P ]
e e S B




RADIO
MANUAL

STERLEING

SECOND
EDITION

DVAN NOSTRAND
COMPANY, Inc.




THE
RADIO MANUAL

FOR RADIO ENGINEERS, INSPECTORS, STUDENTS,
OPERATORS AND RADIO FANS

By
GEORGE E. STERLING

Radio Inspector, Radio Division, U. S. Department of Commerce
Member, Institute of Radsio Engineers

Edited by
RoserT S. Krusg, E.E.

Radio Consuliant, Technical Editor and Wriler,
Formerly Technical Editor of QST

SECOND EDITION

NEW YORK

D. VAN NOSTRAND COMPANY, Inc,
250 FOURTH AVENUE




COPYRIGHT, 1928, 1929, BY

D. VAN NOSTRAND COMPANY, INC.

|
‘ All rights reserved, including that of translation
| into foreign languages, including the Scandinavian

First Published, October 1928
Second Printing (before publication), October 1928
Third Printing, December 1928
Fourth Printing, February 1929
Second Edition, September 1929

PRINTED IN THE UNITED BTATES8 OF AMERICA

LANCASTER PRESS, INC.
LANCASTER, PA.




(2201ds11000.0.])

2
qy uoneIg omp
pIeo

diyg

=







PREFACE TO SECOND EDITION

This edition of The Radio Manual has been dedicated to the
same purpose as that of the first edition, which is to serve as a
guide and text book for those who expect to enter the radio pro-
fession as engineers, inspectors, servicemen, or as operators of
commercial, broadcast, or amateur stations. Much of the material
will also be of interest to the radio fan.

The same plan of study which met with such popular approval
in the first edition has been maintained. This plan provides for
several chapters dealing with elementary electricity, the ever pres-
ent dynamo, battery, and vacuum tube and the underlying prin-
ciples of their most common combinations. An effort has been
made further to clarify these discussions so that they may be
understood without previous knowledge of electricity. This is
done in the belief that such understanding as they attempt to give
is imperatively necessary before the practical forms of apparatus
can be understood easily or operated to best advantage.

Prior to the first edition of The Radio Manual it was necessary
for the prospective operator to consult a number of books in order
to cover the subjects included in the license examinations. The
enactment of the International Radiotelegraphic Convention of
1929 made it necessary for the Radio Division of the Department
of Commerce to increase the scope of these examinations. The
student was thus further embarrassed. It has been the aim of the
author to take up all the various subjects which the student may
expect to encounter during examination, and as far as possible to
anticipate his operating problems thereafter.

The author has had some years of experience as an examining
officer in the Radio Division and in examining hundreds of appli-
cants has observed that the greatest number of failures occurred
amongst those students who attempted the miracle of ignoring
technical ground work and instead to scrape past the examination
by repeating parrot-fashion the replies given in those extraordinary
“quiz books ” which purport to prepare for license examination.
The complete lack of background of such students is even more
apparent when they are required to locate troubles and make re-
pairs.  The author urgently advises slow and thoughtful study of
the elementary chapters contained herein. It is less damaging
to save time on the later chapters.

vii
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viii RADIO MANUAL

Much contact with operators has also shown the author that in
the course of the customary transfers from ship to ship and from
ship to shore or broadcast stations new apparatus will surely be
encountered and that very much help can be obtained from repre-
sentative circuit diagrams, operating and maintenance instructions
and the like. Much of this has therefore been included.

The utility of Chapter 19 is obvious since the operator has fre-
quent need of a knowledge of the Ship Act, the Radio Act of 1927,
and the International Radiotelegraphic Convention of 19zq.
Questions of law or procedure arise frequently, especially in
operating aboard a vessel engaged in international service and
the text of these three documents are not elsewhere available
together.

This edition differs largely from the first in deference to changes

in the radio art and in order to introduce certain improvements in -

the text. No good reason for cataloguing these changes seems
evident, and the reader or reviewer may therefore consider the
second edition by itself. 'Where omissions, uncertainties or errors
are encountered a correction or suggestion will be appreciated. It
may be sent to the author or editor in care of the publishers,

The author desires to express his thanks to the various com-
mercial firms, laboratories, branches of the Federal Government
and individuals for their aid and for the use of material and
photographs.

G. E. S.
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INTRODUCTORY

In its earliest infancy a radio communication system consisted
of a simple transmitter of the spark discharge type and a receiver
employing a coherer or crystal detector. Messages were trans-
niitted by interrupting the spark discharges so as to form the
letters of the Morse telegraph code. At the receiving end the
operator heard the dots and dashes as buzzes and by properly
training his ear he could recognize the sequence of the buzzes
and write them down as letters of the alphabet and consequently,
decipher the message. By this method operators were able to
send and receive messages at the rate of 10 to 40 words per min-
ute. The range of such systems was limited to a hundred miles
or so. It constituted a radio telegraph system in its simplest
form.

Even today such systems are still in occasional use although
there are many improvements over the old methods and apparatus.
In addition, vacuum tubes, arcs, and high frequency generators
are employed for telegraph transmission. Not only do these
transmitters operate as slowly as ten words per minute, but many
operate automatically at speeds as high as 150 to 200 words per
minute.

In some instances, the radio waves radiated from the antenna
of modern vacutum tube transmitters have been recorded after
having passed two or three times around the world. More im-
portant than the increase in extreme or record ranges has been
the exceedingly large increase of dependable ranges which depend
not only on power but also on improved understanding of the
phenomena which take place during the flight of a signal from
transmitter to receiver.

During the late years, scientists and engineers have made many
other uses of radio wave transmission and reception other than
radio telegraphy. Among such applications may be counted the
navigation of ships and aircraft (radio direction finders, radio
beacons and reed course indicators), transmission and reception of
educational matters, news, music and other forms of entertainment
(broadcasting), transmission and reception of dramatic scenes,
radiomovies, photographs and handwriting (radiomovies, television
and facsimile systems) and finally, the application of radio waves
to locate deposits of ore and oil in the earth (geophysical research).

1




2 RADIO MANUAL

In each and every system the operation of the radio apparatus
is based upon fundamental electrical and magnetic principles.
Therefore, in a book-devoted to the treatment of such systems as
previously mentioned, it is fitting to begin the first chapter with
elementary electricity and magnetism in order that the student can
understand something of the nature, actions and their relation to
each other. In the following chapters an attempt is made to ex-
plain the relation of electricity and magnetism to radio phenomena
and finally a number of radio systems are described in some detail.




CHAPTER 1
ELEMENTARY ELECTRICITY AND MAGNETISM

1. Electricity and Matter—One often hears an expression
among laymen such as—* g

No one knows what electricity is "—
and the statement usually concludes with “scientists know only
how to use it.” On the contrary, scientists and physicists not
only know how to use electricity but they are able to tell exactly
its nature and composition and to explain its relation to matter.
In fact, more is known about electricity than about anything else
in nature and that knowledge of electrical phenomena has served
as a key to unlock doors leading to knowledge in other matters
which completely eluded us before.

Matter is today regarded as composed of minute bodies called
atoms. These atoms are exceedingly tiny and even the most
powerful microscope cannot show us an atom nor even a thou-
sand of them grouped together. We become aware of them en-
tirely through ingenious indirect experiments the story of which
is an enchanted romance itself. Tt is most unfortunate that we
have not the time to tell it here.

2. Protons—A proton possesses opposite electrical charac-
teristics from that of an electron. Protons are considered then
as particles of positive electricity. A hody having a deficiency of
electrons, that is, having more protons than electrons is said to be
positively electrified.

3. Electrons—Each atom is composed of many minute par-
ticles called electrons and protons. These electrons and protons
are exactly alike in all atoms, no matter whether it be an atom of
iron, one of lead, one of mercury, of potassium, or any one of
other seventy-six elements known to chemistry.

In every case, an electron, when detached from its atom shows
none of the properties of ordinary matter. In other words, it will
not react chemically with other electrons to produce a new sub-
stance. An electron separated from an atom of iron would he
precisely the same as an atom separated from an atom of gas such
as hydrogen, oxygen. Electrons are always considered as particles
of negative electricity. The reason for this is, that for many years
physicists have been in the habit of speaking of positively-electri-
fied and negatively-electrified bodies. \When the electron was first

3
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discovered it was found that it could be freed by attracting it with
a positively-electrified body, whereas, it was repelled by one nega-
tively electrified. Fowever, at this date physicists consider a
negatively-electrified hody as one in which there is an excess of
electrons, that is, within one atom there are many more electrons
than there are protons.

4. Arrangement of Electrons and Protons within an Atom—
Fach kind of atom has its own particular arrangentent of electrons
and protons. However, in each atom there appears to be at the
center a compact group containing all the protons and some of the
electrons, therefore, it exhibits a positive charge. Thus is the
nucleus of the atom. Farther out from the nucleus are a number
of scattered electrons. Each electron moves in its own orbit.
There are always enough electrons surrounding the uncharged
atom to neutralize the excess number of protons in the nucleus.
In its normal uncharged state the atom exerts no force on charged
bodies in its vicinity. However, if an electron is separated from
an atom, for instance, by a collision, a free electron will be strongly
attracted by the positively charged atom and it will combine with
it thus restoring the atom to its normal uncharged state.

The recombining of a free electron with a positively charged
atom does not occur instantly because the electron does not drop
into the place of the missing electron and stop suddenly. Instead,
it oscillates before setting down and in most cases the frequency
of its oscillation is such that the wave motion produced in the
surrounding ether is of a frequency which can be seen by the eye
and is therefore called light. Incidentally, the rate of oscillation
depends on the substance, that is, the kind of atom we are watch-
ing and therefore atoms of different kinds radiate different colors
of light. This color is characteristic of that substance, and one of
our most useful methods of identifying substances depends on such
characteristic radiation as the intense orange red of neon when
excited by an electric current as in the familiar advertising signs.

In any body in which the electrons and protons are equal will
be electricallv neutral, that is, it will be neither negatively or posi-
tively electrified. This is the normal condition of all bodies. In
other words. they are uncharged.

From the above paragraphs three general statements can be
made as follows:

A Dody having an excess of electrons is said to be negatively
electrified or charged.

A body having a deficiency of electrons is said to be positively
electrified or charged.
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An uncharged body is one in which the electrons and protons
are equal in number.

a. Charging a Body by Friction—A very simple example of
frictional electricity can be shown Dy the old experiment of tearing
a sheet of paper into small bits and picking them up by means of a
hard rubber rod which has been well rubbed with a piece of woolen
cloth or fur. If the rod is clean, the day dry (and preferably
cold), and the paper thoroughly dried by heating, one will find the
bits of paper to jump to the rod and cling there with surprising
enthusiasm. The friction Detween the rod and wool produced a
charge on each. In other words, electrons were removed from the
wool Dby friction and remained on the rubber rod. As already
stated, however, the electrons added to the rod do not change its
atomic structure neither is there any change made in the atomic
composition of the wool by removing electrons from it. Never-
theless, from an electrical standpoint the rod now has a surplus of
electrons and is therefore negatively charged while the wool having
lost electrons, has less than its normal number, and is therefore
positively charged.

b. Relation of Charged Bodies—When the negatively
charged rubber rod is brought near the bits of paper the extra
electrons on the rod are attracted by a lack of electrons on the
paper. Whenever in any body the number of electrons are not
equal it is natural for shifts and readjustments to occur until an
uncharged condition is attained. In this particular case the paper
lacked electrons and was therefore positively charged and the
surplus electrons on the rod tried to equalize the unbalanced con-
dition.

The space surrounding the charged rod and paper was subject
to a strain enabling it to act on the charged paper with a force
which in this case was attractive, as manifested by the small bits
of paper jumping to the rod. The moment they touched the rod
the electrons and protons in each body became equalized and the
attractive force disappeared.

Another simple experiment can be performed by the use of a
bit of pith from a corn stem and a glass rod. The pith from the
corn stem should be whittled into fine bits by a razor blade. Now
if the glass rod is rubbed vigorously with a piece of silk and then
brought close to the pith, it will be noticed that the pith is attracted
by the glass rod. Allow the glass rod to touch the pith ball. The
ball has now become charged with electricity of the same polarity
as that of the rod. Itacquired the charge by contact. It will now
be noticed that the rod repels the pith ball. The condition now
exists where like charges repel.

o
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From these experiments one can make the following statements
relative to the relation of charges.

1. Unlike charges attract. (Positive and negative charges at-
tract each other.)

2. Like charges repel. (A negative charge repels a negative
charge, likewise a positive charge repels a positive charge.)

3. Whenever a charged body is acted upon by another charged
body so as to produce a force, either attractive or repulsive, the
space surrounding the charged body is subject to a strain or stress.
The space in which this stress occurs is called the electric field.
It is sometimes called an electrostatic field.

Fic. 1. Un- Fic. 2. Body A Charged by
charged Body. Electrostatic Induction from
Charged Body B.

The strength of the electric field extends in all directions from
the body, the strength of the field decreasing with distance.

¢. Induced Charges—Consider the case of the uncharged pith
ball. Let it be represented in its uncharged condition as in fig-
ure 1. When the charged glass rod was brought near the pith
ball the negative electrons on the rod as indicated by B of figure 2
repelled those on the side of the pith ball nearest the rod giving
that side a deficit of electrons on a positive charge as indicated by
the small circle 4. The other side to which the electrons rushed
has a negative charge. Removing the glass rod allows the elec-
trons to flow back into their proper place, thus discharging the
body. The charge produced on the pith ball is called an induced
charge.

The arrangement shown in figure 4 will permit that body to
hold more than its ordinary amount of electrons. The lines
represent two conductors and the space between the lines a non-
conductor. If the conductors are charged, it will be seen that
they attract and bind each other and hence, the conductors are
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able to hold a greater number of electrons than they could if they
were not near each other but at entirely different places. It is a
general rule that a negatively charged conductor can hold more
electrons if there be nearby another conductor which is charged

F1c. 3. Electrons Drawn to Upper Side of Paper by Charged Glass Rod.

positively at the same time. Such an arrangement of two op-
positely charged conductors is called a condenser, because it per-
mits us to concentrate, or condense, a large amount of electricity

flon-conductor

Conductor o~ Conductor

|

— | —
—| =
| —
A Jirection of displacement

t+++++++/

Fic. 4. A Charged Condenser.

on each of the two conductors. Familiar forms of condensers
consist of copper or tinfoil separated by mica insulation. An
equally familiar form uses air insulation and makes one plate (or
set of plates) movable so as to vary the capacity, which is the
name used for the ability of the condenser to hold electricity.
Such a condenser illustrates the point that the capacity increases
as the two conductors approach each other.

- o wrrrdn
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5. Potential—\When we speak of electric potential we mean
electrical pressure. When more electrons are crowded upon a
conductor its potential rises in just exactly the same manner that
the pressure in an automobile tire rises when more air is crowded
into it. It will be seen later that just as we can produce air
pressure by rotating centrifugal pumps or by ordinary plunger
pumps so also we can produce electrical pressures by a variety of
means including batteries and generators. We have already seen

SURPLULS OF ELECTRONS DEFICIT OF ELECTRONS
NEGATIVE POTENTIAL POSITIVE POTENTIAL

S — B
DIRECTION OF ELECTRON FLOW

HIGH NEGATIVE POTENTIAL LOW NEGATIVE POTENTIAL

DIRECTION OF ELECTRON FLO'

Fic. 5. Creation of Electron Flow by a Difference in Potential.

how a small electrical pressure can be created by rubbing a glass
rod with a silk cloth and how this pressure tends to drive elec-
tricity from one point to another so forcibly as to carry light
substances with it. We will see later how the pressures created
by batteries and generators will cause large currents of electricity
to flow and thereby to operate all the machinery of radio trans-
mission and reception.

a. Electrons and Difference of Potential—Consider a pair of
bodies charged as shown in the top portion of figure 5 as A and B.
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A has an excess of electrons, thus it has a force trying to discharge
electrons—it has a negative potential. B has a deficit of electrons,
thus it has a force trying to attract electrons—it has a positive
potential, If given a path, electrons would flow from A to B.
Consequently the flow of electrons would constitute a flow of
electric current, as electrons really are the current. The number
of clectrons flowing from A4 to B would depend upon the difference
of potential between A and B. The electrons would continue to
flow until there was no longer a difference of potential, that is, A4
and B would then have the same number of electrons.

Consider the pair C and D. Both have a negative potential, but
C has a larger negative potential than D as it has relatively more
electrons than D. Hence, there is a difference of potential equal
to potential C minus potential D. If given a path, the electrons
would flow from C to D and the movement of electrons would
constitute a flow of current from C to D.

6. Lightning a Movement of Electrons—\When a cloud and
the earth are oppositely charged there is a possibility of a lightning
discharge occasioned by the readjustment of electrons in order to
restore the cloud to an uncharged condition. The readjustment or
movement of electrons must wait until the cloud obtains sufficient
charge to make the electrons leap through the air between earth and
sky, depending upon which is positively charged.

6a. The Lightning Flash—As the charges on earth and
cloud are increased or one moves close to the other a difference of
potential is created sufficient to permit the electrons to stream from
one hody to the other. In their passage an electron may collide
with uncharged molecules of air, as the result of which an electron
may be separated from a neutral molecule. The molecule which
has thus lost an electron becomes positively charged and in this
state is called an “ion.” The free electron knocked off from the
molecule follows the other electrons and the ion proceeds in an
opposite direction. With the electrons moving in one direction
and the ion in the opposite there is a possibility of another collision,
that is, another electron will collide with an ion and the electron
combines with the ion. thus restoring the molecule to its uncharged
state. As explained in a previous paragraph the free electron does
not instantly recomhine with the positive ion but instead oscillates
hefore settling down and the frequency at which it oscillates is stich
as to produce a wave motion which can be seen by the eye as a
flash of light. Several thousands of such collisions occur during
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the discharge period and consequently the intensity of the flash is
enormous.

6b. Direction of Current and Electron Flow—Before the dis-
covery of the electron, scientists assumed that the flow of current
was from the point of positive potential to the point of negative
potential. At this date, however, all scientists agree that the
electrons in motion are the current and therefore current flows
from a negative to a positive potential. ILater on it will be shown
how well this fits in with the explanation of the movement of
electrons in a vacuum tube.

7. Electromotive Force—The difference of potential hetween
two bodies or between two points of the same body is measured
in volts. Because a difference of potential will always cause a
current to flow, provided a path is furnished, it is also called
electromotive force (e.m.f.); the force of which makes the elec-
trons move. Therefore, a volt is the unit of e.m.{.

8. Current—Current strength, that is, the number of electrons

ioving per second is measured in amperes.

9. Conductors and Non-Conductors—In order for a current
to flow a path must be furnished for the electrons. A body that
permits electrons to move ahout in it is called a conductor. A body
in which all the electrons are not free to move is called a non-con-
ductor. Other names for a non-conductor are insulator, or di-
electric. Different bodies permit different degrees of freedom
and hence there are various grades of conductivity. If the elec-
trons are very free to move they find little opposition in their
passage, i.e., they encounter little resistance. If the electrons are
not free to move they find much opposition to their passage, i.e.,
they encounter a high resistance.

10. Resistance—The property of matter by which it opposes
the passage of electrons is called resistance. The resistance of a
column of pure mercury 106.3 centimeters long, welghmg 14.4521
grams, at a temperature of 32 degrees Fahrenheit is one ohm. It
is called an ohm because the first man to investigate resistance was
Simon Ohm. Since the resistance of any metal rises when the
metal is heated our “ standard ohm ” must always be measured at
the same temperature and for this there has been chosen the tem-
perature of 32 degrees Fahrenheit as stated above (zero degrees
Centigrade).

The resistance of a conductor depends upon the kind of material
in the conductor, the length of the conductor, the cross-sectional
area, and to some extent upon the temperature of the conductor.
To be exact, it increases directly with the length of the conductor
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and decreases with an increase of cross-sectional area. In radio
it also increases with an increase of frequency.

11. Production of an Electric Current—From the foregoing
discussion it is seen that a current will flow along a conductor if
there is a difference of potential created. The current will be main-
tained if the difference of potential is maintained. Take a zinc
rod and a copper rod and immerse them in sulphuric acid. Test
the ends of the copper and zinc for charges and it will be found
that the copper has a positive charge and the zinc a negative charge.
Therefore, a difference of potential exists. Connect the copper
and zinc by a wire and a current will flow. Disconnect the wire
and test the copper and zinc again. The result will be the same.
That is to say, this combination will maintain a difference of po-
tential and hence will produce a steady current.

The sulphuric acid eats the zinc (chemical action) and gives it
electrons, taking them away from the copper. Such an arrange-
ment is called a cell. Sece ficure 6. Two or more cells together are

Jirection of elec?rons

Fic. 6. Primary Cell.

called a battery. There are many combinations of materials that
will give the same result. The combination always consists of two
dissimilar metals and an acidic or basic solution. The voltage of
such a cell is never more than 2 volts. Such cells are called primary
cells. The difference between a primary cell and a storage battery
lies in the fact that the primary cell cannot be renewed by passing
an electric current through it while a storage battery can. Zinc
is employed in all cells, other than storage cells, in common use.
It is always the negative pole or terminal. The positive pole is
usually copper or carbon.

12. Series and Parallel Connections—Cells may be connected
in series or parallel. \When connected in series the resultant voltage
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is the sum of the voltage of cach cell. When connected in parallel
the resultant voltage is the same as that of any one cell. The rule
is to connect cells so that the resistance inside the cells is equal to

QWIt fight

=

F -+ -
Symbols

Series connection of cells

4
Volts K
EMF

14velts
£EMF
i

/z
Wwlts
EMF Symbols

Parajlel connection of cells

Fic. 7. Series and Parallel Connection of Cells.

that outside the cells. Using storage batteries this rule resolves
itself into the following fact: The only time batteries are used in
parallel is when current, taken all from one battery, would be so
large as to damage the hattery.

13. Application of Ohm’s Law—The value of volts, amperes
and ohms are so taken that the following statement, known as
Ohm’s law, is true: amperes = volts over resistance or the three
forms of Ohm's law may be shown as follows:

Standard Units Formulas Examples
Volts E 10 Volts
Amperes = Ohms I= R 5 Amps. = S Ohnns
Volts = Ohms X Amperes IR=F 5 Amps. X 2 Ohms = 10 Volts
Volts E 10 Volts
Ohms = m R = T 2 Ohms = m
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14. Resistances—Resistances connected in series have a
greater resistance than any one alone. Their total resistance is the
sum of the separate resistances.

Formula

R=R + R (resistances in series).

Two resistances connected in parallel have a smaller total resist-
ance than either of them. If they are of equal values, the total
resistance is one half of the resistance of one. If there are three
resistances of equal values the total resistance would be one third
of the resistance of one.

Resistances in Ser/es

4 0hms 6 Ohms 8 Ohms
——AMAAN AN ANV

lotal Resistance /18 Ohms

R/
4 0hms

e
6 Ohms

AV
3
8 Ohms,

Resistances in Paralle/
Jotal Resistance /1 8 Obms
Fic. 8. Serics and parallel connection of resistance.

When the resistances are of unequal values their total resistance
is computed as follows:

R=———r
R TR

where R — the total resistance.

Example: Resistances of 4 ohms, 6 ochms and 8 ohms are placed
in series. Their total resistance is 4 + 6 + 8 =18 ohms. Con-
nected in parallel their total resistance is:

| ~

R = = 1.8 ohms.

—
[ o8]

+ o+

RS
Ot |
oo~
2l
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It is now clear that two or more resistances in parallel will con-
duct an electric current nore freely than one.

It should be remembered that Ohm’s law is true for the whole
or any part of an electrical circuit. However, it will be seen later
that Ohm’s law is not applicable to all radio circuits.

15. Effects of Current—The passage of current through a
conductor can be determined by two principal effects:

1. Heating effect.

2. Magnetic effect.

When a current of electricity flows through a conductor, it
encounters frictional resistance and a certain amount of energy
is transformed into heat. The heat generated increases directly as
the resistance; also the heat generated increases directly as the
square of the current, and the time during which the current flows.
This is expressed :

J=IXRT

(where J is the joule, I the current, R the resistance and T the
time in seconds).

The joule is defined as that amount of energy which is expended
during one second, hy current of one ampere flowing through a
resistance of one ohm. The joule per second is the practical unit
of electrical power which has been named the watt.

Since power is the rate of doing work per unit of time, one
watt per second would equal one joule. The power may be also
expressed in the units of electromotive force and current strength,
The power in watts in a given circuit in which direct current is
flowing is equal to the product obtained by multiplying the current
in amperes by the electromotive force in volts or:

Watts =17 X .

The magnetic effect may be described as follows: Figure 9
shows a coil of wire wound around a
soft iron bar and carrying a steady cur-
rent furnished by the battery. While L&
the current is flowing the bar will be y| =
found to have acquired the power to at- :
tract pieces of small steel or iron. If r
the current from the hattery is broken the
bar will not have the power of attrac- Fi5 o Electro-Magnet.
tion for the iron or steel. Thus the cur-
rent flowing through the solenoid has given it a new property called
magnetism, and since it has this property only when the electric
current flows it is called an “ electromagnet.”
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If the soft iron bar is replaced by a bar of hard steel and the
current is permitted to flow through the solenoid for a considerable
length of time it will be found that the steel retains the property
of attraction long after the circuit is broken from the battery. A
piece of magnetized steel which retains its magnetism is called a
* permanent magnet.”

It will be found that the iron likewise has retained the property
of attraction, but to a smaller degree than that of the hard steel.
The steel is said to have a high degree of “ retentivity,” while the
iron has but little retentivity.

The lines of force retained by a piece of iron after the magne-
tizing current has heen turned off are called the ““ residual lines of
force ” and the iron is said to have ““ residual magnetism.” Resid-
ual magnetism plays an important part in the operation of some
types of generators which will be described later.

If a permanent magnet is dropped into a box of iron filings it
will be noticed that there are two places on the steel magnet to
which the iron filings cling most strongly. These places are near
the ends of the bar and are called the “ poles ” of the magnet.

The poles always appear in pairs and are named north poles and
south poles, because of the following fact: If the magnet is sus-
pended in such a way that it is balanced and free to turn around
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Fic. 10. Suspended Magnet Attracted by Earth’s Magnetic Pole.

in a horizontal plane as in figure 10, it will be noted that the magnet
will always come to rest pointing in an approximate north-south
line. The same end or pole will always point northward; this is
called the north or north seeking pole while the other end is called
the south or south seeking pole.

The following experiment will indicate the power of attraction
and repulsion of the poles of magnets. The north pole of the sus-
pended magnet will be repelled when approached by the north pole
of the other magnet ; likewise, the south pole will be repelled when
approached by another south pole, whereas if the north pole is
approached by a south the suspended magnet will be attracted.
Again if the south pole of the suspended magnet is approached by
a north pole the suspended magnet will again be attracted. From
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this experiment it will be found that like poles repel; unlike poles
attract. This clarifies somewhat a statement in the preceding para-
graph wherein it was noted that the end of the magnet pointing
toward the earth’s north pole was the north

sceking pole. It is commonly called the . 7Z-----TIx

north pole of the magnet, but according to (/:5' ———————— »“,‘
the theory of attraction and repulsion of the ,5,
poles of the magnet a north pole could not 9:}12:—_—_—_2’:;',‘
be attracted by the earth’s north magnetic ST ==

pole.

16. Angle of Declination—A magnet
balanced upon a pivot and free to swing
in a horizontal plane is called a compass.
It takes a north and south direction. This
is explained by saying that the earth has
effective magnetic poles. These effective
magnetic poles are near but do not exactly

coincide with the geographical poles. \;\)}.’f’:/
Hence, there is an angle between true north VAN

and the direction which the compass points, ::E\‘\\/f;:
magnetic north. This angle is called “an- FEINS

gle of declination.”

17. Magnet Field—If the ficld surround-
ing a magnet were to be examined it would
be found to consist of definite closed lines.
The lines are called the magnetic lines of force. The magnetic
lines of force start at a north pole and pass through a south pole
back to the north pole. See figure 11. They make various routes
depending upon the magnetic substance near them but they always
come back to their source. The space through which they pass
is called the ““ magnetic field.”

18. Permeability—W hether a body will be acted upon by a
magnet depends upon its ability to carry magnetic lines of force.
This property of carrying lines of force is called permeability.
Different kinds of iron have different degrees of permeability.
The magnetic strength of an electromagnet or solenoid varies as
the product of the amperes passing through the conductor and the
number of turns or commonly called the ““ampere turns.” For
example 100 amperes through 50 turns of wire gives the same
result as 20 amperes through 250 turns, for 100 X 50 and
20 X 250 == 5000.

The magnetic strength of such a coil is also dependent upon the
permeability of the iron; that is to say, the iron, in effect, increases
many times the lines of force.

Repulsion

Fig. 11. Relation of
Fields of a Magnet.
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19. Theory of Magnetism—The following experiments and
results give the base for a theory of magnetism. Take a magnet
and strike it. The magnetism gradually disappears.

Take a bar magnet, cut it into pieces. Each piece will be found
to be a magnet, no matter how small it is.

Take a magnet and heat it. The magnet becomes very much
weaker and eventually loses its magnetism.

Take a picce of steel and stroke it with a magnet. The steel
will become a permanent magnet.

Now when it is remembered that heat is caused by rapid vibration
of the small particles of which a body is composed and that the
final division of the magnet is also these small particles, it is easy
to draw the conclusion that these small particles are magnets. The
small particles are called molecules and hence this is known as the
“ molecular theory of magnetism.”

It is not thought that these molecules are magnets sometimes
and at other times not magnets. It is thought that these molecules
are magnets always. If iron molecules are always magnets, why
is it that a piece of iron is not always a magnet?

Consider the diagram of figure 11a. The small lines represent
the molecules. It is seen that if they are arranged in a disorderly
way the lines of force emanating from one molecular magnet go to
the nearest south pole of another molecular magnet and so on
back to their origin without going outside of the iron bar. Hence,
there are no magnetic lines of force outside of the iron bar. There-
fore, it is not a magnet.
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Fig. 11a. Arrange- Fie. 11b. Arrangement of
ment of Molecules in Molecules when Iron Bar is
Iron Bar Not Magnet- Magnctized.

ized.

If the iron bar is stroked by a magnet the molecules arrange
themselves in an orderly manner as shown in figure 115. The
magnetic lines of force emanating from one molecular magnet pass
to the next one and then to the next and to get back to their source
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must go outside of the iron for they cannot double back on them-
selves. Hence, the iron bar is now a magnet.

20. Voltmeters and Ammeters—The fact that an electric cur-
rent is always surrounded by a magnetic field is used in the con-
struction of voltmeters and ammeters. The simplest kind of an
ammeter is made by placing a compass in the center of a coil of
wire. The deflection of the needle is greater, the greater the
strength of current.

Another type of ammeter and the one most commonly used is
made by having the magnet stationary and the coil movable. The
moving coil principle was developed by a French scientist named
D’Arsonval and is spoken of as the D’Arsonval movement. Figure
12 shows the arrangement of this instrument.
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Fig. 12. Ammeter with D’Arsonval Movement.

Between the pole faces of a permanent magnet is placed an
iron core, allowing a gap between it and the pole faces large
enough to permit an aluminum frame to swing freely. On this
frame is wound a coil of very fine wire, through which a certain
percentage of the current to be measured passes. As this cur-
rent passes through the coil, the latter becomes an electromagnet
with north and south poles, which are immediately affected by the
north and south poles of the permanent magnet. Obeying the
magnetic law that like poles repel and unlike poles attract, the
north end of the electromagnet is drawn toward the south pole of
the permanent magnet and vice versa—which means that the
aluminum frame is swung around and the pointer attached to the
frame travels across the scale. Every meter of this type 1s in
reality a millivoltmeter (millivolt—1/1000 of a volt) as the coil
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is built in such a way that a small current flowing through it causes
the action described.

Permanent magnets can be weakened by jarring and age; hence,
makers of really good meters use carefully aged tungsten steel
magnets.

21. Use of Shunt and Multiplier—A voltmeter is always
shunted (connected in parallel) across the load whose voltage is
to be measured. It is made with an extremely high resistance some-
times connected externally or when possible within the meter case.
This resistance takes only a small current.

The ammeter is always connected in series with the load. It
has a low resistance. In some ammeters only a constant fractional
part of the total current passes through the coil, the remainder
being conducted by the shunt which is calibrated for the particular
ammeter,

An example will describe how these resistances and shunts are
calibrated.

Ammeter

a o, T
=l Voltmeter

Lam,
ie Mn/l’r

QOO
esistor

Fic. 13. Method of Connecting Voltmeter and Ammeter, Voltmeter Em-
ploying Resistor and Ammeter Employing Shunt.

If there are 10 fcet of fine wire on the aluminum {rame having
a resistance of 1 ohm per foot, the total resistance is 10 ohms.

The frame is then set in position and it is found that 1/10 volt
(100 millivolts) is necessary to send the pointer across the scale,
i.e., the frame moves through approximately 10 degrees because
of the magnetic pull exerted. Then according to Ohm'’s law ] =
.100/10 == .010 ampere, which is the amount of current used under
.100 volt pressure to cause full scale deflection, and the balance
must be used in resistance.

For an ammeter capable of measuring 5 amperes the current is
permitted to flow through a shunt and just enough is permitted
to flow through the coil to cause a full scale deflection. Suppose
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it is desired to construct a 5-ampere meter. The start is made with
a small meter, for instance, a .01 ampere (1/100 ampere) meter.
The maximum current that it is destred to measure is 5 aniperes.
This can be done by splitting the current so that only 1/100 of
an ampere goes through the meter while 4.99 amperes go around
through another path. Figure 13 shows such an arrangement.
The resistance of the other path, called a shunt, must accordingly
be 1/499 of the meter resistance.

22. Telephone Receivers—The telephone receiver is an ap-
plication of the property of magnetism. The telephone receiver,
as used for ordinary telephone work, consists of a case holding a
permanent horseshoe magnet, two coils of wire and a soft iron
diaphragm, the latter being clamped by its rim with its plane at
right angles and close to but not touching the poles of the perma-
nent magnet. The extensions on the permanent magnet are fitted
with bobbins which are wound with many turns of fine wire. The
diaphragm is left free to vibrate except at its rim. The distance
from the pole pieces to the diaphragm is normally fifteen thou-
sandths of an inch (.o15 inch).

Full exerted normally on dwphragm by magne?

A2 EEIINN Diaphragm
i m———

b —

] L «—Receiver windings
| 14 Ly
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Hor s%zf

Fia. 130. Construction of Telephone Receiver.

The action of the receiver is as follows: The permanent magnct
attracts the diaphragm of the receiver, holding it under a steady
attraction. If a varying or alternating current passes through the
coils of the receiver, the strength of the magnet is varied. The
pull on the diaphragm is therefore varied and if the changes in the
current passing through the coils are rapid they will cause the dia-
phragm to vibrate accordingly.

Thus if the current passing through the coils is varied at the
frequencies used in speech the diaphragm will vibrate accordingly
reproducing the voice of the speaker.

The diaphragm is lacquered on one side and enameled on the
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other. The lacquered side should be toward the magnet. As the
efficiency of a receiver depends greatly upon the smallest practical
air gap which is considered with the vibrations of the diaphragm,
the side nearer the magnet is covered with a coat of lacquer, which
is much thinner than the coat of enamel on the other side. The
lacquer and enamel serve to protect the diaphragm from rust. The
pole pieces of the magnet are lacquered for the same purpose.

As the receiver has a permanent north and south pole, current
flowing in a given direction will either increase or decrease the
strength of both poles, at the same time the coils being connected
so as to accomplish this.

The distinctive features of telephone receivers for radio work
are lightness of the moving part and the employment of a great
many turns of the wire around the magnet poles. The lightness
of the moving parts enables them to follow and respond to rapid
pulsations of current. The large number of turns of wire causes
a relatively large magnetic field to be produced by a feeble current.
The combined effect is to give a device which will respond to very
feeble currents.

The resistance of the windings of each of a pair of receivers for
radio work is seldom less than 500 ohms, the values of resistance
being measured with direct current. For radio work the windings
of the two receivers constituting a pair are almost always con-
nected in series.

Magne?

B3
BN
[ ¥

Fig. 14. Ilectron in Fi6. 15. Production of
Motion Produces Mag- Current by Electro-Mag-
netic Lines of Force. netic Induction,

23. Induction—A great discovery in electricity was the fact
that a magnetic field in motion would cause a movement of elec-
trons; that is, the production of current. The following experiment
will illustrate this fact.
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Take a coil of wire as in figure 15, drop a magnet end first
through the coil. The needle of the milliammeter will move, indi-
cating the presence of a current. It will quickly come to rest.
Draw out the magnet. The needle moves again; but this time in
the opposite direction. Reverse the magnet and repeat above. It
will be noticed that the needle moves but in the opposite direction
to its movement before the magnet was reversed. Use two mag-
nets. The needle moves farther than with one magnet. Try
moving the magnet faster and slower; the faster it moves the
more the needle moves—i.e., the stronger the current. Notice that
a current flows when and only when there is relative movement
between the magnet and the coil. Try moving the coil instead of
the magnet—the results are the same.

Substitute a piece of unmagnetized steel for the magnet. There
is no current. The difference between the magnet and the steel
is that the magnet is surrounded by magnetic lines of force. These
experiments show that whenever a conductor is cut by magnetic
lines of force thereis a current produced. A current was produced
by “ electromagnetic induction.”

Investigate further by having a current produce the magnetic
lines of force and they in turn producing a current. Substitute
an electromagnet for the magnet used in the previous experiment.
Arrange a circuit as in figure 16. Press the key. The millhlammeter
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& =Y

NNV

When a current (s Started or stopped in the
primary circuit an £MF iS5 [nduced in the
Secondary by electro-magnetic induction.

Fic. 16. Production of Current in a Secondary Circuit by Electro-Mag-
netic Induction.

needle moves in one direction and then comes to rest. Break the
current by means of the key—the m.a. needle moves in the oppo-
site direction and then comes to rest.

Insert an iron core in the coil of wire. The results are similar
but thé current induced is much stronger. In this experiment the
conductor has been cut by magnetic lines of force. The circuit
with the key is called the primary circuit—the other circuit, the
secondary circuit, making the circuit in the primary allows a cur-
rent to pass in it which sets up a magnetic field. This magnetic
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field building up from the wire outward cuts the secondary, thus
causing a current. When the primary circuit is broken the mag-
netic field collapses, and the secondary is again cut by lines of
force, but this time going in the opposite direction.

All these experiments produce current by electromagnetic induc-
tion. The facts of electromagnetic induction may be summed up
in the following way:

Whenever variable magnetic lines of force cut a conductor, or a
closed circuit made by a conductor, there is an e.m.f. created in
the conductor whose direction is such as to oppose the em.f.
that produced it. The value of this back e.m.f. is proportional to
the rate of change of the lines of force.

24. Self-Induction—Consider the circuit shown in figure 17.
Close the key and a current will flow through the circuit. This

J—
Current reaches A"

a fraction of sec-,
ond hefore reachingB

+
g
-

—T Vaw!
Fic. 17. Counter EMM.F. of Self-Induction.

current does not flow instantaneously so that it reaches a point A4
before it does B. The current passing through the turns of the
coil sets tp magnetic lines of force which cut the turns of wire pro-
ducing an e.m.f. whose direction is such as to oppose the passage
of the original current in the circuit. When the key is opened the
lines of force collapse cn the coil inducing an e.am.f. in the same
direction as the original current and will try to keep the current
flowing. Induction in the same circuit is called “ self-induction.”

25. Mutual Induction—DMutual induction is the interaction
between two circuits by which a changing current in one sets up

1
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Fic. 18. Induced Current by Mutual Induction.

Sec. MA..

through electromagnetic induction a current in the other. Con-
sider the circuit in figure 18. Whenever a current is started,
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stopped, or varied in the primary coil, the magnetic lines of force
set up around it cut the winding of the secondary, inducing an
e.m.f. in the secondary circuit. A transfer of electrical energy
has taken place between two circuits which have no electrical con-
ducting path between them. Induction between two separate cir-
cuits is called ““ mutual induction.”

The mutual induction of two given circuits depends upon the
size and construction of the circuits themselves, their distance apart,
their relative positions in space, and the nature of the material
between them. All these factors necessarily affect the magnetic
flux interlinked with hoth circuits. The effects of mutual in-
ductance fall off rapidly as the distance between two circuits is
increased. Mutual inductance is measured in the same unit as
sclf-inductance.

Mutual inductance is of particular importance in radio circuits.
The phenomena of mutual inductance are the essential principles
involved in the operation of many different types of electrical ap-
paratus, of which some are considered in the following pages.

26. Inductance—Inductance is defined as that property of a
circuit which opposes a change in the flow of current through it.
Inductance is electrical inertia.

Opposition to a change in the flow of current depends upon the
amount of self-inductance, or upon the amount of self-inductance
and mutual inductance combined. livery circuit possesses self-
inductance, but only a circuit a part of which is a primary coil
possesses mutual inductance. The inductance of a circuit is, there-
fore, the amount of self-inductance it possesses plus any mutual
inductance which it may also possess. The unit of inductance is
the “ henry.”

A circuit has an inductance of 1 henry when a current changing
at the rate of 1 ampere per second induces an e.m.f. of 1 volt.

At radio frequencies where small values of inductance are em-
ployed the unit is subdivided and expressed as follows:

1 milli-henry (m.h.) — .0o1 h.
1 micro-henry  (p. h.) — .0oo00r1 h.
I centimeter (em.) — .000000001 h.

In self-induction this e.m.f. is set up as a counter e.m.f in
the circuit itself ; in mutual induction, it is set up in the secondary
circuit. In either case its effect is to oppose any change of flow
of current through the circuit and is the measurement of opposi-
tion to that change. In any given conductor, the time it takes
the current to build up to its maximum or to decrease to zero is
influenced by the opposition to its increase or decrease in strength,
that is, it is influenced by the inductance of the conductor. The
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greater the inductance, the longer the time required for the current
to reach its maximum strength.

The inductance of a circuit conductor, coil or of any apparatus
is a property of that thing just as resistance is one of its prop-
erties. The impressed voltage does not affect the inductance. A
conductor has inductance whether current flows in it or not.

27. Practical Forms of Inductors—The
most commonly employed inductance at
radio frequencies consists of a single layer
coil wound as an air core solenoid. Other
forms consist of multi-layer coils either
in the form of spider web or honeycomb
cail, so called on account of their peculiar
caonstruction.

More recently there have appeared the
toroidal and the binocular coil, so called
from their shape. The extent of the mag-
netic field can Dbe greatly restricted by
altering the shape of the coil. By bending
the coil into the shape of a ““toroid ” as b,
figure 19, the field or magnetic flux is cir-
culated around the center of the coil and
confined to the limits of the coil.

Another scheme used to confine the mag-
netic field of a coil is what is called the
“binocular coil.” This form of coil is
shown as ¢, figure 19. Here the coil is
broken in two with the two halves placed
side by side, the windings of each being con-
nected in series. The flux passes through
one half and returns through the other half.
Both the toroid and the binocular type coils
g are used in modern radio receivers and their

¢~Binouclar coil purpose is to confine the magnetic ficlds of

Fie. 19. Practical the coils to prevent their reaction on earlier
Forms of Inductance qtageg in the line of amplification.
Coils Showing Elec- ian .
tro -~ Magnetic  Field , 28. Iron Core Inductance—This form of
Surrounding Each.  inductor is made by winding many turns
of wire on an iron core. The core may be
of the open or closed type. An iron core inductance acts as an
impedance to the flow of alternating or pulsating current, It is
usually found in circuits of audio frequency. It ranges in value
from 1 henry to 200 henrys in inductance. The use of such coils
will be shown in later chapters.
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29. Capacity Effects—When water is poured into a container
the pressure in the container depends on how high the level of the
water is raised; the pressure will be directly proportional to the
quantity of water put into the container, and inversely propor-
tional to its size and shape. The size and shape will qualify what
might be called the capacity of the container. If the container is
connected to a tank containing water, a discharge will flow into
it until the levels or pressures are the same in both, and the greater
the capacity of the container the more water will flow in to
equalize the pressures.

30. Dielectric Current—Similarly, if a perfect insulating
material, with no other conductors near it, is charged by connect-
ing it by contact or by a wire to a source of e.m.f., a charge will
flow into it until the two are at the same potential. A small sensi-
tive indicator of current connected in figure 20 will show a sudden

) Condenser plates
»
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ielectric Sensitive

milliammeter
Key

Fig. 20. Production of Displacement Current in a Condenser.

deflection each time the key is closed and will soon return to zero.
The momentary flow of current is due to the production of an
electric strain or displacement of electricity. This is resisted by
a sort of elastic reaction of the insulator that may be called electric
stress. On account of this reaction of the electric stress, the electric
strain due to a steady applied e.m.f. reaches a steady value, and
the current becomes zero. When the electric strain is allowed to
diminish a current again exists in the opposite direction. A current
of this kind, called a “ displacement current,” exists only when the
electric strain or displacement is changing. When considering the
existence of electric strain or displacement in an insulating mate-
rial the material is called a “ dielectric” and the displacement
current is sometimes called a “ dielectric current.” The electric
displacement is a movement of electrons with the positive electrons
of each molecule of the substance gathered at one end and the
negative at the other. A dielectric in such a strained condition pos-
sesses a charge of electricity and is sometimes called electricity in
“ electrostatic ”’ form or electricity at rest.
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31. Condensers—A condenser is constructed of several con-
ductors placed parallel to each other and separated by an insulator
called the dielectric. It usually takes the form of one metallic
plate or set of plates joined together and separated from a similar
plate or set of plates by a dielectric of glass, ebonite, paraffin, oil,
mica or air.

The capacity of a condenser depends on:

(a) The area of the plates.

(b) The distance between the plates.

(¢) The material of the dielectric.

If an experiment is made of the effects of glass and air as the
dielectric of a condenser, it will be found that the glass increases
the capacity 6 to 10 times as much as the air.

The “ dielectric constant ”” of a substance is, therefore, its effect
when used as a dielectric as compared with an air dielectric. The
following table shows the dielectric constants of various materials
used as insulators in condensers.

Dielectric
Material Constant
4§ AP 1.0
GlasS et e 4.0 to 10
MICA ittt e 40 to 8
Hard Rubber ..., 20to 4
Paraffin  ...ooeiii e 2 to 3
Paper, dry ..voviiii i e 1.5t0 3
Paper (Treated as used in cables) ............ 25t 4
Moulded Insulating Material, Shellac base ..... 4 to 7
Moulded Insulating Material, “ Bakelite” ...... 5 to 7.5
Transformer Oil ........ ... ... ... evii... 2.5
Water, distilled ......ooiiiii i 81.0

A wide variation is seen in the values given for some substances.
The different grades and kinds of different materials vary consid-
erably in many of their physical properties, including their elec-
trical properties. For instance photo glass as used for plates has
a higher dielectric constant than that of plain window glass.
Moulded insulating material known to the trade as bakelite has
a much higher dielectric constant than other substitutes com-
monly spoken of as moulded *“ mud.”

If the voltage applied is from a source of alternating current,
the values of the dielectric constant may differ considerably from
the values of direct current. This is particularly true if the alter-
nating current has a very high frequency, such as used in radio
communication.

Dielectric materials are not perfect insulators, but do have a very
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small conductivity. A charge in a condenser will be slowly dissi-
pated if allowed to stand with its terminals disconnected. This is
called the ““leakage ’ of the condenser. A condenser of which the
dielectric is moulded “ mud ” or paper which has not been treated
will sometimes discharge due to leakage within a few minutes.
The lower the degree of conducting the longer the charge will re-
main in the condenser.

The thinner the dielectric, everything else being equal, the greater
the capacity. The breaking down potential for a dielectric depends
on its thickness as well as on the material ; consequently, the thick-
ness of the dielectric which must be used in a condenser depends
on the potential strain it will be required to stand as well as the
material used in the dielectric. Thus, the dielectric strength is
measured by the voltage which will break down the insulation of
unit thickness of the material. The values vary according to the
shape of the electrodes between which the dielectric is placed.
Thus, when capacity is increased by decreasing the thickness of the
dielectric for a given potential, there is a certain thickness for
each dielectric that may be used and the best dielectric has not
necessarily the highest dielectric strength.

The larger the capacity of a condenser the more charge is re-
quired to bring it to a given potential. Thus, the potential is
directly proportional to the charge and inversely proportional to
the capacity as in the water analogy, or in the symbols.

E=% or =% o Q=CxE,
E = potential,

Q = quantity or charge,

C = capacity.

Unit capacity would be that of a condenser which is raised to
unit potential by unit charge. The practical unit of capacity is
called the “farad.” A condenser whose capacity is one farad
would be raised to a potential of one volt by a charge of one
coulomb. A farad is far too large a unit for ordinary purposes
and the following sub-divisions are generally employed in practice
as follows:

1. “p fd.” = .oooo01 farad,

*1 “ u p {d.” = .00000000000T farad.

(* Sometimes written “pfd” mean pico farad, will probably replace
micro-micro-farad.)
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32. Dielectric Hysteresis—If a charged condenser is dis-
charged and left undisturbed for, say, 30 seconds, a small second
discharge can be obtained from it, and sometimes a third one. This
is due to the fact that when charged the strain across the dielectric
causes the charges to leave the plates and really settle on the sur-
face of the dielectric, through which they are bound by electric
lines of force, or ether strain in the dielectric. When the opposite
sets of plates are suddenly discharged through a circuit joining
them, such as a wire or a spark gap, the following electrons rushing
around the circuit neutralize the positive and negative charges but
some are still left straining across the dielectric, trying as it were
to get across that way instead of taking the easier path that has
suddenly been provided for them; the dielectric does not entirely
recover from the strain when the discharge takes place. The
charge which flowed out instantaneously upon discharge is called
the “ free charge.” The charge which flows out the second or
third time is called the “ absorbed ” or “ residual charge.” In con-
densers made with oil or well-selected mica for the dielectric, ab-
sorption is small. This absorption is manifest by heat in the
dielectric and represents a loss of energy.

33. Series and Parallel Connection of Condensers—Condens-
ers may be connected either in series or in parallel. If connected
in parallel, the combined capacity is equal to the sum of their
capacities, or:

C=C+C+G.

Connecting them in parallel is equivalent to adding the plate
areas. If three condensers of similar construction cach having a
capacity of .004 p fd. are connected in parallel, the resulting ca-
pacity would be .o12 p fd.

