental effects caused by air or handling
while it was exposed to the air, and in putting the tube as
a whole into an active operating condition. During
manufacture the filament is exposed to the air and its sur-
face will be considerably affected thereby.  After the tube
is exhausted the filament is operated at special tempera-
tures to put it in good condition. Both the coated and
thoriated types of filaments must be given very careful
treatments under exacting conditions in order to clear up
any traces of gas still in the tube, and in order to produce a
filament surface capable of emitting electrons readily.
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The reageing of a tube consists primarily in producing an
active electron condition on the filament of a tube after
emission of electrons has ceased. A tube that has been
heavily overloaded for some time may not have any
clectron emitting substance on the surface of the filament.
This condition may affect only the coated and thoriated
filaments, as the tungsten filament is made thoroughout of
only one material. The characteristics of the coating on
the coated filament type of tube are such that the active
condition can seldom be restored once it has been seriously
damaged. However, such a filament will stand a large
amount of mistreatment. The thoriated type of filament
tube may often be restored to an active operating condi-
tion by reactivation.

Grid.—The control element, known as the grid, is placed
between the filament and the plate. The grid is usually
made in the general shape of the plate, except that it is
somewhat smaller than the plate, and has perforations or
openings in its structure. It is often made of wire wound
on and secured to suitable heavy support wires. The
size of the wire, and the number of turns, and the spacing
between the filament and plate are all factors that enter
into the degree of control exercised by the grid over the
plate current.

Plate.—The earliest types of three-clement tubes used
a simple small plate or flat pieces of metal to collect the
electrons, hence the name plate. As most commonly con-
structed, because of convenience and advantage, the plate
generally takes a form which will enclose the grid and fila-
ment assembly as much as possible. The plate is generally
formed of thin metal securely welded to supports that will
hold it in the proper position. In power tubes of the larger
sizes the energy that must be dissipated by the plate is so
great that water cooling must be employed. In other
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cases the plate structure is made large enough so that the
normal air circulation on the bulb together with the heat
radiation will provide sufficient cooling for normal opera-
tion. CHARACTERISTICS OF THREE-ELEMENT TUBES

Action of Grid.—In Fig. 13 is shown a simple schematic
circuit of a threc-element tube, in which the filament is
shown at a, the plate at b, and the grid, interposed between
the filament and the plate, at ¢. As soon as a potential is
impressed on the grid, a perceptible change is noticed in
the plate current. This impressed potential either aids or
neutralizes the space charge
that surrounds the filament
at all values of plate poten-
tial below voltage satura- -
tion. A negative potential
on the grid will increase the
space charge, which is nega-
tive, and thereby reduce the
plate current. On theother
hand, a positive potential on the grid will reduce the space
charge effect and increase the plate current. Since the
grid is so close to the filament, small changes in grid
potential are as effective in changing the plate current as
large changes of plate potential.

Characteristic Curves.—With the filament a, plate b,
and grid ¢ connected to the A, B, and C batteries, respec-
tively, as shown in Fig. 13, the variations of plate cur-
rent may be determined by means of the milliammeter d
for different plate and grid voltages. A voltmeter e
connected across the C battery will show the voltage
impressed on the grid of the tube. It is now possible to
take a set of characteristic curves like those shown by A4,
B,C, D, E,F,and G in Iig. 14. These curves are typical
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of the UX-201A general-purpose tube characteristics.
The data for curve E, which may be taken as an example,
would be obtained with the filament set at the rated value
of 5 volts, with the plate voltage adjusted to 90 volts, and
with the grid bias varied over the desired range, or, in this
case, from —10 volts to +3 volts. With a 10-volt nega-
tive bias the plate current is practically 0 but increases
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rapidly as the negative-voltage bias is reduced and becomes
positive. The data for the other curves may be secured in
a similar manner with the plate voltage set each time to
the required value, and with the grid bias varied to cover
the desired range of values.

If a milliameter is included in the grid circuit, the grid
current may be read with the plate voltage at some
moderately high value, say 90 volts, and the grid varied
from 0 to +4-3 volts. It will be only slightly higher for
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lower plate voltages and slightly lower with still higher
plate potentials. There is no grid current with negative
grid-bias voltages. The grid-current data is of value in a
study of the detector characteristics of a tube.

Amplification Factor.—The amplification factor, or
constant, of a tube may be readily determined from the
data given in a set of plate-current curves. The amplifi-
cation factor is a measure of the control exercised by the
grid over the plate current.  This control is usually referred
to the plate voltage, and is expressed as a ratio between a
relatively small value of plate-voltage change and the grid-
voltage change, the plate current being maintained at a
constant value.

One method of sceuring the amplification factor is by
means of the curves shown in Fig. 14. At the point
where the 90-volt curve crosses the —4.5-volt grid-bias line,
The plate current is 2 milliamperes as shown at point «a.
If the 2-milliampere plate-current line is carried to the
left it will intersect the 105-volt curve at point b, which
corresponds with a grid-bias value of —6.2 volts. That is,
if the plate voltage is raised to 105 volts the grid bias should
be raised to —6.2 volts in order to keep the plate current
constant at 2 milliamperes. With the line representing a
plate current of 2 milliamperes carried to the right so as to
intersect at ¢ the 75-volt plate-voltage curve, a grid hias
of 2.8 volts will be required. Thus for a constant plate
current of 2 milliamperes, the plate-voltage variation of
105 to 75 volts was exactly compensated for by a grid-
bias change of from —6.2 volts to —2.8 volts. The ampli-
feation factor is cxpressed as the ratio of these two
voltage changes, or
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In other words, the grid has 8.8 times as much control over
the plate current as does the plate.

Plate Impedance.—The plate impedance of a tube may
also be calculated from the plate-current characteristic
curves. The plate impedance represents a certain loss of
cnergy that must be taken into consideration. The tube
impedance is calculated by dividing the plate-voltage
variation over a small range by the resultant plate-current
change.

The plate impedance with 90 volts on the plate and
with-a grid bias of —4.5 volts may be obtained from the
plate current shown in Fig. 14. With the grid bias fixed,
the plate potential of 105 volts will give a plate current,
point d, of 3.32 milliamperes. Also, the plate potential
of 75 volts will give a plate current, point e, of only 1.04
milliamperes. If the grid bias is kept constant at —4.5
volts, a plate potential of 105 volts will give a plate current
of 3.32 milliamperes, whereas with 75 volts on the plate the
plate current is 1.04 milliamperes. The change in plate
current with a known plate-voltage change is a definite
measure of the plate impedance. That is, 185—75 gives
30 volts, whereas 3.32—1.04 gives 2.28 milliamperes.

3
00228~ =13,000 ohms, neaxly,

with the plate at 90 volts and with a grid bias of —4.5 volts.
Since the plate impedance of a tube varies considerably
with the grid and plate voltages, these values should always
be specified. I'or more accurate work, particularly on the
lower sections of the curves, smaller plate-voltage changes
would be advisable. These factors may also be obtained
on special types of bridges as described elsewhere.
Mutual Conductance.—The mutual conductance of a
tube is a very good measure of its value as an amplifier,
in that it includes both the amplification factor and the

The plate impedance is ——_—
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plate impedance. The mutual conductance is defined as
the amplification factor divided by the plate impedance.
For this case the mutual conductance is given by
a pl@imllﬁz tor = 88 =077 micromhos
plate impedance 13,000
with the plate at 90 volts and a grid bias of —4.5 volts.

Since the value depends on the plate impedance, which
varies with the voltage, the exact plate and grid voltage
conditions should be specified.

Importance of Characteristic Curves.—By an exami-
nation of the plate-current characteristic curves of a tube
it is possible to determine the most suitable grid and plate
voltage combination for distortionless amplification. 1In
radio amplifier service the plate voltage generally remains
fixed and the proper grid bias is selected to suit the operat-
ing requirements. There is some effect on the net volt-
age applied to the plate by the voltage drop in the trans-
former or other apparatus in the plate circuit, but the
curves as shown may be used to illustrate the point.

With the plate voltage set at 90 volts and the grid bias
at —4.5 volts, suppose an alternating-current signal with a
two-volt maximum value is applied to the grid. As this
signal goes positive with respect to the grid, the effect of the
grid bias is reduced a corresponding amount and the plate
current rises. The plate-current maximum value, 3.53
milliamperes, will correspond with the plate current at 4.5
—2 volts or with the plate current at —2.5 volts, as
indicated at point f, Fig. 14. On the alternate half of the
signal cycle the grid bias and signal voltages will combine
to reduce the plate current. These two voltages will add
as 4.542 gives —6.5 volts as an effective grid bias or the
plate-current value, .91 milliampere, as shown at g. In
service the resistance drop in the external plate circuit
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would have to be considered in order to secure the actual
current values.

The changes in plate current from the normal value a to
values f and g are not quite equal, namely, 1.53 and 1.09
milliamperes, respectively. This implies that there would
he some distortion in an amplifier tube operating under
thoese exact conditions, although it might not show up to an
objectionable degree.

If a higher plate voltage is used, such as 105 volts, as
shown by curve D, the operation as an amplifier will be
more satisfactory. The 2-volt signal will cause the plate
current to vary by nearly equal amounts from the normal
value ; namely, from d to h and fromd tos. Infact, asignal
considerably stronger than 2 volts could be applied without
introducing an appreciable amount of distortion so long as
equal grid-voltage changes produce equal plate-current
changes.

Suppose a 4.5-volt signal is applied to the 90-volt curve
with the normal grid bias of —4.5 volts. On the positive
signal swing the grid bias will be exactly neutralized and
the plate current will rise to the corresponding value.
On the negative swing the effective grid bias will be raised
to —9 volts, which reduces the plate current to nearly 0.
Operation of a tube under these conditions would produce a
considerable amount of distortion, as equal grid-voltage
changes would not produce cqual plate-current changes.
If the signal voltage is increased still further the effective
grid voltage will, on some pulses, go positive and cause a
grid current, and on the other end of the swing the grid
voltage will go so far negative as to cut off the plate cur-
rent entirely. Under these two conditions the distortion
becomes very objectionable.
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LOW AMPLIFICATION FACTOR TUBES

The signal applied to the last audio-amplifier tube is
usually quite strong and the output must be fed into a loud
speaker. The relatively large grid signal applied to the
tube in this position means that for distortionless ampli-
fication the grid bias shall be relatively high. The tube
characteristics are such that when the grid bias is high the
amplification factoris rather low.  However, in this service
the low amplification factor is not enough of a disadvan-
tage to outweigh the advantages of such a tube.

The last audio-stage tube should be able to operate well
into a loud speaker.  In order to give a large plate-cur-
rent change and to deliver as much as possible of the power
into the loud speaker, the plate impedance of the output
tube must be relatively low.  This property of low plate
impedance works out very well, as it naturally accompanies
the low amplification factor of a tube of such character-
istics. The low plate impedance means that with a fairly
high plate voltage the plate current will be large and the
output encrgy will be large. Since the internal plate
impedance is low the amount of energy used up in the
plate circuit of the tube itself is relatively low. The out-
put tube then should have a low amplification factor, and
low plate impedance, and should operate with a high grid
bias and plate voltage.

HIGH AMPLIFICATION FACTOR TUBES

For some types of service the voltage amplification of g
tube, as it is called, is the main property desired. That is,
with a certain input voltage or strength of signal, it may be
that a relatively high output voltage will be the most
important characteristic. Since such a tube will ordi-
narily be required to amplify a relatively weak signal the
normal grid bias need not he high.
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Since a high-amplification type of tube will, in general,
be required to deliver only a small amount of actual power,
the plate current nced not be large.  Owing to the inherent
properties of a tube with a high amplification factor, the
internal plate immpedance will be rather high. In order to
secure the necessary voltage output it may be necessary to
use rather high values of plate voltage. Tlowever, in
most cases the plate-current drain is quite low so that the
plate energy is not excessively high. ecause of the high
impedance of the plate circuit of the tube it is necessary to
employ properly designed coupling or output-circuit
apparatus if the gain provided by the high-amplification
tube is to be utilized to the fullest extent.  For this reason,
such tubes have not been used on an extensive scale, exeept
for certain applications requiring tubes of their peculiar
characteristics.

THREE-ELEMENT TUBE AMPLIFIERS

Classification of Amplifiers.—Amplifier circuits may
for convenience be divided into two general elasses, namely,
radio-frequency amplifiers and audio-frequency amplifiers.
When two or more tubes are required, in cascade, amplifier
circuits, either radio frequency or audio frequency, may be
further classified according to the form of coupling, or
connection, between successive tubes. The coupling
device may be a resistanee, a retardation, or choke coil,
or a transformer, with other necessary units.

Resistance-Coupled Amplifier.—The coupling units in a
resistance-coupled amplifier are, obviously, resistors.
Such a coupling is shown in ¥Fig. 15 between the tubes ¢
and b at ¢. An alternating-input voltage to the tube a
produces variations of current in the plate circuit of this
tube. The voltage drop across the resistance ¢, which
may be of the order of 50,000 or 100,000 ohms, is applied
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to the input circuit of tube b through the condenser d.
The function of the condenser d is to prevent the constant
B-battery voltage from being applied directly to the grid
of tube b. A grid leak e serves to fix the steady potential
on the grid at some desired negative value. The negative
voltage may be obtained from the negative terminal of the
A battery, as shown, or a C battery may be inserted in the
grid-leak lead. The blocking condenser d must be large
enough so that no appreciable drop or loss of signal shall
occur between the resistance ¢ and the grid of the tube b.
The grid leak e must have a resistance considerably higher

than the coupling resistance ¢ so as not to reduce the
amplification. At high radio frequencies and even at
high audio frequencies the grid-filament reactance is con-
siderably reduced and becomes a shunt of a rather low
value on the coupling resistance ¢, so that even though
the grid leak has a high resistance, nevertheless the tube
capacity reduces the amount of amplification. For this
reason, resistance coupling is advantageous only in cir-
cuits of audio-frequency amplifiers and in low-frequency
radio amplifiers.

The alternating-current component in the plate circuit
of a resistance-coupled amplifier tube may be expressed
as follows: B,

Io= R+ 1 (1)
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in which  I,=plate current, in amperes;
u=amplification factor of tube;
E,=grid potential, in volts;
R, =plate resistance, in ohins;
R =coupling resistance, in ohms.
The voltage that is impressed on the next tube, for
example, tube b, INig. 15, is
pl R
Rp+R
in which E’,=voltage handed to the following tube.
The aniplification of such an amplifier may be expressed
as a ratio of the voltage impressed between the grid and

filament of tube b to the corresponding voltage on the
tube «, or

E,=ILRk= @)

E/ pR

E, I,+R

in which 4 =voltage amplification,

3)

Examrre.—If in Fig. 15 the tube has a voltage amplification
factor of 8 and a plate resistance of 12,000 ohms, what amplifica-
tion will be obtained with a coupling resistance of 100,000 ohms?

uR 8 100,000 4
. TRy+R  12,0004100,000

It will be seen that as the resistance value of the coup-
ling is increased, the amplification per stage approaches
the anplification factor of the tube, and at a certain value
of coupling resistance A = p.

The capacity of the blocking condenser d, I'ig, 15, must
be within certain definite limits. For most purposes a
capacity of .1 to 1 microfarad will be found satisfactory.
The coupling resistance, as has already been mentioned,
may have a resistance of 50,000 to 100,000 ohms. The
grid leak in a multistage amplifier should beabout 1imegohm

SoLuTiON.— A =7.1
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in the first stage,  megohm in the second stage, and } meg-
ohm in the third stage. A negative potential should
be kept on each grid sufficient to keep the grid from becom-
ing positive at any time.

Inductance-Coil Coupling.—An inductance-coil coup-
ling is shown in Fig. 16 between the tubes @ and b at c.
A blocking condenser d and grid leak ¢ are used the same
as in a resistance-coupled amplifier. Since the direct-
current resistance of the coil is not as high as that of the
resistance coupling, it is possible to use lower plate poten-
rials with this type of amplifier. The impedance of the
plate circuit may be calculated by the forinula

Z=VR2+X? (1)
in which Z=impedance, in ohms;
R, =plate resistance of tube, in ohms;

Xi=inductive reactance of the coupling unit, in
ohms.

The plate current is obtained as follows:

E
L=—==2 )
VR4 X2
The voltage that is handed to the next tube is
E,X
By= X, = =L 3)
VR4 X2
The voltage amplification per stage is
LK) X
A=t B K 4)

K, \/R,,2+X,2 \/z+<1i’»>“
X,

ExampLe.~If the tube a, Fig. 16, has an amplification factor of
8 and a plate resistance of 12,000 ohms, what amplifieation will be
obtained with a coupling reactance of 100,000 ohms?
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SorurionN.— Using formula 4 gives

8 8 8
A=— = e =———=T79
12,000)‘-’ Vi4.12: 1.0144
AV, 100,000

The value of the inductance coil must be so chosen as
to have an L.C value outside the range of frequencies for
which the amplifier is to be used, otherwise greater ampli-
f:eation will be obtained on the resonant frequency than
on other frequencies with resultant distortion. Tuned
circuits may be used for coupling purposes, especially in
the radio-frequency stages; such would not be practical
in an audio-frequency amplifier.
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In place of the resistance grid leak e, Fig. 16, it is
sometimes more desirable to use a high inductance
together with a negative grid bias. Better operation is
thus obtained in many audio-frequency amplifiers. The
coupling inductance coil and the leak inductance coil are
sometimes wound on the same core system.

Transformer-Coupled Amplifier.—A schematic diagram
of a transformer-coupled amplifier is shown in Fig. 17.
The two tubes a and b have their output and input,
respectively, coupled by means of the transformer c.
This form of coupling is used in both radio-frequency and
audio-frequency amplifiers.

23
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In audio-frequency amplifiers the transformer is of the
iron-core type. The primary winding may be considered
the same as the inductance coil in the amplifier of Tig. 16.
The secondary winding of the transformer ¢, Fig. 17, may
have a greater number of turns than the primary, giving,
therefore, a voltage amplification in addition to the ampli-
fication obtained with the tube.

In radio-frequency amplifiers the coupling transformers
are either of the tuned or untuned type. A tuned coupling
requires a change in adjustment for every change in wave-

&—'vvvb

Output

l

L———/npu/

Fig. 17

length or frequency. An untuned transformer is so
designed as to give satisfactory amplification over a band
of frequencies or wavelengths.

THREE-ELEMENT TUBE DETECTORS

Detection Without Grid Condenser.—The object of
detection is to separate different frequencies ; for example,
the audio frequency from a combination of radio and
audio frequency, as received from a broadcasting station.
There are two general ways of accomplishing this; namely,
by utilizing the curved portion of the plate characteristic
curve, and by the drooping grid-voltage curve. The first
method is exemplified in detector circuits that have no
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grid condenser, whereas the second, in circuits that have a
grid condenser.

In Fig. 18 is shown schematically a circuit utilizing the
curved portion of the plate-current characteristic curve for
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detection. A negative bias is placed on the grid of the
tube a through the connection to the negative terminal of
the A battery. This locates the zero grid-voltage line,
Fig. 19, at or near the lower bend of the plate-current curve.
A series of impulses as shown at « impressed on the grid of
the tube will result in the plate-current variations shown
at b. The change in plate current caused by the positive
grid voltage is much greater than that produced by the
negative grid-voltage change. The
average plate current will therefore
be that indicated by the dotted line,

and this represents thesignalimpulse o
impressed on the telephone receivers
b, Fig. 18. The condenser ¢ pro- o s

vides a low-resistance path for the %:\:a

high-frequency component of the

plate current. 1o, T
Detection With Grid Condenser.—A detector circuit

with a grid condenser « is shown in Fig. 20. High-frequency

voltages impressed on the grid of the tube as shown by the
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full-line curve at a, Fig. 21, cause a gradual accumulation
of electrons on the grid of the tube so that successive
alternations gradually become more negative in value and
the grid voltage takes the shape of the dotted curve shown

sl w
Az 13: \ =
T :
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i

F1Gc. 20
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at . The plate current b has a diminishing characteristic,
and the average plate current shown by the dotted line at b
brings out the audio-frequency signal. The grid leak b,
Fig. 20, provides a path for the accumulated electrons to
the filament.

THREE-ELEMENT TUBE OSCILLATOR

Principle of Operation.—Essentially an oscillator con-
sists of one main tuned circuit with a
method for maintaining oscillations
therein. The oscillations, usually at
radio frequency, are maintained by
energy supplied by the plate circuit
of the tube, and by the plate-circuit
5 voltage supply. Enough of the out-
fa put energy must be returned to the
grid circuit to energize it for the suc-
ceeding cycle, and thus to make the
oscillations continuous. The distribution of the inductive
and capacitative parts of the circuit determines the charac-

>
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teristics of operation,and together with the method of grid
feed-back determines the style or type of the oscillator
circuit, of which there are several in commercial service.

The tuned circuit is necessary so that the proper circuit
conditions for continuous oscillations may be fulfilled.
In addition the energy will be available as useful energy at
the wavelength or frequency determined by the inductance
and capacity of the tuned circuit. Oftentimes this tuned
circuit forms a part of the plate or grid circuit, whereas
in other instances the tuned circuit is coupled with the
tube circuits by inductance coils or condensers. The
feed-back of ecnergy into the
grid circuit may be by inductive ':m:
or capacitative means, with a '
method provided whereby the
amount of energy feed-back may
be controlled. Insomeinstances
the grid and plate circuits are
both tuned to the desired fre-
quency with the feed-back be-
tween the tube elements acting ,
to sustain the oscillations. Fia. 22

Oscillator Connections.—One type of tube oscillator is
shown in the circuit of Fig. 22. The plate coil a and the
variable condenser b form the main oscillating circuit. The
coil ¢ is coupled with coil a to feed energy into the grid
circuit. The grid bias is secured by the grid leak d. A
grid condenser e is necessary to provide an easy path for
the grid voltages to reach the grid element and to insulate
the grid from the filament.

The tube is placed in operation by applying the proper
plate and filament voltages and varying the coupling
between coils @ and ¢. A milliammeter in the plate or grid
circuits or a radio-frequency ammeter connected in the

Lt W ’
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circuit adjacent to condenser b may be used to indicate
when the tube is oscillating. The grid-leak resistance d
should be varied until the correet value is obtained.
The coupling between coils a and ¢ should also be adjusted
so that the tube operates with minimum heating of the
plate. Filament and plate voltmeters are very useful
in order to sccure the rated operating voltages with cer-
tainty.
MODULATOR SERVICE

Present-day tubes find a very extensive field of service
as modulators, especially in radio broadcasting. The
modulator tube acts, to all intents and purposes, like a
special sort of amplifier connected with an oscillator circuit.
It is possible to connect the tube which actually does the
transmitting as an oscillator, and to impress the desired
signal on the radio-frequency wave by supplying it to the
grid circuit. This process is called grid modulation, as the
modulating signal is applied to the grid of the oscillator
tube. This system of modulation is not suitable for broad-
casting service and is seldom employed, owing to the dis-
tortion and output limitations.

A system of constant plate-current modulation, known
as the Heising method of modulation, has proved so
effective and practicable that it is almost exclusively
employed in radio broadcasting service. The modulator
and oscillator tubes are connected with a common plate
supply through a choke coil, which is also common to both
sets of tubes. Any plate-current change of the modulator
tube is impressed or modulated onto the plate current of
the oscillator and consequently its radio-frequency output
current. The scheme may be seen by reference to Ilig. 23,
which illustrates the essentials of a complete transmitter.

The desired voice or music is picked up by the micro-
phone a, operated by the local battery b. The current
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pulsations are sent through the transformer ¢ and as many
audio-frequency amplifier stages as necessary before it is
impressed on the grid of the modulator tube or tubes at d.
The oscillator tube or tubes e are also connected with the
same B or plate supply, in this casc a generator. The
common plate supply includes an iron-core choke coil f,
whose duty it is to keep the total plate current taken by the
modulator and oscillator tubes at a constant value. For

Fic. 23

example, suppose tube ¢ with its attendant circuit is
oscillating at radio frequency. At the instant at which
the signal inereases the plate current of the modulator tube,
the plate current available for the oscillator tube is
decreased by a corresponding amount, and consequently
the radio-frequency oscillating current is reduced. At the
instant the plate current of the modulator is a minimum,
that of the oscillator is a maximum with the radio-fre-
quency current increased above its normal steady value.
The air-core choke coil ¢ serves only to prevent the radio-
frequency current from going back into the modulator
stage. The oscillator circuit shown in connection with
tube e is given merely as an example ; any type of standard
oscillator circuit may be employed.
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The modulator and oscillator tubes are commonly of the
same types, with two or three times as many modulators
necessary in order to give good modulation without distor-
tion. The modulator tubes must operate with a grid bias
and over a relatively straight part of their characteristic
curve in order not to introduce any distortion. Also, it is
necessary to keep the average modulation signal down to a
relatively low value so that the maximum signal pulses or
high peak voltages will not vary outside the safe limits.

COMMERCIAL THREE-ELEMENT TUBES
TUBES IN RECEIVING SYSTEMS

Characteristics of Commercial Receiving Tubes.—Tubes
have been developed for different uses in receiving systems.
There are the so-called dry-cell tubes whose filament
current is so small that ordinary dry cells may be cco-
nomically used for this purpose. Larger tubes require
storage cells for satisfactory filament operation. The
plate and grid construction differs in different types of
tubes, which gives different grid-voltage plate-current
characteristics.  All these peculiarities of receiving tubes
have been tabulated for the more commonly used tubes
and are given in Table I. A brief deseription of some of
the better known tubes will be given herewith.

WD-11 and WX-12 Tubes.—The WI)-11 was one of the
earliest tubes to be marketed in large quantities and was
the pioneer in the dry-cell operated field to become exten-
. sively employed. In order that it would not be used in
higher voltage sockets a distinctive base and base-pins
arrangement was devised. A large-sized pin in the base
forms the plate connection. The grid pin is opposite the
plate pin, and the other two pins formm the filament con-
nection. This tube is also mounted in a UX type of base
and is then given the UX-12 name. These tubes are









TABLE 1
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labeled C-11 and CX-12 by another manufacturer. An
external view of the complete WD-11 tube is shown in
Fig. 24. If this tube is operated from a storage bettery,
extreme care should be exercised to see that the rated fila-
ment voltage is not exceeded. It should be connected with
only one cell and a rheostat used to reduce the filament
voltage to the proper value not in excess of its rating.
The bulb is usually very much discolored by a silvery
coating deposited on the inside during the process of manu-
facture. The eclectrical characteristics
are given in Table L.

UX-201-A.—The UX-201-A radiotron
is a name given to a very good type of
general-purpose tube. The type number
CX-301-A and many other similar sym-
bols have been applied to tubes of the
same general characteristics. This tube
is designed to take a filament current of
.25 ampere, at a filament potential of
5 volts and with other requirements as in
TableI. L

The UX-201-A tube, as the type "
nuniber implies, is equipped with the new
large standard UN-push-type base. This :
base will fit into any of the UX type Fre. 24
sockets. The mount assembly of this tube is shown in
I'ig. 25. The plate which has a flat oval shape surrounds
the grid of smaller dimensions. The filament forms an
inverted V with a spring support wire at the top. All the
support wires are securely held in the flattened glass sec-
tion of the press. The lead wires at the bottoin connect
with the proper pins in the base of the tube.

During the process of manufacture the getter produces a
heavy silvery coating on the inside of the bulb. The fila-
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ment, which is made of thoriated tungsten, operates
normally at a moderately low temperature. With the
heavy bulb coating it is often impossible to observe the
brightness of the filament, hence it is especially important
that a voltmeter be used as a guide in setting the filament
voltage.  Under most conditions it should be possible to
reduce the filament voltage considerably without impairing
reception, and with a saving in filament energy and a

. possible improvement in
tube life. The thoriated
fikunent fails niore often
. {rom aloss of emission than
from burn-out or breakage
| of the filament wire.

The plate current versus
grid voltage characteristics
of the UX-201-A tuhe
make it avery good gen-
cral-purpose amplifier tube
in both radio- and audio-
frequency circuits. It may I
also be used as a detector
and as an oscillator.

g UX-199 and UV-199, S

Hicp2 The UX-and UV-199tubes Fio. 26

are alike electrically, but the UX tube has the new small
standard UX bhase, whereas the other has the older special
small UV type of base.  This tube is marked with various
other type numbers and names, usually with the 99 forming
part of the distinguishing type number. The mount of
the UN-199 tube, as shown in I'ig, 26, comprises cylindrical
plate and grid structures, with a straight filament along
their axes. A glass-bead crowfoot construction at the
top holds the three elements together rigidly. The whole
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assembly is, in turn, supported by the glass press, which
also includes the exhaust stem.  Three 13-volt dry cells
connected in series will give the necessary voltage and
current for not exceeding 3 tubes. Additional 3-cell sets
of batteries may be connected in parallel for each additional
set of three tubes, or less. The filament circuit should
include a suitable rheostat capable of operating the tubes
at from 3.0 to 3.3 volts, with even lower values sufficing
for most conditions of operation. The very small dimen-
sions of the thoriated filament may be illustrated by the
diameter, which is only about .0006 inch. It is very
important that the tube should not be mishandled and
that the rated operating voltages should not be exceeded.
The end of useful life will generally occur from loss of
thorium emission rather than from burn-out of the fila-
ment. If the overload has existed for only a short time
the filament may be seasoned by reactivation.

UX-112 and 112-A Power Amplifiers.—The UX-112
radiotron is capable of handling more power than many
of the other types. Its appearance and external dimen-
sions closely resemble those of the other storage-battery
tubes. This tube is espeeially designed and recommended
for amplifier service.  In radio frequency amplifier service
a grid bias of 4% volts and a plate potential of 90 volts
should give excellent results. Small C batteries in each
grid-return lead will permit of grid bias without excessive
coupling effects.

A plate potential of 45 volts with the grid return to the
negative filament terminal will give very good results
where it is not practicable to use a C battery. This
tube will give excellent results as an audio-frequency
amplifier at 135 and —9 volts. Radiotron UX-112 has
a thoriated-tungsten filament requiring .5 ampere at 5
volts. Radiotron UX-112-A has a coated filament requir-
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ing .25 ampere at 5 volts.  In all other respeets the two
types are identical.

UX-171 and 171-A Power Output Tubes.—The UX-171
radiotron is designed to operate as a power amplifier in the
last audio stage. The best operating grid and plate volt-
ages, which are also the highest that are recommended,
require a 40.5-volt negative grid bias and 180 volts on the
plate. The plate current of 20 milliamperes should pref-
crably be supplied by a suitable type of B-battery elimi-
nator. The plate impedance will be about 2,000 ohms,
which is a rather low value. The amplification factor is
relatively low or about 3 for a wide range of grid and
plate voltages. Owing to the rather large plate current a
1 to 1 transformer or choke-coil coupling should be used
to keep the plate current from burning out the loud-speaker
windings or affecting the magnets. With 135 volts on
the plate the grid bias should be —27 volts. The plate
current will be somewhat lower, but very good operation
should be sccured. The tube will operate satisfactorily
also with 90 volts on the plate and with a grid bias of
—163 volts. Ilowever, with these lower grid-bias values
the tube cannot handle such a large signal without intro-
ducing some distortion. This tube is not adapted to
detector service. Radiotron UX-171 compares with
UX-171-A just like UX-112 compares with UX-112-A.

UX-120 Radiotron.—The UX-120 radiotron is a dry-
cell operated type of tube designed to operate only as the
last audio-stage amplifier in conjunction with UX-199
tubes. The 3-volt filament requires.125 ampere, hence
it may be operated from a dry-cell battery with reasonable
life. Its filament teriperature is not critical and the
filament may be operated directly in parallel with other
3-volt tubes. Its size is essentially the same as that of
the UX-199 radiotron and the UX-120 has the new small
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standard UX base. The filament is of thoriated tungsten
and it should give a long useful life if not misused in any
way.

The grid bias should be —22.5 volts with a plate poten-
tial of 135 volts. Since there is no current taken from
the C battery, it may be one of the small dry-cell types.
The high grid bias of —22.5 volts means that the opera-
tion of the tube will be practically free from distortion with
an input signal not in excess of 22.5 volts for the maximum
or peak values. If this value is exceeded, the grid goes
positive during part of the time and the resultant grid
current will produce distortion. This tube should not be
employed as a dectector, nor at lower plate voltages unless
the grid bias is made large enough to keep the plate cur-
rent down. Higher plate voltages are not recommended.

High-Amplification Tube.—The high-amplification fac-
tor tube, such as the MU-20, is another special type of
receiver tube. This one, as the name implies, has a
relatively high-amplification factor, say around 20 or even
95. The filament of the MU-20 tube is rated at 6 volts
and may be operated directly from a 6-volt storage battery
with a current consumption of .25 ampere. The bulb is
tubular, and the molded base is of the old standard UV-
navy type.

The MU-20 tube gets its name from the fact that its
amplification factor, or mu as it is often called, is about
20. With 135 volts on the plate and a grid bias of —3
volts the plate current will be just over one milliampere and
the plate impedance close to 40,000 ohms. With 90 volts
on the plate and with no grid bias the plate current will be
about 1.5 milliamperes and the plate impedance approxi-
mately 35,000 ohms. With the higher plate voltages used
in practice, there will be a considerable voltage drop in
the plate coupling resistance so that the voltage actually
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applied to the plate will be considerably reduced. Also,
a grid leak is commonly used in the coupling stage, which
automatically tends to hold the plate current to a reason-
able value. Even then this tube may be operated to
advantage with a small negative grid bias. This tube is
suitable for operation only in the intermediate audio
stages of resistance-coupled amplifiers.

Radiotron UX-240, another high mu detector and
voltage amplifier, is designed for use in resistance- or
impedance-coupled  circuits. Having a voltage ampli-
fication factor (mu) of 30, radiotron UX-240 is especially
useful in resistance-coupled circuits. The use of these
circuits has been limited hecause the general-purpose tube
required so much 5 battery. Radiotron UN-240, how-
ever, consuines less than one-tenth the plate current of the
average general-purpose tube. The filamnent current
consumption and voltage are identical to radiotron
UX-201-A.  The UX-240 may be used in the popular types
of resistance-coupled amplifier circuits without change in
plate coupling resistances. Best performance is obtained,
however, when the values recommended in the instruction
sheet accompanying this tube are employed.

Alternating-Current Operated Tubes.—At least one
type of tube has been marketed designed for operation of
the cathode clement directly from the alternating-current
supply line. This tube has a rather heavy filament
mounted inside on an insulator. An oxide-coated metal
sleeve outside the insulator receives heat from the alternat-
ing-current heated filament. The sleeve acts as a cathode
and is connected with a filament terminal in the base. The
heater filament leads are brought out of the bulb at the
top and connect with a special type of base. The filament
supply circuit for all of the tubes is thus kept away from
the grid and plate-circuit wiring. The alternating-
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current energy is received dircctly from a transformer
designed to supply energy at the rated tube voltage. The
transformer should be placed far enough away from the
set so that it will not give detrimental coupling effects.

The electrical characteristics of the alternating-current
type of tube are somewhat better than those of the
UX-201-A type. However, it is possible to substitute the
alternating-current tubes in most types of sets without
rewiring and without mueh adjustment, although auxiliary
filament leads of heavy flexible wire are usually required.
The filament leads on the set should be connected together
to be sure that the grid return to the filament circuit is
closed. It takes nearly a minute for the cathode to heat
up after the filament is turned on, so a little time will
elapse before signals will be heard. The manufacturer’s
recommendations regarding the grounding of the circuit
should be strictly followed.

Radiotron UX-226 is an amplifier tube, the filament of
which is operated from alternating current. It can be
used for radio or transformer-coupled audio-frequency
amplification. It is not, however, ordinarily, suited for
detection, nor is it equal to a power tube in the last audio
stage. This tube contains a plate, a grid, and a heavy
filament of the oxide-coated type designed to operate at a
relatively low voltage. The values of filament voltage and
current have been so chosen as to minimize the a.c. hum.
The tube is equipped with the large standard UX base.

Radiotron UY-227 is a detector tube containing a heater
element which permits operation from alternating ecur-
rent. It is especially recommended for sets using radio-
tron UX-226 in the radio and first audio stages of ampli-
fication. This tube contains four clements, namely, a
plate, a grid, a heater, and an oxide-coated cathode elec-
trically insulated from but heated by the heater element.
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Connections are made to these elements through a special
five-prong base. Grid-leak detection is recommended for
the average receiver. A plate voltage of 45, with a 5- to
9-megohm grid leak and a .00025-microfarad grid con-
denser usually gives greatest sensitivity. More stable
operation is insured, however, with a 2- to 5-megohm grid
leak. Grid-bias detection, though not usually as sensi-
tive as grid-leak detection, gives extremely fine quality of
reproduction if high-grade transformers of high input
impedance are used.

Kellogg Types 401 and 463 A.-C. Tubes.—Kecllogg a.-c.
tubes are of the so-called heater type. The ceathode or

TABLE 1I

AVERAGE CHARACTERISTICS TYPE 401—GENERAL PURPOSE
DETECTOR, RADIO AND AUDIO AMPLIFIER TUBE

Heater \'nltugv 3.0 \olts. Heater (urr(-nt 1.0 amp.

Plate voltage. .. ..... +h* 90 | 135 150
Negative grid bias. ... 0 4.5 ('n.()l A0 9.00 105 12.0
Plate current  (milli-

AMPEres) . ... ..... 3.8 3.7 2.5 53 3.9 7.2 5.8
Plateimpedance

(ohms) ........... 9,060(10,750(13,300/9,520(11, 4(){) 9,3:30{10,500
Amplification factor. .| 10.0{ 10.0| 10.0, 10.0 1() 0 10.0] 100
Mutual  conductance(1,100] 930 7.)()'1,()5() 850(1,070, 952

(Mieromhos) i
Power output{ (milli-

Wabts. ... ool 25| 65| 75| 135 165

#For use as detector only using grid leak and condenser detection,
¥The values given for out put represent undistorted out put or output of negligible

distortion. These vulues are for optimum load resistunce or u load resistanee of
upproximately twice the tube impedance.

electron-emitting clement of the Kellogg a.-c. tube
corresponds to the filament of the ordinary d.-c. tube
except that instead of being heated by direct application
of current, the cathode is heated by an internal heating
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element which uses alternating current direct from the
house lighting circuit. Since the heater element of the
Kellogg a.-c. tube takes only 3 volts, it is necessary to use
a small step-down transformer on the line between the
110-volt light socket and the tube.

Alternating current to heat the tube is fed through the
top instead of through the base, thus segregating it entirely
from the rest of the tube eircuits.  The cathode proper has
only one lead, which is connected to the negative filament
terminal at the base of the tube.  Kellogg a.-c. tubes have
standard UX bases, thus permitting standard tube sockets

to be used.
TABLE III

AVERAGE CHARACTERISTICS TYPE 403—POWER AMPLIFIER FOR LAST
AUDIO STAGE

Heater voltage—3.0 volts. Heater current—1.5 amps,

Plate voltage. . .......... ... ... .. ... .. 135 180
Negative geid bias. . ... ... ... ... ... 27 40
Plate current (milliamperes) .00 15 20
Plate impedance (ohms) . ... . 2,500 2,500
Amplification factor. ... .. 3.0 3.0
Mutual conductance (micromhos) . Lo 1,200 1,200
Power output* (milliwatts) ..., 360 660

*The values given for output represent undistorted output or output of negligible
Abprormately fwice fhe tube rpeqanes. 4 Tesistuiico o o loud resistance of

The Kellogg a.-c. tube cannot be successfully used in
so-called d.-e. sets unless the cireuit has been carefully
rewired and it will not operate in some circuits at all.
The average characteristics of these tubes are given in
Tables 1 and II1.

Four-Element Tube.—A good example of a four-clement
radio tube is radiotron UNX-222. This is a sereen-grid tube
particularly designed for radio-frequency amplification.
The experimentally inclined set builder will find that by

2—4
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using this tube with the proper shiclding, neutralizing or
stabilizing devices are unnecessary. The introduction
of the shielding screen grid between the usual, or control,
grid and plate not only decreases plate to grid feed-back
capacity, but also increases the mutual conductance of
the tube. This tube may also he used in a totally different
role as an audio-frequency amplifier in resistance-coupled
circuits. Iligher overall amplification at audio frequencies
is possible with this tube without greater plate resistance
than that of three-element high-mu tubes.  The tube has
a standard four-prong UX base with an additional termi-
nal on top of the glass bulb. The filament operates at
3.3 volts and .132 ampere, but with a scries resistor of
15 ohms it can be connected in parallel with 5-volt fila-
ments.

UX-200-A Detector Tube.—The UX-200-A is a good
typical gas-content detector tube designed only for detector
service. The filament voltage of 5 volts with a .25 ampere
filament makes it feasible to operate this detector in
parallel with other 5-volt tubes. In order to sccure some
adjustment, which is, however, not critical, a separate
filament rheostat of 10 ohms is recommended. The bulb
and completed tube are similar to the other 5-volt tubes in
dimensions, although the UX-200-A is often not completely
silvered inside the bulb. The internal construction is
about the same except that a special eacsium getter is
liberated in the tube during manufacture, which gives the
tube its special sensitiveness.

The plate voltage of the UX-200-A tube is not eritical,
and should be not over 45 volts. The grid condenser
should have a capacity of .00025 microfarad, whereas
the grid-leak resistance should be very close to 2 megohms.
The grid return may connect with cither the positive or
negative filament terminal with a preference for the latter,




‘RADIO TUBES AND ofNTENNAS 4§

Somewhat improved characteristics are secured by the
high-aniplification factor of the tube. It also has a fairly
high plate impedance, and is suitable for either resistance
or transformer coupling. The plate-current drain is quite
moderate under the recommended operating conditions.
The extreme sensitiveness of this tube is not effective on
strong signals, but is apparent in the reception of relatively
weak signals.

Super Power Amplifier Tubes.—Radiotrons UX-210
and UX-250 may be termed as super power amplifier
tubes. The filament is designed primarily for operation
at 7.5 volts directly from a transformer. It may, however,
be operated from an 8-volt storage battery. The plate
voltages may be supplied from I batteries that arce capable
of furnishing sufficient current, although the tubes are
primarily for use with rectified alternating current.
These tubes are capable of handling far greater volume
without distortion than any of the other tubes, and their
output is ample to supply any loudspeaker to its limit of
volume.

Radiotron UX-250 adapts itself for use with loud-
speakers to be used in large auditoriums.  For the same
filament current and plate voltage radiotron UX-250
has more than twice the undistorted power output of the
UX-210. Because of its low plate impedance it must be
used with an output transformer or choke coil and coupling
condenscer.

TUBES IN TRANSMITTING SYSTEMS

UX-210.—Radiotron UX-210, in addition to being a
good power tube in radio reeeption, can also be used in
low-power transmitters. The tube is so designed that
the plate will stand a continuous dissipation of 7.5 watts.
In appearance it resembles the UN-201-A radiotron. The
bulb is larger than is commonly the case with the tubes
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equipped with the new large standard push-type UX base.
The characteristics of this tube as well as those of other
tubes may be seen at a glance in Table IV.

The UX-210 tube has a thoriated filament that takes
1.25 amperes at 7.5 volts. The plate is specially mounted
so as to permit of safe operation on voltages as high as
500 volts. This tube may be used as an oseillator for
radio-communication transmitting sets of small power,
with plate voltages not in excess of 500 volts. The circuit
adjustments should be so made that the plate dissipation
of the tube does not exceed 7.5 watts. The plate voltage
should not be raised to increase the power output, but
more tubes should be connected in parallel if best life is
to be secured. This tube makes a very good power
amplifier with 425 volts on the plate and with a grid bias
of —35 volts. The plate current will be about 22 milli-
amperes, and the plate impedance about 5,000 ohmnis.
The amplification factor of this tube is a little greater than
7.5.  The tube may also be operated at lower plate and grid
voltages with very good results.  With 6 volts on the fila-
ment, or directly from a storage battery, the plate potential
of 135 volts is recommended with a grid bias of —9 volts.
Under these conditions the plate current will be about
4.5 milliamperes and the plate impedance approximately .
8,000 ohms. Although the amplification constant will
still be 7.5, the power output from the tnbe will be very
seriously reduced.

UX-216-B Rectifier Tube.—The UX-216-B rectifier
tube is almost identical in construction with the UX-210
tube except that the UX-216-B tube has no grid element.
It is rated to operate with a2 maximum alternating-current
effective voltage, as read by an alternating-current volt-
meter, of 550 volts. The maximmum output current is
65 milliamperes. This type of tube may be used in a half-




TABLE IV
POWER RATINGS OF CERTAIN STANDARD TUBES

Filament

Model Use Filament Voltage, Current Plate Voltage I:\llaltf Gyt | Power Qutput
Amperes Jiiltamperes |
UX-210... .. EHIE 7.5 1.25 500 25 7.5 watts
Oscillator
UX-216-B Rectifier 7.5 1.25 550 A.C. 60 D.C. 25 watts
UV-203-A.. | |Amplifier 10 3.25 1,000 125 50 watts
Oscillator
UX-852..... CETEbiCE 10 3.25 2,000 75 (osc.) 75 watts
Oscillator
UV-204-A E TG 11 3.85 2,000 200 250 watts
Oscillator
Uv-8sl.. . . ol ilEs 11 15.5 2,000 875 (osc.) | 750 watts
Oscillator
UV-206..... [ Amoplifier 11 T 10,000 135 1KW.
| Oscillator
UvV21s. . ... Rectifier 11 14.75 15,000 A.C. 25 K.W.
Uv-207 = aplites 21 51 10,000 to 15,000/ 1,400 to 1,800 |10 to 20 K.W
Oscillator
Uv219. .. .. Rectifier 29 24.5 15,000 A.C. 125 K.W.
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or full-wave rectifier for plate supply for the UX-210 tube
or for the smaller receiving tubes.

50-Watt Tubes.—Tubes rated at 50 wattls plate dis-
sipation are made with bhoth tungsten and thoriated
filaments. The filaments of these tubes are designed for
10 volts, with a current of 6.5 amperes for those with
tungsten filaments, and about 3.25 amperes for the tubes
with thoriated filaments. In some other cases the fila-
ment is of the oxide-coated type.  With this voltage rat-
ing the filament may be conveniently operated from a 12-
volt storage battery with a rheostat for proper voltage
control. A tube of this gencral class is
illustrated in Fig. 27. The overall length
of the tube and base is about 10} inches,
whereas the maximum diameter should not,
exceed 27 inches.  The basc is of a large
special bayonet-mounting type.

As shown, the bulb is only partially dis-
colored so as to permit of as free heat
radiation from the plate as possible. The
plate is scparately mounted away from
the grid and filament leads so that the
tube can stand the high voltages for which
it is designed. The design of the plate
element is such that it will present a large
radiating surface, and also so that it will
be able to hold its shape when heated.
The plate dissipation of 50 watts should
not be exceeded for continuous operation, although a larger
amount of energy may be handled for a short time. The
plate should show only a slight reddish color under normal
operating conditions.

The thoriated filament tubes, which are the most widely
used, are made in two general types, namely, the UV-203-A

Fic. 27
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and the UV-211. The filament voltage and current is
the samie for both types.  The UV-203-A has an amplifica-
tion factor of 25. With 1,000 volts on the plate and a
zero grid bias the plate current is about .125 ampere, and
the plate impedance approximately 5,000 ohms. The
amplification factor of the UV-211 tube is lower and
averages close to 11. The plate impedance, with 1,000
volts on the plate and a grid bias of —50 volts, is about
2,700 ohms, while the plate current is ¢lose to .085 ampere.
At 1,000 volts on the plate in amplifier service the UV-203-A
should be operated with
a grid bias of 40 volts
and the UV-211 with a
grid bias of about 100
volts in order to hold
the plate dissipation to
a safe figure. In oscil-
lator service the bias
may be provided by the
voltage drop in the grid
leak.

Rectifier tubes are
made in these same
general styles of con-
struction, except that
the grid element is
omitted. IFor very
high voltage service the
plate lead is taken out of the top of the bulb.

75-Watt Tube for Short-Wave Work.—In Fig. 28 is
shown a 75-watt tube known as UX-852. This tube
was developed to satisfy the insistent demand of amateurs
for a type of tube that could be used satisfactorily in
short-wave work. The elements of this tube are of rugged
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construction and so well spaced that the internal capacity
is much smaller than in most transmitting tubes. The
filament terminals are in the base a. Connection to the
plate is made by meauns of the conductors extending from
the side of the tube at b. The grid connections are made
at ¢. Two leads extend from the plate and two from the
grid to the external circuit. The two leads from each
element should be twisted together.

The filament current is 3.25 amperes
with an e.m.f. of 10 volts. The normal
plate potential is 2,000 volts with a plate
current of 75 milliamperes (oscillatory).
The tube has a safe power dissipation of
100 watts, and the rated power output
is 75 watts. The amplification constant
of this tube is 12.

250-Watt Power Tube.—The 250-watt
power tube is designed and rated to
operate with a continuous plate dissipa-
tion of 250 watts. A special type of
construction is necessary to accommodate
the rather large plate, and to give a con-
struction which will safely withstand
the attendant high voltages that are
necessary in normal operation. These
tubes are sometimes made with tungsten
filaments rated to take about 15 amperes
at 11 volts. The special thoriated fila-

F1e. 2 ment tube, often called the UV-204-A,
has a filament current consumption of 3.85 amperes at 11
volts. If the filament is operated from an alternating-
current supply, the grid-return connection should be made
with a mid-tap on the secondary winding of the trans-
former. If operated from a direct-current supply, the
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grid return should connect with the negative-filament
terminal.

As shown by Fig. 29, the bulb is nearly all clear to better
allow the heat to be radiated. TFor this reason, a free
circulation of air should be possible around the tube.
The base, or filament end, has two large round pins for the
filament connections with the special socket for this tube.
The grid connects with a wide blade mounted midway
between the two filament pins. The plate is entirely
supported from the opposite end and connects with a metal
cap on the end of the tube. With this type of con-
struction, very high voltages may be applied to the plate
with no danger of base trouble. A &-inch spark gap
between the grid and one of the filament pins should form
part of the mounting so that excessively high voltages
which may be produced between these clements may dis-
charge safely outside the tube.

The tube should be operated cither vertically, with the
cathode up, preferably, or horizontally with the plate
element on edge. The supports should be cushioned so
that no sudden jars will be transmitted to the tube. The
maximum overall length is about 144 inches, and the bulb
diameter should not exceed 44 inches.  In oscillator service
an cfficiency, or ratio of output to input, of over 50 per
cent. should be possible with proper circuit adjustments.
In any event the plate dissipation should not exceed 250
watts continuously if best life is to be secured. The
oscillator circuit should not require a plate current of
more than .2 ampere under any conditions with the plate
at 2,000 volts direct current.

The amplification constant of this tube is close to 25.
With 2,000 volts on the plate and with a grid bias of —25
volts the plate current will he about .175 ampere and the
plate impedance close to 6,000 ohms. In any radio or
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audio-frequency  amplifier service the plate dissipation
should never exceed the rated value of 250 watts. In
general, this corresponds with a slight reddish color on the
plate, but this observed temperature should never be relied
upon in place of an instrument reading.

Reetifier tubes with plate elements about the size of the
250-watt tube plate are made with many various rated
outputs.  The energy used up inside the tube must, as
clsewhere, be dissipated by the plate, and the tube rating
should correspond with the safe operating value. How-
ever, it is possible to operate such tubes so that the safe
output. in the load civeuit, may be several times the tube
dissipation.  Such tubes are variously rated at the maxi-
mum safe plate dissipation value in watts with the maxi-
mum plate voltage and according to the maximum output
current and voltage.  Such tubes are customarily supplied
with tungsten filaments that are operated direetly from
the supply line with a transformer to give the correct
voltage.

20-K.W. Power Tube.—The 20-K.W. tube, one make
of which is often called the UV-207, is able to deliver 20
kilowatts of power to the load circuit continuously. In
order to handle this large amount of power, a tube with
air cooling would have to be so large as to be entirely
impracticable. It is necessary to make the plate clement
a part of the external tube body so that it may he water-
cooled.  This requires a scal between the glass and metal
parts of the glass bulb and the metal plate clement, which
will maintain a very high degree of vacuwum inside the
tube. This is commonly accomplished by melting the
glass to form a permanent seal with a knife-cdge fin of
copper made on the plate proper.

One typical water-cooled power tube is illustrated in
Fig. 30, in its operating position, namely, with the plate
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down. This clement is often made of copper, with a
nmethod provided whereby the water-jacket may be
attached securely. The plate-cireuit connection may
conveniently be made with the water-jacket. The grid
clement, as in other cases, is
inside the plate strueture. The
grid is supported by glass tubing
on the filament end over which
the grid collar is elamped. The
grid-lead conneetion is taken
out of one side of the bulb so as
to remove it as much as possible
from the proximity of the fila-
ment and plate elements.  The
filament leads are made of heavy
flexible copper conductors,

The tube is mounted by sup-
porting the water-jacket, hence
no base is necessary. A cap
may be provided to keep the
filament leads from shorting
with each other. The filament
and grid leads should be con-
nected so that no strain is placed
on any part of the tube, and
especially on the glass-to-inetal
scal. A steady flow of about
2 gallons of water per minute
must be maintained through the
water-jacket at all times when
the tube is operated. It is advisable to conncet an
interlock system between the water and electrical system
so that the tube cannot be started if there is no water
flow or so that it will be immediately disconnected in

Fic. 30
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casc the water pressure fails for any reason. If it does
not cause too much deposit on the plate, the local water
supply will serve the purpose. Otherwise a special water
circulating system will prove advantageous.

The 20-K.W. tube may be operated as an oscillator in
any of the usual oscillator types of circuits. The circuit
should be adjusted carefully so that the tube may operate
in as cfficient a manner as possible.  With a plate dissipa-
tion of 10,000 watts it should be possible to secure the full
rated output of 20 K. W, or 20,000 watts, with some allow-
ance for circuit losses. With the rated plate potential of
15,000 volts the oscillating plate current should not exceed
2 amperes.  The grid circuit and grid leak should be so
adjusted as to keep the grid current as low as is consistent
with good operation.

The tube may also be used as an amplifier with the plate
dissipation held to a safe value for continuous operation.
The amplification factor is close to 20. The plate impe-
dance is close to 3,000 ohms with 15,000 volts on the plate
and with a grid bias of 550 volts, whereas the plate current,
with these voltages, will be close to .650 ampere. The
tube should always be operated with a bias sufficient to
limit the plate dissipation to the rated safe value.