If condensers are connected in series the resulting capacity is
less than one alone. If the condensers have equal values of ca-
pacity, their combined capacity is obtained by merely dividing the
capacity of one by the number of condensers in series, but if they
have unequal values, the resulting capacity is equal to the recip-
rocal of the sum of the reciprocals or,

I

T,
Cl (- ‘2 3

1f three condensers of .004 u fd. are connected in series, the
resulting capacity would be .0013 p fd. 1f three condensers of




30 RADIO MANUAL

002, .003, and .004 u fd. were connected in series the resulting
capacity would be .0009z p fd.

The voltage that several equal condensers in series will safely
stand is as many times greater than the voltage of one as there are

004 MFd ) ]
o’ _ |.oosmrd 002 M

—,.004 M#d.
52:@4/‘”& . _:ng M
[aj;‘? MFd. :[004. e,

cl

004 Mfd

J0IR Ifd. 00133 00092 Y Mfd.
Total gfyective cap. Jotal effective cap Total effective C4p

Condensers in paraliel  (ondensers of live  Condensers of unlixe
ralues in series.  yalues in series.-

C=Cr4 Ca+C3
. 6‘:-& C= /
J T+ 1 7
[} + ££+TJ.

Fic. 21. Series and Parallel Connection of Condensers.

condensers in series. Advantage of this is often taken in building
condensers for high voltages. Using this principle, a .004 p fd.
condenser to stand 20,000 volts can be made of twenty 1000-volt
sections of .08 p fd. each, all connected in series.

Transmitting condensers are sometimes protected by having a
safety gap mounted on their terminals. The gap is so spaced that
should the condenser be subjected to an excessive voltage a dis-
charge will take place across the gap, thus lowering the potential
of the condenser and preventing a rupture of the dielectric.

It has Deen shown that a condenser when first connected to a
charging source has zero potential, and as the current flows, the
potential rises until the voltage of the condenser is equal to the
voltage of the charging circuit; the flow of current then stops. If
the charging potential is decreased, the condenser will start to dis-
charge and current will flow out in the opposite direction to which
it was charged. The voltage of the condenser tends to set up a
back pressure which tends to drive the charging current back.
The effect of capacity in a circuit increases the time required to
obtain a maximum flow of current through the circuit. Inductance
in a circuit tends to prolong the flow of current while capacity
tends to extinguish it or hold it back. The effects of counter
e.m.f. of inductance and capacity produce a great effect on the
flow of alternating current.

34. Alternating Current—An alternating current differs from
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a direct or steady current due to the fact that it is changing in
direction and strength.

From zero potential it starts to flow in one direction; reaching
a maximum value it gradually returns to zero potential, only to
flow again but in the opposite direction, reaching a maximum value
in this direction and again returning to zero potential. This con-
stitutes what is called one complete cycle. Each cycle is composed
of two alternations. One alternation is the flow of current in one
direction starting from zero rising to a maximum value and
returning to zero again. The highest value of current reached
during an alternation is called its amplitude. The number of com-
plete cycles occurring during a second of time is called the fre-
quency of the current. Thus a 500-cycle generator produces 1000
alternations of current per second. The process is conveniently
pictured by what is commonly called a “ sinewave ” as shown in
figure 22.

20
s ™
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0 || fondenser
; 1\ / i
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e——-—— {(yc/e AL Gen. Zamp
Fic. 22. Curve of One Fic. 23. Condenser in
Complete Cycle of Alternating Series with A.C. Cir-
Current. cuit.

It can be shown that the voltage and current curves of an alter-
nating current may be irregular or distorted in form and if pic-
tured graphically will show besides the fundamental, other fre-
quencies which are multiples of the fundamental and are known
as harmonics. If a harmonic is double the frequency of the
fundamental it is known as the second harmonic; if three times,
the third harmonic and so on. The fundamental is known as the
Ist harmonic. Harmonic frequencies are quite common to radio
frequency currents as will be shown later.

Alternating currents having a frequency below 10,000 cycles
per second are called audio frequency currents and those above
10,000 cycles are called radio frequency currents.

An alternating current can flow in a condenser in the form of a
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dielectric current. An alternating e.m.f. in a circuit with a con-
denser will have the effect of allowing the current to flow through
the condenser. Consider the arrangement as shown in figure 23.
A very small lamp and a condenser of at least 20 micro-farads are
connected in series with an alternating current generator. As
long as the circuit is closed the lamp will be lighted indicating the
passage of current.

If direct current was applied to this current the lamp would be
lighted only momentarily such as when the circuit was closed or
until the condenser was charged to the same e.m.f. as the applied
em.f. With an alternating enm.f. in the condenser circuit the
alternating current is constantly flowing into and out of the con-
denser to keep the voltage between the plates equal to the in-
stantaneous value of the applied e.m.f. The current is largest
at those moments when the applied e.m.f. is changing most rapidly,
it is zero at the moments when the e.m.f. is for a moment sta-
tionary at its maximum values.

35. Impedance—The flow of direct current through a given
circuit is opposed only by the ohmic resistance, but the flow of
alternating current is opposed by the counter e.nm.f. of self-in-
duction as well as ohmic resistance. The effect of self-induction
in a direct current circuit is only momentary, the effects being ob-
served only when the current is changing in value such as would
occur when the circuit is closed or opened. Consider the circuit as
shown in figure 24. The presence of the choke coil retards the

—— WA
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I'16. 24. Reactance Coil.

flow of current when the key is closed and tends to prolong it after
the key is opened. If the battery were to be replaced by an alter-
nating current generator there would be a constant opposition to
the alternations of current, i.e., the counter e.m.f. self-induction
of the choke would retard an alternation from reaching its maxi-




LELECTRICITY AND MAGNETISM 33

mum amplitude and would also tend to delay it from falling to zero.
The counter em.f. of self-induction is called reactance and as it
is a certain form of resistance it is convenient to measure it in
ohms. The combined opposition of reactance and ohmic resistance
is called impedance (expressed as 7Z) and it also is measured in
ohms. However, the combined resistance, or impedance of a cir-
cuit in which there are values of reactance and ohmic resistance is
not found by adding the values of each but expressed as follows:

Impedance or Z = VR + X*.

Where R = resistance of circuit in ohms.
X = reactance of circuit in ohms.

The counter e.m.f. occasioned by a circuit loaded with induc-
tance is termed “ inductive reactance.” It is expressed:
Inductive reactance = 6.28 X NL.

N = frequency in cycles per second.
L =the inductance in henrys.

From the formula it can be seen that the higher the frequency
the greater will be the inductive reactance. At radio frequencies
(frequencies in excess of 100,000 cycles) the reactance of a given
coil reaches high values.

The counter e.m.i. occasioned by a condenser in series with an
alternating current is called capacity reactance. It is expressed:

I

acity R = — .
Capacity Reactance 528 X NC
N = frequencies in cycles per second.
C = capacity of condenser in farads.

A condenser offers less obstruction to the flow if the alterna-
tions are rapid than if they are slow.

36. Phase Displacement—If an alternating current circuit is
composed of resistance only the current and voltage sinusoids
reach their maximum points at the same instant and simultaneously
pass through zero. By introducing inductance in the circuit the
current curve reaches the maximum at a time later than does the
voltage curve, the interval of time depending on the value of the
inductance and the frequency of the circuit. This difference in
tinie is called phase displacement. Such a circuit is said to have a
“lagging phase.” See left hand drawing of figure 25.
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If a condenser was placed in the same circuit and capacity re-
actance predominated the opposite condition would exist, that is,
the current would ““lead ” the voltage, reaching its maximum at a
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Voltage and current Voltage and current Jwovoltage curves in,
curves with lagging in phase. opposite phase.
phase. Fhase angle 180°

Fic. 25. Curves Showing Lagging and Leading Phases.

time before the latter. A circuit of this type is said to have a
“leading phase.”

Difference in phase is nothing more than difference in position
in the cycle. Phase displacement is expressed in terms of the
degrees of a circle, i.e, an alternating circuit current is said to
have an angle of lag of a certain degree depending upon the con-
stants of the circuit.

The effect of phase displacement on the power of the circuit is to
reduce the value of power for the same value of current and volt-
age as compared to the power in a purely resistance circuit. When-
ever an alternating current load contains reactance elements, then
the product of E and I does not give the power put into that
load. This product must be corrected by being multiplied by the
“ power factor ” which is always smaller than one and is usually

@attmeter
@ Pri. =~
el
=

Fic. 26. Wattmeter Connections.

given in percent. Since one generally does not know the power
factor it is therefore best to use a watt-meter which makes the
multiplication and correction automatically.

37. Single and Polyphase Alternating Current—An alternat-
ing current having but one e.m.f. is known as a single phase cur-
rent. An a.c. having two more e.m.f.’s differing by a fixed amount

is called a polyphase current.
1f three conductors were spaced on an armature 120 degrees
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apart and revolved between the poles of a U magnet there would
be generated in the conductors three e.m.f.’s differing in phase
by 120 degrees. If the three conductors are connected to an ex-
ternal circuit the system would be known as a three-phase circuit.

38. Effective Value of Alternating
E.M.F. and Current—In order to deter-
mine the effectiveness of an alternating cur-
rent the root of the average square (r.m.s.)
of the instantaneous values of current is taken
and is expressed in terms of the strength of

Fre. 27. Voltage 3 given direct current which would produce
Curve of Three-Phase the same heati T
Alternating Current. 5 power or heating etfect. .

Example: If 10 amperes of direct cur-
rent pass through a resistance of 2 ohms the power of the current
converted to heat will be /2R or 10 X 2 = 200 watts.

If an alternating current is passed through the same resistance
and is adjusted as to strength that 200 watts are consumed in heat
there will be 10 amperes of alternating current flowing.

The effective value of alternating current is .707 of the maxi-
mum value per alternation. The maximum value of the current in
figure 22 is 20 amperes. Its effective value is 20 X .707 = 14.14
amperes. The current rises and falls uniformly between the value
of 4- 20 amperes and — 20 amperes, producing the same heating
effect as a direct current of 14.14 amperes.

The maximum voltage per alternation of an a.c. circuit is 1.41
times the effective valne. The maximum voltage per alternation
in 110 volt a.c. circuits is then 155 volts.

Commercial alternating currents are usually of sine form at the
generator although many things can happen after that to distort
the wave form. Alternating current meters read in “ effective
value,” or ‘“direct current equivalent,” so one needs no mathe-
matics to determine the effective values of such currents.

39. Hot Wire and Thermo-Couple Ammeters—Radio fre-
quency currents are measured by the heating effect of a piece of
wire or strip of metal. Such instruments are called “ thermal
ammeters.” They are divided into two classes called ““ hot-wire ”
and “ thermo-couple ” ammeters.

The hot-wire ammeter depends for its action upon the expansion
of a metal wire when it is heated. Figure 28 illustrates the prin-
ciple. The wire AB is connected with the radio frequency cur-
rent. The resistance of the wire is such that it will stretch when
heated by the r.f. current. The spring S exerts a pulling action
on the slackened wire through the thread 7. The resultant mo-




36 RADIO MANUAL

tion causes the needle N to move over the scale. The degree of
movement depends upon the amount of current flowing in the wire
AB. The scale is calibrated in amperes so that the position of the
needle shows directly how large the current is.

The thermo-couple ammeter depends for its action on the
em.f. produced by heating two dissimilar metals. The value of
e.n.f depends on the combination of metals and ordinarily in-
creases directly as the temperature is increased.

Fic. 28 Principle of Fig. 29. Principle of
Hot-Wire Ammeter. Thermal Ammeter.

The theory of operation can be explained by referring to figure
29. The two dissimilar metals C and [ make contact with the
hot wire AB, in which the radio frequency current is flowing. The
e.m.f. produced by the heat at the junction F is communicated
to the direct current ammeter 3. As previously explained, the
heat due to given number of amperes of alternating current is the
same as that of an equal number of amperes, direct current. A
deflection of the needle of the ammeter indicates the effective
value of current as alternating current meters of radio frequency
variety read in “ effective value” just as do ordinary 6o-cycle or
5o00-cycle instruments.

40. Skin Effect—The resistance offered by a wire to radio
frequency current is not the same as for a direct current. The re-
sistance increases with frequency. Radio frequency currents are
conducted only on the surface of the wire, hence, it is the surface
area and not the cross-sectional area which is the most important
in determining the resistance to currents of high frequency.
Stranded wire or tubing, or metal strip is often used in connecting
up radio apparatus, because the same amount of copper has much
more surface in such shapes than when it is formed into solid wire.
It should be remembered, however, that it is possible to carry this
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to extremes. It is common for radio amateurs to use large strip
copper where there are only small currents. There is no point in
this and it needlessly complicates the apparatus.

41. Frequency Meters—The speed of induction motors,
motor generators and other alternating current apparatus depends
on the frequency of the supply circuit. Change in frequency is
accompanied by a change in speed. Changes in frequency cause
corresponding changes in the reactance of circuits, which may be
a considerable disadvantage. A consideration of these facts leads
one to appreciate the need for a reliable frequency meter.

Weston frequency meters are found on the switchboards of
almost all radio transmitters of the spark type. They are em-
ployed in the power circuit of transformers at frequencies of the
order of 500 and 1,000 cycles per second and are known as the
resonant type of frequency meter, model 353, type 2.

The type 2 instrument is self contained, i.e., the reactors, re-
sistors and condenser are contained within the instrument case.

Figure 30 illustrates diagrammatically the electrical circuits of
the instrument. The vertical field coils designated as 1 are con-
nected to the line through a resistor R, a condenser C, and two
protecting reactors, X-1 and X-2. The horizontal field coils 2
having a reactor X in series with them, the coils and the reactor
are shunted by the condenser C.

By referring to figure 30 it will be seen that the current which
passes through the reactor X traverses field coils 2. This is a
lagging current. It produces in coil 2 a magnetic field tending to
hold the needle in a plane perpendicular to the coils. This lagging
current also traverses coil I.

The current which passes through the condenser C likewise
traverses coils I but this is a leading current. The resultant of
the lagging and leading currents in coils 1 produces a magnetic
field tending to displace the needle from the normal position.

When the frequency is lower than normal the lagging component
of the current in coils 1 preponderates because of the decrease in
reactance of reactor X and the increase in reactance of condenser
C. Therefore, the effect of the resultant current in coils 1 is to
deflect the needle to the left of its normal position.

When the frequency is higher than normal the leading com-

- ponent of the current in coils 1 preponderates as the reactance of
X is increased and that of C decreased. The resultant current now
causes the needle to deflect to the right of its normal position.

At normal frequency the effect of the fundamental of the cur-
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rent passing through coils 2 is very greatly magnified by the cir-
cuits 2, X, C, becoming resonant.

Because of this the current passing through coils 2 is very large
while what passing through coils 1 is only the small line current.
Thus the action of coils 2 on the needle is so great and that of coils
I so small that the needle remains in its normal position. The
resonant feature enables a large torque to be obtained with a very
small current being taken from the circuit.

I Line

X,

Fic. 30. Circuit of Frequency Meter.

Because the resonant circuit amplifies the effect of the funda-
mental only and the reactors X-1 and X-2 together with the resistor
R prevent the passage of harmonics through the field coils 1, this
instrument is not at all affected by distorted wave form, indicating
with the same degree of accuracy on a sinusoidal wave form or on
a wave having practically a rectangular form.

Model 355, type 2, instruments are designed for a normal
voltage range from 110 to 220 volts, with an overload capacity,
which allows the voltage to reach 350 volts without injuring the
instrument. This renders the instrument suitable for use on radio
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telegraph sets when the open circuit is high but the operating volt-
age considerably lower.

42. Resonance in Alternating Current Circuits—By the
proper selection of inductance and capacity values in an alternating
current circuit the counter e.m.f.’s can be made to balance and
the reactance therefore reduces to zero. The circuit then acts as
if neither inductance nor capacity were present and the flow of
current is governed solely by the ohmic resistance. When this
condition exists the circuit is said to be a resonant circuit as the
frequency of the circuit corresponds to the frequency of the cur-
rent flowing in the circuit. The frequency at which this occurs is
called the “ resonance frequency.” Every combination of capacity
and inductance has its reactance equal to each other at some fre-
quency or other, which is usually a frequency different from the
one that it is desired to work at. Therefore, it is convenient to
have either the inductanee or the capacity or both variable so that
the “ resonant frequency ” can be adjusted to that desired.

The inductive and capacity reactance will be equal in such a cir-
cuit if the following condition exists:

43. Inductive Reactance = Capacity Reactance, or

1
6.28NL = 638NC
44. Reactance Coils—Reactance coils consisting of several
turns of insulated wire wound on an iron core are connected in
series with alternating current circuits at commercial frequencies to
either secure resonance at a certain frequency or to provide an
inductive reactance whereby the current flowing in the circuit is
retarded. The reactance of such coils is made variable by either
providing taps on the windings connmected to a suitable switch or
the reactance value can be changed by moving the core in and out
of the windings.

Reactance coils having air cores are employed in radio frequency
circuits and are known as radio frequency choke coils. The re-
actance of such a coil is very high at such frequencies. They are
used to prevent the flow of radio frequency currents in some branch
of the circuit.

The reactance of a given coil at radio frequencies may be of
such a high value that little or no current would flow unless a
certain amount of capacity was inserted in the circuit in the form
of a condenser. By making the values of both inductance and
capacity variable the inductive reactance can be made to equal the
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capacity reactance and then the current will build up to large
values. If a condenser of .0o0r5 farad were counnected in series
with a 60-cycle alternator the capacitive reactance would be:

I
6.28 X 60 X .000I5
= 17.6 ohms approx.

Cap. Reactance =

If resonance were desired in such a circuit it would be necessary
to insert an inductance of .046 henry approx. as:

I

6.28NL = m .
Substituting,

I

(B35 08 (0 08 0 = 6.28 X 60 X .00015 ’

In order to transfer emergy from one circuit to another by
magnetic induction as is done in radio telegraphy and telephony
the circuit to which energy is to be transferred must be in reso-
nance with the first circuit.

=
70 source
of RF current

Fi1c. 31. Showing How Resonance is Obtained in an Alternating Current
Circuit.

It can be adjusted to resonance by trying different values of in-
ductance and capacity until the current indicating device of the
second circuit shows a maximum deflection.

The process of adjusting the circuits to resonance is called
“tuning.” Figure 31 shows the arrangement of two radio fre-
quency circuits electromagnetically coupled whereby they can be
tuned to resonance by choosing different values of inductance or
capacity.

45. Alternating Current Transformers—There are two kinds
of alternating current transformers commonly employed in radio
telegraphy and telephony. The purpose of one is to change or
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transform alternating current of low voltage and comparatively
large current to alternating current of higher voltage and smaller
current or vice versa.

The transformer which is used to produce a higher voltage is
called a “step-up ” transformer. A transformer used to produce
a lower voltage than the input is called a “ step-down” trans-
former. g

The step-up transformer is employed to produce high voltages
to charge condensers in a spark system for radio transmission. It
is also used to produce high voltages for the plate supply of vacuum
tube transmitters. The step-down transformer is used to operate
the filaments of vacuum tubes.

46. Construction—An alternating current transformer con-
sists of two windings so placed as to have appreciable mutual in-
ductance. The winding or coil to which the input power is de-
livered is called the “ primary ” and the winding which delivers
the “ output ” to the load circuit is called the secondary. These
windings are placed over an iron core which is common to each
and increases their mutual inductance.

77/ LTI T

AL LY,

dpen core transformer Closed core transformer

Fic. 32. Open and Closed Core Transformers.

In some transformers the path of the magnetic flux is partly
through the air; such a transformer is called an “open-core”
transformer. A transformer on which the magnetic flux is en-
tirely through iron is called a “closed core” transformer. The
two different types are shown in figure 32. A closed core trans-
former has a very small leakage flux. Very little flux exists in
the air surrounding the core due to the complete path of high
permeability offered by the closed core. Usually the primary con-
sists of several coils or “ pies ” connected in series and placed di-
rectly over the center of the iron core with strips of wood to space
the winding from the core in order to allow ventilation.

The secondary also consists of several pies connected in series
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and slipped over the primary with an insulating tube between

them.

Transformers having air cores are employed at radio fre-
quencies. The mutual inductance of such windings of an air-core
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transformer is comparatively small.
ficiency of such transformers is very low.

LAYERS oF

Scctional View of Closed Core Transformer.

At low frequencies the ef-
If such transformers
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were to be employed at high powers it would become very ex-
pensive.

The core of an alternating current transformer employed at 60
cycles is constructed of many thin sheets or laminations of silicon
steel. By the use of silicon steel laminations the losses due to
eddy currents are reduced and the transformer can be operated at
higher flux densities than one which is not laminated.

47. Ratio of Transformation—If the primary of a step-up
transformer has 100 turns and the secondary 1000 turns, the turn
ratio is expressed as 1 to IO.

When an em.f. of 200 volts is applied to primary an e.m.f.
of 2000 volts will be induced in the secondary, and if the primary
current is 50 amperes, the secondary current will be 5 amperes.
From this it can be seen that the larger the number of turns on the
secondary as compared to the primary the larger will be the voltage
induced in the secondary, and if the voltage is stepped up the cur-
rent is reduced or will have a smaller value than that of the primary.
The secondary of a step-down transformer, therefore, has fewer
turns than the primary but the wire must be larger.

48. Transformer Operation—The primary circuit of the
transformer is connected in series with a source of alternating
current which magnetizes the iron core, periodically causing a vary-
ing flux to flow through the iron core in accordance with the
alternations of current. The variable flux cuts the windings of
the secondary, thereby inducing an e.m.f. in this winding, and if
the secondary is a closed circuit a current will flow. The current
will flow in the secondary in such a direction as to tend to cause
a magnetic flux in the core in a direction opposite to the direction
of the flux caused by the current flowing in the primary. The
flux existing in the iron core must be of sufficient magnitude to
induce in the primary winding a back e.m.f. of the same value
as the terminal voltage. In order to maintain the flux constant,
the current flowing in the primary winding must increase to a
value such that the increase in the primary ampere-turns is suf-
ficient to overcome the opposing magnetic effect of the secondary
ampere-turns. This reduces the affective inductance of the pri-
mary to such a value that sufficient primary current is available in
order to maintain a constant flux ; when the load is on the secondary
the effective inductance of the primary becomes quite small.

49. Losses—The principal losses in a power transformer are
of two kinds, the “ copper losses "’ and the “ core or iron losses.”
The copper losses in the primary and secondary windings are equal
to the current squared times the resistance. The “ core losses " are
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of two kinds, the first of which is the “ eddy current ” losses due
to currents induced in the iron core. By the use of laminations
in the core the eddy current loss is considerably reduced. Due to

Fi. 336. 2 KW. 500-Cycle Transformer. (American Transformer Co.)

the constant reversals of magnetism within the core considerable
energy is expended in changing the positions of the molecules of
the iron laminations. This expenditure of energy is known as the
“ hysteresis ”’ loss. The core losses occur as long as a voltage is
applied to the primary and are nearly the same whether the second-
ary is delivering a load current or not.

50. Cooling—The losses in a transformer represent electri-
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cal energy converted into heat. Some means must be provided for
dissipating this heat, or the temperature of the transformer may
rise, until it is destroyed. Radio transformers of small size are
usually cooled by simply being exposed to the air. The exposed
surface of the winding is sufficient to dissipate the heat. Large
transformers are cooled by immersing the windings in oil.

51. Reactance Regulator—The low frequency power circuit
of a radio spark transmitter is usually adjusted so that it is reso-
nant at a frequency approximately 15 percent below the hest oper-
ating frequency. This prevents the note of the transmitter from
“mushing ” when the key is closed. It is accomplished by con-
necting a reactance coil in series with the primary windings of
the transformer. Such a reactance is either variable in steps or
is of a fixed value and adjusted at the factory by the manufacturer.

52. Method of Connection of Two-Phase and Three-Phase
A.C. Transformers '—Two-phase circuits nearly always have
four wires and are equivalent to two single phase circuits in which
the currents have the same frequency and always preserve a definite
phase relation to each other. Both phases are used for motors,
half the power being drawn from each phase so that the same

Fhase 2.
Fhase 1. [ 2avovorrs [
Pri. Fri
Sec. Sec.
100 volts l
7o Joad.

F16. 34. Parallel Connections of Step-Down Transformers to Two-
Phase Current.

transformer capacity must be connected to each phase. For
lamps, the transformers are connected the same as to single-phase
circuits, care being taken to divide the load between the two phases
as nearly equal as possible. If two transformers are connected in
parallel, both primaries must be connected to the same phase as in
figure 34. If connected to different phases secondary currents will

1 This paragraph by courtesy International Textbook Company, Copy-
right. Used by permission.




46 RADIO MANUAL

he out of phase and local currents will circulate through the scc-
ondary coils, resulting in waste of energy and unnecessary heating.
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F1G. 34a. Two-Phase, Three-\Wire System.

The secondaries of a pair of transformers may be connected
in series with one primary connected to each phase of the line
circuit, thus forming a two-phase, three-wire secondary system.

Pe
»

PHAasSE 2.

Prase 1 l 2000 voLTs

L —

Pr1. PRy,

To Loap.

Fic. 34b. Secondaries in Series aud Primaries Connected to Same Phase.

See figure 34a. This method is seldom used, since the voltages
on the two sides of such a system are easily unbalanced.
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The secondaries may be connected in series and both primaries
connected to the same phase as in figure 345, forming the regu-
lar three-wire secondary system. The voltage between the outside
secondary wires is the sum of the voltages on the two sides.

53. Three-Phase Circuits—\Vhen three transformers are con-
nected as in figure 335, two coils are in series across each phase.
This is called a ¥ or star connection. When the primaries are
connected ¥, the secondaries are usually connected in the same
way.
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Fic. 35. “Y” or Star Connection of Three-Phase Transformers.
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The terminals of the transformers may be connected, as in figure
30, thus forming a delta A or mesh connection.
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In special cases, the primaries may be connected delta and the
secondaries ¥ of the same transformers. Figure 37 shows such
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connection, as employed in radio telephony for producing high
voltages for the plate supply of rectifier tubes which after recti-
fication and filtering is used as the d.c. supply to the other tubes
of the transmitter.
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Fig. 37. Delta Connection of Primaries and Star Connection of Second-
aries as Used for Plate Supply for Radio Transmitters.

54. Induction Coil—High voltages for charging the con-
densers of spark transmitters may be obtained from the secondary
of an induction coil.

An induction coil is operated from direct current. It is limited
in the amount of power that can be used. The vibrator on such
coils requires very careful adjustments in order to produce a steady
spark note. Such coils are still in use on vessels as the emergency
apparatus and are operated from an auxiliary storage battery
usually of 24 volts.
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Fic. 38. Induction Coil.

55. Construction and Operation—The coil is constructed of
two coils wound on an open core of soft laminated iron. The
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primary has few turns of large wire and the secondary many
turns of fine wire. Connected in series with the primary is an
adjustable vibrator fitted with a soft iron armature and so con-
structed that it can be attracted by the magnetic flux of the iron
core. Each time the vibrator is attracted by the core it is thereby
drawn away from the stationary contact through which the primary
circuit is brought to anather contact mounted on the vibrator itself.
Thus the movement of the vibrator breaks the primary circuit,
stopping the primary current. The magnetism of the core now
collapses suddenly, thereby inducing a momentary current surge
in the secondary. When the magnetism of the core has died out
the vibrator is released and thereupon flies back again completing
the primary circuit. The core then becomes remagnetized and the
whole thing happens over again a considerable number of times
per second. The frequency of operation depends upon the weight
of the vibrator and the stiffness and length of the spring. An
interrupted current flows through the primary as long as the key
is closed. The changing primary current produces a variable mag-
netic flux which cuts the turns of the secondary and a current will
flow due to the e.m.f. induced in the secondary windings. The
current in the secondary flows in one direction as the current is
made and as the current is broken it flows in the opposite direction.
As the current breaks much faster than it makes, the induced
e.m.f. is much higher on the break. This is caused by the self
induction of the primary winding.

56. Radio Frequency Waves—Radio communication is the
setting up of waves in the ether and the receiving of these waves
at some point distant from the sending station. Consider the waves

that are produced on the surface of
z i a body of water as represented in
LaneI = figure 39. The straight line C rep-

resents the surface of water when

. g it is at rest. The curves represent

c ¢ ¢ the surface of the water at some
\/ \[ distant point. The tops of the

curves are the crests or highest

Fic. 30. Graphical Representa- POinits reached by the waves. One
tion of Water Waves. complete wave extends from C to
C-1 or from B to B-1. The dis-

tance from C to C-1 or from B to B-1 is called the wave length and
in radio is always indicated by the Greek letter A called lambda.

( A wave length then is the distance from any point on a wave to
the corresponding point on the next wave.

,
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Water waves are carried along by water. Water is their me-
dinm. Radio waves are carried along by the medium called ether.
Light and heat waves are also ether waves. The speed of all ether-
ical waves is the same, viz.: 186,000 miles (300,000,000 meters)
per second, but the wave length of each is different. In the water
waves the wave length was found to be the distance from the crest
of one wave to the crest of its successor. Radio waves are meas-
ured from one maximum of electric or magnetic force to the next
maximum.

There is a definite relation between the length of a wave and its
velocity. The following experiment will confirm this. Stand on
the shore and estimate the length of the water waves as they pass
by. Assume the distance from crest to crest of a wave to be 12
feet. The number of waves passing per second is 10 and is called
the frequency of the waves. \What is the velocity? If each wave
is 12 feet long and 10 pass per second the velocity must be
12 X 10==120 feet per second. This is a general rule and can be
expressed: ¥ ==Number or frequency X \Wave Length.

57. Wave Length—It has already been stated that radio
waves travel 300,000,000 meters per second. The velocity never
changes. Substituting in the formula stated above the wave length
of the radio waves can always be determined if the frequency is
known. The length of radio waves is always expressed in
meters. Likewise if the wave length is known the frequency of
the waves can be determined as follows:

vV 14
F= ~ A=
Lxample: \Vhat is the frequency if the wave length is 300
meters?
300,000,000

300

F = 1,000,000.

The frequency of radio waves is expressed in cycles per second.
The frequency of the waves in the problem above is 1,000,000
cycles per second. With the development of short wave lengths
(wave lengths less than 100 meters), by the amateur experimenters,
the expression of frequencies in cycles of such waves necessitated
the use of large numerals. It is more ecasily expressed in kilo-
cycles or megacycles. 1 kilocycle== 1,000 cycles, I megacycle
= 1,000,000 cycles. The frequency of 1,000.000 cycles can then
e expressed as 1,000 kilocycles or 1 megacycle.
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Referring again to figure 39, it will be noted that the waves are
divided into two parts: One above the straight line and the other
below it. In one part the water has moved upwards, in the other
the water has moved downwards. This is true of all waves. The
maximum value that the wave moves upward or downward is
called the amplitude of the wave. It is the amplitude of a wave
that determines how much energy the wave contains.

Radio waves are made up of two parts, i.e., electro-static lines
of force and magnetic lines of
force. IExperiment shows that
electro-static lines of force travel
at right angles to the magnetic
lines of force. The magnetic
lines of force always travel paral-
lel with the ground, sweeping
back and forth; and«the electro-
static lines of force travel perpen-
dicular to the ground, sweeping it

. e up and down. DBoth the electro-
¢ ’,’H‘Z;T,ZQ’Z’Z}GBZ?”””' static and the electro—nlmgl.letic
. ‘ . lines of force reverse their direc-

F1e. 40. Components of Radio ;. every half wave length.
Wave Showing Direction of .

Movement, One wave constitutes an electro-

static field which travels first in
one direction and then in the other. The same is true of the
electro-magnetic wave.

58. Antenna System—In order to produce electro-mag-
netic and electro-static waves in the antenna system and have them
radiated into space it is necessary to excite the antenna by con-
necting it to a source of alternating current. A 6o-cycle alter-
nator such as produces house current would not do. In order to
secure resonance in such a circuit, it would require an antenna of
tremendous dimensions. The radiation from such an antenna
would be negligible at a frequency of Go cycles. The frequency
of the alternating current in the antenna must be very high in
order for the radiated waves to produce any distant effect in a
receiving antenna circuit. The frequency of the alternating cur-
rent necessary to produce radio waves is between 710,000 and
600,000,000 cycles, per second. The radiation from a vertical an-
tenna of a single wire is illustrated in figure 41. It is called a
Marconi antenna. Marconi made the first use of grounded an-
tennas. The wires of an antenna are considered one plate of a
condenser and the ground the other. If the antenna of figure

Field

Direction of electro-stafic
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41 is connected to a source of radio frequency current the field of
the antenna and earth is surrounded by lines of force, which die
away when a discharge current flows, and are set up when the

£lectro-magnetic ine

Flectro ~static
line

Alteriator
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Fic. 41. Radio Waves Surrounding Grounded Antenna.

charging current flows; thus an increasing or decreasing electric
strain is identified with a current in one direction or the other re-
sulting in a wave motion.

As already stated the wave motion consists of an expanding
static field which is accompanied by a magnetic field, both being
radiated at right angles to each other and to the direction of propa-
gation.

The natural or fundamental wave length of an antenna is de-
termined by its height, length, the number of wires, and its geo-
metrical shape.

The higher the antenna, the more the energy radiated. The nat-
ural wave length of the antenna is the wave length without any
inductance coils or condensers in series with it. In order to operate
the antenna at a wave length below the fundamental wave length
it is necessary to employ a condenser in series with the antenna.
The wave length of an antenna is increased by adding inductance
at its base. Every antenna has a certain, amount of distributed in-
ductance and capacity. The inductance of the wires forms the dis-
tributed inductance. The distributed capacity is formed by the
wires acting as one plate of a condenser and the ground the other,
The capacity of the condenser thus formed is dependent upon the
length and number of wires in the antenna and the distance be-
tween each wire, as well as the height of the antenna above the
ground. When another capacity is connected in series with the
capacity of the antenna the same effect is produced as two con-
densers in series. The capacity is thereby reduced. The funda-
mental wave length can be calculated directly from the dimensions
but as such formula are too complicated for the average operator
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they will not be shown here. However, an approximation can be
made as follows: For a simple vertical grounded antenna, the ap-
proximate fundamental wave length is 4.2 times the total length
of the antenna in meters including lead in. When four wires are
employed in the flat top the constant 4.4 should be used.

The various methods employed to excite an antenna will be
shown in a later chapter devoted to short wave length transmission
as used by amateurs.

59. Damped Waves—The waves as illustrated in figure 42
are called damped waves. It should be noted that the waves

AN
\/\/

F1g. 42. Damped Waves.

diminish in amplitude, i.e., each succeeding wave has a smaller
amplitude than the preceding one. All the waves from S to F
comprise one wave train. A mechanical analogy will illustrate
the production of a damped wave train. Hang a weight on a
spring balance, pull the weight down and let it free. It will vibrate
up and down and gradually come to rest. The moving weight will
set up waves in the air which cannot be heard (sub-sonic), but
these waves are of exactly the same character as the motion that
produces them. The motion of the weight is gradually decreased
due to friction and finally it comes to rest. The waves produced
in the air by movement of the weight are exactly as shown in fig-
ure 42. They are of decaying amplitude. The radio waves pro-
duced by spark transmitters employed in connection with mobile
radio telegraphy are also of decaying amplitude and are called
damped waves. The production of such waves and their effect on
a radio receiving antenna will be shown in a later chapter.

ANVANVA!
VARVARV,

Fi6. 43. Undamped Waves.

60. Undamped Waves—Waves in which the amplitude re-
main constant are called undamped or continuous waves (C.W.).
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The-following experiment will illustrate how a wave train of con-
stant amplitude can be produced. The same spring balance and
weight is used for this experiment. Pull the weight down and let
it free. When it has gone up to its highest part and is starting
downward again, tap it just hard enough for it to go down to the
first, lowest position. Do this each time it starts downward. Its
motion and hence the waves set up by it can be represented by
figure 43. The amplitudes of all waves are the same. It is an un-
damped wave. In order to make it undamped or continuous it was
necessary to add energy by tapping it at the proper time. Un-
damped waves have certain advantages over damped waves.

The production of undamped radio waves by both the vacuum
tube and arc will be taken up in succeeding chapters.



CHAPTER 2
MOTORS AND GENERATORS

1. The Alternating Current Generator—The magneto such
as is used for producing current for operating polarized telephone
ringers 1s the simplest form of an alternating current generator.

Referring to figure 44, the following takes place: Magnetic
lines of force are flowing across the field from the N. to the S. pole
of the permanent magnet. To induce an e.am.f. in the rotary coil
it must move through the lines of force, and in A, the maximum
number of lines is passing through the coil. The number of lines
does not change until the armature has passed beyond this position
as shown in B and the voltage is zero. As the armature rotates a
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I'16. 44. Generation of Alternating Current by Telephone Magneto.

little heyond B the lines begin to change and voltage huilds up
until € is reached, when the remaining lines of force are shortened

55
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out of the coil and the rate of change of the lines is the greatest
and the voltage will be at a maximum.

When the D position is reached the lines of force pass through
the coil in the opposite direction and the voltage drops to zero.
The induced e.m.f. in the rotating armature produces an alternat-
ing current, for while the armature is passing from the position 4
to the position B, a plus or positive current is generated if the
North pole is on that side and from C to D a minus or negative
current is generated because the wire there is subject to the influ-
ence of the South pole. The curve shown is a sine curve as
explained in a previous paragraph on alternating current. A
machine generating a single alternating current is called a “ single
phase ” machine. Generators used exclusively for spark trans-
mitters are generally single phase.

Commercial alternators do not depend on U magnets but have
field poles ; the poles carry coils on a frame, which are wound alter-
nately in opposite directions so that the current flows about the
turns in opposite directions, giving the poles alternately North
and South polarity. The field poles are excited by being connected
to a source of direct current which is controlled by a variable re-
sistance so as to weaken or strengthen the field depending upon

Fi1e. 45. Fundamental A.C. Generator.

the load on the generator. See figure 45. This variable resistance
is called the field rheostat. The armature consists of several coils
so connected that the voltage induced in one coil is added on to
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that of the next coil. In small machines the armature terminals
are connected to the collector rings which rotate with the armature.
Current is taken from the collector rings by means of carbon
brushes which make continuous contact with the collector rings.

On the inductor type of alternator both the armature and field
windings are stationary. The rotating element is called the in-
ductor and controls the variable magnetic flux as will be shown
later.

Modern generators of large capacity have a rotating field and
slip rings. The armature is the stator.

2. Inductor Type of Alternator—The inductor type of alter-
nator is employed considerably in connection with radio telegraphy.
As mentioned before its field magnets and armature are both sta-
tionary. The rotating element called the inductor is constructed
of a mass of iron with many teeth or pole pieces cut in the same.
The passage of each tooth or pole piece by a field and armature
coil generates a complete cycle of e.m.f. whereas with alter-
nators of either the revolving armature type requires the passage
of two poles to cause a cycle.

The principle of operation of an inductor type of alternator is
shown in figure 46. A considerable gap separates the stationary

4q
DC Excitation P Al Terminals.

T -

A

Fic. 46. Production of Alternating Current by Inductor Type of
Alternator.

field and armature magnet. In this gap is the iron inductor /.
Tt is free to revolve in a direction as to pass away from the reader
and through the page. When the inductor is in the position shown
between N and C1, and S and C2, there is a certain magnetic flux
due to the direct current excitation furnished externally. When
the inductor is not in the position shown there are long air gaps
in the magnetic circuit which have a very much smaller permeabili-
ity than the iron conductors. The flux is therefore considerably
less. The increase and decrease of magnetic flux in the coils 44
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due to the rotation of I sets up an alternating e.m.f. because
any change in the flux inclosed by a circuit sets up an e.m.f. in
the circuit (see Electro-Magnetic Induction) in the one direction
while the flux is increasing, and in the opposite while it is de-
creasing.

Inductor types of alternators are constructed to generate a fre-
quency as high as 200,000 cycles per second. This high frequency
is obtained by having 200,000 inductor tceth pass a given point
every second. This result can be obtained only by having a great
many teeth on the rotor and driving it at a very high speed. In-
ductor types of alternators used in spark systems of radio teleg-
raphy are usually designed to generate a frequency of 3500
cycles per second.

3. Determination of Frequency—The frequency of an alter-
nator may be determined by the formula:

F=22%.
120

F = Frequency in cycles per second.

N = Number of field poles.

S

= Speed of armature in revolutions per minute.

In commercial practice the frequency of the gencrator is in-
creased by increasing the speed of the armature as the field poles
are fixed.

The voltage of the generator may be increased by increasing the
speed of the armature or by increasing the strength of the mag-
netic field of the field poles as already stated. Generally the latter
procedure is employed as increasing the speed of the armature will
increase the frequency whereas increasing the field strength makes
no change in frequency.

4. Direct Current Generator—Since the current in a gener-
ator armature is always alternating it is necessary to employ a
commutator to convert it into direct current. The function of
the commutator is explained as follows: The coil in figure 47 is
revolved in a uniform magnetic field producing an e.m.f. in the
armature winding, as in the generation of alternating current.
But if each end of the coil is connected to a half Lylmder of metal
on which rests a stationary brush B + or B —, then as the loop
is rotated the connection to the external circuit is reversed every
half revolution, and the pulsations of current are always in the
same direction. The brushes are adjusted so that contact is made
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to the next metal segment when the current in the armature is
zero and about to reverse.

In figure 47 the armature coil 4 — B is turning in the direc-
tion of the arrow and in the position shown the A side of the
armature heing under the North ( 4 )
side of the field magnet generates an
em.f. in such a direction that the
segment D has a positive polarity
which makes contact with the positive
brush B 4-. The current in the ex-
ternal circuit flows from the positive
brush B 4~ through the load back
through the negative brush B — to the
ncgative side of the armature coil.  As
the armature passes a quarter revolu-
tion the armature coil will be moving
along the flux and not cutting it, so
there will be no em.f. Ifach brush
will be just in the act of passing from one segment to the other.

After half a revolution of the B side of the armature coil, that BB
side of the armature coil that was under the South ( — ) pole of
the field magnet is now under the North ( - ) pole and generates
an e.m.f. which is opposite from its original direction but in the
same direction as the A side when under this pole.

Thus the segment E is now positive polarity as it is making
contact with the brush B 4 and the current again starts to flow
from the brush B -~ through the load back to the brush B —.
In the external circuit the current always flows in the same direc-
tion, though in the armature coil the current is alternating.

The voltage curve of such a generator is represented Orrnphlcally
in figure 48. Due to the variation in voltage such a current is

Fic. 47. Fundamental D.C.
Generator.

Fic. 48. Voltage Curve of Fundamental D.C. Generator.

said to be pulsating instead of alternating. The current is flowing
in one direction all the time but is of an uneven value. In com-
mercial generators enough armature coils are employed so as to

A St
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deceive one into believing that a maximum em.f. is generated
all the time. Each coil is connected to its own two segments and
the coils are also so connected that the currents in each overlap so
that the resultant current is of practically constant value. The
commutator of such a machine consists of bars of copper, slightly
wedge-shaped, separated by thin insulating sheets of mica, the
whole assembled in the form of a cylinder held together by strong
end clamp rings. The segments are insulated from the clamps by
suitably shaped rings, usually of molded mica insulation. Connec-
tions leading to the armature conductors are soldered into slots
in the segments, which commonly have lugs or “risers” for the
purpose, extending upward at the end toward the armature.

Direct current generators on shipboard are usually driven by an
upright steam engine coupled directly to the generator.

Excitation—An alternating current generator requires a source
of direct current to excite the field windings. When the current
for the field comes from an independent source the machine is said
to be separately excited.

Direct current generators are so connected that excitation is
secured from their own generated armature current.

5. Shunt Wound Generator—The circuit of a shunt wound
generator is shown in figure 49, where the terminals of field wind-

ity
T~

=

{3} Field rheostat

Fi1c. 49. Circuit of Shunt Wound Generator.

ings are connected across the armature terminals at points 4 and
B.” The shunt field poles are wound with many turns of fine insu-
lated wire. The number of turns is governed by the magnetic flux
required for the correct excitation of the machine. Only a small
portion of the current generated by the machine flows through the
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high resistance shunt windings. (The strength of the current
flowing through the field windings can be regulated by the re-
sistance called the generator field rheostat.)

When the armature of this type of machine is first rotated it
has to depend upon the residual magnetism of the field poles to
generate its initial current. Residual magnetism as already ex-
plained is the magnetism resulting from the magnetic lines of force
retained by soft iron aiter once being magnetized.

As the armature is rotated the residual lines of force cut the
coils of the armature, generating therein a feeble current which
flows through the shunt field windings, and increases the number
of lines of force cutting the armature coils. This induces a
stronger current in the armature conductors which continually adds
to the strength of the field until the normal voltage of the gen-
erator is established. The complete process usually requires from
10 to 50 seconds. After the generator attains its normal speed,
the voltage across its terminals may be raised or lowered by the
generator fleld rheostat. Increasing the resistance of the field
rheostat decreases the generator terminal voltage. Decreasing the
resistance of the field rheostat allows more current to flow in
the field windings and increases the generator terminal voltage.

6. Series Wound Generator—The field windings of a series
wound generator are connected in series with the armature. All
the current generated by the armature must pass through the field
windings; therefore it 1s necessary to employ large wire in order
to handle all the current without heating since the current is large.
Thus the necessary ampere turns are secured by virtue of having
a large number of amperes and comparatively few turns of wire.
The current in passing through the field windings strengthens the
weak field due to residual magnetism and the normal voltage of
the generator is soon attained. Figure 50 shows the circuit of a
series wound generator.

7. Compound Wound Generator—The field magnets of a
compound wound generator are wound with two sets of coils, one
set being connected in series with the armature and external cir-
cuit. The function of the series winding is to strengthen the mag-
netic field by the current taken through the external circuit, and
thus automatically sustain the voltage under variations of a load.
Figure 51 shows the circuit of a compound wound generator.

8. Voltage Characteristics of Shunt, Series and Compound
Wound Generators—W hen shunt excitation is used, if the ex-
ternal load is increased, the potential difference at the armature
terminals is reduced. The effect of the reduced terminal voltage is
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to reduce the current of the shunt field windings resulting in a
weakened field. With an increased load the armattire current in-
creases as the shunt field current decreases; hence the terminal
voltage falls off considerably.
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IYic. 50. Circuit of Series Fig, 51. Circuit of Compound
Wound Generator. Wound Generator.

With series excitation the condition is very different. When
there is no load on the generator, only the weak residual mag-
netism of the iron pole pieces is available, and the terminal volt-
age is consequently very small. As the load increases larger values
of current flow through the series field windings permitting a
greater e.m.f. to be generated. The greater the current taken by
the external circuit, the greater will be the voltage.

The compound wound generator gives a more constant voltage
on circuits of varying load than is possible with a generator with
either shunt or series windings. As the external load of a shunt
generator is increased, the potential difference at the armature
terminals will fall, but in the case of the compound wound gen-
erator, this fall of em.f. is counteracted by the series winding,
the current which flows in it increasing with load and causing the
terminal voltage to rise. The number of turns of each winding
and the relative strength of current are proportioned so that a prac-
tically constant pressure is maintained under varying load.

Each type of generator has its special uses. For instance, the
exciter for an a.c. generator of a radio set can be a shunt gen-
erator because the load does not change much. Incandescent
lamps require a very steady voltage that is not changed when some
of them are turned on or off. A compound generator mcets this
requirement.

9. Regulation—The relation of the voltage on no load to the
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voltage on full load of a generator is called regulation. It is found
by the formula:
Regulation = <__V°; Vf> X 100 percent.
s
Where Vo = voltage at no load,
V; = voltage at full load.

2\ small percentage regulation means that the voltage remains very
nearly constant when the load is charged. A high percentage
means that the voltage drops considerably on load and the machine
therefore has poor regulation. Example: Consider a spark trans-
mitter whose a.c. alternator no load voltage is 300 volts. The key
is closed and the voltage drops to 270 volts. Substituting in the
above formula

(%) X I00 percent = II percent approx.

10. Failure of Generator Field to Build Up—If the initial
current generated due to residual magnetism does not excite the
field poles in the direction of the residual magnetism, the field will
not build up and will be noted by a low or no voltage reading of a
voltmeter connected across the output terminals of the generator.
The following test will indicate if the magnetisn of the field poles
is opposite to that of the residual magnetism. Connect a voltmeter
across the output terminals and note voltage with ficld circuit open.
This reading may be only a volt or two and is the voltage gener-
ated due to residual magnetism. Close the field circuit and take
another reading of the voltmeter. If the voltage has decreased
the connections to the field circuit are wrong and they should be
reversed.  After reversing field, start generator up again and if
the fields are correct the machine should build up to normal volt-
age. Failure to gencrate may be due to other causes such as dirty
brushes, or comnwtator, loose connections or loss of residual mag-
netism. Residual magnetism can sometimes be restored by per-
mitting the current from a battery or other generator to flow
through the field circuit for a few hours.

11. Reversal of Polarity of Generator—It sometimes hap-
pens especially on ships’ generators that while the auxiliary bat-
teries are on charge the generator is stopped by an engineer on
duty without first removing the load from the machine. Unless
the charging circuit is protected by circuit breakers the battery
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will start to discharge through the generator resulting in a re-
versal of the residual magnetism. When the machine is again
started the reversed residual magnetism reverses the polarity of
the generator brushes, thus reversing the direction of the field
current and making it agree with the new direction of the re-
sidual magnetism. This will allow the generator to build up,
but the polarity will be reversed. The residual magnetism can be
again reversed so that the generator will have its normal polarity
by sending a current from another generator or a battery through
the field in the proper direction. This is accomplished by con-
necting the positive terminal of the battery to what is now the new
positive terminal of the generator and the negative of the battery
to the negative of the generator. The brushes should be lifted or
removed during this operation. A battery of 6 to 12 volts will
sometimes accomplish the correct result. If the reversal does not
take place immediately upon first test the battery should remain
connected to the fields for an hour or two.

12. Ground Indicators—Ground indicators in the form of
two lamps in series with the midpoint grounded are sometimes
installed on switchboards. Figure 52 shows the connections of
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Fic. 52. Circuit of Ground Indicator on D.C. Generator.

such indicators. Normally the two lamps in series will light
dimly. Should a ground occur on either leg of the circuit one of
the lamps would light to full incandescency. For instance, assume
the positive leg of the circuit in figure to become grounded; this
will short circuit lamp number 2, and lamp number 1 would then
De directly connected across the generator terminals and would be
lighted to normal brilliancy.