Operation as either an amplifier or oscillator at extremely
low wavelengths or high frequencies is hard on the tube and
the safe output will have to be considerably reduced if good
life is to be secured. The filament should always be
operated at the rated voltage or current as recommended
by the manufacturer. A voltmeter connccted directly
across the filament terminals will be of value in securing
the best operating conditions.

Water-cooled tubes of this same general type are also
used in rectifier service where the output current is quite
large. They look much like the three-element tubes,
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except, of course, that the grid element is omitted. The
rectifier tubes are made in a wide range of rat'ngs for vari-
ous types of service at high and low applied plate voltages.
Such tubes will operate in the usual rectifier systems, with
the extra precautions regarding the features of the water-
cooling systen.



ANTENNAS

PRINCIPLES OF TRANSMISSION

Magnetic and Electric Fields.— The function of an
antenna is to radiate or collect the high-frequency encrgy
used for radio communication. The simple  antenna
may be considered as a doublet, as
shown in Iig. 1. Ifere a source of
high-frequency  energy, such as an
alternator «, is connected to a
vertical wire b extended upwards, and
a similar wire ¢ extended downwards.
The two wires b and ¢ have capacity
between them and may be considered
as the plates of a condenser with an
air dielectric.

Suppose the alternator a is just
starting on a positive cycle and
charges the wire b positive and the
wire ¢ negative.  An electric strain is set up in the space
about the antenna, which may he represented by imaginary
cleetrostatice lines of force o extending from one wire to
the other. These lines of foree immediately start to move
away from the antenna with the velocity of light. In the
meantime, the alternator voltage advances to the peak of
its positive eycle, at which time the clectrostatic lines of
force veach a maximum value. These lines of force
represent stored cnergy, just as a stretched spring repre-
sents stored energy.  As soon as the alternator voltage
starts to deerease, the electrostatic lines of foree begin to
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collapse back onto the antenna, giving up their cnergy,
which reappears in the form of a magnetic field set up
by the current in the antenna. This cleetromagnetic field
may be represented by imaginary lines of force e at right
angles to the electrostatic lines of force.

Before all of the clectrostatic ficld has had time to
return to the antenna, the alternator starts on its negative
cycle, charging the wire b negative, and the wire ¢ positive,
thereby setting up a field that is opposite to what it was
before, making it impossible for the remaining portion of
the returning electrostatic field to give up its energy to
the antenna.  This portion of the clectrostatie field never
returns to the antenna, but travels away from the antenna
with the velocity of light as a free wave. This action
takes place on every half cycle of the alternator, and con-
tinues as long as the alternator voltage is applied to the
antenna.

Radiation and Induction Fields.—It follows, then, that
the field about the antenna can be considered as having two
portions, one portion that builds up and collapses on the
antenna itself, and a second portion that becomes detached
from the antenna, never to return. The first portion
is called the induction field, and the second portion is called
the radiation field. 1t is the radiation field that is useful
in radio communication.

It can be shown, mathematically, that the induction
field and the radiation ficld have very definite proportions
at any given distance from the antenna.  The induction
field falls off as the square of the distance from the antenna,
whereas the radiation field falls off directly as the first
power of the distance. At a distance of one wavelength
from the antenna, the induction field ix small compared
with the radiation field, and its effect may be considered
as negligible.
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Aside from absorption of cnergy by the carth, the total
energy in the radiated wave remains constant, Hence, as
the wave advances, the encrgy becomes spread out over a
greater area, and the energy at any point decreases dircetly
as the distance increases. The decrease in amplitude of
the radiated wave is analogous to the deerease in ampli-
tude of a water wave produced by throwing a stone into a
smooth mill pond.  The water wave has a large amplitude
at first, but the amplitude hecomes smaller and smaller as
the wave expands in ever-widening cireles, beeause the
original energy of the impact of the stone spreads out over
a large area.

The traveling radiation field has two components, the
clectrostatic field and the electromagnetic ficld, the energy
in these two fields being equal.  The form of these two
fields will be considered later in connection with an antenna
with an earth connection in place of the lower half of the
doublet.

Frequency and Wavelength.—There is a definite rela-
tion between the frequency of the alternator or other
transmitter and the wavelength,  While the transmitter
passes through one complete eycle, the radiated wave
travels a distance of one wavelength,  Sinee the radiated
wave travels with the velocity of light, it will travel
186,000 miles, approximately, or 300,000,000 meters in
one sccond.  When the frequency of the transmitter is
known, the distance the wave will travel during one cyele,
or the wavelength, may be ealeulated by the following
equation:

¥ 300,000,000
A= - =—-7 —— meters.

in which N =wavelength, in meters;
V' =velocity of electromagnetic waves;
S=frequency, in cycles.
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This equation may be used for caleulating the frequency
fromm the wavelength, and vice versa. For cxample,
1,000,000 cycles per second would correspond to a wave-
length of 300 meters; 100,000 cycles would correspond with
a wavelength of 3,000 meters, etc.

When the radiated wave reaches the receiving antenna,
it induces in the antenna a voltage having the same fre-
queney as the transmitter.  This induced voltage causes a
current in the antenna, and this current will be a maximum
if the antenna is tuned to resonance for that particular
frequency. Some of the cnergy is transferred to the
receiving set, where it is deteeted and amplified and
operates the telephones,
loud speaker, or other de-
viee attached to the output
of the receiver.

Antenna and Ground.
The simple doublet of 1ig. 1 Fic. 2
is rarcly used except at extremely high frequencies or short
wavelengths, where the wires of the doublet arc only a few
meters long.  On long wavelengths, a doublet suitable for
radiating considerable ammmounts of power would be very
high, and it would be very expensive to provide towers
high enough to support it.

To overcome this difficulty, the lower half of the doublet
is usually omitted, and an carth connection is substituted.
The capacity effect then exists between the antenna and
the earth. The distribution of the clectrostatic lines of
force from a grounded antenna is as shown in Fig. 2.
This figure also shows the probable shape of the electro-
static field after the lines of force have become detached
from the antenna and are traveling as frec waves. At the
instant shown, the antenna is assuined to be charged at a
maximum positive voltage. The distance from the

25
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antenna to the center of the positive traveling wave,
shown as ), is one wavelength, since this positive travel-
ing wave was radiated by the preceding positive cycle of
the transmitter. The electromagnetic lines of force are
not shown, but they are traveling parallel to the surface of
the earth in cver-widening circles, with the antenna as a
center, analogous to water waves traveling from the center
of disturbance when a stone is dropped into still water.

TYPES OF ANTENNAS

INVERTED L ANTENNA

The amount of power that ecan be put into an antenna
is often limited by the voltage built up on the antenna,
particularly at the longer wavelengths. In order to
keep this voltage down to the limits of practical insulation,
it 1s often necessary to increase the capacity of the antenna
by adding a fat-top, or horizontal, portion. The addition
of a flat-top portion also has the important effect of
increasing the effective height, so that, for towers of a
given height, the antenna becomes more effective both as
a radiator and as a receiving antenna.  This will be dis-
cussed later in this Scction.

There are many types of antennas, but nearly all of
them are simply modifications of the idea of combining a
flat-top portion with a vertical portion, or lead-in, as the
vertical portion is usually called.

Perhaps the most common form of antenna is the tnverted
L type shown in Fig. 3. The horizontal or flat-top por-
tion is shown at a, whereas the lead-in, or vertical portion,
is shown at b. The antenna is tuned by inductance c.

If the flat-top portion is long compared with the vertical
height, the inverted L antenna is somewhat directional,
with maximum transmission and reception in the direc-
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tion opposite the free end, that is, from the left in Fig. 3.
This directive effect is not clearly understood, but in
ordinary antennas it is relatively .
small, and it may be neglected //L :77
entirely if the horizontal length a is * 4
not much greater than the vertical
height b. In some cases, the hori- %c

=

4

zontal length is over ten times the
vertical height, and, in such cases,
appreciable directive effect is noted,
as, for example, in the case of the Marconi bent antenna,
which is a form of the inverted L antenna, with a very long
horizontal portion.

F1c. 3

T-TYPE ANTENNA

The T-type antenna is similar to the inverted L type,
except that the lead-in is brought down from the center,
rather than from one end. The T-type antenna is prac-

tically non-directional. It is used frequently on ships,
where the radio room is in the center of the ship.

MULTIPLE-TUNED ANTENNA

The Alexanderson multiple-tuned antenna is a special
arrangement making it possible to use a very long hori-
zontal portion efficiently. It is equivalent to operating
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several antennas in parallel.  In Fig. 4, down leads are
shown coming down from several points in the antenna
to suitable tuning coils connected to earth. The alterna-
tor a feeds energy at only one down lead, such as at b.
Each section b, ¢, d, ¢, and f is tuned scparately in such a
manner that all of the currents in the vertical portions are
in phase, so that the total antenna current is the sum of the
currents in all of the down leads. A typical antenna of this
type is 1.25 miles long and 400 feet high, operating at
wavelengths from 11,000 to 20,000 meters, for transoceanic
telegraph service. The multiple-tuned antenna is rarely
used as a receiving antenna, but is one of the most impor-
tant types of transmitting antennas,

UMBRELLA ANTENNA

The name of the um-
brella-type an-
tenna is  quite
descriptive of its
construction, as
it consists of a
772772770 772070007277 20 707070077, A lllgh center sup-

Fc. § port, I'ig. 5, with
wires extending radially from it like the ribs of an umbrella.
The antenna wires are insulated fromn the carth and from
the central mast, and are connccted together at the top
and to thelead-in a. The receiving or transmitting system
is connected at b. The antenna wires also act as guys to
support the pole.

If the lower ends of the wires come too close to the
ground, the field will be confined in the space between the
lead-in and the wires, and there will be very little radiation.
The wires should not make an angle of less than 50 or 60
degrees with the mast, and the lower ends should be
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insulated at some distance from the ground, so that the
lower ends of the wires are half the mast height or more
from the ground.

The umbrella type antenna is frequently used for port-
able stations and is also sometimes used in long-wave
transmitting stations, where twenty or more wires are
spaced equally about the mast, with the lower ends sup-
ported on shorter masts, in some cases. It has the advan-
tage of being non-directional and gives a considerable
amount of caplcity and ecffective height with a single
high mast, which is a considerable factor, as high masts are
very expensive.

CONDENSER ANTENNA

TFor measuring work, or in cases where it is desirable to
calculate the effective height of the antenna, a condenser-
type antenna is sometimes used. This usually consists of
two large metal plates or screens, with relatively small
vertical separation. If the separation is small compared
with the dimensions of the plates, the effective height is
very nearly equal to the separation between the plates.
Furthermore, since the antenna is practically an efficient
air condenser, the diclectric losses are very low and con-
siderable energy can be radiated, in spite of the low effec-
tive height.

GROUND ANTENNA

There are other types of antennas more particularly
adapted to reception than to transmission. Many types
of ground antennas come under this classification. Owing
to losses in the carth, waves arriving from a distance are
tilted forward slightly, and therefore have a small hori-
zontal component of energy, which will induce voltages in a
.horizontal conductor, practically independent of the verti-
cal distance of the horizontal conductor above ground.
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If the horizontal length is over a quarter of a wavelength,
this type of antenna becomes considerably directive ; that
is, it receives better from stations toward which it points
than from stations that are off to one side.

Insulated wires lying on the ground, buried in the
ground, or laid in shoal water, have been used by different
investigators, notably Comimnander A. H. Taylor and
Mr. Rogers. The voltage induced in these wires by the
horizontal component of the wave is practically inde-
pendent of the distance the wire is suspended above
ground, as was previously mentioned, but, if the wire is
suspended at some distance above ground, it will have
vertical antenna effects superimposed upon the horizontal
antenna effects. The magnitude of the horizontal com-
ponent depends on the wavelength and the conductivity
of the ground, whereas the vertical antenna effect is
dependent only on the height of the wire above ground.
The horizontal component varies from practically zero
over deep-sea water to perhaps 10 per cent. of the vertical
component over dry sand. Hence, to operate only on
the horizontal component of the wave, a ground antenna
should be one hundred or more times longer than its
vertical height. The length of insulated ground wire that
can be used is limited by the low velocity of the currents
in the wire, which is on the order of half of the velocity of
light or less. Tor this reason, it is'usually best to use
bare wires supported a short distance above the ground, as
this increases the velocity and makes it possible to use a
longer wire. On the other hand, where space is a con-
sideration, it is probable that a buried ground wire will
give greater directivity for the same length than a bare
wire suspended above the earth.
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WAVE ANTENNA

The wave antenna is a special form of directive horizontal
antenna, which operates on the horizontal component of
the wave, similar to a ground wire. It derives its name
from the fact that it is usually about one wavelength long,
this length having been found best from practical con-
siderations. In its simple form, the wave antenna is
simply a long wire suspended a few feet above the ground
on poles.

A wave traveling from the right reaches end a, Fig. 6,
first, and, owing to the wave tilt, a voltage is induced in
the wire at a.  As the wave travels along the wire from a
to b, the voltage induced at @ travels along in the wire at

(]33 ¢

Fic. 6

practically the same velocity as the wave in space, that is,
the velocity of light. In like inanner, the voltage induced
at any intermmediate point in the wire travels along the
wire at the same speed as the wave.  The result is that all
of the voltages indueed in the wire by the traveling wave,
arrive at the end b in phase, and, passing through the
coil ¢, produce a strong signal at the terminals of the
recciver d.  This effect is analogous to producing a water
wave in a long narrow trough by swinging a shovel into
the water at regular intervals of time. If the shovel
is dipped into the water in synchronism withthe movements
of the water wave in the trough, the wave builds up to a
very large amplitude at the far end of the trough.

A wave traveling from b to « builds up to a large ampli-
tude at a. If the end a were directly grounded or left
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open, the energy would be reflected back to the receiver
at d, and the antenna would be bidirectional; that is, it
would receive from both directions ab and ba. By placing
a resistance e between the antenna and ground at a, the
energy traveling in the direction ba is absorbed, making

the antenna unidirectional; that is, it receives only from
the direction ab. The resistance ¢ must be made equal to
the natural, or surge, tmpedance of the wire with respect
to the earth. This resistance is somewhat analogous to
placing a shoaling sand surface at the end of the trough
to absorb the water wave instead of allowing it to dash
against a solid wall, which would reflect the wave back
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down the trough and setting up a flow, in the reverse
dircction.

The unidirectional receiving properties of a horizontal
wire one wavcelength long, and properly damped at one
end, are shown in IYig. 7. This polar diagram shows the
strength of signal that would be reccived if a transinitting
station at a considerable distance were moved around the
receiving antenna in a complete circle, always keeping the
same distance from the receiving antenna.

Owing to losses in the wire, the reeeption from the direc-
tion opposite to the direction of maximum reeeption is
not quite zero, but it is relatively small; as shown.

The wave antenna is particularly useful for receiving
from long-wave fixed stations, where the major portion of
the static and interference originates from directions other
than the direction of the desired signals. 1t is used exten-
sively for transoccanic reception, and for long-distance
reception from ships.

LOOP ANTENNA

The loop antenna is another form of directive antenna
that is used mainly for receiving. It consists of one or
more closed turns of wire, usually wound in the form of a
square, as shown in I'ig. 8. It may be tuned by a con-
denser a and loading coils b and ¢, although it is not always
necessary to use loading, as the loop inductance alone is
sufficient if cnough turns are used. The receiver is
coupled to coil b by means of coil d.

An arriving electromagnetic wave coming from the
right of Fig. 8 induces a voltage in side e of the loop in all
wires. An instant later, the same part of the wave reaches
side f, where it induces an equal voltage in the wires of
side f. These two voltages are exactly equal and are
opposed, but there is a slight difference in phase owing to
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the time it took the wave to travel from e tof. Because of
this slight difference in phase, there is a small resultant
voltage left which causes a current in the loop. This
phase difference is given by the equation
52D
A

in which 7= phase difference, in radians;

7=3.1416;

D =distance between sides of loop, expressed in

meters;
A =wavelength, in meters.

1f the signal arrives from a
direction exactly at right
nvd . angles to the plane of the

Fie. 8 I'ig. 9

loop, the wave reaches both sides of the loop at exactly
the same instant, so there is no phase difference between the
sides of the loop, and the voltages from the two sides
exactly oppose, resulting in no signal. A further con-
sideration of this subject would show that for other direc-
tions, there would be a signal of varying intensity, depend-
ing on the angle the signal makes with the plane of the
loop, and that this variation is a simple cosine law. If the
cosine is plotted on polar coordinate paper, it results in
the figure & diagram shown in Fig. 9, which is, therefore,
the directive diagram of the simple loop.
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If the loop is made so it can he rotated on its vertical
axis, it can be used to indicate the direction from which a
signal is arriving.  When the loop is turned until the signal
is a maximum, the plane of the loop is pointing toward the
transmitting station. On the other hand, if the loop is
swung around until the signal disappears, the signal is
coming from a transmitting station located at right angles
to the planc of the loop. The zero on a properly adjusted
loop can he set much closer than the maximum, hecause
it is comparatively easy to tell where the signal disappears,
but very difficult to judge slight changes in intensity near
the maximum. For this reason radio bearings are alimost
always taken on the minimum or zero line of the loop.

A bearing taken on the loop alone, indicates the true
line of direction, but does not indicate the absolute diree-
tion, or sense of direction. Ior example, if the loop gives
zero signal when its plane is Fast and West, it is known
that the transmitting station is either directly North or
directly South, but it is not possible to tell which direction
is correct.

LOOP-VERTICAL ANTENNA

In order to get the sense of direction, it is necessary to
make the loop unidirectional; that is, receptive from one
direction, but non-receptive from a direction 180 degrees
opposite.

This may readily be accomplished by combining the
loop with a vertical antenna, as shown in Iig. 10.  For the
sake of simplicity, only one turn is shown on the loop, but
several turns could he used.  The loop is shown as ab,
and the vertical antenna is shown as ed, with coil e in
series with the vertical antenna. The coupling between
coils e and f is adjusted until the voltage received from
the vertical antenna is equal to the voltage received from
the loop.
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Assume an oncoming signal wave g; this wave will pro-
gressively induce a voltage in a, ed, and b. All of the
voltages will be in the same direction, as indicated by
the small arrows. It has already been explained how
the voltages in ¢ and b do not quite neutralize, because of
the phase difference between sides a and b, the voltage in
side a being slightly in advance of the voltage in side b.
Now suppose the loop is turned 180 degrees on its vertical
center line as an axis, so that side b is nearest the signal.
Now the voltage in side b will be slightly in advance of
the voltage in side a, whereas, before the loop was turned

180 degrees, the voltage in

7 side b was lagging. The

result is that the voltage

—g¢ in the loop is exactly

reversed when the loop is

reversed by turning it

180 degrees on its axis.

On the other hand, the

direction of the voltage in

the wvertical antenna re-

mained the same as before.

Of course, the voltages are always changing as the wave

advances, but the relative phase relations between the

sides of the loop and the vertical antenna always remain
the same.

If the vertical-antenna phasc and intensity are properly
adjusted, the loop voltage and vertical-antenna voltage
will exactly balance for one position of the loop, and will
add in phase if the loop is turned around 180 degrees, as
this reverses the direction of the loop voltage without
changing the direction of the vertical antenna voltage,
as already explained. The resultant reception diagram is a
cardioid, or heart-shaped, curve, as shown in Fig. 11 at a.
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If the vertical-antenna voltage is not as strong as the
loop voltage, the loop effect predominates, resulting in
the unsymmetrical curve b. If the vertical-antenna
voltage is too strong, the vertical-antenna effect predomi-
nates, resulting in the distorted curve shown at ¢.  Any

Fic. 11

of these diagrams may be rotated by turning the loop, or
they may be reversed 180 degrees by reversing either the
loop or vertical-antenna connections.

DIRECTION FINDING

It has already been explained how the line of direction
could be determined with a simple loop by swinging it
until the signal disappeared, at which point the plane of
the loop is perpendicular to the line of direction of the
signal, and that the absolute sense of direction was not
evident from the loop bearing alone.
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The point is further illustrated in Fig. 12. Suppose
the transmitter is at @ and the loop is shown as be. The
signal is zero when the loop is at right angles to the line
of direction ad, but the transmitter might be at either a
or d. To determine which position is correct, the loop is
swung around 90 degrees so that the signal is received at
its maximum intensity. Then the vertical antenna is
switched on, as shown in Ifig. 10, resulting in one of the
reception diagrams of Fig. 11. If the transmitting sta-
tion is at a, Fig. 13, the vertical-antenna and loop voltages

ca o may add, producing a stronger
signal than the loop alone, as

shown by the full-line curve,

where be is the position of the

loop. If the transmitting

ea , station had been at d, the loop

voltage would have opposed,

\ / resulting in no signal, or a

N

| -

: .

| "1 much weaker signal when the
: E vertical antenna was switched
i éa on. If the loop had been
Lpige, 18 9, IE turned around 180 degrees,

switching on the vertical antenna would have weakened
the signal at a and strengthened a signal at d, now indi-
cated by the dotted curve. Hence, when a radio compass
is installed, it is necessary to check the relative direction
of the loop and vertical-antenna voltages, and to mark the
sense scale plainly, so that there can be no doubt about the
proper sense of direction. Once this scale has been
properly set, the loop connections should not be
changed.

The radio compass is a great aid to the navigation of
ships and aireraft, and it is possible for them to navigate
in heavy fog, or other weather of low visibility, by fre-
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quently taking radio bearings. There are two general
methods for taking these radio bearings, namely:

(a) The ship may be equipped with a radio compass for
taking bearings on fixed stations of known location.

(b) The ship may not be cquipped with a radio compass
installation, but has a radio transmitter. The ship sends
certain identification signals, and two or more fixed land
stations take radio bearings for the ship.

In Fig. 14, the shipisat a.  Suppose the ship is equipped
with a radio compass, and suppose that at points b, ¢, and
d there are three land stations transmitting certain
identification letters. The radio operator or navigating
officer takes bearings on each of these stations, noting
how many degrees East or West of North the loop bearing
is by comparing with the ship’s compass. The positions
of the transmitting sta-
tions are marked on the
chart, and the obscrver
lays off the radio bear-
ings on the chart.  The
intersection of these
bearings gives the ship’s
position at «a.

If the ship has no radio compass, she calls the master
compass station, located, say, at b and asks for bearings.
Station b asks the ship to send certain identification letters,
and notifies stations ¢ and d by telephone or telegraph, to
take bearings on this ship. In this case, stations ¢ and d
do not transmit, but are equipped with radio-compass
installations for taking bearings. As soon as stations ¢
and d have taken their bearings, they transmit them to
station b by wire. The operator at b then transmits all
three bearings to the ship, where they are plotted on the
chart, giving the position of the ship at a as in Fig. 14.

Fia. 14
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By either method, two bearings would be sufficient to
locate the position of the ship, but a third bearing is some-
times taken as a check. It is desirable that, for accurate
results, stations b, ¢, and d should he considerably sepa-
rated, so that there is a large angle between the bearings.
Then, if a slight error is made in one of the bearings, it
would not change the location determined for the ship
appreciably.

Both methods are used extensively. The United States
government maintains both transmitting and receiving
radio-compass stations at important points along the coast.
The transmitting compass stations are of relatively low
power, to minimize interference, and consist mostly of
automatic-spark transmitters working on a wavelength of
about 1,000 meters. It has been found that the shorter
wavelengths give the most accurate hearings, and also
that spark, or damped-wave, transmitters give more aceu-
rate and consistent bearings than continuous-wave trans-
mitters.

Of course, it is very simple for the ship to call the land
compass station to get her bearings, but in the vieinity of a
busy port, in bad weather there are so many ships request-
ing bearings that it is sometimes impossible for a ship to
get bearings without considerable delay.  The tendency,
now, is for ships to have their own radio-compass installa-
tion, so they can take their bearings as frequently as they
desire.

SOURCES OF ERROR IN RADIO COMPASS

If the signal on which a bearing is being taken is weak,
static and interference may cause the signal to disappear at
some distance at either side of the minimum. If the inter-
ference is steady, it is possible to determine the disappear-
ing point on each side of the minimum, thereby locating
the true niinimum as half way between these disappearing
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The directive property of the loop is useful for eliminat-
ing strong station interference and induction, where the
source of the interference comes from a signal point more
or less at right angles to the direction of the desired signal.
The loop will also eliminate some static under certain con-
ditions, but it is not nearly so effective on static as on
induction and interference, because, as a rule, the static
that affects broadcast waves comes from practically all
directions.

For measuring signal strength, the loop is very useful,
as it is casy to calculate its effective height from its
physical dimensions.

ANTENNA PROPERTIES

FUNDAMENTAL WAVELENGTH

The fundamental wavelength of an
antenna is the wavelength at which the
antenna oscillates with no loading at the
base. This wavelength is sometimes called
the quarter-wave oscillation, because the
current and voltage assume a distribution Fig. 15
in the antenna similar to one quarter of a sine wave.

In Fig. 15 is shown the distribution of the current and
voltage in a simple vertical antenna at the fundamental
wavelength, that is, without loading at the base. Curve e
shows the voltage distribution, the voltage being zero at the
base, or earth connection, and a maximum at the upper end.
Curve 7 shows the current distribution, the current being a
maximum at the earth connection,and zeroat the upperend.

Since the voltage and current distribution covers one
quarter of a sine wave, it would appear that the funda-
mental wavelength should be four times the total length of
the antenna. This would be true if the velocity of the
current in the wire were the same as the velocity of the

FAnlenna
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wave in space, that is, equal to the velocity of light. TFora
simple vertical wire, the current velocity is only slightly
less than the velocity of light, so the fundamental wave-
length is 4 to 4.2 times the vertical height of the antenna.

If the antenna has a horizontal portion, the horizontal
portion must be added to the length of the lead-in to cal-
culate the fundamental wavelength. If there is more
than one wire in the flat top or lead-in, the velocity of the
current is lowered a certain amount, depending on the
number of wires and their spacing. To caleulate the
fundamental wavelength of an antenna roughly, measure
the total length of the antenna from the instruments to
the far end of the antenna, including
the lead-in and the flat-top portion.
Express this length in meters, (1
meter = 3.28 ft.) and multiply by 4 to
4.2 for a single-wire antenna, by 4.3
to 5 for an antenna with more than
onc wire, but with a narrow flat top,

e i and multiply by 5 to 6 for an
15y, E antenna with a wide flat top.

The fundamental wavelength for a doublet is the same
as for the simple vertical antenna half as long as the doub-
let. The reason for this is that the lower half of the doub-
let takes the place of the earth connection, leaving the
current in the upper half of the doublet distributed the
same as it was in the simple vertical antenna. The dis-
tribution of the voltage and current in the doublet is shown
in Fig. 16. At the center of the doublet the voltage is
zero, whereas the current is a maximum. At the ends the
current is zero, whereas the voltage is a maximum. The
voltage distribution, as shown by curve e, is at opposite
potential at the two ends of the doublet, as will be remem.-
bered from the fundamental theory of the doublet.
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HIGHER HARMONICS

Both the grounded antenna and the doublet will resonate
at other frequencies higher than the fundamental. For
example, in Fig. 17, the distribution of the current and
voltage is shown for a grounded antenna oscillating at the
three-quarter wave oscillation. The current is zero at a
point one-third of the distance up from the base and again
at the top.  The voltage is zero at the base, and again zero
at a point two-thirds of the distance up from the base.

1f it is kept in mind that the cur-
rent must always be zero at the
open end of the antenna, and that
the voltage is a maximum where the
current is zero, it is a simple matter
to draw out the distribution of cur-
rent and voltage for any mode of
oscillation.

If the length of the simple
grounded antenna is given in meters
and if the velocity of the current in
the antenna is assumed to be equal 77z
to the veloecity of light, it can be Lic Rtz
shown that the antenna will resonate without loading at
4L 4L 4L 4L
1’35 T
meters, in which L is the length of the antenna in meters.
It can be shown that the doublet will resonate without
loading at any even quarter wave, that ig, at %, 4TL’ %, %,
etc., meters, in which L is the total length of the doublet in
meters. The even quarter-wave oscillations are more
often called half-wave oscillations, since they are multiples
of the half-wave.

[’ €

any odd quarter wave, that is, at ete.,
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These higher harmonies are not so well known as the
fundamental, or quarter-wave, oscillation, as it has usually
been the practice to use only the quarter-wave oscillation.
However, the higher harmonics are now frequently used
for transmission at very short wavelengths. The doublet
is also sometimes used for short-wave transmission,
frequently with the doublet in a horizontal position, which
is totally contrary to all long-wave theory and practice.

LOADING THE ANTENNA

The antenna may be used at wavelengths longer than
the fundamental by inserting a loading inductance at the
base.  The voltage and current distribution is changed by
the loading, and is somewhat as shown in Iig. 18. Since
the capacity of the loading coil a to ground is small, the
current is practically uniform in the whole coil, but assumes
e a more or less sine-wave
distribution intheantenna,
as shown by curve 7. On
the other hand, owing to
the inductive impedance
of the coil a, there is a
linear building up of volt-
age in the coil, so that the
top of the coil is at high
voltage with respect to
carth. In the antenna
iz 77 itself, the voltage increases

Frc. 18 still further,followingmore
or less the sine-wave law, as shown by curvee,

The antenna can be operated at a wavelength lower than
the quarter-wave fundamental by placing a condenser in
series with the lead-in, in place of the loading inductance.
Of course, it is necessary to keep some inductance at the
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ease of three element tubes.
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labeled (<11 and CX-12 by another manufacturer. An
external view of the complete WD-11 tube is shown in
Fig. 24. If this tube is operated from a storage bettery,
extreme care should be exercised to see that the rated fila-
ment voltage is not exceeded. It should be connected with
only one cell and a rheostat used to reduce the filament
voltage to the proper value not in excess of its rating,.
The bulb is usually very much discolored by a silvery
coating deposited on the inside during the process of manu-
facture. The clectrical characteristics
are given in Table I.

UX-201-A.—The UX-201-A radiotron
is a name given to a very good type of
general-purpose tube. The type number
CX-301-A and many other similar sym-
bols have been applied to tubes of the
same general characteristics.  This tube
is designed to take a filament current of
.25 ampere, at a filament potential of
5 volts and with other requirements as in
Table I i

The UX-201-A tube, as the type "
number implies, is equipped with the new
large standard UX-push-type base. This
base will fit into any of the UX type
sockets. The mount assembly of this tube is shown in
Tig. 25. The plate which has a flat oval shape surrounds
the grid of smaller dimensions. The filament forms an
inverted V with a spring support wire at the top. All the
support wires are sccurely held in the flattened glass sec-
tion of the press. The lead wires at the bottom connect
with the proper pins in the base of the tube.

During the process of manufacture the getter produces a
heavy silvery coating on the inside of the bulb. The fila-
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ment, which is made of thoriated tungsten, operates
normally at a moderately low temperature. With the
heavy bulb coating it is often impossible to observe the
brightness of the filament, hence it is especially important
that a voltmeter be used as a guide in setting the filament
voltage. Under most conditions it should he possible to
reduce the filament voltage considerably without impairing
reception, and with a saving in filament cnergy and a

P possible improvement in
4 tube life. The thoriated
filament fails more often
from a loss of emission than
/'l from burn-out or breakage
| of the filament wire,

The plate current versus
grid voltage characteristics
of the UX-201-A tuhe
make it a very good gen-
eral-purpose amplifier tube
in both radio- and audio-
frequency circuits. It may |
also be used as a detector
and as an oscillator.

UX-199 and UV-199, : S
The UX-and UV-199tubes HIcy6
are alike electrically, but the UX tube has the new small
standard UX base, whereas the other has the older special
small UV type of base. This tube is marked with various
other type numbers and names, usually with the 99 forming
part of the distinguishing type number. The mount of
the UNX-199 tube, as shown in Fig. 26, comprises cylindrieal
plate and grid structures, with a straight filament along
their axes. A glass-bead crowfoot construction at the
top holds the three elements together rigidly. The whole
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assembly is, in turn, supported by the glass press, which
also includes the exhaust stem. Three 13-volt dry cells
connected in series will give the necessary voltage and
current for not exceeding 3 tubes. Additional 3-cell sets
of batteries may be connected in parallel for each additional
set of three tubes, or less. The filament circuit should
include a suitable rheostat capable of operating the tubes
at from 3.0 to 3.3 volts, with even lower values sufficing
for most conditions of operation. The very small dimen-
sions of the thoriated filament may be illustrated by the
diameter, which is only about .0006 inch. It is very
important that the tube should not be mishandled and
that the rated operating voltages should not be exceeded.
The end of useful life will generally occur from loss of
thorium emission rather than from bwrn-out of the fila-
ment. If the overload has existed for only a short time
the filament may be scasoned by reactivation.

UX-112 and 112-A Power Amplifiers.—The UX-112
racliotron is capable of handling more power than many
of the other types. Its appearance and external dimen-
sions closely resemble those of the other storage-battery
tubes. This tube is especially designed and recommended
for amplifier service. In radio frequency amplifier service
a grid bias of 4% volts and a plate potential of 90 volts
should give excellent results. Small C batteries in each
grid-return lead will permit of grid bias without excessive
coupling effects.

A plate potential of 45 volts with the grid return to the
negative filament terminal will give very good results
where it is not practicable to use a C battery. This
tube will give excellent results as an audio-frequency
amplifier at 135 and —9 volts. Radiotron UX-112 has
a thoriated-tungsten filament requiring .5 ampere at 5
volts. Radiotron UX-112-A has a coated filament requir-
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ing .25 ampere at § volts.  In all other respects the two
types are identical.

UX-171 and 171-A Power Output Tubes.—The UX-171
radiotron is designed to operate as a power amplifier in the
last audio stage. The best operating grid and plate volt-
ages, which are also the highest that are recommended,
require a 40.5-volt negative grid bias and 180 volts on the
plate. The plate current of 20 milliamperes should pref-
erably be supplied by a suitable type of B-battery climi-
nator. The plate impedance will be about 2,000 ohms,
which is a rather low value. The amplification factor is
relatively low or about 3 for a wide range of grid and
plate voltages. Owing to the rather large plate current a
1 to 1 transformer or choke-coil coupling should be used
to keep the plate current from burning out the loud-speaker
windings or affecting the magnets. With 135 volts on
the plate the grid bias should be —27 volts. The plate
current will be somewhat lower, but very good operation
should be secured. The tube will operate satisfactorily
also with 90 volts on the plate and with a grid bias of
— 164 volts. However, with these lower grid-bias values
the tube cannot handle such a large signal without intro-
ducing some distortion. This tube is not adapted to
detector service. Radiotron UX-171 compares with
UX-171-A just like UX-112 compares with UX-112-A.

UX-120 Radiotron.—The UX-120 radiotron is a dry-
cell operated type of tube designed to operate only as the
last audio-stage amplifier in conjunction with UX-199
tubes. The 3-volt filament requires.125 ampere, hence
it may be operated from a dry-cell battery with reasonable
life. Its filament temperature is not critical and the
filament may be operated directly in parallel with other
3-volt tubes. Its size is essentially the same as that of
the UX-199 radiotron and the UX-120 has the new small
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standard UX base. The filament is of thoriated tungsten
and it should give a long useful life if not misused in any
way.

The grid bias should be —22.5 volts with a plate poten-
tial of 135 volts. Since there is no current taken from
the C battery, it may be one of the small dry-cell types.
The high grid bias of —22.5 volts means that the opera-
tion of the tube will be practically free from distortion with
an input signal not in excess of 22.5 volts for the maximuin
or peak values. If this value is exceeded, the grid goes
positive during part of the time and the resultant grid
current will produce distortion. This tube should not be
employed as a dectector, nor at lower plate voltages unless
the grid bias is made large enough to keep the plate cur-
rent down. Higher plate voltages are not recommended.

High-Amplification Tube.—The high-amplification fac-
tor tube, such as the MU-20, is another special type of
receiver tube. This one, as the name implies, has a
relatively high-amplification factor, say around 20 or even
25. The filament of the MU-20 tube is rated at 6 volts
and may be operated directly fromn a 6-volt storage battery
with a current consumption of .25 ampere. The bulb is
tubular, and the molded base is of the old standard UV-
navy type.

The MU-20 tube gets its name from the fact that its
amplification factor, or mu as it is often called, is about
20. With 135 volts on the plate and a grid bias of —3
volts the plate current will be just over one milliampere and
the plate impedance close to 40,000 ohms. With 90 volts
on the plate and with no grid bias the plate current will be
about 1.5 milliamperes and the plate impedance approxi-
mately 35,000 ohms. With the higher plate voltages used
in practice, there will be a considerable voltage drop in
the plate coupling resistance so that the voltage actually

LN &
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applied to the plate will be considerably reduced. Also,
a grid leak is commonly used in the coupling stage, which
automatically tends to hold the plate current to a reason-
able value. Iven then this tube may be operated to
advantage with a small negative grid bias. This tube is
suitable for operation only in the intermediate audio
stages of resistance-coupled amplifiers.

Radiotron UX-240, another high mu detector and
voltage amplifier, is designed for use in resistance- or
impedance-coupled  circuits. Ilaving a voltage ampli-
fication factor (mu) of 30, radiotron UX-240 is especially
useful in resistance-coupled circuits. The use of these
circuits has been limited because the general-purpose tube
required so much B battery. Radiotron UX-240, how-
ever, consumes less than one-tenth the plate current of the
average general-purposec tube. The filament current
consumption and voltage are identical to radiotron
UX-201-A. The UX-240 may be used in the popular types
of resistance-coupled amplifier cireuits without change in
plate coupling resistances. Best performance is obtained,
however, when the values recommended in the instruction
sheet accompanying this tube are employed.

Alternating-Current Operated Tubes.—At least one
type of tube has been marketed designed for operation of
the cathode clement directly from the alternating-current
supply line. This tube has a rather heavy filament
mounted inside on an insulator. An oxide-coated metal
sleeve outside the insulator receives heat from the alternat-
ing-current heated filunent. The sleeve acts as a cathode
and is connected with a filament terminal in the base. The
heater filament leads are brought out of the bulb at the
top and connect with a special type of base. The filament
supply circuit for all of the tubes is thus kept away from
the grid and plate-circuit wiring. The alternating-
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current energy is received directly from a transformer
designed to supply energy at the rated tube voltage. The
transformer should be placed far enough away from the
set so that it will not give detrimental coupling cffects.

The electrical characteristics of the alternating-current
type of tube are somewhat better than those of the
UX-201-A type. However, it is possible to substitute the
alternating-current tubes in most types of sets without
rewiring and without much adjustment, although auxiliary
filament leads of heavy flexible wire are usually required.
The filament leads on the set should be connected together
to be sure that the grid return to the filament circuit is
closed. It takes nearly a minute for the cathode to heat
up after the filament is turned on, so a little time will
clapse before signals will be heard. The manufactuver’s
recommendations regarding the grounding of the circuit
should be strictly followed.

Radiotron UX-226 is an amplifier tube, the filament of
which is operated from alternating current. It can be
used for radio or transformer-coupled audio-frequency
amplification. It is not, however, ordinarily, suited for
detection, nor is it equal to a power tube in the last audio
stage. This tube contains a plate, a grid, and a heavy
filament of the oxide-coated type designed to operate at a
relatively low voltage. The values of filament voltage and
current have been so chosen as to minimize the a.c. hum.
The tube is equipped with the large standard UX base.

Radiotron UY-227 is a detector tuhe containing a heater
element which permits operation from alternating cur-
rent. It is especially recommended for sets using radio-
tron UX-226 in the radio and first audio stages of ampli-
fication. This tube contains four elements, namely, a
plate, a grid, a heater, and an oxide-coated cathode elec-
trically insulated from but heated by the heater element.
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Connections are made to these clements through a special
five-prong base. Grid-leak detection is recommended for
the average receiver. A plate voltage of 45, with a 5- to
9-megohm grid leak and a .00025-nicrofarad grid con-
denser usually gives greatest sensitivity. More stable
operation is insured, however, with a 2- to 5-megohm grid
leak. CGrid-bias detection, though not usually as sensi-
tive as grid-leak detection, gives extremely fine quality of
reproduction if high-grade transformers of high input
impedance are used.

Kellogg Types 401 and 4¢3 A.-C. Tubes.—Kcllogg a.-c.
tubes are of the so-called heater type. The cathode or

TABLE II

AVERAGE CHARACTERISTICS TYPE 401 -GENERAL PURPOSE
DETECTOR, RADIO AND AUDIO AMPLIFIER TUBE

Heater voltage—i3.0 volts.  Heater current—1.0 amp.

Plate voltage. .. ... .. | 4h* 90 [ 135 ‘ 180
|
Negative grid bias. .. . 0 4.5 6.0l 7.5 9.0/ 10.5| 12.0
Plate current (milli-
AMPEres) o . vovvnn. 3.8 3.7 2.5 53 3.9 7.2 5.8
Plateimpedance
(Ohms) «ovveernnn. 9,060(10,750(13,300(9,520]11,700/9,330{ 10,500

Amplification factor. .| 10.0 10.0/ 10.0[ 10.0| 10.0[ 10.0{ 10.0
Mutual conductance|1,100] 930  750(1,050]  850(1,070{ 952
(Micromhos)
Power output{ (milli- 1
watts. ... 20| 25| 65 5 1351 165

*Vor use as detector only using grid leak and condenser detection,
1The valuesgiven for out put represent undistorted output or output of negligible

distortion. These values are for optimum load resistunce or a load resistance of
upproximately twice the tube impedance.

electron-emitting clement of the Kellogg a.-c. tube
corresponds to the filament of the ordinary d.-c. tube
except that instead of being heated by direct application
of current, the cathode is heated by an internal heating
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element which uses alternating current direct from the
house lighting circuit. Since the heater element of the
Kellogg a.-c. tube takes only 3 volts, it is necessary to use
a small step-down transformer on the line between the
110-volt light socket and the tube.

Alternating current to heat the tube is fed through the
top instead of through the base, thus segregating it entirely
from the rest of the tube circuits.  The cathode proper has
only one lead, which is connected to the negative filament
terminal at the base of the tube.  Kellogg a.-c. tubes have
standard UX bases, thus permitting standard tube sockets

to be used.
TABLE III

AVERAGE CHARACTERISTICS TYPE 403-——POWER AMPLIFIER FOR LAST
AUDIO STAGE

Ieater voltage—3.0 volts. Heater current—1.5 amps.

Plate voltage. . ... ..o o oo 135 180
Negative grid bias. .. ... ... ... ... 27 40
Plate current (milliamperes) .00 15 20
Plate impedance (ohmis) .. ... L 2,500 2,500
Amplification factor. ... . o 3.0 3.0
Mutual conductance (interomhos). ..., 1,200 1,200
Power output* (milliwatts) ... . 360 660

*The values given for output represent undistorted output or output of npgligiblu;
:Il]i)s}';:‘,(l;:(ii(l)lll‘l.ltl.';I_\‘llI;:‘:f;('xllill‘ll(?stl‘ll';z ;‘:ilrpt‘:h)ltlillll;x.!n load resistance or a load resistance of

The Kellogg a.-c. tube cannot be successfully used in
so-called d.-¢. sets unless the cireuit has been carefully
rewired and it will not operate in some circuits at all.
The average characteristies of these tubes are given in
Tables 11 and 111,

Four-Element Tube.—A good example of a four-element
radio tube is radiotron UNX-222. This is a screen-grid tube
particularly designed for radio-frequency amplification.
The experimentally inclined set builder will find that by

24



44 °Rapro TUBES AND ofNTENNAS

using this tube with the proper shiclding, neutralizing or
stabilizing devices are unnccessary. The introduction
of the shielding screen grid between the usual, or control,
grid and plate not only decreases plate to grid feed-back
capacity, but also increases the mutual conductance of
the tube. This tube may also be used in a totally different
role as an audio-frequency amplifier in resistance-coupled
circuits. Higher overall amplification at audio frequencies
is possible with this tube without greater plate resistance
than that of three-element high-mu tubes.  The tube has
a standard four-prong UX base with an additional termi-
nal on top of the glass bulb. The filament operates at
3.3 volts and .132 ampere, but with a series resistor of
15 ohms it can be connected in parallel with 5-volt fila-
ments.

UX-200-A Detector Tube.—The UX-200-A is a good
typical gas-content detector tube designed only for detector
service. The filament voltage of 5 volts with a .25 ampere
filament makes it feasible to operate this detector in
parallel with other 5-volt tubes. In order to secure some
adjustment, which is, however, not critical, a separate
filament rheostat of 10 ohins is recommended. The bulb
and completed tube are similar to the other 5-volt tubes in
dimensions, although the UX-200-A is often not completely
silvered inside the bulb. The internal construction is
about the same except that a special eacsiuin getter is
liberated in the tube during manufacture, which gives the
tube its special sensitiveness,

The plate voltage of the UN-200-A tube is not eritical,
and should be not over 45 volts. The grid condenser
should have a capacity of .00025 microfarad, whercas
the grid-leak resistance should be very close to 2 megohms.
The grid return may connect with cither the positive or
negative filament terminal with a preference for the latter.
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Somewhat improved characteristics are sccured by the
high-amplification factor of the tube. It also has a fairly
high plate impedance, and is suitable for either resistance
or transformer coupling.  The plate-current drain is quite
moderate under the recommended operating conditions.
The extreme sensitiveness of this tube is not effective on
strong signals, but is apparent in the reception of relatively
weak signals,

Super Power Amplifier Tubes.—Radiotrons UX-210
and UX-250 may be termed as super power amplifier
tubes. The filament is designed primarily for operation
at 7.5 volts directly from a transformer. It may, however,
be operated from an 8-volt storage battery. The plate
voltages may be supplied from B batteries that are capable
of furnishing sufficient current, although the tubes are
primarily for use with rectified alternating current.
These tubes are capable of handling far greater volume
without distortion than any of the other tubes, and their
output is ample to supply any loudspeaker to its limit of
volume.

Radiotron UX-250 adapts itself for nse with loud-
speakers to be used in large auditoriums.  For the same
filament current and plate voltage radiotron UX-250
has more than twice the undistorted power output of the
UN-210. Because of its low plate impedance it must be
used with an output transformer or choke coil and coupling
condenser.

TUBES IN TRANSMITTING SYSTEMS

UX-210.—Radiotron UX-210, in addition to being a
good power tube in radio reception, can also be used in
low-power {ransmitters. The tube is so designed that
the plate will stand a continuous dissipation of 7.5 watts.
In appearance it resembles the UX-201-A radiotron. The
bulb is larger than is commonly the case with the tubes
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equipped with the new large standard push-type UX base.
The characteristics of this tube as well as those of other
tubes may be seen at a glance in Table IV,

The UX-210 tube has a thoriated filament that takes
1.25 amperes at 7.5 volts. The plate is specially mounted
so as to permit of safe operation on voltages as high as
500 volts. This tube may be used as an oscillator for
radio-communication transmitting sets of small power,
with plate voltages not in excess of 500 volts. The circuit
adjustments should be so made that the plate dissipation
of the tube does not exceed 7.5 watts. The plate voltage
should not be raised to increase the power output, but
more tubes should be connected in parallel if best life is
to be secured. This tube makes a very good power
amplifier with 425 volts on the plate and with a grid bias
of —35 volts. The plate current will be about 22 milli-
amperes, and the plate impedance about 5,000 ohms.
The amplification factor of this tube is a little greater than
7.5.  The tube may also be operated at lower plate and grid
voltages with very good results.  With 6 volts on the fila-
ment, or directly from a storage battery, the plate potential
of 135 volts is recommended with a grid bias of —9 volts.
Under these conditions the plate current will be about
4.5 milliamperes and the plate impedance approximately .
8,000 ohms. Although the amplification constant will
still be 7.5, the power output from the tube will be very
seriously reduced.

UX-216-B Rectifier Tube.—The UX-216-B rectifier
tube is almost identical in construction with the UX-210
tube except that the UNX-216-B tube has no grid element.
It is rated to operate with a maximum alternating-current
effective voltage, as read by an alternating-current volt-
meter, of 550 volts. The maximum output current is
65 milliamperes. This type of tube may be used in a half-




TABLE IV
POWER RATINGS OF CERTAIN STANDARD TUBES

| Filament
Model Use Filament Voltage Cluz:;:?lltl Plate Voltage E’\lla;lc Gt Power Qutput
Amperes | Silliamperes |
UX-210..... o G i 1.25 500 25 7.5 watts
Oscillator
UX-216-B...| Rectifier | 75 1.25 | 550 A.C. 60 D.C. 25 watts
UV-203.a. . | | Amplifier | 10 3.25 1,000 125 |50 watts
Oscillator
UX-852..... {Amphﬁer 10 3.25 2,000 | 9 (0sc.) 75 watts
Oscillator | |
UV-204-A { (\)'S’;ﬁ:;iz: 11 3.85 2,000 200 250 watts
UV-85l.. ... { (\):ZSI;QZ_ 11 15.5 2,000 875 (osc.) 750 watts
UV-206. ... . {ggﬁiﬂffr 11 .75 10,000 135 1K.W.
UV-218. . ... Rectifier 11 KL 15,000 A.C. 25 K.W.
1 |
Uv207... .. | [Amplifier 21 51 10,000 to 15,000, 1,400 to 1,800 [10to 20 K.W
Oscillator
Uv-219.. ... Rectifier 22 24.5 15,000 A.C. 12,5 K.W.

o1avy,
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or full-wave rectifier for plate supply for the UX-210 tube
or for the smailler receiving tubes.

50-Watt Tubes.—Tubes rated at 50 watts plate dis-
sipation are made with both tungsten and thoriated
filaments.  The filaments of these tubes are designed for
10 volts, with a current of 6.5 amperes for those with
tungsten filaments, and about 3.25 amperes for the tubes
with thoriated filaments. In some other eases the fila-
ment is of the oxide-coated type. With this voltage rat-
ing the filament may be conveniently operated from a 19-
volt storage battery with a rheostat for proper voltage
control. A tube of this general class is
llustrated in Fig. 27, The overall length
of the tube and base is about 10} inches,
whereas the maximum diameter should not
exceed 2% inches.  The base is of a large
special bayonet-mounting type.

As shown, the bulb is only partially dis-
colored so as to permit of as free heat
radiation from the plate as possible. The
plate is separately mounted away from
the grid and filament leads so that the
tube can stand the high voltages for which
it is designed. The design of the plate
clement is such that it will present a large
raciating surface, and also so that it will
be able to hold its shape when heated.
The plate dissipation of 50 watts should
not be exceeded for continuous operation, although a larger
amount of energy may be handled for a short time. The
plate should show only a slight reddish color under normal
operating conditions.

The thoriated filament tubes, which are the most widely
used, are made in two general types, namely, the UV-203-A
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and the UV-211. The filament voltage and current is
the same for both types.  The UV-203-A has an amplifica-
tion factor of 25. With 1,000 volts on the plate and a
gero grid bias the plate eurrent is about .125 ampere, and
the plate impedance approximately 5,000 ohms. The
amplification factor of the UV-2i1 tube is lower and
averages close to 11, The plate impedance, with 1,000
volts on the plate and a grid bias of —50 volts, is about
2,700 ohms, while the plate current is elose to .085 ampere.
At 1,000 volts on the plate in amplifier service the UV-203-A
should be operated with
a grid bias of 40 volts
and the UV-211 with a
grid bias of about 100
volts in order to hold
the plate dissipation to
a safe figure. In osecil-
lator service the bias |
may be provided by the
voltage drop in the grid
leak.

Rectifier tubes are
made in these same
general styles of con-
struction, except that
the grid element is
omitted. IFor very
high voltage service the
plate lead is taken out of the top of the bulb.

75-Watt Tube for Short-Wave Work.—In Fig. 28 is
shown a 75-watt tube known as UX-852. This tube
was developed to satisfy the insistent demand of amateurs
for a type of tube that could be used satisfactorily in
short-wave work. The clements of this tube are of rugged
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construction and so well spaced that the internal capacity
is much smaller than in most transmitting tubes. The
filament terminals are in the base a. Connection to the
plate is made by means of the conductors extending from
the side of the tube at b. The grid connections are made
at ¢. Two leads extend from the plate and two from the
grid to the external circuit. The two leads from each
element should be twisted together.

The filament cwrent is 3.25 amperes
with an e.m.f. of 10 volts. The normal
plate potential is 2,000 volts with a plate
current of 75 milliamperes (oscillatory).
The tube has a safe power dissipation of
100 watts, and the rated power output
is 75 watts. The amplification constant
of this tube is 12,

250-Watt Power Tube.—The 250-watt
power tube is designed and rated to
operate with a continuous plate dissipa-
tion of 250 watts. A speeial type of
construction is necessary to accommodate
the rather large plate, and to give a con-
struction which will safely withstand
the attendant high voltages that are
necessary in normal operation. These
tubes are sometimes made with tungsten
filaments rated to take about 15 amperes
at 11 volts. The special thoriated fila-

Bicp2o ment tube, often called the UV-204-A,
has a filament current consumption of 3.85 amperes at 11
volts. If the filament is operated from an alternating-
current supply, the grid-return connection should be made
with a mid-tap on the secondary winding of the trans-
former. If operated from a direct-current supply, the
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grid return should connect with the negative-filament
terminal.

As shown by Fig. 29, the bulb is nearly all clear to better
allow the heat to be radiated. Fov this reason, a free
circulation of air should be possible around the tube.
The base, or filament end, has two large round pins for the
filament connections with the speeial socket for this tube.
The grid conneets with a wide blade mounted midway
between the two filament pins. The plate is entirely
supported from the opposite end and connects with a metal
cap on the end of the tube. With this type of con-
struction, very high voltages may be applied to the plate
with no danger of base trouble. A J%-inch spark gap
between the grid and one of the filament pins should form
part of the mounting so that excessively high voltages
which may be produced between these clements may dis-
charge safely outside the tube.

The tube should be operated either vertically, with the
cathode up, preferably, or horizontally with the plate
clement on edge. The supports should be cushioned so
that no sudden jars will be transmitted to the tube. The
maximumn overall length is about 14} inches, and the bulh
diameter should not exceed 44 inches.  In oscillator service
an efficiency, or ratio of output to input, of over 50 per
cent. should be possible with proper circuit adjustinents.
In any cvent the plate dissipation should not exceed 250
watts continuously if best life is to be secured. The
oscillator circuit should not require a plate current of
more than .2 ampere under any conditions with the plate
at 2,000 volts direct current.

The amplification constant of this tube is close to 25.
With 2,000 volts on the plate and with a grid bias of —25
volts the plate current will be about .175 ampere and the
plate impedance close to 6,000 ohms. In any radio or
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andio-frequency  amplifier service the plate dissipation
should never exceed the rated value of 250 watts. In
general, this corresponds with a slight reddish color on the
plate, but this observed temperature should never be relied
upon in place of an instrument reading,

Rectifier tubes with plate elements about the size of the
250-watt tube plate are made with many various rated
outputs.  The energy used up inside the tube must, as
clsewhere, be dissipated by the plate, and the tube rating
should correspond with the safe operating value. How-
ever, it is possible to operate suel tubes so that the safe
output in the load eircuit, may be several times the tube
dissipation.  Such tubes are variously rated at the maxi-
mum safe plate dissipation value in watts with the maxi-
mum plate voltage and according to the maximum output
current and voltage.  Such tubes are customarily supplied
with tungsten filaments that are operated directly from
the supply line with a transformer to give the correct
voltage.

20-K.W. Power Tube.—The 20-K.W. tube, one make
of which is often called the UV-207, is able to deliver 20
kilowatts of power to the load cireuit continuously. In
order to handle this large amount of power, a tube with
air cooling would have to be so large as to be entirely
impracticable. It is necessary to make the plate element
a part of the external tube hody so that it may be water-
cooled.  This requires a seal between the glass and metal
parts of the glass bulb and the metal plate clement, which
will maintain a very high degree of vacuum inside the
tube. This is commonly accomplished by melting the
glass to form a permanent seal with a knife-edge fin of
copper made on the plate proper.

One typical water-cooled power tube is illustrated in
Fig. 30, in its operating position, namely, with the plate
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down. This clement is often made of copper, with a
method provided whereby the water-jacket may be
attached securely. The plate-circuit connection may
conveniently be made with the water-jacket. The grid
clement, as in other cases, is
inside the plate structure. The
grid is supported by glass tubing
on the filament end over which
the grid collar is clamped. The
grid-lead conneection is taken
out of one side of the bulb so ax
to remove it as much as possible
from the proximity of the fila-
ment and plate elements.  The
filament leads are madeof heavy
flexible copper conductors.

The tube is mounted by sup-
porting the water-jacket, hence
no base is necessary. A cap
may be provided to keep the
filament leads from shorting &=
with each other. The filament ‘
and grid leads should be con- 1
nected so that no strain is placed { ﬁ
on any part of the tube, and <
especially on the glass-to-metal
seal. A steady flow of about <
2 gallons of water per minute ‘
must be maintained through the ‘
water-jacket at all times when 98, &L
the tube is operated. It is advisable to connect an
interlock system between the water and clectrical system
so that the tube cannot be started if there is no water
flow or so that it will be immediately disconnected in
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case the water pressure fails for any reason. If it docs
not cause too much deposit on the plate, the local water
supply will serve the purpose. Otherwise a special water
circulating system will prove advantageous.

The 20-K.W. tube may be operated as an oscillator in
any of the usual oscillator types of circuits. The circuit
should be adjusted carefully so that the tube may operate
in as efficient a manner as possible.  With a plate dissipa-
tion of 10,000 watts it should be possible to secure the full
rated output of 20 K. W, or 20,000 watts, with sorne allow-
ance for circuit losses.  With the rated plate potential of
15,000 volts the oscillating plate current should not exceed
2 amperes. The grid cireuit and grid leak should be so
adjusted as to keep the grid current as low as is consistent
with good operation.

The tube may also be used as an amplifier with the plate
dissipation held to a safe value for continuous operation.
The amplification factor is close to 20. The plate impe-
dance is close to 3,000 ohms with 15,000 volts on the plate
and with a grid bias of 550 volts, whereas the plate current,
with these voltages, will be close to .630 ampere. The
tube should always be operated with a bias sufficient to
limit the plate dissipation to the rated safe value.

Operation as cither an amplifier or oscillator at extremely
low wavelengths or high frequencies is hard on the tube and
the safe output will have to be considerably reduced if good
life is to be sccured. The filament should always be
operated at the rated voltage or current as recommended
by the manufacturer. A voltmeter connected directly
across the filament terminals will be of value in securing
the best operating conditions.

Water-cooled tubes of this same general type are also
used in rectifier service where the output current is quite
large. They look much like the three-element tubes,
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except, of course, that the grid element is omitted. The
rectifier tubes are made in a wide range of rat'ngs for vari-
ous types of service at high and low applied plate voltages.
Such tubes will operate in the usual rectifier systems, with
the extra precautions regarding the features of the water-
cooling system.




ANTENNAS

PRINCIPLES OF TRANSMISSION

Magnetic and Electric Fields.—The function of an
antenna is to radiate or collect the high-frequency energy
used for radio commnunication. The simple antenna
may be considered as a doublet, as
shown in IMig. 1. Here a source of
high-frequency energy, such as an
alternator «, is connected to a
vertical wire b extended upwards, and
a similar wire ¢ extended downwards.
The two wires b and ¢ have capacity
between them and may be considered
as the plates of a condenser with an
air diclectric.

Suppose the alternator a is just
starting on a positive cycle and
charges the wire b positive and the
wire ¢ negative.  An clectric strain is set up in the space
about the antenna, which may be represented by imaginary
electrostatic lines of force d extending from one wire to
the other.  These lines of force immediately start to move
away from the antenna with the velocity of light. In the
meantime, the alternator voltage advances to the peak of
its positive cycle, at which time the electrostatic lines of
force reach a maximum value. These lines of force
represent stored energy, just as a stretched spring repre-
sents stored energy.  As soon as the alternator voltage
starts to decrease, the electrostatic lines of force begin to
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collapse back onto the antenna, giving up their cnergy,
which reappears in the form of a magnetic field set up
by the current in the antenna. This electromagnetic field
may be represented by imaginary lines of force e at right
angles to the electrostatic lines of foree.

Before all of the electrostatic field has had time to
return to the antenna, the alternator starts on its negative
cycle, charging the wire b negative, and the wire ¢ positive,
thereby setting up a field that is opposite to what it was
before, making it impossible for the remaining portion of
the returning electrostatic field to give up its energy to
the antenna. This portion of the clectrostatie field never
returns to the antenna, but travels away from the antenna
with the velocity of light as a free wave. This action
takes place on every half cycle of the alternator, and con-
tinues as long as the alternator voltage is applied to the
antenna.

Radiation and Induction Fields.—It follows, then, that
the field about the antenna can be considered as having two
portions, one portion that builds up and collapses on the
antenna itself, and a second portion that becomes detached
from the antenna, never to return. The first portion
is called the induction field, and the second portion is called
the radiation field. 1t is the radiation field that is useful
in radio communication.

It can be shown, mathematically, that the induction
field and the radiation ficld have very definite proportions
at any given distance from the antenna.  The induetion
field falls off as the square of the distanee from the antenna,
whereas the radiation field falls off directly as the first
power of the distance. At a distance of one wavelength
from the antenna, the induction field is small compared
with the radiation field, and its effect may be considered
as negligible.
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Aside from ahsorption of energy by the carth, the total
cnergy in the radiated wave remains constant. Hence, as
the wave advances, the energy becomes spread out over a
greater arca, and the energy at any point decreases directly
as the distance increases.  The decrease in amplitude of
the radiated wave is analogous to the decrease in ampli-
tude of a water wave produced by throwing a stone into a
smooth mill pond.  The water wave has a large amplitude
at first, but the amplitude becomes smaller and smaller as
the wave expands in ever-widening cireles, hecause the
original energy of the impact of the stone spreads out over
a large area.

The traveling radiation field has two components, the
electrostatic field and the clectromagnetic field, the energy
in these two fields being equal.  The form of these two
fields will be considered later in connectionwith an antenna
with an earth connection in place of the lower half of the
doublet.

Frequency and Wavelength.—T'here is o definite rela-
tion between the frequency of the alternator or other
transmitter and the wavelength.  While the transmitter
passes through one complete eyele, the radiated wave
travels a distance of one wavelength,  Since the radiated
wave travels with the velocity of light, it will travel
186,000 miles, approximately, or 300,000,000 meters in
one second.  When the frequency of the transmitter is
known, the distance the wave will travel during one eyele,
or the wavelength, may be caleulated by the following
cquation:

A= [ = "&(—)’900’0(-)9 meters.
f J
in which A=wavelength, in meters;
V' =velocity of clectromagnetic waves;
JS=frequency, in eye'es.
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This equation may be used for calculating the frequency
from the wavelength, and vice versa. For example,
1,000,000 cycles per second would correspond to a wave-
length of 300 meters; 100,000 cycles would correspond with
a wavelength of 3,000 meters, cte.

When the radiated wave reaches the receiving antenna,
it induces in the antenna a voltage having the same fre-
quency as the transmitter.  This induced voltage causes a
current in the antenna, and this current will be a maximum
if the antenna is tuned to resonance for that particular
frequency. Some of the energy is transferred to the
receiving set, where it is deteeted and amplified and
operates the telephones,
loud speaker, or other de-
vice attached to the output
of the recetver. J ﬁ /

B + -\ (/404 - +

Antenna and Ground. A—d
The simple doublet of Fig. 1 Fig. 2
is rarely used except at extremely high frequencies or short
wavelengths, where the wires of the doublet are only a few
meters long.  On long wavelengths, a doublet suitable for
radiating considerable amounts of power would be very
high, and it would be very expensive to provide towers
high enough to support it.

To overcome this difficulty, the lower half of the doublet
is usually omitted, and an carth connection is substituted.
The capacity effect then exists between the antenna and
the carth. The distribution of the electrostatic lines of
foree from a grounded antenna is as shown in Fig. 2.
"This figure also shows the probable shape of the electro-
static field after the lines of force have become detached
from the antenna and are traveling as frec waves. At the
instant shown, the antenna is assumed to be charged at a
maxintum  positive voltage. The distance from the

25
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antenna to the center of the positive traveling wave,
shown as ), is one wavelength, since this positive travel-
ing wave was radiated by the preceding positive cycle of
the transmitter. The electromagnetic lines of force are
not shown, but they are traveling parallel to the surface of
the earth in ever-widening circles, with the antenna as a
center, analogous to water waves traveling from the center
of disturbance when a stone is dropped into still water.

TYPES OF ANTENNAS

INVERTED L ANTENNA

The amount of power that ean be put into an antenna
is often limited by the voltage built up on the antenna,
particularly at the longer wavelengths. In order to
keep this voltage down to the limits of practical insulation,
it is often necessary to increase the capacity of the antenna
by adding a flat-top, or horizontal, portion. The addition
of a flat-top portion also has the important effect of
increasing the effective height, so that, for towers of a
given height, the antenna becomes more effective both as
a radiator and as a receiving antenna.  This will be dis-
cussed later in this Section.

There are many types of antennas, but nearly all of
them are simply modifications of the idea of combining a
flat-top portion with a vertical portion, or lead-in, as the
vertical portion is usually called.

Perhaps the most common form of antenna is the inverted
L type shown in Fig. 3. The horizontal or flat-top por-
tion is shown at a, whereas the lead-in, or vertical portion,
is shown at b. The antenna is tuned by inductance c.

If the flat-top portion is long compared with the vertical
height, the inverted L antenna is somewhat directional,
with maximum transmission and reception in the direc-
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tion opposite the free end, that is, from the left in Fig. 3.
This directive effect is not clearly understood, but in
ordinary antennas it is relatively

small, and it may be neglected ;1/131 :}7;’
entirely if the horizontal length a is U
not much greater than the vertical °
height b. In some cases, the hori- .
zontal length is over ten times the
vertical height, and, in such cases, ==

T Fic. 3

appreciable directive effect is noted,
as, for example, in the case of the Marconi bent antenna,
which is a form of the inverted L antenna, with a very long
horizontal portion.

T-TYPE ANTENNA

The T-type antenna is similar to the inverted L type,
except that the lead-in is brought down from the center,
rather than from one end. The T-type antenna is prac-

A/l YU LILI77 777777777 7
F1a. 4

tically non-directional. It is used frequently on ships,
where the radio room is in the center of the ship.

MULTIPLE-TUNED ANTENNA

The Alexanderson multiple-tuned antenna is a special
arrangement making it possible to use a very long hori-
zontal portion efficiently. It is equivalent to operating
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several antennas in parallel. In Fig. 4, down leads are
shown coming down from several points in the antenna
to suitable tuning coils connected to earth. The alterna-
tor a feeds energy at only one down lead, such as at b.
Each section b, ¢, d, ¢, and [ is tuned separately in such a
manner that all of the currents in the vertical portions are
in phase, so that the total antenna current is the sum of the
currents in all of the down leads. A typical antenna of this
type is 1.25 miles long and 400 feet high, operating at
wavelengths from 11,000 to 20,000 meters, for transoceanic
telegraph service. The multiple-tuned antenna is rarely
used as a receiving antenna, but is one of the most impor-
tant types of transmitting antennas.

UMBRELLA ANTENNA

brella-type an-
tenna is  quite
deseriptive of its
construction, as
it consists of a
7 high center sup-

Fic. 5 port, Fig. 5, with
wires extending radially from it like the ribs of an umbrella.
The antenna wires are insulated from the earth and from
the central mast, and are connected together at the top
and to thelead-in a.  The receiving or transmitting system
is connected at b.  The antenna wires also act as guys to
support the pole.

If the lower ends of the wires come too close to the
ground, the field will be confined in the space between the
lead-in and the wires, and there will be very little radiation.
The wires should not make an angle of less than 50 or 60
degrees with the mast, and the lower ends should be
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insulated at some distance from the ground, so that the
lower ends of the wires are half the mast height or more
from thi ground.

The umbrella type antenna is frequently used for port-
able stations and is also sometimes used in long-wave
transmitting stations, where twenty or more wires are
spaced equally about the mast, with the lower ends sup-
ported on shorter masts, in some cases. It has the advan-
tage of being non-directional and gives a considerable
amount of capacity and cffective height with a single
high mast, which is a considerable factor, as high masts are
very expensive.

CONDENSER ANTENNA

TFor measuring work, or in cases where it is desirable to
calculate the effective height of the antenna, a condenser-
type antenna is sometimes used. This usually consists of
two large metal plates or screens, with relatively small
vertical separation. If the separation is small compared
with the dinmensions of the plates, the effective height is
very nearly equal to the separation between the plates.
TFurthermore, since the antenna is practically an efficient
air condenser, the dielectrie losses are very low and con-
siderable cnergy can be radiated, in spite of the low effec-
tive height. :

GROUND ANTENNA

There are other types of antennas more particularly
adapted to reception than to transmission. Many types
of ground antennas come under this classification. Owing
to losses in the earth, waves arriving from a distance are
tilted forward slightly, and therefore have a small hori-
zontal component of energy, which will induce voltages in a
horizontal conductor, practically independent of the verti-
cal distance of the horizontal conductor above ground.
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1f the horizontal length is over a quarter of a wavelength,
this type of antenna becomes considerably directive; that
is, it reccives better from stations toward which it points
than from stations that are off to one side.

Insulated wires lying on the ground, buried in the
ground, or laid in shoal water, have been used by different
investigators, notably Commander A. H. Taylor and
Mr. Rogers. The voltage induced in these wires by the
horizontal component of the wave is practically inde-
pendent of the distance the wire is suspended above
ground, as was previously mentioned, but, if the wire is
suspended at some distance above ground, it will have
vertical antenna effects superimposed upon the horizontal
antenna effects. The magnitude of the horizontal com-
ponent depends on the wavelength and the conductivity
of the ground, whercas the vertical antenna effect is
dependent only on the height of the wire above ground.
The horizontal component varies from practically zero
over deep-sca water to perhaps 10 per cent. of the vertical
component over dry sand. Ience, to operate only on
the horizontal component of the wave, a ground antenna
should be one hundred or more times longer than its
vertical height. The length of insulated ground wire that
can be used is limited by the low velocity of the currents
in the wire, which is on the order of half of the velocity of
light or less. For this reason, it is‘usually best to use
bare wires supported a short distance above the ground, as
this increases the velocity and makes it possible to usec a
longer wire. On the other hand, where space is a con-
sideration, it is probable that a buried ground wire will
give greater directivity for the same length than a bare
wire suspended above the earth.
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WAVE ANTENNA

The wave antenna is a special form of directive horizontal
antenna, which operates on the horizontal component of
the wave, similar to a ground wire. It derives its name
from the fact that it is usually about one wavelength long,
this length having been found best from practical con-
siderations. In its simple form, the wave antenna is
simply a long wire suspended a few feet above the ground
on poles.

A wave traveling from the right reaches end «, Fig. 6,
first, and, owing to the wave tilt, a voltage is induced in
the wire at a. As the wave travels along the wire from a
to b, the voltage induced at a travels along in the wire at

Fic. 6

practically the same velocity as the wave in space, that is,
the velocity of light. In like manner, the voltage induced
at any intermmediate point in the wire travels along the
wire at the same speed as the wave. The result is that all
of the voltages induced in the wire by the traveling wave,
arrive at the end b in phase, and, passing through the
coil ¢, produce a strong signal at the terminals of the
receiver d. This effect is analogous to producing a water
wave in a long narrow trough by swinging a shovel into
the water at regular intervals of time. If the shovel
is dipped into the water in synchronism with the movements
of the water wave in the trough, the wave builds up to a
very large amplitude at the far end of the trough.

A wave traveling from b to « builds up to a large ampli-
tude at a. If the end a were directly grounded or left
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open, the energy would he reflected back to the receiver
at d, and the antenna would be bidirectional ; that is, it
would receive from both directions ab and ba. By placing
a resistance e between the antenna and ground at «, the
energy traveling in the direction ba is absorbed, making

the antenna unidirectional; that is, it receives only from
the direction ab. The resistance ¢ must be made equal to
the natural, or surge, impedance of the wire with respect
to the carth. This resistance is somewhat analogous to
placing a shoaling sand surface at the end of the trough
to absorb the water wave instead of allowing it to dash
against a solid wall, which would reflect the wave back
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down the trough and setting up a flow in the reverse
direction.

The unidirectional receiving properties of a horizontal
wire one wavelength long, and properly damped at one
end, are shown in Iig. 7. This polar diagram shows the
strength of signal that would be received if a transmitting
station at a considerable distance were moved around the
recelving antenna in a complete circle, always keeping the
same distance from the receiving antenna.

Owing to losses in the wire, the reception from the direc-
tion opposite to the dircetion of maximum reception is
not quite zero, but it is relatively small, as shown.

The wave antenna is particularly uscful for receiving
from long-wave fixed stations, where the major portion of
the static and interference originates from directions other
than the direction of the desired signals. It is used exten-
sively for transoccanic reception, and for long-distance
reception from ships.

LOOP ANTENNA

The loop antenna is another form of directive antenna
that is used mainly for receiving., It consists of one or
more closed turns of wire, usually wound in the form of a
square, as shown in IYig. 8. It may be tunced by a con-
denser a and loading coils b and ¢, although it is not always
necessary to use loading, as the loop inductance alone is
sufficient if cnough turns are used. The receiver is
coupled to coil b by means of coil d.

An armriving clectromagnetic wave coming from the
right of I'ig. 8 induces a voltage in side ¢ of the loop in all
wires. An instant later, the same part of the wave reaches
side f, where it induces an equal voltage in the wires of
side f. These two voltages are exactly equal and are
opposed, but there is a slight difference in phase owing to
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the time it took the wave to travel from e tof. Because of
this slight difference in phase, there is a small resultant
voltage left which causes a cwrrent in the loop. This
phase difference is given by the equation

27D
A
in which 7 =phase difference, in radians;
7 =3.1416;
D =distance between sides of loop, expressed in
meters;

A =wavelength, in meters.

— If the signal arrives from a
direction exactly at right
1 R angles to the plane of the
R -
= éd
A
I16. 8 Fre. 9

loop, the wave reaches both sides of the loop at exactly
the same instant, so there is no phase difference between the
sides of the loop, and the voltages from the two sides
exactly oppose, resulting in no signal. A further con-
sideration of this subjeet would show that for other direc-
tions, there would be a signal of varying intensity, depend-
ing on the angle the signal makes with the plane of the
loop, and that this variation is a simple cosine law. If the
cosine is plotted on polar coordinate paper, it results in
the figure 8 diagram shown in Fig. 9, which is, therefore,
the directive diagram of the simple loop.
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If the loop is made so it can be rotated on its vertical
axis, it can be used to indicate the direction from which a
signal is arriving.  When the loop is turned until the signal
is a maximum, the planc of the loop is pointing toward the
transmitting station. On the other hand, if the loop is
swung around until the signal disappears, the signal is
coming from a transmitting station located at right angles
to the plane of the loop. The zero on a properly adjusted
loop can be set much closer than the maximum, because
it is comparatively easy to tell where the signal disappears,
but very difficult to judge slight changes in intensity near
the maximum, For this reason radio bhearings are almost
always taken on the minimnm or zero line of the loop.

A bearing taken on the loop alone, indicates the true
line of direction, but does not indicate the absolute diree-
tion, or sense of dircetion. For example, if the loop gives
zero signal when its plance is East and West, it is known
that the transmitting station is cither directly North or
direetly South, but it is not possible to tell which direction
is correct.

LOOP-VERTICAL ANTENNA

In order to get the sense of direction, it is neecessary to
make the loop unidireetional; that is, receptive from one
direction, but non-receptive from a direction 180 degrees
opposite.

This may readily be accomplished by combining the
loop with a vertical antenna, as shown in Iig. 10.  For the
sake of simplicity, only one turn is shown on the loop, but
several turns could be used.  The loop is shown as ab,
and the vertical antenna is shown as ed, with coil e in
series with the vertical antenna.  The coupling between
coils ¢ and f is adjusted until the voltage received from
the vertical antenna is equal to the voltage reccived from
the loop.
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Assume an oncoming signal wave g; this wave will pro-
gressively induce a voltage in a, ed, and b. All of the
voltages will be in the same direction, as indicated by
the small arrows. It has already been explained how
the voltages in ¢ and b do not quite neutralize, because of
the phase difference between sides @ and b, the voltage in
side a bheing slightly in advance of the voltage in side b.
Now suppose the loop is turned 180 degrees on its vertical
center line as an axis, so that side b Is nearest the signal.
Now the voltage in side b will be slightly in advance of
the voltage in side @, whereas, before the loop was turned

180 degrees, the voltage in
7 side b was lagging. The
result is that the voltage

- —

«~—g in the loop is cxactly
reversed when the loop is
reversed by turning it

é 180 degrees on its axis.

On the other hand, the
direction of the voltage in
the vertical antenna re-
mained the same as before.
Of course, the voltages are always changing as the wave
advances, but the relative phase relations between the
sides of the loop and the vertical antenna always remain
the same.

If the vertical-antenna phase and intensity are properly
adjusted, the loop voltage and vertical-antenna voltage
will exactly balance for one position of the loop, and will
add in phase if the loop is turned around 180 degrees, as
this reverses the direction of the loop voltage without
changing the direction of the vertical antenna voltage,
as already explained. The resultant reception diagram is a
cardioid, or heart-shaped, curve, as shown in Fig. 11 at a.

Fic. 10




Raprio TUBES AND of NTENNAsS 7I

If the vertical-antenna voltage is not as strong as the
loop voltage, the loop effect predominates, resulting in
the unsymmetrical curve b. If the vertical-antenna
voltage is too strong, the vertical-antenna effect predomi-
nates, resulting in the distorted curve shown at ¢.  Any

Fra. 11

of these diagrams may be rotated by turning the loop, or
they may be reversed 180 degrees by reversing either the
loop or vertical-antenna connections.

DIRECTION FINDING

Tt has already been explained how the line of direction
could be determined with a simple loop by swinging it
until the signal disappeared, at which point the plane of
the loop is perpendicular to the line of direction of the
sienal, and that the absolute sense of direction was not
evident from the loop bearing alone.
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The point is further illustrated in Tig. 12. Suppose
the transmitter is at a and the loop is shown as be. The
signal is zero when the loop is at right angles to the line
of direction ad, but the transmitter might be at either a
ord. To determine which position is correct, the loop is
swung around 90 degrees so that the signal is received at
its maximum intensity. Then the vertical antenna is
switched on, as shown in Fig. 10, resulting in one of the
reception diagrams of Fig. 11. If the transmitting sta-
tion is at @, Fig. 13, the vertical-antenna and loop voltages

ca oa may add, producing a stronger
signal than the loop alone, as
shown by the full-line curve,
where be is the position of the

loop. If the transmitting
e station had been at d, the loop

! \ :c ," voltage would have opposed,
E N //’ resulting in no signal, or a
i - much weaker signal when the
; i vertical antenna was switched
id &d on. If the loop had heen

Fie. 12 Fre. 13 turned around 180 degrees,
switching on the vertical antenna would have weakened
the signal at a and strengthened a signal at ¢, now indi-
cated by the dotted curve. Hence, when a radio compass
is installed, it is necessary to check the relative direction
of the loop and vertical-antenna voltages, and to mark the
sense scale plainly, so that there can be no doubt about the
proper sense of direction. Once this scale has been
properly set, the loop connections should not be
changed.

The radio compass is a great aid to the navigation of
ships and aireraft, and it is possible for them to navigate
in heavy fog, or other weather of low visibility, by fre-
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quently taking radio bearings. There are two general
methods for taking these radio bearings, namely :

(@) The ship may be equipped with a radio compass for
taking bearings on fixed stations of known location.

(b) The ship may not be equipped with a radio compass
installation, but has a radio transmitter. The ship sends
certain identification signals, and two or more fixed land
stations take radio bearings for the ship.

In Iig. 14, the ship isat . Suppose the ship is equipped
with a radio compass, and suppose that at points b, ¢, and
d there are three land stations transmitting certain
identification letters. The radio operator or navigating
officer takes bearings on each of these stations, noting
how many degrees Iast or West of North the loop bearing
is by comparing with the ship’s compass.  The positions
of the transmitting sta-
tions are marked on the
chart, and the observer
lays off the radio bear-
ings on the chart. The
intersection of these
bearings gives the ship’s
position at a.

If the ship has no radio compass, she calls the master
compass station, located, say, at b and asks for bearings.
Station b asks the ship to send certain identification letters,
and notifies stations ¢ and d by telephone or telegraph, to
take bearings on this ship. In this ease, stations ¢ and d
do not transmit, but are equipped with radio-compass
installations for taking bearings. As soon as stations ¢
and d have taken their bearings, they transmit them to
station b by wire. The operator at b then transmits all
three bearings to the ship, where they are plotted on the
chart, giving the position of the ship at a as in Fig. 14.

Fia. 14
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By either method, two bearings would be sufficient to
locate the position of the ship, but a third bearing is some-
times taken as a check. It is desirable that, for accurate
results, stations b, ¢, and @ should be considerably sepa-
rated, so that there is a large angle between the bearings.
Then, if a slight error is made in one of the bearings, it
would not change the location determined for the ship
appreciably.

Both methods are used extensively.  The United States
government maintains both transmitting and receiving
radio-compass stations at important points along the coast.
The transmitting compass stations are of relatively low
power, to minimize interference, and consist mostly of
automatic-spark transmitters working on a wavelength of
about 1,000 meters. It has been found that the shorter
wavelengths give the most accurate bearings, and also
that spark, or damped-wave, transmitters give more accu-
rate and consistent bearings than continuous-wave trans-
mitters.

Of course, it is very simple for the ship to eall the land
compass station to get her bearings, but in the vieinity of a
busy port, in bad weather there are so many ships request-
ing bearings that it is sometimes impossible for a ship to
get bearings without considerable delay.  The tendency,
now, is for ships to have their own radio-compass installa-
tion, so they can take their bearings as frequently as they
desire.

SOURCES OF ERROR IN RADIO COMPASS

If the signal on which a bearing is being taken is weak,
static and interference may cause the signal to disappear at
some distance at cither side of the minimum.  If the inter-
ference is steady, it is possible to determine the disappear-
ing point on cach side of the minimum, thereby locating
the true minimum as half way between these disappearing
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points. If the interference is intermittent, it may be very
difficult to take an accurate bearing. It is obvious that
bearings taken at a relatively short distance, where the
signal is strong, would be the most accurate.

One of the common sources of error in a radio compass is
due to the vertical-antenna effect. That is, if the loop is
not symmetrical with respect to earth, the loop itself may
act as a vertical antenna, and if the two sides of the loop are
not clectrically balanced, more vertical-antenna current
may pass to earth through one side of the loop than through
the other side, producing a bad or displaced minimun.
For example, in Fig. 10, the loading coil f is shown in only
one side of the loop. To make the loop symmetrical to
earth, a loading coil, similar to coil f, should be placed in
series with the other side of the loop, as in Fig. 8. When
this unbalanced effect is present, it either makes a very
bad minimum, or else it produces a distorted figure 8
diagram similar to that shown at b, Fig. 11, in which casc
the two minimums will not come 180 degrees apart, there-
by warning the operator that the bearing is not accurate.
This effect is not present to an appreciable extent in a
properly installed radio compass.

Another source of possible error is due to radiation
from metal objects near the loop, particularly mast stays,
other antennas, ete. In some cases, these sources of error
are eliminated by breaking up the radiating system with
insulators, and, in other cases, where the effect is sym-
metrical about the keel of the ship, the errors are corrected
by the compass calibration, which is relatively simnple in
such cases.

Sometimes the apparent bearing of the transmitter will
change. This frequently happens when the signal has to
skirt along a coast line, or over shoal water, for a consider-
able distance. Owing to the good transmission over the

26
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sea and the poor transmission over the land, the signal
tends to come over the sea route, turning the bearing
toward the sea route. In some cases, errors as high as 15
to 20 degrees have been noted from this effeet. This
crror is reduced to practieally zero by placing the compass
stations on points of land or small islands to keep the
transmission all over sea.

At sunrise or sunset and during the night, bearings are
sometimes erratic, owing to a phenomenon known as night
effect. 'This is supposed to be a distortion of the wave
front, caused by the signal arriving over two routes:
(1) the regular normal path along the surface of the carth,
and (2) a path that exists only at night, assumed to be a
conducting medium high above the earth, known as the
heaviside layer. If the sky wave arrives at a high angle, a
residual voltage will be left when the loop is at right angles
to the normal direction of the transmitter, resulting in a
bad minimum. This effect is not noticed at short distances
and can be recognized by an experienced observer by the
indistinct, mushy sort of minimum that it produces.

Under normal conditions, a properly operating radio
compass will give bearings within about 1.5 to 2 degrees
on the average. Individual bearings may vary consider-
ably more than this, but if several bearings are taken, the
average should come within the limits mentioned above.

OTHER USES FOR LOOP ANTENNA

The loop antenna is used frequently on broadeast
receivers, where it is undesirable to put up an outside
antenna. Owing to the low effective height of the loop
the receiver must be very sensitive to deliver loud-
speaker output, but the required sensitivity is readily
attained in modern receivers having scveral stages of
radio-frequency amplification.
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The directive property of the loop is useful for eliminat-
ing strong station interference and induction, where the
source of the interference comes from a signal point more
or less at right angles to the direction of the desired signal.
The loop will also eliminate soine static under certain con-
ditions, but it is not nearly so effective on static as on
induction and interference, because, as a rule, the static
that affects broadcast waves comes from practically all
directions.

FFor measuring signal strength, the loop is very useful,
as it is ecasy to calculate its effective height fromn its
physical dimensions.

ANTENNA PROPERTIES
FUNDAMENTAL WAVELENGTH

The fundamental wavelength of an
antenna is the wavelength at which the
antenna oscillates with no loading at the
base. This wavelength is sometimes called
the quarter-wave oscillution, because the
current and voltage assume a distribution Fie. 15
in the antenna similar to one quarter of a sine wave.

In Fig. 15 is shown the distribution of the current and
voltage in a simple vertical antenna at the fundamental
wavelength, that is, without loading at the base. Curve e
shows the voltage distribution, the voltage being zero at the
base, or earth connection, and a maximum at the upper end.
Curve ¢ shows the current distribution, the current being a
maximum at thecarth connection,and zeroat the upperend.

Since the voltage and current distribution covers one
quarter of a sine wave, it would appear that the funda-
mental wavelength should be four tiines the total length of
the antenna. This would be true if the velocity of the
current in the wire were the saine as the velocity of the
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wave in space, that is, equal to the velocity of light. Tora,
simple vertical wire, the current velocity is only slightly
less than the velocity of light, so the fundamental wave-
length is 4 to 4.2 times the vertical height of the antenna.

If the antenna has a horizontal portion, the horizontal
portion must be added to the length of the lead-in to cal-
culate the fundamental wavelength. If there is more
than one wire in the flat top or lead-in, the velocity of the
current is lowered a certain amount, depending on the
number of wires and their spacing. To calculate the
fundamental wavelength of an antenna roughly, measure
the total length of the antenna from the instruments to
the far end of the antenna, including
the lead-in and the flat-top portion.
Express this length in meters, (1
meter =3.28 ft.) and multiply by 4 to
4.2 for a single-wire antenna, by 4.3
to 5 for an antenna with more than
one wire, but with a narrow flat top,

e i and multiply by 5 to 6 for an
HICHIC antenna with a wide flat top.

The fundamental wavelength for a doublet is the same
as for the simple vertical antenna half as long as the doub-
let. The reason for this is that the lower half of the doul-
let takes the place of the earth connection, leaving the
current in the upper half of the doublet distributed the
same as it was in the simple vertical antenna. The dis-
tribution of the voltage and current in the doublet is shown
in Fig. 16. At the center of the doublet the voltage is
zero, whereas the current is a maximum. At the ends the
current is zero, whereas the voltage is a maximum. The
voltage distribution, as shown by curve e, is at opposite
potential at the two ends of the doublet, as will be remermn-
bered from the fundamental theory of the doublet.
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HIGHER HARMONICS

Both the grounded antenna and the doublet will resonate
at other frequencies higher than the fundamental. For
example, in Fig. 17, the distribution of the current and
voltage is shown for a grounded antenna oscillating at the
three-quarter wave oscillation.  The current is zero at a
point one-third of the distance up from the hase and again
at the top.  The voltage is zero at the base, and again zero
at a point two-thirds of the distance up from the base.

11 it is kept in mind that the cur-
rent must always be zero at the
open end of the antenna, and that
the voltage is a maximum where the
current is zero, it is a simple matter
to draw out the distribution of cur-
rent and voltage for any mode of
oscillation.

If the length of the simple
grounded antenna is given in meters
and if the velocity of the current in
the antenna is assumed to be equal 7z
to the velocity of light, it can be Bic
shown that the antenna will resonate without loading at
4L 4L 4L 4L
_1) ?) ?) 7) etc.,
meters, in which L is the length of the antenna in meters.
It can be shown that the doublet will resonate without
loading at any even quarter wave, that is, at %, 4TL’ %, %,
etc., meters, in which L is the total length of the doublet in
meters. The even quarter-wave oscillations are more
often called half-wave oscillations, since they are multiples
of the half-wave.

3 e

any odd quarter wave, that is, at
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These higher harmonies are not so well known as the
fundamental, or quarter-wave, oscillation, as it has usually
been the practice to use only the quarter-wave oscillation.
However, the higher harmonics are now frequently used
for transmission at very short wavelengths. The doublet
is also sometimes used for short-wave transmission,
frequently with the doublet in a horizontal position, which
is totally contrary to all long-wave theory and practice.

LOADING THE ANTENNA

The antenna may be used at wavelengths longer than
the fundamental by inserting a loading inductance at the
base. The voltage and current distribution is changed by
the loading, and is somewhat as shown in Tig. 18. Since
the capacity of the loading coil a to ground is small, the
current is practically uniform in the whole coil, but assumes
a more or less sine-wave
distribution intheantenna,
as shown by curve z. On
the other hand, owing to
the inductive impedance
of the coil a, there is a
linear building up of volt-
age in the coil, so that the
top of the coil is at high
voltage with respect to
earth. In the antenna
,,,,,, / itself, the voltage increases

Fie. 18 still further,followingmore
or less the sine-wave law, as shown by curvee.

The antenna can be operated at a wavelength lower than
the quarter-wave fundamental by placing a condenser in
series with the lead-in, in place of the loading inductance.
Of course, it is necessary to keep some inductance at the

i idddz

N
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base of the antenna for coupling to the transmitter, but
this may be relatively small.

The antenna has distributed inductance and distributed
capacity. 1f the antenna consists of more than one wire,
the capacity is increased, but the inductance is decreased.
1f the wires are very close together, the decrease in induc-
tance is proportional to the increase in capacity, so their
product remains necarly constant, and the velocity of the
current in the wires does not change much. This is the
reason why the fundamental wavelength does not change
much when more wires are added, provided the flat-top
portion is narrow. If the wires are considerably separated,
the capacity is increased in greater ratio than the decrease
in inductance, which lowers the velocity and increases the
fundamental wavelength.

When the inductance and capacity are concentrated,
as, for example, in a closed oscillating circuit, the resonant
frequency is given by the formula:

=1xVIC (1)

in which L =inductance in henries;
C = capacity in farads.

In the case of the loaded antenna, the resonant frequency
may be calculated approximately, by assuming that the
antenna capacity (, is concentrated, and using for the
total inductance the inductance of the loading coil plus
one-third of the distributed antenna inductance L,, thus:

f=%r\/@+%>_0a )

This formula reduces to

A= 1885\/ <L+I;“>('a 3)
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in which A=wavelength, in meters;
L =inductance of loading coil, in microhemnries;
L.=1nductance of antenna, in microhenries;
C,=capacity of antcnna, in microfarads.

The antenna capacity C, may be measured at low fre-
quency. Ordinarily, it will vary from .0003 microfarad
for a small receiving antenna, up to .01 microfarad for a
large long-wave transmitting antenna.

EFFECTIVE HEIGHT OF ANTENNA

The effective height of an antenna may be defined as
the height of an equivalent ideal antenna, having a uniform
current in the vertical portion equal to the maximum cur-
rent existing at any point in the actual antenna. In
ordinary practice, this maximum current is usually at the
base of the antenna, if the antenna is operated at a wave-
length longer than the fundamental wavelength.

The effective height of an antenna would be the same as
the total vertical height if the current in the vertical por-
tion were uniform at a value cqual to the current at the
base, and there were no radiation from the horizontal por-
tion. However, the current is never uniform in the
vertical portion, so it is necessary to determine the dis-
tribution of the current and then calculate the average
current, which will be less than the maximmum current at
the base of the antenna or other point of maximum current.
For example, in Fig. 15, the average current would be
the average of a sine wave with a maximum amplitude of
I, where I, is the current at the base of the antenna
Thus, 9 '
I average= <>I,,=.637 I, (1)

g

The effectiveness of the antenna as a radiator on a given
wavelength is determined by the product of the cffective
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height and antenna current, or ITI, which product is
known as the meter-amperes.
Hence, for the simple vertieal antenna, the value of
meter-amperes is
HT=.0637XI,XII (2)
in which // =total height, in meters.

In actual installations, however, it is customary to
read the maximum current on an ammeter at the base
of the antenna, and instead of using the produet of the
average current multiplied by the total height, it is much
more convenient to refer to the maximum current 7,
multiplied by the effective height.
Obviously, the product of the
maximum current and effective

Fic. 19 Fic. 20

height should be numerieally equal to the produet of the
average current and maximum height. This equivalence is
illustrated graphically in Fig. 19, for the case of the simple
vertical antenna. The actual current distribution is shown
by curve 7. The current at the basc of the antenna is 1.
The meter-amperes may be considered as hy X1, or he X Iy,
where hy=.637h;, and I,=.637 I,., Then, hl,=h.I,,
where 7 is the effective height. In other words, the arca
of the rectangle abde is equal to the arca of the rectangle
efge.
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If the antenna has a horizontal or flat-top portion, the
current distribution is changed, as illustrated in Fig. 20.
In effect, the current distribution is somewhat the sane
as 1t would be if a vertical antenna of length ab, were
bent over at point ¢. It is modified somewhat by the
increased capacity between the horizontal portion and the
carth, which is greater than it would have been if the
antenna had not been bent over at point ¢.  The impor-
tant feature to note in this figure is the fact that the aver-
age current in the vertical portion has been increased by
adding the flat-top portion. In other words, the addition
of the flat-top portion has inereased the effective height.

The accurate calculation of the effective height of a
complicated antenna structure is very difficult, as it is
dependent on many factors, such as the presence of the
towers, guy wires, and other conducting objects in the field
of the antenna. It is also dependent to some extent on the
amount of loading at the base of the antenna, the conduc-
tivity of the carth, whether or not a counterpoise is used,
ete.

If the antenna has a large flat-top portion that is
approximately horizontal, the cffective height may be
calculated from the height to the center of capacity of the
actual antenna.  To do this, the capacity C, of the flat-
top portion to earth, is calculated by any reliable capacity
formula. Then, after the antenna is installed, the actual
antenna capacity is measured. The measured capacity is
always greater than the calculated capacity, owing to the
capacity added by the towers, down-leads, cte., which were
disregarded in the calculation. If the measured capacity
is called C3, on the assumption that the center of capacity
was lowered by the presence of the towers and down-lead,
the final center of capacity of the actual antenna is located
at a height h., thus:
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}IQ (/vl
}ll_Eg (3)
ne
and =G @

Here, hy is the actual height of the flat-top portion, and
h, is the height to the center of capacity, or the cffective
height.

In cases where the flat-top portion is considerably longer
than the vertical length of the down-lead, calculation by
the above method gives an effective height on the order of
70 per cent. of the actual height of the flat-top portion, and,
in actual installations, the effective height determined by
measurement of the field strength at a distance, has been
found to agree very well with the effective height calculated
by the center of capacity method.

ANTENNA RESISTANCE

If an antenna is replaced by an efficient air-dielectric
condenser, having a capacity equal to the antenna capacity,
and the circuit thus formed is tuned to resonance by the
antenna loading coil, it will be found that the current in
this circuit is much larger than the current that was ob-
obtained at the base of the antenna with the same power
input, when the antenna itself was used in place of the
condenser. Now, if a non-inductive resistance is added
to the econdenser circuit, the current can be brought down
to the same value it had with the actual antenna for the
same power input. If the condenser is an cfficient air-
dielectric condenser with negligible losses, the added resis-
tance will consume energy at the same rate as the antenna,
and the total effective resistance of the actual antenna is
equivalent to the resistance added to the condenser cireuit,
The power consunied in either case is the same and is equaj
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to I*R, in which I is the current, and R is the resistance.
lienee, we may define the antenna resistance as an effective
resistanee that is numerically equal to the quotient of the
average power in the entire antenna circuit divided by the
square of the effective current at the point of maximum
current.

The total antenna resistance is composed of two portions;
the radiation resistance, which represents power radiated,
and the loss resistance, which represents power lost in the
antenna.

The efficiency of the antenna is given by the following
equation:

Power radiated 3R, R,

Antenna efficiency = Total power 14k, R
{ ¢

i which 7,=antenna current at the base of the antenna,
in amperes;
I, =radiation resistance, in ohms;
R =total antenna resistance, in ohms.

RADIATION RESISTANCE

The exact caleulation of the radiation resistance is very
complicated, as it is dependent on the caleulation of the
effective height, which is very difficult to calculate aceu-
rately for complicated antenna structures, as has already
been mentioned. In addition to this, the radiation from
the flat top should be taken into account.*

For wavelengths above the fundamental, with antennas
of known cffective height, or simple antennas for which
it is possible to calculate the effective height, the radiation
resistance may be calculated approximately by the follow-
ing simple formula

#Feetric Oscillutions and Eleetric Waves™ by Dr. George Pierce, published
by MeGraw 1l (2) “On the Radiation Resistance of a Simple Vertical Antenna
at Wavelengths Below the Fuudamental” by Stuart Ballantine, Proe. Inst. of
Radio Eng. Dec. 1924,
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H\? H\?
R,=1601rz<—-> =1580<—>
A A

in which ?,=radiation resistance, in ohms;
1l =effective height of antenna, in meters;
A =wavelength, in meters.

ANTENNA LOSSES

The losses in an antenna include ground resistance,
radio-frequency resistance of conductors in the antenna
circuit, equivalent resistance due to corona, eddy currents,
insulator leakage, dielectric loss, ete. Ordinarily, the
largest losses are the dielectric and ground losses.

The dielectric losses are due to the fact that the antenna
is an imperfect condenser, and has objects in its field which
have high dielectric absorption. If the antenna has a
large flat-top portion, the capacity current spreads out for
a considerable distance beyond the antenna, and if the
lines of force encounter poor dielectries, like trees, build-
ings, poorly conducting earth surface such as sand, ete.,
considerable energy is absorbed.

The diclectric losses can be greatly reduced by keeping
the field of the antenna free from buildings, trees, bushes,
cte., and by installing a net work of wires, called a counter-
poise, underneath the antenna, to reduce the losses at the
surface of the ground.

If the antenna is erccted over sea water or highly
conducting ground, the ground losses are usually small,
but if the antenna is erected over dry sand, or other poorly
conducting ground, the ground currents must travel a
considerable distance through poorly eonducting material
to complete the cireuit back to the transmitter. The
ground can thercfore introduce large conduction lesses,
as well as large dielectric losses, particularly at long wave-
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lengths, where the dielectric losses are high. The use of a
counterpoise greatly reduces the ground-conduction losses
as well as the dielectric losses, as it provides a highly con-
ducting path for the current to follow directly back to the
transmitter. Instead of using a counterpoise suspended
a few fect above the ground, a system of ground wires,
similar to the counterpoise may be burried a few inches in
the ground. The buried ground wires, in many cases, are
practically as effective as the counterpoise system, although
it is probably true that the dielectric losses would ordinarily
be somewhat lower with the counterpoise than with the
buried wires.

The losses in the antenna conductors are usually small
compared with the diclectric and ground losses, but may
be reduced by using larger conductors. However, the
size of the conductors is usually determined by mechanical
considerations, as a conductor that is strong enough
mechanically, generally has sufficient conductivity to
carry its share of the antenna current without much
loss.

Other losses, such as eddy currents in the towers, corona
or brush discharge, leakage over insulators, etc., are
ordinarily small in a properly designed antenna.

DISTRIBUTION OF ANTENNA RESISTANCE

The distribution of the resistances in an antenna is
shown in Fig. 21.  Curve a shows the radiation resistance,
whicli is an inverse function of the square of the wavelength.
Curve b shows the dielectrie, leakage, and corona loss
resistance, which increases with inercase in wavelength.
Curve ¢ shows the loss resistance due to eddy currents, and
conduction loss in the antenna and ground conductors.
This loss resistance decreases slightly with inerease in
wavelength, owing to decrease in skin effect, ete. Curve d

ey
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is the swun of curves b and ¢ and shows the total loss resis-
tance. Curve ¢ is the total resistance, including the use-
ful radiation resistance, and is the curve that would be
determined by an experimental determination of the
antenna resistance.

Owing to the fact that some of the losses increase
with wavelength, whereas other losses decrease with wave-
lengths, there is sometimes a point f on curve d where there
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is a broad minimum in the loss curve, and it is at, or near,
this point that the antenna should be most efficient.

Sometimes, when the total resistance of the antenna is
determined experimentally, the curve is not smooth, but
has one or more decided peaks.  These peaks are usually
caused by something in the field of the antenna which
absorbs energy at that particular wavelength, as, for
example, resonance in a guy wire, a mast, nearby antenna
tin roof, or other mass of metal.
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RADIO TRANSMISSION AS FUNCTION OF ANTENNA CONSTANTS

It has already been mentioned that, for a given wave-
length, the effectiveness of o transmitter could be expressed
in terms of meter-amperes, or the product of the cffective
height of the antenna by the antenna amperes. The
cffectiveness of a transmitter may be measured in terms of
signal strength produced at a distance. It is customary to
express this signal strength in terms of volts per meter of
vertical height ; that is, measured along the direction of an
imaginary clectrostatic line of force, as pictured in Fig. 2 of
this Section.

In actual practice, it is possible to make use of signals
having a ficld strength as low as a few millionths of a volt
per meter, so it is more convenient to express field strength
in terms of microvolts per meter (1 volt =1,000,000
microvolts).

The strength of the field radiated from an antenna
can be calculated for any point on a theoretical basis, in
so far as the effect of the spreading of the wave in all
directions is concerned.  IHowever, it has been found that,
in addition to the spreading effect, there is an absorption
effect, caused by absorption of the wave as it travels along
the surface of the carth. The absorption varies greatly
with the character of the carth over which the wave passes.
For sea water, the absorption is comparatively low,
whereas, for dry sand, the absorption is very large. The
absorption varies so greatly for different carth conditions
that it i1s almost mpossible to ealeulate the field strength
for a signal received over land, without having considerable
experimental data covering that particular route or a
similar route.

For an over-sea route, in daylight the strength of the
signal is directly proportional to the antenna current and
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Sometimes, when the total resistance of the antenna is
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RADIO TRANSMISSION AS FUNCTION OF ANTENNA CONSTANTS

It has already been mentioned that, for a given wave-
length, the cffectiveness of a transmitter could be expressed
in terms of meter-amperes, or the product of the effective
height of the antenna by the antenna amperes. The
effectiveness of a transmitter may be measured in terms of
signal strength produced at a distance. It is customary to
express this signal strength in terms of volts per meter of
vertical height ; that is, measured along the direction of an
imaginary clectrostatic line of force, as pictured in Iig. 2 of
this Section.

In actual practice, it is possible to make use of signals
having a ficld strength as low as a few millionths of a volt
per meter, so it is more convenient to express field strength
in terms of microvolts per meter (1 volt =1,000,000
microvolts).

The strength of the field radiated from an antenna
can be calculated for any point on a theoretical basis, in
so far as the effect of the spreading of the wave in all
directions is concerned. Ilowever, it has been found that,
in addition to the spreading effect, there is an absorption
effect, caused by absorption of the wave as it travels along
the surface of the earth. The absorption varies greatly
with the character of the earth over which the wave passes.
Tor sea water, the absorption is comparatively low,
whereas, for dry sand, the absorption is very large. The
absorption varies so greatly for different carth conditions
that it is almost impossible to caleulate the ficld strength
for a signal received over land, without having considerable
experimental data covering that particular route or a
similar route.

TFor an over-sca route, in daylight the strength of the
signal is directly proportional to the antenna current and
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effective height at the transmitter, and is inversely pro-
portional to the wavelength and the distance.

There is a decrease of the signal strength due to absorp-
tion, which differs for over-sea transmission in daylight
and overland transmission. Overland transmission may
cause the signal to drop down to only a small fraction of
the value of over-sea transmission. On the other hand,
st night, on certain wavelengths, notably in the broadcast
band, the waves appear to travel along the Heaviside
layer, and do not suffer appreciable absorption. This is
sufficient to account for the very long “freak” night range,
so often noted on broadcast wavelengths, as, during the
absence of heavy static, 50 to 100 microvolts per meter is
sufficient to give fairly satisfactory broadcast reception,
and a 5 kilowatt broadcasting station would produce a
signal of that strength at a distance of 3,000 to 4,000 miles,
if there were no absorption.

On the very short wavelengths, below 100 meters, very
little quantitative data is available, but it scems that a
complete change in transmission mechanism takes place,
such that normal absorption does not take place, as on the
longer waves. On wavelengths below 40 meters. it has
been found feasible to communicate over distances of
thousands of miles, even in daylight. On these waves,
however, there is a skip effect. At a short distance from
the transmitter, the signal becomes very weak, or even
may disappear entirely, but at some greater distance
the signal can be heard again. As a rule, the shorter the
wave, the greater the skip distance, and the greater the
daylight range. Because of this skip effect, the very short
waves are not adapted to short-distance communication,
but may prove very uscful for long-distance communica-
tion.
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MEASUREMENT OF FIELD STRENGTH AND ANTENNA
EFFECTIVE HEIGHT
As was previously mentioned, one of the important
advantages of the loop antenna was its use as a standard
of effective height, which may be easily and accurately
calculated from its dimensions. The effective height of a
loop may be calculated as follows:

2
He TN A )
A
in which H = effective height of the loop, in meters;
r=3.1416;

N =number of turns;

A=area of loop, in square meters, or length
X height;

A=received wavelength, in meters.

The voltage induced in the loop by a signal toward
which the loop is turned for maximum reception is

V=IIE @)

in which V = total microvolts induced in loop;
H =effective height of loop, in meters;
E=field strength of signal, in microvolts per
meter.

If some means were available for measuring this induced
voltage, it would be a simple matter to calculate the field
strength of the signal. On very strong signals, this voltage
may be determined directly by measuring the current
induced in the loop by means of a sensitive miliammeter,
also measuring the effective resistance of the loop and
meter, and then calculating the total induced voltage by
Ohm’s law (current, in amperes times resistance, in ohms,
equals e.m.f. in volts.)




‘Rapio TUBES AND cANTENNAS 93

On weaker signals, the induced voltage can be measured
by a comparison method, as has been described several
times in techanical papers given before the Institute of
Radio Engineers.*

ANTENNA INSTALLATIONS
TRANSMITTING ANTENNAS

The higher the antenna is located above the earth con-
nection, the greater will be its radiation and reception
abilities. Transmitting antennas, in particular, must be
installed with the view of obtaining considerable effective
height with low losses. The design of receiving antennas
is not so important, as the effect of the losses can readily
be made up by increased selectivity and sensitivity in the
receiver.

Except at very short wavelengths, it is customary to
use a flat-top portion in the transmitting antenna. In the
first place, because of the great cost of high towers, it is
more economical to use lower towers, making up for the
difference by lowering the losses and raising the effective
height by using a flat top, thus making the most cffective
use of the towers. In the second place, the increased
capacity due to the flat-top section makes it possible to
put more current into the antenna without exceeding the
maximum safe voltage of the antenna insulation.

The flat-top portion is usually supported by two or
more towers. I‘or small antennas, these towers may be
made of wood, but it is more common practice to use steel
towers, as very strong supports are required to keep the
antenna wires stretched up tight. If the wires are not
kept taut, there will be considerable sag, which reduces the

*Proc. of Institute of Radio Engineers, Vol 11, No. 2, “Rudio Transmission
Measurements’ by Bown, Englund, and Friis. Vol 11, No. 6, “Radio Trans-
mission M(-uﬁurcments on i ong Wavelengths' by B(-vcrugL and Peterson.  Vol. 1
No. 3, Portuhlo Receiving Sets for Measuring Iield Strengths at Broudwst
I‘requencms by Axel G. Jensen.
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effective height and also causes the antenna constants to
change in a high wind, as the antenna wires sway. The
towers must be strong enough to stand the strain when the
wires are loaded with sleet in high winds.