13. Electric Motors—There is no essential difference be-
tween a motor and a generator. The structure of both is identical
but the function is reversed. The motor converts electrical power
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into mechanical power. Direct current motors are of three types,
shunt, series and compound, so called from their winding char-
acteristics. DMMotors operating from alternating current are of two
types, the induction and the synchronous motor. There are special
combination motors operating from either d.c. or a.c. This type
is known as a universal motor. They are seldom employed in con-
junction with radio and for that reason will not be treated here.

14. D.C. Shunt Motor—The fundamental operating prin-
ciple of a motor is as follows: When a current is flowing through
a conductor in a magnetic field there is a force that tends to push
the conductor across the field. The conductor will move in a direc-
tion at right angles both to the direction of the field and to the
direction of the current. For example: If the plane of a coil
lying between the poles of a magnet is parallel to a magnetic field,
and a current is passed through the coil, it will tend to turn or
take up a position at a right angle to the magnetic field. If the
current is reversed when it has reached this position, the coil will
continue to revolve.

The action of the motor can be explained by the diagram in
figure 53. The current flowing throngh the armature windings

F.__.- T '_.'_.-':.:i
Field pole £5F [ field pole
nlzfr)dzg‘g "EE -?'f_'; el [ wipding
g '
1?:’-'35 Y
\ R T T
i, R 1 fﬁ—f‘
LR, = My
N

Fig. 53. Circuit of D.C. Shunt Motor.

from the battery B is in such a direction that the lower half of the
armature coils 1s magnetized and has a South pole and the upper
half a North pole. The upper half will then be attracted by the
South field pole and repelled by the North field pole. The lower
haif will be attracted by the North field pole and repelled by the
South field pole.

The action will be continuous, because, as the top of the arma-
ture moves toward the South field, the commutator acts to main-
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tain the flow of current in the same direction as before, conse-
quently the upper half of the armature is always a North pole and
the bottom a South pole. Thus the armature is made to revolve
when supplied with current.

Compare the circuits of the shunt wound generator in figure 49
and shunt wound motor in figure 53. They are fundamentally the
same. If the shunt wound generator was charging batteries and the
engine was shut off, the generator would continue running provid-
ing the battery circuit was large enough and had no circuit break-
ers. The ammeter in such circuit would show a current in the
opposite direction. The battery is discharging and operating the
generator as a motor exactly as described in the previous para-
graph.

15. Direction of Rotation—If the connections from the bat-
tery were reversed at points 4 and B in figure 53, it would have
no effect on the direction of rotation. The armature would still
continue to rotate in the direction of the arrow. Reversing the
connections from the battery would reverse the polarity of the flux
in both the armature and the field poles. The North field pole
would become a South field pole and South field pole would be-
come a North field pole. Likewise the armature South pole would
become a North pole and the South pole of the armature a North
pole. The same power of attraction and repulsion between like
and unlike poles would result with no change in direction of rota-
tion. In order to change the direction of rotation the flow of cur-
rent must be changed n either the armature or field poles, but not
i both. For example: In figure 53 reverse the field poles enly.
The North pole is now a South pole and the South pole a North
pole. The direction of armature current has not been changed,
therefore the upper half is still a North pole and lower half a South
pole. The North pole of the armature being attracted by the new
South pole, rotation begins opposite to the arrow or counter clock-
wise, where before, as shown by the arrow, the direction of rota-
tion was clockwise, The same thing would have happened if the
armature windings had been reversed instead of the field wind-
ings. The general practice is to reverse the current in the arma-
ture, rather than in the fields.

16. Counter Electromotive Force—As soon as the armature
of a motor starts to rotate, an e.m.f. is induced in the armature
windings of such polarity as to oppose the e.m.f. that started the
motion. The back pressure or voltage is known as counter electro-
motive force and governs the speed of a motor. The value of
counter e.m.f. is proportional to the speed of the armature, the
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number of armature wires and strength of the magnetic field. The
faster the armature turns the greater the counter e.m.f. becomes.
It cannot turn so fast that the counter e.m.f. is as great as the
line voltage, hecause then the two would balance: there would be
nothing to make the current flow through the armature, and con-
sequently no pull to keep it turning. If the motor is placed on a
load the speed falls off and consequently the value of the counter
em.f. falls off. The current in the armature is increased as the
back e.m.f. falls off and the motor automatically regains speed
of sufficient value to drive the load.

The field magnets are always of the same strength, regardless
of the load, because the current around them depends only on the
line voltage and the resistance of the field coils. It is entirely inde-
pendent of the current in the armature.

Thus the speed of a motor supplied with direct current at con-
stant voltage varies directly with the counter electromotive force
and in any given machine the stronger the field, the slower will be
the speed of the.armature. The strength of the field can he regu-
lated externally by a variable resistance in series with the field
windings. This variable resistance is called a motor field rheostat.
If the resistance of the field rheostat is decreased more current
flows through the field windings, thus increasing the field strength,
consequently the speed of the motor is reduced. 1f the resistance
of the motor field rheostat is increased the magnetic field is weak-
ened resulting in an increased speed of the motor up to a certain
point, or until the increased speed of the armature increases the
counter em.f. to such an extent as to cut down the armature
current. If the motor field rheostat accidently burns out or should
any open circuit occur in the shunt field the armature will develop
terrific speed. The centrifugal force hecomes great enough to
burst the windings of the armature, therefore requiring expensive
repairs to the machine. If upon starting such a motor the circuit
breakers trip, fuses hlow or excessive current taken by the motor
is noted, the machine should be stopped at once and investigation
made to determine if the field circuit is properly connected and
not open.

From the above it can be seen that the advantage of a shunt
wound motor is that it is self regulating and maintains a fairly con-
stant speed under varying load.

17. Starting Resistance—The resistance of a motor armature
is small. If the line voltage was applied directly to the armature
terminals excessive current would flow which might injure the
commutator or burn out the armature windings. The counter




68 RADIO MANUAL

e.n.f. developed by rotation is what keeps the armature current
from becoming excessive. \When the notor is first connected to
the line it is not rotating and there is no counter em.f. Some
other way must be found to limit the amount of armature current
until the machine can attain sufficient speed to generate the re-
quired amount of counter e.m.f. This is accomplished by con-
necting a variable resistance in series with the armature and grad-
ually reducing it as the motor gains speed. A device whereby the
resistance is regulated is called a starter. A diagram of a shunt
wound motor with hand starter or starting box is shown in figure
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Fig. 53. Cutler-Hammer Hand Starting Box Connected to Shunt Wound
Motor.

The action of a typical hand starter is as follows: As the handle
H makes contact with the stud on the first resistance R, the arma-
ture circuit is completed with all the starting resistance in series,
thus limiting the armature current, and the motor starts slowly.
The motor field circuit is completed through the windings of the
magnet M and the motor field rheostat. As the handle moves
toward the full running position, the motor gains speed, likewise
the value of counter e.m.f. is increased. When in full running
position with all the resistance of the starting box cut out, the
motor is generating a counter e.m.f. of such value as to permit
the full line voltage to be applied directly to the terminals of the
armature. No change has been made in the strength of the field
magnets by the operation of the starter. The holding magnet M
holds the handle in the full running position unless demagnetized
by interruption of the d.c. supply or an open in the field circuit.
Should the d.c. line be interrupted the handle flies back to the off
position requiring the motor to be started in the normal manner.
Should the handle fail to fall back excessive armature current
would flow when the line voltage is restored, resulting in damage
to the machine as explained previously. Should the field circuit
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develop an open circuit the magnet is again demagnetized, thus re-
leasing the starting handle and preventing the motor from attain-
ing an excessive speed.

If a motor is started too slowly the starting resistances will over-
heat and burn out. If started too rapidly the fuses in the d.c. line
will melt, or excessive armature current will flow, tripping the
circuit breakers. It should require about 15 seconds to start mo-
tors used in connection with radio transmitting apparatus.

18. Automatic Motor Starters—It is often desirable to install

S - Shunt wound magnef contacter
AC-Alternoting cuFrent conticror
AF- Alternating curcent field contactor
L'-12 = D line
STARTING RES. A'-A% - Series operating coil
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FR - Protective resistors
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RA-R3 = .66«
HI-H? = 353w

PR
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Al FiE AC AR
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Fic. 55. Circuit of the Electric Controller and Mig. Co. 2 KW,
120-Volt Automatic Starter.

the motor generator of a radio transmitting set at a point remote
from the radio room in order that the noise from its operation will
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not interfere with the reception of radio signals. In instances of
this kind automatic starters are employed, which are controlled
from a distant point by pressing a small button or closing a small
switch. The automatic starter solenoid and resistances sometimes
are a part of the transmitter panel in the operating room and con-
trolled by a start-stop switch mounted close to the antenna send-
receive switch on the operating table. The motor generator is
usually mounted in an iron box over the top of the engine room and
accessible to the operator for care and maintenance.

The complete circuit of one type of the automatic starter of
The Electric Controller and Manufacturing Company is shown in
figure 55. This type of starter has been used extensively in con-
nection with Navy Standard 2z K.\W. spark transmitters, as in-
stalled on vessels of the United States Shipping Board and other
privately operated vessels.

This push button automatic starter consists of : One type S
counter-weighted shunt wound magnetic contactor for closing the
main circuit; two type A series wound magnetic contactors for
short circuiting the starting resistor; I resistor box; and 2 ter-
minals used in wiring the apparatus.

The shunt wound contractor is of standard form, having a
shunt wound coil which stands full line voltage continuously with-
out protection and which when energized moves the main contact
arm on to stationary contact, thus making circuit to the motor.
The contactor has a magnetic blowout to aid in rupturing the arc
when opening the circuit. The main arm of the contactor is pro-
vided with an auxiliary control circuit contact to make and break
the circuit for the shunt holding coil of the last accelerating con-
tactor. The main arm is also counter-weighted to prevent closure
of the arm when the contactor is moved out of vertical position.

The series contactors are of the vertical plunger type and are
so constructed that an excess of current through the series oper-
ating coil will not lift the plunger, in fact will keep the plunger in
the open position until the current value has been reduced to such a
value that will lift the plunger and contact disk into contact with
the contact brushes, thus short circuiting out part of the starting
resistance.

19. The Construction of this series contactor is shown in
figure 56, in which A4 is the operating coil, connected in series
with the motor; B is the cast iron case, making the magnetic cir-
cuit; C is the plunger carrying the contact disk, D, at the top,
which in the closed position makes contact with the contact brushes
E; F is the adjusting plug; G is the operating air gap; H is the
lock-out air gap; and 7 is the shunt holding coil.
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20. Operation of Series Magnetic Contactor—If current of a
higher value than the operating value of the contactor is caused to
flow through the series aperating coil A4, an upward pull is exerted
on the plunger C, due to the flux in the operating air gap G, but
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Fic. 56. Type A Series Magnetic Contactor Employed with Automatic
Starter.

there is also a downward pull on the plunger due to the flux through
the lock-out air gap H. This flux in air gap H is due to the fact
that the steel stem extension on the lower part of the plunger C
is over-saturated by the flux through air gap G. As the current
is reduced the flux through air gaps G and H is reduced until the
steel stem of plunger C can carry practically all of the flux in air
gap G, at which time the downward pull at air gap H is greatly
reduced and the upward pull at air gap G is sufficient to overcome
the downward pull and the weight of the plunger, thus pulling the
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plunger to its closed positior with contact D against the contact
brushes E.

The value of current at which the plunger lifts can be increased
by increasing the length of air gap H. This is done by screwing
the adjusting plug F farther out of the case. Or the plunger can
be made to lift at a lower value of current by screwing the adjust-
ing plug farther into the case, thus decreasing the air gap H.

An increase of current through the series coil after the plunger
has lifted only tends to hold the plunger more firmly in the closed
position. A reduction of the current through the series coil to
about 15 percent of the normal value, or an interruption of the
current, will cause the plunger to drop to the open position.

A shunt holding coil K, figure 55, is provided on the last acceler-
ating contactor of each starter. This coil is connected in series
with a protecting resistor unit PR, and they receive full line volt-
age upon closure of the contactors. At the same instant the series
coil is shorted out of circuit and the shunt coil will hold the con-
tactor closed until its circuit is opened.

The resistor box contains the resistor units used for accelerating
and the protective resistor unit for the shunt holding coil. The box
is of sheet steel with asbestos board cover carrying necessary ter-
minals.

The wiring diagram in figure 55 shows that when the remote
control push button is closed the circuit is completed through
the shunt wound magnetic contactor S, which moves the con-
tactor arm establishing the circuit through the starting resistors
R,, R, and R, and the operating coil A4, of the first series con-
tactor. As soon as the current has dropped to a predetermined
value this contactor closes, short circuiting the first step of the re-
sistance at point 1 and closing the circuit of coil 4, of the last
accelerating contactor. When the current has again dropped to
the proper value this contactor closes, shorting out all of the start-
ing resistance and both series operating coils. The first acceler-
ating contactor drops open but the last accelerating contactor is
held closed by the shunt holding coil K, which is connected across
the armature upon closure of the shunt contactor at point 2 and
receives full line voltage upon closure of the last accelerating con-
tactor. The motor continues to run until the shunt contactor is
opened by de-energizing its coil. Opening the shunt contactor also
opens the circuit to the shunt holding coil of the last accelerating
contactor which opens.

The starter is adjusted to accelerate a direct current motor in
the shortest possible time and yet keep the current peaks down to
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50 percent over normal full load. If the motor is lightly loaded
the time of acceleration may be very short, the accelerating con-
tactor closing almost immediately after closure of the main con-
tactor, but if the motor is heavily loaded, several seconds may
elapse between closure of the series contactor.

With certain adjustments on the accelerating contactors it might
be possible that these contactors will refuse to close if the circuit
to the motor has been opened when the motor was running at
maximum speed and immediately closed again, thus allowing the
motor to continue to run with the starting resistance in circuit. If
this is the case, the accelerating contactors will close immediately
when the load is thrown on the motor by closing the alternating
current circuit.

21. D.C. Series Motor—The field coils of a motor may be
wound with thick wire and connected in series with the armature,
so that the same current flows through both. It is then called a
series motor.

The operating characteristics of a series motor are considerably
different from those of a shunt motor. They do not run at a very
constant speed, but run very much more slowly when heavily
loaded. At the lower speeds they develop a large torque. They
are used to advantage on street cars where high turning effort is
wanted for starting a load. They are of no use in radio where a
constant speed motor is required.

22. Motor with Differential Field Winding—It has been ex-
plained how the speed of a motor is increased or decreased by
variation of magnetic field and any reduction of the field flux of
a given machine will increase the speed of the motor. By the use
of a differential ficld winding, as the external load is increased, the
strength of the shunt field is decreased, resulting in restoring the
machine to its normal speed. The manner in which this is accom-
plished is shown in figure 57, where the field winding of the motor
is two distinct sets of coils. One is the normal shunt winding con-
nected across the input terminals of the machine and the other a
series winding connected in series with armature. The windings
of the series coils are so arranged that any flux produced by the
series windings is opposite in polarity to that of the shunt winding.
A suddenly applied load will tend to slow the armature down, re-
sulting in a reduction of the counter e.n.f., and an increased
armature current will flow.

The increased armature current flowing through the series coil
produces a magnetic flux opposite to that produced by the shunt
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field resulting in a differential and therefore weaker field which
restores the motor to normal speed.

A field rheostat is connected in
series with the shunt field of a
differential field winding for
variations of speed control.

By the use of a differential
field winding, motors may be de- |
signed to give very close speed |[
regulation and are, therefore,
very desirable to drive a.c. gen-
erators for radio telegraphy.

23. Alternating Current In-
duction Motor—It has been ex- 5 %
plained how a current flowing
through a coil produces a mag- Fyq. s7. Motor with Differen-
netic field. If a set of coils is tial Field Winding.
arranged in the form of a two-
phase or three-phase field and connected to an alternating current
having two or more phases, it will be noticed that a compass needle
placed within the field will start to spin around and will continue
to do so as long as the coils are energized. The effect is as if the
needle of the compass were under the magnetic influence of a
magnet with its poles sliding along the face of the field.

The action of an induction motor can be explained by compar-
ing it to a transformer in which the stator is the primary and the
rotor is the secondary. DBoth have poles and these tend to repel
each other. Because the stator field revolves it drives the rotor
before it at a speed which is almost the same as the rotating field
at no load but which is reduced by any load applied to the motor
shaft, or any resistance put into the secondary (rotor circuit).

Speed Control—The speed of the rotor of an induction motor
depends upon the construction of the stator and the frequency of
the alternating current. In the simplest form there is no connec-
tion between rotor and external circuit. However, some types of
induction motors have the rotor fitted with slip-rings to provide
connection to an external resistance which controls the speed of
the machine. This is usually accomplished by providing the rotor
with a three-phase Y-connected winding and connecting a variable
'resistance, in series with each phase, as shown in figure 58. By
means of the three-pronged arm, the resistance in series with each
phase of the rotor winding can be varied from the full amount to
zero, thus varying the speed from minimum to full speed.
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The terms ““ squirrel cage rotor ” and “ wound rotor ™ are often
used to describe rotors; the first means the simple kind with con-
ductors of plain bars of metal and no slip-rings or other moving

S Rotor 2
windings

Fic. 58. Speed Control Connections of Three-Phase Induction Motor,

contacts, the second means the kind having coils like an armature
and fitted with slip-rings.

An induction motor cannot be started on single-phase current
but will operate on the same if started somehow. One way of
starting an induction motor is by the use of a “ phase splitter.”
The armature has two sets of coils, one having more inductance
than the other. Due to difference in reactance of the two coils the
currents flowing in the two are not in phase. The motor starts
then as a sort of two-phase machine. After it gets up to speed
the starting winding is disconnected either by a two-way switch
having a starting and running position or by an automatic centrif-
ugal cut-out in the motor.
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Fic. 59. General Construction of Motor Generator.

24. Motor-Generators—Direct current is the only available
power supply on practically all ships. In order to operate the power
transformer of a spark transmitter it generally is necessary to use
an alternating current. Arc and tube transmitters require direct
current voltages considerably higher than those provided by the
ship’s dynamo. When electric current is to be had, but not in the
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form needed, the change can he made easily hy a motor-generator.
This combination, as usually employed on shiphoard, consists of a
direct current motor and an alternating current generator coupled
together on a common iron base. In the case of the arc or vacuum
tube transmitter the combination may consist of a direct current
motor and a direct current generator which provides d.c. voltages
considerably higher than that available from the ship’s dynamo. In
broadcasting stations the combination may be an a.c. motor coupled
to a d.c. generator. Such machines usually have four bearings,

Fic. 60. Exploded View of Crocker-Wheeler 2 KW. Motor Generator
with Inductor Type of Alternator.

two for the motor armature and two for the generator armature.
In the case of a shipboard installation the field of the generator is
excited from the direct current of the ship's dynamo. Field ex-
citation is controlled by a generator field rheostat. Ligure 59 shows
the general construction of a motor generator. Motors and gen-
erators have been described. Each unit can be thought of by itself,
without regard to the other. Some automatic starters employed
in connection with motor generators have the wiring so arranged
that the field of the alternator is not closed until the motor is in
fully running position. This prevents the operator from putting
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Fie. €1, IExploded View of Crocker-Wheeler 2 KV, Motor Generator with
Alternator of *Wound Type.”

Fig. 62. Assembled Motor Generator.
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a load on the machine until the motor gets up to normal speed.
Various types of motor generators and their application to a par-
ticular transmitter will be described in the succeeding chapters.

25. Rotary Converters—If connections are made to a pair
of collector rings from opposite sides of a two-pole d.c. armature,
one can take off an alternating current. Since this armature is
now able to supply either a.c. or d.c. from the same winding one
naturally suspects that it might be possible to feed in a.c. at one
end and take off d.c. at the other. This is actually possible and
such a machine is called a “ rotary converter.”

The rotary converter shown in figure 63 has a single winding
on one armature for both alternating and direct current. Direct
current from an external source enters the armature A4 through

Fic. 63. Fundamental Circuit of Rotary Converter.

the brushes Bt and Bz and also flows through the shunt field S7,
causing the armature to revolve in the usual way. Taps are taken
off the commutator segments directly underneath the brushes and
are connected to collector rings CR on the opposite ends of the
shaft, the circuit continuing through the primary of an a.c. trans-
former T. The voltage of the alternating current will be a maxi-
mum when taps to the collector rings are underneath the brushes
and minimum when midway between the brushes. As the arma-
ture revolves the current taken from the collector rings will flow
in the opposite direction and therefore, as the armature revolves, an
alternating current can be taken from the armature, the frequency
of which varies with the speed. The a.c. voltage of the converter
is increased by increasing the speed of the armature, but the fre-
quency of the current increases simultaneously. When such a
machine is run as a direct current motor and used to supply alter-
nating current it is spoken of as an “inverted rotary converter.”

26. Dynamotor—A dynamotor is employed to change direct
current at one voltage to direct current at another voltage. This
is very convenient on small yachts and pleasure craft where from
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a small battery of low voltage a high voltage from 300 to 1000
volts can be produced to supply the plates of a vacuum tube trans-
mitter. The dynamotor has two separate armature windings placed

Fic. 64. Esco Dynamotor and Switchboard.

on a common rotor core. One acts as a motor, the other as a gen-
erator. There is but one frame and one set of field magnets. The
two windings are connected to commutators at opposite ends of the

Fie. 64a. Fundamental Circuit of Dynamotor.

shaft. The ratio of voltage is fixed when the machine is built, so
the output voltage depends on the voltage applied. The field coils
receive current from the same source as the motor armature, Fig-

e ——
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ure 64 shows the picture of such a machine and figure Gja the

fundamental circuit.

27. Protective Devices—Some means
must be provided in a radio transmitter
to prevent the radio frequency curreats
from flowing back into the power leads
and thence into the motor and generator
windings resulting in damage to the
same.

The low voltage wires are usually run
in metal conduit and the conduit con-
nected to carth. In some installations
lead-covered  wires are provided and
the lead sheathing of all wires is tied to-
gether and then grounded. The high
frequency currents are induced in the

000900000 —
F1a 65 Protective
Condensers Connected

across  Motor  Termi-
nals.

surface of the conduit or lead-covering and arc ecffectively
erounded and thus no harm results to the power machinery.

FiG. 65¢. Power Plant of Modern Broadcasting Station (WJZ).
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Protective devices are also used to protect the power machinery
in the form of two condensers in series and connected across the
power leads with the mid tap of the condensers grounded.

The high capacity condensers offer a path of low impedance to
the induced radio frequency currents and they are thus conducted
to ground.

These condensers are usually of 1/2 or 1 u fd. capacity each and
are connected in the following circuits:

(1) In shunt to motor armature.

(2) In shunt to motor field windings.

(3) In shunt to generator armature,

(4) In shunt to generator field windings.

(5) In shunt to d.c. feeders entering radio room.

Protective condensers of a motor generator are usually made up
as a unit and mounted directly on the frame of the machine. Each
terminal of the machine is connected to a condenser and the other
terminal of the condenser is connected to the frame of the machine
which is grounded by a lead connected to the transmitter ground.

In the succeeding chapters the care necessary for each particu-
lar machine supplied with the radio transmitting apparatus is
taken up in detail and for that reason the general care and main-
tenance of motor generators will not be taken up in this chapter.




CHAPTER 3
STORAGE BATTERIES AND CHARGING CIRCUITS

1. Auxiliary Power Requirements—Under the United States
Radio Law of July 23, 1912, known as the Ship Act, an auxiliary
power supply is required to operate the radio transmitter in an
emergency. This power supply must be independent of the vessel’s
main power plant and be of sufficient capacity to enable the trans-
mitting set to be operated for at least four hours to send messages
over a distance of at least one hundred nautical miles day or night.

On American vessels subject to this Act, the independent power
is in most cases a set of storage batteries of sufficient capacity to
operate the main transmitter over a period of time in excess of that
required by law. This requirement of the law is complied with in
other instances by the installation of an auxiliary generator driven
by a gasoline engine. The auxiliary power plant is automatically
started and stopped by a system of relays and contactors.

It is the purpose of this chapter to describe the construction,
operation and maintenance of the different types of auxiliary power
equipment.

2. Storage Batteries—Under the heading of Elementary
Electricity we have seen how the primary battery created a differ-
ence of potential by immersing two dissimilar metals in an acid or
alkaline solution. The difference of potential caused a current to
flow in a completed metallic circuit. Such a battery will furnish
current until all the chemical action possible has taken place. The
battery has then become ““dead.” To produce another flow of
current it is necessary to obtain new plates and new electrolyte.

In a secondary or storage battery, neither the plates nor the
electrolyte need be renewed. The storage battery differs from the
primary battery in that when it has given out all the energy which
the chemicals enable it to supply, instead of requiring new ele-
ments, the cell can be completely regenerated or brought back to
the original condition by passing a current into it in a direction
opposite to that in which the flow took place on discharge. The
charging current simply reverses the chemical action and restores
the plates to the same composition as before the discharge.

A storage battery does not act as a storage place for electricity
as its name implies, but the chemical action that takes place when
the battery is charged changes the composition of the active mate-
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rials of the plates so that when they are connected together by a
conductor, sufficient difference of potential exists to cause a cur-
rent to flow. The current flow, or discharge of the battery, re-
verses the chemical action that took place when the battery was
charged until finally the character of the plates is such that no
difference of potential exists and the battery is discharged.

3. The Edison Cell—The Edison storage battery differs in
electrical characteristics, chemical action and mechanical construc-
tion from any other battery.

4. Electrolyte—The potash electrolyte is composed of pure
distilled water combined with a 21 percent solution of potassium
hydrate mixed with a small portion of lithium hydrate. It has a
specific gravity of approximately 1.200 at 6o degrees F. after be-
ing thoroughly mixed by charging. This reading should be taken
one hour after discontinuance of charge to allow for dissipation of

ases.

€ The specific gravity of the cells changes but little with charge
and discharge and therefore is of no value in determining the
charged or discharged condition of the cell. However, throughout
the useful life of the cell the electrolyte gradually weakens and
for this reason specific gravity readings are of value to determine
when a renewal of solution is necessary. The low limit of specific
gravity is 1.160 and is usually accompanied by a temporary loss
of capacity and sluggishness.

5. Plate Construction—The positive plate is made up of many
perforated steel tubes into which has been packed, under heavy
pressure, alternate layers of nickel hydrate, the positive active
material and nickel flake. Each tube is reinforced by eight seamless
steel rings. The negative plate is composed of a steel grid sup-
porting many perforated nickel-plated steel pockets. Iron oxide,
the negative active material, is loaded into these pockets, which
in turn are secured to the grids by means of hydraulic pressure of
120 tons.

6. Chemical Action—The fundamental principle of the
Edison storage battery is the oxidation and reduction of metals in
an electrolyte which neither combines with nor dissolves either the
metals or their oxides. Although the electrolyte is decomposed by
charge and discharge, it is reformed again in equal quantities and
therefore its density and conductivity remain the same over a long
period of time. The active materials of the plates are insoluble
in the electrolyte, therefore, no chemical decomposition takes place
therein.

The chemical reactions in charging are (1) the oxidation from a
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lower to a higher oxide of nickel in the positive plate and (2) the
reduction from iron oxide to metallic iron in the negative plate.
The oxidation and reduction are performed by the oxygen and
hydrogen set free at the respective poles by the electrolytic decom-
position of water during the charge.

The discharge of the cell is simply the reversal of the above re-
actions, the hydrogen reducing the higher oxide of nickel to a
lower oxide, and the oxygen oxidizing the iron to iron oxide.

7. Container—The container is made of high grade steel
which is oxy-acetylene welded. Each battery consists of two or
more cells connected together by nickel-plated copper connectors
fitted with a tapered steel lug which fits the terminal post of each
cell. Each lug is held in place by a hexagonal nut. Fach cell fits
into a specially constructed wooden tray so arranged that the con-
tainers which are conductors will not short-circuit the battery.

The Polarity of the Positive Terminal of an Edison battery is
designated by a red bushing and a plus sign ( & ), stamped on
top of the container. The negative terminal is indicated by a black
bushing with no sign on the container.

A filler cap of special construction is provided in the center of
the cell to enable watering and to allow for the escape of gas. It
is of such construction that the cell can be tipped to an angle of
45 degrees without spilling the electrolyte.

8. Voltage—The fully charged voltage of an Edison cell
when discharging at the 5-hour rate is approximately 1.4 volts per
cell.

The average discharge voltage at the 5-hour rate is 1.2 volts per
cell.

The discharged voltage at the 5-hour rate is 1.0 volt per cell.

9. Installation—The Edison battery may be installed in any
part of the vessel; however, in most marine installations the bat-
tery is located either in a special room adjoining the radio oper-
ating room or in a well-ventilated box placed on the boat deck. In
several installations the battery has been placed in one corner of the
operating room and carefully housed in with screens for ventila-
tion.

The Edison battery requires no lead-lined compartment and
gives off no noxious fumes during charge. A dry location is pref-
erable, if too warm; excessive evaporation of electrolyte may
result. The battery box need not be lined but should be absolutely
water proof to prevent salt spray and other impurities from strik-
ing the cells.

Edison batteries are generally shipped fully charged. This is
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indicated by a red label accompanying the battery and indicates
they are ready for immediate use.

A green label indicates that the cells are not charged and that
they require an overcharge at the normal rate before being placed
in service,

10. Height of Solution—Upon receipt of the battery the
height of the solution should be tested by use of the glass tube
shipped for that purpose.

One half inch is the proper height of the solution above the top
of the plates for all types of Edison batteries in marine use except
the high type cells. The proper height of the solution in the high
type cells is 3 inches above the top of the plates for the A type
and 2 1/4 inches for the B type.

11. Testing Height of Solution—Insert tube until the tops
of the plates are touched, close the upper end with the finger and

RUBBER
TUBING

'/4"'GLASS
TUBE '

Fic. 67. Testing Height of Solution.

withdraw the tube. The height of the liquid in the tube indicates
the height of the solution above the top of the plates.
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A glass tube reasonably walled, about 8 inches long and not less
than 3/16 inch inside diameter with ends cut straight and smooth,
may be used for this test in event none is supplied. A short length
of rubber tube forced over one end and projecting about 1/8
inch will prove a good finger grip.

12. Refilling Battery-—1{ the plates are visible above the top
of the solution or if the packing case or surrounding materials
show a rusty stain, it is an indication of spilled electrolyte and thus
loss must be replaced preferably with Edison storage battery
¢ Standard Refill Solution” or lacking this, with * Standard Re-
newal Solution.” Lacking either of these, pure distilled water
should be added until the solution is brought to the proper height.

When the level of the solution is only a small amount below the
proper height, fill with pure distilled water.

13. Maintenance of Edison Battery—The Edison battery re-
quires a minimum of attention ; however, by observing a few simple
precautions the operator can be assured of maximum capacity from
the battery in time of emergency or disaster.

1. To charge, the positive of the charging source should be con-
nected to the positive terminal of the battery. No great damage
will result to an Edison battery if it is left discharged or if charg-
ing polarity is reversed, except to temporarily reduce the capacity
of the battery.

2. If battery is in compartment or box, open cover of same be-
fore charging.

3. Make sure solution is at the proper level.

4. The correct charging voltage should be 1.85 times the number
of cells in series.

5. It is well to remember that a marine battery of go or more
cells is broken up into parallel banks of 45 cells or more for charg-
ing. This is accomplished by a 3- or 4-pole double throw switch
on the charging panel.

Do not exceed charging rate as specified under electrical data,
for the type of battery in use. Where discharge is less than 80%
of normal discharge rate, charging may be done at a rate of 125%
times the discharge rate employed. 8o to go degrees is the normal
temperature for maximum efficiency.

Frothing indicates too rapid charging or too high level of solu-
tion.

6. Never put lead battery acid into an Edison battery or use
utensils that have been used with acid.

Operators on wessels using both Edison and lead cells should
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take special precautions not to use the hydrometer syringe of
the lead batteries to fill Edison batterics.

7. Never add anything to the electrolyte of battery to prevent
freezing. It is nearly impossible to freeze the alkaline solution
and no permanent injury is caused by the severest cold.

8. Keep cells clean and vent caps free from crystals or potash
salts which are liable to accumulate on cells.

9. Cell tops of marine batteries have a coating of brownish wax
(rosin vaseline compouad). If this is removed it should be re-
placed either with rosin vaseline or liquid vaseline.

10. Batterics should be removed from box or compartment from
time to time and inspection of cells and compartment made. Make
sure no water has accumulated in hox or compartment. Remove
all dirt and other foreign substances that may have accumulated
which may in time short-circuit and damage battery.

11. It 1s very seldom that a battery is totally discharged in
marine service and may become sluggish due to lack of work. If
this condition is noted the battery should be completely discharged
to zero at normal rate and then short-circuited for one or two
hours. Follow this by an overcharge. If the condition is pro-
nounced, this procedure should be repeated; 15 hours at the
normal rate is considered an overcharge for the marine batteries,
providing they have been discharged and short-circuited to zero
voltage. :

12. On charge, and immediately following charge, all storage
batteries give off liydrogen gas. Inasmuch as this gas is ex plosive
in the presence of a spark or open flame, extreme care should be
taken:

(a) that no spark or open flame be permitted near the baitery

or its com partnient.

(b) that if battery be put in any other container or cabinet,

such container or cabinet be adequately ventilated to allow
a rapid dissipation of gas.

(¢) that all connections be kept tight to eliminate the chance of

sparking due to loose connections.

14. Charging a Storage Battery—In order to charge a stor-
age battery 1t is necessary to connect the positive terminal of the
hattery to the positive terminal of the charging source, and the
negative terminal of the battery to the negative terminal of the
charging source.

The voltage of the charging source must always exceed the
maximum voltage of the storage battery because the voltage of the
battery exerts a back e.m.f. on the charging voltage. If the back
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em.f. of the battery is greater than the charging voltage, no
charging current will flow.

A variable resistance is usually connected in series with the
charging circuit to regulate the amount of current flowing into the
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battery. The correct resistance to be inserted in such a charging
circuit can be computed from Ohm’s law. Assume it is desired to
charge a 5-cell A-8 Edison hattery by the constant current method
from a d.c. line whose voltage is 110. The charging rate as speci-
fied by the electrical data accompanying the battery is 60 amperes.
Inasmuch as a voltage of 1.85 per cell is required to maintain
normal rate at the end of charge the 5 cells in series will require
5 X 1.85 volts or 9.25 volts at the end of charge. Inasmuch as a
voltage of approximately 1.5 per cell is required to obtain normal
rate at the beginning of charge the 5 cells in series will require
5 X 1.5 or 7.50 volts at the beginning of charge.
Ohm'’s law is modified to read:

E—e
I 1
E = supply voltage,

R:
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¢ = battery voltage,
I = normal charging rate,
110 — 7.50

R, = ——6O—~—resistance in ohms to obtain normal rate at
beginning of charge.
110 — Q.2 . . .
Ry, = ——%—remstance in ohms to obtain normal rate at

end of charge.

It will, therefore, be seen that in order to maintain normal rate
throughout the entire charging period a resistance will be required
which will be variable between the limits of R, and R,. A lamp
bank provides a convenient method of adjusting the correct charg-
ing rate to a battery. A bank of this type is shown in figure 70.
In order to increase the charging rate it would be necessary to in-
crease the number of lamps connected in parallel. To decrease the

F. RHEOSTAT,

FIELD, T—

AMMETER.

Fic. 70. Charging Circuit with Lamp Bank Resistance and Underload
Circuit Breaker.

charging rate the number of lamps in parallel should also be de-
creased. If lamps of high or low voltage are employed the charg-
ing rate would increase or decrease respectively. More recently
there are procurable resistance coils which can be conveniently
screwed into a lamp socket. This type of resistance has sufficient
current carrying capacity to replace several lamps which would
otherwise be necessary in order to secure the same charging rate.

A protective device in the form of an underload current breaker
is usually employed in charging circuits. In event the charging
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voltage is cut off or drops below that of the battery, the circuit is
interrupted, preventing the battery from discharging through the
generator, which usually results in a reversal of the residual mag-
netism of the field poles, and consequently the output of the gen-
erator.

Referring to figure 7o the solenoid S is connected in series with
the charging current. The magnetic flux created by this current
holds the plunger P in position to complete the circuit. Should
the generator be shut down while chargmg, the solenoid .S would
be immediately demagnetized and the plunger would drop out, thus
interrupting the battery charging circuit.

15. Determination of Polarity—The polarity of the charging
voltage may be determined by four different ways:

1. By a direct current voltmeter of the movable coil type.

2. By an electrochemical polarity indicator.

3. By the use of a raw potato.

4. By dipping the terminals of the charging niains in a glass of

plain or salt water.

Direct current voltmeters of the movable coil type have the cor-
rect polarity marked on the binding posts.

If connected properly to a source of direct current the needle
will move in the correct direction on the scale indicating the volt-
age of the mains but if connected improperly the needle will move
off the scale in a direction to the left of the zero position. The
wire connected to the positive terminal of the voltmeter is the
positive terminal of the mains and the other, of course, the nega-
tive terminal.

Chemical polarity indicators are composed of a chemical com-
position within a glass tube provided with terminals; when con-
nected to a source of direct current the positive terminal turns
blue.

Sticking the wires momentarily into a raw potato with about an
inch or two separation, provides a path for a small current to flow
which decomposes the starch of the potato causing that portion
of it surrounding the positive terminal to turn blue.

When the terminals are dipped in a glass of plain or salt water,
bubbles will appear at the negative terminal.

16. Charging a Battery when the Voltage Exceeds that of
the Generator—It has already been stated that in order to
charge a battery the charging voltage must exceed that of the bat-
tery. The majority of batteries employed aboard ships as an
auxiliary power supply have a total voltage of 120 volts or more.
Usually the Edison batteries in such installations have go or more
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cells, whereas the lead plate batteries have 60 cells. In order to
charge such batteries from the ship’s dynamo, which usually gener-
ates 110 volts, the battery is split into two banks and the two banks
are charged in parallel. When placed on discharge they are con-
nected in series. This is accomplished by either a three-pole or
four-pole double-throw switch. The three-pole double-throw
switch is employed on the charging panels built by the Smith-
Meeker Engineering Company for Edison battery installations.
The four-pole double-throw switches are employed with all types
of lead plate battery charging panels.

17. Lead Plate-Sulphuric Acid Battery—In general, the lead
plate-sulphuric acid cell consists of lead plates immersed in a
dilute sulphuric acid solution. If two plates were immersed in
a dilute acid and then connected to a charging current it would
soon be noted that the character of the plates had changed. The
plate through which the current entered the solution, called the
positive plate, would be hrown in color due to the formation of the
chemical peroxide of lead on its surface. The other plate or the
one by which the current left the solution would hecome light gray
by the formation of pure lead on its surface. Now if the charg-

(s

L qunz. £5550
Fee 71. Negative Fic. 72.  Positive
Plates of Lcad Bat- Plates of Lead Bat-
tery. tery.

ing current be disconnected and a voltmeter be connected in the
external circuit, it will be found that the cell will have become a
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source of voltage and current, and that this current will flow in
the reverse direction from the charging current.

18, Cell Construction—The average commercial cell is made
by “ pasting ” the active elements into lead grids. After the grids
are cast, they are pasted with oxides of lead made into a paste of
special composition which sets, in drying, like cement. The plates
then go through an electrochemical process which converts the
material of the positive plate into brown peroxide of lead and that
of the negative plate into gray, spongy lead.

Both the positive and negative plates are provided with an ex-
tension or “lug ” and they are so assembled that all the positive
lugs come at one side of the container and all the negative lugs at
the other, thus enabling each set to be burned together with a con-
necting strap, giving one positive and one negative pole. The burn-
ing is done by a hydrogen flame, which melts the metal of hoth
lugs and strap into an integral union. There is always one more
negative plate than positive, the outside plates of the grids being
negative. The straps are made of hard lead alloy and are provided
with posts to which the cell connections are made.

19. Separators—To prevent contact between adjacent plates,
separators made of light pieces of wood, vulcanite or other material
are placed between them. The wood separators used in one type
of battery are grooved on the side which goes against the positive
plate to allow for circulation of the electrolyte and the escape of
the gas generated when charging. To prevent the highly oxidized
positive plate from charring the wood, and also to check the wash-
ing away of the positive material, due to vibration and the gassing
on charge, a thin sheet of perforated hard rubber is placed be-
tween the positive plate and the wood separator.

20. Electrolyte—The electrolyte for the cell is a dilute sul-
phuric acid.  Sulphuric acid is usually sold and shipped in the con-
centrated form. It is an oily, syrupy liquid, and much heavier
than water. In purchasing the acid for this purpose care must be
taken to specify that it be free from iron and other impurities. To
prepare this acid for use in one of the cells, one part of acid is
added to about four parts of water. Newer add water to the acid.
since the chemical action of this combination is quite violent and
there is danger of the steam from the water throwing acid on the
hands or clothes of the operator. The acid must be slowly added to
the water while constantly stirring the mixture. This process must
be carried on in a clean glass, earthenware or lead container. If
placed in an ordinary metal container, chemical action will start at
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once between the acid and the metal and the electrolyte will be-
comte contaminated.

21. Use of Pure Water—Only approved water should be
used to mix with the acid and to replace that lost by evaporation.
Distilled (but not merely boiled) water is approved. Water taken
from wells, springs or rivers is often satisfactory, but should not
be used unless approved. Never transport or store water in any
metallic vessel (lead excepted) and keep receptacle clean and cov-
ered, to keep out impurities. Glass, earthenware, rubber or wooden
receptacles that have not been used for any other purpose are
satisfactory. If water is drawn from a tap, it should be allowed
to run a few minutes before using it.

22. Containers—The jar or container for portable batteries
is usually of a hard-rubber compound; but larger batteries, which
are used in a fixed position, are generally contained in glass or
lead-lined tanks. The plates rest on stiff ribs or ridges in the
hottom of the jar or container, allowing space for the accumulation
of sediment.

23. Hydrometer—In mixing the electrolyte the correct pro-
portion of water and acid can be exactly determined by test with
the hydrometer. The hydrometer is a small glass tube closed at
both ends and weighted at one of them. The hydrometer floats
in the fluid and displaces the fluid more or less as the fluid is more
ar less dense. Thus, the density of the fluid can be read at the
point where the “ water line” of the fluid meets the graduated
scale of the tube. The density of pure distilled water in terms of
specific gravity scale is I.000 at 70 degrees Fahrenheit. The
specific gravity of the concentrated sulphuric acid is far above
this and the water and the acid must be properly combined until
the specific gravity of the combination is of the correct value for
the particular type of battery. Since the temperature of the elec-
trolyte has its effect upon the density of the electrolyte, the read-
ings must be taken at approximately 70 degrees Fahrenheit, or
else corrections for temperature must be applied. The general
rule is to add .0o1 to the hydrometer reading for each 3 degrees
ahove 70 degrees F., and to subtract .0o1 for each 3 degrees below
70.

24. Baume Hydrometer—Some foreign countries do not use
the specific gravity hydrometer in taking the density of the elec-
trolyte. The Baume hydrometer is the same as the specific gravity
hydrometer except that the scale readings are calculated from dif-
ferent constants.

For liquids heavier than water:
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it — 145
Sp. Gravity 145 — Baume degrees’
Baume degrees = 145 — S_p% .

Example: What is the Sp. Gr. of the electrolyte of a cell that
shows a Baume reading of 29 degrees?

__ 5 _« — 1 Ac
Sp. Gr. = T & Sp. Gr. = 1.250.

The specific gravity of a lead plate sulphuric acid cell increases
with charge and decreases with discharge; therefore, the gravity
readings are of considerable value in determining the charged or
discharged condition of the cell.

25. Voltage Characteristics—The voltage of a lead cell is de-
pendent upon the amount of dissimilarity in chemical action be-
tween the two plates. It is therefore dependent on the state of
the solution and the active material of the plates. It is also
dependent on state of charge and whether battery is on charge, or
open circuit or on discharge. It is independent of the size of the
plates or their number connected in parallel and of the distance
between the plates in the liquid. The open-circuit voltage of a
lead-acid cell is approximately 2 volts. The open-circuit voltage,
however, does not indicate the state of charge. When the lead cell
is being discharged at its normal rate, usually given by the manu-
facturer on the name plate, the voltage at its terminals gradually
falls from approximately the open-circuit value to about 1.7 volts,
at which point practically the complete capacity of the battery has
been delivered. It is not desirable to continue the discharge be-
yond this point, except when the cell is delivering current at much
more than the normal rate; for example, at 10 times the normal
rate of discharge it is permissible to continue the discharge until
the voltage of the cell has fallen to about 1.4 volts per cell. The
average voltage which the cell can maintain during discharge varies
with the rate of discharge and the construction of the cell. The
average voltage will be about 1.95 volts when discharging at the
normal rate. As the cell discharges the specific gravity of the
electrolyte decreases. For many types of portable batteries the cell
is considered discharged when the specific gravity has fallen to
1.140.

26. Unit of Capacity—The capacity of a storage battery is
rated in ampere-hours. The ampere-hour is the unit employed to
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express the equivalent quantity of current represented by current
of one ampere flowing through a given circuit for an hour of
time. The ampere-hour capacity of a cell depends for the most
part upon the amount of active surface of the plates exposed to the
solution. It is therefore proportional to the area and the number
of plates.

27. Ratings—The normal discharge rate of a battery is
usually obtained by dividing the total ampere-hour capacity of the
hattery by the normal continuous discharge rate. If the battery
is discharged at the normal discharge rate it will give its normal
ampere-hour capacity by the time it reaches its discharge voltage
limit. If discharged at less than its normal discharge rate it will
give more ampere-hour capacity and if discharged at more than
its normal discharge rate it will give less ampere-hour capacity.
A Dbattery of 210 ampere-hour capacity with a normal discharge
rate of 21 amperes can be expected to last for 10 hours if dis-
charged at its normal rate. If discharged at only 7 amperes it
will last more than 30 hours, whereas if it were discharged at 30
amperes it would reach its discharge voltage limit within less than
7 hours.

28. The Ampere-Hour Meter—This instrument is of par-
ticular advantage in denoting the state of charge or discharge of
a battery. It is in the form of a small motor connected in series
with the charge and discharge of the battery and operates a pointer
which moves over a dial calibrated in ampere-hours. The speed
at which the motor operates depends upon the amount of current
entering or leaving the battery. It is so constructed that a revolu-
tion counter connected to the motor records directly in ampere-
hours the quantity of electricity passing through the meter. \When
the battery is fully charged the pointer on the dial reads zero. As
the battery is discharged the pointer moves in a clockwise direc-
tion toward the full scale reading. A red pointer on the meter is
usually placed at the number corresponding to the capacity of the
battery with which the meter is employed. When the rotating
pointer reaches this point it is an indication that the full ampere-
hour capacity of the battery has been utilized and it should be placed
on charge. As the battery charges the pointer moves in a counter-
clockwise position and just before reaching the zero or fully
charged position the pointer makes contact with a projection that
operates a set of contacts which causes the underload circuit
breaker to trip, disconnecting the battery from the charging source.
This type of meter runs slower on charge than on discharge so as
to allow some necessary overcharge.
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29. Discharge Voltage Limits—The discharge of a battery
must be stopped when it has reached the discharge voltage limit
which depends—upon the type of cell, the concentration of the
acid, and the rate of discharge. The discharge voltage limit when
given on the battery name plate is for the normal discharge 1ate.

A battery discharged at a high rate can be carried to a lower
voltage limit than a battery discharged at a long low rate. During
high rates of discharge the chemical reactions in the cell are very
rapid, forming sulphate in the outer layers of the active material
of the plates, making it difficult for the acid to reach the interior
portions of the plates and increasing the internal resistance of the
cell, causing the voltage to drop quickly. It may be allowed to drop
lower than during either a long low or an intermittent rate dis-
charge, since at a low rate the acid reaches the interior portions of
the plates, reduces them to sulphate, and when the voltage limit
is reached there is very little capacity left in the plates. In a short
or high discharge to the voltage limit only a fraction of the ca-
pacity of the cell is withdrawn, although the voltage is carried
lower than during a long low discharge, when the cell is more
nearly exhausted.

30. Chemical Action During Charge and Discharge—When
a cell is fully charged the negative plate is lead sponge, Pb, and
the positive plate is lead peroxide, PbO,, the specific gravity of the
electrolyte (sulphuric acid, H,SO,, and water, H,O) is at its maxi-
mum between 1.210 and I.220 (marine radio batteries, Sp. Gr.
higher for some other types), temperature 70 or 8o degrees F.
Chemical energy is stored in the cell in this condition.

11 the cell is put on discharge the H,SO, of the acid is divided
into H, and SO,. The H, passes in the direction of the current to
the positive plate, and combines with some of the oxygen of the
lead peroxide and forms H,O; the SO, combining with the liber-
ated Pb of the positive plate to form lead sulphate. The SO,
also forms lead sulphate, as the negative or lead sponge, Pb, plate.
As the discharge progresses both plates are finally reduced so that
they contain considerable lead sulphate, PhSO,. The water formed
has diluted the acid lowering the specific gravity of the electro-
lyte; when the plates are entirely sulphated current will cease, since
the plates are identical, and any electric cell requires two dissimilar
plates in the electrolyte. In common practice, however, the dis-
charge is always stopped before the plates have become entirely
reduced to lead sulphate. The lead sulphate that has formed by
the acid in contact with the plates is more bulky than the lead
sponge or lead peroxide just as copper sulphate on copper, or iron
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rust on iron, is more bulky than the amount of copper or iron eaten
away. The lead sulphate, on account of its increased volume, fills
the pores of the active material until finally near the end of dis-
charge, the circulation of acid in the pores of the plates is re-
tarded due to the increased bulk of the lead sulphate. Since the
acid cannot get into the plates to maintain the normal action, the
cell becomes less active, as indicated hy the drop in voltage.

To charge the cells direct current is passed through the ceils in
a direction opposite to that of discharge. This current passing
through the cells in the reverse direction will reverse the action
which took place in the cells during discharge. Tt will be remem-
bered that during discharge the acid of the electrolyte went into
and combined with the active material, filling its pores with sul-
phate and causing the electrolyte to become weaker. Reversing the
current through this sulphate in the plates restores the active
material to its original condition and returns the acid to the
electrolyte. Thus, during charge the lead sulphate, PbSO,, on the
positive plate is converted into lead peroxide, PbO,, while the lead
sulphate on the negative plate is converted into sponge lead, Pb,
and the electrolyte gradually becomes stronger as the SO, from
the plates combines with hydrogen to form acid, H,SO,, until no
more sulphate remains and all the acid has been returned to the
electrolyte. It will then be of the same strength as before the dis-
charge and the same acid will be ready to be used over again dur-
ing the next discharge.

Since there is no loss of acid, none should be added to the elec-
trolyte.