The antenna conductors must have considerable tensile
strength, and yet must not be too heavy. Steel wire would
be strong enough, but it has high losses due to skin effect.
Copper-clad steel is frequently used with good results,
particularly on long wavelengths, but stranded phos-
phor-bronze or silicon bronze are the most commonly used
materials, as they have good high-frequency conductivity
with great tensile strength. Hard-drawn copper is often
used for short spans.

In order to increase the capacity of the flat-top portion,
it is customary to use several wires. These wires may be
supported by a horizontal cross-arm or bridge on top of
the tower, or they may be supported by a wooden or metal
spreader. The wires are usually separated 3 to 10 feet,
as moderate separation is practically as effective as more
wires with small separation and is much easier to maintain.

On shipboard, or in places where the flat top is difficult
to maintain, cage antennas are often used. These consist
usually of four wires equally spaced on metal rings 3 to
12 inches in diameter. These rings are placed at frequent
intervals, so the antenna looks like a long squirrel cage or
sausage. The cage antenna is very rugged and easy to
maintain, but it has perhaps 20 per cent. to 30 per cent.
less capacity than the same number of wires would have
when spread out by a spreader.

If the antenna is operated at high voltage, say at 100,000
volts or more, corona or brush discharge is likely to appear
at sharp points, particularly at the far end of the antenna.
This is caused by the excessive voltage gradient near the
surface of the wire, which breaks down the air, or ionizes
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it. The corona results in considerable loss, if the voltage
is raised above the point where the corona starts. The
break-down voltage will be raised if the area of the surface
is increased, such as, by using a larger conductor, by
attaching corona shiclds, or otherwise increasing the sur-
face of the conductor at the break-down points.

It has already been pointed out that a counterpoise, or
network of wires supported just above the ground and
directly beneath the antenna, is very effective in reducing
the diclectric and ground losses. On the longer wave-
lengths, this is very important, as the readiation resistance
is often only a small fraction of an ohm with the highest
towers it is cconomical to use, and in some cases, only
1 per cent. or 2 per cent. of the total antenna energy would
be radiated, if the dielectric and ground losses were not
reduced, as Fig. 21 shows. On short wavelengths, where
the antenna is operated at the fundamental or below, the
radiation resistance is so high that the diclectric and ground
losses are small in comparison, and no counterpoise is
necessary.

As the clectrostatic lines of foree spread out considerably
beyond the antenna, it is a good rule to extend the counter-
poise beyond the antenna, and off to the sides, for a dis-
tance comparable with the height of the antenna. The
counterpoise should not be supported too high above the
ground, as it takes the place of the ground and will tend
to lower the effective height of the antenna if placed too
high. Usually the counterpoise is supported 8 to 10 feet
from the ground, just high ecnough to be out of reach. The
counterpoise wires may be joined together at the trans-
mitter end, and should be connected to the transmitter in
place of the ground connection.

In cases where it is not desirable to erect a counterpoise,
a system of wires similar to the counterpoise may be buried
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a few inches in the carth. If the antenna is erected over
highly conducting earth, like a salt marsh, it may be
sufficient to bury a few copper plates near the transmitter
for an carth connection, but, as a rule, the buried-wire
ground system directly underncath the antenna is better.

Small antennas may be insulated with glass or high-
grade composition insulators; but for very high voltages,
long, glazed porcelain insulators arc frequently used. In
some cases the wires are individually insulated from the
cross-arm or spreader, and in other cases the wires are
attached directly to the spreader, and the spreader is
insulated from the tower by a single large strain
insulator,

The lead-in should go as directly as possible from the
transmitter to the antenna, and should not run too close
to the tower or the walls of the building, because of eddy
currents in metal objects and diclectric losses in other
material, such as, wood, brick, and conerete.

It has already been mentioned that the ficld of the
antenna should be free from trees, buildings, and wire lines.
Antennas crected on the tops of high buildings are some-
times incffective at certain wavelengths, presumably
because of counter radiation from the building itself, and
absorbing and reflection effects in nearby buildings.

In case the towers are guyed, the guy wires should be
broken up with insulators at frequent intervals to prevent
loss of energy due to circulating currents through the guys
and the mast.

RECEIVING ANTENNAS

The remarks made about transmitting antennas used to
apply with equal force to receiving antennas back in the
days of the crystal or other non-amplifying detectors.
With the advent of the vacuum tube and amplification, it
is possible to obtain very good results with receiving
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antennas that would be very incfficient as transmitting
antennas. It is true that, with many types of receivers,
the antenna would tune sharper and would give more
signal strength if used with a counterpoise, and all pre-
cautions were taken to reduce losses, but it is seldom done,
as most receivers will go down to the static level with a
very inefficient antenna. However, some of the points
mentioned for transmitting antennas arc well worth keep-
ing in mind for receiving antennas, such as, keeping the
lead-in away from the building as much as possible, mak-
ing the antenna as high as possible above the receiver,
running the ground lead direct to a good ground, erecting
the antenna over a clear space free from buildings, wires,
and trees, insulating the antenna well to prevent leakage,
cte.

A single wire is practically as good as several spaced
wires as far as reception is concerned, as the loss in effec-
tive height would be so small as to be hardly noticeable
on the receiver. The total length of antenna to use
depends on the wavelength, and, to some extent, on the
type of receiver, but, as a rule, the longer the wire, the
stronger the received signal will be.  On the other hand,
as the length of the wire is increased, the selectivity
decrcases and directive effects may become noticeable.
In any case, the fundamental wavelength of the antenna
should be lower than the shortest wavelength that it is
desired to receive, except, possibly, for waves below 100
meters.  For example, consider an antenna for broadcast
reception. The shortest wavelength to be received is
about 200 meters, say. The fundamental wavelength
should be below 200 meters, so the greatest length of wire
that should be used is 200+.2=47.5 meters, or 156 feet;
so any length from 30 feet to 150 feet might be used,
depending on whether selectivity orincreased signal strength
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is desired. The average of the two extremes, or 90 feet,
would bhe a good compromise. It should be remembered
that this length includes the length of the horizontal part
as well as the length of the lead-in.

A water pipe is usually a good ground connection for
receiving. The ground lead from the receiver should be
as short as possible and should be sceurely connected to
the pipe by soldering or by using a good ground clamp, the
pipe being thoroughly cleaned before the clanp is attached.
If the water-pipe system is extensive enough, it might
serve as a counterpoise in cases where it inakes poor contact
with the earth, but, as a rule, it is desirable to have the
pipe make good contact with the earth.

It is essential to protect the receiving set from possible
damage by lightning, cither by putting in a heavy single-
pole double-throw switch, or by using an approved
vacuum or other type of lightning arrester, or both, accord-
ing to the local fire underwriters’ rules. If hoth are used,
the lightning arrester will protect the receiver while it is in
use. When the receiver is not in use, the antenna switch
should be thrown down to disconnect the antenna from
the receiver, and connect it directly to ground. This
may be accomplished by connecting the antenna to the
blade of the switch, the receiver to the top contact, and
the ground to the bottom contact. The grounding switch
should preferably be placed outside of the window, with
the ground wire running as directly as possible to a ground
rod, buried plate, or outside water pipe. The ground wire
should have somewhat greater current-carrying capacity
than the antenna lead-in, but, in any case, it should not
be smaller than No. 14 B. & S. copper wire. This is to
make sure that the antenna lead will burn off before the
ground lead burns off, in case of a direct stroke of lightning
or accidental contact with power wires.
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If necessary to cross other wires with the antenna, the
crossing should be made as near to right angles as possible
to minimize inductive interference. It is not advisable to
erect an antenna across a high-voltage power line or trolley
line, as it would obviously be very dangerous if the antenna
should break and come in contact with the high-voltage
wires.

Sometimes the house-lighting circuit can be used as a
receiving antenna with good results, particularly if the
feeders from the outside transformer come in for some
distance on the poles. Generally, one side of the lighting
circuit is grounded, so better results may be had with one
side of the lighting circuit than the other. A small, well-
insulated condenser should always be placed between the
lighting circuit and the receiver, as, otherwise, the lighting
circuit may be short-circuited through the receiver.
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PREFACE

Somewhat less than one hundred years ago the only
system of electric communication was the Morse tele-
graph. Though extremely crude, compared with present
standards, this system survived, at least in principle, to
the present time. Gradually followed the invention and
subsequent development of the telephone, and later that
of the radio telegraph and radio telephone. _

The present volume is concerned with the development
of radio-telegraph and radio-telephone transmitters and
that branch of line communication in which radio-fre-
quency currents are used as carriers of the message; hence
the title, Radio Transmitters and Carrier Currents.
The authors have endeavored to present the principles of
these subjects in the light of modern practice. The result
is a happy combination of theory and practice.
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RADIO TRANSMITTERS
AND CARRIER CURRENTS

RADIO TRANSMITTERS

EARLY RADIO DEVELOPMENTS

The electromagnetic wave is the basis of all radio com-
munication. Its scientific conception originated with
James Clerk-Maxwell in 1865. Professor Dolbear, an
American, was the first one to transmit radio signals. In
1882 he succeeded in transmitting radio signals a distance
of a half mile. Professor Dolbear patented his apparatus,
and although the thecory of his experiments was not
understood, it is quite safe to assume that his transmitting
equipment was of the spark type.

In 1885, Mr. H. R. Hertz developed apparatus for
producing and detecting clectromagnetic waves, but this
apparatus was not beyond the development stage at this
time. Guglielmo Marconi was assigned British patent
No. 7,777, in 1900, for the first commercial wireless, or
radio, transmitter and receiver. Marconi’s transmitter
was of the spark type and his receiver employed a coherer
as a detector.

The first time that radio signals were transmitted to any
appreciable distance was in 1899 when Marconi succeeded
in transmitting signals across the English Channel. Radio
signals were first sent across the Atlantic Ocean in 1901,
when Marconi succeeded in sending the letter S from
Poldhu, England, to St. Johns, Newfoundland. He used a
spark type of transmitter at Poldhu, and a coherer for a
detector at St. Johns.
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SPARK TRANSMITTERS

USES OF SPARK TRANSMITTERS

The spark type of radio-telegraph transmitter was the
first to be used commercially and, despite the increasing
use of continuous-wave transmitters, a large number of
marine transmitters and many of those used at land sta-
tions are of the spark type; so they are, as yet, by no
means obsolete. In instances where the continuous-wave
type of transmitter is used, even on the larger ships that
are equipped with the most modern types of tube trans-
mitters, there is usually an auxiliary spark set ever ready
for use.

FUNDAMENTAL CIRCUITS OF SPARK TRANSMITTER

Power Circuit.—In Fig. 1 is shown a schematic wiring
diagram of the fundamental circuits involved in the spark
method of radio-telegraph transmission. Alternating
current at a potential of approximately 140 volts is applied
from the alternator a to the primary winding of a step-up
transformer b, through a telegraph key ¢. In this case
it may be assumed that the frequency of the applied volt-
age is 500 cycles, although some of the other standard
frequencies that may be used, are 60, 120, 240, 480, 500,
and 600 cycles per second.

Closed Oscillatory Circuit—The potential at the secon-
dary terminals of the step-up transformer b, Fig. 1, may
be of the order of 12,000 volts (in the case of a 2-kw. type
of transmitter). At this point will be considered what
is happening at any particular instant. The voltage
across the secondary terminals is assumed to be rising
toward its maximum positive value. The condenser d
charges to a point which is determined by the setting or
spacing of the electrodes in the spark gap e. When the
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potential across the condenser d reaches the hreak-down
value of potential for

the spark gap, several ]
things take place. LL

Just before the ﬂ
spark gap  breaks
down, the energy is =

stored in the dielectric 1355e, B

between the plates of the condenser d.  When the gap e
breaks down, a current passes from the positive plate of
the condenser d through the spark gap e and through the
inductance coil f to the negative side of the condensecr.
In Fig. 2 (a) are shown the conditions that exist just
before the condenser discharges into the circuit, through
the spark gap. The section of curve under the circuit
diagram, view (a), shows the different values of potential
that exist on the plates of the condenser d from the time
when the conditions are as shown in the diagram in view
(@), until the time the conditions are as shown in the dia-
gram in view (). Thus the voltage on the upper plate of
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N £3 02 T
Ta Ta TTa 7] a

. - 5 L

@) ) (©) (@ ©

Fig, 2

the condenser d, view (a), goes from its maximum positive
value to zero, and the energy is now stored in the form of
an electromagnetic field around the inductance coil f,
view (b).

When the current from the positive plate of the con-
denser d, becomes zero, the ficld around the inductance
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coil f collapses and current passes around the circuit in
the opposite direction; thus the voltage of the upper plate
of the condenser d reaches its maximum negative value.
The energy is now stored in the clectrostatic field between
the plates of the condenser and this charge not only has
the opposite polarity to that of the initial charge, but the
quantity of clectricity in this case is less than that of the
initial charge, owing to the fact that some of the cnergy
has been expended in the resistance of the circuit and the
production of heat, light, and sound.

The curve below the diagram at (b) shows what happens
to the voltage on the upper plate of the condenser
between the time when the conditions are as shown in the
diagram at (b) and the time when they are as shown at (¢),
where the energy is stored in the dielectric between the
plates of the condenser. The condenser now discharges
through the circuit in a direction opposite to that shown
in view (a) and the energy is again stored in the magnetic
field around the inductance coil f as shown in view (d),
The curve in view (¢) shows that the voltage on the upper
plate of the condenser d goes from its maximum negative
value, which it had when conditions were as shown in
view (¢), to zero, which latter condition is represented
at (d).

When the current through the circuit becomes zero the
field around the coil f again collapses and current passes
in the opposite direction to that shown in view (b). This
completes the cycle of events involved in one oscillation,
and the upper plate of the condenser is once more charged
positively. The curve in view (d) shows what happens
between conditions as represented in views (d) and (e).

Although the condenser is once more charged so that
is has the same polarity as the initial charge, view (a), the
quantity of electricity is considerably less than in the
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case of the initial charge, as there is a loss of encrgy every
time the current passes through the circuit in either direc-
tion. Thus the amplitude of the voltage and current
curves decreases to zero after a number of oscillations.

These oscillations are of radio frequency and the fre-
quency is determined by the values of capacity and indue-
tance in the circuit. 1f the constants of the oscillatory
circuit were such as to produce a 600-meter wave, the
frequency of the oscillatory current would be 500,000
cycles per second, and, since the frequeney of the voltage
which gives the condenser its initial charge is 500 cycles,
it can be readily scen that the radio frequency is 1,000
times the frequency of the supply voltage.

Open Oscillatory Circuit.—The radio-frequency energy
in the closed circuit def, Fig. 1, is induced into the open
oscillatory circuit by means of the inductive coupling
between the two. The open oscillatory circuit consists of
the antenna ¢, ground A, and the coupling coil 7.

There are three methods of coupling the closed oseilla-
tory circuit to the open oscillatory circuit; namely, induc-
tive, conductive, and capacitive coupling. In order to
comply with the legal requirements, it is usual to employ
inductive coupling.

In the case of inductive coupling, the closed- and open-
cireuit inductors, f and ¢, respectively, are placed in induc-
tive relation to cach other, and oscillations gencrated in
the closed circuit are transferred to the open circuit. It is
necessary that the two circuits be tuned to resonance to
obtain a maximum transfer of energy.

If the coupling coils f and 7 between the two circuits
are placed very close together, the oscillations in the
antenna circuit will have a fast rate of decay, owing to the
transfer of part of the energy from the antenna circuit
back into the closed circuit. This is undesirable, since it
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means that the transmitted energy is not being confined to
a narrow band of wavelengths. Hence, loose coupling
between the closed and open oscillatory cireuits is con-
ducive to the confining of the transmitted energy on a
narrow band of wavelengths.

DAMPING AND DECREMENT

In considering the spark type of radio-telegraph trans-
mitter, it ix well to have a elear understanding of the dif-
ference between damped and undamped, or continuous,
waves. An undamped, or continuous, wave train is shown
in Fig. 3 (a), where the amplitude of cach succeeding
oscillation remains unchanged. This
type of wave is characteristic of the
arc and the tube transmitter. The
@ abbreviation for continuous wave is
cw.

A damped wave train is shown in
view (b}, where cach oscillation has a
smaller amplitude than the preceding
0 one, the end of the wave train being
Fro. 3 reached when the amplitude becomes
zero. This type of wave train is characteristic of the
spark type of transmitter. The amplitude is the highest
value of voltage or current reached during one alternation.
Logarithmic decrement is a term which is indicative
of the decay, or the damping, of the oscillations in a damped
wave train.  The logarithmic decrement is the Napicrian
logarithm of the ratio of one oscillation to that of the next
oscillation, in the same direction, in a train of decreasing
oscillations. This is a constant ratio. By international
law, the limit fixed for the value of the logarithmic decre-
mentis.2. Thus, to be with the law, all spark transmitters

must emit a wave that has a decrement of .2 or under.
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The lower the decrement, the less the damping, the
longer it takes a wave train to die out and the more it
approaches the form of a continuous wave, and the sharper
it tunes at the receiver.  One of the inherent characteristics
of a continuous wave transmitter is that the signals tune
sharply, owing to the fact that the signal energy is confined
to one frequency, and not to a band of frequencies, as is
the case with a spark transmitter having a high value of
decrement.

ITigh decrement means broad tuning and low decre-
ment means sharp tuning. Modern ship transmitters of
the spark type have a decrement value lying between .05
and .1.

A wave that has a decrement of .2 or under means that
the wave in question will have a slow rate of decay; hence,
the oscillations in the antenna circuit should have a slow
rate of decay in a spark transmitter in order to produce
sharp tuning at the receiver. This is accomplished by
obtaining a high degrec of damping in the closed oscillatory
circuit; for, when the converse is true, and the osecillations
in the closed oscillatory circuit are not rapidly damped
out, there is an opportunity for some of the energy in the
open oscillatory, or antenna, circuit to get back into the
closed oscillatory circuit by virtue of the fact that, as long
as oscillations continue in the closed circuit, there are
sparks jumping across the ionized atmosphere between the
spark-gap clectrodes, thereby providing a closed cireuit.

This loss of energy from the antenna circuit increases
the decay of the oscillations in that circuit, hence it
increases the damping and subsequently the decrement.
Now, if the oscillations in the closed circuit are highly
damped, the cessation of the functioning of the spark gap
causes it to effect an open circuit in the series combina-
tion of coil, condenser, and gap, which forms the closed
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oscillatory circuit. This effect aids in suppressing
transfer of energy from the antenna circuit back into the
closed circuit and prevents the rapid decay of the oscilla-
tions in the antenna circuit.

ANALYSIS OF CURRENTS IN SPARK TRANSMITTER

In Fig. 4 is given a graphical analysis of what takes
place in the different circuits in the spark transmitter.
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The analysis will be confined to the tranformation of a
500-cycle supply into radio-frequency current in both the
closed and the open oscillatory circuits.



‘RADIO TRANSMITTERS 9

The curve, Fig. 4 (a), shows one cycle of the 500-cycle
supply voltage. When the voltage across the condenser d,
Ilig. 1, in the closed oscillatory circuit, and consequently
across the gap e, rcaches a point a, Fig. 4 (a), near is
maximum value, the gap breaks down and a series of
radio-frequency oscillations take place in the closed cir-
cuit, which are quickly damped out, as shown in view (b).
The curves in views (b) and (¢) are drawn to different
scales, but both represent the current in the closed circuit.

Because of the radio-frequency oscillations in the closed
circuit, oscillations of similar frequency are established
in the antenna circuit and, because of the rapid quenching
that takes place in the closed circuit, the oscillations in the
open circuit are free to continue as shown in view (d)
without any reaction on the closed circuit with subsequent
loss in energy. Thus, rapid quenching in the closed circuit
means low decrement in the open circuit, which latter is
the opposite of rapid quenching. Oscillations continue
in the antenna circuit during the interval ab, long after
the closed circuit has ceased to funetion.

SPARK GAPS

Purpose and Classification of Spark Gaps.—In spark
transmission the cfficiency of the gap employed, enters
largely into the tuning and the carrying qualitics of the
transmitted signals. The function of the spark gap is to
break down when the condenser has been permitted to
charge to a potential determined by the gap separation
and permit the condenser charge to surge back and forth
until it is entirely dissipated. The gap should also aid
in the rapid damping out of oscillations in the closed
circuit.

Three types of gaps are employed in spark transmission;
the fixed, the rotary, and the quenched types. The
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inherent characteristics that the gap must possess, are a
high break-down voltage value while the condenser in the
closed oscillatory circuit is
charging, and a low resist-
ance during discharge. A
fixed type of spark gap is
shown in Fig. 5. It is the

Fic. 5 least efficient of all, owing to
the fact that it does not damp out the oscillations in the
closed circuit fast enough.

Rotary Gaps.—The rapid damping characteristic is
possessed to a greater extent by both the rotary and the
quenched types. There are two types of rotary gaps, the
synchronous and the non-synchronous types. A syn-
chrouous rotary gap is shown in Fig. 6, with a portion of

JL

Fi1c. 6

the casing a removed. This gap consists of a disk b hav-
ing electrodes mounted around its periphery.  The number
of electrodes is such that there is a spark discharge for
each half cycle of the generator frequency. This disk is
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mounted directly on the main shaft of the motor generator,
and, as the name implies, rotates in synchronism with the
motor-generator shaft.

There are two stationary electrodes ¢ and d on the frame
of the synchronous gap and these two are the terminals of
the gap. These two stationary electrodes are so spaced,
relative to the spacing of the electrodes on the rotary disk,
that at any instant in which there is a rotary electrode
directly beneath one of the stationary electrodes, there is
another rotary electrode directly beneath the second
stationary electrode. The circuit through the gap is
traced from one of the stationary electrodes, through the
air gap to the rotary electrode, through the metallic
disk upon which the rotary electrodes are mounted, and
out through the air gap between another of the rotary
electrodes and the second stationary electrode.

The electrodes are usually wedge-shaped and are so
adjusted that there is about @-inch air gap between the
rotary and the stationary pieces. An adjusting screw ¢ is
provided for shifting the two stationary electrodes, the
same distance being maintained between them, so that
they are opposite a pair of rotary electrodes at the instant
there is maximum voltage across the secondary terminals
of the step-up power transformer.

The advantages of this type of gap are: quick damping,
or rapid quenching, of the closed-circuit oscillations, pre-
venting return of the antenna current; cooling of the elec-
trodes due to the wind resistance; regular intervals of
sparking, giving a pure musical note and greater carrying
qualities with a higher degree of ability to penctrate static.

The synchronous type of gap is generally used in cases
where the frequency of the supply generator is of the order
of 500 cycles. In this case there would be a spark dis-
charge, or a wave train, for every voltage peak in the
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alternating-current supply and this would mean that there
would be 1,000 spark discharges per second. This would
also be the wave-train frequency and it would be the fre-
quency of the rectified signal at the receiver. Thus, in
conjunction with a supply gencrator having a frequency of
the order of 500 cycles, the synchronous gap is used and a
high-pitched, musical note is produced in the ear phones
at the receiving station.

The non-sychronous type of rotary gap is similar to the
synchronous type with the exception that the former has a
sufficient number of electrodes to produce a greater or a
lesser number of spark discharges than there are voltage
peaks in the alternating-current supply. In other words,
when this type of gap is used, a discharge can take place
before or after the a.-c. supply voltage has reached its
maximum value.

This type of gap is generally used where it is desired to
produce a high musical note at the receiving station, where
the supply generator at the transmitting station has a
frequency of the order of 60 cycles per second. Thus it is
possible to produce a 500 cycle note where the frequency of
the supply generator is only 60 cycles. This note, how-
ever, is not as pure as in the case of a synchronous gap,
which would be operating in conjunction with a supply
generator having a frequency of the order of 240 cycles.
But, although the note from the non-synchronous type of
gap is not as pure as that from the synchronous type, it is
musical and easily read. The frequency produced in the
case of the non-synchronous type of gap is given by the
equation
revolutions per minute of disk Xnumber of studs

. 60

Quenched Gap.—The most efficient of all types of

spark-discharge apparatus is the quenched gap, one type

frequency =
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of which is shown in Fig. 7. Tt is made up of a number of
individual gaps a, view (a). TFach gap consists of two
disks and an insulating washer. These disks are of the
form shown in view (b). The outer material of the gap is
of brass and the sparking surface is usually of silver.

The complete gap is compressed by means of clamps, and
this makes ecach individual gap air-tight. The outer sur-
face is arranged in the form of a cooling fin and an air
blast is used to lower the temperature of the gap. The
sparking distance between individual gaps is usually .01
inch and this permits a voltage of 1,000 for each individual
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gap. By using the proper number of gaps in series, any
voltage, or variation in power, may be taken care of.

A different number of gaps may be cut in the circuit by
means of clips, which allow for quick adjustment. Because
of the rapid quenching characteristic of the quenched gap,
the oscillations in the closed oscillatory circuit are rapidly
damped out. This allows the antenna circuit to swing
into its own natural period of vibration without reaction
on the closed circuit, and without loss of energy from this
last cause (reaction on the closed circuit), which means a
slow decaying of the oscillations in the open circuit, a
low decrement, and sharp tuning at the receiver.

3—2
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The quenched gap, then, permits the antenna to osecil-
late at its own frequency and damping. This gap is noise-
less in operation, which is quite an asset after one has
heard one of the synchronous gaps in operation. Another
important point about the quenched gap is that it permits
the use of transformers having low-voltage secondaries.

Owing to its rapid quenching qualities this gap may be
used with much closer coupling between the closed and
open oscillatory circuits, which tends toward higher
antenna currents, at the same time allowing a pure wave
to be emitted. This type of gap has no moving parts.

COMMERCIAL TYPES OF SPARK TRANSMITTERS

Purpose of Different Types.—There have been four dif-
ferent types of spark transmitters designed for marine use.
Certain classes of vessels require a greater transmitting
range than others and have therefore been equipped with
higher-powered transmitters. Spark transmitters are
usually of one of the following: § kw.; 1 kw.; 2kw.;and 5 kw,

For the smaller vessels, including yachts and small cargo
vessels, and for auxiliary purposes, the 3-kw. transmitters
are employed. They have an average range of 150 miles
in daylight and upwards of 1,000 miles at night.

The 1-kw. equipment is used on small coastal steamers
and the larger cago vessels. It has a range of approxi-
mately 200 miles in daylight and upwards of 1,200 miles
at night.

The 2-kw. transmitter is practically standard equipment
for the larger coastal steamers and largest cargo vessels as
well as on a great number of transatlantic passenger
vessels.  Since this type of transmitter is the most common
in marine use, it will be deseribed in detail.

The 5-kw. types of transmitters are to be found on the
largest transoceanic liners and first line men-of-war.
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Standard 2-Kw. Spark Transmitter.—Spark equipment
of the 2-kw. type has followed the original design of the
American Marconi (‘ompany (now the Radio Corporation
of America). Transmitters of this type have been made
by the United States Navy and several other manufae-
turers. In Fig. 8 is shown a wiring diagram of this appara-
tus.

Direct-current power is taken from the ships mains at a
potential of the order of 120 volts. This input is con-
trolled by the main d.-c. switch «. From here it is
supplied to the motor-generator set through the automatic
starter b. The switch ¢ is in the field circuit of the genera-
tor (7, and the switch d in the output circuit of this 500-
cycle generator. The overload relay is shown at e.
The current in the field of the motor A may be varied by
means of the rheostat f; the result is a variation of speed
with a resultant variation in the frequency of the current
in the generator circuit. The generator voltage may be
varied by means of the rheostat g. The power circuit
also includes the wattmeter A and the transmitting key.

IFrom the sccondary of the power transformer, Fig. 8,
the high-voltage low-frequency alternating current is
changed into a high-frequency current in the eclosed
oscillating circuit. Kither the rotary gap 7 or thequenched
gap j may be switched inthecircuit. Whentherotarygapis
used, the clips on the quenched gap are fastened to the
same disk, thus short-circuiting the quenched gap. A
small inductance coil is in series with the quenched gap to
compensate for the inductance of the leads to the rotary-
spark gap.

This transmitting set is so arranged that the wavelength
may be instantly changed from 300 to 600 or 800 meters
by means of the wave-change switch k. The switch k
controls two other switches, which, when the switch k& is




‘Rap10 ‘T RANSMITTERS 17

moved, cut in the proper amount of inductance and
capacity into the closed and open oscillating circuits.
Fine adjustments of inductance in the antenna circuit may
be made with a variometer I. The coupling between
the open and closed circuits may be varied by means of
the lever m. The antenna circuit also includes an amme-
ter n for reading the current in the antenna cireuit.

In adjusting a transmitter of this type, it is necessary to
tune the closed circuit by means of a wavemeter and then
to couple the open cireuit to it. The open, or antenna,
circuit is then brought into resonance, which is manifested
by maximum reading of the current-indicating device in
the antenna circuit.

The radio-frequency current in the antenna circuit,
when a transmitter of this type is used, varies with the
wavelength, for any particular antenna. In the case of
the average ship’s antenna, between 14 and 18 amperes
may be expected on 600 meters when the quenched gap is
used. At 450 meters, the current should be between
9 and 14 amperes. When working on the 300-meter
wavelength, the value of the antenna current will be
greater if the natural period of the antenna system is low
enough to permit operation on this wavelength without
the insertion of a series condenser. If the short-wave
condenser is not connected in the antenna circuit, one
may expect between 8 and 9 amperes, but if the funda-
mental of the antenna is so high that the series condenser
has to be cut in the circuit for tuning down to 300 meters,
the antenna current will probably be between 3 and 5
amperes.
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TIMED-SPARK TRANSMITTER

ADVANTAGES OF CW. TRANSMISSION

In the carly days of radio-telegraph communication, it
was quickly learned that continuous-wave signals provided
a more reliable means of communication than damped
waves. The Marconi Wireless Telegraph  Company
engineers devised a systemn whereby continuous waves
were emitted from a spark transmission system, where
waves of equal amplitude were formed by the proper
phasing of a plurality of spark oscillations.

It is well to stop for a moment and summarize the out-
standing advantages that make ew. telegraph transmis-
sion more desirable than spark.

First of all, the transmission range by the continuous-
wave method, for a given power, is inuch greater than by
the spark method. This is due to the fact that in ew.
transmission, all the cnergy is concentrated into, and
radiated at, one frequency, whereas in spark transmission,
the radiated energy is spread out over a band of frequencies.

If follows, then, that the inverse of the above is true;
namely, for a given range, less power is required to transmit
by the continuous-wave method than by the spark method;
or, in other words, the cfficiency of transmission, in the
case of ¢w., Is an improvement over spark.

Greater selectivity is experienced in tuning cw. than in
tuning spark signals at the receiving station. In the case
of ew., the signal note may be adjusted at the receiving
station to suit the operator, by simply changing the
frequency of the beat note, which is manifested in the
detector output circuit, in the course of cw. reception, and
which is caused by the beating of the incoming radio-
frequency signals with the radio-frequency energy that is
generated at the receiving station and that has a frequency
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a few hundred eycles above or below the frequency of the
incoming signals. In the case of spark signals the signal
note is more or less a fixed quantity; that is, it is under the
control of the transmitting operator. But it is the receiv-
ing operator that really should control the note frequency.

It is also true that a given antenna will have a greater
possible energy radiation on continuous waves than on
damped waves. This is considered from a standpoint of
antenna insulation; hence, the optimum possible voltage
whereat the antenna insulation breaks down is the limit-
ing factor and it is a fact that, for a given power in the
antenna, the amplitude of the cw. oscillations need not
be so great as the amplitude of the damped-wave oscilla-
tions. A quantitative analysis of this point follows:

In the case of cw. transmission, energy is radiated in a
continuous stream, when a signal is being sent out, or
100 per cent. of the time.

In the case of spark transmission, with a 500-cycle
supply generator and a quenched spark gap, for example,
the number of oscillations per spark is equal to the con-
stant 4.605 plus the deerement of the emitted wave, divided
by the decrement. If the decrement is .1, the
4.6051—{-.1 —47.05

In this case, there are 1,000 sparks per second, so the
number of complete oscillations per second is equal to
1,000X47.05 which is 47,050. In order to determine the
length of time involved in the completion of these 47,050
oscillations, the rate of speed at which they oscillate; that
is, the frequency, must be known. This is a function of
the wavelength and, when sending on 300 meters, the
frequency will be

300,000,000
300

Number of oscillations per spark =

=1,000,000 cycles per second
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Thus, the 17,050 oscillations take place at the rate of
1,000,000 per second, which means that the time interval
1
1,000,000 of a second and
the time involved in the completion of the total number is

equal to 47,050 X

for the completion of cach one is

1 . 47
1,000,000’ which equals 1,000 " 047 of 2

second. From this it is found that during one second of
time, in the casc of spark transmission, there is cnergy being
radiated 4.7 per cent of the time. When this value is
compared with that for cw. transmission, where encrgy is
heing radiated 100 per cent. of the time, it will be apparent
that the amplitude of the oscillations in the case of spark
transmission will have to be much greater to obtain a
given amount of encrgy radiated per second than in the
case of cw., for, in the former, cnergy is being radiated
only a small fraction of the time.

Thus there is an optimum amplitude of oscillations
above which the antenna insulation will break down. If
this optimum amplitude is effected in the course of cw.
transmission, the energy radiated per second will be much
greater than in the case of spark transmission where the
same optimum amplitude is effected.

The following is a list of devieces by means of which
continuous radio-frequency ecnergy can be generated:
the timed spark, the Alexanderson alternator, the Poulsen
are, frequency multipliers, and the vacuum tube. All
these systems will be considered in detail.

THEORY OF TIMED-SPARK TRANSMISSION

In outlining the characteristics of spark wave trains it
was shown that no two oscillations were similar, but
decayed at a given rate, in a certain time, so determined
by the decrement of the circuit. These oscillations and
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their resulting cther waves are in groups separated by
definite time intervals. The function of the timed-spark
discharge transmitter is to fill up these invervals of time
with other groups of oscillations, which are set up by
other discharge circuits. The idea is similar to using a
six-cylinder engine in place of a single-cylinder one. In
Fig. 9 is shown the general idea of the method. The
lines a, b, ¢, and d show groups of discharges set up in
four different circuits, so arranged that the discharges of
the different eircuits follow each other in a regular sequence.
It is then obvious that if these discharges are made to act
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inductively on a collecting circuit, the resulting oscilla-
tions in this circuit will have undamped characteristics
as shown by the wave form at e. The adjustment so
that the discharges do not overlap each other in phase is
somewhat critical to maintain.  Two of the foreign high-
powered transatlantic stations are now using this method
for undamped-wave telegraph communication with good
results.

A schematic diagram of a timed-spark transmitter is
shown in Fig. 10. The rotary gaps a, b, ¢, and d are fixed
to the same shaft in such a manner that a discharge takes
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place across cach gap at a different interval. A rotary
and a quenched spark gap are included in each circuit.
When the high-voltage direct current is impressed across
the electrodes a discharge takes place, which starts an
oscillating current, say in the circuit of the gap a. By
induction the encrgy is transferred to the antenna circuit.
The discharges across the second, third, and fourth gaps
follow in close succession, and thus maintain the current
in the antenna circuit at constant amplitude.
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A slight overlap of oscillations is permitted in order to
produce higher transmission efficiencies, but this also
introduces a certain degree of decrement in the emitted
signal, which does not allow for as fine tuning as in other
types of cw. transmitting equipment.

This type of transmitter is noted for is extreme rugged-
ness but must be carcfully adjusted. Although there are
other types of timed-spark transmitters, it may be said
that they are only modifications of the circuit arrangement
described in the foregoing paragraphs. One improve-
ment has been the adaption of an auxiliary timing disk to
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insure the proper phase relation between the allied
circuits.

Apparatus of this type is to be found in some of the
English and Norwegian stations. The one American
installation has already been replaced by the high-
frequency alternator.

ALEXANDERSON SYSTEM

The Alexanderson high-frequency — alternator, as
installed at the majority of the high-power telegraph sta-
tions in the United States, is capable of delivering 200 kito-
watts of radio-frequency energy at 25,000 eycles or less.
It consists essentially of a two-phase motor driving a
high-speed  gencrator through a step-up gearing. This
generator contains a steel-disk rotor that has a large
number of slots on its periphery filled with non-magnetic
material (bronze). These slots causcmagneticfluctuations
when the disk rotates, and alternating currents are induced
in the armature coils, which are stationary and wound in
slots adjacent to the disk. There are 64 armature coils
and these are coupled to a large common secondary, which
is connected to the antenna and ground system. The
magnetic circuit is energized by the current inthestationary
field coils.

One of the armature coils is led to an independent cireuit,
and the current from it is rectified by a small vacuum-tube
rectifier and is then used for operating the speed regulator.
The actual regulation is accomplished through a reactance
coil, which in turn changes the value of the voltage supply
to the driving motor. This method of regulation is very
accurate and sensitive. Any wavelength desired, within
the design limit of the machine, can be obtained by chang-
ing the speed of the achine, which is accomplished by
the turning of one control handle.
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A schematie diagram of the Alexanderson alternator
connected to an antenna system is shown in Ifig. 11, The
armature coils of the alternator a are each connected to
separate windings in the primary b of the oscillation trans-
former. The secondary winding ¢ is connceted directly
in the antenna circuit.

The antenna d is of the multiple-tuned type, where a
number of down leads are employed, each connected to
an independent outdoor tuning coil e and eommon ground
system.  The antenna  efficiency is  thereby  greatly
increased, and a greater antenna current is obtained with
the same power input than would be otherwise possible.
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The alternator equipment is fully protected, and has
automatic alarms and controls which shut down themachine
in case of failure of proper supply of oil and water to the
various cooling systems.

Keying is cffected through a magnetic amplifier f, an
apparatus operated by small values of direct current, which
in turn has the effect of throwing the alternator in or out of
resonance with the antenna system. A telegraph key g,
controlling through a relay the direct-current supply to
this magnetic amplifier, is used for telegraphic signaling.

Power
Supply

|
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ARC TRANSMITTERS

USE OF ARC TRANSMITTERS

The arc transmitter was the first to be used for trans-
mitting undamped waves. Prior to the development and
use of the tube transmitter, the are transmitter was the
only system capable of producing sustained oscillations
in the antenna for the purpose of transmitting by radio
telephony. While its use for radio-telephony has dim-
inished, the arc has heen adopted for both high-power
transoceanic and low-power ship stations.

The advantages of the arc are the same as those for tube
transmitters, plus simplicity and ruggedness. Owing to
the difficulty of modulating an are transmitter, its use is
confined mostly to tclegraphic transmission.  The equip-
ment to be described consists of a 2-kw. shipboard installa-
tion.

One of the outstanding inherent characteristics of the
cw. transmitter is sclectivity. By cenfining all of the
radiated wave on one definite frequency, the efficiency of
the transmitting range is greatly inereased, and, at the
same time, more stations can work within a given fre-
quency band without interference.

THEORY OF OSCILLATING ARC

In Fig. 12 is shown a schematic diagram of the funda-
mental arc transmitting circuit. The arc gap is supplied
with high voltage from a d.-c. generator «, through a
controlling resistance b and radio-frequency choke coils .
The arc electrodes consist of a copper anode d and a car-
bon cathode e. The oscillatory circuit consists of the
inductance coil f and the condenser g, shunted across the
are.
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The antenna is inductively coupled to the closed oscilla-
tory circuit by means of the coupling and tuning coil A.
There is a radio-frequency ammeter ¢ in series with the
antenna circuit.

The arc is struck, or started, by moving the cathode e
until it touches the anode d, the resistance b preventing a
short cireuit on the supply generator. Upon separating
the electrodes an arc is struck, or formed, and it will be
found upon measuring the voltage across the gap that
there is a difference in potential, because of the drop
caused by the current through the resistance of the are
itself. This state of inequality in potentials causes a cur-

il

Fig. 12

rent in the oscillatory circuit, which charges the con-
denser g.

In charging the condenser ¢, the eurrent in the are is
decreased and the potential existing across the arc is
increased beeause of the increase in the resistance of the
arc with the decreased in current. This rise in potential
auses a still greater charge to be placed on the plates of the
condenser.

When the condenser reaches full charge, it discharges
across the arc, thereby decreasing the arc voltage. This
aids in completing the discharge of the condenser, and
owing to the resistance of the oscillatory circuit, the dis-
charge continues in the opposite direction, setting up an
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alternating current in this circuit, the frequency of which
is determined by the capacity of the condenser g, the
inductance of the coil f, and the resistance of the oscillatory
circuit. The maximum amount of energy is radiated
from the antenna circuit when the latter is tuned to the
frequency of the oscillations established in the closed
oscillatory eircuit.

FEDERAL 2-KILOWATT ARC TRANSMITTER

Circuit Diagram and Operation of Set.—Radio trans-
mitters are designed and constructed with a view to their
ultimate power output. In the case of arc sets, the power
output is usually reflected in the construction of the are
chamber and its auxiliary apparatus. The same principle
of operation, however, holds true for both the low- and
high-power arc transmitters. To explain the construe-
tion and operation of a commercial are transmitter, the
Federal 2-kw. set will be used.

The operation of an are transmitter is dependent on the
formation of an arc between two electrodes. In the trans-
mitter represented in Fig. 13, the energy required by the
arc is supplied by the d.-c. generator a. The current
passes from the positive terminal of the gencrator, through
the clectromagnet b, copper clectrode ¢, carbon electrode d,
to the negative terminal of the generator. The antenna or
radiating circuit includes the antenna e, series condenser f,
loading inductor g, variometer &, front contact and arma-
ture of the key relay ¢, ammeter, resistance j, clectrodes ¢
and d, and ground. When the transmitting key & is
closed, the relay ¢ draws up its armature and completes
the antenna circuit. As soon as the antenna circuit is
completed, undamped oscillations are set up in the antenna,
circuit and continue as long as the transmitting key k
is closed.
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When the key & is opened the generation of oscillations
is not stopped, but rather shifted to the back-shunt, or
dummy-antenna, circuit. This ecircuit resembles the
antenna circuit in that it possesscs capacity represented
by the condenser [, inductance represented by the coil m,
and resistance represented by the resistor n. By operat-

Fic, 13 7

ing the key k the generation of oscillations is shifted
alternately from the antenna to the dummy-antenna cir-
cuit as required for transmitting a message. The arc is,
therefore, always active when the set is in operation.

The method of signaling with the key k, just described, is
known as the back-shunt method. The energy in the
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antenna circuit may also be modified by neans of the
auxiliary key o. This key is provided with a single-pole
double-throw switch p, which, when in contact with its
upper stop, short-circuits the key o; when in contact with
the lower stop, it short-circuits the chopper ¢; when the
switch p is in its intermediate position, in contact with
neither stop, the key o, the chopper ¢, and the single turn r
coupled to coil g, arc all connected in series.

To transmit signals with the key o, the antenna circuit
must be closed through the front contact of the relay <.
This may be done either by closing the short-circuiting
switch s of the key & and holding the armature of relay 4
magnetically against its front stop, or by placing an insula-
ting wedge between the armature and its back stop and
thus holding it in contact with the front stop.

In order to transmit continuous waves the switch p is
brought in contact with the lower stop. This short-cir~
cuits the chopper ¢, and places the loop r in series with the
key o only. If under this condition the key o is closed the
inductance of coil g will be changed and the transmitted
wave will be on a different wavelength. The antenna
inductor g must then be so arranged that it transmits on
the proper wave-length when the key o is closed.

TFor interrupted continuous-wave (icw.) transmission
the switch p is in its intermediate position. The indue-
tance of the antenna coil g is then modified not only by
the operation of key o, but also by the chopper ¢. Each
dot and dash will be sent out as a series of audio-frequency
pulsations.

The chopper ¢ may also be used in connection with the
key k. The switch p is brought in contact with its upper
stop so as to short-circuit the key o. The dots and dashes
formed by the key k will then be modulated, or broken up,
by the action of the chopper q.

33
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FiG, 14 (Continued)

The resistances j and n are provided with short-circuit-
ing switches, which are closed when greater power is
required. The antenna condenser f is also provided with
a short-circuiting switch, which is closed when transmis-
sion takes place on the longer wavelengths.  Wavelength
adjustments are made on the antenna coil g, and the final
or vernier adjustment is made with the variometer .
The ammeter in the antenna circuit shows the value of
current in that circuit. Other mneasuring instruments are
provided, but these are not shown in the illustration.
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Assembly of 2-Kw. Arc Set.—The various units of the
Federal Telegraph Company’s 2-kw. arc transmitter are
shown mounted and interconnected in Fig. 14. The are
converter a consists of a chamber in which may be found
the anode and the cathode. The carbon holder b is
latched into position and is so arranged as to engage a
key in the slot of a member that rotates slowly while the
set is used for transmitting purposes, thus insuring an
even consumption of the carbon electrode. The electro-
magnets are located near the top and bottom of the con-
tainer. Above the container is the alcohol or hydrocarbon
feed-cup ¢, which is so arranged that the proper number of
drops of liquid is permitted to enter the arc chamber. The
introduction of the alcohol assists in dispersing the ions of
the arc. The enclosing chamber of the converter is so
constructed as to provide ample water cooling surface for
efficient operation. The cooling-water tank d is con-
nected through suitable piping with the centrifugal pumnp e,
the latter foreing the water through the cooling compart-
ment of the arc chamber.

The control panel contains a d.-c. ammeter f, and a
d.-c. voltmeter g for determining the current and voltage
respectively, in the d.-c. generating circuit; a radio-,
frequency ammeter h for determining the value of the
current in the oscillating circuit; the arc main-line switch 7;
starting-resistance switch j; and the set supply switch k.
On the left of the control panel is shown a resistor [,
which is sometimes connected in the antenna circuit when
low-power tranmission is desired. The resistor can be
short-circuted by the switch. The motor-gencrator con-
trols are shown in the lower left-hand corner of the figure.
The antenna cireuit includes the inductance coil m and the
series condenser n; the duminy-antenna, or back-shunt,
circuit shown at the cxtreme left of the figure, is made up
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of the fixed resistor o, the variable resistance p, and the
condenser ¢.  'The antenna cireuit also inchides the vario-
meter 7, which is used by the operator to make slight
changes in the wavelength. The chopper s may be
switched into the antenna circuit by means of the switch ¢
when icw. transmission is desired. The operation of the
Morse key w operates the back-shunt relay key », which,
when the key is closed, completes an oseillating circuit
through the antenna.  When the key w is open, the relay
key completes the oscillating circuit through the back-
shunt devices.  The auxiliary hand key is shown at w.

The switch 2 may be placed in any one of three posi-
tions. In one position it connects the transmitting equip-
ment with the antenna; in its second position it connects
the receciving equipment, not shown, with the antenna;
and in its third position it grounds the antenna. The are
pressure regulator i controls the density of the gas in the
arc chamber.  The dotted rectangle represents the space
reserved for the receiver.

FREQUENCY MULTIPLIERS
TYPES OF FREQUENCY MULTIPLIERS

Frequeney changers, or multipliers, may be static
(constructed like an ordinary power transformer) or they
may employ a moving clement (constructed quite similar
to an ordinary motor, with a rotor and a stator).

Many different forms of the static type of frequency
changer have been tried out and they are all fundamentally
the same, differing mainly in the manner of their connec-
tions and the number of frequency transformations
attained. They all depend, for their operation, on the
asymmetrical variation of flux with magnetizing foree, in
saturated iron cores. This action will be considered a little
more in detail.
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STATIC FREQUENCY MULTIPLIERS

In Fig. 15 is shown the schematic circuit arrangement
of a static frequency multiplier and in Fig. 16 a graphic
analysis of the actions that take place. There are two
identical transformers a and b, Fig. 15, The primary
windings a, and b, are connected in series and the input
voltage is applied across this series eireuit.

The two scecondary windings a. and b, are conneeted in
series, but, instead of connecting them the same as the
primaries are connected, the conneetions to the secondarics
are reversed. 'The output of the two secondary windings
is applied to a tuned circuit consisting of a condenser ¢
and an inductance coil d, which cffect tuning to that
frequency which is double the frequency of the voltage
applied to the primary windings.

There is a tertiary winding a; on the transformer a,
and there is a tertiary winding b; on the second trans-
former b. These two windings are connected in series
with a direct-current source of supply e and a choke coil f,
the function of the latter being to prevent the passage of
alternating current in the tertiary circuit.

Sufficient direct current is passed through the two
tertiary windings to bring the two transformer fluxes to
just the point where saturation occurs, right at the knee
of the hysteresis curve. The econnections to the two
tertiary windings have been such that the flux produced
in the core of transformer a by current throughthe tertiary
circuit, is in a clockwise direction, whereas the flux pro-
duced in the core of transformer b, due to the same
current, passes around the core in a counter-clockwise
direction.

Now considering both Figs. 15 and 16 there is a supply of
voltage E of a given frequency. If the primary circuit is
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considered to be all inductanee, then the current and flux
will lag 90° behind the applied voltage E.

The particular instant shown in Fig. 15, is now con-
sidered. The current through the primary windings a,
and b, is in the direction indicated by the arrow, causing a
flux to be set up in the cores of each of the two transformers
which passes in a clockwise direction. This is called the
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positive half of the current eycle. During this alterna-
tion, or one-half cycle, the flux of transformer a will change
very little because the magnetomotive force of the primary
winding assists the magnetomotive force of the direct-
current winding, wheveas the flux of transformer b will
undergo a large change heeause the magnetomotive force
of the primary winding is in opposition to the magneto-
motive force of the direct-current. The reason why the
flux of transformer a changes very little even though the
magnetomotive force of the primary windings assists the
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magnetomotive foree of the dircet-current winding, is
that the current through the direct-current winding has
produced sufficient flux to bring the transformer flux to
the point of saturation and any further increase in the

magnetomotive foree, no mat-

: — E | . ter how great, can only pro-
VY ‘\\ : : /,’ duce a small change in result-
l/’ \\,' /?\E ant flux. Iowever, in the
A i ,'( ase of transformer b, zft the
i :‘\ 5 instant taken into considera-
ft i //: tion, the magnetomotive force
// : : Y : of the primary winding is in
I | | vy opposition to that of the direct-
E P | /™ current winding and there is a
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large change in resultant flux
! because, in this case, the total
: flux is decreasing, away from
I the point of saturation.

: During the next alternation,
! or half eycle, conditions are
|

;

reversed and the flux of trans-
S former a undergoes a large
Wb change while the flux of trans-
| ] ' former b changes but little, for
V\ f\ l/\efeh the reasons mentioned in the
d preceding paragraph. Curves
: | \ﬁ «, Iig. 16, show graphically
the applied voltage E and the
flux ¢ due to the current
forced through the primary windings of the two trans-
formers. Curves b show the resultant fluxes in the cores
of transformers a and b, Fig. 15. The flux curve ¢, is
that of transformer a; the flux curve ¢, is that of trans-
former b.
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Since these two Huxes exist in separate cores, they do
not combine to form a double-frequeney Aux, and with the
secondary windings connected in the normal series arrange-
ment, not as shown in Fig. 15, the two voltage waves ¢,
and e, as shown at ¢, Fig. 16, exist in the output cireuit.

1f the conneetions to one of the secondary windings are
now reversed so that they are as shown in Fig. 15, the
voltage curve will be as shown at ¢, Fig. 16, having twice
the frequency of the input voltage, which frequency is
obtained graphically by subtracting ¢, from ¢,

VACUUM-TUBE TELEGRAPH. TRANSMITTERS
VACUUM TUBE AS GENERATOR OF RADIO-FREQUENCY ENERGY

The operation of the vacuum tube as a generator of
radio-frequency oscillations can be explained with the use
of Figs. 17 and 18. 1In Fig. 17 is shown a source of radio-
frequency energy «, which is applied to the grid of the
vacuum tube b through the medium of the inductive
coupling between the two coils ¢ and d. By virtue of the
inherent characteristic of the vacuum tube to produce
amplified variation, in its plate circuit, of the variations
in current and voltage applied to its grid, the radio-fre-
quency oscillations originating at « are manifested in
amplified form in the output cireuit of the tube b.

It may be necessary to apply 1 watt to the grid of the
tube a (grid excitation) to get 10 watts output. If 1 watt
is put into an electrical device and 10 watts taken out,
the additional energy must be coming from some other
source, and in this case it is supplied by the B battery.

Sinee all that is necessary for the excitation of the grid
of the tube in this case is 1 watt, and since 10 watts are
available in the output circuit, there is no reason why the
source at a could not he removed and 1 watt fed baek from
the cnergy available in the plate circuit for exciting the
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grid of the tube a sufficient amount to maintain oscilla-
tions. This is done in Fig. 18.

-B +B
I‘16. 17
When the power is applied to a cireuit of this type, there
are surges of current established which take the form of
feeble oscillations, having a frequency determined by the
capacity a and the inductance b in the plate circuit, which
in this case is tuned. Some of this energy is fed back into
the grid circuit by means of the coils ¢ and d and is mani-
fested again in the plate circuit in a magnified form, owing
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to the amplification characteristics of the tube. If the
coupling between the plate and grid circuits is sufficient,
the oscillations will be maintained.

DIFFERENT TYPES OF VACUUM-TUBE TRANSMITTING CIRCUITS

Meissner Circuit.—The different types of fundamental
vacuum-tube oscillating circuits ave shown in Figs. 19 to
25, inclusive. In Ifig. 19 is shown the schematic wiring
diagram of the Meissner eireuit where the grid excitation
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is obtained by means of inductive coupling between the
grid coil L, and the plate coil L,.

The amount of grid excitation obtained is a function of
the number of turns in the grid coil L, relative to the
number of turns in the plate coil L,, and the numerical
value of this ratio of L,+ L, becomes smaller the larger
the size of the tube used, whether it be 5 watt, 50 watt,
250 watt, or larger. Tor instance, when a 5-watt tube
was used in a circuit of this type tuned to a wavelength of
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300 meters, the number of turns necessary in the plate
coil L, was 30 and the number in the grid coil, for efficient
operation, was 20. The ratio of grid turns to plate turns,
then, was 2§, or 2 to 3. When a 50-watt tube was used in
the same circuit, the ratio was 1%, or 1 to 2. When a
250-watt tube was used, the ratio became 1%, or 1 to 3.
Thus, the larger the size of the tube, the fewer the number
of turns necessary for proper grid excitation.

Both the plate coil and the grid coil are inductively
coupled to the antenna circuit. The tuning condensers C,
and C, may be shunted across the plate and grid coils,
respectively, for tuning, but they are not necessary in all
cases. The current indicating device is shown in the
antenna circuit.
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Tickler-Coil Circuit With Inductive Grid Coupling.—In
Fig. 20 is shown a schematic diagram of a tickler-coil cir-
cuit with inductive grid coupling. In this ecircuit the
plate of the oscillator tube is directly coupled to the
antenna, and grid excitation is obtained by means of the
grid coil L,, which is inductively coupled to the antenna
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coil L,. The condenser (', may be shunted across the grid
coil for tuning or it may be left out of the circuit. The
serics condenser €, is for tuning down to wavelengths
shorter than the natural period of the antenna system.
The direet eurrent in the grid eircuit through the resis-
tance 2, produces the proper operating bias voltage on
the grid of the tube. The condenser €y hy-passes radio-
frequeney currents around the bias resistance. The coil
X, is a radio-frequency choke, which prevents radio-
frequency from getting back into the plate supply circuit.

Tickler-Coil Circuit With Inductive Plate Coupling.—A
schematic wiring diagram of a tickler-coil circuit with in-
inductive plate coupling is shown in Fig. 21. This type
of circuit is used to a great extent in commercial 1-kw.
ship transinitters. In this circuit the oscillating energy
in the plate circuit of the tube is transferred to the antenna
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system through the medium of the inductive coupling
between the plate coil L, and the antenna coil L,
The plate coil may be tuned with the condenser C, or
this condenser may be omitted.

The excitation for the grid of the tube is obtained by
tapping the grid directly on to the antenna coil through a
capacity Ci. The amount of grid excitation obtainable is
a function of the value of the condenser €, and the number
of turns included in that part of the antenna coil below the
point where the grid is tapped off.  The condenser C, also
blocks the direct current in the grid circuit from getting
into the antenna coil, so it takes the path through the grid
choke X, and the biasing resistance £,. The choke coil
keeps radio-frequency current out of the bias circuit, thus
preventing unnccessary losses, and the bias resistance
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functions to produce the proper operating bias on the grid
of the tube.

Hartley Circuit.—A schematic wiring diagram of a
Hartley oscillating circuit is shown in Fig. 22. In this
circuit the plate is tapped on one end of a coil L, and the
grid on the other end, and the grounded filament is brought
to the proper point between the plate and grid taps. The
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antenna may be directly coupled to this type of circuit,
as shown in the figure.

That part of the coil L, that is between the points a and
b may be considered the plate coil and that part of the coil
that is between the points b and ¢ may be considered the
grid coil. The amount of grid excitation is determined
by the ratio of grid to plate turns. In the case of the
coil L, having 40 turns of 4-inch diameter, a 5-watt tube
being used, the ground may be brought to such a point b
on the coil that there would be 17 grid turns and 23 plate
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turns; whereas, in the case of a 1-kw. tube in the same
circuit, only 6 grid turns would be needed to 34 plate
turns. This will give an idea of the relative number of
turns necessary for grid excitation with different powered
tubes. The resistance 2, is the biasing resistance in
this circuit, the condenser (), the grid by-pass condenser,
and the coil X, the radio-frequency choke in the plate
circuit.

Colpitts Circuit.—A schematic wiring diagram of a
Colpitts oscillating circuit is shown in Fig. 23 (a). This
circuit is somewhat similar to the Hartley circuit inasmuch
as the plate is connected to one end of a coil, the grid to
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the other end, but the grounded filament is brought to
the mid-point between two condensers that are connected
in series across the inductance L in the oscillatory circuit.
The grid excitation in this circuit depends on the relative
values of C; and Cp, since it is the voltage drop across @
that is applied to the grid of the tube through condenser
Ci.

The oscillatory circuit is shown in view (). In view
(b) is shown one way of applying this circuit to an antenna
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system. The capacity that appeared in the oscillatory
cireuit in view (a) as C,, is replaced by the capacity of the
antenna, view (b).

Reverse Feed-Back Circuit.—The connections of the
Armstrong tuned-plate, or reverse feed-back, circuit are
shown in Iig. 24. In this circuit, as the name implies,
the plate circuit is tuned, but there is no inductive coupling
between the plate and the grid coils, cxcitation being
supplied to the grid by means of capacity coupling between
these two electrodes. In some cases there is sufficient
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capacity within the tube itself to furnish adequate coupl-
ing, hence the proper amount of grid excitation. Where
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this internal capacity is not sufficient, an external capacity
is connected between the plate and the grid terminals as
shown at a.
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Master-Oscillator Circuit.—The master-oscillator type
of circuit is shown schematically in Fig. 25. In this type
of circuit, one tube a is used for generating the desired



‘RAp1o T RANSMITTERS 45

radio-frequency output and the energy thus obtained is
used to excite the grid of another tube b, which is termed
the amplifier tube. The amplifier tube b in turn can feed
into the antenna system, or, if there are several power tubes
in the transmitting assembly, they can all he used in
successive stages of amplification. The master oscillator
determines the frequency of the emitted wave, and owing to
the fact that the master oscillator is not directly coupled
to the antenna system, this arrangement is free from
frequency changes, in the course of transmission, caused
by a swinging antenna, etc.

COMBINATION SPARK AND TUBE TRANSMITTERS

As cw. transmitters began coming into more general use
is was apparent that for economic reasons a combination
of the existing spark equipment with the addition of the
vacuum-tube circuits necessary for transmission by this
latter method would mean the saving of a considerable
sum. Both the commercial and military radio authorities
immediately hegan the adoption of the tube as an auxiliary
to the standard spark equipment.

The schematic diagramn of a spark-tube transmitter,
Fig. 26, shows the application of two vacuum tubes and
their auxiliary circuits to a spark set. This is one method
of effecting a means for transmission on hoth spark and
modulated ew., at a minimum of installation costs. Two-
250-watt power tubes are used in a self-rectifying circuit
and because of this fact, the wave emitted has a 1,000-
cycle ripple in it (since there is a 500-cycle a.-c. supply),
which means 1,000-cycle modulation. In all spark-tube
transmitters the plan has been to use a.-c. on the plates
of the transmitting tubes, keeping smoothing at a mini-
mum possible value and thus effecting a well modulated
transmitted wave,

3—1
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1t is to be remembered that there is big step between the
tuning in of spark signals and the tuning in of cw. signals
at the receiving station. The former tune the broadest
and the latter tune the sharpest. Thus, in order to edu-
cate operators away from spark transmission and recep-
tion, it was necessary to do it gradually.  After working
with spark, where the tuning is broad, most operators
have considerable diffieulty in trying to tune for ew. trans-
mitters, and that is one reason why the self-rectifying type
of tube transmitters were the first to be used in conjune-
tion with spark transmitting equipment.

A 500-cycle, a.-c. gencrator a, I'ig. 26, which is a part of
a motor-generator set, is connected to the primary winding
of the step-up transformer 6. A mid-tap is brought out
from the secondary winding ¢ of the step-up transformer
and this lead is connected to the mid-tap on the secondary
winding of the filament transformer ¢. Choke coils are
placed at e to prevent radio-frequency currents from get-
ting back into the secondary winding of the power trans-
former. Ilexible leads f and g are brought to the oscilla-
tory circuit of the spark transmitter, when it is desired to
transmit by this latter method.

Power for heating the filaments of the transmitting tubes
is brought from the 140-volt, 500-cycle gencrator a, to the
primary winding of the filament transformer d. A special
double-contact transmitting key h cuts out the resistance ¢
in the primary eireuit of the filament transformer at the
same time the cireuit isclosed through the primary winding
of the high-voltage transformer.

When it is desired to transmit with the tube set, the
motor-generator set ix started and the switeh j is closed,
which effects the heating of the filaments of the power
tubes through the medium of the filament transformer d.
The resistance 7 in the primary circuit of the filament
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transformer is so adjusted that the filaments of the tubes
burn at normal temperature when the transmitting key h
isopen. Thus, there is then only the light load due to the
filaments of the two transmitting tubes applied to the
supply generator.  With this light load the terminal volt-
age of the a.-c. generator is high, but following the applica-
tion of full load, through the closing of the transmitting
key &, the terminal voltage of the supply generator drops,
and the resistance in the primary eireuit of the filament
transformer has to be correspondingly decreased to com-
pensate for the drop in the value of the supply voltage.
Thus, one set of contacts of the transmitting key h shorts
out part of the resistance 7 and the temperature of the
tubes remains unchanged with the key cither open or
closed.

The high voltage from the secondary terminals ¢ of the
step-up transformer is supplied to the plates of the trans-
mitting tubes & and [ through the two 30-henry chokes e.
The plates are connected to the oseillatory cireuit through
the blocking condensers m, which block the low-frequency,
a.-c. supply from getting into the oscillatory cireut and
pass the radio-frequency currents.  1f it were not for the
blocking condensers m there would be a short cireuit aeross
the entire secondary winding ¢ of the high-voltage trans-
former.

Thesc blocking eondensers have a value of .002 micro-
farad and it is worth while to consider, mathematiecally,
just how efficiently they block the 500-cyele current and
allow the radio-frequency current to pass.  Let it be
assumed that the oscillatory eircuits are adjusted for
transmission at 600 meters.  This would mean a frequency
of 500,000 ecyeles per second. (Since the frequeney
= 300,000,000 =+ wavelength, it is also true that wavelength
= 300,000,000 +frequency.)
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The reactance of a .002 microfarad condenser to current
having a frequency of 500 cycles per sccond, is cqual to
—QTlf Cohms
in which f=frequency, in ¢ycles per second;

x=3,1416
C = capacity, in farads.

Thus it follows that the reactance is equal to 1+ (6.28
X500 2X107%). The result is 160,000 ohms, approxi-
mately. Since the frequency of the currents in the oscil-
latory cireuits is 1,000 times greater than the frequeney of
the current from the supply generator, it follows that the
reactance to these high-frequency currents will be equal to
1--1,000 of the reactance to the 500-cyvele current, or 160-
ohms, which value is derived by substituting 500,000 for
the frequency in the above equation in place of 500.

Therefore, although the blocking condensers do not
totally prevent 500-cycle current, they do limit it to a
very few milliamperes and they do prevent a short eireuit
on the step-up transformer sccondary e, The reactance
of the condensers m to the radio-frequency currents, 160
ohms at 600 meters, is sufficiently low to pass these cur-
rents efficiently.

Both grids are tied together and conneeted to the grid
coil n, through the parallel combination of grid leak and
grid condenser 0. This leak is of the order of 10,000 ohms
and the condenser has a value of .002 microfarad. The
condenser by-passes radio-frequency currents around the
grid leak and blocks off direet grid current so that it has to
pass through the leak, thus producing the proper negative
bias on the grids of the tubes.

The grid inductance n and the open-eireuit inductance p
are designed to work on all of the standard spark wave-
lengths as well as the standard wavelengths for cw. trans-
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mission. There is a double-pole, double-throw switch ¢
that connects either the spark or the tube set to the antenna
and there is a common indicating deviee at » for showing
the value of the radio-frequency current in the antenna
circuit.

The oscillatory circuit is of the Meissner type, the plate
coil being shown at p and the grid coil at n, the latter coil
being inductively coupled to the former to produce the
proper amount of grid exeitation.  Of course, it is possible
to shunt condensers across the grid coil n, if desirable, for
increasing the grid excitation available with a given coupl-
ing to the plate coil p.  The antenna is directly coupled
to the coil p and by virtue of this fact, the frequency of
the current in the circuit of which coil p is a part is a func-
tion of the antenna capacity as well as the inductance of
the coil p.

It might be well to point out, in connection with the
spark circuit shown in Fig. 26, that, although the tube set
is directly coupled to the antenna system when the
switch ¢ is set for tube trausmission, the spark set is induc-
tively coupled to the antenna when the switch is thrown
for spark transmission.

1t is usual, in converting the 2-kw. spark transmitter
for spark and tube transmission, to employ two 250-watt
tubes. This permits a power of 500 watts in the antenna.
The UV-204-A tubes have a filament rating of 3.75 amperes
at 11 volts and a plate-voltage rating of 2,000 volts.
Since the terminal voltage of the secondary winding ¢ of
the high-voltage transformer is of the order of 12,000
volts, or 6,000 volts to each tube, it is necessary to cut
this down for applying to the plates of the transmitting
tubes & and I. The antenna current varies from 6 to
12 amperes on ships with antennas having a natural period
of 300 meters and a capacity of .001 microfarad.
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COMMERCIAL 1-KW. SHIP TUBE TRANSMITTER

The 1-kw. tube transmitter is found on a great many of
the larger ships. The schematic diagram, Fig. 27, shows
that it is of the tickler-coil type with inductive plate
coupling.

Four 250-watt tubes « are used as oscillators and they
are connceted in parallel.  The plates of these tubes are
all connected to the 2,000-volt d.-c. supply B through the
plate coupling coil b.  The grid of cach tube is connected
to a common grid lead through an individual choke coil ¢.
The function of these small choke coils is to prevent para-
sitic oscillations in the local circuits between the elements
of the tubes. Parasitic oscillations are those of extremely
high frequency, and are due to the inductance, capacity,
and coupling between the elements of the tubes.

The grid choke coil d prevents radio-frequency current
from passing through the resistance e, which, owing to
the direct current passing through it, provides the neces-
sary negative bias on the grids of the tubes for cfficient
operation. The grid condenser f is a coupling condenser
by means of which the proper grid exeitation is supplied
to the grides of the tubes to keep them oscillating.  The
amount of grid excitation is a function of the point where
the lead from condenser f is tapped on the inductance ¢;
the value of the capacity of condenser f is also to be con-
stderecl, since the lower this value is made, the greater the
amount of capacity reactance that it offers to he radio-
frequency current; hence, the greater the voltage drop
across it for a given amount of current.

The constants of the antenna circuit determine the
wavelength of the transmitted signals, which is a some-
what undesirable feature because swinging of the antenna,
with subsequent variations in antenna capacity, will be
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manifested by variations in the wavelength of the trans-
mitted signals. This is overcome in transmitters of more
recent design and will be taken up at a later point in this
text. The condenser h in the antenna circuit is used
where it is desired to transmit signals on a wavelength
lower than the fundamental of the antenna system.

The filaments of the four oscillator tubes are supplied
with filament heating current from the secondary winding
of a step-down transformer 7, which is capable of supply-
ing 3.75 amperes to cach tube and maintaining 11 volts
across the filament terminals of each tube. The con-
densers j and &k are connccted in series across the fila-
ment transformer secondary and their function is to by-
pass radio-frequency currents.

Keying is accomplished by a telegraph key, or relay, 1
connected direetly in series with the grid-bias ecircuit.
The contacts of this key are shunted by a condenser m.
When the key is open, the grids of the tubes hecome highly
negative hecause the blocking condenser m is then con-
nected in series with the grids of the transmitting tubes
and ground.  There is a negative 125-volt potential applied
to the grids of the tubes, through the keying resistor n,
this negative potential funetioning as a holding bias. The
blocking condenser m effects the initial blocking of the
transmitting tubes, and the 123-volt negative bias holds
them blocked. The keying resistor n functions, when the
key is down, to prevent short-cireuiting of the 125-volt
d.-c. bias supply. When the key is closed, the proper
operating bias is applied, and the tubes oscillate, which
results in a cw. signal being emitted from the antenna.
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COMMERCIAL 200-WATT CW. AND ICW. VACUUM-TUBE TRANSMITTER

A schematic wiring diagram of a 200-watt tube trans-
mitter in use on ships is shown in Fig. 28. Three UV-211
tubes are used in this unit. One tube a is used as a master
oscillator and the other two tubes b are used as power-
amplifier tubes.

The oscillating circuit in the master oscillator is of the
Colpitts type. The radio-frequency energy that is
generated in the master-oscillator circuit is used to excite
the grids of the two power-amplifier tubes b, The voltage
drop across the .002-microfarad condenser ¢, the latter
being in the master oscillator tank cireuit, is applied to the
grids of the two amplifiers, through the power-amplifier
grid condenser d and the feed resistance e, The parasitic
resistances f are inserted in series with ecach of the two
power-amplifier grids to prevent high-frequency oscilla-
tions locally. There is a parasitic resistance ¢ in series
with the master oscillator grid to prevent high-frequency
local oscillations.  The proper operating bias for the grid
of the master-oscillator tube is obtained by means of the
master-oscillator grid biasing resistance h.  The positive
side of the grid-bias resistance A is conneeted to the nega-
tive plate supply through the contacts of the chopper i.
The chopper functions to produce icw. There is a spark-
ing resistance j and condenser k across the chopper con-
tacts.

The power-amplifier grid choke coil [ keeps radio-
frequency current out of the grid-bias circuit and passes
the direct grid current through the power amplifier biasing
resistance m, thus effecting the proper negative potential
on the grids of the two power-amplifier tubes. The posi-
tive side of this biasing resistance is also connected to the
negative plate supply through the chopper contacts;
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hencee, the ehopper contacts are connected in series with
the grid circuits of all the tubes.

The two power-amplifier plates are connected in parallel
and then to the high-voltage plate supply through the
antenna coupling coil n. This coupling is variable and
it 1s by this means that the radio-frequency energy
generated by the master oscillator and amplified by the
power-amplifier tubes is induced into the antenna circuit
for radiating. A tuning variomcter p, a loading induct-
ance ¢, and a radio-frequency ammeter » arc also included
in the antenna circuit.

Keying is accomplished by opening and closing the
plate circuit, since the telegraph key s is connected in
series with the plate lead.  There is a sparking condenser
and resistance across the key contacts. At first glance it
may not be apparent that the key is connected in series
with the plate circuit as some may consider the plate
circuit as that portion of the circuit between the positive
B supply and the plate terminals of the tubes. The
complete plate circuit, in this case, is traced from the
+1,000-volt terminal to the plates of the three tubes,
through the tubes to the center tap of the sccondary of the
filament-supply transformer, to the key s, and then to the
—1,000-volt lead.

When keying is cffccted with the contacts of the
chopper 7 short-cireuited, ew. signals are radiated, but when
the chopper motor is started up, icw. signals are trans-
mitted. The chopper simply breaks up the emitted signals
into undamped wave trains, the frequency of which is a
function of the number of contacts on the chopper disk
and the speed at which the disk rotates past the stationary
contact. The chopper has a stationary contact and a
rotating disk containing a number of contacts with insulat-
ing material between them so that, as the chopper disk
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rotates, the stationary contact is first on metal and then
on insulation; thus, the circuit through the chopper con-
tacts is closed one instant and open the next.

With this transmitter, when transmitting on ecw.,
between GO0 and 900 meters, and using an antenna having
a resistance of 4 ohms and a natural period of 300 meters,
there should be 7 amperes of radio-frequency current in
the antenna with 600 milliamperes of plate current, keep-
ing the filament voltage at 10 and the plate voltage down
to 1,000.

Accompanying is a list of values that were taken with
this 200-watt transmitter working under normal condi-
tions. All these values were taken with the transmitter
working into an antenna having a resistance of 4 ohms,
and a natural period of 300 meters.

WorkING VALUES

2 I W, 1,
Cw. 600 7.3 213 590
Iew. 600 5.6 125 460
Cw. 960 7.2 2006 570
Iew. 960 5.0 100 475

in which A =wavelength, in meters;
o= radio-frequency antenna current,in amperes;
W, =antenna watts;
[,=total direet current to plates, in milli-
amperes,

COMMERCIAIL 500-WATT C.W. TUBE TRANSMITTER

A schematic wiring diagram of a commercial 500-watt
¢w. tube transmitter which is used for ew. transmission on
wavelengths from 300 up to 800 and from 1,800 up to 2,400
meters is shown in Fig. 29. There are eight UV-211
(50-watt) tubes in this transmitter. The tube a is a master
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oscillator, the tube b is a bias rectifier tube, and the other
six ¢ are power-amplifier tubes. The master oscillator has
the Hartley type of oscillatory circuit where the grid and
plate terminals of the oscillator tube a are connected to the
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extremities of a coil; and the ground, or filament lead, is
brought to a point between them. The grid excitation is a
function of the number of turns between the point on the
coil where the grid is tapped on and the point that is
grounded.
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The high-voltage, d.-c. plate supply is fed to the master-
oscillator plate through a radio-frequency choke coil d.
The .004-microfarad blocking condenser e keeps the high
voltage direct current out of the oscillatory circuit. The
oscillatory circuit for the master oscillator consists of the
coil f and the condenserg.  The grid terminal of the master
oscillator is connected to the oscillatory-circuit inductance
through the parasitic choke k and the grid blocking con-
denser 7. The direct current passes down through the
grid biasing resistance j.  The choke coil k keeps the radio-
frequency currents out of the biasing circuit, thus pre-
venting losses of this nature.

The grid excitation for the power-amplifier tubes is
obtained by tapping on the coil f at the desired potential
above ground and bringing this lead to the grids of the
amplifier tubes through the blocking condenser I. The
condenser [ prevents the direct current from the grids
of the power-amplifier tubes, from getting back into the
master-oscillator ecircuit and incidentally makes it go
through the power-amplifier grid biasing resistance m
and the radio-frequency choke coil n. The six power-
amplifier grids are connected to the common grid lead
through six separate parasitic choke coils 0. These small
choke coils prevent oscillations of very high frequency
from existing locally between the elements of the tubes.

The blocking, or necutralizing, condenser p prevents
reaction of the amplifier on the master oscillator due to the
internal capacity of the power-amplifier tubes. Plate cur-
rent from the 1,000-volt supply is fed to the plates of the
power-amplifier tubes, which are all connected in parallel,
through the primary winding of the radio-frequency trans-
former g. The secondary of this transformer is connected
in series with the antenna circuit and it is by this means
that the radio-frequency encrgy generated by the master
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oscillator and amplified by the six power-amplifier tubes
is induced into the antenna circuit. The variable loading
coil 7 is used for tuning the antenna system and the amme-
ter is used to indicate the value of radio-frequency current
flowing in the antenna cireuit.

Keying is accomplished by means of the keying relay s,
which is operated by the hand key at the operator’s desk.
When the operator’s key is pressed down, the tonguce of the
keying relay engages the contact that is connected to
ground. Since the leads from the master-oscillator and
power-amplifier grid-bias cireuits are connected to the
tongue of the relay, they are grounded when the operater’s
key is pressed down. This means that the proper operat-
ing bias is applied to the grids of the tubes in question and
a ew. signal is sent out from the antenna.

When the operator’s key is opened, the tongue of the
relay s engages the contact that is conneeted to the nega-
tive terminal of the bias rectifier tube b, the positive ter-
minal of the bias rectifier tube being connected to ground;
thus, in this position of the keying relay, there is a nega-
tive potential of 250 volts (the potential of the rectified
output from the rectifier) applied to the grids of the master-
oseillator and power-amplifier tubes.

IFor iew. transmission the signal switch ¢ is closed. This
connects the chopper w into the circuit. The chopper
motor is started and the amplifier feed is grounded inter-
mittently, the number of times per sccond that it is
ground being a function of the speed of the chopper
motor and the number of metallic segments in the ehopper
disk. When the ecircuit is closed through the chopper
contacts, the grid excitation to the awplifier tubes is
grounded and there is no radio-frequency energy radiated
from the antenna ; thus, in the course of icw. transmission,
when the key is closed, wave trains of continuous ampli-
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tude are sent out into the ether and the wave-train fre-
quency is usually between 500 and 1,000 cycles per
second.

It was previously mentioned that this transmitter was
for ew. and icw. transmission on wavelengths between 300
and 800 meters and 1,800 and 2,400 meters. This is -
accomplished by means of a 7-pole double-throw switch
that is mounted in the front panel of the transmitter
assembly. This switch is climinated in the schematic
diagram of Fig. 29 to facilitate the explanation of the
functioning of the transmitter. When the wave-change
switch is thrown upwards, the circuit arrangement and
constants are as shown in the figure. In this position, the
short-wave tuning inductance coil f tunes the master-
oscillator circuit to any wavelength between 300 and 800
meters.  The short-wave coupling transformer ¢ is used
and the short-wave antenna tuning coil r is capable of
tuning the antenna system to any wavelength within the
300- to 800-meter waveband.

When the 7-pole double-throw wave-change switch is
thrown down, the short-wave master-oscillator tuning
circuit f and g is disconnected from the circuit and a long-
wave system, consisting of a long-wave coil and condenser,
is substituted ; this combination being capable of covering
the waveband between 1,800 and 2,400 meters. Thus,
three of the poles of the 7-pole switch must be used to
perform this operation; one pole for the master-oscillator
grid, one for the master plate, and one for the power-
amplifier grid feed. These three leads can be connected
to either the short-wave or the long-wave tuning systemn.

The only other change in going from the short-wave
band to the long-wave band is to change the output
transformer ¢ and the antenna tuning coil .  Four poles
of the 7-pole switch are used to perforn this function.

33
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One pole is connected to the positive 1,000-volt supply
and another to the common amplifier plate lead. Thus
by means of these two poles it is possible to change from
the primmary winding of the short-wave output trans-
former ¢ to the primary winding of the long-wave output
transformer.

One of the two remaining poles is connected to the high
side of the antenna ammeter, which is in the ground lead,
and the other pole is connected to the antenna. Hence,
by means of these two poles it is possible to change from
the series combination of the secondary of the short-wave
output transformer ¢ and the short-wave antenna tuning
coil r to the long-wave output-transformer secondary wind-
ing and long-wave antenna tuning coil, these two coils being
connected in series, and thence to the antenna-ground
leads through two poles of the 7-pole switch.

With the above transmitter, it should be possible to get
11 amperes radio-frequency current into an antenna having
a capacity of .002 microfarad, 40 microhenries inductance,
and 4 ohms resistance.  These figures are given to show
what the normal antenna current should be in a normal
ship’s antenna system.

COMMERCIAL 10-KW. TUBE TRANSMITTER

The schematic wiring diagram of Fig. 30 is one of a
high-power tube transmitter that is used for cominercial
telegraph communication with ships at sea on 600 and 700
meters as well as on the band between 1,800 and 2,400
meters.

One 1-kw. master oscillator is used to generate and
supply grid excitation to a 10-kw. tube. The 10,000-
volt plate supply is obtained from a two-phase rectifier
unit, which uses two 2.5 kw. rectifier tubes (UV-218) in
each phase, making a total of four rectifier tubes, shown
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at . Two tubes are arranged for full-wave rectification
on one phase and the other two for full-wave rectification
on the second phase.

The step-up transformer b is in phase No. 1 of the two-
phase 60-cycle alternating-current supply, which supplics
plate potential to two rectifier tubes. The c.n.f. on the
primary side of this transformer is about 110 volts and
that on the sccondary side is about 25,000 volts, but the
secondary winding is tapped at its mid-point, which means
that 12,500 volts are applied to each plate.

The step-up transformer ¢ is in phase No. 2, which steps
the 110-volt supply up to 25,000 volts and supplies 12,500
volts to the plate of the other rectifier tubes. The wind-
ing d, which is connected between the mid-points of the
two high-voltage secondary windings, is an ‘interphase
reactor that is inserted in the circuit to increase the overall
efficiency of operation. The mid-point of the interphasc
reactor is connected to ground through a 0- to l-ampere
meter e. This meter shows the total plate current to all
the tubes.

The step-down transformer f reduces the supply voltage
from 110 to 11 volts for application to the filament termi-
nals of the rectifier tubes. Each one of the rectifier tubes a
draws 14.75 amperes filament current.

Four .5 microfarad condensers g are connected in series
between the positive lead from the rectifier assembly and
ground to function as smoothing condensers, thus giving a
total value of .125 microfarad for smoothing. A 400,000-
ohm resistance h is connected in parallel with the four
smoothing condensers, so that there is 100,000 ohins across
cach condenser, thus effecting an equal potential distribu-
tion across the four condensers. The lower end of this
resistance is connected to ground through a 0- to 50-milli-
ampere milliammeter 7. Thus the combination of high
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resistance and milliammeter forms a means of deter-
mining the value of the plate-supply voltage to the
oscillator and amplifier tubes.

If the milliammeter ¢ indicates a current of 30 milli-
amperes the plate-supply voltage, which is the voltage
across the 400,000-ohm resistance h, is equal to I X or
.03X400,000=12,000 volts. Also, if the milliammeter
reads 25 milliamperes, the plate potential is 10,000 volts.

The high voltage is supplied to the plate of the master
oscillator tube j through a 40-millihenry radio-frequency
choke coil k. The plate of this tube is conneeted to the Col-
pitts oscillatory circuit through the .00 [-microfarad block-
ing condenser [. The oscillatory circuit consists of the
tuning inductance m, the .0CO4-microfarad plate conden-
ser n, and the .003 microfarad grid condenser 0.  The grid
excitation is the a.-¢. drop across the condeznser o.

The 0- to 25-ampere amineter p indicates the value of the
radio-frequency current in the master-oscillator tank cir-
cuit. The mid-point between thz plate and grid con-
densers n and o is grounded. The .000[-microfarad con-
denser ¢ is used for fine tuning.

The filament transformer r is used to step the supply
voltage down from 110 volts to L1 volts for heating the
filament of the master-oscillator tube 7. This tube draws
14.75 amperes filament current.  Two .5-microfarad by-
pass condensers are connected in series across the master-
oscillator filament terminals and their mid-point is carried
to a radio-frequency ground through the .02 microfarad
condenser s. This is not a direct-current ground, how-
ever, and the master-oscillator plate current has to pass
through the 46,000-ohm resistance connected across con-
denser s when the transmitting key is open, and through
the 2,000-ohm resistance  to ground, when the transmit-
ting key is closed.
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The master-oscillator grid is conneeted to the oscillat-
ing circuit through the parasitic trap « (.03 millihenry and
250 ohms, in parallel) and the blocking .002-microfarad
condenser v. The biasing circuit is traced from the grid
side of the blocking condenser v through the 10-millihenry
radio-frequency choke coil, the 46,000-ohm biasing resis-
tance, the transmitting key, the chopper contacts, to the
mid-point of the filament winding,.

Cirid excitation for the power-amplifier tube w (UV-207)
is obtained from the master-oscillator tank circuit by
means of the secondary winding of coil m. The 750-ohm
resistance in scries with the amplifier grid is to choke out
any local oscillations of very high frequency.

The low side of the amplifier-grid coil is connected to
ground through the 40,000-ohm resistance x and 2,000-
ohm resistance ¢{. Potential from a 3,000-volt generator
is applied across this resistance to function as bias for the
grid of the power-amplifier tube. A 0- to 100-milliampere
milliammeter is in series with the amplifier grid to indicate
the d.-c. current in its grid circuit This meter is of the
zero-center type, so that it is possible to determine whether
the grid current is positive (grid to filament) or negative
(filament to grid). The latter is called reversed grid cur-
rent and is highly undesirable, as it causes a drop in poten-
tial across the biasing resistance, which tends to make the
grid of the tube positive. The action is cumulative, so
that it would be quite possible to have the tube destroyed
were this condition allowed to exist. It indicates improper
adjustment and should be remedied immediately.

The tube w draws 52 amperes filament current. High
potential is supplied to the plate of the power-amplifier
tube through a 40-millihenry choke coil. The plate of
this tube is connceted to the output circuit through a
.002-microfarad blocking condenser. The power-amplifier
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output circuit is tuned by means of the coil y and the
.001-microfarad condenser. A 0- to 50-amperc ammeter
is included in this cireuit.

In this particular transmitter the antenna is located at a
point remote from the transmitter itself, so there is a feed-
line between the transmitting apparatus and the point
where the antenna is located. In this case, the length of
the feed-line is about § of a mile. The secondary of coil y
feeds energy into the feed-line and the transformer z
transfers the cnergy from the feed-line to the antenna
circuit. Tuning adjustments are made to make the cur-
rent in the antenna circuit maximum and that in the feed-
line minimum. Currents in both cases are indicated by
the amineters in the circuits.

Keying is effected in rather a unique manner in this
circuit and it is worth while to consider this point some-
what in detail. When the transmitting key is closed,
the grid biasing circuit of the master-oscillator tube j is
traced from the grid terminal, through the parasitic choke
coil u, the 10-millihenry radio-frequency choke coil, the
46,000-ohin  biasing resistance, the key contacts and the
contacts of the chopper switeh (the latter being closed for
cw. transmission), the mid-point of the secondary winding
of the master-oscillator filament transformer 7, and from
filament to grid within the tube. That completes the
circuit. Under this condition, the proper operating bias
for the master oscillator is effected by the grid current
through the 46,000-ohm biasing resistance. When the
key is closed, the plate current to the master-oscillator
tube passes through the resistance ¢ and the 46,000-ohin
resistance across condenser s, in parallel, on its way from
filament to ground. The complete path of the plate cur-
rent is traced from the plate of the master-oscillator tube j
to the filament, the mid-point of the secondary winding
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of the filament transformer r, to ground through the resis-
tances just mentioned, the plate current meter e, the inter-
phase reactor d, secondary windings of the high-voltage
transformers b and ¢, the rectifier tubes a, the mid-point of
the rectifier-filament supply winding f, the plate choke
coil k, to the plate terminal of the master-oscillator tube j.
This completes the circuit.

When the key is opened, the direet current in the grid
circuit of the master-oscillator tube 7 can no longer go
directly from the filament, through the transmitting key to
the 46,000-ohm biasing resistance, and thence to the grid
of the tube, but it has to go in a roundabout way ; namely,
from the filament, through the 46,000-ohm resistance
across condenser s to the ground and from the ground
through the 2,000-ohm resistance ¢ to the 46,000-ohm grid
biasing resistance and the 10-millihenry coil to the grid of
the tube.

Passage of grid current through these additional resis-
tances tends to make the grid of the master oscillator more
negative, but that is not what causes the tube to block
instantancously. The real reason for this sudden block-
ing is primarily due to the fact that the current to the
plate of the master oscillator must also pass through the
resistance across condenser s, to the ground.  This plate
current is of the order of 100 milliamperes and, when this
current passes through the 46,000-ohm resistance, there
is a drop in potential of 4,600 volts, so, for an instant, there
is a negative bias on the grid of the master-oscillator tube j
of several thousand volts. This bias, as has been pre-
viously mentioned, is only instantancous because the tube
immediately blocks, which means that the plate current
becomes zero and it also means that the grid current
becomes zero, so there is no longer any grid bias due to
grid and plate current.
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The tube would start to oscillate again if it were not for
the holding bias that is effected through the medium of the
potential drop across the resistance ¢, which is a part of
the 3,000-volt drop in potential across the power-amplifier
biasing resistance. This holding bias is of the order of
150 volts. When the key is closed, the holding bias across
the resistance ¢ is neutralized by the plate current through
this resistance, which current is through the resistance ¢
in a direction opposite to that of the current due to the
3,000-volt potential.

COMMERCIAL 20KW. SHORT-WAVE TELEGRAPH TRANSMITTER

Oscillating Crystals.—In the short-wave transmitter
about to be described, a erystal is used as a source of radio-
frequency energy, so it is well to discuss the action involved
in generating radio-frequency energy by this method,
before taking up the discussion of the transmitter itself.

The fact that a picce of Rochelle salts changes its shape
when it is placed between two metal plates and a difference
of potential is established between the plates, was dis-
covered many years ago. It was also found that the action
just stated can be reversed. For instance, if a mechanical
force is applied to the surfaces of a erystal of Rochelle
salts, its surfaces become electrically charged.

Thus, if one of these crystals is distorted or squeezed
by the application of an instantaneous value of an electro-
motive force, it tends to return to its normal shape when
the potential pulse has passed. In so doing it swings past
it original form and expands, thus establishing on its
surfaces electrical charges of a polarity opposite to that
originally applied. The crystal still has a tendency to
return to normal and swings back the other way, again
swinging. past its original shape and establishing an
electric charge of reversed polarity on its surfaces. Thus,
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the erystal oscillates back and forth just the same as a
metal disk oscillates or rings when you strike it with a
hammer. 1f the crystal is set into oscillation and then
isolated, the oscillations will gradually die out, but if the
crystal is connected in the proper circuit, the oscillations
can be maintained.

The effect just deseribed is termed the Piezoelectric
effect. Rochelle salt has the greatest effect of this sort
and quartz has a relatively small one, but, owing to the
mechanical characteristies of quartz, it is generally used.

Quartz crystals are the kind used in commereial radio-
telegraph practice. The natural period of vibration, of
these crystals, is a function of their thickness. The greater
the thickness of the crystal, the lower the natural frequency
of oscillation ; and the thinner the erystal, the higher the
natural frequency.

Crystal- Controlled Short- Wave Transmitter.—Sche-
matic wiring diagrams of an 18-meter transmitter that is
capable of putting 20 kilowatts of radio-frequency energy
into the antenna are shown in Figs. 31 and 32. A quartz
crystal is used as the source of radio-frequency energy,
because of its outstanding inherent characteristic, which
is the generation of constant frequency energy.

In IMig. 31 are shown the harmonie amplifiers. A 144-
meter crystal a is connccted across the grid-filament
terminals of a 5-watt tube b (UV-210). An auxiliary
8-volt C battery is used in the erystal circuit to insure
dependable oscillation, since it is more difficult to make a
crystal oscillate below 200 meters than above. A radio-
frequency choke coil is conneeted in series with the €
battery to prevent any loss in the bias circuit of the minute
radio-frequency energy generated by the crystal.

All radio-frequency leads must be made as short as
possible and this is the thought involved in the location
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of the .5-microfarad by-pass condensers right at the fila-
ment terminals. These two condensers are connected in
series and their mid-point is grounded. The plate circuit
of the first 5-watt tube b is tuned to the fundamental of
the crystal, which is 144 meters.

The radio-frequency current in the tuned plate circuit of
tube b is indicated by a 0- to l-ampere thermo-ammeter.
There is a .001-microfarad by-pass condenser from the low
side of the tuned plate circuit to the ground, so that the
radio-frequency current does not have to follow the lead
to the plate supply.

Energy is induced into the grid circuit of the second
5-watt tube ¢ by means of inductive coupling. The fila-
ment terminals of tube ¢ are connected to the common
5-watt tube filament supply. The output circuit of tube ¢
is tuned to 72 meters or the second harmonic of the crystal.
This 72-meter energy is applied to the grid of the third
5-watt harmonic-amplifier tube d. The output circuit
of this tube is tuned to 36 meters.

The tube e is the fourth harmonic amplifier and its
output circuit is tuned to 18 meters, which is the wave-
length of the signals transmitted. Irom this point in
the circuit, on, the tubes are all linear amplifiers, or power
amplifiers, as they are also termed.

The points 7, 2, and 3, Fig. 31, are connected to similarly
numbered points in Fig. 32. Points 7 and 3 are connected
to the grids of the two 50-watt (UV-211) push-pull ampli-
fier tubes a and b.  Point 2 is connected to ground through
a C battery.

The output of the 50-watt push-pull amplifier is delivered
to the 1 kw. push-pull amplifier.

Grid excitation for the two I-kw. push-pull amplifier
tubes ¢ and d is increased by virtue of the fact that the
input circuit is tuned. The mid-point of the input coil
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of tubes ¢ and d is connected to ground through a radio-
frequency trap, a zero-center 0- to 300-milliampere milli-
ammeter, a bias battery, and a telegraph key or relay.
Thus, keying is cffected in this circuit, so at this point in
the discussion, the keying of this transmitter will be con-
sidered.

When the transmitting key is open, there is a negative
bias of 450 volts applied to the grids of the two 1-kw. push-
pull aniplifier tubes ¢ and d, thus effectively blocking them.
This bias is supplied from a 150-volt d.-c. source across a
600-ohm resistance and a 300-volt d.-c. source across the
key. When the key is closed, the 30-volt bias is shorted,
and the 150-volt operating bias is applied to the tubes.
The lead from the grids of the two tubes, in this stage of
amplification, to the bias battery is conneceted to the
movable contact which engages the 600-ohm resistance
that is connected across the 150-volt bias supply. This
arrangement makes it possible to regulate the operating
biuas on the 1-kw. tubes to any potential between 0 and 150
volts.

The output of the 1-kw. push-pull stage of amplification
supplies the grid excitation to the two 20-kw. (UV-207)
amplifier tubes e and f.  The mid-point of the grid coil is
connected to a 1,000-volt negative bias supply through a
radio-frequency choke coil and a 300-0-300-milliampere
millianimeter, which shows the grid-current value.

The filaments of all the tubes have their separate trans-
formers, which supply the necessary amount of current at
the proper voltages. A voltage of 12,000 is supplied to
the plates of the last two tubes through the mid-point of
the coil g.

The feed-line to the antenna is directly connected to the
coil g, and the blocking condensers k keep the high-voltage
dircet current out of the antenna system. The feed line is
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directly coupled to the antenna at the points 7. The dis-
tance between these two points is quite critical and the
impedance of the wire between these points should be
such that it gives the effeet of o transmission line of
infinite length, which means that there will be no reflec-
tions, hence no radiation, or very little, from the line.
The antenna is § a wavelength long and has a resistance of
80 ohms. This resistance may seem high, but it is prac-
tically all radiation resistance and that is what counts in
getting signals out.

The 0- to 20-ampere thermo-ammeter 7 is located right
in the antenna systeimn, just to one side of the point where
the feed line is coupled on, so it is necessary either to have
good eyesight in determining the value of antenna current,
or clse to use a spy glass. About 15.8 amperes in the
antenna means 20-kw. output.

In Fig. 33 is shown the schematie wiring diagram of the
circuit for obtaining the 12,000-volt plate potential for the
20-kw. stage of push-pull amplification deseribed in the
foregoing deseription of the high-power short-wave trans-
mitter.  There are six rectifier tubes a, type U'V-209, rated
at 12.5-kw. output, cach, operating on a 220-volt three-
phase supply, two tubes in each phase. About 15,000
volts alternating current is supplied to the plate of each
tube through the step-up transformwers b. The three
transformer primaries are connected in a star arrangement.

The filament of each rectifier tube is supplied with 52
amperes at 22 volts. Owing to the high potential, it is
customary to use a series-parallel arrangement for the con-
nection of the smoothing condensers c.
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VACUUM-TUBE TELEPHONE TRANSMITTERS

PRINCIPLES OF TELEPHONE TRANSMISSION

In tube telegraph transmitters radio-frequency energy
is generated and amplified by three-electrode tubes, and
a means is provided for turning the radio-frequency
antenna current on and off, in accordance with the
characters in the Continental Code which make up the
alphabet and the numerals,

In radio-broadeast transmitters radio-frequency encrgy
is generated and amplificd but is not turned on and off in
the antenna circuit. It is on continuously, but the ampli-
tude of the radio-frequeney variations in the antenna

7o Amplifiers

> 0l

Fre, 3%

el g

™

iy

current is changed at an aundio-frequency rate in syn-
chronism with the sound waves.

The first thing to do is to change the sound waves to be
transmitted into electric currents, so that they may be
made to modulate the radio-frequency output of a tube
transmitter.  This is done by means of a microphone, of
which there are several standard types.

The circuit arrangement in Ilig. 34 shows a single-
butlon type of carbon-granule microphone. The micro-
plione @ in question has a diaphragm, which is actuated
by the sound waves reaching it and which thereby changes
the pressure exerted on the carbon granules within the
36
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microphone. The two terminals of the mierophone are
located on either side of the chamber enclosing the carbon
granules, and, as the pressure on these granules varies, the
resistance  which they constitute varies accordingly.
Thus, varying currents are established in the microphone
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circuit, which includes the battery b and the primary
winding of the microphone transformer e.  Alternating
currents are established in the sccondary winding of the
microphone transformer, the frequency of which varies in
accordance with the frequeney of the sound waves that
strike the microphone diaphragm. All that remains to be
done with these audio-frequency currents is to amplify
them to the point where they can be used to modulate the
radio-frequency output of the transmitter.

In TFig. 35 is shown the cireuit arrangement used with
the double-button type of microphone. This is a sort of
push-pull arrangement. The diaphragm, which is actu-
ated by the sound waves to he transmitted, is so situated
that, as it increases the resistance of the carbon granules
in a chamber on one side, it deereases by the same amount
the resistance of the granules on the opposite side.

Thus, this type of miiecrophone can be used in a circuit
where the outside terminals of the unit are connected to
the extremeties of the primary winding of a microphone
transformer, and the microphone diaphragm is connected
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through a battery to the mid-point of the same winding.
Units of this type are used in many of the modern broad-
cast transmitting stations.

The audio-frequency currents in the secondary winding
of the microphone transformer can be amplified through
several stages of push-pull amplification and then applied
to the grids of the modulator tubes.

The condenser type of microphone is shown in Fig. 36.
This unit consists of a condenser, one of whose plates is
the diaphragm of the microphone, and whose capacity
changes when sound waves are applied to the diaphragm.

It is assumed that the microphone condenser plates a
are stationary, and that the condenser is fully charged
through the medium of charging current supplied from
the positive B battery lead through the resistances b and c.
When sound waves actuate the diaphragm of the micro-
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phone, the capacity changes and there is an electron dis-
placement throughout the microphone circuit.  This redis-
tribution of electrons causes varying potentials across the
resistances b and ¢, the variation occurring at an audio-
frequency rate in synchronism with the audio-frequency
sounds that strike the microphone diaphragm. The
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potential variation is transferred to the grid of the tube d
through the by-pass condensers e and f.  These condensers
also block the B-battery potential out of the grid and fila-
ment circuit. In the case of the condenser type of micro-
phone, the audio-frequency sound waves striking the
microphone diaphragm are changed into clectric currents
of audio-frequency and are applied to the grid of a three-
electrode tube.

The way in which modulation is accomplished can best
be explained in the course of deseribing the action of a
standard transmitter.

MODULATION BY ANTENNA ABSORPTION

Modulation by antenna absorption in the
course of radio telephone transmission is
inherently a poor method, from the stand-
point of both quality and efficiency. How-
ever, it is included in this discussion for
two reasons; first, for its historic importance;
and, second, for its attractiveness to ama-
teurs for application to low-power radio-
telephone transmitters (5 watts or so), owing
to its cconomy.

One way of effecting modulation by this method is
shown schematically in IYig. 37. A iicrophone a is con-
nected across a few turns of the antenna tuning coil b.
Starting with the microphone connected across several
turns, the number of turns is increased until the received
signal shows evidence of increasing distortion. A receiver
can be connected up locally to monitor the output of the
radio-telephone transmitter undergoing adjustment, or
some nearby friend can tune the signal in on his radio
receiver and report results. A simple crystal receiver
will serve the purpose.

Fie. 37
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The correct number of turns to use is that number which
produces the best results, it being remembered that the
number of turns cannot be increased heyond that point
at which the microphone shows evidence of overheating.

MODULATION BY GRID-VOLTAGE VARIATION

Modulation by grid-voltage variation is effected by
varying the average (biasing) grid voltage of the oscillator
tube in accordance with the eclectrical variations in the
microphone circuit, which are due to the varying sounds
that are directed at the mierophone diaphragm.
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This system, like the one previously described, is
inherently a poor one, but is included here because of its
historic value and because it is interesting to amateurs,
owing to its economy.

The schematic circuit arrangement for effecting modula-
tion by varying the average grid potential on the oscillator
tube is shown in Fig. 38. This system is only applicable
to transmitters employing two or three 5-watt tubes.
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The biasing grid voltage is varied in accordance with the
audio-frequency variations which it is desired to transmit.
The aim is to effect similar variations in the radio-fre-
quency energy in the output circuit (plate circuit), but
this cannot actually be attained because the relation
between the grid biasing voltage and the output energy is
by no means linear, which it would have to be to effect
good modulation.

WESTERN ELECTRIC 500-WATT BROADCASTING TRANSMITTER

The Western Iilectrie 500-watt transmitter is one of the
most popular types of broadeast transmitters. It is shown
schematically in Fig. 39. There arc four 250-watt tubes.
The tubes a are used for modulators and the tubes b for
oscillators. 'The audio-frequency currents from the speech
amplifier are applied to the grids of the two 250-watt
modulator tubes @ through the primary and secondary
windings of the input transformer ¢. The ammecter d
indicates the grid current that passes to the modulator
grids. The grid-return lead from the modulator tubes is
connected to the movable contact arm on the potenti-
ometer e, which is connected in scries with the low side of
the plate supply. The drop across this resistance is of
the polarity as shown. The greater the amount of this
resistance that is embraced in the grid-filament circuit by
the movement of the contact, the greater will be the amount
of negative bias applied to the modulator grids.

The modulator plate potential is supplicd through the
iron-core choke coil f, the plate ammeter g, and the
separate choke coils i, one of which is located in series with
each of the modulator plates.

The oscillator tubes b generate the radio-frequency
energy that is to be modulated and radiated. The oscilla-
tory circuit is of the Meissner type with tuned plate.
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The wavelength, or the frequency of the oscillations gen-
erated by the tubes b, is determined chiefly by the con-
stants of the inductance coil 7 and the condenser 5. The
grid excitation is supplied by the coil k. The radio-
frequency by-pass condensers [ and m act also as blocking
condensers.  The coil n is a radio-frequency choke to keep
the high-frequency enecrgy out of the bias circuit, the
resistance o is the biasing resistance, and the ammeter p
shows the grid current to the two oscillator grids.

There is a closed oscillatory circuit, consisting of the
coil ¢ and the condensers r and s between the oscillator-
tubes output circuit and the antenna. This circuit is
termed a tank circuit and its function is to minimize the
reaction of the antenna on the output circuit of the oscil-
lator tubes. Should the antenna swing in a heavy gale,
its capacity might change, and if it were connected directly
to the oscillatory cireuit, where the radio-frequency
oscillations are generated, a change in its capacity would
change the frequency of these oscillations, or in other
words, the wavelength of the transmitted signals.  This
is undesirable and is minimized by inserting a link circuit
as shown in this case. The ammeter ¢ indicates the tank
current.

The condenser s is used to couple the tank to the antenna
system. The coil w is used for antenna tuning and the
ammeter ¢ shows the radiation amperes.

The plate current to all four tubes, modulators ¢ and
oscillators b, passes through the iron-core choke coil f,
This current divides and passes through the ammeters ¢
and w, following the former path to the modulator plates
and the latter to the oscillator plates. The inherent
characteristic of a choke coil, such as f, is to oppose any
change in the current through it. This means a practi-
cally constant current through coil f.
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If there is a positive potential applied to the modulator
grids at any instant, owing to the applied audio-frequency
current, there will be a tendency for the modulator plates
to draw more plate current. Because there is a constant
current through coil f, the only chance of the modulators
getting more current is to take some of the current passing
to the plates of the oscillator tubes, and that is just what
does happen. The current through the choke f remains
unchanged, but as the modulator plates draw more cur-
rent, because of the potential applied to their grids, the
oscillator plates draw less current, and vice versa. It is
in this manner that the amplitude of the radio-frequency
current in the antenna circuit is made to vary at an
audio-frequency rate.

TRANSATLANTIC RADIO TELEPHONY

Theory of Side Bands and Carrier.—The first time that
the human voice was ever transmitted across the Atlantic
ocean was in 1915. It was accomplished by the American
Telephone and Telegraph Co. by means of radio.  Speech
was transmitted from the navy station at Arlington, Va.,
to the Liffel Tower, in Paris, but it was only reccived at
occasional intervals, when transmitting conditions were
exceptionally favorable.

In March, 1926, commercial two-way radio-telephone
conversation was carried on between the United States
and England and the type of transmitter used is the subject
of the discussion at this point. It is termed a single side-
band eliminated-carrier transmitter.

When the continuous waves generated by a tube trans-
mitter are modulated, the radiated power is distributed
over a frequency range that may be considered in three
parts. First, cnergy at the carrier frequency; second,
energy distributed throughout a frequency band, extend-
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ing from the carrier upwards and covering a band equal to
the band of audio-frequencies with which the carrier is
modulated (this is termed the upper side band); third,
energy distributed throughout a frequency band, extend-
ing from the carrier downwards, covering a band of width
equal to the width of the frequency band used for modula-
tion (this is termed the lower side band).

Another way of stating the fundamentals involved in
the preceding paragraph, is as follows:

When a constant amplitude wave of frequency C is
modulated by a constant. amplitude wave of frequency 8,
the resultant modulated wave ean be considered to be
made up of three waves of constant amplitude, of fre-
quencies, C4+8, ', and C—8,

The cnergy radiated from the standard type of broad-
casting station is composed of the carrier frequency and
the two side bands.  The power at the carrier frequency
itself makes up somewhat more than £ of the total power,
even when modulation is as complete as possible, and this
energy can in itself convey no message; therefore, in the
transmitter about to he deseribed the earrier is climinated.

Iiach of the two side bands transmits power representing
the complete message and it is therefore unnecessary to
transmit both, so one of them is eliminated in the single
side-band transmitter; thus, only half the normal frequency
band is utilized.

All the important speech frequencies are included in
the frequency band between 300 and 3,000 cycles per
second ; so, if all of this frequency band can be transmitted
and reccived, the speech issuing from the receiver output
will be of good quality. '

Description of Transmitter.—In Fig. 40 is shown a
schematic wiring diagram of the 200-kw. single side-band
carrier-eliminated transmitter that was designed and built




Three-phase Power Supply

Three-phase Tranrsformer

(EOEs) ()

200-K.W. Rectifrer l l

g8eo550)

;+ Oscillator 88,500~

Oscilla tor 33,000~

Bolonced Modulator No.2
Passing 538007 55500~

Fia.

4

lreterphase
M _Reacrtor

I5=K.W. Amplitier

Muttiple Anterna

150-KW. Amplitie

ai—H

750-Wa#

40

|
1

-llﬂ”*

iff—

oravy

SHALLIINSNVY [,

Lg



88 ‘Ravio “TRANSMITTERS

by the American Telephone and Telegraph Co., at the
Rocky Point Radio Station of the Radio Corporation of
America. The voice input to this transmitter covers a
band of frequencies that lie between 300 and 3,000 cycles.
These audio frequencies are passed into the first balanced
modulator, where they are modulated with a carrier cur-
rent having a frequency of 33,000 cycles per second.  The
inherent function of a balanced modulator is to suppress
the carrier frequency and pass the two side bands, thus
the 33,000-cycle carricr frequency does not appear in the
output circuit of modulator No. 1, only the two side bands,
which are the upper side band (33,300 to 36,000) and the
lower side band (32,700 down to 30,000).

These two side bands are passed on to a band filter,
which selects the lower side band, passing it on to balanced
modulator No. 2. In this second modulator, the carrier
frequency is 88,500 cycles, and the two side bands that
appear in the output circuit of this unit are the upper,
118,500 to 121,200, and the lower, 58,500 down to 55,800.
These two side bands are passed on to the second filter,
where the lower band is selected, namely, 55,800 to 58,500.