31. Object of Charging—The acid absorbed by the plates
during discharge is, during charge, driven from the plates by the
charging current and restored to the electrolyte. This is the whole
object of charging.

32. Charging Methods and Gassing—A battery can be
charged at as high a rate as desired until it starts gassing. When
fully discharged, but not overdischarged, it can absorb current at
the highest rate. As the charge progresses, the plates can no longer
absorb current at the same rate and the excess current goes to
form gas. In a battery which is charged or nearly charged, the
plates can absorb current without excessive gassing only at a low
rate, and a high charge rate will be almost entirely used in
forming gas, resulting in high temperature and wear on the plates.

33. Overcharge—Persistent overcharging not only tends to
wash out the positive active material, but also acts on the positive
grids, sometimes giving them a scaly appearance.
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34. Injurious Effects of Local Action—Therc is another
chemical action which takes place in any battery, termed “local
action.”  This is going on all the time whether or not the battery
is in use, and during all states of the charge. The lower the state
of charge, the more injurious are the effects of local action, and the
higher the density of the electrolyte used the more vigorous its
action. The temperature of the electrolvte also has an effect on
the local action—the higher the temperature the greater the effect.
In addition to causing a hattery to lose its charge, local action
produces a lead sulphate of a ditferent composition from that pro-
duced by electro-chemical action. The lead sulphate produced by
local action is of a much harder texture than that produced by
normal electro-chemical action and has a whitish crystalline ap-
pearance. It also has a high resistance and is insoluble in sulphuric
acid. On account of the nature of this material, if allowed to ac-
cumulate on the active material to any appreciable extent, it will
cause an increase in the internal resistance of the battery and a
reduction in its capacity. This sulphate also tends to cause the
plates to bend and buckle if allowed to go unchecked, because it
continues to increase in volume as long as there is any sulphuric
acid in the electrolyte. This is more noticeable where the sulphate
has once gained foothold. In siuch cases the ordinary amount of
charging will not bring the density of the electrolyte up to the
proper specific gravity, and as the natural tendency of the repair
personnel will be to add electrolyte, a trouble which has already
gained headway will be aggravated.

35. Treatment to Remove Sulphate Produced by Local Ac-
tion—If this injurious sulphate is not allowed to get too great
a headway, it may be removed by long low-rate chargings. This
method requires considerable time and is expensive, but 1s the only
practicable one that can be employed without removing the ele-
ments and scraping them. Scraping the plates is objectionable,
because in so doing a quantity of the active material is unavoidably
removed with the sulphate, which naturally reduces the capacity of
the battery. This sulphate forms not only on the surface of the
plates, but also in the active material beneath the surface. The
only proper course to follow is to take the necessary precautions to
prevent as far as possible the formation of this sulphate to any
appreciable extent. This can be done by remembering that local
action is dependent upon the state of charge, the density, and the
temperature of the electrolyte, the lower the state of charge and
the higher the density and temperature the more injurious the
effects. The local action thus far discussed is a natural conse-
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quence under the conditions mentioned, even though the electro-
lyte is pure, but if impurities are introduced, a multiplicity of
chemical actions will be set up which will have a disastrous effect
on the plates.

36. Buckled Plates—Duckled plates are plates which have
been bent and warped out of shape. Lead, like most all material,
will expand under the action of heat, but it has a very low elastic
limit, and once expanded, it will remain in that condition. If the
temperature is kept below 110 degrees F. there will be no trouble
from this source. Most buckled plates are caused by continued
overdischarge or lack of charge.

37. Height of Electrolyte—The height of the electrolyte
should be kept at the correct height above the tops of plates at all
times. This height varies with different makes and types of bat-
teries, but in general it should be kept as high as will allow the bat-
tery to be charged without overflowing; that is, without causing
the electrolyte to run out at the filling tubes while charging.

38. Maximum Gravity and Equalizing Charge—DBy maxi-
mum gravity charge is meant, as the term implies, charging the
battery until the density of the electrolyte reaches its maximum
specific gravity. The ohject of the maximum gravity charge is to
offset the effects of local action and to bring all the cells into step
with each other in regard to state of charge. Instructions for
carrying out maximum gravity and equalizing charge are usually
given by the manufacturer.

39. Trickle or Floating Charge—A method of charging a
hattery held ready for einergency work or a battery out of service
is what is known as a “trickle or floating charge.” With this
method a small charging current is passed continually through the
battery. This low rate of charge will keep batteries in good con-
dition with minimum attention. The only precautions to be ob-
served are that reasonably good ventilation is provided and that
water is added at sufficiently frequent intervals to prevent the plates
from becoming uncovered. If the system is designed to keep the
battery fully charged automatically, its operation should be checked
periodically until it is certain that the system is not giving too much
nor too little charge. Ii the cells gas continually, the battery is
receiving too much charge. If the gravity continues to drop, the
battery 1s not receiving enough charge.

For a battery which is on trickle charge 24 hours every day, if
the adjustment is correct the voltage directly at the battery ter-
minals will be between 2.10 and 2.30 volts per cell and should
average very close to 2.135 volts per cell. 1f it is continually below
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2.10, the charging is insufficient. If continually above 2.20 it is
excessive. (These values are correct for batteries whose full
charge gravity is I.200-I.22—but not for other batteries.)

There is a wide-sprecad impression that a lead and acid battery
held ready for emergency should be given periodical cycles of dis-
charge and charge in order to maintain its normal capacity. If
such a battery is kept on a trickle or floating charge, at the required
rate, when not in use, it will be fully charged and capable of de-
livering its maximum capacity at the normal discharge rate during
an emergency.
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Tig. 73. Diagram of Exide Storage Battery Company's Switchboard.

40. Exide Storage Battery Switchboard—The ship’s power
circuit is connected through the large upper double-pole double-
throw switch which is so connected that in case of the reversal of
the polarity of the ship’s power the same relation between the
power bus and the battery can be obtained by reversing the switch.
The circuit breaker is equipped with overload, low-voltage release,
and automatic trip operated by the ampere-hour meter.

41. Operation—Iirst determine that the power bus switch
is closed in the proper direction by observing whether the volt-
meter reads when the plug switch is in the lower left-hand recep-
tacle. If it does not read, reverse the power bus switch, then as-
certain that the two halves of the battery are also properly con-
nected by taking readings in the upper and lower right-hand
receptacle. The voltmeter circnit is normally open and a push but-
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ton switch is provided on the switchboard for closing the circuit
when it is desired to take a voltage reading. This precaution is
taken to prevent inductive effects incidental to the operation of the
radio outfit damaging the meter. '

42. To Charge the Battery—Close the circuit breakers at
the time, holding up the plunger of the low voltage release coil, and
then close the 6-P.D.T. switch to the left. This will place the
respective halves of the battery on charge through the charging
resistances on the back of the board. The red pointer on the am-
pere-hour meter should be set at the numbering corresponding to
the capacity of the battery in use. The black hand of the ampere-
hour meter indicates the state of discharge of the battery at any
time. As soon as the charge is started the black hand will begin
to move towards zero and the charge should be completed when
it reaches zero. When the black hand reaches zero it makes a con-
tact which opens the circuit breaker by means of the automatic trip,
thus automatically cutting off the charge. For the equalizing
charge; or if for some other reason the battery requires an over-
charge, it is necessary to remove the cover from the ampere-hour
meter, or, by the use of a key furnished with the same, and turn
the black hand to the proper point. (As determined by reference
to the battery instructions.)

If when the Dbattery is charging the ship’s power circuit fails, the
low voltage release will open the circuit breaker, preventing the
battery from discharging back into the bus. The battery can be
used for supplying current in such an emergency as described
under “ Discharging the Battery.”

43. To Float the Battery—\Vith the 6-P.D.T. switch closed
to the left and the circuit breaker open, the charging circuit through
the resistance units will be open, but the battery will be receiving
a floating charge through the two lamps mounted in the upper
corners of the switchboard. This is intended to be the normal con-
dition of operation; i.e., battery fully charged and floating, with
circuit breaker open, and 6-P.D.T. switch closed to the left, the
radio circuit is connected direct to the bus. When the battery is
floating or charging, the lights cannot be operated from it, and the
lower double-pole double-throw switch should then be closed to
the left. The feeder switches for the various light circuits can be
opened or closed, as desired.

44. To Discharge the Battery-—\Vith the circuit breaker
open, close the 6-P.D.T. switch to the right., With the battery dis-
charging the lights can be operated from either the bus or the bat-
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tery by closing the small lower double-pole double-throw switch to
the left or right, respectively.

Whenever the ship's dynamo is shut down care should be taken
to open the radio circuit switch on the ship’s switchboard.

45. Operating Exide Batteries in Emergency Radio Service
on Ships—Keep the battery and surrounding parts dry and
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FiG. 74. Back View of Wiring of Exide Storage Battery Switchboard.

clean. If electrolyte is spilled or if wood trays (or compartments)
are damp with acid, apply a solution of cooking soda and water,
then rinse with water and dry; do not allow soda solution to get
into cells. Soda solution or ammonia will neutralize the effect of
acid on clothing, cement, etc.

46. Replacing Evaporation—Do not allow the surface of the
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clectrolyte to get below the top of the separators; keep it above by
adding sufficient suitable water to each cell as often as necessary.
Do not fill higher than 1/2 inch above the top of the plates. In
cold weather the time to add water is at the beginning of a charge,
so that gassing will insure thorough mixing and any danger of the
water freezing be avoided. It will never be necessary to add new
electrolyte, unless some should be spilled. Never transport or
store water in any metallic vessel (lead excepted) and keep recep-
tacle clean and covered, to keep out impurities. Glass, earthen-
ware, rubber or wooden receptacles that have not been used for any
other purpose are satisfactory. Only suitable water should be used
for replacing evaporation. Distilled water is suitable. Rain water
is usually satisfactory, if obtained on a clean roof in a clear at-
mosphere, but care should be taken to allow the rain to flush the
roof before catching the water.

47. Pilot Cell—The specific gravity of all cells in series on
discharge and charge falls and rises together, so that the gravity
reading of the electrolyte of one cell, known as the “pilot cell,”
will indicate the state of discharge or charge of the series as a
whole. As the battery is divided into two parallel series for charge,
a pilot cell in each half is necessary.

48. Discharging—The system is laid out with the idea that
the battery is to be discharged only in emergencies.

49. Discharge Limits—In emergency, little if any permanent
harm will result if the battery is discharged to the full amount
that it will give (provided that it is immediately recharged) but
overdischarging as @ constant practice will soon result in perinanent
damage.

50. Floating—The battery is to be floated at all times, ex-
cept when charging or discharging. When floating, both lamps on
battery, switchboard will burn dimly. If either lamp goes out,
immediately replace it with another of proper rating.

In order to check the generator polarity and to guard against
the battery becoming accidentally discharged through the reversal
of the generator, read the voltmeter frequently with the voltmeter
plug in opening marked “ Bus.” If the polarity has changed, throw
over the switch marked “ Reversing Switch.”

The system is designed to keep the battery fully charged and
its operation should be checked every week or so until it is certain
that the system gives neither too much nor too little charge. With
proper adjustment, the specific gravity of the pilot cell will remain
practically constant (within 5 to 10 points if level of electrolyte
is kept the same height) and the cells will not be gassing. If the
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cells gas continually, the battery is receiving too much charge. If
the gravity continues to drop, the battery is not receiving enough
charge. Adjust the charging current if necessary by changing the
floating lamps, using higher wattage to increase rate or lower wat-
tage to decrease. DNake another check after a week or so, re-
peating until it is certain that the system gives neither too much
nor too little charge. The adjustment can then be considered
correct and will only require occasional checking.

51. Charging—After discharges of any kind totaling one-
tenth capacity or more, immediately put the battery on charge and
combine the charging until the black hand of the ampere-hour
meter has returned to zero. Once each month, preferably during
fair weather, charge the battery. Move the black hand of the
ampere-hour meter back, halfway to the red hand, and charge until
the “ pilot cell gravity ” and the voltage of each side have remained
constant for one hour and all cells have been gassing or bubbling
freely for the same length of time. This means that, under nor-
mal conditions, the charge will be of about two hours’ duration.
When charging, keep the bus voltage at 110 volts as, if it is low,
the charging rate will be reduced and the time required to charge
correspondingly increased. For example, a bus voltage of 100
volts reduces the charge rate one-third and therefore increases
the time 50 percent; a go-volt reduces the rate two-thirds and
triples the tine.

Raise the covers of the battery hox during this charge and never
bring a lighted match or other cxposed flame near the battery as
this might cause an cxplosion. Keep the vent plugs in the cells.
Do not remove them during charge except to take specific gravity
or temperature readings. After the charge, reset the black hand
of the ampere-hour meter to zero.

52. Specific Gravity of Electrolyte—The normal specific
gravity of the electrolyte should, with the cells fully charged, be
hetween 1.260 and 1.295 for all marine types with the exception of
type MVS, for which it should he hetween 1.200 and 1.220.

It will never be necessary to add new electrolyte, except in con-
nection with replacing actual loss of electrolyte due to spillage
or siniilar causes. Before adjusting low gravity by adding acid,
first make sure charging will not raise the gravity. To do this,
continue charge until specific gravity shows no rise, and then for
five more hours. Never make a gravity adjustment on a cell which
does not gas on charge. To adjust low gravity, add new electro-
lyte of 1.300 specific gravity instead of water when replacing
evaporation until the gravity at the end of an equalizing charge
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is up to 1.260 (1.200 for type MVS). Then stop adding electro-
lyte and replace all further loss from evaporation with suitable
water. Do not adjust higher than 1.260 (1.200 for type MVS)
and do not add electrolyte of higher gravity than 1.300 directly
to the cells.

53. Impurities—Impurities in the electrolyte will cause a
cell to work irregularly. Should it be known that any impurity has
gotten into a cell, it should be removed at once. In case removal
is delayed and any considerable amount of foreign matter becomes
dissolved in the electrolyte, this solution should be replaced with
new immediately, thoroughly flushing the cell with water before
putting in the new electrolyte.

54. Broken Jar—If a jar should become hroken, do not allow
the plates to dry, If there is no extra jar on hand, remove the cell
(either with or without its jar) from the circuit, immerse it in a
wooden bucket filled with water and keep it covered with water
until ready to reinstall it.

55. Indications of Trouble—The chief indications of trouble
ina cell are:

(a) Falling off in gravity or voltage relative to rest of the cells.

(b) Lack of gassing on charge.

If a Dbattery seems to be in trouble, the first thing to do is to
give it a charge. Then take a gravity reading of each cell. If all
the cells gas evenly on the charge and the gravity of them goes
above 1.225 (1.180 for type MVS), most likely all the battery
nceded was the charge ; otherwise, record all gravities less than this,
resume charge and continue until three consecutive half-hourly
rcadings of the gravity of all these cells show no increase for any
of them. Then make gravity adjustment on those which are still
below this and which are gassing. Before making an adjustment,
determine whether the jar is cracked by adding water to the proper
height and allowing cell or jar to stand several hours, noting
whether level falls. 1If a jar ischanged, charge it. If a cell will not
gas on above charging, investigate for impurities.

If in doubt as to whether the electrolyte contains impurities, a
half pint sample should be submitted for test. The Electric Stor-
age Battery Company will analyze and report on, free of charge,
samples received at its works (Allegheny Ave. and 19th St., Phila-
delphia, Pa.) with transportation charges prepaid; provided the
hattery in question is an Exide.
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Battery Charging Panel—A small battery Charge-Discharge
panel is shown in figure 75. This is a typical small panel as fur-
nished with the radio equipment of a vessel fitted with a low power

Fic. 75. Battery Charge-Discharge Control Panel.

emergency transmitter. The two storage batteries connected in
series, as illustrated in figure 76, furnish power to operate a motor
generator. The generator develops AC voltage for the plate
transformer of the vacuum tubes.

Referring to figure 735 the double pole double throw switch
when thrown to the left places the batteries on charge directly
from the ship’s power. The charging current is regulated by
fixed resistors on back of the panel. The switch is thrown to
the right to discharge the batteries. The ammeter on the front
of the panel indicates to the operator whether or not the hattery
has the correct charging polarity and the rate of charge and dis-
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charge. When not on charge or discharge the ammeter needle
reads zero on the center of the scale. On the left side of zero the
scale 1s marked “ Charge” and on the right side of zero it is
marked “ Discharge.” When the batteries are placed on charge

Fic. 76. Lead Plate Batteries Used for Auxiliary Power Supply.

and the charging polarity is correct the needle will move to the
“ Charge ” side of the scale. If the polarity is reversed, it will
move to the “ Discharge ” side and the switch should be immedi-
ately opened.

On small charging panels of this type no protective circuit
breakers are provided and the operator is required to take the
hatteries off charge whenever the ship’s dynamo is shut down.
If this is not done, the batteries will discharge through the wind-
ings of the dynamo, possibly resulting in reversal of the polarity
of the machine when it is again started. This is discussed in
detail in paragraph IT on page 63.




CIIADPTER 4

THEORY AND APPLICATION OF THE VACUUM
TUBE

Construction—The vacuum tube as employved in radio con-
sists of a glass vessel similar in shape to the ordinary house
lamp but exhausted to a higher degree of vacuum. \Vithin the
glass tube are three important elements known as the filament, grid
and plate. They are insulated from each other and clectrical con-

Fi16. 77. A Vacuum Tube in Various Stages of Assembly.

nections to each are made by bringing out leads through the glass
stem of the tube to the composition base upon which terminal pins
are mounted. The base of the tube is constructed to fit into a device
called the socket. The socket is provided with contacts that engage
the terminal pins when the tube is placed in it. Binding posts on
the socket make electrical connection to the contacts and provide
means of connecting the elements to an external circuit. Two
binding posts are provided for the filament and one cach for the
grid and plate.

1. Thermionic Electronic Emission—AlIl substances are
made of electrons. Electrons as described in the first chapter are

110




THEORY OF THE VACUUM TUBE 111

negative particles of electricity. Consider a piece of metal. These
small negative particles move about in the metal taking zigzag
paths in all directions. Their velocity of motion depends upon the
temperature, increasing with temperature. If the metal is heated
the electrons attain sufficient velocity to fly off the surface, exactly
as the components of water when it is boiled. The heated filament
in the vacuum tube is in this manner a source of electrons. A
little study further will show that special types of filaments will
give off many electrons without requiring much power for heating.

The filaments are usually constructed of tungsten wire. The
number of electrons thrown off by such a filament will be greatly
increased if certain chemicals are added to the tungsten wire at
the time of manufacture. Such chemicals as thorium, barium and
strontium are used for this purpose and are either drawn with the
wire or cemented upon it. Vacuum tubes having thorium drawn
with the tungsten wire are known as thoriated filaments. Those
having a coating of barium and strontium are called oxide or
coated filaments. Tubes having thoriated oxide filaments operate
at much lower temperature than those having plain tungsten and
but little light is thrown off. They are sometimes called dull
emitters. Variable resistances to regulate the current are usually
connected in series with the filament circuits.

Just as water will boil more enthusiastically if the generated
steam is pumped away and a vacuum main-
tained, so will more electrons conie off the
filament if the {rce ones are constantly
drained away by the attraction of a posi-
tively charged plate. The plate is con-
structed of nickel and surrounds the filament
and insulated from it. A positive charge is
placed on the plate, by connecting it to the
positive terminal of a *“B” battery or d.c. =7
supply.  The filament of the tube is usually
heated by connecting it to a battery called the —_]—
“ A7 Dattery or by a.c. from the lighting
circuit by usc of a stepdown transformer.
The ncgative terminal of the “B” hattery e 78  Councc-
is connccted to one terminal of the “A™ ! (gattlzrym:?)
hattery. The positively charged plate at-  Vacuum Tube.
tracts the frce negative electrons and they
are transported through the space between filament and plate. This
stream of electrons from filament to plate furnishes a connecting



112 RADIO MANUAL

medium or path for a current which flows from the * B ™ battery
to the filament, from filament to plate and plate to “ B battery.

It should be noted that the electron flow is indicated as the cur-
rent flow. This is in accord with the present-day theory that
electric current is electrons in motion.

If the plate potential was made negative, that is, if the connec-
tions to the *“ B ” battery are reversed, the electrons would be re-
pelled and little or no current would flow. If the battery “B”
were replaced by an alternating current generator, the electrons
would be attracted during the positive alternation and current would
flow only during this half cycle. On the negative alternation the
electrons would be repelled. Thus the tube acts as a rectifier allow-
ing its current to flow in one direction and not in the other.
Vacuum tubes as rectifiers have an important application in radio
circuits as will be described later.

2. Use of A.C. Vacuum Tubes—Although alternating cur-
rent has been used successfully in operating the amplifier and
oscillator tubes of transmitters 1t is only of late that this method
has achieved success with receiving tubes. The chief drawback has
been the a.c. hum caused by grid-and-plate effect. If the grid re-
turn is made to the negative B and one side of the filament as in
usual practice, the a.c. component of the filament voltage from the
step-down transformer will act on the grid and plate of the tubes
cxactly as a signal voltage, thus producing a loud 120-cycle hum.
By connecting the grid return to the mid-point on a potentiometer
this hum can be balanced out on the amplifier tubes. However,
this is not adaptable to the detector with grid condenser and leak
operation, as it is susceptible to any stray low frequency electric
disturbances. In order to eliminate the hum from the detector
tube, a heater-cathode method is employed. As already explained,
heating the filament is necessary in order to cause it to emit elec-
trons. With the heater-cathode method electrons are emitted by
another strip of metal placed close to the filament and heated by
it. Such a vacuum tube has five prongs, the two filament connec-
tions, the cathode, plate and grid. The grid return is made to the
cathode and is therefore not subject to the a.c. reversals of cur-
rent, thus eliminating the hum.

3. Action of the Grid—Between the plate and the filament is
the wire grid. The grid is much closer to the filament than the
plate and hence a charge on the grid has much more effect on the
flow of electrons than would a similar charge on the plate. A
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small negative charge on the grid would repel the electrons and
hence oppose their flow to the positive plate. On the other hand
a positive charge on the grid would assist the flow of the electrons
and more current will flow through the tube. Thus the grid acts as
a valve to regulate the flow of current in the tube.
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Fie. 79. Arrangement for Varying Grid Potential,

In the arrangement of figure 79 it is possible to demonstrate
how small variations of grid potential are sufficient to produce
large changes in the plate current. Referring to figure 79 it is
possible to vary the potential on the grid by the potentiometer con-
nected across the terminals of the battery “C.” If the grid is
made negative in respect to the filament electrons will be repelled
by the grid resulting in a decrease of plate current as indicated
by the milliammeter connected in the plate circuit. By varying
the potentiometer the grid potential may be made sufficiently nega-
tive to stop the flow of plate current entirely. On the other hand
by making the grid positive, electrons are attracted by both the
positive grid and plate resulting in more electrons being drawn to
the plate which will be manifest by an increased plate current.

4. Characteristic Curve—DBy plotting the different values of
grid voltage against plate current the characteristic curve of the
plate current is secured. Figure 8o shows such a curve. Char-
acteristic curves may be also secured by plotting grid voltage
against grid current; also plate voltage against plate current with
a fixed grid potential. The values obtained by these methods are
very useful when combined with values of the apparatus to be
used with the tubes.

A study of curve A in figure 8o will show that with a fixed
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plate voltage, as the grid voltage is made positive, the plate cur-
rent gradually increases. A limit is finally reached whereby an
increase in grid voltage produces no increase in plate current.
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Fic. 80. Characteristic Curves of a Vacuum Tube.

Thus a limiting value or saturation point is attained by the plate
current. A positive potential on the grid assists the attainment
of this saturation point caused by the grid absorbing more electrons.
This absorption causes a small grid current to flow from grid to
filament, filament to battery “C,)” battery “C” to grid. The
total electron flow is the sum of plate and grid current. The only
way in which the plate current can be further increased is by
either increasing the filament temperature or by increasing the
plate voltage (curve B).

5. Detector Action—The three electrode vacuum tube may
be used as a detector of radio frequency currents by employing
the properties of the tube when worked at the curved portion of
the plate-current grid voltage curve or by the properties of the tube
when worked at the curved portion of the curve showing the re-
lation of grid voltage and grid current.

The first method consists of establishing a normal grid voltage
of sufficient value to operate the tube at that part of the character-
istic curve whereby the radio frequency voltages communicated
to the grid cause unequal changes in the plate current. Figure 81
shows the connections necessary to employ this method of detec-
tion. The antenna is connected directly to the inductance. The
circuit is tuned to resonance with the desired transmitting station
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by the condenser C-1. The battery “A” heats the filament of
the tube. The ““ B ” battery and telephone receivers are connected
across the plate and filament of the tube. The direct current of
the “ B 7 battery flows through the telephone receivers. The con-
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Fic. 81. Vacuum Tube Detector Fig. 82. Curve Showing
Circuit. Operation of Vacuum Tube as
a Detector.

denser C-2 by-passes the radio frequency components that are
present in the plate circuit. The circuit is tuned to incoming sig-
nals and the radio frequency voltages built up across the tuning
condenser C-1 are impressed on the grid of the tube. For a posi-
tive alternation the plate current increases to the point & and on
the negative alternation of the same amplitude the plate current
is decreased to ¢, as shown in figure 82. Thus the average plate
current is increased during the duration of a signal voltage. The
fluctuations of plate current occur at radio frequencies correspond-
ing to the frequency of the incoming signal. Due to the high in-
ductance of the windings in the telephone receiver the radio fre-
quency variations of plate current cannot flow through them, but
are by-passed by the capacity of the windings and the condenser
C-2. Only the average value of plate current flows through the
receivers causing the diaphragm to vibrate at an audio frequency
dependent upon the number of wave trains per second.

This method of detection is sometimes employed using a “ C”
battery to place a high negative voltage on the grid. The “C”
battery of 3 or 4 volts is connected in series with the grid with the
negative terminal next the grid. The positive terminal is con-
nected to the tuned circuit. The high negative potential permits
the tube to be worked on the lower bend of the characteristic
curve. However, there is no change in the action other than the
effect of each wave train which reduces the plate current more than
it is increased. As before, the plate current is varied at a radio
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frequency rate resulting in an audio frequency vibration of the
diaphragm of the telephones for each wave train.

6. Condenser and Grid Leak—The rectifying action of the
tube with condenser and leak requires a positive bias on the grid for
best results. Figure 83 shows the
arrangement of apparatus em-
ploying this form of detection.
One side of the grid leak resist-
ance is connected to the positive
side of the “ A" battery through
the inductance L-1. The action
would be the same if the resist-
ance was connected directly be-

o tween grid and positive filament.

Fig. 83. Vacuum Tube Circuit In some circuits this is absolutely
Employing Grid Leak and Con- pecessary since there is no other
denser. circuit back to the filament. The
flow of steady grid current through this resistance places a posi-
tive bias on the grid of a few tenths of a volt with respect to the
negative end of the filament. The rectifying action is accomplished
by operating the tube on the curved portion of the grid current
curve and the straight portion of the plate current curve. The
action is as follows: During the positive alternation of the radio
frequency oscillation the plates of the condenser C-2 connected to
the tuned circuit L-1 C-1 become positive—the other plates become
negative robbing the grid of some of its electrons; thus the grid
becomes positive and electrons pass to it from the filament.

During the negative alternation of the radio frequency oscilla-
tion, the plates of the condenser C-2 connected to the tuned circuit
L-1 C-1 become negative—the other side becomes positive and
hence the grid becomes negative. No electrons are added but
none are thrown off as the grid is not heated. The net result of
the whole oscillation is to lower the potential of the grid. The
effect of each oscillation then is to decrease the potential of the
grid (by adding electrons). This effect is cumulative so that each
wave in a wave train adds to the effect of the preceding wave.
The result of the passage of the wave train is that the grid po-
tential is reduced. The reduction of the grid potential causes a
reduction of the plate current. This occurs every time a wave train
passes and hence there is a pulsating current of wave train fre-
quency through the telephones. Wave train frequency is audio
frequency, so the signal 1s heard. (See figure 84.) The grid leak
does not allow the escape of the electrons from the grid while the
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L-1 C circuit is oscillating. In the comparatively long time be-
tween wave trains, electrons on the grid escape through the grid
leak and the grid regains its normal potential.
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F1c. 84. Action of Vacuum Tube as Detector with Grid Leak and
Condenser.

If strong signals are to be received or if static is strong, the
value of the grid leak resistance cannot be too high or the charges
will not leak off between wave trains, but for weak signals the
leak resistance can be made much higher. The usual value of the
grid condenser is .00025 mfd. and of resistance 2 to 5 megohms
for strong signals and up to 10 megohms or more for weak signals.

7. Vacuum Tubes as Amplifiers—It was shown in the pre-
ceding paragraph that a vacuum tube acts as a detector or rectifier
because an alternating voltage applied to the grid circuit produced
unsymmetrical oscillations in the plate current. At the same
time it is acting as a detector it is also acting as an amplifier—
that is, oscillations of greater power are produced in the plate cir-
cuit for a given alternating voltage in the grid circuit than would
be produced by the same voltage applied directly to the plate cir-
cuit.

The small voltages acting in the grid circuit simply act as a
valve to control large values of current in the plate circuit furnished
by the “ B ” battery.

To use the valve as an amplifier it is desirable to have the grid
voltage of such value that on the positive alternation of the oscilla-
tion the plate current is increased as much as it is decreased during
the negative alternation, otherwise distorted amplification will re-
sult. In order to secure undistorted amplification it is necessary
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to operate the tube on the straight portion of its plate-current grid-
voltage curve. Sometimes a “ C” battery is necessary in order to
fix the normal grid voltage at the center of the straight portion of
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Fic. 85. Curve Showing Condition Necessary for Undistorted Amplifica-
tion in Vacuum Tube.

the characteristic curve. The addition of the “ C” battery also
increases the life of the “ B ” battery but does not necessarily give
more amplification,

Vacuum tubes are employed to amplify both radio and audio fre-
quency oscillations.

8. Audio Frequency Amplification—There are sevecral uses
for audio frequency amplification in its application to radio. One
of the most important of these is at a broadcasting station. Here
a device called the microphone receives the sound waves from the
voice or musical instruments and converts them into audio fre-
quency currents. These audio frequency currents are too feeble
to properly impress themselves upon the radio frequency currents
which transport them through space in the form of waves; there-
fore the feeble audio frequency currents must be amplified by an
audio frequency amplifier of special construction called a speech
amplifier.

At a radio receiving station the audio frequency signals pro-
duced in the plate circuit of the detector tube can be heard by
connecting a pair of telephones in series with the plate circuit.
However, if it is desired to increase the strength of these signals
whereby they are more easily distinguishable it becomes necessary
to employ an audio frequency amplifier.

An audio frequency amplifier increases the power output of a
receiver whereby it is possible to enjoy the program from a broad-
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casting station on a loud speaking device such as a horn or cone
designed for that purpose.

9. Characteristics Required of Audio Frequency Ampli-
fier—Sound waves vibrate at the rate of approximately 30 to
15,000 cycles per second. The average human ear cannot hear
vibrations below 16 cycles nor above 15,000 cycles. In radio
broadcasting it has been found that a band from 30 to 7,000
cycles is ample for excellent transmission. Therefore it can be
seen that an audio frequency amplifier
employed either as a speech amplifier
at the transmitting station or as an
audio frequency amplifier at the re-
ceiving station must have certain char-
acteristics whereby all these frequen-
cies can be reproduced without distor- i
tion. (See curve, figure 85-a.) % frequency in cretes.

Audio {requency amplifiers designed g, 8sa. Characteristic
for radio telegraph code reception do Curve of Ideal Amplifier.
not require such frequency character-
istics. An amplifier designed to give maximum amplification
from Go to 1.000 cycles is sufficient for this class of service.

ro. Amplifying Systems—There are three principal methods
of coupling vacuum tubes in an amplifying system. They are
known as transformer coupled, resistance coupled and impedance
coupled. The schematic circuits of each are shown in figure 86.
These methods of coupling are also applicable to a radio frequency
amplifier, the only change being in the sizes of the inductances
and capacities employed. Each method has its advantages and dis-
advantages.

Amplification

' Transformer coupled Impedance or choxe coil coupled.

Resistance coupled.
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Frc. 86. Methods Used to Couple Vacuum Tubes in an Amplifier.

When a number of tubes are connected together in an ampli-
fying system it is spoken of as a cascade or multi-stage amplifier.
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If two tubes are employed in this way it is called a two-step
amplifier, three tubes a three-step amplifier, and so on.

Of the three forms of coupling the transformer coupling is by
far the most commonly employed primarily for the reason that two
stages of transformer coupling may equal or exceed in amplifica-
tion that secured by a three-stage resistance or impedance coupled
amplifier. Transformer coupling is subject to distortion which
may result in large values of amplification at high frequencies and
very small values at the lower frequencies. However, with the
improved design by certain manufacturers of audio frequency
transformers there are procurable on the market several different
types which produce even values of amplification of practically
all audio frequencies employed in radio broadcasting.

Resistance and impedance coupled amplifiers of proper design
amplify all audio frequencies to the same degree. Of the two
methods the resistance coupled is the least efficient. Larger values
of “B " battery are required on the plate of each tube to com-
pensate for the voltage drop through the coupling resistors. The
amplification per tube is less than the amplification constant of the
tube (explained in a later paragraph) and is somewhat below
that procurable by either of the other two methods.

The most general type of amplifier coupling employed at broad-
casting stations to amplify the feeble currents from the micro-
phone is the impedance coupled amplifier. The use of impedances
in the plate circuit permits smaller “ B” battery voltages to be
used. Usually the inductances of the plate and grid coils are very
high, thus permitting the voltage ratio to remain high throughout
the greater part of the audio frequency band. The d.c. resistance is
relatively low ; therefore it is not necessary to employ higher plate

voltages than are used with transformers. The gain per stage in
‘ amplification cannot exceed the amplification constant of the tube

but does exceed somewhat that of the resistance coupled amplifier.
| 11. Amplification Constant—Resistance and impedance
coupled amplifiers are limited in amplification per stage by what
is known as the amplification constant of the tube. Amplification
constant (expressed by the small Greek letter “ mu,” ) is an ex-
pression of the ability of a vacuum tube to amplify voltages. For
example, the plate current of a tube may be 4.5 milliamperes at
40 volts with a normal grid voltage of .4 volt. If the grid volt-
age is increased to 1.4 volts the plate current will rise to 5.9 milli-
amperes or slightly over 1.4 milliamperes per volt change. Now if
on the other hand the grid voltage is left unchanged at .4 volt and
the plate voltage is increased to 60 volts the plate current will be
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increased to 8.5 milliamperes, a change of .2 milliampere per volt.
Thus it can be seen that a volt added to the grid makes 7 times
as much charge in the plate current as a volt added to the plate
voltage would. This number, which represents the relative effects
of grid voltage and plate voltage upon plate current, is called the
amplification constant of the tube. A tube having a high amplifi-
cation constant is known as a “ high mu ” tube.

Thus a resistance or impedance coupled amplifier of three stages
employing tubes having an amplification constant of 7 would have
an over-all gain of approximately 6° or 196. However, with
transformer coupling there is obtained a voltage step-up which is
approximately equal to the turn ratio and for example in the case
of a 1 to 3 transformer an over-all amplification for a single stage
of 3 times 7, the tube constant, or about 21. The over-all gain
obtained from two stages of amplification would be 21 squared or
441. Thus more amplification is obtained with two tubes employing
transformer coupling than can be obtained with three tubes of the
same type in a resistance or impedance coupled amplifier.

12. Plate Impedance—There is another electrical character-
istic of the vacuum tube that has to be taken into consideration
when figuring on its amount of amplification available from an
amplifying system. This characteristic is known as plate imped-
ance. The plate impedance is the opposition offered to the flow of
an alternating current in the output or plate circuit of the tube.
Its value determines the maximum power output which can be
obtained from a tube. Its value varies with the voltages on the
filament, grid and plate.

K load

Fic. 87. The Output Rule—Showing that when Load Resistance is Equal
to Internal Resistance Maximum Output is Obtained.

In considering the power outpnt of a vacuum tube the re-
sistance of the load to which it is coupled has considerable bearing.
This can be easily explained by applying the rule governing the
output of a direct current generator comnnected to a load. Re-
ferring to figure 87, the direct current generator is connected to
the load marked R-lcad. The armature of the machine has a
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certain resistance which is indicated by R;.: (internal resistance).
When the load resistance (R-load) is equal to the internal resist-
ance (R;n:) the generator will give its maximum output. If the

load resistance is higher the current

—ww drops off and the generator does less
worlk outside.
[ Now if the same rulc is applied to a
{ vacuum tube amplifier it will be found

E=-¢  that the tube gives the most output

when the load resistance R is equal

to the plate impedance R,. Fowever,

the application of this rule may result

Fie. 87a. Qutput - Rule j, cerious frequency distortion when a
Applied to Transformer Y e .

Coupled Amplifier. tube lmvmg' an extremely high plate

impedance is connected to a trans-
former of high impedance. (Explained very clearly by Kruse in
QST, April, 1927, Radiotron CX-340-UX-240.)

13. Mutual Conductance—The value of mutunal conductance
of a vacuum tube is an expression giving the degree of merit of
the tube as an amplifier, detector, oscillator, etc. It is always de-
sirable to have the mutual conductance as large as possible. The
amplification constant is dependent upon the structure of the grid
and its position relative to the other electrodes while the plate im-
pedance depends upon the amplification constant and the surface
areas of filament and plate.

As the usual practice is to vary the plate current by varying the
grid potential the mutual conductance gives a measure of this ef-
fect. If the amplification constant and plate impedance are known
the mutual conductance can be found by the equation

. . Amplification constant
Mutual conductance in micromhos = . ,
Plate impedance

or

u
g=—":
Tp

Thus it can be seen that a tube having a high “mu” and low
plate impedance will have considerable merit as an amplifier.

14. Transformer Coupling—Audio frequency amplifying
transformers are usually of the closed core type having a’ pri-
mary and secondary winding insulated from each other. By wind-
ing the secondary with more turns than the primary, the voltages
communicated to the grid of the tube to which the secondary is

-
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connected can be considerably increased resulting in greater ampli-
fication per tube than is possible with either resistance or imped-
ance coupling. The turn ratio of audio frequency transformers is
of the order of 1 to 3, I to 6, 2 to 5; usually not running higher
than 1 to 10.

Figure 88 illustrates the connections of a two-stage audio fre-
quency amplifier arranged to amplify the audio frequency fluctua-
tions of plate current produced in the detector tube plate circuit
of a radio receiver.

Referring to figure 88 the plate of the detector tube is connected
to the terminal marked P on the primary of the first transformer.
The terminal marked B - is connected to the positive 45-volt ter-
minal of the go-volt “ B ” battery as this is the usual value for
best operation of the detector tube. The secondary terminal
marked G of the transformer is connected to the grid of the first
amplifying tube. The other secondary terminal marked F— is
connected to the negative three-volt terminal of the “ C” battery,
so as to operate the tube on the steepest part of its characteristic
curve as well as to conserve “ B ” battery.
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Fic. 88. Detector and Two-Stage Transformer Coupled Audio Frequency
Amplifier.

Note: The correct value of bias voltage for a particular tube is
usually furnished by the manufacturer.

The plate circuit of the second tube is connected to the primary
of the second transformer as in the first, but the B 4 is connected
to the positive go-volt terminal of the “ B ” battery as this is the
usual voltage employed to operate the first amplifier tube with
transformer coupling. The secondary of the transformer is con-
nected to the grid of the second amplifying tube with the filament
return connected to the negative “ C” battery. The plate circuit
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of the last tube is connected in series with loud speaker and go-
volt “B” battery.

Jacks are frequently provided in the plate circuit of each tube so
that the loud speaker or telephones may be plugged in either the
detector circuit, first stage amplifier, or the last stage.

The condenser C is connected directly across the plate and fila-
ment circuit to by-pass the radio frequency currents present in the
detector plate circuit, otherwise they would be choked out by the
reactance of the primary winding of the first transformer. The
addition of the condenser serves to increase the strength of the
signals and prevents distortion.

15. Operation—If no signal is heard there is only the steady
plate current through the primary of the transformers, therefore
no magnetic flux surrounds the windings and there is no e.m.f.
induced in the secondary windings. When the grid of the detector
tube is actuated by a signal voltage it produces fluctuations of an
audio frequency in the primary circuit of the first transformer.
The fluctuating current flowing in the primary produces a magnetic
flux which cuts the windings of the secondary, producing an alter-
nating e.n.f. therein which is communicated to the grid of the
first amplifying tube. The alternating ean.f. on the grid pro-
duces symmetrical variations of plate current in this tube. The
plate circuit of the second tube in turn transfers the amplified
fluctuations to the grid of the third tube where another gain in
amplification is secured.

The amplification is gained by the small expenditures of grid
power in each tube acting as a relay which controls the power
available from the “ B ” battery. The alternating grid voltage on
each successive tube is always higher than that of the preceding
one, resulting in large variation of plate current, and a larger
e.m.f. is built upon the secondary of each transformer as the
energy is transferred from one tube to the next.

16. Distortion in Audio Frequency Transformers—There are
two principal forms of distortion in an audio frequency amplifier.
They are known as frequency and harmonic distortion.

The first, frequency distortion, usually is the result of the dis-
tributed capacity of the windings making it resonant at some fre-
quency of the order of seven to fifteen thousand cycles. This
results in tremendous amplification at these frequencies producing
unnatural tones in the loud speaker or phones and often causes the
tubes to oscillate at an audio frequency.

The quality of reproduction from a transformer subject to this
form of distortion can sometimes be improved by connecting a
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high resistance or condenser across the grid and filament ter-
minals of the secondary windings.

Frequency distortion in the form of loss of the lower frequencies
may be caused by insufficient primary of transformer or insuffi-
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Fic. 8¢. Push-Pull Amplifier.

cient turns in the choke of an impedance coupling, the effect in both
cases being that the impedance is not sufficiently matched to the
tube plate to constitute a successful load, hence the tube is unable
to put power into it.

Harmonic distortion is the creation of frequencies that are multi-
ples of the fundamentals. A 500-cycle tone may be fed into the
amplifier and at the output there will be not only the 5oo-cycle
tone but perhaps its second harmonic, a 1000-cycle tone, or per-
haps even other such frequencies which are multiples of the
original tone. This form of distortion may be caused by the sat-
uration of the iron core. By employing a good grade of iron in
the core and by proper design of the transformer this form of dis-
tortion can be made negligible. Harmonics are also created when
a tube is overloaded.

Push-Pull Amplification—The arrangement of vacuum
tubes in the circuits of figure 89 constitutes what is known as a
push-pull amplifier. Such an arrangement has several advantages,
one of which is that greater undistorted output is obtainable than
that which would be available from a single tube. The harmonic
frequencies generated in the plate circuits cancel out and thus fre-
quency distortion is eliminated.

The arrangement of “5” is a development by Kendall Clough.
It will be noted that the first V.T. has a plate resistor and not the
familiar winding of the primary of a transformer. Consequently
there is no iron core to be magnetized by the plate current and
again frequency distortion is prevented at this point.
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The manner of connecting the speaker across the terminals of
the plate choke coil in the last stage should be noted. When two
power tubes are used having the same characteristics (passing the
same current) the ends of the windings P, and P, are at the same
DC potential. This permits the speaker to be connected to these
terminals without danger of burning out its windings by large
values of plate current. The expense of blocking condensers
ordinarily used with a choke coil condenser speaker filter is dis-
pensed with. The circuit has several other advantages not within
the scope of this chapter,

17. Resistance Coupling—A resistance coupled amplifier
consists of an arrangement of vacuum tubes so connected that the
signal to be amplified is fed into the grid circuit of the first tube
transferred from the plate circuit of this tube by means of resist-
ance and capacity coupling, on to the grid circuit of the next tube,
and so on to the output of the last amplifier, to which the loud
speaker is connected.

Fic. go. Theory of Resistance Coupling.

Before considering the circuit of such an amplifier it would be
well to consider the theory of coupling energy from one circuit to
another by means of a resistance. Referring to figure go the re-
sistance R is a voltage divider, also known as a potentiometer.
The resistance R is connected in series with the battery B in cir-
cuit. Current flows through the circuit BR producing a drop in
potential along the resistance. There is also another circuit con-
sisting of a lamp and ammeter in series (circuit 2). If circuit 2
is connected across a small portion of R in circuit 1, the lamp in
circuit 2 will light and the ammeter will record the current drawn
from circuit 1. Circuit 2is coupled to circuit 1, for there is a trans-
fer of energy from 1 to 2. The circuits are coupled together by
means of the coupling resistance R, which is common to both cir-
cuits. The total voltage across the AB is equal to battery, i.e., T00
volts. This value is obtained when the movable contact C has
been moved to 4. The lamp L will then light the brightest and the
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ammeter will read its highest value of current. As the contact is
moved towards B, the voltage drops between B and the contact de-
creases as indicated by the brilliancy of the light and decreased
reading of 4. When the contact is at B the potential difference is
zero and the light will go out. The potential difference between
B and the movable contact is proportional to the amount of re-
sistance between them. As long as there is a difference of potential
between B and the movable contact a current will flow through the
circuit LAr,

Applying this theory to the resistance coupled amplifier shown
in figure 91 the action is as follows: The voltages acting in the
plate circuit of the first tube are coupled to the grid of the second
tube by the resistance R, which is common to both circuits. The
condenser C is not essential as far as the coupling is concerned but
is necessary to prevent the positive potential of the “ B ” battery
from reaching the grid of the tube. It offers a low impedance
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F1c. o1. Resistance Coupled Amplifier,

path to the alternating signal voltages to the grid of the next tube.
The resistance K¢ allows the negative electrons to leak off from
the grid. It also permits the application of the proper ““ C” bat-
tery bias required for hest amplification.

On account of certain losses in the coupling circuit the total
voltage developed in the plate circuit of the first tube is not avail-
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able for the grid of the second tube. One of these losses is repre-
sented by the voltage used up in the plate coupling resistance R,.
This resistance usually has a d.c. resistance of 100,000 to 250,000
ohms, the value depending upon the type of tube and “ B ” battery
voltage employed. The plate voltage applied divides across the
coupling resistance and the tube in the ratio of resistance of one to
the resistance of the circuit. The total impedance of the tube cir-
‘ cuit compared to the coupling resistance is small and as a result
most of the “ B ” battery goes to waste in the coupling resistance
| R,. The “B” battery voltage employed in the resistance ampli-
fier must therefore be kept high as it is impossible to reduce the
value of plate resistance without reducing the voltage available for
the grid of the second tube which means reduced amplification.

The insulation resistance of the stopping condenser C must be
kept high, otherwise a positive bias will be introduced from the
“B” battery to the grid of the next tube. A positive bias will
start a grid current resulting in reduced amplification and distor-
tion. Condenser C usually has a capacity of .05 to 1 mfd. de-
pending upon the stage of amplification in which it is used. If too
small its impedance to low frequencies is tremendous and the bass
notes are lost. If too high the time required to charge and dis-
charge becomes so great that serious distortion is produced on
strong signals.

When provided with non-inductive resistors and large capacity
coupling condensers the resistance coupled amplifier will amplify
uniformly over a wide band of frequencies.

Such amplifiers are used extensively in television transmission
and reception as it is frequently necessary to amplify frequencies
ranging from 16 to 20,000 cycles.

“ Motor-Boating ” in Resistance Amplifiers—Quite fre-
quently resistance coupled amplifiers become unstable and start
oscillating at a low frequency rate. These low frequency oscilla-
tions are heard in the phones or speaker as a sound resembling
that heard from an exhaust of a two cylinder motor boat, thus the
phenomenon is termed “ motor-hoating.”

“ Motor-boating ”” can be prevented by connecting extra resistors
in series with the plate resistors. The arrangement is shown in
figure gI1.

The values of these resistors usually are of 10,000 to 100,000
ohms. Their values are best determined by experimenting until
the amplifier is stabilized.

18. Impedance Coupling—The most general type of ampli-

O
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fier coupling device employed at broadcasting stations for the
amplification of the feeble microphone currents is the impedance
coupled amplifier. It has the advantage of a very uniform fre-
quency amplifying characteristic. Like the resistance coupled
amplifier it is limited in amplification per stage by the amplifica-

F1e. g2. Impedance-Resistance Amplifier.

tion constant of the tube. The gain per stage, however, is some-
what higher than that secured with a resistance amplifier of the
same number of tubes.

The circuit shown in figure 92 shows the arrangement of an im-
pedance coupled amplifier as commonly employed for radio recep-
tion. The impedance coil Z prevents the flow of alternating
current through the “ B ” battery and must therefore have a high
enough inductance to choke back the low as well as the high fre-
quencies. The condenser C performs the same functions as in the
resistance coupled amplifier, that is, passes the variations of plate
voltage to the grid of the second tube and prevents the “ B bat-
tery from applying a positive bias to this grid. The resistance R
supplies negative bias to the grid of the tube and also permits the
negative electrons accumulated on the grid during a positive swing
of signal voltage to leak off, this preventing the tube from blocking.

The values of C and R are of the same values as employed in
resistance coupling. The value of impedance Z is made as high as
practically possible in order to make the voltage ratio high. Its
d.c. resistance is relatively low and therefore it is not necessary to
employ such high values of “B” battery as are necessary with
resistance coupled amplifiers.

In some types of impedance amplifiers the grid leak resistance
is replaced by another impedance coil similar to the plate imped-
ance, thereby making what is sometimes called a “ double imped-
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ance ” or “impedance-impedance” coupling to distinguish from

the impedance-resistance type previously discussed. The imped-
ance of this coil to alternating signal voltages is high but its
direct current resistance is low. This permits the grid charges
accumulated on strong positive swings of the signal voltage to
easily leak back to the filament. In the case of a resistance con-
nected in this branch of the circuit it is necessary it keeps its value
very high in order that the grid may receive the full value of signal
potential impressed across it. If too high the grid becomes blocked
or free. This causes the amplifier to block or *“ motor-boat.” The
choke coil has a relatively low direct current resistance and a high

Fic. 93. Impedance-Impedance or Double Impedance Amplifier.

impedance to alternating currents at audio frequencies and thus
permits the grid charges to leak away easily so that blocking or
motor-boating does not occur on strong signals. An arrangement
of this circuit is shown in figure 93.

Another arrangement consists of winding the plate and grid im-
pedances on the same iron core. The ratio of the windings is 1 to
1. The highest voltage that can be communicated to grid of a
tube employing straight resistance or impedance coupling is the
voltage drop in the external plate circuit of the preceding tube.
This is always less than the voltage directly in the plate circuit.
By placing the windings on a common core the arrangement has
the advantages of a gain in voltage by virtue of the mutual in-
ductance between the plate and grid coils. The two windings are
so arranged that the capacity between them is small. A coupling
or stopping condenser is connected between the two windings at
their high potential ends. The system has many of the advantages
of ordinary impedance coupled amplifiers, with additional ad-
vantage of giving higher voltage ratio.
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19. Radio Frequency Amplification—Amplification of the
radio frequency currents before detection is called radio frequency
amplification. Enormous gain in the amplification of weak signals
can be accomplished by this method which generally means an in-
creased range of reception. This may be explained as follows:
The telephone current produced by a detector circuit rectifying
signals from a spark or radio telephone transmitter is closely pro-
portional to the square of the radio frequency voltage which acts
on it. From this it can be seen that even a small amount of radio
frequency amplification means a considerable increase in the recti-
fied current of the detector. Assume an amplifier capable of ampli-
fying either the radio or audio frequency currents 7 times. Em-
ploying it as a radio frequency amplifier will give an output of 7
squared or 49 times, whereas if it is employed as an audio fre-
quency amplifier it can only amplify the detected signal 7 times.
Thus there is much to be gained by such a method of amplification.
It will also be shown how selectivity is gained by the use of cas-
cade radio frequency amplifier of several tuned ‘circuits.

The diagrams in figure 94 illustrate the most common methods
of coupling radio frequency amplifiers which are, untuned r.f.
transformers, tuned r.f. transformers and the variometer method.

The untuned method usually consists of a transformer having a
primary and secondary winding of 1 to I ratio. It usually has an
air core but when employed for amplification of frequencies of
approximately 30 or 4o kilocycles, the core may consist of thin
laminations of iron which tend to make the transformer tune
broadly, i.e., accept a wide band of frequencies. In order that such
transformers function over a wide band of frequencies the cou-
pling is made close and frequently resistance is kept high by wind-
ing the transformer with fine wire or even resistance wire. The dis-
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F1c. 94. Methods Used to Couple Vacuum Tubes in Radio Frequency
Amplifiers.

tributed capacity of the windings produces a resonant circuit which
results in small amplification at frequencies other than the resonant
frequency. In order to employ such transformers to cover the
broadcast band of frequencies corresponding to the band 200-6oo
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meters, it is necessary to use in successive stages unlike trans-
formers having different frequency characteristics so as to secure
a fair degree of uniform amplification.

Tuned radio frequency is a very desirable method of coupling
several tubes in a cascade amplifier. One of the greatest advan-
tages is the gain in selectivity; the tuned circuits being very ef-
ficient at the frequency to which they are tuned and inefficient at
all other frequencies. The more tuned circuits there are the
greater becomes the selectivity. Very soon, however, practical
limits are reached and the whole system becomes unstable. A brief
study of ‘the action of a tuned r.f. amplifier will show the reason
for this instability which usually results in self-oscillations and re-
duced amplification.

Figure g5 shows the connections of a single stage of tuned r.f.
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Fic. 95. Theoretical Circuit of Tuned Radio Frequency Amplifier.

preceding the detector tube. The antenna circuit transfers its
energy to the secondary circuit by the coupling existing between
the primary and secondary of the first r.f. transformer. The sec-
ondary circuit S, impresses on the grid of the tube 1 the signal of
a frequency to which it is tuned. A magnified current is produced
in the plate circuit of this tube which is transferred into the second
tube by the second r.f. transformer. The secondary S, being
tuned to resonance at the desired frequency accepts it and passes
it on to the grid of the second tube where it is detected. As the
condenser C, tunes the circuit to resonance it will be noticed that a
whistle is produced which seriously interferes with the desired
signal. In other words, the amplifier has become instable and the
first tube has started generating self-sustained oscillations. These
oscillations or radio frequency currents are generated regardless
of the presence of the signal and continue as long as the secondary
of the second r.f. transformer is tuned to the same or approximate
frequency as the first r.f. transformer. Before proceeding to the
means of preventing this effect we must explain the effect.
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Self-sustained oscillations arise in one way by energy being
re-transferred from the plate circuit to the grid of the same tube
by electrostatic capacity existing between these two elements. Al-
though of small value this internal capacity has a tremendous
effect on the vacuum tube as a r.f. amplifier. The manner in which
this re-transfer of energy takes place can be explained by refer-
ring to figure g5. The primary P, is magnetically coupled to the
secondary S,. A coil such as P, when closely coupled to a tuned
circuit such as §,, €, will undergo a change in its apparent induc-
tance to a given frequency as the tuning of the circuit S,, C, is
varied. Suppose that the frequency of the current through the
primary winding is that corresponding to 300 meters or 1,000 kilo-
cycles per second. As the tuning of the secondary is gradually
varied from 200 to 600 meters the inductive reactance of the
primary to the 3oo-meter current will rise continuously until the
secondary tuning arrives at 300 meters where the reactance will
reach a peak value. As the secondary wavelength is increased be-
yond this value, the reactance of the primary to the 300-meter
current will again drop off. If resonance is approached from
either side the rise in inductive reactance of coil P, will build up
a voltage on the plate and grid inter-electrode capacity (the small
capacity existing between plate and grid elements within the
tube) tending to force a current back into the input circuit (grid
circuit) which aids the current already there, and correspondingly
larger variations of plate current are produced. The amplitude
of the voltages and currents will be built up until the losses in the
circuit due to expenditure of power are equal to the total input.
This process of feeding back power from the plate circuit to the
input circuit is known as regeneration. Regeneration is very de-
sirable in the circuit, providing it is ugder control, as it means in-
creased output, but in this particular case it is not yet under con-
trol and as the secondary circuit is tuned to resonance or approxi-
mate resonance the amount of power becomes so great that it
more than equals the power lost in the resistance of the input cir-
cuit and the tube will be capable of supplying all its own losses and
will then start to generate self-sustained oscillations. The fre-
quency of these oscillations will be approximately that to which the
S-1, C-1 circuit is tuned. It is therefore clear that unless this feed-
back is under control it will be impossible to secure maximum
amplification, as at any time the circuits are resonated self oscilla-
tions will start causing severe distortion in reception and rendering
the receiver almost useless. Self oscillations are most likely to
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occur at the lower wavelengths (higher frequencies) as the small
value of inter-electrode capacity offers a low reactance path to
currents of these frequencies resulting in greater feed back.

Self oscillations are also caused by energy being re-transferred
from one circuit to another by the electrostatic and electromag-
netic coupling existing between the different coils and wiring of
the circuits. In the circuit of figure 93 the field surrounding coil
S-2 will react somewhat on the coil S-1 and undesired feed-back
will occur.

The methods used in eliminating oscillations may be classified
into three groups. In one group an attempt is made to damp out
the oscillations by making the amplification less efficient. In an-
other group there are special arrangements to balance out whatever
intercouplings do exist. In another group it is
aimed to reduce to a minimum all stray mag-
netic and electrostatic intercouplings.

20. “Losser ” Methods—A grid potenti-
ometer connected as in figure g6 is a “ losser ”
method and comes under the first group men-
tioned above. When the movable slider of the

Fie. o6, Con-  potentiometer is adjusted so that the grid is
trolling Regenera- e e . S
Mo U e sufficiently positive, the grid attracts enough
eter Method. electrons so that oscillation cannot take place.

Making the grid positive decreases the amount
of signal voltage as the grid to filament path provided by the
electrons moving to the positive grid acts somewhat as a leak or
short circuiting path. It also means increased “ B ” battery con-
sumption as well as distortion produced by the changing grid-
filament resistance of the tube.

Another losser method is shown in figure 97 in which a series
resistance is connected directly in the grid circuit. This resistance,
usually of 300 to 700 ohms, tends to damp out the amplitude of the
signal oscillations and accordingly the
variations of plate current are never suf-
ficient to produce a feed-back that could
start self oscillation. '

Regeneration can also be controlled by !
a rheostat in the filament circuit of the .
radio frequency tube. By proper adjust- |
ments of resistance the tube can be kept
just under the oscillation point. This Fic. ¢7. Losser
constitutes a losser method as it is usually ~Method with Series Grid
necessary to operate the tube below its Resistance.

R
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normal filament voltage to stop oscillations which means reduced
amplification.

Still another method is by reducing the coupling between primary
and secondary. This can be done by limiting the number of turns
on the primary or by increasing the distance between the coils.
The disadvantage of this method lies in the marked decrease in the
transfer of energy from one stage to the next with an increase of
wavelength. This disadvantage has been eliminated in one com-
mercial amplifier by placing a portion of the plate coil on the con-
denser shaft so that it rotates inside the grid coil of the succeeding
stage in such a manner that the rotating portion of the plate coil
opposes the coupling from the fixed portion of the low waves
(higher frequencies where the am-
plifier is most unstable) and adds ——
to the coupling at the high waves
rotating with the condenser through
its 180 degrees of revolution. The =
circuit arrangement is shown in
figure ¢8.

21, Feed-Back Prevention and
Compensation—The second class
of methods of control strikes at the
source of the regenerative feed- e
back and involves either the preven- Fic. 98. Hassel's Method of
tion of current flow through the Variable Coupling.
plate-grid capacity or the compensa-
tion of the effects upon the input circuit of this current flow.?

“This class of methods falls into two groups. In one group,
as exemplified by the Rice circuit, and many others which have
come into commercial use under the general name of ¢ Wheatstone
bridge circuits,” the input circuit of the stage is isolated from all
reactions from the output circuit by connecting the input and out-
put circuits as conjugate arms of an a.c. Wheatstone bridge of
which the grid-plate capacity forms one arm. The grid, plate,
and filament electrodes form three terminals of the bridge and the
fourth terminal is some point in the circuit network of the stage
which is maintained at a potential different from that of any of

N
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1The treatment of stabilization of radio frequency amplifiers with the
exception of a few paragraphs is taken from Dr. L. M. Hull’s article en-
titled “ Anti-Regenerative Amplification,” published in QST, Jan, 1924.
It is by courtesy of Dr. Hull and QST that the author has been permitted
to quote from it.
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these electrodes. In the second group, as exemplified by the
Hazeltine * Neutrodyne * circuit two of the bridge arms are co-
alesced through the use of a close mutual inductance coupling in
either the grid or the plate circuit; there is no fourth terminal,
and the input and output circuits have one terminal in common,
namely the filament.”

22, Reversed Tickler—The simplest method of the first
group is shown in figure 99. It is known as the reversed feed-
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Fic. 9. Tuska’s Reversed Feed-Back Circuit.

back or reversed tickler circuit. It consists merely of the addition
to inter-electrode coupling between plate and grid circuits of an
additional magnetic coupling through the tickler coil. The connec-
tions to this coil are made opposite (reversed) with respect to those
of the feed-back coil in the Armstrong circuit, so that this mag-
netic coupling tends to suppress regeneration instead of aid it,
thus directly opposing the coupling through the plate-grid capacity.
It is utilized commercially in the Tuska  Superdyne.” An inher-
ent disadvantage of this form of control is that it involves balancing
an inductance against capacity and hence the degree of compen-
sation varies quite rapidly with the wavelength of the received
signal.

23. Hazeltine’s Neutrodyne Method—The second circuit of
this group is the development of Prof. Hazeltine and named by
him “ neutrodyne,” a method of neutralizing capacity coupling in
triode (three electrodes) amplifiers. It suggests the “neutraliza-
tion of a *force, the tendency of the triode to oscillate.”

The circuit is shown in figure 100. The neutralizing capacity Cy
is connected from the grid to the high potential terminal of coil L
which is so coupled to the transformer 7-2 that the voltage across
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L is just opposite in phase and bears a constant ratio to the voltage
across T-2 regardless of the wavelength to which T-2 is tuned.
By proper choice of Cy the current through C, can be made to
introduce into T, a voltage which opposes and just balances that
produced by the current through C,.
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Fic. 100. Hazeltine's Capacity Coupling Method of Neutralization.

In practically applying the arrangements of figure 100 to ampli-
fiers, the coil L may be used wholly for neutralization purposes;
but it is convenient to use it also as one winding of an amplifying
transformer, thus making a third coil unnecessary. Figure 101
shows how this may be accomplished in a conventional neutrodyne
circuit employing a tuned two-stage radio frequency amplifier and
detector with capacity coupling neutralization of the forms just
described. As shown by Prof. Hazeltine, the neutralizing capaci-
ties are in part inherent, existing between the coils and condensers
of adjacent stages, and in part added by condensers. These con-
densers are of very small capacity and are conveniently made in
the form of an insulated wire inside a metal tube. The secondary
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IF16. 101. Conventional Neutrodyne Circuit.

coils of the transformers are preferably wound outside the pri-
maries and so screen away some of the coupling capacity other-
wise existing between the primary coil of one stage and the sec-
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ondary circuit of the preceding stage. This screening effect is ad-
vantageous, as it reduces the capacity to be neutralized. The coils
of different transformers are arranged to have no magnetic cou-
pling. :

The adjustment of each neutralizing capacity is made experi-
mentally by tuning in some strong signal and then turning out the
filament of the tube whose capacity is to be adjusted, but leaving
the tube in the socket. If the neutralizing capacity is not correct,
the circuits on each side of the tube will have capacity coupling,
which will transmit the signal. This method of adjustment was
devised by Mr. H. A. Wheeler.

If the radio frequency amplifier circuit is adjusted by this
method no regeneration exists, as radio frequency variations in the
voltage of the plate with respect to the filament produce no radio
frequency variations of the voltage of the grid with respect to
the filament. If the capacity of the condenser Cy is increased be-
yond the point necessary to completely eliminate the incoming
signal, the voltage induced on the grid will tend to destroy any
amplification resulting from the use of a tube.

It is not necessarily desirable to completely neutralize the effect
of regeneration as has been described. Stronger signals will be
obtained with the same number of tubes if the capacity of Cy is
increased only to the point where the amplifier ceases to produce
radio frequency oscillations. The regeneration remaining will
also tend to increase the selectivity of the system. If too much
regeneration remains distortion may result from excessive selectiv-
ity or other reasons.

24. History—Historically the first application of the prin-
ciple just described was in eliminating capacity coupling between
the primary and secondary circuits of a radio receiver (SE-1420
described in a later chapter in this book) designed by Prof. Hazel-
tine for the U. S. Navy and developed in the Washington Navy
Yard in 1918. This receiver was to have a wide range in wave-
length (about 250 to 7,500 meters) and emphasis was laid on the
necessity of preventing interference from short wavelengths when
receiving signals of long wavelengths, such interference frequently
taking place through capacity coupling. The first steps were the
more obvious ones of arranging the circuits so that exposed parts
were at or near ground potential and of enclosing the primary and
secondary apparatus in separate metal compartments. However,
the primary tuning coil and the secondary coupling coil had to be
electrostatically exposed to one another in order to obtain the neces-
sary magnetic coupling.
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The arrangement adopted in the SE-1420 is illustrated in figure
1o1a. The large coil is the primary tuning coil; L, is the coupling
coil; and L, wound outside of L, is the neutralizing coil. The in-
herent capacities from the high potential end of L, to various
parts of the primary coil are represented by C," and C,"; the cor-
responding neutralizing capacities
are (,’ and C,”. These various
capacities have a constant ratio, on
account of the similar exposure of
L, and L, to the primary coil.
Hence it is necessary only to give
the proper number of turns relative
to L, in order to satisfy the relation
for a balance which is:

N
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Fr. 1010. Arrangement of , "
Neutralization of  Capacity N, G Cy

Coupling between Primary and Ao
Secondary Circuits in Navy N G G

Radio Receiver SE-1420 De- . . , .
veloped by Hazeltine. Since L, is outside of L, it also

has a direct screening action, mak-
ing C,’ C,” smaller than they otherwise would be, and smaller
than C,’ C,”. Hence L, requires fewer turns than L,. The proper
number of turns N, was determined experimentally by putting the
coils at right angles (so as to eliminate magnetic coupling) and
adjusting NNV, until no signal was transmitted.

While studying the theoretical limitations of amplifier circuits in
1918, Prof. Hazeltine realized that a most serious limitation was
the tendency to oscillate by reason of regeneration through the
coupling capacity between the grid and plate. The higher the
amplification attempted, as by reducing capacities and losses and
by increasing the secondary turns, the greater would be the re-
generative effect. It then occurred to him that the principle of
capacity coupling neutralization previously worked out for the
SE-1420 receiver would be applicable. It proved very successful
and is considered one of the greatest contributions made to the
operations of tuned radio frequency amplifiers.

25. Wheatstone Bridge Circuits——The second group of
methods in which overcompensation is impossible makes use of the
properties of the alternating current Wheatstone bridge: If a
bridge be arranged with four arms, which may be capacities, in-
ductances or resistances, and the bridge is properly balanced, then
an alternating voltage impressed between either pair of opposite
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points of the bridge can produce no voltage drop between the
other pair of opposite points of the bridge.

Figure 102 illustrates an application of the principle in the Rice
circuit. The filament terminal of the tube, instead of being con-
nected to the lower end of the input circuit 7,, is connected to an
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IF16. 102. Rice Circuit Employing Wheatstone Bridge Circuit for Stabiliz-
ing a Radio Frequency Amplifier.

intermediate point which divides the inductance of this circuit into
two parts, L, and L,. The lower terminal of the input circuit is
connected through a small fixed condenser Cy to the plate. The
terminals G and X of the input circuit and terminals P’ and F of
the output circuit are two pairs of opposite points of a Wheatstone
bridge leaving two inductive arms and two capacitive arms. The
inductive arms are L, and L,, which serve also as elements of the
tuned input circuit 7. The capacitive arms are Cy and C,. The
bridge is balanced for a given magnitude of capacity C, by placing
the filament tap that inductance L, bears the ratio to L, that ca-
pacity Cw bears to C,. Thus if Cy is made equal to C, the filament
connection can be brought permanently to the center of the in-
ductance coil 7. It is best in constructing this circuit to connect
the filament lead permanently near the center of the coil and vary
Cn until a halance is reached. Cy can then be locked. The proper
value of Cy will seldom be greater than 15 micro-microfarads.
When the bridge is balanced in this way T\ is electrically isolated
from T, since all retroactive currents through C, are exactly com-
pensated in 7', by opposing currents through C~¥. This permanent
compensation is independent of the wavelengths and of the tuning
circuits T, and 7, when the bridge is balanced. It is also inde-
pendent of the internal resistance and amplification factor of the
tube. The amplifying action of the tube is the same as before.
When a received signal is brought into T, the resulting voltage
across the L, portion of the coil is impressed on the grid and a
magnified copy of the currents in 7', is maintained by the tube in
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T,. The tube is now a true one-way repeater, however, and no
reaction by these currents upon 7', is possible.

A second compensated circuit of this type is shown in figure
103. Here the arms of the Wheatstone bridge are all capacitive.
Cy is an external fixed condenser, forming the arm adjacent to
C,. L is a radio frequency choke coil and provides a metallic grid

I'1. 103. Bridge Circuit with Capacitive Arms.

return path. The condenser C in shunt to it serves as another arm
of the bridge adjacent to C,. C, may be an external condenser but
it is convenient to use for C, merely the internal capacity of the
tube between grid and filament, hitherto unmentioned. Thus the
only extra circuit elements that are necessary are the fixed coil 1.
and the condenser C which can be adjusted and then set.

Similar other combinations of inductance with capacity and re-
sistance with capacity in the four arms of the bridge are possible,
all of which permit a balance which is independent of the fre-
quency. Those previously shown are typical and perhaps the most
practicable.

In the group of methods which aims to reduce stray fields several
principles are utilized. To reduce electrostatic coupling the differ-
ent coils of the radio frequency transformers may be placed at
such angles as to reduce the coupling to zero. This method is
employed in neutrodyne circuits.

The different radio frequency stages may be placed in separate
screened compartments. This method of shielding has proved
very successful in several radio broadcasting receivers.

The geometric form of the winding will also greatly influence
hoth fields. Thus a toroidal coil has a much smaller external
magnetic field than a single cylindrical coil. Similarly the “ igure
eight ” coil has a reduced external field. Many variations of these
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principles are employed in radio receivers, all of which have the
advantage of retaining selectivity and sensitivity while still elimi-
nating self-oscillation.

26. The Shield-grid Tube—The four-electrode tube provides
another and entirely different method of attacking the r.f. ampli-
fier problem. Being internally shielded it has little or no inherent
feed-back “ through the tube,” hence needs only screening between
the circuits leading to and from the tube to secure non-oscillating
performance. This sort of tube is a special subject in itself and
will be treated later in the chapter.

27. Variometer or Tuned Plate Coupling—The tuned im-
pedance as a method of coupling in radio frequency amplifiers con-
sists of a variable impedance in the output circuit of each ampli-
fier tube, this impedance usually taking the form of a variometer,
or coil shunted hy a variable condenser. Theoretically this method
of coupling permits large values of amplification at a given wave-
length, due to the comparatively high peak value when the plate
circuits are tuned to the given wavelength. Practically, however,
it is practically impossible to tune several such stages to resonance
without producing oscillation. This method of coupling between
radio frequency stages is not used at present to any extent what-
ever and no further discussion will be made of this method.

28. Use of Regenerative Amplification—The principle of re-
generation ¢an be applied directly to a vacuum tube detector circuit
and will result in enormous increase of signal strength due to the
amplifying action produced. To secure this amplification it is
necessary to provide a feed-back which will be in phase with the
voltage acting on the grid. This is the reverse of the method
described in tuned r.f. amplification, where it was shown that a
voltage opposite in phase was fed back to counteract the effects
of regeneration in order to stabilize the amplifier. The circuit of
a regenerative detector circuit is shown in figure 104. The ex-
planation of the amplifying action is as follows: Oscillations in
the tuned secondary circuit are applied to the grid through the
condenser ' and produce corresponding variations in the direct
current of the plate circuit, the energy of which is supplied by the
battery B. This plate current flows through the tickler coil L,
and by means of the mutual inductance between L, and L, some
of the energy of the plate oscillations is transferred back to the grid
circuit so that it is in step with the original voltage and adds to it.
The increased voltage produces amplified grid oscillations which,
by means of the grid, produce larger variations in the plate cur-
rent, thus still further reinforcing the oscillations of the system.
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Simultaneously with this amplification the regular detecting action
goes on; the condenser C is charged in the usual way, but accumu-
lates a charge which is proportional, not to the original signal
strength, but to the final amplitude of the oscillations in the grid
current. The result is a current in the telephone much greater
than would have been obtained from the original oscillations in
the circuit.

The connections between L, and L, must be so made that their
mutual inductance is of proper sign to produce an e.m.f., which
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will aid the oscillations instead of opposing them. Various modi-
fications of this method are used. The plate coil L, may be tuned
by a variable condenser ; or a variometer may be connected in the
plate circuit in place of the coil L,. When a tuned plate or variom-
eter method of regeneration is used the feed-back to the grid
occurs through the inter-electrode capacity of the tube and by
stray capacities or magnetic coupling between grid and plate cir-
cuits.

Another method of controlling regeneration is shown in figure
103. This method employs a combination of both inductance and
capacity in series; the value of the latter being variable. It is em-
ployed considerably in short wave receivers and provides an easy
and smooth control of regeneration. The radio frequency choke
coil in series with the plate inductance L, and primary of the trans-
former prevents the radio frequency currents from being by-
passed by the distributed capacity of the windings and allows them
to be controlled by the variable condenser V.C.,, which controls
the amount of feed-back. Besides this any of the usual regener-
ation methods may be converted into “ resistance control ” by em-
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ploying a fixed tickler inductance and capacity with a variable re-
sistance in shunt to the same.

29. The Vacuum Tube Oscillator—It has been stated in
previous paragraphs that the vacuum tube would produce self-
sustained oscillations dependent upon the feed back from plate to
grid circuit. In the cases previously discussed a certain amount
of feed back or regeneration was desirable and in one case (C.\V.
detector) this was carried to the point where the tube would oscil-
late. However, there are several other very important ways in
which a vacuum tube can be utilized if it can be made to oscillate,
i.e., become a generator of radio frequency currents.

Referring to figure 104—if the tickler coil L; is coupled very
close to L, the greater will be the regenerative action. If the
coupling is increased still further a “ plop” will be heard in the
phones which indicates that the tube is oscillating. The same
thing has occurred as in the radio frequency amplifier; the energy
fed back from the plate to the grid current is more than enough to
supply the losses in the grid circuit and the tube becomes capable
of producing self-sustained oscillations. The direct current fur-
nished by the “ B ” battery is converted into alternating current.of
a definite radio frequency. The frequency of the oscillations is
dependent upon the values of L,C, in the tuned grid circuit. There
are numerots circuits in which a vacuum tube may be connected
so as to produce radio frequency currents. The only requirement
for sustained oscillations is that the r.f.
voltage induced in the grid circuit must ., REChowe
vary the plate current through an Zi
amplitude which supplies to the ex-4 (7]
ternal or coupling circuits power suf-
ficient to maintain this r.f. voltage in
the grid circuit.

The circuit shown in figure 105-a is
one which is used quite extensively for Fic. 1052, Vacuum Tube
transmitting  purposes. The method ¢ 4: " Friq'uency Oscillator
by which it genecrates radio frequency  Circuit.
oscillations is explained as follows:

When the key is closed the plate voltage is applied to the cur-
rent from the high voltage hattery B which starts a feeble oscil-
latory current in coil and condenser circuit LC. The plate circuit
is directly coupled to the oscillatory circuit inductance by the con-
denser C,. The grid also is coupled directly to the opposite end
of the inductance by the condenser C,. The oscillatory currents
flowing in the L.C circuit produce a voltage drop across the induc-

o
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tance on account of its reactance to radio frequency currents. The
voltage drop is communicated to the grid by the condenser C,.
This alternating voltage on the grid varies the plate current at a
radio frequency rate which changes the internal plate impedance of
the tube. Changing the plate impedance establishes a radio fre-
quency voltage between filament and plate. This voltage is im-
pressed on the oscillatory circuit through the condenser C; and is
in step with the original voltage which means that the original
alternating grid voltage is increased in amplitude. The increased
grid voltage will produce still greater variations of plate current
and correspondingly higher radio frequency voltage between the
filament and plate. The building up process continues until the
vacuum tube cannot supply enough power to the oscillatory circuit
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to increase further the amplitude of the oscillations. A glance at
figure 106 will show that as the grid voltage increases it gradually
increases the pulsating plate current. The grid finally builds up
to a voltage that will no longer increase the plate current due to
the fact that the plate current cannot pass beyond the saturation
point and, as it flows oaly in one direction, it cannot pass beyond
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the zero line, Thus the oscillations are maintained at a constant
amplitude. The oscillations generated by such a system are known
as undamped, sustained or continuous oscillations.  The frequency
of oscillation is dependent upon the values of L and C.

The radio frequency choke coil prevents the radio frequency
currents in the plate circuit from flowing back to the filament
through the “ B ” battery. The condenser C;, sometimes called the
plate blocking condenser, prevents the “B” battery from Dbeing
short circuited by the inductance L and also provides a low im-
pedance path for the r.f. currents to the oscillatory circuit. The
resistance R is used to place a negative bias on the grid with
respect to the filament.

There are other circuits employed in conjunction with a vacuum
tube for generation of radio frequency currents. They will be
discussed in the next chapter.

30. Harmonic Frequencies—The sinusoidal voltage im-
pressed on the grid of the generator circuit does not make equal
changes of plate current during a cycle on account of the curva-
ture of the characteristic plate current as shown in figure 106. This
causes the current wave in the plate circuit to depart somewhat
from the sinusoid and become distorted resulting in a generation
of frequencies other than the natural period of the oscillatory cir-
cuit. Assume that the circuit in figure 105 is oscillating at a
fundamental frequency of 500 kilocycles (6oo meters). If a
wavemeter is coupled closely to the inductance L and tuned to
1,000 kilocycles (299.8 meters) a deflection of the current indi-
cating device on the wavemeter will be noted. This frequency
which is twice that of the fundamental (one-half the wavelength)
is the second harmonic. Likewise there will be found other fre-
quencies at three and four times the fundamental (one-third and
one-fourth wavelengths) and upward. It is impossible to obtain
a reading on the current indicating device of the wavemeter at
these high frequencies, but with an oscillating receiver capable of
tuning over a wide band it is possible to identify them. The 2d.,
3d, 4th, 6th, 8th, etc., are even harmonics. The 3d, sth, 7th, etc.,
are the odd harmonics.

EXAMPLES OF HARMONIC FREQUENCIES.

Fundamental or 1st Har- 2d Harmonic Frequency 3d Harmonic Frequency
monic Frequency K/cys. cys. K/cys.
1000 (209.8 m1) 2000 (1490.0 m.) 3000 ( 99.9 m.)
350 (856.6 m.) 700 (428.5 m.) 1050 (285.5 m.)
210 (1428 m.) 420 (713.9 m.} 630 (4759 m.)

1 M-wavelength in meters.
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Western Electric 250-Watt Power Tube.

Fic. 107.
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It should be noted that harmonics are not generated by such an
oscillator at frequencies below the fundamental (wavelengths
higher than 600 in the example previously cited). FHowever, it is
possible to be listening in at a frequency of one-half the funda-
mental (twice the wavelength) at which a station is transmitting
and still hear signals from such a station. This usually occurs
when the detector tube in the receiver is itself oscillating. Al-
though the detector tube may not be oscillating other tubes in the
set may be oscillating feebly. The second harmonic of the tube
oscillating in the receiver is ‘“ heterodyning ” or beating with the
fundamental frequency of the transmitter making the signals audi-
ble to the listener.

Elimination of Harmonic Frequency—Harmonic frequencies
emitted by a transmitting station besides being a waste of power,
cause interference at times to other services occupying frequency
bands in which the harmonics {all, therefore, every means of pre-
venting their radiation is resorted to, such as inductive coupling,
tank circuits, with loose capacitive coupling to the antenna, master
oscillator—power amplifier circuits and impedance circuits in the
plate leads tuned to the interfering harmonic frequency. It is
almost impossible to prevent radiation of harmonics, but by the
methods just mentioned they can be greatly reduced in magnitude
thus reducing the range of their interference considerably.

31. Method of Power Rating of Vacuum Tubes—Vacuum
tubes used as oscillators or amplifiers in this country are rated by
their output. In foreign countries they are usually rated by their
input. The power input in watts to a tube is computed by multi-
plying the plate voltage by the effective plate current during an
oscillation. The energy used in heating the filament is not comn-
sidered. Example: The 203-A radiotron rated as a 50-watt tube
when operated at 1,000 volts d.c. plate voltage shows a plate cur-
rent of 125 milliamperes (.125 of an ampere).

Watts equal E X I,
¢ “ 1000 X .125,
[ il 125‘

The usual power output in watts of this tube if it were connected
to an antenna circuit for radiation would be the antenna current
squared times the resistance of the antenna circuit. Example:
The antenna current with this tube may read two amperes. The
resistance of the antenna circuit may be 12 1/2 ohms. The power
expended in the output circuit is:
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Watts equal 2 X R,
i (33 4 >< I2%Y
50.

6t o

To find the efficiency of converting the direct current power into
alternating current power it is only necessary to divide the watts
expended in the output by the watts expended in the plate circuit.
Example:

watts output
125
.4 or 40%,.

Conversion efficiency equal

6t ¢ %]

Thus 75 watts were lost in converting the d.c. power into a.c.
power. It will be found that this power was expended in the grid
current and in heating the plate of the tube. The example given is
very conservative. Considerably greater efficiencies are very gen-
erally obtained.

32. Reduction of Grid Current by Grid Bias—The grid cur-
rent may be considerably reduced by connecting a *“ C” battery
in the grid circuit. The grid voltage is made negative in respect
to the filament, thus reducing the grid current and hence the power
dissipated by the grid. Another method by which the grid is
made negative in respect to the filament thus decreasing the grid
current is by inserting in the grid lead a condenser shunted by a
resistance. The condenser offers a low impedance path for the
grid radio frequency currents. The resistance is connected to
the negative terminal of the high voltage plate supply and the
voltage drop across this resistance places the correct negative bias
on the grid of the tube.

33. Safe Plate Dissipation—It has been shown that a con-
siderable amount of power was lost by heating the plate of the
tube. The power lost in this way is called plate dissipation and
is rated in watts. The electrical data accompanying each power
tube shows what the value of this dissipation should be. The tube
should always be operated at a high enough efficiency so that the
difference between the input and the output does not exceed the
rated safe continuous plate dissipation.

Example: A UV—203-A Radiatron has a power rating of 50
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watts. Its safe plate dissipation is 100 watts. Operating at normal
load the watts input would be:

Plate Voltage 1000

“ Current .125
Watts Input 125
Y Qutput 50

o

Dissipated 75

If the grid leak resistance is of the correct value and current
carrying capacity the power expended in the grid-filament circuit
can be omitted and the 75 watts considered as the plate dissipation.
The normal plate dissipation has been shown as 100 watts for this
type of tube, therefore the tube is being operated 235 watts lower
than its maximum rating. Operating the tube at more than its
normal safe plate dissipation without an attendant increase in
power output may result in damage such as reduced electronic
emission. If operated over a period of time the excessive heating
of the plate may liberate gases from the metal which will be mani-
fest by a milky white smoke within the tube. The tube is then said
to be “ soft ” and is of no further use in this condition.

34. Water Cooled Power Tubes—If some means such as
water cooling is used to carry away the heat energy dissipated by
the plate, the output may be materially increased. The majority
of power tubes from 1 K.W. upward are water cooled. Figure
108 shows a water cooled tube used in radio broadcasting. Water
cooling is accomplished by placing a water jacket around the
plate of the tube to which a rubber hose is attached. A motor-
driven pump supplies a constant stream of fresh water through
the hose to the bottom of the water jacket. An outlet is provided
at the top of the jacket for the return path of the water. The
fresh water and rubber hose provide the insulation between the
plate and other low potential parts of the circuit.

Filament Construction of Power Tubes—The power tubes
manufactured by the General Electric Company for the Radio
Corporation of America have either a tungsten or thoriated tung-
sten filament. The thoriated or XL type of filaments provide a
high filament emission at a low operating temperature combined
with low power consumption and long life. The power tubes
manufactured by the Western Electric Company have either a
tungsten or oxide coated platinum filament. The use of an oxide
filament provides ample filament emission at cherry red tempera-
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ture. For maximum tube life filaments should always be oper-
ated at the lowest voltage consistent with satisfactory operation of
the transmitter. In case of all tubes equipped with thoriated fila-
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zents, the end of the useful life of the tube is
usually reached before the filament burns out.
A tube may have lost its emission and be use-
less even though the filament lights and it is
not otherwise defective.

Reception of Undamped Oscillations—In
order to receive undamped oscillations some
method must be employed whereby they are
broken up into audio frequency groups, other-
wise they will not be detected by either a crystal
or vacuum tube detector and no response will
be heard in the telephone. The diaphragm
of the telephone is unable to vibrate at such
high frequencies and, even though it did, no
sound would be heard by the operator as the
vibrations would be above audibility. The
manner by which these undamped oscillations
are made audible is known as the heterodyne
method of reception., This method consists of
combining with the received radio frequency
wave another locally generated radio frequency
wave of the same amplitude but of a different
frequency. The two frequencies acting upon
each other produce what is known as a “ beat ”
{requency which is the numerical difference
between the two frequencies. The principle of
beat frequeneies can be explained by the phe-
nomenon which is produced when two keys
close together on a piano are struck simul-
taneously. Due to the fact that the frequencies
of the two keys are nearly the same the listener
will hear a periodic increase and decrease in
the intensity of the sound as the waves from
one key add to, then neutralize the waves
from the other. '

If the undamped wave of a distant radio
telegraph station transmitting at a frequency
of 500,000 cycles (599.6 meters) is combined

with another locally generated undamped wave of the same
amplitude but of a frequency of 501,000 cycles and the combina-
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tion passed to a detector there will result an audio frequency alter-
nating current of 1,000 cycles per second. Likewise if the locally
generated frequency was 499,000 cycles there would be produced
after detection a beat frequency of 1,000 cycles. Thus it can be
seen that a beat frequency is produced whenever the local gener-
ated frequency is tuned above or below the received signal. If
the beat frequency is not more than 16,000 cycles it will produce
an audio response in the telephones of the detector circuit. If of
more than 16,000 cycles the beat frequency will be detected but
will be beyond the limits of average audibility.

In other words a beat frequency is produced whenever the re-
ceived waves are heterodyned by a local oscillator of different fre-
quency. The beat frequency produced may be either an audio or
a radio frequency depending upon the numerical difference of the
two frequencies.

If the local generated frequency is tuned to exactly the same
frequency as the received signals there is, of course, no beat fre-
quency and the condition of *zero beat” is said to exist. This
means of receiving has also been termed “ homodyne ” method. It
is sometimes employed in the reception of modulated waves. Ex-
treme care must be exercised by the operator to keep the two fre-
quencies in tune. The slightest change in the capacity of the tun-
ing circuit such as by the hand of the operator brought close to
the tuning elements will result in the production of a beat frequency
making the signals unintelligible.

35. Autodyne Method of Reception—The autodyne or self-
heterodyne method makes use of the regenerative detector circuit
wherein the feed-back is increased until the oscillations are pro-
duced as has been explained earlier in the chapter. The frequency
of the oscillations are determined by the tuned grid circuit. By
slightly detuning the grid circuit the frequency of oscillation is
changed without tuning the received signal and there is produced
a beat frequency corresponding to the difference between the fre-
quency of oscillation and the signal frequency. The amount of
detuning required to produce a beat frequency is not large and
makes but slight decrease in the amplitude of the received signals.
Autodyne reception of undamped waves is employed very suc-
cessfully from 3/4 to 20,000 meters.

As explained by S. Ballantine,! the merit of the system of auto-
dyne reception of undamped waves depends upon the stability of
the oscillations in the circuit. With tickler coil arrangement, the
sensitivity is closely proportional to the rate at which the average

1 Radio Telephony for Amateurs, by S. Ballantine.
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plate current changes with a slight change in the tickler coupling.
This will depend to a large extent upon the stability of the oscil-
lating state, and as a general rule it can be said that anything that
can be done to make the oscillations less stable will increase the
intensity of the beat note. For this reason the feed back should not
be increased much above the point at which oscillation starts.

36. Heterodyne Method of Reception—The heterodyne
(other power) method requires a local external oscillator so ar-
ranged that the radio frequency currents generated by it are cou-
pled to the grid or plate circuit of the detector tube. The use of
the separate source of oscillations has the advantage over the
autodyne method that the beat frequency can be produced with-
out changing the tuning adjustments of the receiving circuit.
Figure 109 illustrates a simple receiving circuit connected so as
to receive undamped waves by the separate heterodyne method.
The filament return of the detector circuit has a few turns placed
in an inductive relation to the grid coil of the oscillator (indicated
in diagram as ““ pick up ” coil) so as to couple some of the energy
of the oscillator to the detector circuit.
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Fic. 10a. Simple Heterodyne Circuit.

The most valuable feature of the heterodyne method of recep-
tion is the gain in signal strength and selectivity.

In both the autodyne and heterodyne methods the amplitude of
the beat frequency, correspondingly the telephone response, is di-
rectly proportional to the amplitude of the incoming oscillations.
The relation of direct proportionality for beat reception is in con-
trast to the detection of spark or modulated signals where the re-
sponse is proportional to the square of the signal strength. Em-
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ployment of beat reception insures equal amplification of weak
and strong c.w. signals, whereas the employment of ordinary de-
tection of spark or modulated waves produces a gain in the strength
of the strong signals and a reduction in that of the weak signals.
When it is considered that the signals from a continuous wave
transmitter decrease inversely as the square of the distance the
advantages of continuous waves is quite apparent.

Interference is minimized because even slight differences in fre-
quency of the waves from other sources result in notes either of
different pitch or completely inaudible. By suitable adjustments
of the oscillator the beat frequency can be made to equal that
corresponding to the resonant frequency of the transformer em-
ployed in the audio frequency amplification system thus permit-
ting high amplification of that particular frequency with an at-
tenuation of other frequencies resulting in a gain of selectivity.
It is sometimes easier to copy a weak signal through interference
stuch as “static ” by employment of the beat method of reception.
Assume the static discharges produce a signal voltage three times
as strong as that of the signal which it is desired to receive. By
employment of the beat method of reception in which the response
is directly proportional to signal voltage the static discharges will
be three times as strong as the desired signal. However, if the
ordinary method of detection is used wherein the response is pro-
portional to the square of the signal voltage the static discharges
will be nine times as strong as the signal.

37. Double-Detection Receivers—It has already been ex-
plained how and why radio frequency amplifiers become increas-
ingly unstable as the wavelength at which they are operated is
decreased. A long wave radio frequency amplifier is much more
stable and amplifies somewhat more. Realizing these facts Maj.
E. H. Armstrong conceived the idea of employing a high wave-
length (low frequency) amplifier of fixed tune and by the prin-
ciple of beat frequencies changing the incoming high frequency
(low wavelength) to that suitable for the amplifier.

Figure 110 shows the schematic arrangement of a superhetero-
dyne. It will be noted there are two detectors, and for this reason
the system is sometimes called the double detection method of re-
ception. The second oscillator shown is only necessary when it is
desired to receive continuous wave signals. Due to the large
values of amplification possible with a superheterodyne it is only
necessary to employ a loop or short length single wire antenna as
the pick-up device. Increasing the length of the outside antenna
will give an increased signal strength hut at the same time in-
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creasing the noise level as well as decreasing the selectivity. Re-
garding the decrease in selectivity this will be especially notice-
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Fic. 110. Schematic of Double-Detection Receiver.

able when operating a “ super " in an area surrounded by several
local stations.

The Frequency Changer—The frequency changer of a
“ superheterodyne  consists of the first detector and local oscil-
lator. The detector may be operated by the *“ C” battery method
or by the use of a grid leak and condenser. The frequency of the
oscillator is always controlled by a variable condenser.

The purpose of the oscillator in the ““ superheterodyne ” is to
provide a source of local radio frequency energy differing in value
from the incoming signal {requency by the frequency to which the
intermediate amplifier is tuned. The oscillator circuit employed
should have a reasonable uniform output over the whole band of
frequencies at which the super is operated, should be free from
harmonics and have an oscillator condenser which can be operated
without trouble from body capacity.

If the oscillator output is not uniform the receiver will be more
sensitive at one end than at the other. Again if the output is too
great, distortion in the form of a loud hissing or rushing sound
will be heard with the signal. This is especially objectionable
when it is desired to receive speech or music. If the oscillator
emits harmonics it will be noted that a station may be heard, at
several different settings of the oscillator condenser.

The operation of a “superheterodyne ™ oscillator seems to mys-
tify the average broadcast listener, especially the fact that it is pos-
sible to bring in a station at more than one setting of the oscillator
dial. Some listeners seem to think it is a fault of the transmitter.
The reason can he explained as follows: Normally there are two
places relatively close together on the oscillator dial at which the
station may be heard. Consider the intermediate frequency ampli-
fier designed to amplify at a frequency of 40 kilocycles (40,000
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cycles, 6,663 meters). Tn order to receive a signal from a trans-
mitter operating on 1,000 kilocycles (200.8 meters) it would be
necessary to tune the oscillator to 4o kilocycles above or below
1,000 kilocycles, that is, 1,040 or 960 kilocycles, either of which
when combined with the incoming frequency and detected will pro-
duce a 4o kilocycle beat frequency. Thus it can be seen that if the
oscillator is tuned to either 1,040 or 960 kilocycles the station will
be heard. In order to explain why the station can be heard at
other settings of the dial it is necessary to consider the harmonic
frequencies generated by the oscillator. As already described a
vacuum tube oscillator will generate besides the fundamental fre-
quency other frequencies which are multiples of the fundamental.
In this particular case consider the wavelength dial as set at the
point where the 1,000 kilocycle station is heard. Now readjust the
oscillator dial as if to receive a higher wavelength station until at
some point on the dial the station operating on the 1,000 kilocycles
is heard. This will probably occur when the movable plates of the
condenser are almost in, that is, at nearly maximum capacity. If
the frequency of the oscillator were to be measured at this point
it will probably be 520 kilocycles. Now the second harmonic of
520 kilocycles is 1,040 kilocycles and it corresponds to the fre-
quency at which it was necessary to set the oscillator originally in
order to produce a beat frequency of 40 kilocycles. Tt is then ob-
vious that the second harmonic of the oscillator is combining with
the incoming frequency to produce the beat frequency which the
intermediate amplifier accepts for amplification. If the oscillator
were to be tuned to a still higher wavelength another point on the
dial will be noted where the station is heard again. This frequency
when measured will be 480 kilocycles the second harmonic of which
is 960 kilocycles. This frequency corresponds to the other original
sctting of the oscillator necessary to produce the correct heat fre-
quency. It is not always necessary to leave the wavelength dial
set to note the effect just described. As the two dials are tuned to-
gether while searching for some particular station, the oscillator
might arrive at some frequency whereby its harmonics may produce
the desired beat frequency with a local station and although the
wavelength dial may be considerably off from the frequency of the
station its signals will be heard. This usnally indicates a high re-
sistance tuned input circuit and is aggravated somewhat when the
superheterodyne receiver is operated on an outside antenna.

In figure 111 are shown two of the most popular types of oscil-
lator circuits. The coupling coil is employed to transfer energy
from the oscillator to the first detector. This coil is generally
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placed in the grid circuit of the first detector, next to the grid, or

in the grid return to the filament although it can be placed in the
plate circuit. The writer has found by experiment that the best
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Fi1G. 111. Oscillator Circuits Used with Double-Detection
(Superheterodyne) Reccivers.

results are secured hy placing it in the filament return circuit. By
devising a means of loosening the coupling as the wavelength is
decreased a considerable gain in sensitivity at the shorter wave-
lengths results. This is especially so when the oscillator circuit B
is employed.

The oscillator circuit of A4 in figure 111 consists of a split wind-
ing of two equal sections, the tuning condenser being connected to
the outside terminals of the coil, in parallel with the grid and plate
of the oscillator tube. The high capacity condenser connected
across the low potential ends of the coil serves to by-pass all high
frequency currents around the plate battery.

This circuit has the advantage of having a fairly uniform output
throughout the broadcast frequency range. It has several disad-
vantages, the main one of which its its body capacity effect. It
will be noted that the rotary plates of the tuning condenser have to
he connected either directly to the grid or the plate of the tube. If
the rotary plates are connected to the plates of the tube, the trouble
from body capacity will be decreased but not eliminated. If a
variable condenser in which the shaft is not a part of the circuit
is used, the body capacity effect can be entirely eliminated. The
position occupied by the tuning condenser subjects it to the full
plate voltage and should it become short circuited the plate battery
will be run down and if the negative “ B ” is connected to the posi-
tive “ A’ bhattery all the tubes in the set will burn out. This may
be averted by connecting a fixed condenser of .0o5 mfd. capacity
or higher in series with the oscillator condenser. The capacity of
the latter compared to the former is so great as to have but little if

rrm———_ A
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any effect on the tuning and acting as a blocking condenser in case
of a short circuit.

The circuit of B is the familiar regenerative detector circuit ex-
cept that the plate or tickler coil is fixed. The coil is coupled
close to the grid coil so that the tube oscillates throughout the en-
tire broadcast frequency range. The variable condenser across the
grid coil controls the frequency of oscillation, the rotary plates
being connected to the low potential end of the coil the circuit is
free from the effects of body capacity. The output of this circuit
is not quite so uniform as that of 4. Both circuits will produce
harmonics in about the same amount.

The frequency changer circuit as employed in the Western Elec-
tric Double-Detection Receiver type 4-C is shown in figure 112.
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Fic. 112. Frequency Changer Employed in Western Electric Type 4-C
Double-Detection Recciver.

The small condenser marked Bal.Cap. helps to stabilize the first

detector at the same time providing a limited amount of regenera-

tion in the circuit. The coupling coil is in the grid circuit of the
B

first detector.
G v/ X
— I %o amplifier
E g Al L
Input = Detector and =
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Fic. 113. Fundamental Circuit of the Oscillator and Detector of Second
Harmonic “ Superheterodyne.”

In the earlier type of superheterodynes the first detector was
made to function as both detector and oscillator. The general ar-
rangement is illustrated by figure 113. In this circuit 4 is tuned
to the incoming signal, circuit B is tuned to one-half of the in-
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coming frequency plus or minus one-half of the intermediate fre-
quency and the circuits  and D are both tuned to the intermediate
frequency. There are created in the circuit a number of harmonics.
The second harmonic combines to produce beats with the incoming
signals of the desired intermediate frequency. On account of the
fact that circuits 4 and B are tuned to frequencies differing by
approximately 100 percent a change in the tuning of one has no ap-
preciable effect on the tuning of the other.

Due to the variety of harmonics created stations repeated at
several different places on the dial. The system is rarely used at
this date except for reception of telegraph signals at wavelengths
below 30 meters where it is most useful.

The Ultradyne—* Ultradyne ” is the name that has been ap-
plied by the late Robert LeCault to a special form of double-detec-
tion receiver devised by him and first described in Radio News.

In the Ultradyne, figure 114, the first detector does not receive its
supply from the “ B ” battery but instead operates with an alter-
nating current plate supply. This alternating current is of radio
frequency and is supplied by an oscillator of the usual type.
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Fic. 114. Fundamental Circuit of Frequency Changer of Ultradyne.

The incoming frequency and the oscillator frequency are com-
bined in the plate circuit of the first tube and by plate rectification
a beat frequency is produced. As reported by many experi-
menters the circuit is especially sensitive to weak signals.

38. The Intermediate Frequency Amplifier—The interme-
diate frequency amplifying transformers as used in superhetero-
dynes consist of the condenser-tuned air-core transformers, fixed
air-core transformers, or fixed iron-core transformers.