One of the thoughts involved in the use of the second
modulator is to produce two side bands that are widely
separated, thus facilitating the efficient exclusion of one
side band and the sclection of the other. Thus, the fre-
quency band between 55,800 and 58,500 cycles per second
is the one to be radiated, and, by dividing 300,000,000 by
the two frequeney values given, the wavelength limits of
the transmitted signal are obtained. Both values are
slightly over 5,000 meters.

In Fig. 41 is shown a graphical representation of the
changes in frequency that occur in the preparation of the
side-band currents at low power for transmission. Now
will be considered the stages of amplification that are
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necessary to produce 150 kilo-
e watts of radio-frequency energy

in the antenna. The schematic
wiring diagram shown in Fig. 40
only includes the basic funda-
mentals of the transmitter and
this diagram is shown, rather
than a complete detailed diagram,
to facilitate the comprehension of
~ {00076 the functioning of the eireuit in
guestion.

The output of the second filter
passes into a 5-watt stage of
amplification, then through a 50-
watt stage, and finally into a 750-
watt stage consisting of three 250-
watt tubes operating at a plate
> potential of 1,500-volts. This
means that the output of this
stage of amplification is 750 watts
and, although there are several
tubes in this amplifier, only one
is shown for the sake of simplic-
ity in the appearance of the
- diagram.
goooe The output of the 750-watt
amplifier is applied to the input
circuit of a 15-kw. amplifier.
This stage of amplification em-
ploys two water-cooled tubes in
parallel operating at 10,000-volts
plate potential. This stage of
amplification produces enough
power to supply grid excitation
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to the grids of the tubes in the 150-kw. amplifier which
constitutes the next stage of amplification. This 150-kw,
amplifier consists of 20 water-cooled tubes (two banks of
10 each), which operate at a plate potential of 10,000 volts.
The output of this last stage is supplied to the antenna
system.

The high voltage for the plates of the power amplifier
tubes is supplied from a 200-kw. rectifier consisting of 12
water-cooled tubes.  Full-wave rectification is effected
from a 3-phase 60-cycle supply. The two scts of rectified
waves from cach full-wave rectifier (two tubes) are com-
bined by means of the interphase reactor, which serves to
smooth out the resultant current, and, by distributing
the load between tubes of adjacent phases, increases the
effective load capacity of the rectifier unit. The ripple is
further reduced by means of the filtering retardation coil
and the condensers.

This transmitter is one of the latest developments in
modern radio telephony and the following are some of the
advantages that are inherent in this type of transmitting
unit.

1. Conservation of frequency range due to using only

one side band.

2. Conservation of power due to the fact that all the
radiated energy in this system is useful; whereas,
in the type of transmitter that radiates the carrier
and two side bands, only % of the radiated energy
is uscful in carrying the message.

3. Although this type of transmitter has other advan-
tages, the two just given are the outstanding ones.




CARRIER CURRENTS

PRINCIPLES OF CARRIER SYSTEMS

INTRODUCTION

Arrangements have been developed whereby the effi-
ciency of an open-wire line may be increased in that addi-
tional circuits are provided over the existing wires.
Systems employing these arrangements are called carrier
systems. By the use of these systems it is possible to
transmit a number of messages simultancously over one
pair of wires. This is accomplished by employing dif-
ferent alternating currents at frequencies above the voice
range, each individual to its own message, and having its
wave shape modified in accordance to the message that it
transmits. These alternating currents are, therefore,
spoken of as carrier currents beeause cach one may be said
to carry its own message. The path followed, from the
sending end to the receiving end, by any one of the several
messages transmitted simultancously over the same pair
of wires is called a channel. At the receiving end the
various carrier currents must be separated by means of
proper selecting circuits.

The suceessful transmission of these various messages by
carrier currents over a single cireuit depends on the suceess-
ful functioning of five distinet elements: (1) Sources of
carrier current of suitable frequency for each channel.
(2) Means for impressing upon cach carrier current the
specific variations identified with a particular telephone or
telegraph current. In the carrier-telephone systems this
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apparatus is called a modulator and its effect upon the
carrier current is termed modulation. (3) The transmis-
sion circuit connecting the central offices. (4) Means
whereby the various modulated carrier currents can be
separated according to their various individual frequencies.
The circuits whereby this is accomplished are called select-
ing circuits, or filters, and the process of so separating
them is called filtering.  (5) Means for reproducing the
original lower-frequency modulating current from the
carrier current upon which it has been impressed, thereby

Selecting
/Zaaia/afars Circen'ts  De-modulstors

obtaining the original message. In the carrier-telephone
systems the apparatus which accomplishes this is called a
demodulator and the process that of demodulation.

A schematic diagram showing the elements of a simple
one-way carrier-teleplione system is given in Fig. 1. It
consists of four channels, each channel requiring at the
sending end a transmitter a, a high-frequency generator b,
and a modulator e. At the receiving end cach channel
requires a sclecting circuit d, a demodulator e, and a
receiver f. By having each of the high-frequency genera-
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tors b producing alternating cur-
rents at different frequencies, and
the sclecting circuits d so designed
that cach one allows only a certain
band of frequencies related to the
generator frequency to pass, each
receiver will receive its message
through its own channel without
interference from the others.

MODULATION AND DEMODULATION

Modulation in Direct-Current
Circuit.—A carcful analysis of
the electrical actions of carrier
systems brings out the facts that
modulation, which causes the am-
plitude of the carrier current to
follow the variations of the signal-
ing or voice current, muakes it
cquivalent to a complex wave
made up of components of several
frequencies. By considering the
action of a simple circult consist-
ing of a transmitter, a battery, a
line, and a receiver, from the view-
point of modulation and demodu-
lation certain pr neiples ean be
established which will later be
seen to underlic the action of
carrier systems and be of material
assistance in understanding these
systems.

In Fig. 2 is shown diagram-
matically a granular-carbon trans-



94 CARRHER CURRENTS

mitter ¢ through which a steady current passes from the
battery b over the line ¢ and through the electromagnetic
receiver d at the distant station. Before conversation the
battery b causes a constant steady current I in the circuit.
This current is modulated by the action of the voice on
the transmitter, causing variations in the resistance of
the carbon granules due to the pressure variations in the
sound waves SW striking the diaphragm and these resis-
tance variations causc practically similar variations in
the current. The variations in the current cause cor-
responding variations in the pull exerted by the receiver
magnet on its diaphragm, which generates new sound
waves SWy in the air corresponding to the original spoken
words. The steady state or unmodulated value of the cur-
rent is given by the height of the line I above the reference
line 0. The original sound waves ST therefore modulate
the current [/ into the varying, or modulated, current
MC which, operating the receiver, produces the sound
waves SH. I'rom this it is seen that the component
parts of a simple telephone circuit ean be considered to be:
A transmitter, or modulator, of a steady or carrier current ;
a battery, or a source of power; a line, or transmitting
channel; and a receiver, or demodulator, for the modulated
current.

When no sound waves are impressed on the trans-
mitter a, the battery b sends a certain definite amount of
current through the circuit. The value of this current
depends on the voltage of the battery b, divided by the
combined resistance of the transmitter a, line ¢, and
receiver d. The sound waves ST acting on the trans-
mitter cause a displacement of the transmitter diaphragm.
The transmitter is so constructed that the change in the
resistance of the transmitter is proportional to the dis-
placement of the diaphragm. The current in the circuit
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therefore follows all the variations in the
sound waves. The varying current pass-
ing through the receiver produces a pull
on the diaphragm proportional to the
square of the current, because that is the
law governing the pull of an electromagnet
on its armature at low saturation.
Modulation in Circuit With Induction
Coils,—Sinee most telephone circuits
employ an induction coil in connection
with the transmitter, the connections of
Iig. 2 would hecome those of I'ig. 3.
The transmitter «, battery b, line ¢, and
receiver d are the same as in the preceding
figure. In addition to these, there are
two induction, or repeating, coils ¢ and f

. and a local battery ¢g. Steady current

normally passes in the transiitter circuit,
including the transmitter a, the battery b,
and the primary winding of the coil e.
The sound waves SW produce the current
fluctuations MC in the transmitter cir-
cuit, and the coil ¢ produces the alternat-
ing line current MC,.

Now suppose that the induction coil f
and the battery g were omitted, and the
line current passed through the electro-
magnetic recciver d. The pull would
consist of a constant pull and a double-
frequency pull, which would produce a
double-frequency sound wave or cause
complete distortion, and therefore would
not be satisfactory. The double-fre-
quency pull is produced by the complete
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reversal of the line current, when a pull is created by the
current in each direction. This is corrected by employing
the coil f and the battery g. This causes the current 1/ C,
in the receiver circuit to be the same as that in the trans-
mitter circuit. The wave shapes SIW and SW, are prac-
tically identical, so that speeeh is reproduced.  In practice,
instead of using an elctromagnetic receiver d and the
battery g, a permanent-magnet receiver is more often used.
The stronger the permanent magnet, within certain limits,
the more sensitive the receiver and the less distortion and
the better articulation it will cause.

The difference between the schemes corresponding to
Figs. 2 and 3 lies in the fact that the first one transmits the
carrier current, whereas the second one does not.  Conse-
quently, the carricr current, it is seen, nced not be trans-
mitted as long as it is reintroduced at the receiving end,
thus enabling the receiver to produce sound waves that are
identical in wave shape with the sound waves actuating the
transmitter diaphragm. 'This gives rise to two types of
carricr systems, one in which the carrier current is trans-
mitted and one in which the carrier current is suppressed.

Modulation and High-Frequency Carrier.—To fix the
principles underlying the two types of transmission
systems shown in IFigs. 2 and 3, a similar procedure will be
followed in circuits having high-frequency cwrrents. If
the battery b, Fig. 2, is replaced by an alternating-current
generator b, IFig. 4, delivering a high-frequency voltage,
then the variations of the carbon transmitter a caused by
the sound waves will modulate the carrier current in the
line. The sound waves of wave shape SW will strike the
diaphragm of transmitter ¢, varying the carbon resistance
so the modulated current of wave shape MC will pass in
the line circuit ¢. Passing through the receiver d, this
current will produce the sound waves of shape SW,.
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The line current MO consists of three components;
namely, the carrier current, the carrier current minus the

N

B
w

FiG. 4

voice frequeney, and the carrier
current plus the voice frequency.
This means that if the carrier
frequency is taken as 15,000
cycles per second and a typical
voice frequency as 800, there will
be three frequencies in the line as
a result of the modulation, having
values of 15,000 eycles per second,
or the carrier frequency; 15,000
—800 = 14,200 cycles per second,
or the difference between the car-
rier and the voice frequencies ; and
15,0004+800= 15,800 cycles per
sccond, or the sum of the carrier
and the voice frequencies. The
frequencies above and below the
carrier frequency are called the
wupper and the lower modulation
component, respectively. In
actual telephone transmission,
instead of there being a single
voice frequency of 800 there is,
of course, a series of frequencies
all the way from very low fre-
quencies up to several thousand
cyeles per second, and in some
carrier systems reasonably satis-
factory results have been obtained
by transmitting a band of fre-

(uencies lying between 200 and 2,000 cycles per second.
The modulation components, therefore, are spread over a
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band of frequencies, the upper from 15,200 to 17,000 cycles
per second and the lower from 13,000 to 14,800 cycles per
second. They are now spoken of as upper side band and
lower side band.

TFrom this it is scen that, unless means is taken to pre-
vent their transmission, the line will have a number of
alternating currents in it of frequencies including the
carrier frequency, the upper side band, and the lower side
band, spread over a complete range of about 4,000 cycles
persecond. Now it is a fact that the transimission of cither
side band alone is sufficient to carry the charactristics of
the voice to the receiver circuit, provided the carrier
current is cither also transmitted or else reintroduced
separately at the demodulator.

Assuming the voice frequency to be 800 eycles per
second and the carrier frequency to be 15,000 cycles per
second as previously assumed, the line current and there-
fore the receiver current will, in the case under considera-~
tion, have two components, one of a frequency of 15,000
cycles per sccond and the other of a frequency of 14,200
cycles per second. The demodulation action of the tele-
phone receiver will, however, produce a pull on the receiver
diaphragm, which has constant components together with
those having frequencies in eyeles per second correspond-
ing to 30,000, 28,400, 29,200, and 800. The constant
pulls will produce no sound waves, whereas the double-
frequency terms of 30,000, 28,400, and 29,200 will produce
sound waves above those that are audible, leaving only
the 800-cycle frequency to reproduce the original sound.
In actual practice the unwanted products of demodulation
are prevented from entering the listener’s receiver by the
insertion of clectrical filters, as will be explained later.

The diagram of conncetions in Fig. 5 could be employed
for a system in which the carrier frequency is suppressed.
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Toaccomplish the
results, the transmitter a
that is used must be a
differential one using a
double carbon button as
shown, and the receiverb
must also be a differen-
tial electromagnetic one.
The connections are such
that when the trans-
mitter diaphragm is at
rest the carrier current
from the generator ¢
divides equally, so that
cach button and its local
circuit has the same value

> of carrier current through

it. Owing to the con-
nections, the magnetizing
effect in the induction
coil d is zero and no cur-
rent is induced in the
secondary and the line e.
When the diaphragm
vibrates, one carbon but-
ton has its resistance
increased at exactly the
same time that the other
has its resistance de-
creased, produc-
ing exactly opposite cur-
rent fluctuations in the
primary coils. These,
because of the connec-
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tions, are additive in their effect in the secondary, so that
these current fluctuations are induced in the line e and
pass through the primary of coil f.  These fluctuations are
transformed into the secondaries of induction coil f, modu-
lating the carrier currents from the generator g. These
modulated halves of the carrier current pass through the
two windings of the receiver b, where the carrier-current
halves neutralize cach other’s effect and those of the
modulations become added. To summarize the various
actions, it is seen that a sound wave S produces modu-
lated carrier currents MC and MC,; in the transmitter
circuits. These produce both modulation components
with suppressed carrier or the current variations M C, in
the line circuit e. These in turn modulate the carrier cur-
rent reintroduced from the generator g, so that the current
variations M C3 and J/C, result in the receiver circuit, and
by their action on the receiver diaphragm produce the
sound waves SW,,

VACUUM-TUBE CIRCUITS

Simple Vacuum-Tube Circuits.—The actions of vacuum
tubes in carrier-current circuits will be more easily under-
stood after a study of the characteristics of the tubes. In

L "’
l ¥ '

(a) ) Cc
Fi1c. 6

I'ig. 6 (a) is shown a simple vacuum-tube circuit, with the
filament of the tube connected directly to the grid and the
plate return leads; in the sketch the filament battery is
omitted, The plate-current characteristic curve of the
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tube, connected as shown in view (a), is given in view (b).
The plate eurrent may he obtained by the formula
1, =h(Iy+ ue.)?
in which 7,=plate current, or output current;
k=a constant, depending on the construction of
the tube, arrangement of cleetrodes, and
temperature of the filament;
E,=plate voltage;
w=amplification factor;
¢.=instantancous grid, or input, voltage.

If the tube is used in connection with a grid battery,
as it usually is, then the diagram of its connections becomes

E,
Ty % .
e
j P>
o
4% -
(@)

Fia. 7

R
that of Iig. 7 («). The grid voltage in this case is E.+¢
where E. is the voltage of the grid battery, and e is the
external input voltage. The current in the plate eircuit
now becomes
?'b=k(Eb+ch+uc)2 (1)

Squaring the parenthesis, gives

o=k (Lot uE ) +2k(Ky+ uE ) pe+k ue? (2)

If the tube is operated with constant plate and grid
batterics and at constant filument temperature, then k,
E,, I/, and x can be called constants and the first term
in the preceding formula will represent a steady direct
current in the output circuit of the tube, which will not
appear in the secondary of the output transformer.
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Calling 7, the current in this secondary, its equation must
be,
io=2k(Eb+ch)u6+ku262 (l)

The only varying quantity in the first term of the output
currentz,is eandin thesecond termitise®. Substituting for
the constant terms the letters a, and a., respectively, gives

1o= a1+ aze? )

Formula 2 and view (b) give the relation existing
between the input voltage e and the output current 7, of a
single three-element vacuum tube with its input and out~-
put transformers. It shows that the output current con-
tains two components, one proportional to the input volt-
age and the other proportional to the square of the input
voltage. If the tube is properly constructed and has its
associated circuits and batteries properly adjusted, the
constant a; will be so large compared with a; that the
second term is negligible with respect to the first. A tube
under these conditions is best suited to be used as an
amplifier. Formula 2 then becomes formula 3.

i(,=(ne (3)

If, on the other hand, as is so large compared with a, that
the first term of formula 2 becomes negligible with respect
to the second, then formula 2 becomes formula 4.

1, = (9e* (4)

Under these conditions the tube is best suited to be used
as a modulator.

Balanced Tube Circuit for Complete Squaring.—A very
good arrangement for a modulator is to employ two iden-
tically constructed three-element vacuum tubes with their
circuits interconnected as shown in Fig. 8. If an input
voltage e is now applied, it may be scen from the connec-
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tions that if the grid voltage of tube 7 is increased, that
of tube T, will be decreased by the same amount. The
output current of tube T, will be

: e c?
zu=al2+az4 (1)

T,

| BOK

Tz (a) () °
F16. 8

and that for tube T, will be

2

. e e
To= —(1,,2—{-(124 (2)

If the primaries Py and P of the output transformer are
so connected that the effects they produce in the secondary
are additive then the output current will be the sum of
formulas 1 and 2, or

To=2as0" 3)

T2 (a) (b)
Fi1c. 9

Balanced Tube Circuit for Complete Amplification.
Again, if the primaries of the output transformer are con-
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neeted as shown in Fig, 9 so that
their effects on the secondary
oppose each other, then the total
output current will be

'L'1=ale
and the arrangement becomes
best for amplification, being of
the push-pull type.

Vacuum-Tube Modulation and
Demodulation.—In actual prac-
tice, there are many objections to
having the carbon transmitter act
as a modulator, and the receiver
as a demodulator in carrier-cur-
rent circuits. These could be
partially overcome by using
mechanical repeaters. A better
methaod, however, is to use vac-
uum tubes as modulators and
demodulators.

To get a clear conception of
the action of a vacuum tube as
a modulator and a demodulator,
consider the circuit shown in
Fig. 10. 1In the input, or grid,
circuit of the modulator tube
are  found two frequencies,
namely, the voice frequency and
the high frequency of the genera-
tor a. In the output circuit of
the modulator the following fre-
quencies are in evidence ; namely,
the carrier, twice the -carrier,
carrier plus the voice or the

Demodulator

Fre. 10

Modularor
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higher modulation component, carrier minus the voice
or the lower modulation component, twice the voice, and
the voice frequencies. If the modulator receives a carrier
frequency of 15,000 modulated by a voice frequency such
as 800 cycles per second, the output circuit of the modulator
would carry currents of the following frequencies: 800,
15,000, 1,600, 14,200, 15,800, and 30,000. In actual
practice, by means of filters, whose action will be explained
later, only one side band with or without the carrier fre-
quency, as desired, is selected and transmitted, so that the
resultant action of a single three-clement tube is the same
as that of the transmitter-gencrator combination shown
in Fig. 4. By the use of filters the output of the modula-
tor may be so modified as to include only the carrier and
the lower frequencies component (carrier minues voice
frequency).
FILTERS AND SELECTING CIRCUITS

Functions of Filters.—In carrier-current systems either
one side band or one side band with the carrier is trans-
mitted. In cither system a larger number of frequencies
would reach the earrier line than are desired to be trans-
mitted in practice if the unwanted ones were not suppressed
by the actions of electrical filters inserted in their paths.
Such filters are used at cach end of the line.  An clectrical
filter is a network composed of coils and condensers so
designed as to offer practically no loss to currents of fre-
quencies within a certain range, while offering a very high
loss to currents whose frequencies lic outside of that range.
A filter is therefore said to pass currents of certain frequen-
cies and to suppress others.

Types of Filters.—Filters may be divided into four
general classes; namely, low-pass filters, high-pass filters,
band-pass filters, and low- and high-pass filters or band-
elimination filters.
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A low-pass filter is a network
that passes currents of all fre-
quencies from zero up to a certain
frequency called the cut-off fre-
quency (designated by f.) and
suppresses all currents whose
frequency is above the cut-off
frequency.

A high-pass filter is a network
that passes currents of all fre-
quencies above a definite fre-
quency called the cut-off fre-
quency and suppresses currents
of all frequencies below this cut-
off frequency.

A band-pass filter is one that
passes currents whose frequencies
are included between two cut-off
frequencies and suppresses cur-
rents of all frequencies outside of
this range.

A low- and high-pass filter or
band-eliniination filter is one that
suppresses currents whose fre-
quencies are included between
two cut-off frequencies and passes
all currents of all frequencies
outside of this range.

General Filter Circuit—1It is
common to build filter networks
of identical sections, and one type
of design is shown in Fig. 11. In
this figure three identical sections
a, b, and ¢ are shown, each made
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up of coils having inductances L, and L, and condenscrs
having capacitances C) and Cs. Points I and 2 are the
input terminals of the filter, and points 3 and 4 are the
output terminals. This may be called the most general
form of this type of filter. By assigning proper values to
the inductances and capacitances Ly, (', Ls, and Cs, filters
of various characteristics can be obtained.

A low-pass filter is obtained from I'ig. 11 by giving suit-
able values to L, and to C: and then short-circuiting C; and
open-circuiting Ls. A high-pass filter is obtained by giving
suitable values to L, and to €, and then short-circuiting L,
and open-circuiting the cireuit of .

te—— I PF HPF [—*3

20— fe=1200 fc=1000 |—eg

Fic, 12

Construction of Band-Pass Filter.—A band-pass filter
can be constructed by connccting a low-pass filter in series
with a high-pass filter, provided the cut-off frequency of
the high-pass filter is lower than the cut-off frequency of
the low-pass filter. Let Iig. 12 be a schematic diagram
showing a low-pass filter LI’F having a cut-off frequency
of 1,200 connected in series with a high-pass filter I1PF
having a cut-off frequency of 1,000. A current having a
frequency below 1,000 will be suppressed by the high-pass
filter and a current having a frequency above 1,200 will
be suppressed by the low-pass filter.  Currents having fre-
quencies between 1,000 and 1,2000, however, will not be
suppressed by either one.

Construction of Band-Elimination Filter.—Connect-
ing a low-pass filter in shunt with a high-pass filter, pro-
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vided the cut-off frequency of the high-pass filter is higher
than the cut-off frequency of the low-pass filter, will result
in a band-climination filter. Considering Fig. 13, which
is a schematic diagram of connections of this case, it is
seen that currents having a frequency below 1,000 can
pass through the low-pass filter and those above 1,200
can pass through the high-pass filter, but those whose
frequencies fall between 1,000 and 1,200 can pass through
neither.

In carrier telegraph systems it is not necessary to employ
a selecting cireuit as complicated as a filter, the selectivity

e |
fc=|000 3
—_ 3
! 3
2 Lol mrr | b o2
fc=l200
i 13

being obtained by the use of resonant or tuned circuits
composed each of a single coil and one or more condensers.

Transmission Unit.—In IYig. 14 is given a graphical
representation of the characteristics of the circuits just
described.  The abscissas are given in kiloeycles and the
ordinates in transmission units (TU).  The transmission
unit is a unit for expressing losses or gains in communica-
tion circuits. The nature of the unit and the reason for
its use may be seen by considering the transmission of an
alternating current over a very long line.

Assuine an infinitely long uniform line over which an
alternating current is being transmitted. In such a line
the resistance per unit length, inductance per unit length,
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capacitance per unit length, and leakance per unit length
are all of constant value throughout its entire length.
The transmitted line current, on account of charging
currents and leakage currents, will be attenuated from
point to point along the line. Imagine the line being
made up of sections, cach of unit length. If the line cur-
rent entering any given section is denoted by I, and the
line current leaving that section by I, their ratio, denoted
by r, will be the same for every section, as given by equa-
tion 1. 1.

"= (1)

If, now, I, is the line current entering any given section
and I, is the line current leaving a later section, say the
nth, then the ratio of these two currents will be n of these
factors inultiplied together, or r to the nth power, so that

= & (2)
2

Since » may also represent the distance between the
points where the values of the line current are taken, the
number of sections n can be replaced by the distance 3
giving

o —_ _
re @

Now it can be proved that in an indefinite uniform line,
the ratio of the power delivered at the point 1 to that
delivered at the point 2 is equal to the square of the ratio
of the line currents at these points, so that

P, 11>2
P~ (12, &

By combining equations 3 and 4,

Py A% N2 —
P2‘<12> g
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" I)l 9

Therefore, B, =2l (5)
The power ratio for I miles is, therefore, r# and for 1 mile
it is 72, since [ equals 1 in this case. Thus, for every mile
the power is changed by a factor 72, and to obtain the ratio
for { miles this factor must be raised to the Ith power.
That is, #* can be considered as (r?). If I is a large
number, this process cannot be performed ecasily except by
the use of logarithms. Therefore, take the logarithm of
both sides of equation 5.

P
Then log '=1I(log r2) (6)
P

1t may be seen that the logarithm of the power ratio for
! miles is [ times the logarithm of the power ratio for 1 mile.
This suggests the convenience of using the logarithm of the
power ratio as a basis for the unit of loss or gain in clectrical
circuits. Then, if the power ratio of 1 mile corresponds to
N units, the power ratio of I miles corresponds to IN units.
Such a unit is called the transmission unit (70). The
two powers Py and P: differ by .V transmission units when
the following equation is satisfied:
P,
O
The factor 10 is used simply to obtain a unit of con-
venient size.  Let N represent the loss in 1 mile and N; the

loss in ! miles. Then for 1 mile, by equations 6 and 7,
p

! .
N=10 log ~P—l= 10X 1 (log 7*)=10 log »?, since [ equals 1.
2

N =10 log

' P P
Also, for I miles, log ;)-l=l (log 7?) and N,=10 log Fl =101
2 2

(log r3) =1 (10 log 7*) =IN. Therefore, equation 6 can be
replaced by N,=IN (8)
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On account of this introduction of a logarithmic unit of
loss, losses may be combined by addition, whereas, if the
power ratios were used, the losses would have to be com-
bined by more laborious multiplication.

To determine the magnitude of the power ratio corres-
ponding to one TU, let N in equation 7 equal unity. Then,

Pl

Py
1=10 log -
OL,])Z

P

log - '=—=.10000
%% p," 10

P

1o1.259

P,

P 9)
- 794

P

From this it is seen that the loss of one transmis-
sion unit corresponds to a reduction in the power to
approximately 80 per cent. of its initial value. In general,
equation 7 gives the number of transniission units by which
the powers ”; and P, are said to differ. Assuming the

values for Ny in the first column of Table I, the cor-
>

. I .
responding values of i’—l have been caleulated by equation 7
2

and placed in the second column and the values in the other
columns have been determined from them. IFrom this
table it is scen that if there are 3 transmission units loss,
the power delivered at point 2 is only 50 per cent., or one-
half, of the power delivered at point 1. By memorizing
the perecentages or the fractions corresponding to 1, 2,
and 3 TU’s the percentage or fraction corresponding to
any higher number of TU’s can be approximately deter-
mined mentally. For example 4+ TU’s are 3+1 TU'’s,
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giving 3 of 80 per cent., or 40 per cent., and 8 TU’s are
3+3+42 TU’s, giving 3 of § of 63 per cent., or 16 per cent.

Characteristics of Filters.—Curves A and B, Fig. 14,
illustrate the action of two tuned circuits, A resonant at
9 kilocycles and B at 6 kiloeyeles. It is seen that for
frequencics of only a few hundred cycles from the resonant

TABLE 1
RELATION OF TRANSMISSION UNITS AND POWER RATIO

. I P 5;: in Approxi- [’j in Approxi-

Nry i l P l mate Per I mate cTU
Cent. | Fraction
|

| | |
1 1.259 | 794 O ' Y
2 1585 | 631 63 | 4 2
3 1.995 | .501 50 i 3
4 2512 | .308 40 4
5 3.162 | 316 32 | i 5
6 3.081 | 251 25 i [ 6
7 5012 | 200 20 ! 7
8 6.310 | .159 6| i 8
9 7.943 | 2% 13 1 [ 9
10 10.00 100 10 ] 5 10
15 31.62 032 3 oo 15
20 100.0 .010 1 ‘ e 20
25 316.2 .003 e i 25
30 | 1,000. 001 AN oo 30

~ .

frequency a considerable loss is introduced that prevents
currents of these frequencies from being transmitted.
In the cases shown, a variation of one kiloeycle would make
the loss about nine times that at resonance. Several of
these tuned circuits, each tuned to one of the various
frequencies as used in a carrier telegraph system, may be
connccted to a common line in parallel. A current of a
particular frequency will therefore find its way most easily
through the circuit tuned to the same frequency and only
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in negligible amount. through the eireuits resonant to other
frequencies.

Curve C illustrates the action of a certain low-pass filter,
showing that there is little or no loss up to almost 3 kilo-
cycles per second, but from there on the loss introduced
into the cireuit by the filter increases very rapidly as the
frequency is increased, so that all currents whose fre-
quencies are above 3 kilocycles are effectively suppressed.

Curve D illustrates the action of a certain high-pass
filter, showing its action to be complementary to that of
the low-pass filter whose curve is C. The curve D is
seen to pass the frequencies above 3 kilocycles and shut out
those below that figure. Used together, one end of cach
of these two filters would be connected to the common line,
so that the low-frequency voice currents would pass from
the line through the low-pass filter into the ordinary tele-
phone connections, whereas the high-frequency carrier
currents would pass through the high-pass filter and so to
the carrier apparatus.

Curves E and F show the action of two band filters; £
transmitting 14 to 16 kilocycles and F transmitting 23 to
25 kiloeycles per second. Kither one of these would
be used for transmitting the side band and effectively
shutting out all other currents.

PRACTICAL CARRIER SYSTEMS

CARRIER SYSTEM WITH CARRIER TRANSMISSION

Terminal Arrangement of One Channel.—A schematic
diagram of conncctions showing how one channel of a
carrier-transmission systein is superimposed on an ordinary
telephone circuit employing an open-wire line is shown in
Fig. 15. The subscriber’s circuit connected to one channel
of the carrier system connects to terminals I and 8 of a
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hybrid coil «, or three-winding transformer. The line
winding of thix transformer consists of four coils ay, as,
a3, and ay; while its modulator input winding consists of
two coils a; and ag. Between terminals 4 and 9 a balanc-
ing net work b is connected that is adjusted so that its
impedance is practically identical with that of the line
connected between terminals 7 and 8. The four primary
coils are also practically identical and so wound that cur-
rent passing from 1 to 8 through the four primary coils
and the balancing network in series will produce magnetie
lines of foree in the core.

An alternating eurrent entering by terminals 7 and 8 will,
therefore, produce a voltage in the sccondary, or modu-
lator, windings. On the other hand, an alternating current
entering by the terminals 2 and 6 will divide equally, half
passing through coils ¢, and ay and the subscriber’s loop
and the other half through coils @z and a3 and the balanc-
ing network b, so that no magnetization results and,
therefore, no voltage is induced in the modulator coils a;
and as. By this arrangement, therefore, the voice cur-
rent in the telephone circuit enters the hybrid coil at
terminals 7 and 8.

The currents passing through coils @, and ay induce a
corresponding current in coil a;, which is impressed on the
input of the modulator ¢.  This current, passing through
coil ag, induces a voltage in coils a2 and @i, which acts in
such a way as to prevent any of the current entering at
terminals 7 and 8§ from passing into the balancing net-
work b. The currents impressed on the modulator ¢
modulate the carrier current coming from the carrier oseil-
lator d. The output currents from the modulator have a
band filter ¢ inserted in their path so that only the carrier
current and one of its side bands pass through the high-
pass filter f to the open-wire line, and so to the proper
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channel at the receiving end.  These currents cannot affect,
the demodulator, since the band filter g does not allow
them to pass.

A message intended for the subscriber connected to
points I and & arrives over the open-wire line. The low-
pass filter 2 in the ordinary telephone circuit will not pass
the carrier current and the side hand coming from the other
station, but these frequencies will pass through the high-
pass filter f of the carrier recciving circuit.  They then
pass through the band filter g to the demodulator 1.
The carrier current and the voice current in the output
circuit of the demodulator 7 are amplified by the amplifier j
and reach a low-pass filter £ and high-pass filter I. The
voice current passes through a low-pass filter k&, being shut
off from the signaling circuit by the action of the high-
pass filter /, and reaches terminals 2 and 6, where it
divides, half going to the subseriber connected to ter-
minals / and & and the other half passing through the
balancing network b. No voltage is induced between
points 9 and 12 hecause of the balanced arrangement and
s0 no cffect is produced on the modulator C by this incom-
ing voice current.

The ecarrier current in the receiving ecircuit, being
blocked by the low-pass filter &, passes through the high-
pass filter I and the rectifier m, and is used for signaling
purposes.

Terminal Arrangement of Several Channels.—In Tig. 16
is shown a schematic diagram including only hybrid coils a,
balancing networks b, modulators ¢, oscillators d, band
filters e, high-pass line filter f, band filters g, low-pass line
filters , and demodulators ¢ arranged for threc carrier
channels in addition to the regular telephone cireuit.
From the numbers noted for the frequencies to be passed
by the several band filters e and ¢ it is seen that each
channel uses two carrier currents, one for the outgoing
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message and another of different frequency for the incom-
ing. The open-wire line therefore carries six different,
carrier currents and six side bands of frequencies fromn 4
to 23 kilocycles as well as the voice current whenever con-
versation takes place over the regular telephone circuit.

CARRIER SYSTEM WITH CARRIER SUPPRESSION

Terminal Arrangement of One Channel.—The out-
standing feature of this system is the suppression of the
carrier current. To accomplish this it makes use of
modulators and demodulators of the balanced type (also
called the push-pull type). It also uses the same fre-
quencics for transmission in both directions as distin-
guished from the previous system. This neccessitates
balancing the line through the agency of a hybrid coil
and balancing network in order not to have outgoing cur-
rents cause any interference in the paths of incoming
currents.

A schematice diagram of connections on one channel of
this system is given in Fig. 17. The subscriber’s voice
eurrent enters the hybrid coil ¢ at terminals 7 and 8 pass-
ing through the primary coils a; and a; to points 2 and 6
and thence into the demodulator circuit, where it produces
no effect, because of the balancing network b.  In passing
through coils a4, and a, it produces a voltage in the coils as
and ag affecting the grid potential of the modulator ¢ and
thereby modulates the carrier current from the oscillator d.
The output of the modulator ¢ is next amplified, to allow
for the line losses, by the amplifier ¢ and then passes
through the band filter f, where the proper side band is
selected, and then proceeds to points 3 and 7 of the hybrid
coil g. Here the current divides, half passing through the
coils g, and gs and the balancing network %, and half
passing through the primary coils g, and gs, through the
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high-pass filter 7, and out on the open-wire line to the other
station. The balancing network 4 has its impedance so
adjusted that for all practical purposes the impedance
between points 7 and 8 external to the hybrid coil g is
identical with that between points 4 and 5 through the
high-pass filter 7 and out on the line. This arrangement
causes no voltage to be induced in the secondary coils g,
and g and o no cffect in the demodulator cireuit. The
energy of the current passing through the balancing net-
work h is merely dissipated, whereas the current passing
out on the open-wire line carries the message to the other
station. The low-pass filter j prevents this current from
entering the ordinary telephone ecireuit whose currents
are at voice frequency.

The incoming message being carried by the lower side
band is likewise prevented from entering the ordinary
telephone circuit by the low-pass filter Jy Tig. 17, and so
passes through the high-pass filter 7 and the coils of the
hybrid coil g and the band filter k. Under these conditions
a voltage is induced in the demodulator input windings,
which produces a current corresponding to the lower side
band. These currents pass through the band filter and
enter the circuits of the demodulator I where the oscillator d
supplies the carrier current so that the demodulator delivers
the voice current in its output circuit. The amplifier m
amplifies the voice current, to allow for the apparatus and
receiving-cireuit losses, to the proper strength.  This voice
current now enters the hybrid coil « at the points 2 and ¢,
half going to the listening subseriber’s cireuit and half
having its energy dissipated in the balancing network b,

Terminal Arrangement With Four Channels.—In this
system a complete set of terminal apparatus provides four
superimposed telephone channels. A simplified schematic
diagram is shown in Fig. 18, which, however, only shows
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the necessary hybrid coils «, balancing networks b,
modulators ¢, oscillators d, filters ¢, and f, demodulators g,
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and the apparatus common to all channels, including
coil h, network 7, and the filters j and k, much other
apparatus being omitted for the sake of simplicity.
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The carrier frequencies are 10,000 cycles per second for
the first channel, 15,000 for the second, 20,000 for the
third, and 25,000 for the fourth. The band filters ¢ and f
of the first channel pass frequencies between 8,000 and
10,000, those being the values for the lower side band.
The filters in other channels pass frequencies correspond-
ing to their respective lower side bands. The hybrid
coil h and the balancing network 7 are necessary, because
the same frequencies are employed for transmitting in
both directions, so as to keep the outgoing and incoming
paths from interfering with each other. They can,
however, be dispensed with where only two channels are
desired by using different frequencies in opposite directions
for the same channel, employing what is called two-way
two-carrier operation.

COMPARISON OF THE TWO SYSTEMS

A comparison of these two systems of carrier telephony
brings out the facts that the one with the carrier sup-
pressed is more complex and employs more auxiliary
terminal apparatus common to all channels than the
other. On the other hand, it has two important
advantages:

1. It operates on smaller line currents and therefore
does not tend to overload apparatus such as repeaters to
the same extent,

2. The transmission equivalent of the system is more
constant, so the voice transmission is more uniform, being
less affected by the variations in the transmission constants
of the line due to weather changes or other causes. This is
because the carrier frequency is not transmitted and will
become easily understood by considering the system with
carrier transmission. Here any change, due to the weather
or any other cause, in the transmission constants of the
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line will change the side band current in a given ratio and
the carrier current in practically the same ratio. Now
since the magnitude of the voice current in the output of
the demodulator is proportional to the product of the side
band and the carrier amplitudes, the voice current will
be more nearly changed in the square of this ratio.
When the carrier is not transmitted but is supplied at the
receiving terminal, any changes in it are generally small, so
the output of voice current varies directly instead of as the
square of the attenuation of the side band.

CARRIER-TELEGRAPH SYSTEM

Arrangement of Apparatus.—The principles upon which
carrier-current telephone systems are based can also be
applied to the production of carrier-current telegraphy.
In the ordinary telegraph circuit the signals are obtained
by breaking up the steady current into a series of pulses,
representing the dots and the dashes, separated by
intervals of no current or oppositely directed current,
representing the spaces. In a carrier-telegraph system
the ordinary telegraph signaling current coming from the
local telegraph trunk or from a long-distance telegraph
line, operates a relay that controls the sending of the carrier
current over the high-frequency line during the times of
the dots and the dashes of the telegraph messages. At
the receiving terminal this high-frequency current is
usually amplified and then rectified by the action of
vacuum tubes. The resulting rectified current operates a
relay that opens and closes a direct-current telegraph
circuit from which the signals are read.

Principle of Operation.—A schematic diagram illus-
trating such a system is shown in Fig. 19. The sending
polar relay a, actuated from its direct-current circuit,
short-circuits and opens the output of the oscillator by
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closing and opening the armature
contact. The carrier current from
the oscillator b is amplified by the
amplifier ¢ whose output passes out
on the line after passing through the
sharply tuned selective circuits d.
At the receiving end of the line the
current passes through the sharply
tuned selective circuits e, being first
amplified by the amplifier f, and then
rectified by the detector ¢ so as to be
unidirectional, when it actuates the
receiving relay & by passing through
its windings. "The opening and clos-
ing of the contact of relay h repeats
the telegraph message into the tele-
graph loop at the receiving station.

CARRIER-CURRENT INSTALLATIONS

The carrier apparatus is installed
in the central office in the same
manner as the ordinary telephone
apparatus, being mounted on racks
that arc lined up in rows. Where
several carrier systems are placed on
the same pole line, it may be neces-
sary to increase the number of trans-
positions in order to avoid cross-talk
between the carrier systems,

The filament currents for the
vacuum tubes are usually obtained
from the 24-volt tclephone batteries,
whereas the plate currents are usually
obtained from the 130-volt plate
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batteries.  The grid batteries, where used, are dry
cells.

The carrier telephone channels are terminated in jacks
in the long-distance switchboards like ordinary toll lines,
so that the long-distance operators make the necessary
conncctions with the regular toll cords. The operation
of ringing is performed by the operator in the standard
manner and the signals are automatically relayed as
previously described. In fact, to the operators, there is
no difference between the carrier channels and the ordinary
long-distance trunks.

As the terminal apparatus involved in carrier trans-
mission is expensive, only the longer circuits can be cco-
nomically operated by carrier currents. The greater the
gauge of the wire employed, the greater is the permissible
distance between repeaters.  In most cases carrier systems
provide circuits over 250 miles in length.  On sufficiently
long circuits a cost study of the situation will often show
considerable saving in annual charges in favor of the
carricr system, although there might e room for stringing
additional open wires on the existing pole line.

Again, where existing wire leads become so congested
that additional open wires would require sufficient con-
struction work or possibly even a new pole line, it is
usual to install an acrial cable to take the place of the
open wire. The first cost of a long toll cable is so high,
however, that the deferring of the cable by the installation
of the carrier system may therefore be cconomieal.  Addi-
tional carrier systems are added until it is no longer cco-
nomical, at which timne the cable is installed.  Beecause the
cable, when installed, must take care of future growth, and
the carrier system merely takes care of the immediate
demands, the carrier system will prove more cconomical
in the beginning of the turnover. Under these conditions
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the use of the carrier systemn is an intermediate and tem-
porary plan between the use of the open-wire and the
final cable circuits. When the cable is installed the carrier
apparatus is released for use under another similar case,
since its life is usually longer than the time involved dur-
ing the change over of the plant from open-wire circuits to
cable circuits.

The carrier-telegraph circuits are among those used by
the Bell System to furnish leased wire service, which is a
service that allows of no interruption and demands high-
grade transmission.

CARRIER TELEPHONY ON POWER LINES

FUNCTIONS OF TELEPHONE IN POWER DISTRIBUTION SYSTEMS

With the growth of electric power systeimns to the extent
of a single system including several widely separated
generating stations, a number of substations or distribut-
ing centers, and distributing networks covering large
areas, it has become necessary, in order to direct and con-
trol the operation of such a system properly to have a
reliable system of communication so that the various
operators can keep well in touch with one another.

This is done either by having privately owned telephone
lines or by making use of public service telephones.  Where
a power company desires to have a privately owned
telephone system, one way in which it may be provided is
by means of a carrier system that uses the conductors of
the power line itself upon which to superimpose the carvier
current of the telephone system. Using the power-line
wires without a ground return makes it possible to secure
telephone communication free from noise and as good as
that of a commercial toll circuit. In what follows some
of the feautres of the carrvier systein adopted by the
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Western Electric Company, after exhaustive study and
experimentation, and used in a large number of installa-
tions, are pointed out.

CARRIER FREQUENCIES

Two-way, or duplex, operation is obtained by mak-
ing usc of two different carrier frequencies for transmission
in opposite directions. The frequencies sclected lie
between 50 kilocycles and 150 kilocycles, heeause at these
frequencies efficient coupling to the power lines can be
obtained, and also because it has been found that below
50 kiloeycles the power transformers of the system may
introduce excessive attenuation for particular frequencies
and below 10 kiloeyeles transfer considerable carrier-
frequency power into their secondaries. Above 50 kilo-
cycles and up to 150 kilocycles the attenuation is not
excessive and is independent of the conditions on the
secondary side of the power transformers.

Since the two wires of the carrier system cannot be
directly connected to the high-voltage power wires, the
coupling of the two systems is brought about through the
capacitance of condensers. The coupling condensers may
be cither of the usual coneentrated type or else of the dis-
tributed capacity type. The distributed capacity type
consists of two coupling wires suspended parallel to the
power wires for a distance of 1,000 feet or so, cach coupling
wire acting as one plate of a condenser and the adjacent
power wire or wires as the other plate.

A carrier system in which the carrier and both side bands
are transmitted was decided upon, beeause at the previ-
ously mentioned frequencies, for the earrier current it
was difficutt to provide the proper filters for suppressing
the unwanted frequencies due to the modulation in a
suppressed-carrier system.
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LAYOUT OF INSTALLATION

Coupling and Protective Apparatus.—A schematic
wiring diagram of onc terminal of a carrier system employ-
ing high-voltage coupling condensers is shown in Fig. 20.
These condensers are indieated at «.  Those shown are
about .003-microfarad capacitance each, made up of a
large number of small condensers in parallel, the entire
assembly being imntersed in transformer oil.  The double
horn-gap arrester, shown at b, is for the purpose of limit-
ing the voltage to ground.  The filter coil unit is shown at ¢,
and the filter and protector unit at d.

A circuit diagram of the protection eirenits including the
filter-coil unit and the filter and protector unit is shown in
Fig. 21. The terminals @ are connected to the power-line
coupling wires or condensers. The air-gap arrester b
limits the voltage to ground and insures that the fuses ¢
will not arc over should the coupling capacitance break
down. The filter-coil (¢, I'ig. 20) consists of the series
coils d, the impedance coil e, and the condensers f. The
coil ¢ has its midpoint grounded and is of low impedance
to the power frequencies so that any 60-cycle potentials
would be drained off. The filter-coil unit allows the
carrier frequencies to pass.

The filter and protector unit (d, Fig. 20) begins with a
fused switch g and surge arrester h such as are commonly
employed for proteetion of telephone lines exposed to
power lines. The fuses actually form the blades of the
switch while the protector h is a 1,500-volt break-down
spark gap to ground. Next comes a 500-volt break-down
vacuum gap 7 across the line and the series coils j followed
by series condensers £ of about .007 microfarad each and
capable of withstanding 7,500 volts. The 500-volt
vacuum gaps [ are to protect the winding of the repeating
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coil ¢, which has the

midpoint of its line
e side winding groundexl.

As a final protection
this repeating coil is
built with a grounded
shield  between  its
windings.

Carrier and Power
Panel.—The  carrier
panel and the power
panel are shown, re-
spectively, at e and f,
Fig. 20, and illus-

':L’ t trated in Fig. 22.
e C On the carrier pancl

is mounted at a a
high-pass filter that
only allows frequen-

Filter and Protector Uit

Fic. 21

cies above 100 kilo~
cycles to pass. The
vacuum tube b is used
as a 50-watt amnplifier.
The vacuum tube ¢
acts as a speech ampli-
fier or inodulator. The

/
i
Fitter-Corl Ut

}h }‘, vacuum tube d acts as
- a Hartley oscillator

; with inductive feed-

] o i back. The vacuum
/ \ tube e acts as a high-
frequency amplifier.
These tubes are in the
. transmitting circuits.

—
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The 50-watt amplifier b is normally disconneeted hut
thrown in by a simple switching arrangement when the
normal output of one watt is not sufficient on account of
faulty power-line eonditions. When this tube is used the
output of the normal transmitting circuit is impressed on
its grid, so that the output hecomes fifty times the normal.

The modulation by the voice current, instead of becom-
ing effective in the output of the oscillator tube d as
ordinarily, does so in the output of the high-frequency

Power Line,

L.S'ubsfaf/'on L Generating Station

Fic. 23

amplifier tube e, thereby increasing the modulated power
without overloading the amplifier. Since two-way opera-
tion is obtained by transmitting at two different carrier
frequencies, one in cach direction, and since the lower
frequency is always assigned to the calling station, it
becomes necessary that the transmitting circuit be able to
operate at two different frequencies; below 80 kilocycles
when the station is the calling one, and above 100 kilo-
cycles when it is the called one. This is accomplished
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automatically by the operation of a relay that changes the
capacitance in the oscillating circuit and so its frequency.
Tubes f, g, and h are in the receiving eircuit, being, respec-
tively, a carrier-frequency amplifier, a detector, and an
audio-frequency amplifier. At 7, j, and k, respectively,
are mounted the signaling and voice-frequency equipment,
the remote control equipment, and the low-pass filter,
which only passes carrier frequencies below, say, 80 kilo-
cycles.

Signaling Arrangement.—Ringing or signaling is aceom-
plished by sending spurts of carrier frequency out on the

Power
Amplifier

Osciliator|
Modulator|

Jo Load | I
Disparcher

Filter 7o Power

Line
C‘oup/iny-—)

Device™ p—=

Low
Fn"::; ey Receiver| Filter
Signalling|

Fii. 24
70 Desk Stand
and Alarm Bell

line. This is caused by operating the relay in the oscilla~
ting circuit. These spurts will be either below 80 kilocycles
or above 100 kilocycles, depending on which filter is con-
nected to the transmitting circuit at that time. In the
normal or non-operated state, cach carrier terminal is
arranged to receive a signal on a frequency below 80 kilo-
cycles. When the telephone receiver is lifted from the
switchhook the ecarrier terminal corresponding to this
telephone receciver has its circuits automatically arranged
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to transmit on a frequency below 80 kilocycles and to
receive on a frequency above 100 kilocycles. When the
ringing key is operated at the calling station, spurts of
frequency below 80 kilocycles are sent out on the line to
all the other stations. The called station is the only one
that will have its selector relay operate and ring the bell.
When the called station answers by lifting his receiver, his
carrier terminal is automatically arranged to transmit on a
frequency above 100 kilocycles and toreceiveon afrequency
below 80 kilocycles. The voice-frequency circuits are those
employed in the ordinary commercial telephone circuits.
The operator’s and dispatcher’s telephone sets are shown,
respectively, at ¢ and h of Fig. 20. The power supply
for operating this system is usually obtained from a motor-
generator set ¢, which delivers direct current at 800 volts
required by the plate circuit of the high-power amplifier.
The motor-gencrator set is driven from the 24-volt storage
batteries j. The 150-volt storage batterics k furnish
potentials for the plate circuits of the recciver tubes, and
the low-power transmitter tubes. The 24-volt batteries
besides running the motor-generator set furnish the fila-
ment currents for the vacuum tubes. In Fig. 23 is shown a
schematic diagram of a carrier system for power lines.
The sclective ringing keys are shown at a, the coupling
condensers at b, and the carrier equipment at ¢. The
carrier equipment is shown in more detail in Fig. 24.
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PREFACE

The popular interest in radio is due chiefly to the
reception of programs transmitted by radio broadcasting
stations. An immense industry has been built around
this branch of radio, giving employment to thousands who
by their training and experience are qualified to serve it.

This volume was prepared especially to acquaint the
reader with the fundamentals of radio reception and
with methods of locating and overcoming the difficulties
in radio reception. The instruction on Radio Receivers
begins with the crystal detector and is followed logically
by regenerative receivers, radio-frequency amplifiers,
neutrodyne sets, reflex set, superheterodyne receivers,
short-wave reccivers, single-side-band receiver, power
amplifiers, a.-c. receivers, and loud speakers.

The Section on Servicing of Radio Rececivers contains
practical instructions for locating and remedying troubles
in radio receivers, loud speakers, power units, and acces-
sories.

This instruction will be helpful to the men in the
industry, such as operators, set builders, dealers, sales-
men, and service men. In fact, every set owner will profit
by this instruction inasmuch as it will acquaint him with
the possibilitics and limitations of his own set and teach
him how to obtain the utmost service from the equipment
he may have.

INTERNATIONAL CORRESPONDENCE SciooLs
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RADIO RECEIVERS AND
SERVICING

RADIO RECEIVERS

FUNDAMENTAL THEORY OF OPERATION

In the course of radio reception, the receiving antenna
is subjected to the field of a traveling wave emanating
from a radio transmitting station, and radio-frequency
currents are induced in the antenna system. This radio-
frequency energy is very fechble and some appreciation of
this fact may be derived from the following discussion.

A non-directive radio transmitting station will be con-
sidered. Since it is not directive, energy is radiated from
this transmitter with equal strength in all directions. Ata
given distance from the transmitter the energy radiated
is scattered over the entire surface of a sphere having a
radius corresponding to the distance from the transmitter.
Owing to the relative size of the receiving antenna, the
latter can only cover an extremely small fraction of the
sphere in question, hence the minuteness of the induced
currents.

At the receiving station the antenna functions to inter-
cept the traveling waves from the transmitting station
and the action is manifested by the very feeble radio-
frequency currents in the antenna circuit. The problem
at this point is to establish a means of sensing the inter-
ception of radio waves. In regard to the feasibility of
visualizing the current in the antenna circuit, it should be
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considered that a radio-frequency milliammeter would
not be sufficiently sensitive to indicate the value of the
current. Even if it could, it would have too slow an
action to follow the dots and dashes of the telegraph code
at the spced with which they are transmitted in normal
operation, In the case of radio telegraph communication,
if a meter of sufficient sensitivity could be produced
whose indicating element could follow the dots and dashes
of the code, the signals could be read by the eye, but this
is extremely impractical and it has been found that
aural reception of radio telegraph signals must first be
effected.

It might be stated at this point that in large commerecial
radio telegraph recciving stations these reccived audio-
frequency signals arec ampli-
fied and then rectified, pro-
ducing dots and dashes in
the forn of unidirectional
pulses. These pulses are
applied to sensitive re-
corders that record the dots
and dashes in ink on a mov-
ing tape. This makes it possible for the receiving operator
to receive by either the eye or the car or both.

In the case of radio telephone reception, visual reception
would be unintelligible, so this necessitates aural reception.
Thus in the case of radio telegraphy and radio telephony
aural reception is necessary. A fundamental receiving
circuit is shown in Fig. 1. The antenna a is connected
to one end of the coupling coil b, and the ground ¢ is
connected to the other end.  The radio-frequency currents
induced in the antenna pass to ground through the coil b.
The antenna circuit is not tuned to any particular wave-
length, hence it is considered aperiodic.

a

.1“ 5

Fic. 1
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The two coils b and d constitute a radio-frequency step-
up transformer. This is desirable, owing to the fact that
the feeble cnergy in the antenna circuit consists of a rela-
tively high current and low potential, and what is desired
for application to the detcctor is a low current at a high
potential. Thus, the potential available across the coil b
is stepped up to a relatively high potential, which is
available across the coil d. This potential is still further
increased by shunting a condenser e across the coil d so
that the combination may be tuned to the frequency of the
incoming wave. "This tuning operation not only produces
maximum voltage cross the coil d and the condenser e at
the desired wavelength, but it also sclects the wavelength
desired and tends to suppress the application of signal
voltages on other wavelengths to the deteetor circuit.