At short wavelengths condenser-tuned air-core transformers are
entirely satisfactory. At long wavelengths, such as 10,000 meters
they will tune too sharp resulting in serious distortion. An analysis
of the transmitted wave of a radio broadcasting transmitter will
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show that besides the carrier frequency there is present a band of
frequencies twice as wide as the highest modulating frequency ob-
tained from the microphone. Thus if the highest frequency ob-
tained from the microphone is 7,000 cycles the band occupied by
the radiated wave is 14,000 cycles wide. In other words, the car-
rier frequency is modulated 7,000 cycles each side of its assigned
frequency. Assume the carrier frequency of a broadcasting station
to be 1,000 kilocycles or 1,000,000 cycles. When modulated the
space occupied by the transmission will extend up to 1,007.000
cycles and down to 993,000 cycles. Converted to wavelength
these side band frequencies correspond to 297.7 and 302 meters.
The band occupied for transmission extends then from 297.7 to
302 meters, a total width of 4.3 meters. The width of the band
necessary to transmit modulated frequencies extending to 7,000
cycles is always 14,000 cycles (14 kilocycles) but the width ex-
pressed in meters will depend upon the wavelength of the carrier.
Assume the air-core condenser-tuned transformers were to be used
at an intermediate frequency of 10,000 meters or 29.98 kilocycles.
In order to amplify the modulated frequencies up to 7,000 cycles
would require that the transformers accept a band of frequencies
extending from 36.08 to 22.98 kilocycles or when converted a
wavelength band 6,800 meters wide. Therefore it can be seen
that a sharply tuned transformer would not do as the side bands
would be cut off and distortion would result. At 1,500 meters
or less the desired characteristics could be realized as the wave-
length band necessary to include all the side band frequencies
would be only 20 meters wide. However at such frequencies the
whole system may be unstable and it will be necessary to prevent
oscillation by one of the methods previously discussed.

Fixed air-core transformers may be tuned by the distributed
capacity of the coils. The distributed capacity of the winding and
their inductance form a circuit which is resonant to a given band

of frequencies. Although tuning somewhat broader than con-

denser-tuned air-core transformers they are used to best advantage
when operated at a high frequency or low wavelength. When
special ‘constructional details are employed to reduce the dis-
tributed capacity of the windings they may be operated at 40 to
60 kilocycles with success.

Iron-core transformers possess the ideal characteristics desired
in an intermediate transformer. The iron-core helps to hroaden
the tuning thus permitting the advantageous use of a low inter-
mediate frequency which means high amplification with stability.
However, if tuned too broad the curve overlaps into the audio fre-
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qrency band (below 10,000 cycles) and the transformer will be
noisy. This is illustrated by the curve B of figure 115.

Anplification.

A - Too sharp, cuts off part of side bands
B8 - Too broad, lets through some nolses.
C - /deal Curve

Fic. 115. Frequency Amplification Characteristics of Intermediate Fre-
quency Amplifier,

Sometimes it is convenient to provide a condenser-tuned trans-
former in the first or last stage of an intermediate frequency
amplifier employing iron-core transformers in order to sharpen the
tuning. This arrangement is known as the “ filter circuit.” Tt is
designed to be resonant at the intermediate frequency of the ampli-
fier.

The second detector usually employs the standard grid leak and
condenser. The grid condenser should have a value of .ooo5 to
oot mfd. to permit the easy passage of the low intermediate fre-
quency currents.

The audio frequency amplifier may consist of any of the stan-
dard systems of amplification such as transformer, impedance or

R EChone.

WL~
(1= Loop tuning condenser.0005
& L2 = C2- 03¢ funing condenser o005
o £ - o C3- Regeneration control
\T 47 condenser 00005
03¢, 5t Lol = oac. inductance.
ot L3 - Picwup coil
_ .
12 )] A
Iz - )] [
= -t
] M +5
F

Fic. 116. Regeneration with Tapped Loop.

resistance coupling. The addition of a stage tuned radio fre-
quency amplification ahead of the first detector gives somewhat
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increased gain in signal strength at the same time increasing the
selectivity of the tuner and prevents the energy from the oscil-
lator from being radiated. Regeneration in the first detector cir-
cuit can be accomplished by providing the loop or coupling coil
with a center tap and connecting the plate of the detector- tube to
the loop or coil by a .0ooo5 mfd. condenser as in figure 116. If
the primary of the first intermediate frequency amplifier is tuned
by a condenser the energy that should be fed back by the .00005
condenser will be by-passed and no regeneration will result. The

Note: Close switch just fong enough
7o get reading.on milliammeter 4fter
fube has been jnserted in socket and
filamen?t voitage adjusted fo rated
vaiue (Disregard change in filament
voltmeter reading which ‘will
oceur. when emission current
e/ flows). Jest for shorted elements
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= or usé& protective device.
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Fic. 117. Emission Test Circuit.

remedy for this condition is a radio frequency choke in the lead
from the plate of the detector tube next to the primary terminal
of the first intermediate transformer.

39. Reactivation of Thoriated Tungsten Filament Receiv-
ing and Rectifying Tubes—The filament condition of a tube
may be most readily judged by an emission test
using the circuit shown in figure 117. The volt-
ages specified should not be exceeded. Higher
voltages will permanently damage the vacuum
and may even result in a-burnout. If the emis-
sion is above the minimum value specified below,
the tube is in good condition and does not need
reactivation. 1f equipment for reading emission
is not available a simple test for the two most
widely used tube types can be made on the cus-

tomary tube test set which measures plate current. Fic. 118
This circuit is shown in figure 118. ’llflate CCu_rrer;t
- - est treuit

For UX-199 or CX-299 tubes, set the plate (Zevo  Grid

voltage at 45 volts with the grid connected to the Ve EraD)s
negative filament, set the filament voltage at 3
volts and read the plate current. Momeniarily increase the fila-
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ment voltage to 3.5 and read the plate current. If the plate cur-
rent increases more than .2 milliampere, the filament is not fully
active and the tube may be improved by the reactivation process.

For UX-201-A or CX-201-A tubes, the same valie of the plate
voltage (45) is used but the plate current is read with the filament
vcltage set at 4 and 6. An increase of more than .2 milliampere
in the plate current indicates that the tube may be improved by
reactivation,

If the tube will not return to normal after reactivation treatment
it is proof that the tube has either served its normal life or has
been so heavily overloaded that the thorium content has been ex-
hausted or the vacuum impaired.

TaBLE oF Emission CURRENT AND REACTIVATION VOLTAGE.

-, .. Maximum | pavimum
Type No. Filament Plate Minimum Reactiva- Flashing
Voltage Voltage Emission tion Voltage
Voltage

UX-199 or CX-299 ... 3.3 50 6 m.a. 4.0 i2
UX-120, CX-220.". ... 3.3 50 15 m.a. 4.0 12
UX-201-A, CX-301-A. 5.0 50 25 m.a. 7.0 18
UX-200-A, CX-30c-A. 5.0 50 12 m.a. 7.0 18
UX-171, CX-371. . ... 5.0 50 50 m.a. 7.0 18
UX-210, CX-310. . ... 6.0t 100 100 m.a. 10.0 —
UX-213, CX-313..... f.0t 100 |30 per anode 7.0 —
UX-216B, CX-310B .. 6.0t 125 100 10.0

If the tube will not return to normal after reactivation treat-
ment, it is proof that the tube has either served its normal life or
has been so heavily overloaded that the thorium content has been
exhausted or the vacuum impaired.

Methods of Reactivation—The following methods will gen-
erally restore the emission, that is reactivate, tubes which have
been overloaded and also, at times, will reactivate, for short
additional usage, tubes that have dropped in emission at the
end of normal life. The exact process which gives the best
results depends upon the nature and extent of the overload to
which the tube has been subjected.

Tubes which have been subjected to only a slight overload
may be reactivated by a very simple process. This consists in

! Emission of these tubes read at voltages below rated values.
Note: In taking emission readings the current may begin to fall off.
Test should not be continued long enough to cause this to happen.
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burning the filament, with the plate voltage disconnected, at
the voltage listed in the table under the heading * Reactivation
Voltage.” This process speeds up the “boiling out” of the
thorium from the body of the wire while at the same time the
surface evaporation is very slow when plate voltage is not
applied. The length of time required to reactivate a tube by
the treatment is one-half to one and one-half hours, depending
largely upon the length of time and extent to which the tube
has been subjected to excessive voltage. At the end of thirty
minutes burning, test the tube as explained above. If the emis-
sion shows improvement continue the treatment until test
shows the tube to be above minimum passing limit.

Tubes which have been badly overloaded may not improve
under this process, and a “flashing” voltage must be used, as
outlined below:

First burn the filament for 1o to 20 seconds at the voltage
shown in the table under the heading “ Flashing Voltage.”
Then burn the filament under the process described above,
using the voltage listed as “ Reactivation Voltage.” Read the
emission at the end of 30 minutes and if not restored, con-
tinue to burn the filament up to 2 hours, taking readings every
30 minutes. If two hours treatment does not restore the emis-
sion or greatly improve it, it is proof the tube cannot be re-
activated.

No plate voltage is ever applied during reactivation.

The applied voltages should always be controlled by a suit-
able voltmeter.

A small percentage of tubes reactivated by the use of
flashing voltages may be expected to burn out during treat-
ment.

Rapid reactivation, sometimes within ten minutes, can be accom-
plished by the use of voltages higher than those recommended
above. This process very materially shortens the tube life and
such reactivation is generally not permanent. Futhermore, the
use of higher voltages greatly increases the percentage of tubes
that burn out and the filament is frequently poorer at the end of
the treatment than at some earlier period. Reactivation by the
“ while you wait " process cannot be recommended.

Reactivation Equipment—Alternating current from the
lighting supply is most convenient and can be stepped down to the
proper voltage by a toy or bell ringing transformer, such as G.E.
Type No. 236093, which is provided with two-volt taps from 4
to 22 volts. The circuit diagram is shown in figure 179. As a.c.
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voltmeters require considerable current they should not be left per-
manently in circuit parallel with the tubes.

If alternating current is not available d.c. supplied by storage
batteries may be used. The flashing voltage may be obtained from

X
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Fi1c. 119. Alternating Current Reactivating Apparatus and Circuit.

a storage “ B 7 battery of the larger sizes. Only one tube should
be fiashed at a time on a “ B ” storage battery and the battery must
be left fully charged. See figure 120.

3 Cells For CX-301A or UL1-201A
R Cells for Cx-299 oruxr-1494
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Fic. 120. Direct Current Reactivating Apparatus and Circuit.

Normal Operation Precautions—If it is necessary to reacti-
vate tukes each month or at frequent intervals, it is proof that the
tubes are being overloaded, and in such cases better service will be
obtained if the following precautions are observed:

1. Do not burn filament at voltages in excess of the rated fila-
ment terminal voltage: Keep the filament rheostat set as low as
possible, or use a reliable voltmeter.

2. Do not use high plate voltages unless “ C” batteries are pro-
vided. With types C-299, CX-299, UV-199, UX-199 and CX-
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301-A, UV-201-A and UX-201-A better life is obtained, and
“B?” battery current drain lessened when a voltage of 671/2
volts or less is used in the plate circuit in case no “ C” battery is
provided.

3. Be careful when changing battery connections to see that
battery polarities are not reversed. If the leads connecting fila-
ment heating (A) or grid biasing (C) battery are reversed, sig-
nals and music may still be heard, but they will be faint and dis-
torted. Such a reversed condition often causes the operator to
turn the filament to a high setting, thus injuring the tubes without
appreciably improving results, Always check battery connections
after making any change.

4. If an insensitive tube and a tube in perfect condition are
operated from the same rheostat, there will be a tendency to over-
load the good tube in order to obtain operation from the poorer
one. The poor tube should be reactivated or replaced. Iere also
the use of a reliable filament voltmeter will save overloading the
tubes.

5. When using C-299, CX-299, CX-220, UV-199, UX-199,
UX-120 types and a filament voltineter is not available, the opera-
tion of the set may be checked as follows: Connect only two
fresh dry cells in series for use as the filament heating (A) bat-
tery. The rheostats may now be turned on full and if the set and
tubes are operating correctly, satisfactory reception will be ob-
tained. If results are not satisfactory check over batteries, bat-
tery connections, antenna connections and tubes. When the trouble
is located, satisfactory reception will be obtained with two fresh
cells.

40. General Comment—Many of the standard types of tube
rejuvenators use excessive voltage with the frequent result that the
tube is permanently damaged or has its useful life shortened.
This is especially true with C-2g9, CX-299, CX-220, UV-199,
UX-199 and UX-120 tubes. With these tubes the second burning
voltage should not exceed 4.0 volts.

The voltages specified in the table are the maximum which
should be used. The use of a voltmeter to set the applied voltages
to the proper values is essential to obtain proper results.

Tubes which have internal shorts between elements cannot be
reactivated and it may be convenient to check for such conditions
with a pair of phones and a dry cell. 'When the tube is not lighted
there should be an open circuit between the grid and all other
elements, between the plate and all other elements, and a closed
circuit through the filament.
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Tubes in which the vacuum is impaired cannot be reactivated.
This is usually indicated by a filament current reading above
rated value. If considerable air is present in the tube, the filament
will not light up at all unless the filament voltage is raised well
above normal, in which case the filament may burn out.

Cunningham tubes type C-11, CX-12, CX-12 and CX-200 and
Radiotron tubes type WD-11, WX-12, UX-112 do not use thori-
ated tungsten filament and cannot be reactivated.

41. Testing Tube UX-300A or CX-300A Detector Tubes—
The UX-200A or CX-300A tube is designed only for service as a
detector and differs from other types in that it contains an alkali
vapor. The formation of the vapor occurs during the first three
minutes after the tube is lighted, during which period the tube
characteristics change rapidly causing variations in readings of
plate current and performance of the tube when operating in the
radio receiving set. As soon as the tube has warmed up, or at
the end of about three minutes, the readings become uniform and
no further changes occur. As a result of this action, readings
taken during the period of change are variable, and of no value.
However, since the change does not usually begin until the tube
has been in the socket about one minute, it is possible to make
a quick test immediately after it has been placed in the socket,
otherwise, the readings should be taken at the end of three min-
utes.

Tests on the UX-300A or CX-300A should be made at a plate
voltage of 45 volts and no higher voltage should be used. Since
it is designed for detector service only, a thorough test of the tube
requires considerable equipment. Plate current readings, such as
taken in the ordinary test sets, indicate only the condition of the
filament and cannot be depended upon as a test of detector seusi-
tivity. For that reason the best practical test of the tube is a check
of the operation obtained under actual service conditions in a re-
ceiver, a weak incoming signal being preferable. Quick tests made
during the first minute will usually suffice, but if any doubt as to
the satisfactory performance of the tube arises, it should be allowed
to burn the full three minutes before completing the test.

A plate current reading obtained with this tube when used in a
receiver set with a grid condenser and grid leak is quite different
from that obtained in a test set. Under usual conditions the plate
current is approximately 1.0 m.a., varying only slightly from this
value whether the grid return is connected to the negative or to
the positive filament. The difference in readings as compared
with those obtained in a test set is due to the fact that the grid




168 RADIO MANUAL

current furnished by this tube is sufficient to establish a voltage
drop in the grid leak equivalent to the use of the grid biasing
voltage of 2 or 2 1/2 volts.

Under service conditions a hiss is frequently produced at the
time the changes in plate current above noted are occurring. If
a milliammeter is placed in a detector plate circuit, it will be noted
that the initial reading is perhaps 1.0 milliampere remaining at this
value during the first minute, while during the second minute the
plate current gradually increases to 2.0 or 3.0 ma. It is during
this change that the hiss sometimes occurs. The plate current then
returns to a value close to the initial reading and the tube thereafter
will operate quietly.

There are several reasons for not testing this tube at voltages
higher than 45, the first being that it does not represent the oper-
ating conditions, and secondly that grid biasing voltages are often
applied when testing at the higher voltages. Because of the high
amplification constant of the tube the plate current will be prac-
tically blocked at go volts plate, if the ordinary voltage of minus
41/2 volts is applied to the grid the reading obtained being a
fraction of a milliampere.

When a test of the filament conditions or for shorted elements
only is desired, the readings obtained from the ordinary type of
two meter test sets will be found satisfactory. Sample readings
obtained on this test are given below:

Plate Voltage 45 Filament 5.0
Grid return first to minus F then to plus F

Average Plate Average Plate
Current. Current to
Grid to
- F
UX-300A, CX-300A (Cold under 1 min.) 1.6 m.a. 6.1 ma,
UX-300A, CX-300A ( Hot after 3 min. ) 2.1 m.a. 6.2 m.a.

42. Reactivation of Power Tubes—In case of severe over-
load resulting in overheating of the tube the electron emission may
decrease and oscillations may not start when the key is closed.
Unless the overload has liberated a large amount of gas the activ-
ity of an XL filament may be restored by operating the filament at
a voltage about 20 per cent above normal for ten minutes. The
plate and grid voltages should be disconnected during the process
of reactivation. If the emission fails to return to normal the tube
may be flashed and “ aged.” This process consists of operating the
filament of the tube at a voltage about 50 percent above normal
for one-half of a minute and then reducing the operating voltage
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to about 20 percent above normal from two to fifteen minutes.
The plate and grid voltages are disconnected during the process.
If the emission has not been brought back at the end of two min-
utes the aging process may be continued. However, if the emis-
sion does not return at the end of ten or fifteen minutes of ageing
further attempt at reactivation may be considered useless. At the
conclusion of each ageing process the normal grid and plate voltages
should be applied and test made to see if the tube will oscillate.
Extreme care must be exercised during the process or the filament
will be ruined permanently. A table is shown on the following
page giving the best values for flashing and ageing for the standard
tubes in use.

Note: Reactivation is applicable only to those tubes having
thoriated filaments.

TaBLeE oF BesT FLASHING AND AGEING VALUES ForR Powrer TUBE

REACTIVATION.
Normal - - aahi q :
TopeotTube | Kiamen: | SO | RS | ARE | A

Voltage
UV-203-A............ 10 20 30 Sec. 12 2 Mins.+
UV-zop-A. ... ... 11 22 30 Sec. 13 2 Mins.+
UX-210.............. 7.5 15 30 Sec. 9 2 Mins.+
UV2rr............... 10 20 30 Sec. 12 2 Mins.+
UX-213. ... oo 5 10 30 Sec. 6 2 Mins.+
UX-216-B............ 75 15 30 Sec. 9 2 Mins.+
UX-8s2.............. 10 20 30 Sec. 12 2 Mins.+

43. The UX-222 Screen Grid Tube—The UX-222 (CX-322)
is a distinct departure from the conventional type of the three-
clement radio tube. The usual characteristic and performance ob-
tained from this tube are made possible by the introduction of a
second grid, which extends between the usual grid and the plate
and is carried over outside the plate. Thus the plate is completely
shielded or screened from the control grid by the second grid.

When operated as a four-element tube a voltage of approxi-
mately 22 to 45 volts is applied to the screen grid, and a higher
voltage (go to 135 volts) is applied to the plate.

Filament—The filament is rated at 3.3 volts with a current
consumption of .132 ampere. When used as a 3.3-volt tube
from a 6-volt battery connect a 20 to 30 ohm rheostat in series
with one side of the filament. If parallel with 5-volt tubes; con-
nect a fixed resistance of 15 ohms in series with the filament of the
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tube. It may be then connected in parallel with other 5-volt tubes,
operating from a common rheostat. If placed in the negative lead
a tap at 10 ohms will provide 1.3 negative bias for the control
grid.

The input or control grid connection is brought out at the top of
the bulb. The connection to the screen grid is made to the regular
grid connection on a standard socket.

There are several ways in which this four-element tube may
be utilized in radio receiving and transmitting circuits the most ad-
vantageous of which is as a radio frequency amplifier. \When so
used the most important advantage gained is elimination of all
feed-back through coupling between grid and plate, due to low
capacity, these elements, the interelectrode capacity having a maxi-
mum of .025 microfarad. It is possible to obtain a voltage ampli-
fication of 25 to 50 per stage in the broadcast range as com-
pared with the usual range of 5 to 12 per stage with three-ele-
ment tubes.

In the operating range the plate current does not vary appre-
ciably with changes in plate voltage, this being due also to the
screening effect of the second grid. As a result the amplitude of
the plate current change, caused by a signal voltage impressed on
the grid is scarcely affected by an increase in load resistance. Thus
it is of advantage to use a very high resistance or impedance in
the plate circuit, in order to obtain high voltage amplification.

The voltage amplification depends only upon two factors:

1. The nuitual conductance (g) of the tube, which determines
the amplitude of the plate current change, resulting from a signal
voltage impressed on the control grid and—

2. The load impedance. The voltage across the output load is
directly proportional to the load impedance since the amplitude of
the signal current, with moderate loads, remains unchanged with
an increase in impedance. This is unlike the condition with three-
element tubes, where an increase in load resistance results in a
decrease in the amplitude of the signal current.

At low rate frequencies 50 to 100 kilocycles, it is possible to build
up a very high load impedance by using a tuned plate circuit, and
a voltage amplification of 200 per stage is obtainable. At broad-
cast frequencies it is not possible to obtain a sufficiently high
load impedance to realize maximum voltage amplification, and the
values quoted ahove represent average results (23 to 50 per stage).

The desired high load impedance may be obtained by the use of
a tuned plate circuit, but it may be preferable to use a transformer
connection with a ratio of 1.T or slightly lower so that low fre-
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quency disturbances do not reach the grid of the succeeding tubes
and to facilitate the use of ganged condensers for uni-control.
Although the internal shielding prevents feed-back through the
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Fic. 121. Typical Screen Grid Tuned Plate R.I. Amplifier Circuit.

tube inter-electrode capacities, this is only one source of coupling
between stages, and it is also necessary to shield the input circuit
from the output circuir. The tube itself should be shielded, espe-
cially if the voltage amplification is high, by placing a metal cap
over the tube, extending to the base, and connection must he pro-

Fig. 122, UX-222 Screen  Grid Tube in Various Stages of Assembly.

vided at the top. This shield may be constructed of lead or tin
foil and encircled around the shape of the tube.
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The UX-222 as an Oscillator—One of the greatest diffi-
culties in making V.T. oscillators operate at a constant frequency
is that the tuned circuit does not entirely fix the frequency. One
of the reasons for this is that the tube capacities such as plate-grid
capacity permits feed-back or grid excitation through the tube.
The forcible removal of this feed-back by the introduction of the
shield grid permits the control of feedback by external means that
are under better control with a possibility of smoother and steadier
operation. The output of the 222 is of course small and at this
time permits of only experimental work. However in the end it
may lead to transmitting oscillators which are somewhat more free
from the undesired effects spoken of.

Reverse-Current Effect—One type of oscillator possible
with the 222 tube does not use the ordinary principle of feed-back
from plate to grid but instead takes advantage of reverse-current
effect caused by secondary emission from the plate. The electrons
passing from the grid strike the plate with sufficient violence to
cause it to emit secondary electrons. If the grid is made positive
with respect to the plate these secondary electrons will be attracted
by this positive element. 1f the electrons striking the plate have
sufficient velocity, the number of secondary electrons emitted will
be large enough to cause electrons to flow out of this conductor
instead of into it, thus reversing the direction of current. The de-
vice will then have the falling characteristic of the arc. As the
plate potential is increased the current is decreased. A vacuum
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Fig. 123. Use of UX-222 Tube as First Stage Audio Amplifier with
Space Charge Connection Followed by Silver-Marshall 223 Hi-Mu Trans-
former,

tube having this negative resistance characteristic can be used for
the production of continuous waves. The tube and the circuit can
be connected in several ways and have the advantage of being able
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to use untapped coils without ticklers and tuned by a single con-
denser. The 222 tube at present confines this use to laboratory
work as its output is in very small power.

As an Audio Frequency Amplifier—The tube may be used
as an audio frequency amplifier with resistance or transformer
coupling. The screen grid voltage should be lowered to compen-
sate for the voltage drop in the load unless a high plate voltage is
available. With this connection a voltage amplification of 33 per
stage may be readily obtained with perfectly flat frequency char-
acteristic down to 50 cycles and below.

A.C. Screen Grid Tubes—Since the appearance of the UX-222
similar tubes have been marketed by many manufacturers and in
addition the C.E. Co. of Providence, R. I., has marketed a tube
known as the AC-22 in which the filament is operated on alter-
nating current. The necessary electron emission is not obtained
from the filament but from an ““emitter ”” close to and heated by
the filament. The rest of the structure and the general per-
formance are similar to that of the UX-222,

Other A.C. Tubes—\Vhile almost any vacuum tube may be
operated with a.c. filament supply when used in a transmitter
or last audio stage (see figure 267a) there have recently appeared
tubes designed for a.c. filament supply throughout the receiver.
Typical of these are the UX-227 which (like the AC-22) uses the
filament as a heater for a little “thimble” emitter and the
UX-226 in which the filament is short and thick so that the
voltage variations across it aud the heat fluctuations during the
cycle are not serious except in the detector socket where it is
necessary to use a d.c. tube or one of the 227 type. The 226
tvpe is connected like a d.c. tube except that plate and grid
returns are not to one end of the filament but to a center-tapped
resistance placed across the filament. The 227 type has the re-
turns made to the “thimble,” the a.c. filament having no con-
nection with the r.f. circuits.

Double-ended a.c. tubes have long heen built by Kellog and
others. They are of the thimble type as are the Arcturus tubes.
The latter have a thimble surrounding a filament but unlike other
thimble tubes the “emitter ” is connected to one end of the fila-
ment. The design of the tube has been so worked out that the
a.c. hum which one would expect does not follow.



CHAPTER g

FUNDAMENTAL CIRCUITS EMPLOYED IN VACUUM
TUBE TRANSMITTERS

1. Grid Excitation—As described in the discussion of gen-
eration of radio frequency oscillations, some means must be pro-
vided for feed-back or coupling from plate to grid in order to
maintain oscillations. It may be accomplished by one of two
methods. Either inductive or capacitive coupling may be used.
In commercial practice these methods are known as Hartley,
Meissner or Colpitts circuits. They may feed direct to the an-
tenna or feed through one or more stages of a radio frequency
amplifier known as the “ power amplifier.” The first two named
make use of the inductive grid feed-back, whereas the Colpitts
circuit depends upon capacitive feed-back. The grids of the power
amplifier tubes may be coupled to the oscillating (exciter) circuits
in any one of a wide variety of ways.

2. The Hartley Circuit—TFigures 124 and 125 show the
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Fic. 124. Hartley Circuit with r. f. Line to Antenna.

Hartley circuit. The grid and plate turns are made variable so
that adjustments can be made for correct grid excitation. The
filament is connected at or near the middle of the inductance. If
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the number of turns from filament to grid is made greater than
the number from filament to plate, a higher feed-back will result
with a corresponding increase in plate ccurrent. ]

The portion of the coil between the filament clip and plate clip
is referred to as the “ plate coil.” The part between the filament
clip and grid clip is called the “grid coil.” On making adjust-
ments to this circuit if it is found that the plate current is higher
than the normal rating the plate lead should be moved farther
away from the filament.

The variable condenser C! in figure 125 permits precise control
of the frequency. The relation of the grid tap to filament allows

Ant

IF16. 125. Hartley Circuit Inductively Coupled to Antenna.

a rough variation in frequency. Moving the grid farther away
from the filament decreases the frequency or vice versa.

The condenser C? prevents the high voltage generator from be-
ing short-circuited through the inductance L! but allows the radio
frequency currents to pass from plate to inductance. The con-
denser C* prevents the high negative potential from the plate sup-
ply generator reaching the grid and also allows the radio fre-
quency voltages to pass through. The function of the resistance
R* is to place a negative bias of the correct potential on the grid of
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the tube thereby reducing the grid current and hence the power
dissipated by the grid circuit. Condensers C* and C® by-pass the
radio frequency currents across the secondary of the filament trans-
former 7. Condenser C° prevents severe arcing which would
otherwise occur when keying a 1000- to 2000-volt negative supply
line. The radio frequency choke coil L?® prevents the radio fre-
quency currents reaching the armature of the high voltage gen-
erator. Should this occur it would result in a rupture to the in-
sulation and consequent damage to the machine. The small radio
frequency choke coil X in the grid circuit close to the grid of the
tube prevents the generation of ultra high frequency or “ para-
sitic” oscillations. By preventing the generation of these para-
sitic high frequencies (wavelengths in the vicinity of 20 to 6o
meters) the plates of the tubes are made to operate much more
coolly and the losses in the circuit are greatly reduced.

3. Meissner Circuit—TI'igure 126 shows a simplified arrange-
ment of the 3 coil Meissner circuit. It has only one tuned cir-
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IFrc. 126. Meissner Circuit with Series Plate Feed.
cuit, the antenna circuit. However, the circuit is not suited to

wavelengths below 6o to 100 meters as the plate and grid circuits
then fall into tune. Inasmuch as the antenna circuit controls the
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frequency of oscillation of this type of transmitter every pre-
caution must be taken to support rigidly both antenna and counter-
poise as well as all lead-in wires. This will prevent a shift of fre-
quency which would occur at each change of capacity, such as
produced by the swaying of the antenna in a wind.

Referring to the diagram it will be noted that the plate cir-
cuit is tuned by a variable condenser C*. This condenser does not
tune the circuit but merely acts as a control of the load taken by
the tube depending upon the amount of capacity in use.

When the key is closed the place voltage is applied through the
inductance L% Starting the plate current through L?* induces an
em.f. in L' which in turn induces an em.f. in grid coil LZ
The voltage acting on the grid produces a corresponding change
in the plate current. The pulsating plate current flowing through
L? induces an e.m.f. in the antenna inductance L' and radio fre-
quency oscillations start, the frequency of oscillations being de-
termined by the constants of the antenna circuit. A r.f. voltage
is induced in the grid circuit which produces correspondingly
larger variations of plate current and the action is repeated. Radio
frequency currents are generated as long as the key is closed.
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Fic. 127. Colpitts Shunt Feed Circuit.

The plate and grid currents are regulated by the number of
turns employed in their respective coils. For this reason each
coil is usually tapped so as to secure the maximum output with
nunimum plate and -grid current. Variable condensers are some-
times employed to tune both plate and grid coils. Another ar-
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rangement employs four coils. The additional coil is placed in
the antenna circuit. One is coupled closely to the plate coil, the
other to the grid coil.

4. Colpitts Circuit—It was stated at the beginning of the
chapter that Colpitts circuit depended upon capacitive excitation
of the grid. Figure 127 shows an arrangement of this circuit.
In this case the voltage drop across condenser C, provides the
grid excitation. In some cases where a high capacity tank cir-
cuit is used the frequency of the circuits is changed by varying
the number of turns of inductance rather than Dy tuning the cir-
cuit with a variable condenser.

Tuned Grid—Tuned Plate Circuit—The arrangement in
figure 127a is very popular among amateurs. Oscillations are
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F1c. 127a. Tuned Grid-Tuned Plate Circuit.

generated in the tube by tuning the plate circuit to resonance with
the grid circuit and feeding the exciting voltage back to the grid
through the inter-electrode capacity of the tube. Usually the
coils of both circuits are placed so as to have but a small amount
of mutual induction.

It has been determined that the circuit having the lowest L/C
ratio will be the frequency determining circuit, therefore, in this
circuit the capacity of the condenser tuning the plate circuit should
be of a large capacity. This will prevent any detuning effects by
the coupling of the antenna circuit to the circuit.




A st ettt AP L wliat ks . ¥

FUNDAMENTAL CIRCUITS 179

5. Shunt and Series Feed—Two methods of supplying the
voltage to the plates of the tubes have been shown. The shunt or
parallel supply in the Hartley figure 125, and Colpitts figure 127.
The series feed is shown in the Meissner circuit, figure 126 and
tuned-plate, figure 127¢. In both shunt and series feed the radio
frequency and direct current leave the plate together. In both the
currents split apart before getting to the generator. In shunt feed
the split is made at the plate side of the plate coil, in series feed
it is made after the two have gone through the plate coil together.
In any case both d.c. and r.f. rejoin again at the filament.

When shunt feed is employed it is necessary to include a radio
frequency choke coil in series with the plate supply lead. Should
the choke coil in this lead fail to function the radio frequency cur-
rents will be induced in the windings of the generator possibly
rupturing the insulation and resulting in damage to the machine.
As an added precaution to prevent this, r.f. chokes are sometimes
placed in both negative and positive plate supply leads. The choke
in the positive lead is always connected close to the plate binding
post of the socket, at right angles to, and as far removed from
the inductance as possible.

The r.f. currents of the plate circuit find an easy path to the
inductance through the plate blocking condenser which also pre-
vents the plate supply unit from being short circuited by this coil.
Plate blocking condensers are designed to withstand several
thousand volts more than are normally used. As an added pre-
caution fuses are placed in the plate supply leads. Frequently
an overload relay is provided in the positive lead which will trip
and interrupt the circuit if the overload, or short circuit occurs.

6. Coupling the Energy to Antenna—There are three gen-
eral methods by which the r.f. energy is coupled to the antenna
to be radiated. They are:

I. Direct coupling,

2. Inductive coupling,

3. Capacity coupling.

Other methods of feeding the antenna are discussed in chapter
XIV.

In a direct or conductively coupled circuit the antenna system
is connected directly with the same inductance to which the plate,
grid and filament are connected. Figure 128 shows such an ar-
rangement. The capacity of the antenna system is connected
directly across a portion of the tuning inductance and therefore is
one of the frequency determining elements of the circnit. Any
weather conditions effecting a change in the capacity of the an-
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tenna system will likewise cause a change in the radiated fre-
quency.

1f the antenna were to fall down or ground accidentally the tube
would stop oscillating and draw a heavy overload. The same effect
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Fie. 128. Hartley Circuit Directly Coupled to Antenna.

takes place to some extent in a rain or snow storm or if the in-
sulators become covered with ice.

A transmitter employing direct coupling would operate very in-
efficiently on shipboard especially during bad weather and heavy
seas. Obviously such coupling is seldom employed in commercial
transmitters.

7. Inductive Coupling—This method of coupling is accom-
plished by placing two coils in an inductive relation to each other.
The transfer of energy is accomplished by an alternating electro-
magnetic flux or field surrounding the primary coil. The secon-
dary or antenna coupling coil is placed near or inside of the pri-
mary so that part of the alternating flux surrounding the primary
will flow through the secondary. The circuit shown in figure
125 is inductively coupled to the antenna. The primary coil is
sometimes called the tank circuit inductance. The secondary is
called the antenna coupling inductance. Sometimes an antenna
loading coil is necessary in order to tune the transmitter to long
wavelengths. This coil is connected in series with the coupling
coil and antenna.

Inductive and loose coupling should not be confused. The an-
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tenna may be capacitive coupled and still have a loose coupling
depending upon the value of the coupling condenser.

8. Adjustment of the Inductively Coupled Circuit—The pri-
mary circuit is first tuned to the desired frequency. Before pro-
ceeding with this adjustment the secondary should be loosely cou-
pled to the primary. The antenna and ground connections
should then be disconnected. It is best to start with low power.
Referring to figure 1235, the condenser (! is varied until the
primary circuit is oscillating at the desired frequency. The
filament clip F is usually connected near or at the center of the in-
ductance and the plate clip P and grid clip G varied until the cor-
rect feed-back is secured to start oscillations. More turns are
usually included from 7 to P than from I’ to G. If the grid is
too close to the filament the tube will not oscillate well; if it is
too far away F the tube efficiency will be bad. Usually 2 or 3
plate turns are used for each grid turn. The variable condenser
C* should always be connected inside of the plate and grid clips.
The fewer the turns included between the condenser clip increases
the amount of condenser capacity required (Hartley circuit). This
will tend to steady the cutput of the tube.

If the clips are improperly adjusted excessive plate current will
be indicated by the plate milliammeter. If no milliammeter is
connected in the plate circuit the color of the tube plate is the best
indication of correct plate current. Excessive plate current causes
heating of the plate to a light red or white heat. When operating
normally the plate will show just a cherry or dull red.

A wavemeter coupled loosely to the primary inductance wiil in-
dicate the wavelength at which the primary circuit is oscillating.

1f the capacity of the condenser C! is reduced to zero and the
wavelength as measured is too high the number of turns shunting
C* should be decreased. If on the other hand with the condenser
set at its maximum capacity the wavelength is too low more turns
should be included in shunt to C*. In making these adjustments
it might be noticed that for a certain setting of C! the tube stops
oscillating or draws a heavy overload. This is indicated by a sud-
den rise of plate current or excessive heating of the plate. The
capacity of C* should be varied at once until the tube starts oscil-
lating normally as indicated by a sharp drop in the plate current
or the change of color of the plate from light red to dull or cherry
red.

The Hartley circuit oscillates easily and no difficulty should be
encountered in making adjustments to the desired frequency and
keeping the plate current within its normal operating value.
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With the primary circuit oscillating at the desired frequency the
power may be increased to normal value.

The antenna and ground can now be connected to inductance
L2, Upon starting to resonate the two circuits the inductance L?
should be coupled fairly closely to L. The turns on L® are varied
until the antenna radio frequency ammeter indicates maximum
current. Resonating the two circuits should be accomplished
with the key closed. A test should now be made by transmitting
dots and dashes in the usual way. It may be noticed that the radio
frequency ammeter in the antenna circuit does not follow the key
or tends to lag behind the same. A measure of the radiated fre-
quency may show that it is a few meters off from that to which
the primary circuit was tuned. This is caused by too close coupling.

When the circuits are too closely coupled the circuit has two
frequencies at which it is capable of oscillating. The transmitter
may therefore, oscillate at one frequency for some time and sud-
denly when keying start to oscillate at another frequency.

As the coupling is loosened by increasing the distance hetween
the primary and antenna inductance the two frequencies at which
the transmitter may oscillate approach each other and at a given
value of coupling these two frequencies coincide.

The value of coupling at which this occurs is called “ Critical
Coupling.” When this value is attained the transmitter oscillates
at only one frequency.

As the coupling is further loosened the current in the antenna
circuit is decreased resulting in lowered efficiency. It is therefore
necessary to operate the transmitter or at immediately below the
value of critical coupling in order to secure maximum power in
the antenna with good frequency stability.

In some commercial transmitters where several different fre-
quencies are employed in transmission a small coupling coil of few
turns is used as L? and external loading coils are used to tune the
antenna circuit to the desired frequencies. A loose coupling may
be employed in this way by keeping the position of the primary
and coupling coils fixed and employing only enough turns in the
coupling coil to obtain maximum transfer of energy. The loading
coils are the tuning inductances.

The shifting from one frequency to another is accomplished by
one operation from the front of the control panel. During this
operation the antenna is connected to the correct position on the
loading coils and at the same time the condenser C* engages the
correct number of turns in shunt to it for that particular fre-
quency.
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g. One-Wire Feed Lines—It is frequently convenient to place
the antenna at some distance frem the transmitter and to connect
them by a radio frequency feed line. It is convenient here to
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Fic. 129. Hartley Circuit with r. f. Line to Antenna. (Capacitive
Coupling Control.)
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show how a one-wire feed line may be used with a normal Hartley
circuit. In figures 124 and 129 such connections are shown and
the coupling between the primary and the antenna is in each case
provided by a sort of link circuit which can be traced as follows.
From the ground through the antenna inductance (L?® in figure 124
and L? in figure 129) through the line with its series reactance (L*
in figure 124 and C? in figure 129), thence through L to filament
and back to ground. The line is usually not resonant; hence the
series reactance (L2 of figure 124 or C? of figure 129) device is
not exactly a tuning unit but rather a coupling control. It is defi-
nitely not a “coupling coil ” or “coupling condenser ” nor is it
proper to call such systems “impedance coupled ” or “capacity
coupled.”

10a, Adjustment of One-Wire Feed Systems—Disconnect the
feed line and tune the primary circuit as previously described.
Now connect the feed line with all of L? (figure 124) or very little
of C* (figure 129) in circuit. Watching the antenna ammeter,
resonate the antenna by adjustment of the antenna inductance and
condenser. A milliammeter in the plate supply lead of the tube
will assist considerably. Now increase the setting of series con-
denser C? (figure 129) or decrease the inductance of L? (figure
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124). Slight readjustment of primary or antenna tuning may be
necessary to maintain the correct frequency. As the series reac-
tance in the line is decreased a point is reached at which the tube
ceases oscillating. Less than this amount of coupling must be used
by either increasing the series reactance or moving the feeder tap
toward the filament on L!. Resonance between the primary and
antenna circuits is indicated in the usual way.

While the use of a condenser as in figure 129 is more convenient
it has been found that harmonic frequencies are radiated freely
and to suppress them the circuit of 124 is recommended.

It is possible to operate an antenna at its fundamental by
eliminating all condensers and inductances from the circuit and
supplying it through a one-wire feed line tapped on at a point
removed from the ground connection by about 28 per cent of the
antenna length. For a straight ungrounded antenna the feed
point should be 13.9 per cent of the antenna length from the
center. The figures are due to Byrne, Windom, and Lveritt of
Ohic University.

Fic. 130. Modification of Meissner Circuit with Capacitive Coupling to
Antenna.

10b, Capacity Coupling—DBecause one-wire feed systems are
often mistakenly called “ capacity coupled ” when working as in
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figure 129 it is thought advisable to show a true capacity coupled
system in figure 130. The coupling is due to condenser C* which
is common to the antenna circuit and the primary tuned circuit.
As its capacity is made smaller the voltage across it rises and there-
fore the coupling increases. This adjustment simultaneously
tunes both primary and antenna circuits which must be corrected
by C® and L* With due regard to the avoidance of short-circuits
any type of oscillator may be capacity coupled to any antenna
since it is almost always possible to add a series condenser com-
mon to both circuits.

11. Transmitters with r.f. Amplification—It is desirable in
some transmitters to use the main vacuum tubes as r.f. amplifiers
supplied by a small oseillator. This is usually done for one of
two causes, (a) to permit the use of a special oscillator circuit
which it is not practical to apply to the large tubes or (b) to
permit modulation at a low power level so one does not need to
amplify the speech or music up to the level of the final set output.
Device (b) is obviously saving of power while device (a) permits
the use of crystal control, stiff oscillator circuits not practical for
large powers or battery-driven oscillators (see Burgess Battery
Co. engineering circulars).

FPower amplifiers A4

A

Master
Oscillator

L

Fic. 131. Oscillator Driving Three Amplifier Tubes.

A study of the diagram will show that the master oscillator
(exciter) tube is connected in a Hartley shunt feed circuit. The
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condenser C? is used to tune the circuit to the frequency desired.
Condenser C* is the coupling condenser and is connected to the
inductance L' and to the grids of the power amplifier tubes. By
providing a variable connection from C* to L permits the grids
of the amplifiers to be properly excited.

The amplified radio frequency currents in the plate circuits of
the power amplifier tubes flow through the inductance L? which is
in inductive relation to the antenna coupling coil L3,

By the use of the variometer L* the antenna circuit is tuned to
resonance with the power amplifier frequency until maximum an-
tenna current is obtained. Changes in the values of L* and L?®
have no effect upon the frequency of the waves radiated by the
antenna but only of the amount of power transferred between the
two circuits.

As the turns in the primary inductance L? are decreased, the
step-up ratio of the transformer is increased and therefore the
load is increased. In any tube circuit if the load resistance is too
great the plate current will be high without any attendant increase
in antenna current. To determine the best adjustment it is ad-
visable always to start with a minimum number of turns in
antenna inductance L? and gradually increase the number until
the proper loading is obtained but never to the point where an
increase of plate current does not increase the antenna current.

Tt is possible to use a much larger value of coupling than if the
tubes were self excited, therefore, a greater transfer of energy to
antena circuit results.

However, the advantages of the master oscillator-power ampli-
fier circuit fail to appear if the power anwplifier grid puts more
than 20 percent load on the master oscillator. Two identical tubes
may be used to advantage.

A variation of this arrangement consists of a master oscillator
which supplies grid excitation to one or more intermediate ampli-
fiers through a condenser as C*. The plate circuits of the inter-
mediate amplifiers are in turn coupled to the grids of the main
amplifiers through a similar condenser. The antenna circuit is
coupled to the main amplifiers as shown in the drawing.

A neutralizing condenser is frequently employed to prevent re-
action of the amplifier on the master oscillator through the internal
capacity of the amplifier tubes. The principle involved is like that
employed in the Hazletine neutrodyne receiver as described in the
previous chapter. By connecting a small variable condenser from
a point of correct potential on L! to the plates of the amplifier
tubes a voltage is fed back opposite in phase to that existing across
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the internal capacity of the tubes effectively neutralizing the ten-
dency to oscillate. This permits the amplifier tubes to be fully
excited without danger of generating self oscillations.

12. Master Oscillators with Piezo-Electric Crystal Control
of Frequency—The quartz crystal which has attracted con-
siderable interest of late as a frequency standard depends for its
action on what is known as the piezo-electric effect.

If a section of a quartz crystal is placed between two electrodes
having a difference in potential the crystal becomes shortened or
lengthened.

The piezo-electric phenomena are reversible, that is to say that
as an electric field alters the size of the crystal so can alteration in
size of the crystal produce an electric field in the crystal.

A quartz crystal prepared as a radio frequency oscillator may
be round or rectangular in shape. Rectangular crystals have the
advantage of being cheaper to make and will control a greater
radio frequency output without cracking or chipping.

There are three frequencies at which a quartz crystal is capable
of oscillating. One frequency corresponds to what is known as
the X dimension, one to the Y dimension and the other to a fre-
quency which is between the X and Y frequency and is termed the
coupling frequency.?

The frequency of vibration of a quartz crystal is very constant.
When connected in a circuit with a small vacuum tube it acts as an
oscillator, the frequency of which depends wholly upon the me-
chanical vibrations of the piece of crystal. A frequency thus
produced is accompanied by numerous harmonics. These har-
monics are produced in a plate circuit of the tube and not in the
crystal. By making the inductaace large in comparison with the
capacity the harmonic frequencies will be increased considerably
both in magnitude and number. The wave form of the funda-
mental frequency in the vacuum tube is not sinusoidal, but dis-
torted, thus indicating the presence of harmonics. By employing
a large inductance in the plate or phase adjusting circuit a means
is provided for matching impedance at harmonic frequencies with
that of the plate filament circuit ¢f the vacuum tube due to the fact
that such a coil system responds to a wide band of frequencies.
This matching of impedance provides a maximum generation of
power at the harmonic frequendes. The fundamental frequency
and harmonics can then be used for frequency standards for cali-

1 For further information relative to dimensions and fundamental fre-
quencies of quartz crystal oscillators see proceedings of The Institute of

Radio Engineers, January, 1927, article by A. Crossley entitled “ Piezo-
Electric Crystal Controlled Transmitters.”

e
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bration purposes. The application of the piezo-electric crystal
as a frequency standard is becoming quite universal.

It has been found that the frequency of any crystal is subject
to change with temperature and for absolute constancy of fre-
quency it is necessary that some method be employed to control
the temperature either directly or indirectly to the crystal. One
method is to place the crystal in a hermetically sealed container
and by use of a thermostat and heating unit in this container
maintain the crystal at a pre-determined temnperature.

The quartz crystal oscillator may be employed to check the fre-
quency of a radio transmitter. The crystal can be ground to the
desired size whereby one of its natural frequencies of vibration
corresponds to the assigned frequency of the station. The emitted
wave of the transmitter can be then adjusted to “ zero beat ” with
the natural period of the crystal. If desired the crystal can be
cut so that its fundamental frequency differs by 500 or more
cycles from the assigned frequency of the station and thus the
operator can by listening in, compare the beat frequency from
time to time during operation and determine if the transmitter has
shifted from its correct frequency. _

When the crystal is employed by this method such a station is
said to be “ crystal checked ” rather than crystal controlled.

However, the method is subject to an error and for this reason
it is desirable to first adjust or check the transmitter with a re-
liable wavemeter. Assume that the assigned frequency of the
station is 640 kilocycles and that the crystal is ground to produce
a 500-cycle beat frequency (640.5 kilocycles).

It is therefore apparent that if the transmitter was oscillating at
6471 kilocycles there would still be produced a 500-cycle beat note
with a 640.5 kilocycle crystal.  Obviously the transmitter frequency
would be one kilocycle higher than that at which it was desired
to transmit.

To use the crystal as a means of frequency control of a trans-
mitter it is necessary for the crystal to be cut so that its natural
frequency or one of its harmonics corresponds exactly to the fre-
quency it is desired to transmit.

The amount of power that a crystal can directly control is lim-
ited and for this reason it is necessary to start the crystal oscil-
lating by placing it in the grid circuit of a vacuum tube of small
power. The frequency thus generated by the crystal can be ampli-
fied by exciting the grids of tubes of higher power and the ampli-
fied energy fed to the antenna.

Atmospheric conditions may change the capacity of the antenna
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system but the transmitted frequency remains constant as con-
trolled by the crystal.

Figure 132 shows the general arrangement of a crystal con-
trolled power amplifier circuit. A transmitting tube of small power
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Fi1c. 132. Crystal-Controlled Oscillator Driving an Amplifier,

is used to start the crystal oscillating. If excessive plate voltage
is used on the oscillator tube the crystal will develop heat and pos-
sibly explode.

Referring again to figure 132 the crystal C is placed between
two electrodes which are connected to the filament and grid of the
tube respectively. A thermo-galvanometer is also sometimes con-
nected in series with the crystal to assist in adjustment. The bat-
tery C provides the proper negative bias on the grid of the tube.
A radio frequency choke in series with the “ C” battery and grid
prevents radio frequency currents from flowing through the “C”
battery and aids in starting oscillations. By correct adjustments
of inductance L' and condenser C? the necessary feed-back is se-
cured to start the crystal oscillating. The grid of the power ampli-
fier is excited by the voltage drop across condenser C?® which is
connected near the plate tap on inductance L. The condenser
C® and inductance L? permit the amplifier circuit to be tuned to
resonance with the crystal frequency. Negative bias to the ampli-
fier grid is provided by a “ C” battery. A radio frequency choke
coil prevents r.f. currents from flowing through the battery.

The neutralizing condenser C* prevents reaction of the amplifier
on the crystal. It is advantageous to isolate each circuit by shield-
ing which permits complete neutralization.
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The indnctance L? permits the antenna circuit to be adjusted for
maxinum output.

13. Frequency Doubling Power Amplifier—To employ the
quartz crystal as a means of frequency control of a transmitter
designed to operate on the high frequencies in the neighborhood
of 6000 kilocycles would necessitate grinding the crystal until it
was extremely small and thin. Such a crystal would be difficult
to handle. Figure 133 shows an arrangement whereby this diffi-
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Fic. 133. Crystal Control with Frequency Doubling Amplifier.

culty is overcome. A large crystal is used as a fundamental oscil-
lator. The frequency thus generated excites the grid of the second
tube, the plate circuit of this tube is tuned to twice the funda-
mental frequency of the crystal oscillator.

This new frequency, which is the second harmonic of the crystal
oscillator, is amplified and the amplified energy is then transferred
to the antenna circuit to be radiated.

This method is employed considerably by amateurs in their trans-
mitters operating on high frequencies.

14. Filament Supply—The drawings of the different circuits
show that the filaments of transmitting tubes may be heated from
either alternating or direct current.

Transmitters designed for telegraphy alone usually employ alter-
nating current whereas radio telephone transmitters employ direct
current,

Alternating current is preferable as the life of the filament is
prolonged. It is rarely used on radiophone transmitters due to
the objectional a.c. lmim accompanying the modulation. When a.c.
is used it is generally derived from a small step down trans-
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former provided with a mid-tap. Across each half of the output
windings a condenser is employed to by-pass the radio frequency
currents thus preventing them from puncturing the insulation of
the windings.

When the filament supply is provided by a generator or storage
batteries a polarity reversing switch is sometimes installed. This
permits the plate current to be returned through one side of the
filament for half the period of operation. Where no switch is
provided it is best to connect the negative of the plate supply to
the positive side of the filament.

If the negative side of the plate supply is connected to one side
of the filament at all times an inequality in filament current resnlts
due to the plate current flowing through one side of the filament.
This causes one side of the filament to operate at a higher tem-
perature than the opposite side and results in the filament burning
out at the point of excess current while the remainder of the fila-
ment is only partially used. By the use of the polarity switch
mentioned in the previous paragraph the wear on the filament can
be divided thus prolonging the life of the tube.

A filament voltmeter is provided on all commercial transmitters.
The voltage at which the filaments should be operated is some-
times indicated by a red mark or arrow on the scale of the instru-
ment.

Usually there is provided with each transmitter an instruction
book wherein the operator may learn the normal operating voltage
for the tubes in that particular set. At no time should the fila-
ment voltage exceed that in the electrical data accompanying the
tube.

Operating the filament at an increased voltage of 5 percent will
reduce the life of the tube by half, whereas, if operated at the same
percentage below normal the life of the filament will be doubled.
However, if the filament is operated too far below normal the tuhe
will heat excessively and the efficiency of the transmitter will be
reduced.

Source of Plate Supply.

15. Storage Batteries are used to supply the high plate po-
tential for tubes employed in radio telephone transmitters. Such
an installation usually consists of many *“ B 7 batteries of 45 volts
each, connected in series to secure the voltage desired, a series
parallel connection being used for charging.

16. Motor Generator—The most practical method for pro-
duction of high plate voltage up to and including 2400 volts is
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from a direct current generator driven by either an a.c. or d.c.
motor. Such generators are so designed that the output voltage is
constant on load.

Fic. 134. Esco Motor Generator Supplying Plate and Filament Power for
a Vacuum Tube Transmitter.

Direct current generators of this type when operating under
normal conditions have three sources of disturbance, which if not
eliminated greatly impair the quality of voice and musical trans-
missions. These disturbances are called the commutator ripple,
slot ripple and the noise of moving contact.

The Commutator Ripple is explained as follows: Arma-
ture windings consist of a series of coils wound around the arma-
ture, forming one large coil with taps brought to commutator
segments. During rotation the brushes make contact with one
segment and then the next in line. As the brush leaves one seg-
ment and passes to the next the voltage changes slightly. The
resultant fluctuation in voltage is known as the commutator ripple
or whirl.

Slot Ripple—The space between cach coil of the armature is
called a slot. As each slot passes a field pole there is a slight in-
terruption of the field at this point. Each surge in the field slightly-
changes the value of the voltage induced in the coils. The result-
ant disturbance is known as slot ripple.

The Noise of Moving Contact is due to the infinitesimal
sparking caused by microscopic unevenness in the surfaces of the
commutator and the brushes.

To eliminate these disturbances filter circuits consisting of ca-
pacity or inductance or combinations of both are inserted in the
supply line.?

2 The Electric Specialty Co., 201 South Street, Stamford, Conn., manu-
facturers of high grade motor generators, dynamotors and rotary con-
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For voltages exceeding 1000 there are usually provided two
armatures winding connected in series. A filament current gen-
erator is sometimes provided and is coupled
to same shaft. The filament current also
provides a means of exciting the ficlds of
the high voltage generator. A field rheostat
is usually provided to permit adjustment of
plate voltage.

The motor driving these units is either a
d.c. or a.c. machine, depending upon the
local supply line. If no d.c. is available a
separate exciting generator is also coupled
to the motor.

Dynamotors—On low power sets such
as on a yacht or small pleasure craft a small
dynamotor may be employed.

This consists of a self-contained motor
generator unit, the primary of which uses
direct current at voltage from 6 to Tio
volts. The secondary voltage varies 350
to 1000 volts d.c.

17. Vacuum Tube Rectifiers—Vacuum
tubes employed for rectification of alter-
nating current have two elements, namely,
the filament and plate. Some such tubes
have two plates. Those having one plate
are called half wave rectifiers and those
having two plates, full wave rectifiers. The
half wave rectifiers are employed for high
voltages such as used in transmission. They
are employed to rectify the alternating cur-
rent voltages ranging from 110 volts to
24,000 volts. Orne is usually employed on
each side of the cycle, thus permitting full

Fie. 135. A West- wave rectification.
e\;gltagEIBCtHn;l f-\llv{;%}é ~ Where a single phase a.c. supply is used
RIS R o it requires an elaborate filter circuit to com-

pletely eliminate the a.c. hum in order that
such a system may be used successfully for radio telephone trans-
mission. For continuous wave transmission alone the filter re-

verters for radio transmission, publish a small pamphlet entitled, “ Esco
Filter Facts” which they will mail to anyone making application for the
same. The student who is interested further in the study of filters for
generators should secure this pamphlet.
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quirements are not so elaborate. Vacuum tube rectifiers of
a.c. are employed in practically all radio telephone transmitters of
5 K.W. and upward in power.
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Fig. 136. Arrangement for Full Wave Rectification of A.C. with Two
Half-Wave Rectifier Tubes.

The general arrangement of filter circuit as employed with a
two-tube full wave rectifying system is shown in figure 136.

18, Chemical and Mercury Arc Rectifiers—Rectifiers of this
type are employed considerably by amateurs but are seldom en-
countered in commercial radio transmission.?

19. Continuous Wave Transmission—The oscillations gen-
erated by a vacuum tube having a direct current plate supply such
as from a d.c. generator, rectified and filtered a.c. or a high voltage
battery, are of a sustained nature
or constant amplitude. When

these oscillations are heterodyned

at the receiver by an oscillatory

detector tube or separate oscil-

lator, they produce a pure liquid g 130 A Continuous Wave
note in the telephones. The Train.

emission from such a transmitter

is called a continuous wave. I‘igure 137 shows the characteristic
of a continuous wave. It should be noted that it is a continuous
oscillation of a constant amplitude.

It is sometimes noted that signals are heard from a nearby C.W.
station on a non-oscillating vacuum tube or a crystal detector. This
is usually caused by disturbances of the plate generator modulating
the oscillations at an audio frequency, usually the result of a poor

3 For further information on these types of rectifiers see “ The Radio
Amateur’s Handbook,” published by the American Radio Relay League,
Hartford, Conn
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filter, or poorly designed machine. A dirty or uneven commutator
surface will aggravate this condition.

Where the plate supply is rectified a.c. it may be caused by the
a.c. component passing through the filter and thus modulating the
output at a frequency dependent upon the frequency of the supply
mains.

If the plate supply is secured from batteries no signals will be
heard by a non-oscillating detector when continuous waves are be-
ing transmitted with the exception perhaps of the key clicks. It
may be possible too, that the signals may be heterodyned by an
unknown source such as from another receiver in the immediate
vicinity or possibly a tube oscillating feebly in the operator’s re-
ceiver.

2o0. Interrupted Continuous Waves—It is sometimes desir-
able to transmit waves from a continuous wave transmitter so
that they will be audible at the receiving end on a non-oscillating
vacuum tube of crystal detector. This may be accomplished in
one way by the use of the chopper which breaks the continuous
waves up into audio frequency groups. The chopper consists of
a wheel of metal construction with insulating studs set in its face.
Wiping contacts or brushes are provided to make contact with
the metallic segments in the wheel. When it is desired to trans-
mit C.W. signals the chopper brushes are short circuited. The
wheel is fastened securely to the shaft of a motor. The speed at
which the motor turns and the number of segments in the wheel
determine the frequency at which the continuous waves are broken

WYY Y A

IFig. 138, Interrupted Continuous Waves (ICW).

up into audio frequency groups. Figure 138 illustrates the char-
acter of interrupted continuous waves (I.C.W.).

Figure 139 illustrates one method of connecting a chopper to a
transmitting circuit so as to produce interrupted continuous waves.
It will be noted that the antenna inductance has several of its
turns shorted by the chopper during a revolution of the wheel.
This causes the wavelength to be altered a few meters several times
each revolution resulting in a continuous musical note being pro-
duced in the receiver, without the aid of locally generated oscilla-
tions.
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The chopper is also connected in series with the grid of the oscil-
lator tube, thus permitting the undamped waves to be broken up

into audio frequency groups.

21. Half Wave Self Rectifying Trans-
mission—TFigure 140 shows a method of
employing 15 cycle of alternating current
as the plate supply of a vacuum tube
transmitter. A study of figure 140 will
show that from a 500 cycle supply the
plate will be positive 500 times per
second. Thus the tube oscillates 500
times per second corresponding to the
positive alternations. During the nega-
tive alternations the tube is idle. An an-
tenna connected to such an oscillating
system would radiate energy the wave
form of which is of varying amplitude
and in groups of 500 per second. As
these groups are within the audio range
of the human ear and headphones the
dots and dashes made would be audible

F 16 139 Arrange-
ment of Chopper for
Producing Interrupted
Continuous Waves,

on a receiver fitted with a non-oscillating vacuum tube or crystai

detector.

&

:I'EP 8500 Cycle Primary

Fic. 140. Half Wave Self-Rectifying Transmitter Circuit,

22. Full Wave Self Rectifying Transmission—By the em-
ployment of two tubes connected to the secondary of a plate trans-
former it is possible to utilize both sides of the alternating current
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cycle. In this arrangement it is necessary that the plate trans-
former have a mid-tap. The schematic arrangement is shown
in figure 141. One tube oscillates during the first half of the cycle
and the other tube on the second half of the cycle.

L2 L4 |lr‘ K
Primary
P
] Filament
— winding

Fic. 141. Full Wave Self-Rectifying Transmitter Circuit.

In the case of the tube on one side of the cycle it is noted that a
group of oscillations occur every 1/500 of a second. With a tube
on each side of the cycle a group of oscillations occur every
1/1000 of a second. The radio frequency oscillations are periodi-
cally reduced to zero or in other words the oscillations radiated
by the antenna system are completely modulated by the frequency
of the a.c. supply.

The heterodyned signals from such a transmitter is very pleas-
ing to the ear if the frequency of modulation happens to be in the
neighborhood of 500 cycles.

SAAMAMAN—
Grid of modulqtor or
speech amplifier tube

1ternatsr

Modulation transformer

Fic. 142. Tone Modulation from an Alternator.

23. Tone Modulation—It is possible to periodically modu-
late the generated radio frequency currents by impressing upon
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them a tone within the audible range. Figure 142 shows an ar-
rangement whereby an alternator is used to modulate the radio
frequency oscillations generated by a vacuum tube. By the use of
a one-stage audio frequency amplifying circuit the modulated plate
current is amplified considerably before acting upon the radio fre-
quency oscillations.

The schematic diagram of figure 143 shows the schematic dia-
gram whereby a vacuum tube is made to oscillate an audio
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Fie. 143. Vacuum Tube Audio Frequency Oscillator.

frequency, the same being used to modulate the radio frequency
output of an oscillator. The constants of the audio frequency
oscillating circuit are of such values that a 500 to goo frequency is
produced.

Circuits have been devised whereby it is possible to generate
simultaneously both audio and radio frequency oscillations from
the same tube. Such an arrangement being quite critical in adjust-
ment it is seldom used in commercial transmitters.

24. Methods of Keying—In commercial practice the most
common methods of keying are :-

I. Breaking the negative high voltage lead either directly by
hand key or by a relay fitted with extra heavy contacts and con-
nected to an auxiliary key.

2. A system is shown in figure 144. If the key is open the
plate current is forced to pass through resistance R*. It should
be noted that the tapped point of this resistor is grounded and not
the negative side of the 1000 volt plate supply. Since the grid
return is connected to the tapped point on resistance KR! any cur-
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rent flowing in R causes a bias to be placed on the grid. There-
fore, when the key is opened a large bias stops oscillation due to
the total plate current flowing and subsequently a holding bias
exists due to the smaller current
+ maintained through resistance R*

by the generator.

3. When the plate supply is se-
cured from an alternating current
transformer as in self-rectifying
circuit the key is usually placed in

e the low voltage primary circuit. Tt
should be understood that a sepa-
rate filament transformer or other
means of heating the filaments must

» be provided in order to do this.

25. Antenna Resistance Meas-

R urements—If the antenna resist-

ance is known it is helpful in
determining the efficiency of the
transmitter.  Antenna resistance
comprises three distinct resistances
which are measured in chms. They
are radiation, ohmic and dielectric
absorption.

77000 voits Radiation resistance is the most

Fic. 144. A Method of useful. Iinergy lost by this resist-
Keying by Supplying and Re- ance is instrumental in producing
moving a High Negative Bias  the gignal at a distant station.
to the Grid of a Vacuum Tube e . . .
RF. Amplifier. Therefore, it is this quantity multi-

plied by the square of the antenna
current that determines the power of the radiated waves.

The power delivered to an antenna is equal to the square of the
antenna current multiplied by the effective resistance. The resist-
ance must be measured at the same part of the antenna as the
current. Thus it can be seen that by comparisons of the power
delivered to an antenna to the power that is actively radiated it is
possible to determine the efficiency of the radiating system. Also
it will show at what wavelength it is best to operate on.

Radiation resistance of an antenna depends upon its effective
height, shape and the wavelength at which it operates. It is at a
maximum at the fundamental and decreases rapidly as the antenna
is loaded.

Ohmic resistance is not useful. It is due to heat losses by the

1T
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current flowing in the antenna wires, ground wires, and con-
densers comprising the open circuit. The value of this resistance
remains practically constant over the whole wavelength range.

Dielectric absorption also represents another power loss. It is
due to imperfect dielectrics within the field of the antenna such as
masts, guys, trees and if on shipboard the smoke stack of the
vessel. The value of this resistance increases in proportion as the
antenna is loaded.

For the practical purpose of securing the power input to the
antenna the three resistances are combined and called the total
antenna resistance.

Figure 145 shows how the different resistances are distributed
for an antenna having a fundamental wavelength of 300 meters.
The following numbers correspond to:

fesistance obms
DA 6 &SNS

T T T T

Q [ 2

¥ 8 8

Wave fength meters
300 Fundamental

F1c. 145. Antenna Resistance Curves.

300

(1) Radiation resistance, (2) ohmic resistance, (3) dielectric
absorption, (4) total or effective resistance.

There are two methods by which the antenna resistance may
be measured. They are known as the resistance variation and re-
sistance substitution methods.

The variation method consists of inserting a known resistance
in series with the antenna and noting the values of the antenna
current at different wavelengths and plotting these values as a
curve. The arrangement apparatus is shown in figure 146.

The driver circuit must be coupled very loosely to the antenna
circuit. A switch is provided for shorting out the known resist-
ance. All the apparatus that is included in the open circuit should
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remain in the circuit in order to measure the resistance under
actual working conditions.

In order to measure the resistance at the fundamental wave-
length of the antenna the natural period of the antenna system
must be found. This is done by connecting the antenna directly

¥

Antenna JeRs

Inductance

=4

Fie. 146. Arrangement for Measuring Antenna Resistance by the
Variation Method.

to the ground or counterpoise. If a grid current milliammeter
is included in the driver circuit a pronounced dip of the needle
will be indicated when the driver is in resonance with the
natural frequency of the antenna system. If an antenna milliam-
meter is included in the antenna circuit it should indicate its maxi-
mum deflection when the grid meter makes its lowest dip. The
deflection of the grid meter should be gradual as resonance is ap-
proached on either side. A very sharp dip of the needle with a
sudden turn to its normal position indicates too close coupling
hetween driver and antenna circuit. The coupling should be still
further loosened until there is absolutely no reaction between the
two circuits. A powerful driver separated by several feet from
the antenna is necessary if accuracy is desired.

After determining the fundamental wave length of the antenna
its resistance at this frequency can be measured.

The antenna current at resonance is noted and then the known
resistance is put in series with the circuit and the antenna current
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read again. The driver adjustment should not be disturbed when
the resistance is inserted in the circuit. The resistance of the an-
tenna circuit is then coupled by substituting :

R

R, = Antenna resistance
R, = Value of known resistance
I = Antenna current before resistance was inserted
I, = Antenna current after inserting known resistance in circuit.

Readings can then be taken at § and 10 meters apart from
below the fundamental (by inserting series condenser) to two or
three times this wave. A curve can then be plotted as previously
shown.

Humps in the curve indicate resonance circuits within the field
of the antenna at the wavelength at which the hump occurs.

If the bend in the curve is exceptionally high it probably indi-
cates a high resistance ground. If the curve at the right of the
bend goes up very steep, it indicates excessive dielectric absorption
probably due to the proximity of trees and houses.

Measurement of an antenna resistance by substitution method
consists of coupling the driver circuit to a dummy or artificial
antenna circuit comprising inductance, capacity and a calibrated
variable resistance. The circuit of such measurements is shown
in figure 147.

Fi6. 147. Arrangement for Measuring Antenna Resistance by the Substi-
tution Method (Artificial or Dummy Antenna).

To measure the resistance of the antenna at a given wavelength
the process is as follows:

Adjust transmitter to power desired and resonate antenna circuit.
Measure wavelength to see if it is correct. Record antenna cur-
rent as R,. Couple artificial circuit loosely to tank circuit and with
no change in power adjust artificial circuit to same wavelength
as driver. The antenna inductance can be used in the dummy in
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place of a separate coil this permitting a more accurate computa-
tion of total antenna resistance. The antenna and ground leads
should be disconnected. When dummy circuit is tuned to same
wavelength as tank circuit the variable resistance in dummy cir-
cuit should be varied until the radio frequency current is the same
as R,. The value of resistance in use when the same value of cur-
rent is noted is approximately that of the antenna circuit. The
resistance of the dummy circuit can be recorded as Rg substituting
in the formula the antenna resistance:

I X R4
Ra = ——==—0
Iz
R, = Resistance of antenna,
12 = Current in dummy,
R; = Resistance in dummy,

Iy = Current in antenna.

The artificial antenna circuit is also useful for testing purposes
without the necessity of radiating a strong wave. Supposing it
was desired to find out what antenna current to expect when 500
watts of power was delivered to an antenna having a resistance of
10 ohms. Substituting in the formula

P
It = R’
or
Je = %)_ or I* = 7.07 amperes,

P = Desired antenna power,
R, = Antenna resistance,
I = Antenna current.

Il

Another example of the use of these values is as follows: Sup-
pose it was desired to adjust the same transmitter to 750 watts
output at the same wavelength. The transmitter should be ad-
justed until the antenna current was

Is = Eid or \/%9 or J* = 8.66 amperes.
Proof: Watts in antenna = I? X R,

Watts in antenna = 8.66* X I0,

Watts in antenna = 749.9.
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If 750 watts were put into the antenna and 450 watts were
shown as energy lost by radiation the remaining 300 watts would
be lost in heating the wires, ground connection, dielectric absorp-
tion surrounding the wires and by eddy currents induced in nearby
wires and metal masts.

26. General—\Vhen starting up a tube transmitter for the
first time, the operator should first light the filament at a voltage
below normal, gradually building it up by decreasing either the
resistance of the filament rheostat or by decreasing the resistance
of the filament generator field.

The tubes should he allowed to warm up 20 to 30 seconds before
applying the plate voltage. If means are provided, start opera-
tions with about half of the normal plate voltage and gradually
build it up to normal operating value. Should any trouble occur
such as condensers flashing over, excessive and rapid heating of
the plate, or potential breakdown to any other parts of ths cir-
cuit the power should be instantly cut off and all parts of the ap-
paratus gone over.

If a defective coil or condenser is found it should be replaced
by a new one and operation of the transmitter renewed exercising
the same precautions previously outlined.

If all the meters read normally and antenna current is indi-
cated the power may be increased to the maximum rating of the
tubes.

Where several tubes are operated in parallel it is best to start
with one tube first. After oscillations are established the other
tubes may successively be added to the circuit. Readjustment of
power, both filament and plate, will be necessary with the in-
creased load.

Due to the added capacity of the other tubes it may require
a slight adjustment of the primary condenser or a movement of
the plate or grid clips a fraction of a turn to establish oscillations.
The wavelength should be checked when normal operation is at-
tained.

If several tubes are operated in parallel, difhculty may be en-
countered through failure of the tubes to divide the load or fail-
ure to develop normal output.

To remedy the first difficulty individual grid leaks ‘and con-
densers should be tried. If possible the grid leak resistances
should be adjusted in steps. Then, if one tube tends to take more
than its share of the load, the grid leak resistance of that tube
must be increased.

If normal output is not obtained, then probably the tubes are
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generating ultra-high frequency oscillations. This may be over-
come by making all grid and plate leads of the same length. In
addition to this a small radio frequency choke coil should be in-
serted in each grid lead as near to the grid terminal of the socket
as possible. The choke may be made up by winding in a single layer
from 15 to 20 turns of number 24 or 26 D.S.C. wire on a form
one inch in diameter. Each choke should have the same number of
turns. An inductive resistance of approximately 15 ohms may
be used in place of the choke coil to suppress generation of these
parasitic oscillations.

The operator is cautioned not to expect double or triple the an-
tenna current for each tube added. With normal plate voltage the
antenna power will be increased in proportion to the number of
tubes providing the efficiency remains the same. The antenna cur-
rent is increased in proportion to the square root of the number of
tubes. Therefore the antenna current to be expected is equal to the
original antenna current times the square root of the new number
of tubes, divided by the square root of the original number of
tubes or:

_Ix vnew number of tubes

I,

Yold number of tubes

If one tube is in use and another is added it will be found that
the antenna current is approximately 1.4 times that shown for one
tube. '

In circuits employing full wave self rectification those tubes
acting on one side of the cycle only are computed as the power
rating of the transmitter. Assume one 250-watt tube on each side
of the cycle of a transmitter. The power output is computed as
one tube alone. It will probably be somewhat higher than the
normal rating of the tube.

27. General Suggestions for Locating and Correcting Trou-
ble in a Tube Transmitter—If the tube fails to oscillate it is
usually indicated by:

(¢) High or no plate current.

(b) Excessive and rapid heating of the plate.

(¢) Grid leak remains cool.

(d) Failure of the current indicating device on a wavemeter
to register when placed in an inductive relation to primary circuit
and varied within a band of frequencies at which the primary cir-
cuit is supposed to be oscillating.

(e¢) Antenna radio frequencies ammeter fails to indicate cur-
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rent providing the circuits have been previously resonated.

Failure to oscillate may be due to :—

1. No voltage reaching the plate usually indicated by no read-
ing of plate current milllammeter or by the failure of the plate to
heat as the key is closed.

An opening in the plate milliammeter will prevent the high volt-
age from reaching the plate.

All choke coils from the source of plate supplies should be
tested for open circuits or grounds,

Condensers should be tested for short circuits or potential break-
downs of the dielectric. A potential breakdown may not be vis-
ible from the outside, but the operator, may by attentive listening,
hear a steady or interrupted sparking or arcing when the plate
voltage is applied. If a plate milliameter is provided it will jump
suddenly each time a breakdown flashover occurs.

2. Open Grid Circuit—Usually indicated by reduced or no
plate current. Grid leak fails to warm up as plate voltage is
steadily applied. Test each tube and grid circuit separately such
as grid leak, ultra high frequency choke coil.

3. Lack of Sufficient Feed-Back to Grid—This is corrected
by moving plate and grid clips, trying them on different turns
always including more turns from flament to plate than from
filament to grid. Vary capacity of tuning condenser through full
value of minimum to maximum capacity for each new adjustment
of the clips.

High Resistance Contact of Clips on to Inductance—Clean
clips and inductance with fine sand paper or emery cloth. Make
sure all clips are making positive contact to correct turn of in-
ductance. Make sure that clips are correctly placed so as to make
contact only on one turn and not short-circuit those on either side.

4. Radio Frequency Choke Coil Lacks Sufficient Turns
(Parallel Feed)—The natural period of an untuned r.f. choke
coil should be greater than the longest wavelength at which the
transmitter is expected to operate. If choke coil heats excessively
it is an indication that it is wound with wire of too small a size
or possibly the transmitter is oscillating at the fundamental or a
harmonic frequency of the choke coil. A larger size choke coil
should be tried.

A test can be made as follows to determine if the choke coil is
preventing the radio frequency currents from feeding back into the
plate supply current. ‘

With a screw driver having a well insulated handle, touch the
terminal of the coil nearest the plate with the metal end of the
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screw driver. This will cause sparks to fly as an indication of
the radio frequency energy providing the tube is oscillating. Tap
the opposite terminal of the choke leading to the high voltage sup-
ply. If the choke is functioning correctly no snappy sparks will
be observed. If sparks are observed it is best to remove the choke
and replace with another having a larger inductance.

To make this test the operator must take every precaution to
insulate himself from the ground and to be sure that the object
with which he makes the test is insulated from his hand. Tt is
not advisable to make this test with a transmitter employing volt-
ages in excess of 1000 volts.

5. Defective Tube—If the tube shows a yellowish, white
smoke in the interior when the filament is heated it is an indication
that air has leaked into it thus destroying its vacuum.

Possibly an overload has liberated a large amount of gas from
the metal plate. Usually indicated by a purple glow in the in-
terior near the plate when the high voltage is applied.

If the tube has heen subjected to an overload for a long period
of time the filament may have lost its normal emission. This is
generally indicated by a reduced reading of the plate milliammeter.
Where several tubes are operated in parallel it will be necessary
to test one at a time for oscillation. Failure to show normal plate
current or to oscillate is a good indicator that the tube needs re-
activation.

6. Grounds—TIt sometimes happens that ground or potential
breakdown will not occur until the plate voltage has built up to
half or full voltage. This is usually indicated by successive blow-
ing of fuses or tripping of the circuit breakers in the plate supply
leads before the voltage reaches a maximum value. The defective
wire should be located and the ground cleared or the wire replaced
by a new one.

This may often be found in lead-covered wire caused by the
lead sheathing breaking and cutting through the insulation to
the conductor inside, thus grounding the circuits. Any circuits
run with this kind of wire and not at ground potential should be
tested out with battery and phones or voltmeter to ascertain if
this has occurred.

It sometimes happens that in soldering copper lugs to the con-
ductor within a lead-covered wire that insufficient sheathing is
removed and as a result the shoulder of the lug makes contact to
the lead covering resulting in a short circuit or ground. This
trouble is rather difficult to locate as it is the usual practice to tape
up the shoulder of the Ing to the lead covering after completion of
the soldering.
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Only by testing one circuit at a time can the defective wire be
located. It may be necessary to sustitute one or two new leads
before the trouble is finally eliminated.

Substitution for Defective Parts.

28. Condensers—\\'here a condenser is blown and no spare
is available it is sometimes possible to remove one from some
other part of the circuit where it is not so essential and try it in
place of the defective one.

Coils—Defective coils can usually be removed or the de-
fective portion shorted out. If the insulating material on which
the coil is wound has become charred due to arcing over or burn-
ing, cut away insulation if possible, or cut winding and remove
sufficient turns to clear the defective part of coil support.

Grid Leak Resistance—Most any type of non-inductive re-
sistance from 4,000 to 10,000 ohms will do in an emergency
providing it has sufficient current carrying capacity. A grid
leak can be constructed from a piece of rubber hose 12 inches
long, filled with water and plugged at each end. Wire electrodes
can be inserted through the plugs making contact with the water
at each end. If the resistance is too high add a little salt or wash-
ing soda. A glass jar similar to a fruit preserving jar can be
used in lieu of the rubber hose. One electrode can be stationary
and the other variable so that adjustments to the correct value can
be made.

Burned Out Filament Transformer or Generator—Connect
enough storage batteries in series to give the desired voltage at
which the tubes operate. If the filament transformer is burned
out it will be necessary to disconnect all wires running to the mid-
tap and connect them to the positive side of the filament battery.
If the filament d.c. generator is defective disconnect the leads from
the output terminals of the machine and connect the battery.

In searching for trouble it should be done systematically. It
is generally possible to immediately isolate the trouble, that is, to
locate it in some unit of the equipment such as the motor generator,
filament transformer, fuse blocks, sockets or switches, etc.

Frequently it is possible to still further isolate the trouble, as
for example in the radio transmutter, 1t 1s possible to determine
whether it is a defective tube, open grid circuit or a potential
break-down, of condenser. ) )

By keeping in mind the function of each part of the transmitter
the trouble can soon be located and a remedy applied.
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CHAPTER 6

MODULATION SYSTEMS AND ASSOCIATED
APPARATUS

Perhaps the best method of approaching the subject of modula-
tion in radio telephony is first to review briefly the electrical
principles which govern the operation of an ordinary land tele-
phone. The electrical processes which are involved in these two
types of communication systems are similar and a clear under-
standing of the elementary principles of the land telephone is
essential in order to properly grasp the fundamentals of radio
telephony. The treatment of the subject of modulation will there-
fore be as follows: First, an explanation of the process of modula-
tion in the land telephone; second, modulation of the radio tele-
phone ; and finally, the voice will be followed from the studio to
the antenna, giving a detailed description of the associated electri-
cal equipment.

1. The Simple Land Telephone—The simplest arrangement
of a land telephone consists of a microphone, a telephone receiver
and a battery connected in series as shown in figure 148. A mov-
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Fic. 148. A Simple Telephone Circuit.

ing sound wave, composed of alternate regions of air in the state
of condensation and rareifaction, impinges upon the diaphragm of
the microphone causing the diaphragm to vibrate at the frequency
and amplitude of the sound wave. These vibrations are trans-
mitted to a plunger which is rigidly fastened to the diaphragm but
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free to move within the brass cup which contains a small amount
of loosely packed carbon granules. The vibrations of the plunger
alternately increase and decrease the pressure exerted on the car-
bon granules and thus varies the resistance of the electrical path
between the plunger and the brass cup which forms part of the
telephone circuit. As a result, the magnitude of the current flow-
ing in the telephone circuit is varied at a frequency and amplitude
in accordance with the impinging sound wave. This varying cur-
rent, in passing through the telephone receiver, is converted back
into a sound wave similar to that impressed upon the microphone.

The electrical phenomena involved may be represented graphi-
cally as illustrated in figure 149, which shows how the telephone
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Fic. 149. Graphs Showing the Modulation Process in a Simple Telephone
Circuit.

circuit current is made to vary when a sound wave impinges upon
the microphone diaphragm. The sound wave is represented by
the variations in the normal value of the current. The process
during which these variations are superimposed upon the normal
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value of current is called modulation and the telephone circuit
current is said to be modulated. The normal value of current
which is modulated is called the carrier current because it is the
agency which makes possible the transmission of the sound wave
in the form of current variations. The variations themselves are
frequently called the modulation or the modulating current since
the modulated carrier can be considered as being composed of two
components, the normal or carrier current and the varying or a.c.
component produced during the modulation process. The mag-
nitude of the modulating current as compared to carrier current
definitely limits the ability of the carrier to properly transmit the
superimposed modulation.  For example, in figure 1495 the modu-
lating current is equal in value to the carrier current. Should the
modulating current exceed the carrier current, the graphical picture
would be as shown in figure 149¢ which indicates that distortion
will take place because of the cutting off of the lower peaks of the
modulating current wave. The most efficient use of the carrier
wave is accomplished when the modulating current is just equal
to the carrier current. This mode of operation is called 100%%
modulation. In the case of figure 149a, where the amplitude of
the modulating current is equal to one half of the carrier current
the percentage of modulation would be 50%. The percentage of
modulation present may be computed by expressing the ratio of
the modulating current to the carrier current in percent. Figure
149c illustrates a case of 75% modulation. A carrier current
having a high percentage of modulation is said to be deeply modu-
lated whereas in the case of a low percentage the modulation is
said to be slight. From the standpoint of making efficient use
of a given carrier current a high percentage of modulation is
desirable, providing it does not exceed 100%. When this figure
is exceeded, the carrier is said to be over-modulated and distortion
will be present.

2. The Simple Radio Telephone—In the case of a simple
radio telephone transmitter system, the battery of the land tele-
phone is replaced by a CW generator and the telephone receiver
by the radio receiving set. The high frequency current supplied
by the generator to the antenna is converted into electromagnetic
waves, which, in passing the receiving antenna are converted back
into a high frequency current. This current, though perhaps in-
finitesimally small in magnitude as compared with the antenna
current at the transmitter, conforms exactly in frequency and
proportional amplitude with the transmitting antenna current.
Therefore, any change that we may make in current at the trans-
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mitting antenna will be faithfully reproduced on a smaller scale
at the receiver. In other words, to all intents and purposes we
may consider the antenna current at the transmitter to be a carrier
current since any variation in its value will be accompanied by
similar variation at the radio receiving set.

C.W.
GENERATOR

Fi1c. 150. A Simple Way of Modulating a CW Carrier.

The simplest way to vary the antenna current is to insert the
microphone directly in the antenna circuit as shown in figure 150.
Since the antenna current must necessarily pass through the
microphone, its value will be determined to a certain extent by
the microphone resistance. A sound wave impinging on the
microphone diaphragm changes the microphone resistance and
thus produces modulation of the antenna current.

The electrical phenomena may be represented graphically as in
the case of the land telephone. Figure 151 illustrates how the
antenna current is made to vary as the resistance of the micro-
phone changes due to an impinging sound wave. It will be
noticed that amplitude of the carrier current is symmetrical both
above and below the zero line; the reason for this lies in the fact
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that both the positive and negative halves of the r.f. cycle are
affected alike by the changes in microphone resistance. Figure
1510 illustrates the condition of 50% modulation while figure 1515
is that for 100%.
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Fic. 151. Graphs Showing Modulation of a CW Carrier Current.

The scheme of modulation illustrated in figure 150 is sometimes
called the absorption system because the antenna current is modu-
lated by absorbing from it an amount of power which varies with
the speech input to the microphone. Two modifications of this
scheme, shown in figure 152, are in common use. The circuit
change consists in coupling the microphone to the antenna instead
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of placing it directly in series with the antenna circuit. In figure
152a the coupling is conductive while in figure 152b it is inductive.
Such an arrangement provides improved operation because match-
ing of the microphone resistance to the antenna resistance is made
possible, whereas in the series connection of figure 150 this adjust-
ment is impossible. The proper coupling is ascertained experi-
mentally, by listening to the transmitter with a radio receiver.
The scheme shown in figure 1520 is widely used by amateurs

P 3
F F
G G
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Frc. 152. Connections for Absorption Modulation.

for modulating low power C\W telegraph transmitters and is popu-
larly known as the absorption loop method of modulation. The
microphone is placed in series with a few turns of insulated wire
which are closely coupled to the antenna inductance. When
speaking into the microphone the resistance of the loop circuit is
varied and energy is absorbed from the antenna at speech fre-
quency. The percentage of modulation obtainable is of a low
order. The scheme is limited to transmitters of small power
output because of heating of the microphone due to the absorbed
power.

3. Classification of Modulation Systems—The absorption
scheme of modulation is a poor one when viewed from the electri-
cal efficiency standpoint because it operates on the power output
of the CW generator. This mode of operation can be compared
to a loaded dc generator whose output voltage is varied by chang-
ing the value of a resistance in series with the generator armature.
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A better way to accomplish the same thing would be to operate on
one of the factors which governs the magnitude of the generated
voltage, for instance, the armature speed of rotation or the mag-
netic field strength. In the case of C\W generator using an oscil-
lating vacuum tube, the antenna current (and hence the power
output) can be varied by changing any of the following factors:
(1) the filament voltage; (2) the grid bias voltage; (3) the d.c.
plate voltage; (4) the grid excitation voltage. Of these four fac-
tors only the last three are of practical interest. These form the
basis of two general systems of modulation, namely: grid bias
modulation and plate modulation.

4. Grid Bias Modulation—A practical example of a grid
bias modulation is the so-called Logwood circuit illustrated in
figure 153. The oscillating tube uses the conventional series feed
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F16. 153. Schematic Diagram Showing Practical Application of
Grid Bias Modulation System.

Hartley circuit. The tube generates its own bias by means of the
grid condenser and grid leak; the rectified grid current in flowing
through the grid leak producing the necessary bias voltage. In
series with the grid leak is the secondary of a transformer, the
primary of which includes a microphone and battery. When the
microphone is spoken into, an audio frequency voltage is induced
across the secondary of the microphone transformer which alter-
nately adds to and subtracts from the generated grid bias voltage.
This audio frequency variation of the grid bias results in corre-
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sponding changes in amplitude of the antenna current and thus
accomplishing modulation. The system is not capable of deep
modulation because the tube has a tendency to stop oscillating at
those periods when the grid bias is excessively negative, for ex-
ample, when the audio frequency voltage is momentarily negative
and hence increases the bias voltage above its normal amount,
By careful adjustment of the grid leak and the load on the tube
a fair percentage of modulation may be obtained. Because of the
necessary care in adjustment and the fact that antenna current
does not change proporticnately with changes in grid bias under
conditions of deep modulation, this system of modulation is not
in popular use.

5. Plate Modulation—Figure 154 illustrates one of the forms
of plate modulation. In this case the secondary of the micro-
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Fr6. 154. Schematic Circuit Showing the Simplest Form of
Plate Modulation.

phone transformer is placed in series with the plate supply gen-
erator. The audio frequency voltage which is induced in the
secondary winding when speaking into the microphone alternately
increases and decreases the plate voltage. Since the antenna cur-
rent is practically proportional to the plate voltage at all times,
modulation of the antenna current is accomplished.

The circuit diagram shown in figure 154 is practical only for
lower power work, 5 watts at the most. The limitation lies 1n the
fact that when the microphone transformer voltage adds to the
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plate supply voltage the microphone circuit must supply power
to plate circuit of the oscillating tube. Since the audio frequency
power which the microphone circuit is capable of furnishing is
extremely small, some form of power amplifier is necessary when
employing plate modulation in conjunction with a high power
oscillator. A suitable circuit which accomplishes this is illus-
trated in figure 155. The audio frequency voltage induced across

MO MICRO,

A (|

Fic. 155. Schematic Circuit Diagram Showing Plate Modulation in
Which an Audic Amplifier or Modulator is Used.

the secondary of the microphone transformer is impressed across
the grid circuit of a power amplifier, which is popularly called the
modulator. The plate voltage for this tube, as shown, is obtained
from the same generator that supplies the oscillator tube. The
audio frequency voltage that is generated in the plate circuit of
the modulator is transferred to the plate circuit of the oscillator
by means of the modulation transformer.

Instead of using transformer coupling between the oscillator and
modulator tube, impedance coupling may be employed as illus-
trated in figure 156. The coupling impedance in this circuit is
commonly called the modulation choke coil. In adjusting this
particular circuit it should be borne in mind that the modulator is
simply a power amplifier that is feeding the plate circuit of the
oscillator tube. Since for maximum power output the external
impedance of a power amplifier should be equal to its internal
impedance, it is evident that for best operation the plate current
to both oscillator and modulator should be equal.
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The circuit arrangement of figure 156 is popularly known as the
Heising or constant current system of modulation. However, it
must be distinctly understood that the Heising system falls under
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F16. 156. Schematic Diagram Showing the Heising System of Plate
Modulation.

the classification of plate modulation. A common version of the
electrical phenomena which takes place during modulation in this
particular circuit is as follows: Referring to figure 157, the bat-

JLLUSTRATION OF TRANSFER OF ENERGY BETWEEA
MODULATOR AND OSCILLATOR TUBES IN A CONSTANT

CURRENT SYSTEM OF MODULATION

® ©®
? _B

Fic. 157. Illustration of Transfer of Energy between Modulator and
Oscillator Tubes in a Constant Current System of Modulation.

|

tery B furnishes current to both the oscillator and modulator tubes

1 and 2. The iron core inductance comprising the modulation
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choke keeps the sum of these two currents constant. Under nor-
mal conditions, when no modulation is taking place the resistance
of the modulator tube is equal to that of the oscillator tube so that
the total current flowing through the choke divides equally between
the two tubes. During modulation, when the resistance of the
modulator is reduced due to a momentary lowering of the negative
potential on its grid, the modulator current will increase. At the
same time the oscillator current must decrease since the sum of
the oscillator and modulator currents is kept constant by the choke.
On the other hand, when the resistance of the modulator is in-
creased because of a momentary increase in its grid potential, the
modulator plate current will decrease. At the same time the
oscillator plate current must necessarily increase because the sum
of the two currents is kept constant. The variations in plate
current of the oscillator results in similar variations of the antenna
current thus accomplishing modulation.

|
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Fic. 158. 50-KW. Oscillators and Constant Current Modulators (WJjZ).

6. Plate Modulated Oscillator with r.f. Amplifier—Should
more antenna power be desired the oscillator and modulator may
he made larger or clse the output of a small plate-modulated oscil-
lator may be amplified by means of an r.f. amplifier. The two
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systems will be compared later. The circuit shown in figure 159
illustrates a practical form of this system.

MOD CHOxE

F16. 159. Schematic Circuit Showing Plate Modulation System with
Radio Frequency Amplifier.

The power amplifier obtains its exciting voltage from a self-
oscillating tube which acts as a master oscillator. This master
oscillator is plate modulated by using the Heising system of modu-
lation. Upon speaking into microphone the tank circuit current
and voltage of the master oscillator is varied “in an audio fre-
quency manner ” exactly as in figure 155. This modulated r.f. is
faithfully repeated by the power amplifier and fed to the antenna
at a higher power level.

7. Low Power and High Power Modulation—The plate sys-
tem of modulation was explained by considering the modulator
tube to be operating on the plate circuit of an oscillator tube.
Plate modulation may also be used in a master oscillator-power
amplifier circuit by modulating the plate circuit of the power
amplifier. A practical circuit arrangement is shown in figure 160.
Comparing figure 159 to figure 160, it will be noticed that aside
from the addition of the power amplifier the only change is that
of transferring the modulator tube and its associated modulation
choke coil from the plate circuit of the oscillating tube to the
plate circuit of the r.f. power amplifier.

Tn the case of figure 160 the modulator operates on plate circuit
of the power amplifier, the master oscillator not being modulated.
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In the case of figure 159 the modulator operates on the plate cir-
cuit of master oscillator, the power amplifier receiving a modulated
exciting voltage from the master oscillator. Plate modulation is

_I | _ L
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Fi6. 160. Schematic Circuit Diagram Showing Plate Modulation of the
RF Power Amplifier.

used in both cases but the application is different. In order to
distinguish between these two circuit arrangements the terms high
power (high level) and low power (low level) modulation have
been recently introduced. A high power modulation circuit is one
in which modulation occurs in the tube that is coupled to the an-
tenna. A low power modulation circuit is one in which modula-
tion occurs in any tube, other than the one feeding the antenna.
Figure 161 illustrates the difference between the circuit arrange-
ments by means of box diagrams.

An attempt to draw a critical comparison between high power
and low power modulating circuits would make a long story and
only a brief discussion of the high points will be summarized.
From the standpoint of power conversion efficiency, based on
power input to power output of a complete transmitter, the two
systems are about equal. The low power modulation system has
a greater factor of safety in regards to the operating conditions

o
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imposed upon the power amplifier tube or tubes; the plate voltage
is never greater than that continuously applied. In high power
modulation the plate voltage necessarily varies during the modu-
lating process and is twice the normal value when 100% modula-
tion of carrier exists. Such an operating condition is liable to
cause tube failure due to voltage breakdown. It is less difficult
to obtain good transmission of all audio frequencies in low power
than in high power modulation. On the other hand, it is much
easier to adjust a high pawer modulated circuit than a low power
one. In this country both types of circuits enjoy about equal
popularity, although lately there is a decided trend toward low
power modulation as exemplified by the Western Electric Com-
pany’s radio telephone transmitters.

oo |—{ooe, [ron —[mo {7 ]
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ARRANGEMENTS ARRANGEMENTS

Fi1c. 161. Box Diagram Showing Difference in High Power and
Low Power Modulation.

Relative Number of Modulator and Oscillator Tubes—It has
been pointed out that when using plate modulation, the most de-
sirable operating condition is obtained when the modulator tube
works into an impedance equal to its plate impedance, in other
words, the modulator current should be about equal to the plate
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current of the tube being modulated. For purposes of discussion
let it be assumed that the tube heing modulated is a power ampli-
fier. Since both modulator and power amplifier are working under
the same plate voltage and plate current, the power furnished to
the plate circuits of both tubes are equal. Normally, the power
supplied to the modulator must be dissipated in the form of heat
at the plate of the tube. In the case of the power amplifier only
a fraction of the supplied power is dissipated in the form of heat,
the remainder is delivered to the antemna in the form of radio
frequency energy. Since the efficiency of a properly adjusted
power amplifier is about 65% it is evident that only about one
third of the power supplied to the power amplifier appears in the
form of heat at its plate, the other two thirds being radiated from
the antenna, or dissipated in the tank circuit. If but one modu-
lator and one power amplifier are being used, this is equivalent to
stating that three times as much power must be dissipated at the
modulator as at the power amplifier. Therefore, if similar tubes
are used there should be at least three modulator tubes to each
power amplifier tube if the latter is to be worked at its full rated
power. The efficiency of a self-oscillating tube is in general
slightly less than that of a power amplifier and it may be possible
to obtain satisfactory operation using two modulators.

8. 100%, Modulation—Methods of obtaining 1009 modula-
tion are of interest from the standpoint of transmission efficiency
since this mode of operation makes full use of available high
frequency carrier current. Even with 100% modulation of the
carrier only one-third of the total high frequency power is trans-
mitted in the form of useful modulation, the other two-thirds he-
ing transmitted in the carrier. YWhen the modulation has a value
of 50%-—quite a reasonably high value for good telephony—the
useful power is only one-ninth of the total power radiated. In
other words, an increase in modulation from 50 to 100% is equiv-
alent to a three fold increase in radiated power.

The necessary condition for obtaining 100% modulation in the
plate modulation system requires that the plate voltage of the
tube being modulated be varied from zero to twice the normal
value. The antenna current during modulation will therefore also
vary from zero to twice its normal value since it is proportional to
the plate voltage. The plate current on the tube heing modulated
will also go through these variations since its value is proportional
to the plate voltage. As a result it is necessary for the plate cur-
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rent of the modulator tube to go through a similar variation though
in the inverse order, that is, when current on the tube being modu-
lated is twice its normal value the modulator plate current will be
zero and vice versa. This mode of operation introduces serious
distortion and is therefore not used in high quality circuits.
Probably the best way to avoid the difficulty is by using a higher
plate voltage on the modulator tube than on the tube being modu-
lated. There are several ways of accomplishing this end, for
example, by using a separate plate supply in series with the plate
lead to the modulator or using two entirely separate plate gen-
erators for both modulator and the tube being modulated, the plate
circuits being coupled by means of a transformer. Possibly the
most practical form of applying the modification, from the stand-
point of economy, is to use a single common plate supply and to
lower the plate voltage of the tube being modulated by means of
series resistor in its plate circuit. Two possible arrangements of
the idea are illustrated in figure 162¢ and 1620. The value of the
resistor R is so chosen that the plate current of the tube being
modulated, in flowing through the resistor, produces a voltage drop
of about 15 to 20% of the normal plate voltage. Since it is not
desired to have the same drop in the audio frequency output of
the modulator the bypass condenser C is used to feed the audio
frequency voltages from modulator plate to amplifier plate with-
out making them go through the resistor K. The capacity of con-
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Fic. 162. Schematic Circuit Diagram Showing Two Means of
Obtaining 100% Modulation.
denser C should be large enough so that its reactance is low in
comparison to the resistance of resistor R at the low audio fre-
quencies to be transmitted. For high quality transmission its
value will be of the order of 4 microfarads. The arrangement of
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figure 162a is the most practical arrangement in adapting 100%
modulation to a transmitter using the ordinary plate modulation
system since it is only necessary to add a condenser and resistor.
The modification of figure 1620 is more elaborate since the cus-
tomary Heising choke coil is replaced by two others, one of ‘which
carries current to the modulator whereas the other carries current
to the tube being modulated. This arrangement is advantageous
since it is usually easier to construct suitable choke coils of low
current carrying capacity than those of high current carrying ca-
pacity. It is possible to wind both coils on a single core and by
properly choosing the direction of winding to balance out any
magnetic saturation of the iron core due to the flow of direct cur-
rent. However, this type of construction is not yet in general
use in this country.

The diagram of figure 163 illustrates a portion of the schematic
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F16. 163. Schematic Diagram Showing 100% Modulation System Used in
a Western Electric Transmitter.

diagram of a Western Electric Company’s 5 KW telephone trans-
mitter Type 105-C and is introduced at this point for the purpose
of showing a commercial application of the arrangement for ob-
taining percentage of medulation approaching 100%. The circuit
falls under the low power modulation classification because the
modulator tube works into the plate circuit of the second inter-
mediate amplifier. The modulated r.f. current is amplified by
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the third intermediate amplifier. The second intermediate ampli-
fier is plate modulated by the audio power amplifier or modulator.
Deep modulation, approaching 100%, is obtained in this stage by
using the double choke arrangement of figure 162b. A single 230-
watt tube is used in the modulator to modulate the 50-watt second
intermediate amplifier tube instead of using two or three tubes of
the so-watt size. This design provides a wide margin of safety in
regards to heat dissipation in the modulator and permits operation
of the second intermediate amplifier at its full power output and
plate voltage rating. If so-watt tubes were used in the modulator,
it would Dbe necessary to operate the intermediate amplifier at a
plate voltage below normal and would thus limit the power output
to a value lower than the rating. The purpose of the other circuit
components is as follows: The r.f. grid chokes L, and L, serve
to keep r.f. currents from backing down into bias supply. The
r.f. plate chokes L, and L, serve a similar duty for the plate sup-
ply. Condensers C, and C, are grid isolating condensers and are
used for the purpose of keeping the bias voltage from being ap-
plied to the tank circuit inductances L; and L,. Condensers C,
and C, are by-pass condensers. Condensers C, and C, are plate
blocking condensers. The condensers C; and Cy serve as the tank
tuning condensers for the tank circuit of the first intermediate r.f.
amplifier. C, serves a similar duty for the tank circuit of the
second intermediate r.f. amplifier, the tank inductance being L..
C,, is the neutralizing condenser for the second r.f. amplifier,
The resistances R,, R,, and R, are used for the purpose of reduc-
ing the plate supply voltage of 1600 volts to 1000 volts, the rated
value for the 50 watt tubes. The iron core chokes L, and L, to-
gether with the condenser C and resistor R, form the circuit modi-
fication for obtaining deep modulation. The resistance R, serves
as a loading resistance for the tank circuit of the second r.f. ampli-
fier. Its function is to provide a high constant load so that the
additional load imposed by the third r.f. amplifier, due to increase
in its grid current during modulation, will not cause distortion.
This artificial loading of the tube is essential because distortion-
less plate modulation can only be obtained under constant load
conditions. By making the variable load (produced by variation
in grid current during modulation) small in comparison to an
artificial fixed load, satisfactory operation is obtained.