The function of the detector f is to change the radio-
frequency signal into an audio-frequency signal that can
be applied to the phones g. The thought arises at this
time, why not connect the phones direetly in series with the
antenna circuit.  If there is enough energy in the output .
circuit of the receiver shown in Iig. 1 to actuate the dia-
phragm of the telephone receivers, or phones, g there
should be sufficient energy to accomplish this operation in
the antenna circuit. A consideration of Itig. 2 will help
explain why the phones cannot be made to function in the
antenna cireuit. ‘

A scries of wave trains that are sent out from a damped-
wave radio-tclegraph transmitting station, such as a
quenched-spark transmitter, are shown in Fig. 2 (a).
Fach time the transmitting key is pressed down, wave
trains are sent out at an audio-frequency rate, possibly
1,000 per second. Kach onc of these wave trains is made
up of radio-frequency oscillations that are of the order of
500,000 cycles per sceond, if the wavelength is 600 meters.
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Even if there were sufficient current in the antenna
circuit, caused by the incoming signal, to operate the
receiver diaphragm, the diaphragm could not follow the
radio-frequency changes in current because it has a period
of its own and also possesses a certain inertia which pre-
vents it from vibrating at such a high rate. Even if it
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could vibrate at such a high rate, the human ear would not
be affected, since the highest frequencies audible to the
human ear are between 16,000 and 20,000 cycles per second.

It might then be reasoned, why does not the telephone
receiver connected in series with the antenna circuit follow
the average change in current. The answer is, it does.
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The average change in current is zero, as will be noted
from a consideration of Fig. 2 («). The radio-frequency
variations in current go as far in the positive direction as
in the negative direction and the average is zero. The
function of a detector is to change the nature of the radio-
frequency in such a manner that its average value will not
be zero, and it does this by rectifying the radio-frequency
input as shown in view (b).

The detector is a device that has unilateral conduetivity.
It allows the passage of current in one direction only.
The naturcof the current in the output circuit of the
detector is shown by view (b). The detector suppresses
the negative waves, and the average of the positive waves
results in a positive curvent that is applied to the phones.
The telephone-diaphragm vibrations for cach wave train -
are indicated by view (¢). The pulses of current indicated
in Fig. 2 occur at an audio-frequency vate, 1,000 per second,
hence the diaphragm in the telephone receivers can
respond to the current variations and vibrates in synchron-
ism with the current pulses. This vibration sets up sound
waves that are sensed by the car. Thus, every time that
the transmitting key is depressed a 1,000-cycle note is
heard in the phones.

In the case of radio telephony, the radio-frequency
oscillations vary in accordance with the audio-frequency
signals which it is desired to transmit. The radio-fre-
quency input to the receiver is in the nature of a radio-
frequency current whose amplitude is varying at an audio-
frequency rate. The negative halves of the radio-fre-
quency oscillations are chopped off by the action of the
detector, and the phones record the audio-frequency varia-
tions in the current in the detector output circuit. The
term detector is mislteading. This device is virtually a
rectifier and the phones detect the incoming signal.
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CRYSTAL DETECTORS

There are a number of crystals that have unilateral
conductivity; that is, they offer a high resistance to the
passage of a current in one direction and a low resistance to
the passage of current in the opposite direction. The
following is a list of some of the erystals that have this
property: iron pyrite, galena, molybdenum, bornite, and
carborundum. A characteristic curve for crystals of this
type is shown in Fig. 3. It will be noted that the voltage
applied to the detector is plotted horizontally and the
resultant current through the detector is plotted vertically.

A consideration of the character-
istic erystal curve will reveal that,
if an incoming oscillation produces
approximately equal and opposite
potential variations across the
_Appliec Voltage detector, the output current dur-
- * ing the negative half cycle is
negligible as compared with the
output current during the positive half of the cycle. This
effects detector action, or rectification.

Current

Fic. 3

VACUUM-TUBE DETECTORS

DIODE DETECTOR

A three-electrode vacuum tube may be used as a detector
or an amplifier or as a combination of both, according to
the method of making connections. When it is used as a
detector alone, it functions as a diode, or two-clement tube,
and not as a triode, or three-element tube, so it follows that
a two-electrode vacuum tube can also he used as a detector.

The method of connecting a three-clectrode vacuum
tube to make it function as a detector in a receiving circuit,
without using its amplifying propensities, is shown in
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Fig. 4. The vacuum tube with its plate and grid con-
nected together is inserted in place of the crystal detectro
as previously explained.
The plate-grid connection
forms one terminal of this
type of detector and the
negative filament connec-
tion is the other detector
terminal. In the course of
broadcast reception, there =
is small chance of distor- .
tion occuring in the detector circuit when this scheme of
connections is used.

=i

Ita. 4

B1AS DETECTOR

The scheme of connections for the bias detector are
shown in Fig. 5, and the characteristic plate-current
grid-voltage curve for a three-element tube is shown in
Fig. 6. The grid of the tube is held sufficiently negative
by means of the bias, or C, battery, Fig. 5, to cause the
incoming signal voltage to operate on the lower bend of
the plate-current curve as shown in Fig. 6. The operat-
ing point on the plate-current curve is such that the
negative half of an incoming potential oscillation causes

far less change in the
5444-
IARY
&

plate current than the
Fic. 5

positive half of the
oscillation. A train
of oscillations applied
to the grid of this type
of detector tube causes
an average change of
plate current which is
positive, hence detector action and amplification are both
effected. One of the advantages of this type of detector
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is experienced in the course of radio broadcast reception.
The output of this type of detector is quite free from dis-
tortion caused by overloading,
because the grid of the tube is
held negative. Detector ac-

% Alate-current  tion takes place by virtue of
$ @ariation .

N the fact that the negative half

N B - of the incoming potential cycle

] L \Lc-sarrery voiage Operates from the lower bend

) Irput on Grid of the plate current curve

= downwards, and the positive

+ half of the incoming osecilla-

arid Voltage tion operates from the lower

13, € bend upwards. Thus, it would

be necessary for the grid voltage to be such as to carry

the plate current to a value on the upper end of the
characteristic curve to produce distortion.

Another advantage of this type of detector over the
diode type is that in the diode the unilateral impedance
characteristic of the tube is the only feature that is made
use of, whereas, in this case, its ability to amplify is made
use of and the incoming signal voltage is applied to the
grid of the tube; thus, its effect is multiplied in the plate
circuit by the amplifica-
tion factor of the tube.

DETECTOR USING GRID CON-
DENSER AND GRID LEAK

A schematic circuit
arrangement for effect- = B "
ing detector action by -B
using a grid leak a and ich
grid condenser b is shown in Fig. 7. The action is shown
graphically in Fig. 8. The incoming signal voltage is
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applied to the grid of the tube ¢, Fig. 7, and the grid is
alternately positive and negative. When the grid goes
positive, it not only causes an increase in current to the
plate of the tube, but the grid itself accumulates some of
the electrons that are flowing from the filament toward
the plate. When the grid goes negative it does not lose
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Motion of
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all of the electrons that it has accumulated, owing to the
fact that it takes longer for any appreciable amount of
electrons of leak off, than the time duration of the negative
half of the cycle of the oscillatory signal input, this being
a function of the value of grid leak used. Thus, before the
clectrons leak off from the grid, the latter goes positive,
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again and accumulates more electrons. It is in this man-
ner that the grid gradually becomes more and more
negative during the passage of a wave train. The sub-
sequent effect is to cause an average change in the plate
current that is less than normal and it is in this manner
that detector action is effected in this type of detector.
The function of the grid leak a is to allow the negative
charge on the grid to leak off between wave trains and,
to prevent the electrons from leaking off between oscilla-
tions,
RECEPTION OF UNDAMPED WAVES

The fundamental circuits discussed have all been for the
reception of waves whose amplitude changes at an audio-
frequency rate. For instance, in the case of the signals
from a quenched-spark transmitter, the wave-train fre-
quency is, say, 1,000 cycles per sccond; therefore, the
amplitude of the radio-frequency waves reaches its maxi-
mum value and its minimum value 1,000 times per second,
and it is by virtue of this fact that the detector is able to
produce the desired sound which is heard in the ear
phones.

In the case of icw. (interrupted continuous wave), the
continuous waves generated at the transmitter are cut in
and out at an audio-frequency rate by means of a chopper.
If the chopper turns the radio-frequency oscillations of
continuous amplitude on and off 1,000 times per second,
the amplitude of the transmitted wave will reach its
maximum and minimum 1,000 times per second. It is
by virtue of this fact that detector action at the receiver
produces audio-frequency sounds through the medium of
the ear phones.

In the case of radio-telephone transmission and recep-
tion, the amplitude of the radio-frequency oscillations
generated varies at an audio frequency rate according to
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the frequency of the speech or music that it is desired to
transmit. It is by virtue of this fact that detector action
changes the modulated radio-frequency input into audio-
frequency currents.

The reception of undamped, or continuous, waves differs
somewhat from the foregoing. An undamped wave is one

+ —
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whose amplitude remains constant and it is necessary that
the amplitude of the radio-frequency signal applied to the »
deteetor should vary at an audio-frequencey rate in order
that the detector ean funetion, To change the input into
the audio-frequency desired, in the case of ew. it is neces-
sary to provide means at the receiver of changing the
amplitude of the radio-frequency input at an audio-

42
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frequency rate so that its presence may be manifested by
sounds in the car phones.

In Fig. 9 (a) is shown the nature of the incoming cw.
signal that is applied to the detector in the circuit shown
in Fig. 10, which is a schematic wiring diagram of a cir-
cuit for the reception of undamped-wave signals. The
traveling wave is intercepted by the antenna. The
induced currents in the antenna systein pass through the
antenna coil «, setting up a magnetic field around this
coil. This magnetic field threads through the coil b,
inducing currents therein of the same frequency as the
induced currents in the antenna circuit. Owing to the
LU fact that coil b and con-

N denser ¢ are tuned to the

S d same frequency as that

< 7] a of the incoming wave,

there will be maximum

voltage across the coil b
and the condenser c.

There is a local genera-
tor d of radio-frequency
oscillations having a frequency 1,000 cycles greater (or
less) than that of the incoming signal. Energy at this
frequency is induced into the detector cireuit by means of
the coupling coils e and f. The current generated by
the local oascillator is represented in view (b), Fig. 9.
Thus these two frequencies are superiinposed one upon
the other and there is a resultant beat frequency, shown in
view ¢, which is equal to the difference between the two
radio frequencics, or 1,000 cycles. The amplitudes of
views (a) and (b) are sinply added for cach interval of
time, and the result, as shown in view (c¢), is an alternat-
ing current of periodically increasing and decreasing
amplitude, the alternating current being at radio fre-

all

i}

Fic. 10
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quency, and the rate of change of its amplitude, from maxi-
muin to minimum, being at audio frequency. The nature
of the current in the output circuit of the detector is shown
in view (d). The negative half of each radio-frequency
oscillation is chopped off; hence, the average change in
the rectified current occurs at an audio-frequency rate,
and it is this audio-frequency change in the rectified cur-
rent, shown in view (), that actuates the diaphragm of
the telephone receivers.

Considering I'ig. 10, a vacuum tube could be used at d to
generate the radio-frequency oscillations and a crystal
detector at g. Again, a single three-electrode tube could
be used in a cireuit to funetion as a detector, an amplifier,
and an oscillator, as will be explained later.

INTERCEPTION AND DETECTION

From the foregoing discussion it is found that the recep-
tion of radio signals is fundamentally a case of intercep-
tion and detection. There must be a means of intercept-
ing the electro-magnetic waves travelling through the
cther and a means of changing the radio-frequency cur-
rents induced in the antenna system into audio-frequency
currents so that they may in turn be changed into sounds
of audio frequency intelligible to the human ear. The
crystal detector changes the radio-frequency current into
an audio-frequency current and the telephone receivers
effect the change from audio-frequency cwrrents to audio-
frequency sound waves.

Greater sensitivity, or reception from a greater dis-
tance, is cffected by increasing the amount of signal
encrgy applied to the detector. This can be accomplished
by increasing the efficiency of the antenna system or by
amplifying the radio-frequency input before application
to the detector.
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Greater output volume with a given amount of signal
energy available in the detector output circuit is a fune-
tion of the amount of audio-frequency amplification
effected.

The fundamental elements involved in radio reception
have now been considered. The next consideration will
be the different types of receivers, so that it may be learned
how the fundamental elements are embodied in the various
receivers designed for different wavelengths and duties.

REGENERATIVE RECEIVERS
SINGLE-CIRCUIT RECEIVER
The schematic wiring diagram of a single-cireuit receiver
is shown in Fig. 11. The dctector input cireuit is tuned
by means of the inductance coil ¢ and the condenser b.
The antenna lead is connected directly to the grid input
coil a, and the ground is connected directly to the low end
of this coil. The grounded end is also connected to the
rotor plates of the tuning condenser b.

A grid condenser ¢ and
i grid leak d are connected
.T Ee in series with the grid
lead to effect detector
action. The grid return
is connected to the nega-
tive filament  terminal.
This is the scheme of
connections when using a
7l wd ) UXN-200-A detector tube.
With some other-types of
tubes slightly better results are obtained by bringing the

grid return to the positive filament terminal.
The plate of the tube is connected to the positive
B-battery terminal through the feed-buck coil ¢ and the

Fra. 11
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phones f. It is by means of the inductive relation between
the feed-back coil ¢ and the input coil « that regeneration
is effected.  Regeneration is the feeding back of the radio-
frequeney signal energy from the plate circuit to the grid
cireuit, thus allowing it to be reamplified, or boosted,
again.  This regenerative effeet may be carried to the
point of oscillation. This point is where the tube starts
to oscillate, thus generating oscillations of continuous
amplitude and of a frequency that is deterinined by the
constants of the tuned input circuit, consisting of the coil a
and the condenscer b.

A circuit of this type can be used to receive danmped or
undamped radio {elegraph signals or it can be used for
radio telephone reception.  With all the elaborate receiv-
ing circuits that are in existence today, there are many
that can not equal the performance of this little single-
circuit receiver that was one of the first types of broadeast
recetvers Lo appear.

300- TO 19,000-METER COMMERCIAL RECEIVER

A schematic wiring diagram of a standard commercial
receiver that is used on ships for the reception of telegraph
and telephone signals on wavelengths between 300 and
19,000 meters is shown in Fig. 12. The recciver proper
provides adequate switching arrangement for covering all
wavelengths between 300 and 8,000 meters, employing
cither a crystal detector or a vacuum-tube regenerative
deteetor. There is a long-wave attachment for this set
that allows for tuning in signals on wavelengths as high as
19,000 meters. There is also a two-step amplifier attach-
ment for increasing the output volume of the received
signals.

The antenna is connected to a contact arm that can be
moved to different taps on the primary winding a. The
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low end of this winding is conneeted to the statorplates ofa
.00045-microfarad variable tuning condenser b through two
external terminals ¢. These two external terminals are
jumpered together when the receiver is being used on the
300- to 8,000-meter band, but when it is desired to tune in
stations between 8,000 and 19,000 meters a primary loading
coil is inserted at this point in the circuit. The rotor plates
of the primary tuning condenser b are connected to ground.

The secondary circuit is coupled to the primary circuit
by means of the coupling coil d, which is inductively
coupled to coila.  Other than the coupling just mentioned,
there is no coupling between the primary and secondary
circuits. A shield e is inserted between the two circuits.

The .00032-microfarad secondary tuning condenser f is
shunted across the three coils d, g, and h. Coil d is the
coupling coil between the primary and secondary circuits;
coil g is the coupling coil between the plate and grid of the
detector tube (when such is used) to effect regeneration;
and coil & is the tapped secondary tuning coil. Two
external terminals 7 are connected in series with the
secondary inductance coils to allow for the insertion of a
secondary loading inductance for tuning above 8,000
meters.

The stator plates of the secondary tuning condenser f
are. connected to one of the poles of a four-pole double-
throw switch, which is used to change from a crystal
detector to a vacuum-tube detector. The two positions
of this switch may be designated by 7" and C, T being the
tube position and C the crystal position. When the
switch is in the tube position, the high side (stator plates)
of the condenser f is connected to the grid of the tube
through the grid leak and grid condenser unit. When the
switch is in the crystal position, the high side of the con-
denser is connected to one terminal of the crystal detector.
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The plate of the vacuum tube is connected to the feed-
hack coils j, the two external terminals & for the long-wave
tickler, and the contacts of the change-over switch. These
contacts connect the reactance I to the plate of the tube
in the tube position, and to the second terninal of the
crystal detector in the crystal position.

This reactance I is tuned by means of the condensers m
and n to the frequency of the signal energy in the output
of the detector (audio frequency).  The other end of this
reactance [ is conneeted through the phones o to the
positive B-battery terminal or to the rotor plates of the
secondary tuning condenser f, according to whether the
change-over switch is in the tube or the crystal position.
One of the filament leads to the vacuum tube passes
through the contacts of the change-over switeh, so that
the tube filament is not cnergized when the crystal
detector is being used. A push button p is provided,
which, when depressed, short-cireuits the plate coil 7.
This is known as the oscillation test.

This type of receiver is to be found on the majority of
ships at sca at the present time. There may come a time
within the next few years when the same receiver will be
used with a stage or two of radio-frequency amplification
ahead of it, but results obtained with this sct are at pres-
sent of such a high standard that it will be some time
before it will be superseded by a later model.

REGENERATION BY TUNED-PLATE METHOD

In Fig. 13 is shown a method of effecting regeneration
without establishing inductive coupling between the plate
and the grid coils. The antenna circuit is aperiodic
(untuned), and the grid input circuit is tuned to the incom-

ing signal by means of the inductance coil ¢ and the
condenser b.
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Regeneration is cffected by tuning the plate cireuit to
the incoming signal by means of the inductance coil ¢ and
the condenser d. The feed-back from the plate to the grid
circuit of the tube is effected by virtue of the capacity
coupling between the grid and the plate that is inherent
within the tube itself.

RADIO-FREQUENCY AMPLIFIERS
UNTUNED-TRANSFORMER COUPLED RADIO-FREQUENCY RECEIVER

A schematic wiring diagram of a receiver that has
three stages of radio-frequency amplification ahead of the
detector is shown in Fig. 14, This recciver cmploys

[ :
- e ;
"
e
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untuned transformers between the stages of radio-fre-
quency amplification.  The antenna is connected to one
side of the primary winding of the first radio-frequency
transformer a and the ground lead is connected to the
other end of the same winding.  One side of the secondary
winding is connected to the grid terminal of the first radio-
frequency amplifier tube b and the other end of the same
winding is connected to the movable contact arm of the
400-ohm stabilizing potentiometer ¢ The extreniities of
this potentiometer arc connected across the A-battery
supply leads.
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The two remaining radio-frequency transformers d and
¢ have their primary windings connected in series with the
plates of the two radio-frequency amplifier tubes b and f,
respectively, and their secondary windings in series with
the grid circuits of the two radio-frequency amplifier
tubes f and g, respectively.

The low side of the secondary winding of each of the
three radio-frequency transformers is connected to the
movable contact arm of the stabilizing potentiometer c.
The function of the stabilizing potentiometer is to afford a
means of supplying a small positive potential to the grids
of the three tubes in question, which tends to keep them
from oscillating. :

There is no frequency sclection ahead of the detector
tube in a receiving circuit of this type.  All energy induced
in the receiving antenna is passed on to the first radio-
frequency amplifier tube and thence to the two succeeding
stages, where all incoming radio signals are boosted in
voltage for application to the detector tube.  The function
of the radio-frequency amplifier system in this circuit is
to step up the voltage of all the radio-frequency signals
that reach it through the medium of the antenna.

The input to the detector is tuned. It is here that a
selection is made of the particular signal that it is desired
to receive. The tube g may be considered the output tube
of the radio-frequency amplificr. The output circuit of
this tube is coupled to the grid circuit of the detector tube
h through the plate coil 7 and the grid coil j.  The detector
input circuit is made sclective by means of the tuned cir-
cuit consisting of the coil j and the condenser k. The
wavelength range depends on the values of the inductance
and capacity of these deviees.

Regeneration is effected in this circuit by means of the
coil [ in series with the detector plate circuit and coupled
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to the detector input circuit by means of the inductive
relation between the coils j and I.  The condenser m is a
radio-frequency by-pass condenser, which functions to
by-pass the radio-frequency currents in the plate circuit
of the detector tube around the phones # and the B bat-
tery, as they offer a relatively high impedance to the pas-
sage of currents at radio frequencies. The impedance of
the path for radio-frequency currents in the plate circuit
of a regencrative detector tube should be as low as possible
so as to cffect regeneration, if desirable, to a value just
below the oscillating point.

ONE-STAGE TUNED RADIO-FREQUENCY WITH FEED-BACK

Circuit Connections.—It was previously pointed out
that the old single-circuit receiver with regeneration was
one that would offer good competition to many of the
claborate receivers that have been produced since the
inception of radio broadeasting. A modification of this
receiver is shown in Fig. 15. There is one stage of tuned
radio-frequency amplification which boosts the signal
voltage before application to the detector tube and also
sclects the frequencies desired.  Regeneration is cffected
by a feed-back from the plate circuit of the radio-fre-
quency amplifier tube to the antenna circuit by means of
the coupler a.

The grid circuit of the radio-frequency stage is really
a radio-frequency filter. Tt effects the greatest voltage for
application to the grid of the radio-frequency amplifier
tube at that frequency to which it is tuned. Tt will also
pass frequencies several thousand cycles greater and
several thousand cycles less than that frequency to which
it is tuned, but with less and less efficiency, depending on
the number of cycles difference between the frequency in
question and the fundamental frequency and on the sharp-
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ness of tuning of the circuit containing the inductance coil
b and the condenser ¢. This sharpness of tuning is a
function of the amount of resistance in the tuned circuit;
the less the resistance the sharper the tuning and the
greater the resistance the broader the tuning.

In the course of radio broadeast reception the receiving
antenna is subjected to the field of a traveling wave con-
sisting of a carrier frequency with side bands usually up
to 5,000 or 10,000 cycles on either side of the carrier.
The carrier is the radio frequency that is generated by the

-4
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apparatus in the transmitter and upon which the audio
frequencies that are to be transmitted are superimposed.
The audio frequencies that are usually transmitted in the
course of a radio broadeast are those up to 5,000 cycles.
The superimposition of this 5,000-cycle audio-frequency
band on the carrier offects the transmission of what is
termed the upper side band, with limits of the carrier
frequency and the carrier frequency plus 5,000, and the
transmission of what is termed the lower side band, with
limits of the carrier frequency and the carrier frequency
minus 5,000 cycles. Thus it can be seen that it is necessary
to pass a 10,000-cycle band through the tuning circuits.
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It is very fine to have sharpness of tuning, or selectivity,
which means the passage of a narrow band of frequencies,
but it is not desirable to have too great a degree of sclec-
tivity, as this would mean that some of the frequencies in the
side bands would be chopped off and distortion would ensue.
In order to effect undistorted reception the loud speaker
must reproduce all the audio frequencies that are trans-
mitted by the broadcasting station, it being assumed that
the broadcasting station is putting out an undistorted signal.

List and Description of Parts.—It is important in con-
sidering the construction of radio broadcast receivers to
' obtain the best apparatus.
If inferior apparatus is used,

Fig. 16 Frg. 17

it may work well for a short time, but there is no assurance
that satisfaction will be long-lived. In Fig. 15 the follow-
ing apparatus is required:

a—Variocoupler. This device consists of two coils, a
stator a, Fig. 16, and a rotor b. (il a 1s wound with
30 turns No. 24 d.c.c. (double-cotton covered) wire on a
3-inch form.  Coil b is wound with 30 turns No. 24 d.c.c.
on a form that is free to turn within the 3-inch form of
coll a.

b—Inductance coil, Fig. 15. Thisisa 44-turn spiderwel
coil tapped at fourth turn for the antenna connection,
and wound with No. 24 d.c.c. on u 2-inch form, as shown
in Fig. 17.
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¢ and d—Variable condensers, Fig. 15, .00035 micro-
farad.

e—Grid condenser, fixed, .00025 microfarad.

f—By-pass condenser, fixed, .1 microfarad.

g—By-pass condenser, fixed, .002 microfarad.

h—Radio-frequency transformer. The secondary wind-
ing s is a 44-turn spider-web coil, No. 24 d.c.c. on a 2-inch
form. The primary winding p consists of 6 turns, No. 24
d.c.c. wound on the outside of the secondary coil.

1 and j—10-ohm rheostats.

k—400-ohm potentiometer.

I—Grid leak, 3 megohms.

m—Vacuum tube, UX-201-A and socket.

n—Vacuum tube, UX-200-A and socket.

In addition to the foregoing, it will be necessary to have
a panel; a base board; about 15 feet of bus wire; control
knobs for the variable condensers, rheostats, potentio-
meter, and variocoupler; the required 4 and B batteries,
(4, 6 volts, B 90 volts, tapped at center for detector-plate
connection) ; and a pair of telephone receivers (2,000 ohms).
If a two-stage audio-frequency amplifier is used in con-
junction with this receiver, it is permissible to have the
radio- and audio-amplifier tube filament temperature
controlled by the same rheostat.

TWO-STAGE TUNED RADIO-FREQUENCY RECEIVER

Circuit Diagram and List of Parts.—The one-step tuned
radio-frequency receiver is the first step beyond the single-
circuit tuner, and the two-step tuned radio-frequency
receiver is the next step beyond the former. It is quite
easy to construct a receiver having a single stage of radio-
frequency amplification that will operate with satisfactory
stability, but it is not so easy to effect stable operation
with two stages of radio-frequency amplification, because
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the inductive and capacitive feed-backs between the radio-
frequency stages tend to cause the radio-frequency
amplifier tubes to oscillate.

The inductive feed-back is caused mostly by the inter-
linking of flux from the tuning coils in the radio-frequency
amplifier stages, and the capacity feed-back is caused
mostly by the inherent electrode capacity within the
tubes themselves. In this receiver the inductive coupling
between successive radio-frequency stages has been
minimized by the use of closed field coils. These coils are
termed D-coils, or figure-8 coils.

A schematic wiring diagram of the recciver under
consideration is shown in IYig. 18. The actual apparatus
used in the construction of this set is shown in Fig. 19.
The following is a list of the material.

a—D-Coil, 3-inch diameter with 14-turn primary and
56-turn secondary.

b—D-Coil 3-inch diameter with single 56-turn winding
(tapped at turn 14).

¢—D-Coll 3-inch diameter with 14-turn primary and
56-turn secondary.

d—Audio-frequency transformer (6 to 1).

e—Audio-frequency transformer (2 to 1).

f—Output transformer (1 to 1).

g—.0005-microfarad variable condenser.

h—.0005-microfarad variable condenser.

1—.00025-microfarad variable condenser.

F—-0005-microfarad variable condenser.

k—.00025-microfarad grid condenser.

{—.002-microfarad by-pass condenser.

m—I'our .1-microfarad by-pass condensers.

n—200-ohm potentiometer.

o—~6-ohim rheostat.

p—10-ohm rheostat.
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g—5-megohm grid leak.

r—3 megohm grid leak.

s—Two double-circuit output jacks.

t—Single-circuit output jack.

u—Filament switch.

v and w—Two UX-201-A amplifier tubes and sockets.

2—UX-200-A detector tube and socket.

y—UX-201-A amplifier tube and socket.

2—UX-171- power-amplifier tube and socket.

The above is a list of the material that was used by the
writer in the construction of a receiver to aid in the
description of the functioning of this particular type of set.

Construction of Radio-Frequency Transformers.—The
main feature in the receiver shown in Figs. 18 and 19 is
the type of radio-frequency transformer used to minimize
interstage inductive coupling, and, although this type of
coil has been used commercially for some time, the writer
had the honor of being the first to present them to the
broadcast public through the medium of radio magazines.
When the first receivers of this type were constructed
there were no coils on the market that were of the particular
type embodicd in this set, so it was necessary for the set
builder to construct them himself. Therefore, the
construction of a radio-frequency transformer of the D-coil
or figure-8 type will be discussed and this discussion and
subsequent theory should give one a good idea of their
inherent characteristics.

The following is the description of the construction of
the D-coil: Procure a picce of bakelite tubing 3 inches in
diameter and 3% inches long. Cut a slit 3 inch wide
through the side of the tube extending from one end to
within 2 inch of the other end. Cut a similar slit directly
opposite. The transformers a, b, ¢, Fig 19, show the
physical characteristics of the D-coil. Four terminals,
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which may be labeled 1, 2, 3, and 4, are located around the
end of the tube that is not slit. The reason for putting
them at this end is because there is space that is free from
the winding and this end is more solid, as there is no
stit in it. Two of the four binding posts on each trans-
former are shown in Fig. 19.

Use No. 24 d.c.c. copper wire. A half-pound spool
will have enough wire for all three transformers. When
preparing to wind either transformer a or ¢ cut off 20 feet
of the wire from the spool for the primary coil. IFasten
one end of this primary wire to the inside of terminal 2.
Trasten one end of the wire left on the spool to the inside of
termina!l 3. This wire will form the secondary coil.
Wind both of these wires together through a slit and first
around onc half of the form, then through the opposite slit
and around the other half of the form. This is continued
until 14 complete turns have been wound on the form,
whercupon the free end of the primary winding is brought
to terminal 1 and connected thereto.  The secondary wind-
ing is continued until 56 turns have been wound.  The free
end of the secondary winding is then connected to termi-
nal4. The terminals 7, 2, 8, and 4 of transformers a and ¢,
I'ig. 18, are conneeted in the cireuit asindicated in the figure.

The coil b, Fig. 19, is wound in a manner similar to
coils a and ¢, exeept there is only one winding made up of 56
turns of No. 24 d.c.c. Coil bis tapped at the fourteenth turn
and from there is connected to the plate of the tube v, Fig. 18.

Radio-Frequency Receivers With Figure-8 Coils.—A
circult digram of a recciving set with two stages of radio-
frequency amplifieation, a detector, and three stages of
transformer  and  choke-coil  coupled  audio-frequency
amplification is shown in Ig. 20. The construction of
this set is shown in Fig. 21. The following is a list of
parts indicated in Fig. 20.
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a—Feed-back coupler.

b—Three figure-8 radio-
frequency transformers,

c—A udio - frequency
transformer (6 to 1).

d—200-henry impedance.

e—Double - impedance
coupler.

J—Speaker filter.

g—Three .00035-micro-
farad straight - line fre-
quency condensers.

h—.00025 - microfarad
grid condenser.

i—Three .05-microfarad
fixed condensers.

7—Two .1-microfarad by-
pass condensers,

k—.002 - microfarad by -
pass condenser.

[—Three .00025-micro-
farad fixed condensers.

m—200-ohin potentio-
meter.

n—Two 6-ohm rheostats.

0—10-ohm rheostat.

p—3-megohm grid leak.

¢—>500,000-ohm poten-
tiometer.

r—100,000-ohm grid leak.

s—single-circuit output
jack.

—T'ilament switch.

u—6-point switch.
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p—Two UX-201-A amplifier tubes and sockets.

w—UX-200-A detector tube and socket.

2—-Two UX-201-A amplifier tubes and sockets.

y—UX-171 power amplifier tube and socket.

Since the main feature of the receiver shown in Fig. 20
as well as of that shown in Fig. 18 is its ability to minimize
inductive interstage coupling, it will be well to find the
reason for this effeet. The drawing shown in Fig. 22 will
aid in the explanation of the theory of the closed-field coil
in question. This theory applies to both the double-D
and the figure-8 coils. ]

A current through the
sccondary winding of this
transformer passes in one
direction through the wind-
ing on the side marked a
and in the opposite diree-
tion through the winding
on the side marked b. The
lines of force ecmanating
from section a and those emanating from section b are in
opposite directions. These lines are additive through the
centers of section a and b. The effects of the stray lines
of foree in opposite directions from sections a and b, in
the area surrounding the coil, have a tendency to neu-
tralize, as may be observed from the arrowheads on the
lines representing the lines of force in Fig. 22.

The flux density, caused by the current through the wind-
ings of the scctions « and b, is greatest through the centers
of the two sections and is a minimum around the outside of
the coil. This is the reason why this type of coil is termed
a close-field coil. The field is closed through the center of
the two sections. The foregoing discussion also shows why
the external field is a minimum.

Fic. 22
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NEUTRODYNE RECEIVER

Neutrodyne-Receiver Theory.—If efficient and stable
operation in a radio-frequency amplifier system is desired,
it is necessary to eliminate both the inductive and capaci-
tive feed-back. The D-coil or figure-8 coil type of receiver
shows one method of eliminating, to a great extent, the
inductive feed-back. In the neutrodyne receiver a
method of neutralizing the capacity feed-back is put into
practice. '

Thus, with the inception of capacity neutralization for
receiving scts it became possible to climinate both the
inductive and the capacitive feed-back. A combination
figure-8 coil receiver with capacity neutralization con-
stitutes a decidedly worthwhile receiver.  In the majority
of the standard neutrodyne receivers, which feature
capacity neutralization, inductive coupling is minimized
by setting the coils at a definite angle to each other, The
position of the coils causes the lines of force emanating
from one coil to pass through the other coils in a direetion
parallel to the wires that constitute the winding of the
coil through which the flux lines are passing. As long as
the lines of force from one coil remain parallel to the wires
in the winding of a second coil, there will be no flux inter-
linkage and the inductive coupling will be zero.

A schematic wiring diagram of a section of a radio-fre-
quency amplifier is shown in Fig. 23, the radio-frequency
amplifier tubes being shown at ¢ and b.  The input circuit
of tube a is tuned to the frequency of the incoming signal
by means of the inductance coil ¢ and the condenser d.
The condenser e, shown by dotted lines, represents the
internal plate-grid capacity of the tube a. The output
circuit of tube a is tuned to the incoming signal by virtue
of the close coupling between the coils f and ¢, the latter
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coil in parallel with the condenser % being tuned to the
same frequency as the combination of coil ¢ and con-
denser d. The condenser ¢ is a by-pass condenser for
radio-frequency current from the positive B-battery
terminal to the negative A-battery terminal.

The maximum signal voltage in the output circuit of
tube a can be considered as existing across the inductance
coil f in view of the fact that the lower end of the coil
marked 2 is practically at ground potential, owing to the
radio-frequency by-pass condenser 7, which is of sufficiently
large value to offer very little impedance to the passage of
radio-frequency currents.

_______
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This maximum signal voltage that exists across the coil f
also exists across the internal plate-grid capacity of the
tube, represented at e, and the effective resistance of the
grid-filament circuit, represented at j.  The two quantities
in question are connected in scries from the upper and
lower terminals of coil f, shown at / and 2. The reason
why the grid to filament circuit can be considered an effec-
tive resistance j is due to the fact that the voltage that is
considered is the voltage that is applied across the coil f,
and the frequency of this voltage is the frequency to
which the combination ¢d is tuned. Therefore, for this
frequency (the resonant frequency), the capacity reac-
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tance and the inductive reactance of the circuit cd neu-
tralize, and the resistance of the circuit is all that is
left to impede the passage of current at its resonant
frequency.

If the frequency of the voltage across the coil f were
greater than the resonant frequency of the circuit cd, the
latter would be an effective capacity, and if the frequency
of the voltage across the coil f were less than the resonant
frequency of the circuit ed, the latter would be an effec-
tive inductance. :

When the capacity e is quite small, its reactance is quite
large, capacity reactance being expressed by the formula

in which X =capacity reactance, in ohms ;
m=constant 3.1416;
S=frequency, in cycles per second;
C =capacity, in farads.

From the foregoing it can be seen that the potential at
the grid terminal of tube a, due to the voltage across
coill f, is above that of the ground by virtue of the cur-
rent from filament to grid, but is nearer the lower end 2
of coil f, owing to the fact that the voltage drop across
condenser e is much greater than the drop from grid to
filament.

If at any instant the polarity at point 7 is positive, then
the polarity at point 2 is negative, the two points being
180° out of phase. The grid, being nearer to point 2 than
to point 1, will be negative when point 7 is positive, and
this is the condition for regeneration, for here is a voltage
on the grid of the tube @ that is of the same frequency as
the voltage in the plate circuit of the tube and, furthermore,
this voltage on the grid is negative when the voltage at the
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plate is positive. It is to be noted that this also is the
condition for sclf-oscillations: excitation voltage on the
grid, 180° out of phase with the plate voltage.

It might be interesting to note why the tube has a greater
tendeney to oscillate on the lower wavelengths, during the
course of patrolling the broadeast wave band, than on the
higher waves.  As the wavelength decreases the frequency
increases.  As the frequency increases the reactance of the
internal plate-grid tube capacity decreases. Both of these
facts can be substantiated by considering the formula for
converting wavelength to frequeney, in which

300,000,000
"~ wavelength

and the forinula for capacity reactance, in which

N
‘ ¢_27rf(7

As the reactance of the tube capacity decreases the
voltage drop across it also decreases and the potential on
the grid becomes higher, hence more grid excitation, greater
regeneration, and, subsequently, greater tendency to oseil-
late.

One method of applying a neutralizing condenser to a
stage of radio-frequency amplification is shown at k.
The neutralizing scheme is virtually a wheatstone bridge.
The neutralizing condenser k is connected from the grid
terminal of tube b to the grid terminal of tube a. The
points 2 and 3 are at the same potential, so far as the high-
frequency currents are concerned, owing to the fact that
point 2 is a radio-frequency ground, through the medium
of the radio-frequency by-pass condenser 7, and point 3
is metallically connected to the negative filament lead,
which is at ground potential.
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The signal voltage that is being fed back from the output
circuit of tube a can be considered, in this case, as existing
across the points 7 and 4 with the intermediate points 2
and 38 at ground potential. If the coil £ is equal to coil g,
the point 2 or 3 is ml(lway between the extremitics 7 and 4;
hence if the grid is also made midway between I and 4,
as far as the voltage across the coils f and g is concerned, the
grid will be at ground potentials with respeet to the feed-
back voltage, because the points 2 and 8 are at ground
potential. In this case, this can be accomplished by

making the neutralizing condenser % equal to the plate-
grid capacity e.

In receiving tubes of the UX-201-A type the plate-
grid capacity is of the order of 6 micro- -microfarads, thus
the neutralizing condenser & should have net wrly the same
capacity. However, in most radio receivers cmploying
tuned radio-frequency amplification, there is more induc-
tance in the coil g than there is in the coil f. This is due
to the fact that there is a step-up ratio cffected in the
coupling transformer between the output circuit of the
tube a and the input circuit of the tube 6. The reason for
this is to boost the signal voltage available in the output
circuit of one tube, through the medium of the coupling
transformer, for application to the grid of a succeeding
tube.

If the inductance of the coil g is four times the inductance
of the coil f, four-fifths of the voltage drop from 1 to 4
will oceur across coil g, and in order that condenser k
should function to maintain the grid at the same potential
as the points 2 and 3, there should be the same voltage
drop across it that there is across coil g. This can be
cffected by making the value of condenser k one-fourth
that of condenser ¢, for the capacity reactance varies
inversely as the value of the capacity, the equation for
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» capacity reactance being,

1
Xe= onfc’
inductive reactance
varies directly as the
value of inductance, the
equation being, X,
=2xfL.

Therefore, if the value
of the capacity of k is
one-fourth that of e, the
reactance of the former
will be four tiines greater
than that of the latter
and the voltage drop
across the former will
subsequently be four
times greater than the
voltage drop across the
latter. This is the con-
dition that must exist
to maintain the grid at
the same potential as
points 2 and 3, which

f}_, means that it isat ground

l potential as far as the

< "~ N\NK" feed-back voltage is con-
S cerned. If condenser e

has a capacity value of
about 6 micro-micro-

+45
+90
+A-8
-A

whereas the

F1c. 24

a
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NP .
1N farads, then 1.5 micro-
l microfarads will be re-
e i quired at k for complete

neutralization.
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Standard Neutrodyne Receiver, 200 to 300 Meters.—A
schematic wiring diagram of a standard neutrodyne
receiver is shown in Fig. 24. The following is a list of the
receiving-circuit constants as well as a list of the material
needed in the construction of this set.

a—Three radio-frequency transformers, the primary of

" which consists of 13 turns No. 24 d.s.c. (double-silk
covered) on 23-inch form and the secondary of 50 turns
No. 24 d.s.c. on the same form.

b—Three .0005-microfarad variable condensers.

c¢—06-ohm rheostat.

d—12-ohm rheostat.

e—3 megohm grid-leak resistance.

J—.00025-microfarad grid condenser.

g—.002-microfarad radio-frequency by-pass condenser.

h—.1-microfarad by-pass condenser

i—Two 1.5-micro-microfarad neutralizing condenser.

j7—Two UX-201-A amplifier tubes and sockets.

£E—UX-200-A detector tube and socket.

The antenna lead, Fig. 24, is connected to one end of the
primary coil of the first radio-frequency transformer, the
other end of which is connected to ground. The secondary
winding of this transformer is tuned by means of the .0005-

_ microfarad variable condenser b. The ground lead is con-
nected through to the negative filament lead. The rheo-
stats are in the positive filament lead.

The primary winding of the second-radio-frequency
transformer is in serics with the plate circuit to the first
radio-frequency amplifier tube. The secondary winding
of this transformer is also tuned by means of a .0005-micro-
farad variable condenser.

The B-battery supply for the plates of the radio-fre-
quency amplifier tubes j should be between 67.5 and 90
volts.
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The neutralizing condensers 7 are connected from grid to
grid. From a consideration of the preceding discussion of
neutrodyne theory the value of these condensers should
be of the order of 1.5 micro-microfarads, if the internal
plate-grid capacity of the tubes j is of the order of 6 micro-
microfarads. It is a good idea to use variable condensers
at 7 of such a maximum value that it is possible to pass
through the optimum point.

The solenoidal type of coils used in this receiver have a
large stray field and it is necessary to minimize the effect
to as great an extent as possible. The figure-8 type trans-
formers do not have a
large stray ficld, but when
solenoidal  transformers
are used, the inductive N\l

Afoe . ST S
;'((lfllclir: elE:‘lfsillbzl]?n t;gi::c \i\\\\\\%\\ )®\\
way controlled. One N \—V//\

PN ,
nicthod of doing this is /( ()
shown in Fig. 25. ¢ \/

The three transformers
a, b, and c are tilted. The Fia. 25
line of force emanating from coil a pass through the winding
of coil b in such a direction that they are approximately
parallel to the wires that constitute the winding of coil b.
If the lines of force from coil @ do not cut through any of
the winding of coil b, there will be no coupling effected
between the two coils.

The lines of force emanating from coil b pass through the
winding of coil ¢ approximately parallel to the wires in that
winding and the lines of force from coil b also pass through
coil ¢ approximately parallel to the wires that constitute
the latter coil. In this manner inductive coupling is
minimized but it is not climinated entirely. It is worth

7
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while to have the coils mounted in such a manner that they
can be tilted at any angle, from zero to 90° with the
horizontal. If this is done it is possible to orient the coils
to the point of minimum inductive coupling and this angle
is somewhat critical.

Other Methods of Stabilizing Radio-Frequency Ampli-
fiers.—Besides the potentiometer and neutrodyne methods
of suppressing oscillations, there are other ways of obtain-
ing similar results. In a large number of commercial
receivers, grid resistors are used in the radio-frequency
stages to minimize the tendency to self-oscillation. The
grid resistors, as the name implies, are connected in the
grid circuits of the radio-frequency amplifier tubes. The
most common position is between the grid of the tube and
the stator plates of the tuning condenser. A resistance of
about 1,000 ohms in each of the radio-frequency stages
will in most cases maintain the amplifier in a stable con-
dition.

Another favorite method of stabilizing radio-frequency
amplifiers is to change the overall efficiency of the set by
controlling either the filament or the plate current of the
radio-frequency tubes. In a large number of sets the
rheostat controlling the filament current of the radio-
frequency tubes acts also as a volume control and, inci-
dentally, as an effective means 6f reducing the energy to
the point where the set remains stable.

Then, there are the so-called ‘“‘losser’” methods. A
shorted coil mounted necar the tuning coil will absorb
sufficient energy to effect stable operation. Similarly,
by mounting the tuning coils near the variable condenser,
sufficient energy will be dissipated in eddy currents to
obtain the same results.

The proper use of the shield-grid tube will eliminate any
tendency to sclf-oscillation and, at the same time, obtain
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extremely high amplification. The manufacturer’s
instructions accompanying this tube should be followed
in all cases.

There are numerous other ways of preventing radio-
frequency amplifiers from oscillating and introducing
distortion into the receiver. Most of these are based on
the introduction of opposing voltages, on proper balancing,
on losses, and on changing the phase relation between the
individual circuits.

Shielding.—Shielding is a means of confining the mag-
netic fields of coils and conductors to a restricted area.
To be effective, shiclding must be designed with proper
relation to the parts to be protected. When correctly
applied, it increases the sensitivity and selectivity of a
receiver because the shields exclude external disturbances
an minimize internal interference.

Electromagnetic shielding, to be effective, must be
complete. The smallest crack or opening is sufficient to
spoil the whole receiver and it is imperative, therefore, that
great pains be taken with the work. Shielding is not
purely a mechanical operation, as it requires technical
design as well, based on the action of the radio-frequency
circuits in the set.

The following facts compiled by the Aluminum Com-
pany of America apply to the art of shielding:

1. Within limits, the effectiveness of shiclding increases
with the frequency and with the conductivity and thick-
ness of the metal sheet used.

2. At frequencies in the broadeast range, relatively
thinsheets of aluminum orcopperaresatisfactory. Number
20 B. & S. gauge and heavier is used.

3. Aluminum and copper of the same thickness are
equally cfficient, for practical purposes, in radio-frequency
shielding. )
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4. Complete metal shiclds of the can or box type, well
grounded are the most effective.

5. Such shields should make good electrical contact at
the joints, and the holes or outlets should be kept as few
as possible,

REFLEX RECEIVER

In a reflex receiver, the amplifier tubes are made to
function as radio-frequency amplifiers and as audio-fre-
quency amplifiers also. The ncutrodyne receiver lends
itself best for reflexing, since the radio-frequency amplifier
circuits are so well neutralized that 90 volts can be applied
to the plates of the tubes without danger of unstability of
operation. It is also to be noted that the normal voltage
for an audio-frequency amplifier, using UN-201-A type
tubes, is 90 volts. A radio-frequency receiver that is so
unstable in operation that no more than 45 volts can be
applied to the plates of the radio-frequency amplifier tubes
without making them oscillate is not particularly adapted
for use as a reflex receiver, since the maximum allowable
plate voltage would be limited to 45 volts by the radio-
frequency amplifier tubes. This would mean that the
audio-frequency amplifier tubes would have to be operated
at this potential, which would not be conducive to efficient
reflex amplification, and a separate audio-frequency
amplifier should be used.

The schematic wiring diagram, Tig. 26, shows a receiver
employing three tubes a, b, and ¢, having two stages of
radio-frecquency :unpliﬁcation, a detector, and two stages
of audio-frequency amplification. The constants that
applied in the case of the nentrodyne receiver, apply here
as well, with the addition of two-audio-frequency trans-
formers and several fixed condensers. The transformer
d has a 6 to 1 ratio of turns, while the transformer e has a
2 to 1 ratio of turns.
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The radio-frequency circuits have already been dis-
cussed, hence the audio-frequency circuits which are
reflexed, will now be considered.

The plate terminal of the detector tube ¢ is connected
to one end of the primary winding of the first audio
frequency transformer d. There is a .002-microfarad
radio-frequency by-pass condenser across this winding.
If desirable, regeneration may be effected in the detector
plate circuit by means of a variometer connected in series
with the detector plate lead. This variometer should be
capable of tuning the plate circuit in question to the various
frequencies in the wave band for which the receiver is
designed.

The secondary winding of the first audio-frequency
transformer d is connected in series with the grid return
lead from the tube a. There is a .002-microfarad radio-
frequency by-pass condenser across the secondary winding
of the audio transformer. The function of this condenser
is to offer a low impedance path for the radio-frequency
currents in this part of the cireuit. In some types of audio-
frequency transformers the secondary winding of itself has
sufficient capacity to by-pass the radio-frequency currents
without the application of the by-pass condenser.

In cases where a radio-frequency by-pass condenser is
desired in circuits carrying audio-frequency currents, the
value of the by-pass condenser must not be so large as to
by-pass audio-frequency currents as well. The larger the
value of a condenser the lower its impedance to the
passage of alternating currents. The higher the frequency
of the alternating currents the less the impedance of the
condenser to the currents of that frequency. Thus, a con-
denser could have such a value that it would offer a low
impedance to the high-frequency current but would offer a
fairly high impedance to the low-frequency current.
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The primary winding of the second audio-frequency
transformer e is connected in the plate circuit of the tube a.
The secondary winding of this transformer is connected in
series with the input circuit of the tubec b. Each winding
has a .002-microfarad radio-frequency by-pass condenser
across it.

The tuning condenser in the sccond stage is connected
from the grid terminal of the tube b to the —C terminal, or,
in other words, across the series combination of the secon-
dary winding of the radio-frequency transformer and the
secondary winding of the audio-frequency transformer e.
As far as the tuning is concerned, it is approximately the
same, whether the tuning condenser is connected across
the extremities of the secondary winding of the radio-
frequency transformer or as shown in the figure.

Considering the functioning of this type of circuit it is
found that the radio-frequency input is amplified by the
tube a, then passed on to the tube b, where it is again
amplified and passed on to the detector tube ¢. In the
detector tube ¢ the radio-frequency cnergy is changed
into audio-frequency encrgy and as such it is applied
back on the grid of the tube a, which amplifies this signal
at audio frequency and passes it on to the second stage of
audio-frequency amplification, which is effected by the
tube b. The audio-frequency output is taken out of the
plate circuit of the second amplifier tube b. The phones
or loudspeaker f are connected in the plate lead of the
tube b and are shunted by a .002-microfarad radio-fre-
quency by-pass condenser.

SUPERHETERODYNE RECEIVER

Principle of Operation.—The graph in Fig. 27 shows the
fundamental circuits of the superheterodyne receiver.
The name is derived from the fact that the incoming
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signal is heterodyned by a local oscillator. The beat fre-
quency between the incoming signal and the local oscilla-
tor is amplified bhefore application to the detector which
changes the signal into audio frequency.

It will be assumed that the wavelength of the received
signal is 300 meters, which corresponds to 1,000 ke., one
ke. (kilocycle) being the equivalent of 1,000 cycles. A
local radio-frequency oscillator « is coupled to the input
circuit of the high-frequency detector b, so that the signal
frequency and the local oscillator frequency beat together
to give a frequency that is equal to the sum of the two
frequencies in question, and another frequency that is
equal to the difference of the two frequencies in question.
It is the latter that will be considered.

: The local oscilla-

LE tor « is so adjusted
that the beat fre-

e 18] e [Ja]] e quency will be that
In [ § frequency to which

the intermediate-fre-
quency amplifier ¢ is-
resonant. In this case the intermediate frequency
amplifier is resonant to encrgy having a frequency of 30 ke.,
which corresponds to a wavelength of 10,000 meters.
Thus the local oscillator is adjusted to a frequency of either
1,030 ke. or 970 ke.; in cither event the difference or the
beat frequency is 30 ke. This gives the reason why it is
possible with a superheterodyne recciver to tune in a
particular station at two different scttings of the local
oscillator.

The function of the high-frequency detector b is to
rectify the radio-frequency input so that the beat fre-
quency will appear in the output circuit as an alternating
current, having a frequency in this casc of 30 ke. This

Yig. 27
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30-ke. signal is applied to the input circuit of the inter-
mediate-frequency amplifier ¢. The intermediate-fre-
quency amplifier is the heart of the superheterodyne
receiver, for the fundamental principal involved is that a
signal of the order of 300 meters can be amplified to a
greater degree and with less chance of producing unstability
in the receiver circuits if it is changed to a 10,000-meter
signal and amplified at that wave length.

In the case of a radio-telephone signal from a broadcast-
ing station, the fundamental frequency would be accom-
panied by frequency bands 5,000 cycles wide on either
side of the carrier. In order to produce an undistorted
signal in the audio-frequency amplifier output it is neces-
sary that the intermediate-frequency amplifier be broad
enough to pass all the frequencies in the side bands, which
means that the intermediate-frequency transformers should
be capable of passing a frequency band 10,000 cycles wide,
or from 8,570 meters to 12,000 mncters.  An intermediate-
frequency transformer that will only pass wavelengths
between 9,000 and 11,000 meters is too sharp, because it
will chop off some of the side bands in the broadcast signal,
which will be manifested by distortion in the audio-fre-
quency output unit. This is the reason for the fact that
some superheterodyne receivers produce a distorted signal.
Their intermediate-frequency circuits are too selective
and they exclude a vital part of the incoming signal.
True sound reproduction is obtained only when all the
side bands (and nothing more) appear in the loudspeaker
output.

The function of the low-frequency detector d is to rectify
the intermediate-frequency signal to produce one of the
5,000 cycle frequency bands for amplification in the audio-
frequency amplifier e. The current in the output circuit
of the detector tube d follows the audio-frequency varia-
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tions in the amplitude of the 30,000-cycle current, which
is due to the modulation frequency at the transmitting
station.

Schematic Diagram.—A schematic wiring diagram of a
superheterodyne receiver is shown in Fig. 28. This set
has one stage of radio-frequency amplification ahead of
the high-frequency detector, three stages of intermediate-
frequency amplification ahead of the low-frequency detec-
tor, and two stages of audio-frequency amplification. In
this receiver there is a jack connection a that allows for
plugging in either an antenna-ground system or a loop.
There is also a change-over switch b, which can be placed
in either one of two positions. In one position of the
switch the receiver functions as a tuned radio-frequency
receiver with a feed-back in the antenna circuit, employ-
ing four tubes; one radio-frequency amplifier tube, a
detector, and two audio-frequency amplifiers. When the
change-over switch is thrown to the other position, the
receiver functions as a superheterodyne receiver.

The antenna-ground or the loop connections to the
receiver are made through the medium of a plug to the
radio-frequency input jack a. The rotor of the feed-
back coupler ¢ and the primary winding of the first radio-
frequency transformer d are connected in series with the
jack.

The secondary winding of the input transformer d is
tuned to the broadcast wave band by means of a .0005-
microfarad variable condenser. The input transformer d,
in this case, is of the figure-8 type so as to minimize the
possibility of picking up signals directly on this coil. A
receiver of this type is very sensitive and if the solenoidal
type of transformer is used in the input circuit, consider-
able of the signal is picked up directly by the input trans-
former. Thus, in this case, if a loop is used for external
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pick-up its directive properties will be impaired, owing to
the pick-up within the set. The figure-8 type of trans-
former minimizes the possibility of direct pick-up within
the receiver at this point in the circuit. The grid return
of the first radio-frequency amplifier tube e is brought to
the contact terminal of the stabilizing potentiometer f.

The plate of the first radio-frequency amplifier tube e is
connected to one end of the stator winding of the feed-
back coupler ¢, the other end of this winding being con-
nected to the primary winding of the second radio-fre-
quency transformer g. The other end of this latter wind-
ing is connected to the positive terminal of the B-battery
supply for the radio-frequency amplifier tubes.

The secondary winding of the radio-frequency trans-
former ¢ is tuned by means of a .0005-microfarad con-
denser. It is at this point in the cirenit that energy from
the local oscillator is introduced. This is effected by
means of the coupling coil h, which is in the oscillating
circuit of the separate oscillator and is inductively coupled
to the secondary of transformer g. The grid-condenser
(.00025 microfarad) and the grid-leak (2 megohms) com-
bination 7 is put in series with the grid lead to the
detector tube j to cause this latter tube to effect detector
action.

The plate of the detector tube j is connected to the
change-over switch . In the superheterodyne position
the plate lead is connected to one end of the primary wind-
ing of the first intermediate-frequency transformer k.
In the radio-frequency position of the switch the plate
lead is connected to the detector B-battery supply through
the contacts of the jack ! and the primary winding of the
first audio-frequency transformer m.

The lower end of the primary of the transformer i is
connected to the positive B-battery supply for the detector

.
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tubes. The secondary terminals of this intermediate-
frequeney transformer k are connected to the grid of the
first intermediate-frequeney amplifier tube » "and the
contact terminal of the stabilizing potentiometer f.

The output of tube n is coupled to the input of the
second intermediate-frequency amplifier tube o through
the medium of the second intermediate-frequency trans-
former.  The output of tube o is applied to the grid of the
third intermediate-frequency amplifier tube p.

The output of the third intermediate-frequeney ampli-
fier tube p is applied to the grid of the second detecetor
tube ¢ through the medium of the tuned intermediate-
frequency transformer r. - The grid-leak (2 megohms) and
grid-condenser (00025 microfarad) combination s causes
the tube ¢ to function as a detector,  The grid-return lead
of the second detector tube ¢ is brought to the negative
filament terminal.  The plate of the second detector tube ¢
is connecceted to the triple-pole double-throw switeh b.
In the superheterodyne position the plate of tube ¢ is
connected to the detector B-battery supply through the
contacts of jack I and the primary winding of the first-
audio-frequency transformer m.  The first, or uppermost,
pole of the blade of the change-over switch b is connected to
the positive filament terminals of the three intermediate-
frequency amplifier tubes n, o, and p, the detector tube g,
and the oscillator tube ¢ The terminal that this pole
engages in the superheterodyne position is connected to the
positive A-supply lead through the rheostat .

The local oscillator tube ¢ has a tuned Hartley oscillat-
ing circuit. The fact that the .0005-microfarad tuning
condenser is connected from plate to grid insures the fact
that the two clements of the tube in question will always be
180° out of phase, which is the condition for self-oscilla-
tion. The grid excitation for the oscillator tube ¢ is that

- VIS
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voltage which exists across the grid coil ». The circuit
through the inductive branch of the oscillating circuit
might be traced from the grid of tube ¢ through the grid
excitation coil ¢, the coupling coil & to the negative fila-
ment terminal.  There is a .1-microfarad radio-frequency
by-pass condenser u from the negative filament lead to the
positive radio-frequency B-battery lead. The circuit is
traced from the positive radio-frequency B battery through
the plate coil z to the plate terminal of oscillator tube .
In effect, the coils » and z are joined together at their
inner ends by virtue of the radio-frequency by-pass con-
denser w, and this point is at ground potential as far as
radio frequeney is coneerned.  The condenser 1w also fune-
tions as a blocking condenser in the oscillator circuis, allow-
ing the plate potential to be supplied at the mid-point
between plate and grid, the condenser w blocking the d.-c.
potential from being applied to the grid of the oscillator
tube ¢.

When the change-over switeh b is thrown to the super-
heterodyne position, all the tubes shown in the figure are
in operation.  The condenser in the radio-frequency and
first-detector circuits tune their respective circuits to the
incoming radio-frequency signal and the oscillator con-
denser is set to give the desired 30-ke. beat frequency, the
intermediate-frequency amplifiers  functioning at this
frequency.

FFor local reception, the change-over switeh b is thrown
to the radio-frequency position, thereby cutting off the
filament-current supply to the tubes n, o, p, ¢, and .
The plate of tube j is cut off from the primary winding of
the first interinediate-frequency transformer % and is con-
nected to the detector B-battery supply through the con-
tacts of the jack ! and the primary winding of the first
audio-frequency transformer m, and the plate of tube ¢ is
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disconnected from its output circuit. Thus, only the
tubes e, 7, y, and z are left in operation, functioning as one
stage of radio-frequency amplification, detector, and two
stages of audio-frequency amplification, respectively.
This will be found to be adequate for the satisfactory
reception of local signals.

List and Constants of Parts.—The parts used in the
construction of the set shown in Fig. 28 may be purchased;
some of then, however, may be readily constructed by the
experimenter. The rotor and stator of the coupler ¢ are
each wound with 30 turns of No. 24 d.s.c. wire, the stator
on a 3-inch form and the rotor on a form to fit inside the
3-inch form.

The transformer d is of the twin-8 or double-D) type.
The primary has 15 turns No. 24 d.s.c., and the secondary
has 50 turns No. 24 d.s.c. wire. ;

The transformer g has three windings. The primary
winding consists of 13 turns No. 24 d.s.¢. wire wound on a
23.inch form; the secondary, 50 turns; and the oscillator
coupling coil &, 2 turns, all wound on the same form.

The intermediate-frequency transformers should have a
working range between 8,000 and 12,000 meters.

The oscillator coils » and z are wound on a 23-inch form
with No. 24 d.s.c. wire, the grid coil ¢ having 27 turns, and
the plate coil z, 28 turns.

The three variable condensers have each a capacity of
.0005 microfarad. The condenser w has a capacity of .1
microfarad. The two detector grid condensers are .00025
microfarad cach.  The grid leaks are 2 to 3 megoluns each.
The potentiometer f is of the 400-olun type. "The rheo-
stat u has a resistance of 6 ohms.
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SHORT-WAVE RECEIVERS

Peculiarities of Short-Wave Reception.—The four most
popular short-wave bands at the present time are the
20-, 40-, 80-, and 100-meter bands. The logical thing to
do is to use a separate coil for each of the three first-men-
tioned wave bands in the list of four here given. It will
be found that the coil for the 80-meter band will also suffice
for the 100-meter band.

In short-wave reception it is not desirable to use a tun-
ing condenser having a maximum value of capacity greater
than .00025 microfarad. Probably a tuning condenser
saving a maximum capacity value below .0002 microfarad
is still more desirable because the tuning in the short-wave
band is far different from the tuning in the broadcast-wave
band. This can be explained by the following facts that
were received from actual practice.

A .00025-microfarad variable condenser is shunted
across 4 coil of such an inductance value that the combina-
tion tunes to 20 meters with the condenser dial set at 10.
This combination tunes the circuit to 21 meters with
the condenser dial set at 11. The frequency of a 20-meter
wave is 300,000,000 -+20=15,000,000 cycles per second
which is 15,000 ke. The frequency of a 21-meter wave
is found to be 14,300,000 cycles, or 14,300 ke. Thus, by
rotating the tuning condenser through 1 division of the dial,
a 700-ke. frequency band has been covered.

Since the signals from a radio broadecasting station cover
a frequency band about 10,000 cycles, or 10 ke. wide, the
20-meter broadecaster would be passed over with a rota-
tion of the tuning control of +';th of a dial division.

On the other hand, consider the tuning around 500
meters. With the same .00025-microfarad tuning con-
denser and a coil of proper inductance the circuit is tuned
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to a wavelength of 500 meters with the condenser dial at
80. This is approximately the dial setting for this wave-
length in the standard type of broadecast receiver. Now,
if the tuning condenser is rotated through 2.6 divisions
to 82.6, the wavelength will be increased to 508 meters.
The frequency at 500 meters is 600 ke. and the frequency at
508 meters is 590 ke., the difference being 10 ke., or the
frequency band of a broadeasting station. Thus, it can
be seen that the tuning condenser dial must be rotated
through 2.6 divisions to pass through the signals from a
500-meter broadcasting staton. A consideration of the
foregoing analysis will afford a good idea of the reason
why broadeast signals appear to afford much sharper tun-
ing on the shorter wavelengths. In the realm of the
extremely short waves the tuning condenser must not be
too large or tuning will be very difficult.

The consensus of opinion, among the uninitiated, is
that there are only radio telegraph signals on the short
waves, but this idea is fallacious. It is true that most of
the activity on the short waves is radio telegraph communi-
cation, but the fact remains that there are also some broad-
casting stations operating on the short waves. For
instance, the Pittshurgh station KDDIKA broadcasts pro-
grams on 26.3, 42.95, and 62.5 meters and WGY at
Schenectady broadcasts on 35 meters. It is quite cus-
tomary for both of the stations just mentioned to broad-
cast the same program on a short wave that is being broad-
casted on their normal broadeasting wavelength.  There is
less static on the short waves and often a broadeast pro-
gram can be heard on the short wavelength of a station that
can hardly be heard or not picked up at all on its normal
broadcasting wavelength.

Short-Wave Receiver With Interchangeable Coils.—In
Fig. 29 (a) is shown a schematic wiring of a short-wave
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receiver that can be used to receive signals between the
limits of 17 and 130 meters. The arrangement of parts
is shown in view (b). The same reference letters are used
in both views to indicate corresponding parts,

«ng“
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Fic. 29

The 10-turn coil @ is the coupling coil in the aperiodic,
or untuned, antenna cireuit, through the wedium of which
the radio-frequency energy picked up by the antenna
system is induced into the coil b, which forins part of the
tuned circuit. The coupling between the coils a and b is
variable.
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The ground lead is connected through to the low, or
filament, side of the secondary coil b so as to reduce body
capacity. However, it will be found that there will be less
interference from local sources such as street lighting cir-
cuits, subways, street cars, and clevated systems, and
alternating-current induction from house lighting circuits
if the ground is not connected through to the negative
filament lead.

The feed-back coil ¢ is closely coupled to the filament
end of the secondary coil b.  Tuning is effected by means
of the condenser d. Regeneration is controlled by means
of the condenser e. This method of effecting regeneration
Is quite similar to the capacity-controlled regencrative
circuit and it is used because of the fact that the regenera-
tion control varies only slightly with frequency, so that a
single sctting of the control in question may be used for a
wide band of wavelengths. This feature is conducive to
a small amount of variation in the tuning due to the
adjustment of the feed-back circuit. It follows, then, that,
since there are only the two controls d and e, if the latter is
such as to require a very small amount of adjustment, the
receiver becomes practically single control, which is quite
a desirable feature for a short-wave receiver.

The grid leak f should be made as large as possible and
the grid condenser g as small as possible. A satisfactory
combination is 5 megohms and .0001 microfarad, respec-
tively. The positive potential for the plate of the detector
tube & is supplied through the primary winding of the
audio-frequency transformer 7, the radio-frequency choke j,
and the coil ¢. The function of the radio-frequency
choke j is to keep all radio frequency out of the audio-
frequency circuit, where it might cause howling, and also
to prevent the distributed capacity of the phones or the
primary winding of the audio-frequency transformer from

40
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shorting the radio-frequency currents around the oscila-
tion-control condenser e.

The tube k with its auxiliary apparatus provides a stage
of audio-frequency amplification. The jack I constitutes
a convenient means of connecting the phones or loud
speaker in the output circuit. The filament current for
both tubes is controlled by the rheostat m.

The constants that remain unchanged for all the wave-
lengths between 17 and 130 meters are given herewith.

a—10 turns No. 24 d.c.c. wire, 3-inch diameter, sole-
noid winding.

d—.00014-microfarad variable condenser.

e—.00025-microfarad variable condenser.

f—5-megohm grid leak.

g—.0001-microfarad fixed condenser.

h—UX-200-A detector tube and socket,

i—Low-ratio audio-frequency transformer,

J—200 turns No. 36 d.s.c. wire, l-inch diameter, sole-
noid winding,.

k—UX-201-A amplifier tube and socket.

[—Output jack.

m—10-ohm rheostat.

From a consideration of the foregoing list it will be seen
that the only elements that change for covering the dif-
ferent wave bands within 17 to 130 meters are the secon-
dary inductance b and the feed-back coil ¢. Their
constants are as follows:
20-Meter wave Band

b—3 turns No. 18 bare copper wire, 3-inch diameter,
spaced the diameter of the wire.

¢—2 turns No. 24 d.c.c. wire, 3-inch diameter, no spacing.
40-Meter Wave Band

b—=8 turns No. 18 bare copper wir¢, 3-inch diameter,
spaced the diameter of the wire.
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¢—+ turns No. 24 d.c.c., 3-inch diameter, no spacing.
80-Mecter Wave Band

b—19 turns No. 18 bare copper wire, 3-inch diameter,
spaced the diameter of the wire.

¢—6 turns No. 24 d.c.c., 3-inch diameter, no spacing,.

In Fig. 30 are shown the wavelength callibration curves
for the 20-, 40-, and 80-meter bands, the respective coils
designated for those particular wave bands being used.
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Fig. 30

These curves were made with a straight-line frequency
condenser at d, I'ig. 29; thus any straight-line-frequency
condenser having the same maximum and minimum
capacity limits will give practically the same shape of
curve. If a condenser having a straight-line capacity
curve is used, having the same maximum and minimum
limits as the condenser used for obtaining the curves shown
in Fig. 30, the range will be the same but the shape of the
curves will be different.

With the 20-meter coil in opervation it is possible to tune
from 8,900 ke. (33.7 meters) to 18,000 ke.  (16.7 meter:).
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The majority of transmitters in operation on the 20-
meter band will be tuned in between the two vertical lines
on the curve in question, namely, between 18 meters
(16,700) ke.) and 22 meters (13,600 ke.).

With the 40-meter coil in circuit, it is possible to tune
from 4,300 ke. (69.8 meters) to 9,500 ke. (31.6 meters).
The active part of this curve is that within the so-called
40-meter band, which is that part of the curve included
between the two vertical lines, namely, between 36 meters
(8,330 ke.) and 42 meters (7,150 ke.).

With the 80-meter coil in operation it is possible to tune
from 2,200 ke. (136 meters) to 5,400 ke. (55.5 meters).
The active part of this
curve is that portion which
is designated as the 80-
meter band and which
includes the wavelengths
between 77 meters (3,900
ke.) and 83 meters (3,620
ke.).

Short-Wave Throttle
Tuner, 17 to 90 Meters.
In Fig. 31 is the schematic
wiring diagram of a recciver for covering the 20-, 40-, and
80-meter wave bands. As discussed in the case of .the
preceding receiver, it is quite essential that a method of
regeneration be effected that has little effect on the tuning
of the receiver input circuit, and it is also desirable that
this feed-back be controlled in such a manner that it will
not need a great deal of adjustment over a wide variation
in tuning. In the preceding circuit arrangement a special
method of regeneration control was effected having the
desired characteristics. In this circuit the feature is the
throttle method of regeneration control.

Fic. 31
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There are only two tuning ranges with this receiver and
one set of constants. The two ranges are effected through
the medium of a single-pole double-throw switch. The
following is a list of the receiver constants.

a—10 turns No. 18 d.c.c. wire, 3i-inch diameter, no
spacing, tapped at fifth turn.

b—4 turns No. 18 d.c.c. wire, 11-inch diameter, no spac-
ing.

¢—.00001-microfarad variable condenser.

d—.00018-microfarad variable condenser.

e—.0001-microfarad fixed grid condenser.

J—.00025-microfarad variable throttle condenser.

g—>5-megohm grid leak.

h—10-ohm rheostat.

1i—Single-pole, double-throw switch.

7—UX-200-A tube and socket.

k—200-turns No. 36 d.s.c., 1-inch diameter, solenoidal
winding.

The only thing about this receiver that needs particular
explanation is the construction of the two coils ¢ and b.
They are both of the low-loss type. In constructing these
coils, scribe a circle 3% inches in diameter on the surface of
a piece of wood, the latter being preferably about 1 inch
to 4 inch thick. Locate 11 equidistant points around the
circumference of this circle, as shown 1 to 11, Fig. 32, and
fasten a 2 by t%-inch stud at each one of these points.
These studs can be made by hammering through a 23-
inch nail at cach of the eleven points.

In winding the coils begin at a and pass the No. 18 d.c.c.
wire, on the outside of the first stud, on the inside of studs
2 and 3, on the outside of stud 4, cte., always passing the
winding outside of one stud and inside of the succeeding two
studs. The coil a, Fig. 31, is composed of 10 turns, with a
tap at the mid-point. The coil b is composed of 4 turns.
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The antenna is coupled to the receiver input circuit
through the .00001-microfarad condenser ¢, Fig. 31.

Fic. 32

switch 7 and the tapped coil a.

This little coupling condenser may
be variable or it may be fixed.
Possibly some advantage may be
derived by having a variable con-
denser.

The coil a is tuned by means of
the .00018-microfarad variable con-
denser d. It is possible to tune
through two ranges of wavelengths
by means of the double-throw
With the switch 7 con-

nected to the fifth-turn tap on the 10-turn coil a, it is
possible to tune from 18 to 51 meters with the tuning con-
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denser d. With the switch ¢ engaging the tenth turn on
coil a it is possible to tune from 335 to 90 meters.
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The coil b has a fixed inductive relation to the coil a,
the former being located 2 inches from the grid end of the
latter. This amount of coupling is sufficient to effect the
minimum degree of regeneration, and, from this point up
to the maximum, is controlled by means of the throttle
condenser f.

The radio-frequency choke k prevents the distributed
capacity of the phones or primary winding of the first
audio-frequency transformer, when used, from shorting
the radio-frequency encrgy around the throttle condenser .

A chart showing the two wavelength curves for the
two settings of the wave-change switch ¢ is shown in
Iig. 33. The lower curve covers the 20- and 40-meter
band and the upper curve covers the 40- and 80-meter
bands.

SINGLE-SIDE-BAND RECEIVER

In view of the outstanding advantages of the single-side
band eliminated-carrier system for long-distance radio-
telephone communication, the American Telephone and
Telegraph Co. have established a commercial radio-
telephone system wherein this system is used at the
transmitting end, and a receiver designed for the reception
of signals of this character is used at the receiving end. It
seems logical to assume that this type of transmission and
reception will be used more and more during the coming
years and it is probable that broadcast programs will be
sent out at some future time by single-side-band trans-
mitters.

In the discussion concerning the transmitter, the circuit
constants given were those of the transmitter that was
used in the successful two-way transatlantic radio tele-
phone tests, the transmitter being later used for commercial
transatlantic telephone communication. In order to link
up the receiver discussion with that of the transmitter,
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the receiver-circuit constants given herein will be for the
reception of signals emanating from the transmitter in
question, it being the most powerful single-side-band
eliminated-carrier transmitter in operation at the present
time, having a radio-frequency output of 200 kw.
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A schematic wiring diagram of a simple receiver of this
type that was used to pick up the signals during the trans-
atlantic tests is shown in Fig. 34. The circuit constants
are as follows:

a—500-turn honeycomb coil.

b—750-turn honeycomb coil.

¢—300-turn honeycomb coil.
d—25-turn honeycomb coil.
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¢—300-turn honeycomb coil.

f—500-turn honeycomb coil.

g—.0005-microfarad variable condenser.

h—.0005-microfarad variable condenser.

17—.0005-microfarad variable condenser.
j—.00025-microfarad grid condenser.

k—.1-microfarad fixed condenser.

[—.002-microfarad fixed condenser.

m—12-ohm rheostat.

n—12-ohm rheostat.

0—3-megohm grid leak.

p—UX-200-A detector tube and socket.

g—UX-201-A amplifier tube and socket.

Considering the schematic diagram in Fig. 34, the
antenna is connected to one side of the tuned circuit con-
posed of the 500-turn coil a and the .0005-microfarad
tuning condenser g. The other side of this parallel com-
bination is connected to ground. It is by means of this
circuit that the antenna-ground system is tuned to reson-
ance with the incoming side band.

The energy in the antenna system is induced into the
detector-tube input circuit by means of the inductive
coupling between the antenna coil a and the grid coil b.
The latter is a 750-turn coil and is tuned by means of the
.0005-microfarad tuning condenser h. Detector action is
effected by means of the combination of leak o and con-
denser j. Regeneration is obtained with the feed-back
coile. The .002-microfarad by-pass condenser [ shorts the
radio-frequency energy in the detector plate circuit around
the phones or the primary winding of the first-audio
frequency transformer, if such is used. The receiver, as
described so far, will function quite well in the reception of
single-side-band signals if the degree of regeneration is
increased to the point of oscillation.
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The single side band that is intercepted by the receiv-
ing antenna has a frequency band of from 55,800 cycles to
58,500 cycles. In meters, this is 5,370 meters to 5,120
meters. It is to be remembered that the function of the
transmitter in this case is to transmit good quality speech
but not necessarily music or frequencies higher than the
speech frequencies. Good quality speech can be trans-
mitted with a frequency band of from 300 to 3,000 cycles.

The received signal only occupies a 2,700-cycle frequency
band, whereas, in normal transmission on this wavelength
where the carrier and both the upper and lower side bands
are transmitted, the frequeney band would be twice as
wide.

If the constants of the receiving circuit are adjusted so
that the detector sets up oscillations having a frequency of
95,500 cycles, this frequency will remodulate, or beat, with
the received side band of 55,800 to 58,500 cycles, and a dif-
ference-frequency band of 300 to 3,000 cycles, or the voice-
frequency band will result. Thus, there is nothing compli-
cated necessary in the reception of signals of this type, the
old regenerative detector circuit being quite capable of
giving satisfactory results.

It is possible to carry the development of this receiver
a step farther and use a separate oscillator at the receiving
station to beat with the incoming signal to produce the
" voice-frequency band. The application of the separate
oscillator is also shown in the figure, but is not considered
entirely necessary for satisfactory results.

The oscillatory circuit for the separate oscillator is of
the tuned Hartley type, the grid of the oscillator tube q
being connected to one end of the oscillatory-circuit
inductance edf and the plate to the other end. The fila-
ment-ground is connected to an intermediate point on the
inductance in question. Tuning is effected by means of a
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.0005-microfarad variable condenser & shunted across the
entire oscillatory-circuit inductance edf. The 500-turn
coil f is the plate coil and the 300-turn coil eis the grid
excitation coil. A 25-turn coil d is used for coupling the
oscillator to the receiver input circuit.

Although the simple arrangement deseribed in the
preceding paragraphs is satisfactory for amateur work, it is
not quite claborate enough for a commercial installation,
and a receiver of the superheterodyne type is used. The
gencral outline of a commercial type of single-side-band
recciver is shown in Fig. 35.

The radio waves are intereepted by the loop @, and this
energy is applied to the input ecireuit of a high-frequency

b ]l al e || f 13
a \ [ ] {
L 4 ¢ g

Fig. 35

detector b, Energy from a separate 90,000-cyele oseil-
lator ¢ is applied to the same input eircuit.  The difference-
frequeney band of 31,500 to 34,200 eycles that appears in
the output cireuit of the deteetor tube is passed through the
band-pass filter d to the intermediate-frqueney amplifiere,
As before, there is only one side band, 31,500 to 34,200
cycles, the frequency of the 90,000-cycle supplied carrier,
and the upper side band due to the beating of the 90,000-
cycle frequency with the signal input having been elimi-
nated by the band-pass filter.

The single-side-band output of the intermediate-fre-
queney amplifier is passed on to a low-frequency detector f.
Another oscillator ¢ at this point in the circuit supplies a
34,500-cycle carrier, which beats with the 31,500- to
34,200-cycle side band, the result in the detector output
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circuit being the voice-frequency band, 300 to 3,000 cycles.
From the second detector, the audio-frequency energy
passes to the audio-frequency amplifier h.

AUDIO-FREQUENCY AMPLIFIERS

TYPES OF AUDIO-FREQUENCY AMPLIFIERS

After taking up the discussion of the different types of
detector and radio-frequency amplifier circuits, consider-
ation will now be given to the various methods of obtain-
ing efficient audio-frequency amplification.

There are three fundamental types of audio-frequency
amplifiers; namely, transformer coupled, resistance
coupled, and impedance, or choke-coil, coupled. The
writer has personally constructed cach of the audio-
frequency amplifiers that are discussed in the following
pages, and a list of the circuit constants and the apparatus
used, in each case, is provided.

TRANSFORMER-COUPLED AUDIO-FREQUENCY AMPLIFIER

The first audio-frequency amplifier circuit to be con-
sidered is that of a transformer-coupled unit. When the
proper parts are used in a properly designed ecircuit, this
type of audio-frequency amplifier is paramount. The
schematic wiring diagram for this amplifier is shown in
Fig. 36 and the following is the list of material that was
used in its construction, as well as the circuit constants.

a—High-ratio audio-frequency transformer (6 to 1).

b—Low-ratio audio-frequency transformer (2 to 1).

c—Output transformer (1 to 1).

d—.002-microfarad radio-frequency by-pass condenser.

e—Five l-microfarad audio-frequency by-pass con-
densers.

f—6-ohm rheostat.

g—Two 500,000-ohmn potentiometers.
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h—UX-200-A detector tube and socket.

i—UX-201-A amplifier tube and socket.

j—UX-171-A power amplifier tube and socket.

The output circuit of the detector tube 4 is shown in the
drawing to facilitate the explanation of the method of
coupling the output of the detector tube to the amplifier
input. A variometer may be connected in the detector
output circuit to tune the plate circuit to the frequency of
the incoming radiofrequency signal and thus effect
regeneration. In this case it is necessary to have a radio-
frequency by-pass condenser d from the high side of the
primary winding of the first audio-frequency transformer a

£
® T

Fic. 36

to the negative filament terminal, in order to by-pass the
radio frequency in this part of the circuit around the
primary winding of the transformer a and the B battery.

The condenser e in the plate circuit of the detector tube i
functions to by-pass audio-frequency currents around the
detector B battery. There is a 500,000-ohm potentio-
meter g whose extremities are connected across the termi-
nals of the secondary winding of the first audio-frequency
transformer a. The contact terminal of this potentiometer
is connected to the grid terminal of the first audio-frequency
amplifier tube 7. This potentiometer functions not only
as a volume control (because the value of the signal voltage
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applied to the grid of tube ¢ can be varied by moving
the contact terminal from the low voltage end of the resis-
tance element to the high-voltage end), but it also tends
to flatten out the transformer characteristic and make the
transformer amplify all frequencies alike.

There is an audio-frequency by-pass condenser e from
the low side of the secondary winding of transformer a to
the negative filament terminal, or, in other words, across
the C battery for this tube. There is another audio-
frequency by-pass condenser ¢ from the low side of the
primary winding of the second audio-frequency trans-
former b to the negative filamnent terminal of the tube i, or,
in other words, across the B-battery supply for the tube <.

The connections of tube j, or the second amplifier tube,
are practically the same as for the tube .  The output of
the amplifier tube j is obtained through the medium of the
output transformer ¢. This transforiner has a one-to-one
ratio and functions to pass the amplified audio-frequency

. signal on to the loudspeaker unit and at the same time
keep the high-potential direct current in the plate circuit
of the last tube from passing through the windings of the
loudspeaker field coils. This latter effect is undesirable
from the standpoint that the current, if in the wrong direc-
tion, will tend to demagnetize the permanent magnetism
of the speaker field-coil core, and will tend to bias the
diaphragm of the speaker unit, thus effecting distortion.

If the tubes mentioned in the material list are used,
the A-battery potential is 6 volts and the B- and C-bat-
tery potentials arc as indicated in IMig. 36. It is neces-
sary to use some sort of power tube in the second audio-
frequency amplifier stage to prevent distortion due to
overloading of the tube in question; therefore, in this case a
UX-171-A tube with 180 volts on the plate and —40.5 volt
bias has been used. '
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IMPEDANCE-COUPLED AUDIO-FREQUENCY AMPLIFIER

Before the development of audio-frequency transformers
for use in radio-broadeast receivers reached its present
stage of perfection, the thought took root in some sections
that transformer-coupled audio-frequency amplification
was not conducive to good quality, although it was
admittedly the best as far as voltage amplification was
concerned. However, when the general broadeast public
hegan to give up the quest for DX reception and expressed
a desire for good quality reception, the transformer manu-
facturers put their enginecrs on the problem of producing a
better audio-frequency transformer that would allow for
undistorted amplification. In the meantime the imped-
ance-coupled and the resistance-coupled audio-frequency
amplifiers sprang up as an answer to the problem of obtain-
ing distortionless audio-frequency amplification.  In both
cases it was admitted that they were not as cfficient as
transformer-coupled amplifiers from a  standpoint of
voltage amplification, henee more stages were required,
but it was claimed that they were capable of producing a
better quality output than the transformer-coupled
amplifiers that employed the audio-frequency transformers
on the market at that time. This was probably true.
The impedance-coupled and resistance-coupled amplifiers
probably did procure a hetter-quality output signal than
could be obtained from the coupling transformers that
were available for radio broadeast fans in the early days
of broadcasting.

A schematic wiring diagram of a choke-coil coupled
audio-frequency amplifier is shown in Fig. 37. The fol-
lowing is the list of the parts that were used by the author
in the construction of a three-stage impedance-coupled
audio-frequency amplifier.
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a—Four 200-henry choke coils.

b—.002-microfarad radio-frequency by-pass condenser.

¢—Three 1l-microfarad audio-frequency coupling con-
densers.

d—Two 1-microfarad grid by-pass condensers.

e—Three 1-microfarad plate by-pass condensers.

f—Ouput transformer (1 to 1).

g—6-ohm rheostat.

h—Two 500,000-chm potentiometers.

[i—UX—QOO—A detector tube and socket.

7—Two UX-201-A amplifier tubes and sockets.

k—UX-171 power-amplifier tube and socket.

The amplifier shown schematically in Fig. 37 is capable
of producing about the same output volume as that shown

I +B1//2
+B 45
+A-85.
—A+C
—-C45
—C40.5

Fic. 37

in Fig. 36, thus one more tube is required in an impedance-
coupled amplifier than in a two-stage transformer-
coupled audio-frequency amplifier to obtain the same
amount of volume,

If there is a feed-back for radio frequency in the plate
circuit of the detector tube 4, Fig. 37, the condenser b is
required to by-pass radio frequency in this circuit around
the plate choke a and the detector B battery.
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The maximum audio-frequeney signal input is available
across the first 200-henry choke coil a, hence across the
points 7 and 2. There is another circuit between the
points I and 2 besides that afforded by the choke coil a;
namely, that circuit extending from point I through the
audio-frequency coupling condenser ¢, the grid resistance ,
the audio-frequency by-pass condenser d to the negative
filament lead, the audio-frequency by-pass condenser e
to point 2. If the combined capacity reactance of the
coupling condenser ¢ and the by-pass condenser e is small
relative to the grid resistance £, the signal voltage across
the coil a is practically apparent in its entirety across the
grid resistance h, owing to the fact that the voltage drop
across the condensers named is negligible and the signal
voltage across the coil a is impressed across the series
combination mentioned.

Thus it can be seen that the audio-frequency by-pass
condensers should offer a low resistance to the passage of
audio-frequency currents. The value of the capacity
reactance of a condenser is equal to infC, where 7 is the
constant 3.1416, f is the frequency in cyeles per second, and
C is the capacity in farads. Since, for a given value of
capacity, the lower the frequency the higher its reactance,
in choosing the proper value of capacity to use as an audio-
frequency by-pass condenser, it is well to consider the
lowest frequency that it is called upon to by-pass, which is
in the neighborhood of 50 cyecles.

With the frequency term fixed at 50 eycles per second
in the formula for capacity reactance, the capacity term
can be varied and the change in reactance noted. It will
be found that a condenser having a capacity of .01 micro-
farad offers a reactance of over 300,000 ohms, whereas, a
l-microfarad condenser brings this reactance value down
to 3,000 ohms, approximately. The resistance &, which

4—6
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is in series with the coupling condenser ¢ as far as the signal
voltage is concerned, has a maximum value of 500,000
ohms, so it can be seen that the reactance of condenser ¢
is negligible if it has a value of 1 microfarad when signal
frequencies of the order of 50 cycles are being put through
the amplifier circuit.

The upper limit of the frequency band in the audio-
frequency signal that is received from a broadecasting
station is of the order of 5,000 cycles and a .01-microfarad
condenser offers a reactance of only 3,000 ohms at 5,000
cycles and a 1-microfarad condenser, 32 ohms at the same
frequency. Thus, while a .0l-microfarad coupling con-
denser is adequate for the higher frequencies in the
received audio-frequency band, it is too small to be con-
ducive to the satisfactory amplification of the lower fre-
quencies in the received band, and if these low frequencies
are omitted the signal quality is impaired.

The variable resistance h functions as a grid leak., Tt
prevents the coupling condenser ¢ from charging up to a
sufficient degree to block the tube j; in other words, it
allows electrons to leak off as fast as they arrive. Having
this element in the circuit, a variable, allows for getting
the most volume out of the amplifier.

An output transformer f is used to supply the amplified
audio-frequency signal to the loudspeaker field coils, at
the same time keeping the high-potential direct current
from passing through these windings.

If the tubes used in this amplifier are as listed in the
material list, the A -battery potential is 6 volts and the B
and C battery potentials are as indicated in the figure.

It is to be noted that the values of the bias-battery
potentials for the different plate potentials are less in this
case than in the case of the transformer-coupled amplifier,
because there is a greater drop in potential through the
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choke-coil winding in the plate circuit of an amplifier tube
than there is through the primary winding of an audio-
frequency transformer. This means that in the case of
choke-coil coupling the effective plate potential will be
lower, hence a lower value of biasing potential is required
than in the case of transformer coupling. Bearing this
fact in mind it will be noted that the bias-battery values
in the case of a resistance-coupled amplifier are still lower
for the same values of plate potential, than in the case
of the transformer-coupled amplifier and the choke-coil
coupled unit.

TRANSFORMER-RESISTANCE COUPLED AUDIO-FREQUENCY AMPLIFIER

A resistance-coupled amplifier, like an impedance-
coupled amplifier, is conducive to obtaining good-quality
output signals. One stage of transformer-coupled and
two stages of resistance-coupled amplification are quite a
popular circuit arrangement. Such a circuit arrangement
is shown in Fig. 38 and the following is the list of the mate-
rial used, as well as the circuit constants.

a—T'irst-stage audio-frequency transformer (6 to 1).

b—Output transformer (1 to 1).

¢—.002-microfarad radio-frequency by-pass condenser.

d—1-microfarad audio-frequency by-pass condenser.

e—Two l-microfarad coupling condensers.

f—Two 1-microfarad grid by-pass condensers.

g—Two l-microfarad plate by-pass condensers.

h—6-ohm rheostat.

7—Two 100,000-ohm variable resistances.

j7—One 500,000-ohm variable resistances.

k—UX-200-A detector tube and socket.

I—Two UX-201-A amplifier tubes and sockets.

m—UX-171 power-amplifier tube and socket.

n—200-henry choke coil.
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As shown in the schematic wiring diagram, the trans-
former a is connected in the circuit in the same manner as
previously described. In the resistance-coupled ecircuits
the output resistances ¢ perform the same function as the
impedance coils in the impedance-coupled amplifier
described in the preceding text. It is convenient to have
the resistances in the resistance-coupled amplifier variable,
as this allows for getting the optimum degree of efficiency
possible, although a properly designed fixed resistance
gives excellent results.

feed-back

b L +B8/50
L C +B8 45
[ [ ( ( +A4-8
[l [ { A
Fic. 38

If the tubes used in this amplifier are as listed, the
A-battery potential is 6 volts and the B- and C-battery
potentials are s indicated in Fig. 38. A relatively small
amount of bias is required for the grids of the amplifier
tubes whose plates are supplied with potential through
coupling resistances, owing to the high potential drop
through the resistances in question. This drop is so great
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that, even though the plate-supply sources are 150 and
180 volts, the actual effective potential at the plate termi-
nals is considerably less than this.

POWER AMPLIFIERS AND POWER PLATE SUPPLY

ADVANTAGES OF POWER AMPLIFIERS

The design of audio-frequency transformers for use in
broadeast receiving sets has reached such a high degree of
perfection that, if the right ones are used in the proper
circuits, excellent reproduction of broadcast programs may
be obtained.

If a signal of sufficient volume to operate a loudspeaker
so that it can be heard all over a six-room home is taken
out of the plate circuit of a tube of the UX-201-A type,
there is bound to be distortion and it does not necessitate
a very critical ear to notice it. This distortion is due to
the fact that the output tube is being overloaded.

The UX-201-A type tube was designed for use as a
radio-frequency amplifier, detector, and audio-frequency
amplifier (up to a certain degree), but real power cannot be
obtained from anything less than a power tube. It is:
true that tubes of the UX-171 type were designed to
answer the requirements of a power tube in a receiving set,
but if high-quality amplification is desired with plenty of
volume, it is necessary to use a tube of the UX-210 type,
which is a 7.5-watt power tube. This tube with 500 volts
on its plate and a bias of 40.5 volts is capable of producing
a high degree of distortionless output energy.

Tubes of the UX-201-A type are capable of producing a
distortionless signal of relatively low value, above which
value the signal becomes distorted, owing to the overload-
ing of the tube. By overloading is meant that the ampli-
tude of the signal voltage applied to the grid of the tube is
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sufficient to produce a value of plate current that is off
the straight part of the plate-current grid-voltagecharacter-
istic curve of that type of tube. As long as the voltage
swing of the grid is low enough to keep the values of
plate current along the straight part of the characteristic
curve, a certain amount of positive potential on the
grid of the tube will produce the same amount of plate-
current change that the same amount of negative grid
potential will cause. However, when the swing of the
grid potential is boosted to an abnormal value by trying
to obtain too great a signal output from too small a
tube, the plate-current values are carried off the straight
part of the characteristic curve, and grid swings in the
positive direction will cause different changes in the plate
current than are caused by equal swings in the opposite
direction. This is manifested by distortion in the signal
output.

Thus, a tube of the UX-201-A type is satisfactory for a
certain amount of volume and beyond this value of volume
it will distort the signal, no matter how good the audio-
frequency transformers are and no matter how good the
loudspeaker is. The thing to do is to use a power tube
and put a high potential on its plate and an adequate
bias on the grid.

It is not economical to obtain the 500 volts for the plate
supply to a UX-210 tube from a dry-battery source. The
logical manner in which to obtain this high d.-c. potential
is to step a 110-volt a.-c. supply up to approximately 550
volts by means of a step-up transformer. This high-
voltage alternating current can then be rectified and passed
through a filter circuit, which will smooth it out to approxi-
mate direct current to the extent that it can be used as a
source of constant potential for the plate of the tube in
question.
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Thus, what is needed for the final stage of amplification
to produce great volume with a high degree of quality in
the course of reception of broadcast programs, is a recti-
fier for supplying a high d.-c. voltage to a UX-210 type
tube, the latter being used in a properly designed stage of
audio-frequency amplification. This constitutes what is
termed a power amplifier.

POWER AMPLIFIER AND POWER SUPPLY
WITH FULL-WAVE RECTIFICATION

In Fig. 39 is shown the schematic wiring diagram of the
circuit arrangement for a power amplifier and power
supply, or B-climinator, which is supplied with high-
voltage direet current from a full-wave rectifier circuit.
The following is a list of the material used by this writer
in the construction of the unit to be deseribed, as well as
the circuit constants.

a—200-watt power transformer with two 10-volt secon-
dary windings, one 1,100-volt secondary winding with a
mid-tap, and one 110-volt primary winding.

b—Two 30-henry choke coils.

c—Audio-frequency low-ratio transformer, (2 to 1).

d—Output transformer, (1 to 1).

e—2-microfarad, 750-volt, filter condenser.

f—4-microfarad, 750-volt, filter condenser.

g—~6-microfarad, 750-volt, filter condenser.

h—Four l-microfarad, 200-volt, audio-frequency by-
pass condensers.

i—I-microfarad, 200-volt, grounding condenser.

j—2-ohm, 2.5-ampere rheostat.

k—T7-ohm, 1.25-ampere rheostat.

[—500,000-ohm potentiometer.

m—2,500-ohm variable resistance.

n—400-ohm potentiometer.
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0—25,000-ohm heavy-duty resistor.

P—7,000-ohm heavy-duty resistor.

¢—8,000-ohm heavy-duty resistor.

r—10,000-ohm heavy-duty resistor.

s—25-ohm variable resistance.

t—Switch.

u—Two UX-216-B (or UX-281) tubes and sockets.

v—UX.-210 power amplifier tube and socket.

w—Tell-tale lamp.

z—Two-single-contact jacks.

1 to 8—Terminals.

9 to 12—Terminals on double-terminal blocks.

The above material is the nucleus of a power amplifier
that is very satisfactory for reproducing broadeast pro-
grams. The 110-volt alternating current is supplied to
the power input receptacle through the medium of an
ordinary power plug. The terminals of the input recept-
acle are connected to the primary terminals of the power
transformer, one of the leads in question being connected
through a single-pole single-throw switch & The func-
tion of this switch is to turn the unit on and off. When
the amplifier is in operation, there is approximately 1
ampere drawn at 110 volts from the a.-c. supply line.
This means that the switch ¢ must have a current-carrying
capacity of at least 1 ampere. Thus, the ordinary filament
switch will answer the purpose very nicely. :

The rectifier filament-supply winding has a no-load
terminal voltage of 10, so a 2-ohm rheostat J 1s connected
in series with the filament supply to the rectifier tubes U.
These tubes are of the UX-216-B type and draw a filament
current of 1.25 amperes at 7.5 volts. The rectifier fila-
ment-supply winding must be insulated for voltages of the
order of 750 volts, for the mid-point of this winding is the
source of the rectified but unfiltered d.-c. supply. There is
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alternating current at 550 volts (R. M. 8.) applied to the
rectifier plates, and the value of the rectified voltage is
of the order of 525 volts. The letters R. M. 8. mean
root mean square, which in turn indicate that this voltage
value, which is indicated by an a.-c. voltmeter, is equal to
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the square root of the mean of the square of all the instan-
taneous values of voltage in one cycle of the a.-c. potential.

The effective value of the a.-c. potential is only .707 of
the maximum, or the peak, value that is reached in every
half cycle. Thus, in order to calculate the maximum value
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of potential that is applied to the plates of the rectifier
tubes, it is necessary to multiply by 1+.707, or 1.41.
This gives 550X 1.41=775.5 volts, and this is the peak
value of voltage that is applied to the rectifier plates when
an a.-c. voltmeter indicates 550.

Now there is some drop in potential through the rectifier
tubes, and if this drop is 25 volts, the resultant will be
525 volts of rectified voltage. This rectified voltage, at
this point in the civeuit is unfiltered; that is, it is not
smoothed out, and has the charactervistics of an a.-c.
potential with the negative half of the eyele climinated by

IF1g. 40

the action of the rectifier tubes.  With full-wave rectifica-
tion there is a pulsating potential that looks like an a.-c.
sine wave with all the negative half cycles inverted so that
they are on the positive side.

The changes that take place in the rectifier and filter
circuits are shown graphically in Fig. 40. Curve a shows
the characteristics of the applied a.-c. voltage. After
passing through the rectifier, which has unilateral impe-
dance (allows the passage of current in one direction only)
the voltage has a pulsating characteristic as shown in
curve b. This pulsating voltage is applied to the filter
circuit, which is composed of a large amount of inductance
and capacity that tend to keep the voltage from dying
down to zero in the course of its pulsations, owing to the
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charging and discharging of the condensers through the
filter chokes. The output voltage from the filter circuit is
thus of the nature shown in ecurve ¢. It is so close to a
d.-c. voltage that it can be termed such.

The high-voltage secondary winding on the power
transformer a, Fig. 39, has a potential of 1,100 volts
between its extremities, and there is a mid-tap on this
winding. The extermities of this high-voltage winding are
connected to the plates of the two rectifier tubes u. The
mid-tap of this winding is the source of the negative termi-
nal of the high-potential direct current and in this case is
conneeted to one side of all the filter condensers ¢, f, and ¢
and to the output terminal 5. Lead 5 is grounded through
the receiving set.

The source of the positive terminal of the rectified but
unfiltered d.-c. supply is at the mid-point of the rectifier
filament-supply winding. A lead from this point is con-
nected to the first filter condenser ¢ and to one end of the
first filter choke b. The other end of the first filter choke b
is connected to the second filter condenser f and one end of
the second filter choke. The other end of the second choke
is connected to the last filter condenser g and terminal q
of the double-terminal block. There is normally a jumper
between terminals 9 and 10.

Terminal 70 is conneccted to terminal 77 of the next
double-terminal block. It is also connected to the plate
of the power amplifier tube » through the primary winding
of the output transformer d. There is a jumper between
terminals 77 and 72. The function of the two double-
terminal blocks is to afford an expedient means of inserting
a milliammeter in the high-voltage supply circuit from the
rectifier to determine the following:

1. The total d.-c. drain on the rectifier.

2. The current to the plate of the amplifier tube v.
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3. The direet current through the B-climinator output

resistances.

4. The maximum voltage available at the output of

the rectifier filter circuit.

All of the above values may be determined by taking
two readings, one with the 50-milliampere milliammeter
connected to terminals 9 and 10, and a second reading with
the milliammeter connected to terminals 77 and 72, In
cach case when the meter reading is taken the jumper is
removed from the two terminals to which the meter is
connected, and after the readings have been taken the
jumper is connected back again. The first reading men-
tioned, indicates the total direet current drawn from the
rectifier circuit. The second reading shows the current
through the B-eliminator output resistances o, p, ¢, and r.
It is to be noted that there should be no external con-
nections to the terminals 1, 2, 8, 4, or 5 when the current
readings are being taken. :

The difference between the two readings is the value of
the current to the plate of the power amplifier tube ».
The maximum voltage available at the filter output is equal
to the product of the current through the output resis-
tances, in terms of amperes, and the total value of the
output resistance, in terms of ohms, the product being the
voltage drop across the resistances in question, which is
the output voltage of the rectifier filter circuit.

1t is very important to check, quite often, the current
from the rectifier circuit, as there is a great possibility of
overloading the rectifier tubes, or of passing too much cur-
rent through the filter chokes, or of operating the amplifier
tube with too great a value of plate current. The maxi-
mum d.-c. load current for a UX-216-B rectifier tube is
65 milliamperes and for a UX-281, 110 milliamperes.
This means that with half-wave rectification it would only
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be possible to draw 65 milliamperes from the rectifier cir-
cuit of the UX-216-B and 110 milliamperes from UX-281
without overloading the rectifier tube. In full-wave
rectification the two tubes are operated in parallel to
supply direct current to the load, each tube supplying half
the load; therefore, with two UX-216-B tubes it is possible
to draw 130 milliamperes from the rectifier circuit without
overloading the rectifier tubes, and with two UX-281
tubes, 220 milliamperes may be drawn.

There is something else to bear in mind, and that is also
a limiting factor for the curront in the case of full-wave
rectification, as well as the capacity of the rectifier tubes.
The standard types of filter chokes are designed to carry
up to 60 milliamperes, but beyond this point they are being
overloaded. This overload is manifested in heat, which
may become of sufficient temperature to melt the insulat-
ing compound out of the chokes or burn out the wire.

Another point to bear in mind is the fact that the higher
the value of the current through the rectifier filter chokes,
the less the effective inductance, the greater the voltage
drop through this part of the circuit, and the less the avail-
able output voltage for the B-eliminator circuit and the
plate of the power-amplifier tube. Standard chokes for
this sort of circuit have a d.-c. resistance of the order of
600 to 1,000 ohms. If the minimum value of 600 ohms
be multiplied by 2, since there are two chokes in series in
the filter circuit, the effective d.-c. resistance will be 1,200
ohms. Now, if the current drain on the rectifier is kept
down to 30 milliamperes, the drop across the filter chokes
will only be .03 1,200, or 36, volts. DBut, if the current is
raised to 60 milliamperes, the drop across the filter chokes
is increased to 72 volts.

The UX-210 power-amplifier tube » with 500 volts on
its plate and a 45-volt bias, should draw about 30 milli-
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amperes, and care should be taken to see that the bias is
sufficient to hold the plate current down to this value. The
plate of the tube will get hot when drawing 30 milliamperes
at 500 volts, because there is a plate dissipation of 500%.03
=15 watts. The fact being kept in mind that the UNX-210
is a 7.5-watt tube, it can be expected to show a little color
when it is made to dissipate 15 watts. An analysis of the
foregoing facts shows how important it is to have a milli-
amineter in series with the lead from the rectifier circuit.

As long as the rectifier and filter must he provided to
supply high-voltage direct eurrent to the plate of the power
amplifier tube », it follows that this supply might just as
well be made use of in effecting a B-climinator cireuit, since
the latter simply means the connecting of the proper resis-
tances across the rectifier output. In this case, the resis-
tances o, p, ¢, and r function as the B-climinator resis-
tances with a total resistance of 37,000 ohms. This
limits the current through these output resistances to
approximately 12 milliamperes. This is the current
through these resistances when there is no external load
to a receiving set.  If the current from the reetifier circuit
is kept low enough it is possible to maintain a potential of
500, 135, 90, and 45 volts at the terminals 1,2, 3, and 4,
respectively, for supplying B-battery potential to a four-
or five-tube receiving set.

The condensers h in the output of the power supply are
audio-frequency by-pass condensers across the plate supply
to the receiving set that is connected to the B-climinator
terminals. If the power-amplifier B-eliminator unit is
located at a great distance from the receiving set, as in
another room, for example, the by-pass condensers in
question should be located right at the receiver.

The filament of the power amplifier tube o is supplied
with energy from a separate 10-volt winding on the power
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transformer. This voltage is stepped down to the proper
terminal voltage (7.5) for a UX-210 tube by means of the
7-ohm rheostat k, which must have a current-carrying
capacity of 1.25 amperes, as this is the normal current
to the filament of a UX-210 tube at 7.5 volts.

The tell-tale lamp w is connceted across the 10-volt
amplifier filament supply, in scries with a 25-ohm resis-
tance s. This little light is mounted on the front panel and
is a means of indicating when the amplifier is on or off.

The audio-frequency signal is supplicd to the jack =z
through an ordinary radio plug. The terminals of this
jack are connected to the extremitics of the primary wind-
ing of the input transformer ¢.  The secondary terminals
of this transformer are shunted by a 500,000-ohm potentio-
meter [ the contact terminal of which is connected to the
grid terminal of the power-amplifier tube ».  This resis-
tance not only functions to aid the transformer in being
impartial to all the audio frequencies that are passed
through it, but it also functions as a volume control by vir-
tue of the fact that the grid ean be connected to any point
along the resistance clement of the potentiometer l.  Maxi-
mum signal voltage is applied to the grid of the amplifier
tube when the potentiometer contact terminal is moved to
the upper end of the resistance clement, and minimum
signal voltage when the contact is moved to the lower end.

The biasing resistance m is connected {rom the lower side
of the secondary winding of the input transformer ¢ to the
mid-filament point, the latter heing effected by means of
the potentiometer n whose extremities are connected across
the a.-c. filament supply, and the contaet terminal of which
is maintained at the mid-point of the filunent supply
There is a by-pass condenser I across the biasing resistance.
The proper bias is applied to the grid of the power-amplifier
tube ¢ by the drop in potential across the resistance m,
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owing to the plate current to tube » through this resistance.
The resistance can be varied and in this manner the grid
bias can be changed.

It might be noted at this point that the two condensers h
(near m) and ¢ are very important from a standpoint of
climinating the hum from the signal output, and increas-
ing the volume as well as bettering the quality. When the

—
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amplifier is in operation, note should be taken of the
amount of hum in the signal output with the power-supply
lead inserted in one dircetion.  Then the plug in question
should be reversed and the hum again noted. Which-
ever way of inserting the power-supply plug produces the
least amount of hum in the signal output, is the way
which maintains the lead to which the condenser i is
connected, at ground potential. There is a decided
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difference in the amount of hum in the signal output with
this condenser in or out of the circuit.

Shunting an audio-frequency by-pass condenser h
across the biasing resistance m increases the output volume
and makes a decided improvement in the quality of the
output signal. Shunting by-pass condensers from the
ends of the potentiometer n to the contact terminal makes
only a slight improvement, and they are not considered
necessary.

The signal output is taken from the secondary wind-
ing of the output transformer d through the jack z.

A rear view of the amplifier-eliminator unit is shown in
Fig. 41. The resistances and a few of the by-pass con-
densers can be seen mounted on the rear of the front panel.
The filter condensers and the B-eliminator output resis-
tances are mounted on the baseboard. The power trans-
former is mounted at the right of the baseboard. The
tube sockets, filter chokes, double-terminal blocks, and
audio-frequency transformers are mounted on the sub-
panel.

POWER AMPLIFIER AND B AND C ELIMINATOR

In Fig. 42 is shown a schematic wiring diagram of a
power amplifier that is supplied with plate potential from
a half-wave rectifier unit. In this diagram, the detector
and two stages of amplification are shown, with the con-
nections from the eliminator unit. The second audio-
frequency amplifier tube is the power-amplifier tube.

The following is a list of the constants, and the mate-
rial needed for the construction of the eliminator and the
two stages of audio-frequency amplification shown.

a—Power transformer with a 110-volt primary wind-
ing a;, a 525-volt G60-milliampere secondary winding a,,
and two 8-volt 2-ampere secondary windings a; and ay.

b—Rectifier tube.

47
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c—Two 60-henry choke coils.

d—2-microfarad 750-volt filter condenser.

e—4-microfarad 750-volt filter condenser.

J—2- to 8-microfarad 750-volt filter condenser.

g—Heavy-duty resistor in six sections, having resistances
beginning from top of 9,000, 11,000, 4,500, 4,000, 3,500,
and 9,000 ohms.

h—100,000-ohm variable resistance.

+—Two 2,500-ohm variable resistances in series.

J—2,500-ohm variable resistance.

k—Detector tube UX-200-A.

l—Amplifier tube UX-201-A.

m—Power-amplifier tube UX-210.

n—Radio-frequency choke coil.

o—Audio-frequency choke coil.

p—Audio-frequency transformer (3 to 1).

g—Audio-frequency transformer (4 to 1).

7—060-henry choke coil.

s—.001-microfarad by-pass condenser.

t—Ifour 1-microfa