9. Frequency Modulation—In all of the modulating systems
described in the preceding paragraphs the signal was impressed
upon the antenna current by varying its normal value in accordance
with the frequency and intensity of the signal. In other words,
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modulation was accomplished by varying the amplitude of the car-
rier current. This method of modulation is therefore often re-
ferred to as amplitude modulation. It is also possible to accom-
plish modulation by keeping the amplitude of the carrier current
constant but varying the carrier current frequency. In order to
distinguish this form of modulation from the usual amplitude
modulating systems, the term frequency modulation has been
introduced. A CW telegraph transmitter in which the dots and
dashes are sent out by interrupting the antenna current can be
classified under amplitude modulation since the signal is being
transmitted by varying the amplitude of the antenna current. On
the other hand, a CW transmitter using a compensated keying
scheme would fall under the classification of frequency modulaticn
since the signal is transmitted by periodically varying the frequency
of the antenna current.

A practical circuit arrangement for transmitting an audio fre-
quency signal by means of frequency modulation is illustrated in
figure 104. The audio signal is amplified and applied to an
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Fic. 164. A Simple Arrangement for Accomplishing Frequency
Modulation.

ordinary loudspeaker unit the vibrations of the armature being
transmitted to one plate of a small condenser by means of an
insulating rod. The variation of the spacing between the plates
of the condenser C changes its capacity at an audio frequency
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corresponding to the sound wave striking the microphone dia-
phragm. Since C forms a part of the tank circuit capacity of
the oscillating tube, the emitted frequency will vary in accordance
with the applied sound wave.

Frequency modulation may also be applied to crystal controlled
transmitters. It is a well-known fact that the frequency of a
crystal is dependent to a certain degree upon the electrode spacing
of the crystal holder. By varying the electrode spacing at an
audio frequency rate it is possible to accomplish frequency modu-
lation. A practical circuit arrangement is illustrated in figure 165.
In this case the armature of the loudspeaker unit is fastened to
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Fic. 165. Schematic Diagram of Arrangement for Producing Frequency
Modulation of a Crystal Oscillator.

the upper or floating electrode of the crystal holder by means of
an insulating rod. During modulation the position of the upper
electrode moves in the vertical plane at an audio frequency rate
corresponding to the sound wave striking the microphone.
Reception of frequency modulated signals compared to the re-
ception of amplitude modulated signals differs chiefly in regards
to the detection of the signal itself. The ordinary vacuum tube
detector is a voltage operated device, and demodulation of an
amplitude modulated carrier is only made possible because the
carrier voltage varies. The voltage of a frequency modulated
carrier is constant in value and since the vacuum tube detector is
a voltage device demodulation is not possible unless some arrange-
ment is made for converting the frequency fluctuations into volt-
age variations. A sharply tuned resonant circuit is capable of
performing this function, the efficiency of conversion being de-
pending upon the sharpness of tuning. It would seem that any
ordinary receiver would therefore be suitable for receiving fre-
quency modulated signals since a tuned circuit is usually asso-
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ciated with the detector tube. Such is the case, providing, the
circuit tunes sharply as in a regenerative receiver adjusted close
to the point of regeneration or a receiver employing a number of
radio frequency amplifying stages preceding the detector tube.
A crystal detector receiver would work very inefficiently because
of its broad tuning. In adjusting a receiver for the reception of
frequency modulated signals it is essential to tune a trifle off
resonance from the normal carrier frequency otherwise the effi-
ciency of conversion from frequency modulation to amplitude
modulation is poor. If adjusted exactly to resonance considerable
distortion will be present.

10. Instability of Carrier Frequency—Whenever the plate
voltage of a self-oscillating tube is changed there is an appreciable
change in the generated frequency due primarily to the change in
the plate impedance of the tube. This condition may be aggra-
vated by a poor choice of circuit constants as for example, a high
L/C ratio in the tank circuit. It is therefore evident that any
self-excited tube that is being plate modulated will shift in fre-
quency during the modulation process. The variation in the
frequency of the carrier will be most severe during deep modula-
tion at which time the plate voltage is being changed over wide
limits. The wobbling or rapid shifting of the carrier frequency
constitutes a form of distortion and is termed “ frequency wobhu-
lation” or dynamic instability. A transmitter suffering from
dynamic instability can be identified in most cases by its broad
interfering wave which is oftentimes noticeable even though the
modulation be slight.

In order to prevent dynamic instability it is essential that modu-
lation take place in some tube other than the one determining the
carrier frequency. This requirement indicates the necessity of
master oscillator power-amplifier circuits for use in high quality
transmitters. Modulation of such circuits is accomplished by
working the modulator in conjunction with one of the RIF power
amplifiers. Even in this type of circuit it has been found un-
desirable to modulate the RF power amplifier immediately fol-
lowing the master oscillator because of reaction between the
modulated power amplifier on the master oscillator causing dy-
namic instability. This reaction may be caused by stray magnetic
coupling between amplifier and oscillator, by improper neutraliza-
tion of the amplifier or by audio frequency variations which act by
changing the voltages in the oscillator circuit. In modern practice
these effects are minimized by using a separate power source for
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the oscillator and by following it with one or two stages of screen
grid amplification to act as “ buffer stages.”

11. Side Bands—In any system of modulation, the modula-
tion process is accompanied by the production of new frequencies
other than the carrier frequency but having a definite relationship
to it. These additional frequencies are called side frequencies
for an obvious reason. In amplitude modulation, where a single
audio frequency is being transmitted, two side frequencies are
produced one of which has a higher value than the carrier while
the other has a lower value. In order to distinguish between
these two, the first is called the upper side frequency and the sec-
ond the lower side frequency. The upper side frequency can be
calculated by taking the numerical sum of the carrier frequency
and the audio frequencies that is being transmitted ; the lower side
frequency is determined by taking the difference. For example,
if the carrier frequency is 1000 ke and the audio frequency 1 ke,
the upper and lower side frequencies would be 1oo1 and 999 kc
respectively.

In frequency modulation, there is theoretically an infinite num-
ber of side frequencies produced. These side frequencies can
be calculated by considering the single audio frequency being
transmitted as having an infinite number of harmonics. For ex-
ample, the upper side frequencies for a 1000 ke carrier and a 1 kc
audio frequency would he 1001, 1002, 1003, etc. The lower side
frequencies would be 999, 998, 997, etc. The production of so
many side frequencies puts a definite limit to the usefulness of
frequency modulation because of interference with stations trans-
mitting on carrier frequencies not far different from the frequency
modulated station.

During the transmission of speech or music, the audio frequency
varies from instant to instant, in fact, several frequencies may be
present at the same time. This of course means that the side
frequencies vary in value after the same fashion. The frequency
space occupied by these side frequencies is called a side band.
Accordingly, we have what are called the upper and lower side
bands. *

12. Single Button Microphone—A typical microphone as
employed in the ordinary house telephone is shown in figure 166.
The front and rear electrodes, the granular carbon and mica
washer which is associated with the front electrode are all mounted
in a cup, the mica washer being clamped in position and fastened
rigidly to the front electrode leaving this electrode free to vibrate.
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The rear electrode is fastened rigidly to the bridge. The granular
carbon is placed between the front and rear electrode so as to be in
contact with both. The carbon chamber is never completely filled.
The diaphragm is fastened directly to the stud of the front elec-
trode, and is held in position by two damping springs. These
springs are also to prevent the diaphragm from vibrating at its
natural period, instead of at the periodicity of the sound-waves
striking it.

BATTERY

MICAWASHER
, CARBON
GRANULES

REAR
ELECTRODE

BRIDGE
TELEPHONE
CARBON

CHAMBER

TRANSMITTER

LB TR L DL
v

Fic. 166. Details of Telephone Transmitter Circuit.

Operation of Microphone—The operation of the microphone
is as follows : Normally the current flows from battery to the front
clectrode through the granular carbon to the rear electrode, and
back to the other side of the battery. (See figure 166.) This cir-
cuit has a certain resistance. When the microphone is spoken into
or sound waves otherwise created, the diaphragm will vibrate, the
pressure on the carbon granules will change and the resistance of
the microphone will vary thereby causing a current to flow in the
local transmitter circuit.

13. Double Button Microphone—The carbon type of trans-
mitter employed in radio broadcasting studios differs somewhat
in construction from that described, but the principle of operation
is the same. In ordinary conversation it is only necessary for the
telephone microphone to convert from sound vibrations into elec-
trical impulses with frequencies ranging from 200 to 2,000 cycles
per second, whereas the studio microphone must convert all the
voice and musical frequencies ranging from 16 to 7,000 cycles per
second. Such a microphone is shown in figure 167.

This type of microphone is employed with Western Electric
Broadcasting equipment and is known by its trade name as “ West-
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ern Electric No. 373 \W. Transmitter.” It is of the double button
carbon type, the diaphragm of which is of duraluminum .0oz of an

A

Fre. 167. Western Electric No. 373-W Transmitter (Double-Button).

inch thick and is so stretched and dampened that its frequency re-
sponse curve is flat from about 1,000 to 6,000 cycles. On each
side of the diaphragm is a gold plated area against which the carbon
rests. The carbon is held in place by means of a felt ring sep-
arated .003 of an inch from the diaphragm and as the smallest
carbon granules are about .005 of an inch in diameter they stay
in place. As the sound waves strike the diaphragm they compress
the carbon in one button and loosen it in the other, thereby chang-
ing its resistance. By the arrangement of the push-pull action,
distortion is minimized and the output increased.

The microphone circuit is shown in figure 150. The current
through each button is regulated by the potentiometer in shunt to
the 12-volt battery. It is essential that the resistance of each button
is halanced, otherwise the output will be distorted.

One disadvantage of the carbon microphone is the hiss pro-
duced by the carbon itself when current is flowing through it.
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14. Condenser Type of Microphone—The condenser type of
microphone makes use of the principle of a variable capacity
actuated by sound waves. It consists of two plates having an air
dielectric. One plate of the condenser is usually a steel plug while
the other plate, which is the diaphragm, is made of duraluminum
of approximately .0o18 of an inch thick. The diaphragm is
stretched nearly to its elastic limit in order to make its resonant
frequency above audibility. The plug and diaphragm are separated
about .0org of an inch.

Usually a change of approximately 200 volts is maintained on
the condenser by means of a battery. When the sound waves
strike the diaphragm and cause it to vibrate the electrical capacity
of the condenser is varied which in turn changes the voltage applied
to the grid of the amplifying tube.

15. Description of Western Electric Condenser Transmitter
(known as No. 394-W Transmitter with No. 47 or 48 Ampli-
fier)—Construction of the Transmitter—The transmitter con-
sists essentially of a very thin duralumin diaphragm tightly
stretched in front of a perfectly flat plate and spaced from it only
001 of an inch. The outside air is excluded from the space he-
tween the diaphragm and the plate and effects from variations in
atmospheric pressure are taken care of by a compensating dia-
phragm at the rear of the plate. One side of the compensating
diaphragm is in contact with the outside air while the other side
through holes in the plate is in contact with the space between the
plate and diaphragm. The latter will compensate for a variation
in pressure of approximately 3 inches of mercury either side of
normal pressure at sea level,

This highly desirable feature and the fact that the diaphragm is
not required to motivate resistance varying material results in con-
sistently high quality reproduction at all times.

The Condenser Transmitter (known as No. 394-W Transmitter
with No. 47 or No. 48 Amplifier) will respond to frequencies of
from 40 to 6000 cycles with practically uniform efficiency. This
means that no appreciable distortion is introduced. The transmit-
ter is equally effective in any location because of the fact that its
high quality performance is not affected by changes in barometric
or climatic conditions except as already stated or unless the tem-
perature is below 20 degrees IFahrenheit.

16. Construction of the Amplifier—The amplifier is espe-
cially designed for the function it is to perform in relation to
the transmitter. A transmitter operating with a minimum of in-
herent noise and no distortion requires that the first stage of
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amplification possess these same characteristics. Incidentally it
may be stated that the first stage of amplification is the most im-
portant because the output is amplified less and less in the stages
subsequent to the first.

Application of this principle has been made in designing the
No. 47 and No. 48 type Amplifiers, with every quality character-
istics and practically free from tube and amplifier noises. The
vacuum tube used (Western Electric No. 239-A) is also designed
to reduce tube noises to a minimum.

All the component parts of the amplifier are mounted within a
cylindrical or a square case, depending upon the design of the
instrument as a whole. There must be available a six-volt bat-
tery to furnish filament current for the vacuum tube and a source
of two hundred volts DC to furnish a polarizing potential for the
transmitter and the plate voltage for the vacuum tube.

17. The Magnetic Microphone—A magnetic microphone is
one in which the impinging sound wave causes generation of an
audio frequency voltage in a coil or conductor placed in a magnetic
circuit or field. An ordinary telephone receiver may be made to
act as a magnetic microphone. A sound wave impinging upon
the soft iron diaphragm causes it to vibrate and thus vary the
reluctance of the magnetic circuit. This action results in a varia-
tion of the number of magnetic lines of force threading the tele-
phone windings. The variation of magnetic flux induces a voltage
in the telephone windings, the frequency and amplitude of this
voltage conforming with the impinging sound wave. :

Any loudspeaker, whether of the electromagnetic or moving
coil type, may also be used as a microphone. In the electromag-
netic type the action is sensibly the same as in the ordinary tele-
phone receiver. In the moving coil type of speaker (popularly
called the dynamic speaker) the sound wave causes motion of
the moving coil by the action of the sound wave on the speaker
cone to which the moving coil is rigidly fastened. An audio
frequency voltage is induced in the moving coil due to the coil
cutting the existent magnetic field of the field magnet.

In general, loudspeakers do not make good microphones he-
cause they are not designed for the purpose. A popular form of
magnetic microphone used in England has a small coil fastened
rigidly to a flexible stretched diaphragm similar to that used in
the double button carbon microphone. The coil is placed in a
permanent magnetic field so as to cut magnetic lines of force when
it is set in motion. The impinging sound wave causes the dia-
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phragm and its associated coil to vibrate, thus producing an audio
frequency voltage.

18. Operation of Carbon Microphones—There are certain
terms used in the operation of carbon microphones to describe
conditions peculiar to this type of microphone. Burning is a
rapid, transitory, and usually irregular resistance fluctuation oc-
curring in the microphone. It is evidenced by a frying or sput-
tering noise frequently heard on some radio stations. Breathing
is a slow and for the most part a periodic variation in the micro-
phone resistance. It may be of a relatively large magnitude and
is not in general audible. Packing is a condition caused by excess
mechanical pressure between points of contact or by adherence
between points of contact resulting from excess voltages. It is
evidenced by decreased resistance and sensitivity of the micro-
phone. A form of packing may also be caused by excessively
loud musical passages. This form of packing is called blasting.

19. Speech Amplifier—The feeble currents produced in the
microphone circuit are not sufficiently powerful to modulate the
radic frequency energy generated by the radio transmitter, there-
fore, a speech input amplifier must be interposed between the
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F1c. 168, Schematic Microphone and Speech Amplifier Circuit.

microphone and transmitter. This amplifier takes power in the
form of direct current from batteries and converts it into alter-
nating currents of speech and musical frequencies which produce
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the form of the microphone currents exactly, but which are suf-
ficiently increased in amplitude to be of service in controlling the
radio transmitter. The schematic of such an amplifying arrange-
ment is shown in figure 108.

10. Definition of Transmission Unit—In the transmission of
electrical energy which is eventually converted into sound, it
becomes necessary to have a measuring unit which bears a reiation
to the sensitivity of the human ear. Telephone engineers have
worked out such a unit known as the transmission unit (T.U.).*

Frc. 160. Portable Pick-Up Apparatus Employed in Broadcasting.

1 The new name for the Transmission Unit is to be known as the Deci-
Bel, abbreviated “DB.” The prefix Deci signifies tenth. The new name
honors Alexander Graham Bell. It was adopted at the assembly of Interna-
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It is possible for the ear to just distinguish the difference between
two powers that differ in intensity by one T.U.

Consider two audio frequency amplifiers whose power output is
800 and 1,000 milliwatts, respectively. It would appear from
these figures that the amplifier of 1,000 milliwatts would give a
considerable increase in volume over that of the S8oo milliwatts
amplifier. However, this would not be so as the difference be-
tween the two amplifiers could hardly be detected by the ear. Re-
ferring to the formula of T.U. the ratio of the two powers is:

1000 Milliwatts

or 1.25 to I.
800 S

Consulting a table of logarithms to base 10 it will be found that
the common logarithm is 0.097. Substituting in the formula for
T.U.

T.U. = 10 X .097,
T.U. = .97.

Therefore, the difference being less than one T.U. no perceptible
difference will be detected in the two amplifiers.

21. Volume Indicator—The volume indicator is employed
as a part of the control apparatus of nearly all broadcasting
equipment to indicate the volume level of the program at the out-
put of the speech amplifying apparatus which feeds the modulator
tubes. Indication is given by a sensitive galvanometer in the plate
circuit of a vacuum tube. The grid of the tube is energized by
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Fic. 170, Schematic of Volume Indicator.

tional Advisory Committee of long distance telephone engineers at Como,
Ttaly.
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the output of the speech amplifier. A potentiometer is employed
to permit adjustment of the negative grid bias. A level measuring
key for large steps and a level measuring switch for small steps
connected in the grid circuit are calibrated directly in transmission
units from zero level of volume. By adjustment of these keys the
volume level at the input can be determined as indicated by a cer-
tain deflection of the galvanometer in the plate circuit of the tube.
If the volume level is too high as indicated by the T.U. readings
the correct adjustment can be made at the speech amplifier until
the level is at the value desired.

Other methods of measuring the volume level make use of an
a.c. voltmeter transformer coupled to the modulator tubes or a
radio frequency pick up of the output which is rectified and coupled
to a meter the scale of which is calibrated directly in transmission
units.

Equalization of Telephone Lines—Vhen it is desired to pick
up a program from a point remote from the radio transmitter
certain additional apparatus is necessary such as vacuum tube line
amplifiers distributed at certain points in the line connecting the
pick up apparatus and radio transmitter.
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Fi16. 171.  Schematic of Equalizer.

Telephone lines possess a certain amount of distributed capacity
by virtue of the “condenser effect” between the adjacent wires.
Obviously the longer the lines the greater will be the capacity of
the condenser thus formed. It has been shown that capacity
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reactance decreases with increased frequency and capacity, nat-
urally then, when a program is carried over telephone lines the
amplitude of the alternating current comprising the voice and mu-
sical frequencies will be attenuated and the higher the frequencies
and longer the lines, the greater will be the loss or attenuation
factor. Unless some means are provided at the transmitter for
reducing the low frequencies to a value comparable to that of
the high frequencies marked distortion of the program will re-
sult as the low frequencies will predominate.

It is possible to correct the frequency characteristics of the line
by means of an equalizer. This device is composed of a variable
resistance connected in series with a parallel circuit of inductance
and capacity and the whole network connected across the line to
be equalized as shown in figure 171. The operating characteristics
of the equalizer are such that it offers a low impedance path to
the low frequencies and a high impedance to the high frequencies.
By adjusting the resistance of the circuit it is possible to reduce
the low frequencies to the same level as that of the high fre-
quencies received over the line. Since the amount of equalization
varies with the length of the line it is evident that each particular
line must be treated as an individual case as for instance a short
line will require very little equalization, whereas, a long line would
require very careful adjustment of the equalizer in order to obtain
a flat frequency transmission characteristic. In fact, several
equalizing networks are necessary to properly equalize a long line.

Prior to transmitting a program the lines are equalized by send-
ing out a signal of definite frequency and known strength. The
level is measured at the receiving end by means of the volume in-
dicator. The process is usually started by transmitting a 100-
cycle note and increasing the frequency of the note at intervals of
100 cycles until 5,000 cycles are reached. These signals must be
received at a predetermined level and all frequencies should be
received with almost equal strength. If any undue loss or gain
is experienced at any particular frequency or band of frequencies
the same can be corrected by the equalizer. Adjustments are
made until a flat characteristic curve is obtained thus ensuring
equal transmission of all frequencies throughout the musical range.

Audio frequency amplifier or repeaters are placed at certain
places along the circuit in order to boost the signals due to the loss
encountered by the d.c. resistance of the line. These amplifiers
amplify all frequencies to an equal degree. The amplification or
gain of such amplifiers is adjustable and is carefully measured
and regulated.
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22. Line Pad—When broadcasting from a remote point it
may be desirable to have the volume level equal to that when using
the studio microphone. The transmitter and amplifiers used at
the remote point may boost the level far above that of the studio
level'in order to have signal above the noise level. It then becomes
necessary to insert an artificial line in the circuit having all the
characteristic of an actual operating line, thus reducing the level
to the value desired. (See figure 173.)

c—-Line pad--- hiney
'
N . )

Studlo Mixe

IFra. 173. Schematic Arrangement of Line Pad.

23. Duties of a Broadcast Control Operator—The duties of
a control operator are best described by Carl Dreher, Staff Engi-
neer of the National Broadcasting Comipany in an article entitled
*“ Broadcast Control Operation” appearing in the Proceedings of
* The Institute of Radio Engineers,” Volume 16, No. 4. The latter
part of this article deals particularly with control operating and
putting a program on the air and the following text is taken ver-
batim with due acknowledgment to the source.

“The function of the control operators, whether in the field or
at the studio, is partly coordinative, as in connection with inter-
studio contact and switching, and partly regulative, in that it is
found necessary to compress the natural volume in variation of
speech and music, which may be as high in some cases as 60 T.U.,
into a compass of about 4o T.U., if overloading is to he avoided
on the one hand and noise interference on the other. The operator
makes up this 20 T.U. difference, in extreme cases, by bringing
up his gain control carefully on low passages. Some vocal artists
who have adapted their renditions to the requirements of broadcast
transmission take care of this themselves by avoiding extreme
pianissimos or by swaying back and forth as they sing, approach-
ing the microphone during pianissimo portions and withdrawing
during fortissimos. The former procedure may also be followed
by orchestras. The rule is for the operator to handle the gain
control as little as possible, but to regulate it when necessary to
avoid overloading or the loss of low passages. The volunie indi-
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cator galvanometer should flicker slightly during the peaks of low
passages and rise to the maximum of 30-40 scale divisions during
the loudest intervals. Gain regulation must be confined to one
place, which is logically at the point of control nearest the origin
of the program. The field operator therefore assumes the func-
tion of changing the level when necessary, in the case of field pro-
gram, the studio operator in the case of studio programs, and the
transmitter operator only in the event of serious line irregularities
or careless operation which may endanger the radiation of the
program at his end. g
With regard to the placing of performers in the studio for the
best musical balance there is some difference of opinion as to the
proper arrangements. In general the non-technical studio staff
wishes to place the musicians conveniently (for them) and to
move microphones freely. The engineers, on the contrary, prefer
a fixed position for the microphones, necessitating the grouping
of musicians to secure the best musical balance. On this basis the
microphone position is fixed according to the acoustic characteris-
tics of the room. In studios which have not been highly damped
it is frequently found that standing waves set up at certain fre-
quencies between reflecting surfaces manifest themselves in their
various interferences as rattling sounds following an initial im-
pulse. It is possible, by placing a small rug on the floor ncar a
wall drape, to form a space relatively free from such acoustic dis-
turbances, in which the microphone will pick up a program with
greater freedom from disturbing transients and distortions in re-
production. This amounts to stating that optimum microphone
placing is a function of the studio characteristics and should te left
to the judgment of the electro-acoustic experts, not to that of
musicians, who, as a class are lacking in scientific qualifications.
Musical balance then becomes a problem in placing instruments
with reference to the fixed microphones and standardizing on the
best positions. This responsibility may devolve on a musician
especially delegated to the task, or on the announcer if he has
musical training, or on a committee of musicians and musically-
experienced technical men capable of listening critically and ob-
jectively to loud speader reproduction. It is often helpful to allow
the conductor of an orchestra to listen, during rehearsals, to the
monitoring reproduction, either while his men play without him
or under the baton of an assistant. The questions of orchestral
balance involve many factors of musical taste, imagination, indi-
vidual auditory characteristics, and imponderables, which make
agreement difficult at best. The problems involved are complex
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and their full discussion would require a separate paper on the
acoustic and musical principles underlying them.

In a broadcast station all program matters are laid out before-
hand and printed schedules detailing the artists, announcers and
announcements, selections, timing, and studio arrangements are
distributed to all personnel concerned. The chances of a slip-up
are further reduced by the fact that all program “ features ” are
carefully rehearsed and timed beforehand. While this system
does not contribute to spontaneity it has been found the only
means of running off a complicated program with dispatch and re-
liability, especially in chain broadcasting. The function of the
operating personnel, under such arrangements, is reduced, save in
emergencies, to following routine previously established.

Communication between studios 1s maintained by means of tele-
phone systems. The operator in the control room associated with
each studio, and seated within sight through a double-glass win-
dow, is in touch with the other studio by means of a breast trans-
mitter and single head-band receiver. He is thus in a position to
converse with the other operator while continuing to monitor the
program going out through his own studio. It is his duty to keep
the other operator informed of the progress of the program atid to
warn him some minutes before a change from one studio to the
other is due. Generally head-receiver facilities for listening to the
program in another studio are also provided for the announcers,
and in the more intricate set-ups of chain broadcasting it is neces-
sary to devise complicated systems of mechanical switching where-
by the announcer picks up his station on visual signal from the
control room, by pressing buttons which actuate telephone relays
and make the necessary circuit changes, which are, however, super-
vised by the operators, who sit before similar control boxes and
are in a position to correct switching errors made by the an-
nourcers,

The preliminary procedure of field broadcasting gives a good
idea of the precautions taken to prevent breaks in program con-
tinuity. Generally two broadcast pairs are provided, in addition
to an order pair for speech communication only. The routine is
as follows:

1. The field operator, having set up his microphones and ampli-
fier, calls in on the order pair one hour before program time and
talks to the control operator at the station.

2. The field operator tests all microphones by talking into them
with the central operator listening.

3. The field operator sends test talk or preliminary program
material over both regular and emergency broadcast circuits.
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4. The station operator raises the gain of his amplifier 20 T.U.
and listens closely for cross-talk from the order wire in his moni-
toring speaker, if this is available, while the field operator talks on
the order wire, the input to the field amplifier having been cut off.

5. The field operator synchronizes his watch with the station
operator, who takes time from a master clock system.

6. Ten minutes before program time the field operator sends
room mnoise or preliminary program to the station for check of
continuity of the broadcast circuit. This is kept on to within two
minutes of program time.

7. At program time the field operator is told over the order wire,
“Take it away ” [“It ” referring to the program] immediately
after the broadcast trunk has been connected to the station ampli-
fier input. He gives the signal to his announcer, who is generally
within reach of a hand signal, and the remote program starts.
Communication is then maintained throughout the program by the
two operators for the purpose of criticism of quality and the af-
fecting of any necessary changes.

All such circuits have been previously equalized (as previously
described) by means of an audio oscillator sending out tones at a
known frequency and level, with an amplifier and volume indi-
cator showing the levels received at the station end.

In chain broadcasting similar procedures are followed, the prin-
cipal difference being that contact between the originating station
and the chain is maintained by telegraph. The originating station
controls procedure entirely, since obviously with a multiplicity of
stations receiving a program unity can be secured only by such a
system. The method of making local announcements has been
described previously. The fifteen-second intervals in the program
left for the announcements are indicated to the chain stations by
telegraph a sufficient time before each pre-arranged gap. The in-
dividual stations then cut the line input to their amplifiers and turn
over to their local microphones, scurrying back to the chain before
the fifteen seconds are up. Test tones are sent out by the head
station to the network and the volume indicator readings at the
points of reception telegraphed back to the key station, give a
necessary check on wire conditions, possible need of re-routing cir-
cuits, etc. All the problems of high-quality telephony, as well as
specialized broadcasting procedures, are involved. ~ After each
program the syndicate stations wire in reports as to technical
quality, entertainment value, and the like.”




CHAPTER 7

WAVEMETERS, PIEZO-ELECTRIC OSCILLATORS,
WAVETRAPS AND FIELD STRENGTH
MEASURING APPARATUS

1. Wavemeters—The wavemeter or frequency meter is a
device employed to measure the length or frequency of radio waves
either at their source or at a receiving station remote from the
transmitter. It is sometimes constructed so as to be used as a
transmitter of feeble intensity emitting electro-magnetic waves
of a known length or frequency. In this way it can be used to
calibrate a radio receiver. Other uses of a wavemeter are to meas-
ure the inductance of a coil, the capacity of a condenser, the
fundamental wavelength of an antenna, or the decrement of waves
radiated by an antenna.

Construction—A wavemeter is a calibrated closed oscillatory
circuit, having inductance and capacity, either
or both of which are variable. The general
circuit diagram of a wavemeter is shown in
figure 165, which consists of a fixed induc- =,
tance L, and a variable condenser C. Usually
there are several inductance coils which may be
substituted for one another, thus giving the 3
meter a large wavelength range. A resonance Fi. 165, Gen-
A K . 4 N eral Wavemeter
indicating device is usually included with the  Giicuit.
other elements of the circuit.

Requirements—The fundamental requirements of such a
meter are that it is capable of maintaining its calibration over a
considerable period of time. This requires a minimum of varia-
tion in the inductance of the coils and in the capacity of the con-
denser for any particular setting. The general construction must
be such that the parts and wiring will not become displaced. It
must have low resistance in order to obtain rapidly changing de-
flections of the resonance indicating device with small changes of
condenser adjustment. The resistance is kept low by employing
a variable condenser of good design and using inductance coils
with sufficiently large wire properly spaced.

Variable Condenser—In order that the capacity of the var-
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iable condenser remain constant for any particular dial setting
special attention must be given to its construction. The plates
should be of sufficiently heavy material so that they will not become
bent, and they must be rigidly supported. A condenser giving
close spacing between the fixed and moving plates is undesirable
because a slight shifting in the position of the rotating shaft will
produce an appreciable change in capacity. The bearings must
have large wearing surface so designed that there is no end play
in the shaft. The dial must be secured to the shaft in such a man-
ner that there is no possibility of loosening. A pigtail connection
to the rotary plates is essential preferably with insulated flexible
wire. If bare wire is use the calibration is liable to error caused
by the turns of the pigtail touching each other as the rotary plates
are turned. The condenser should have unimpeded rotation
through 300 degrees as the use of stops is likely to shift the posi-
tion of the rotary plates.

The dial of the wavemeter condenser is usually of metal having
engraved over one-half of its circumference evenly spaced divis-
ions which divide the dizl into 100 equal parts or into 180 degrees.
In order to secure precision the dial readings are arranged so that
a reading to one-tenth of a division of the dial is possible. This
is accomplished by a vernier scale.

Theory—It has already been explained that when oscilla-
tions are set up in a circuit and if another oscillatory circuit is
placed so that they have mutual induction the first circuit will
transfer energy to the second. If the frequency of oscillation of
the latter circuit is the same as that of the first or driving circuit
considerable transfer of energy will take place and if a current in-
dicating device is included in the second circuit it will show a
maximum deflection. As the frequency of the second circuit is de-
creased above or below the frequency of the driving circuit the
deflection of the current indicating device will fall off.

If the second oscillatory circuit containing the current indicating
device is provided with a graduated scale as previously described
the wavelength or frequency of oscillations may be read directly
from the scale or by consulting a calibration curve, the reading
being taken at exact resonance. When such a device is calibrated
in wavelengths it is called a wavemeter and when calibrated in
frequency a frequency meter.

Expressing the capacity of the wavemeter condenser at reso-
nance in microfarads and the inductance of microhenries, as is
commonly convenient, the funamental wavemeter equation giving
the wavelength in meters is:

A = 1884VLC.
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2. Measuring the Wavelength of a Transmitting Set—Ior
the purpose of measuring the wavelength of a transmitting set,
the wavemeter is usually fitted with a current indicating device
such as a hot-wire ammeter, thermo-couple galvanometer or
wattmeter, d.c. milliammeter and crystal rectifier, neon tube, flash-
light bulb or with crystal rectifier and telephone receiver.

The various circuits are shown in figure 170. In operation the
wavemeter is coupled loosely to the transmitting set and the ca-
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Thermo-coupte current DE Mitliemmeter and Flashlght or Crvstal detecior and telephone
Seuared ammeter crrstal rectifier Neon fube receiver, Unilsteral connection

Fic. 176. Methods of Connecting Resonance Indicating Devices in
Wavemeters.

pacity of the wavemeter condenser rotated until resonance is indi-
cated by maxinmun indication of the current indicating device, that
is, maximum deflection of hot-wire ammeter or galvanometer or
milliammeter, maximum brightness of neon tube or flashlight bulb
or maximum sound in the telephone receiver. The latter method
is called measurement by means of maximum audibility. It will
be noted that the crystal detector in this method is connected uni-
laterally.  Sufficient energy is supplied to actuate the telephone
receiver and the method has the advantage that the decrement of
the wavemeter circuit is kept low, permitting sharp tuning and
permits accurate calibration as the crystal detector and phone are
not in the oscillatory circuit.

3. Use of Piezo Oscillator to Check Frequency of Trans-
mitter—The use of the piezo oscillator is very useful and satis-
factory to check the frequency of a transmitter, especially that of
a broadcasting station, where the penalty for deviation from the
assigned frequency by more than 500 cycles is sufficient to war-
rant cancellation of the station license.

When properly designed such a device delivers a particularly
constant frequency and is unaffected by fluctuations in the station’s
power or degree of modulation.

4. Location—A convenient location is chosen for the oscil-
lator in the operating room whereby frequency adjustments can
be made to the transmitter while listening in with headphones. If
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the piezo oscillator is too close to the source of power, its opera-
tion may be unsteady as evidenced by fluctuations of the needle
of the milliammeter. If too far away, a beat note of satisfactory
intensity will not be obtained.

5. Operation—\When first placing the piezo oscillator in
operation it is well to adjust the transmitter to the approximate
assigned frequency with a wavemeter. This will ensure that the
beat note obtained is that of the fundamental frequency and not
by fractional harmonics.

After making the approximate adjustment of the transmitter
with the wavemeter the rheostat of the piezo oscillator should be
turned on. If the quartz crystal starts oscillating a beat frequency

Fr1a. 177. General Radio Piezo-Electric Oscillator.

may be noticed caused by the interaction of the two frequencies.
The frequency of the transmitter is then varied until a zero beat
is produced; that is, the condition where the beat is no longer
audible in the headphones of the piezo oscillator but reappears
when the frequency of the transmitter is increased or decreased
slightly. Zero Dheat is an indication that the transmitter is oscil-
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lating exactly at the same frequency as the piezo oscillator. The
operator should listen in at intervals to ascertain that the condition
of zero beat is being maintained and also see that the piezo oscillator
is generating. Otherwise, it may appear that a zero beat adjust-
ment is being maintained when actually the frequency of the trans-
mitter has shifted.

6. Failure of Piezo Oscillator to Generate—

I. Defective or discharged batteries.

2. Reversed polarity of batteries.

3. Defective tube.

4. Quartz plate sticking in holder. Overcome by shaking or
tapping holder slightly.

7. Care—The quartz plate and holder should not be opened.
The plate and holder should be used in the same position in which
they were when the device was calibrated. Reversing the position
may cause a slight change in frequency.

8. Wave Traps—Wave traps may be employed in con-
junction with a radio receiver in order to eliminate an undesirable
signal.  When used with receivers at the transmitting plant of
broadcasting stations they are tuned to offer a high impedance to
the transmitter frequency and a low impedance to the frequency it
is desired to receive, such as 500 kilocycles, the frequency employed
in marine channels on which signals of distress are transmitted.
Radio fans who experience interference from a local broadcasting
station may employ one to advantage in order to eliminate the
interfering signal.

Wave trap circuits may be divided into three classes, namely,
rejector, acceptor and by-pass filter circuits.

The rejector circuit opposes the interfering signal, the acceptor
circuit extracts energy from the interfering signal and prevents it
getting to the receiver while the by-pass circuit offers it a path of
low impedance to earth.

9. The Rejector Circuit—The rejector circunit takes two
forms known as the shunt rejector and the series rejector. The
most powerful of all wave traps is the shunt rejector as shown in
figure 178. The shunt rejector prevents signals both above and
below the wavelength to which it is tuned from being received. It
is properly constructed with a large capacity and low loss in-
ductance of few turns, the value of capacity predominating in the
tuned circuit. The series rejector is shown in figure 179, and re-
jects the signals to which it is tuned from being received. The
series rejector circuit is employed to advantage to eliminate sig-
nals from a local broadcasting station which might otherwise pre-




MEASURING APPARATUS. 253

vent reception of other signals. A series rejector wave trap may
be constructed by winding approximately 40 to 50 turns of No. 22
S.C.C. wire on a 3-inch form and tuning the same with a .0003
mfd. condenser.
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When first placing this wave trap in operation the tuning con-
denser should be set at zero capacity or short-circuited. The re-
ceiver should then be tuned until the signal from the station it is
desired to eliminate is at a maximum. The tuning condenser of
the wave trap should then be varied and as the wave trap circuit ap-
proaches the frequency of the received signal it will gradually
disappear and at exact resonance will be entirely eliminated or
weakened so as to cause no interference. The wave trap condenser
should be left in this position and the receiver then tuned until
other desirable stations are heard. If the so-called “ single circuit ”
receiver is used the tuning on the dials will be somewhat upset,
i.e., the station will not come in on the same dial setting as before.

Theoretically the rejector circuit has an infinite impedance at
its tuned wave when the resistance of the circuit is zero. There-
fore, a good grade of condenser and wire no smaller than that
stated should be used so as to keep the resistance as low as pos-
sible.

10. The Acceptor Circuit—The acceptor or absorbing cir-
cuit is shown in figure 180. In this arrangement a tuned circuit is
coupled to the antenna by a few turns of a coil connected in series
with the antenna. The tuned or absorbing circuit is tuned to the
wavelength of the interfering station. The energy from the inter-
fering wave is thus extracted and builds up in the tuned circuit
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an e.m.f. which opposes that due to the interfering signal and pre-
vents the same from reaching the receiver.

The antenna coil should have no more than 10 turns tapped and
wound directly over the tuned circuit inductance which have ap-
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quency.

proximately 35 turns of number 24 S.C.C. wire on a 3-inch form.
The variable condenser should have a capacity at maximum of
.ooo5 mfd.

The condenser of the absorbing circuit is tuned until the inter-
fering signal is eliminated, at the same time trying different
values of LI until the best filtering action is obtained.

11. The By-Pass Circuit—Referring to figure 181, the con-
denser C is so arranged as to offer a low reactance to all radio fre-
quency currents and they are consequently by-passed to earth with
the exception of the frequency to which the receiver is tuned.
The reactance of the tuned receiver to the desired signal is much
lower than that of the by-pass condenser; hence it receives a
signal rather than the by-pass condenser.

The interfering signal which is different in wavelength is
offered a greater impedance by the tuned receiver than the by-pass
offers and consequently it is largely shunted to earth and causes no
interference. The value of this condenser for ordinary broadcast-
ing wavelengths can best be determined by trial, using a variable
003 mfd. condenser. Some of the incoming desired signal will be
by-passed to earth resulting in a diminution in the intensity of this
signal, however, the reduction in interference warrants this. A
coil of 10 turns of No. 20 S.C.C. wire may be substituted in place
of the condenser and will likewise produce excellent results. It
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operates essentially on the same principle, i.e., the difference in
tmpedance which it offers to the two incoming signals.

FIELD STRENGTH MEASUREMENTS.

12, Purpose—The measurement of radio field intensity en-
ables one to determine the distribution of the field in various direc-
tions from the antenna system of a given transmitting station. In
the case of a broadcasting station it shows the service area of
broadcasting stations. It also shows the effects produced by
locating stations in cities on or near large steel structures and
the effects produced by locating stations in the open country away
from steel structures or electrical networks. From the results
of such measurements one may choose a desirable location for a
transmitter in order to serve a certain area. This can be done
in conjunction with a portable transmitter and field strength meas-
urmg apparatus.

13. Unit of Measurement—There are several different
methods and types of apparatus employed in field strength meas-
urements. The universally adopted unit of measurement is “ volt
per meter.” The unit volt per meter is a large one, and for ordi-
nary purposes it is more convenient to use *“ millivolts per meter ”
or “ microvolts per meter.”

Meter-amperes—The regulations of the International Radio-
telegraph Convention require that the normal radiated power of a
transmitter be expressed in meter-amperes; or lacking this, the
height of the antenna and intensity of the current at the base of
the antenna.

The expression meter-ampere is the unit of antenna current
moment and is found by multiplying the antenna current by the
cffective height of the antenna in meters. The effective height is
generally about Go per cent of the mean height of the flat top
above ground.

14. Derivation of “ Millivolt Per Meter —\Vhen oscilla-
tions are set up in an antenna there is created an electro-magnetic
field surrounding the antenna. This field consists of two distinct
parts: First, there is the field of electro-magnetic induction which
rapidly dies out and usually cannot be detected at more than a
distance of one wavelength or so from the transmitter; second,
there is the field due to radiation which represents the cnergy of
wave propagation.

As has been described in the previous chapter, this electro-mag-
netic field travels with the speed of light. The value of the field
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strength at a distance from the transmitter is given by the formula:
188 1l
r

millivolts per meter,

where h = effective height of antenna in meters.
I = current in antenna in amperes.
A = wavelength in meters.
r = distance in kilometers.

The effective height is defined as the height of a vertical single
wire having the same amount of current throughout its whole
length, and giving the same field strengths at given distances. In
the case of a transmitting antenna with one end grounded the cur-
rent is unevenly distributed being at a maximum at the base and
decreasing with height and reaching a minimum at the extremity.
By keeping the effective height as high as possible a more even dis-
tribution of current is obtained and results in a maximum of radia-
tion and therefore more millivolts per meter at a given distance.
From the above the actual field strength from a transmitter at any
given distance can be computed, provided there is no ahsorption of
energy nor interference by waves bent back to earth from an ion-
ized layer.

Actually there is absorption of the ground wave and a factor
must be introduced depending on the wavelength, and on the nature
of the ground and what is on it over which the wave travels. In the
case of absorption the radiated energy is conducted to ground and
therefore lost as far as being of any practical use is concerned.

A field strength of 1 millivolt per meter means that the potential
difference due to the field between two points a meter apart on the
same line of electric force is 1 millivolt. Consequently if a 1-kilo-
watt transmitter has a field strength of 20 millivolts per meter at
a distance of five miles and a broadcast receiving antenna is erected
having an effective height of 5 meters, there will be 100 millivolts
of energy available for the receiver. The more sensitive the re-
ceiver, the greater will be the volume delivered by the loud speaker
for a given signal strength.

15. Apparatus and Methods of Measurement—As pre-
viously mentioned, there are several different methods of measur-
ing the strength of radio signals. Usually, the actual voltage
across a given antenna is measured by the substitution method,
which consists of substituting for the received signal a known
locally-generated signal identical in frequency to the signal and of
such magnitude as to produce the same receiver output as that
resulting from the received signal. Under these simulated con-
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ditions, the known locally-generated e.m.f. is equal to the voltage
induced in the antenna by the signal. Usually, a loop antenna is
employed with a superheterodyne receiver. The field strength is
obtained by dividing the induced voltage by the effective height of
the loop. (The effective height of a loop is defined as the height
of an equivalent vertical wire having the same induced voltage.)

The magnitude of the locally-generated e.m.f is usually obtained
by passing a known current through a known impedance inserted
at the loop center. The known impedance must be non-inductive
so as to be independent of frequency and its value kept as small
as possible. The minute known currents are obtained by attenu-
ating measurable currents by known amounts through the use of
suitable circuits. This system requires separate and thorough
shielding between the local oscillator and the attenuating circuit
in order to eliminate “ pick-up” comparable in signal strength to
the small induced voltage.

As shown by Friis and Bruce, in their paper entitled “ A radio
field-strength measuring system for frequencies up to forty mega-
cycles,” Proceedings of Institute of Radio Enginers, Volume 14,
August, 1926, considerable advantage is obtained if a voltage of
sufficient magnitude measureable by means of a tube voltmeter, is
induced. into the loop from the local oscillator. In conjunction
with this, a voltage attenuator could be located elsewhere in the
receiver proper. This would eliminate the undesirable “ pick-up ”
from the local oscillator by the attenuator circuit and minimize
the necessity of elaborate shielding of the oscillator.

This paper says, “ furthermore, the search for an appropriate
location for the voltage attenuator, beyond the loop, revealed the
desirability of placing it on the output of the intermediate-fre-
quency detector of a double-detection (super-heterodyne) scheme,
with due regard for the limits of overloading of this tube. The
importance of this arrangement should be emphasized. It means
that the attenuator need operate at only the fixed intermediate fre-
quency. Since this frequency has been selected as 300 kilocycles,
great accuracy is possible without elaborate attentuator design, re-
gardless of the signal frequency.”

The intermediate frequency detector also serves a tube volt-
meter actuating the d.c. plate circuit meter. The gain control or
voltage attentuator is calibrated directly in voltage ratios; thus,
a reading of 10,000 indicates that the input voltage to the attenuator
is 10,000 times larger than the output voltage.

The procedure of operation of the apparatus shown in figure
181a is as follows:
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TABLE OF PROCEDURE
Attenuation Radio
of Attenuator
1. The receiving set is tuned to the incoming signal. The
attenuator is adjusted until a convenient output de- |
flection is obtained. This deflection is noted. a;
I1. (1) The local comparison oscillator is started and tuned
to resonance with the receiving set.
(2) The attenuator is adjusted to make the ouptut the
same as in [I. aq
(3) The input V to the grid of the intermediate fre-
quency detector is determined (beating oscillator is off
during this measurement).
IIL. (1) The grid of the intermediate frequency detector is
connected through L, to the local oscillator input as
shown in figure above.
(2) The attenuator is readjusted to make output the
same as in case 1. a;
From this table we have
Voltage across half of the loop due to incoming

. 14
signal =— volts,
2
ay
Loop voltage step-up (the ratio of half of the loop
terminal voltage to the induced voltage) =B* = g—z
Voltage induced in loop by comparison oscillator = E = —;volts
. . . . . 14
Voltage induced in loop by incoming signal = volts.
2
a

As the paper progresses the authors discuss some refinements
in the accurate measurement of the voltage set-up B of the loop.
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F1c. 181a. Diagram of Field Strength Mecasuring Apparatus.

*B = magnetic flux density. . .
It should be noted here that it is entirely unnecessary for the transmitter
of the incoming signal to stop while measurements are being made.




CHAPTER 8

MARINE VACUUM TUBE TRANSMITTERS

1. Introduction—The radio service on vessels of the Ameri-
can Merchant Marine is carried on generally by radio service com-
panies. These radio companies or corporations have contracts with
the different steamship lines which are known as “ Service” and
“Rental ” contracts. A service contract is entered into when the
steamship company owns its own apparatus and desires that the
radio service company maintain the apparatus, supply the radio
operator and handle the abstracting of traffic on radiograms. Costs
of major repairs and replacements are billed- to the steamship com-
pany in addition to a fixed sum per month for the service as indi-
cated above.

If the steamship company does not own any apparatus it may
rent the same for so much per month by the means of a rental
contract with the radio service company. The latter makes all
repairs and replacements to apparatus as well as furnishing an
operator, abstracting traffic and inspecting the apparatus on each
arrival of the vessel at a large port.

In order to reduce interference to broadcast listeners and expe-
dite traffic on marine radio channels these service companies have
modified their apparatus used in mobile service by converting spark
transmitters to vacuum tube operation. Meeting with much suc-
cess from the start has led to the development of a transmitter em-
ploying the master oscillator power amplifier system for marine
use. With such a transmitter, a steady pure continuous wave may
be radiated and copied easily althongh the vessel may be rolling
heavily due to high seas and strong gales.

This chapter deals entirely with such vacuum tube transmitters
as manufactured by the General Electric and Westinghouse com-
panies for the Radiomarine Corporation of America and sold or
rented by them to different steamship companies.

It is the purpose of the following pages to give the student and
operator a complete description of such transmitters as he might
expect to find upon being assigned to a ship as radio operator.
Several sets of nearly the same type are gone into in detail in
order that the operator may use the same as a guide in maintaining
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the apparatus in good working order and at the same time to assist
him in quickly locating trouble and applying a remedy while at
sea.

Short Wave Transmitter, Model ET-3655

1. General Information—This transmitter is intended pri-
marily for marine service and consequently special attention has
been paid to the design in order to provide maximum frequency
stability under widely varying conditions. The circuit used is of
the master oscillator power amplifier type with power amplifier
feeding into a Hertzian antenna. ICW signalling is obtained by
an audio frequency vacuum tube generator which modulates the
carrier frequency of the transmitter.

The tubes required are:
1 UX-860 as Master Oscillator.
2 UX-860 as Power Amplifiers,
1 UX-860 as Audio Oscillator.

The transmitter operates on four wave bands covering the en-
tire range from 23.4 to 150 meters. These bands are as follows:

23.4-30.6 Meters.
35.1-54 Meters.
5090 Meters.
go-150 Meters.

The apparatus can be divided roughly into three parts as fol-
lows:

A. The Radio Unit.
B. Motor-Generator Set.
C. Antenna System.

2. The Radio Unit—The radio unit contains everything
necessary for taking power from the high voltage dc generator
and delivering 200 watts of radio frequency energy to the radio
antenna. The equipment necessary to do this is desecribed below,
together with the function of each part.

The dimensions of the whole unit are, width 21", depth 227,
and height 45”.

The frame is of 3/16” Drass angle construction with corners
re-enforced with gusset plates and Dbrazed. The unit is divided
vertically from front to rear by a brass panel extending from top
to bottom. It is also divided by horizontal brass partitions into
five compartments. These partitions acdd greatly to the frequency
stability of the unit besides shielding the various circuits from
each other and from outside inductive effects.
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The sides are solid and of non-magnetic material. A spring
supporting structure, upon which the hase rests, provides resiliency
to shock and vibration and permits rigid mounting of the tubes

Fic. 182. RCA Short Wave Transmitter, Model ET-36535 (Front View of
Radin Pancl).

in the frame proper. It also does away with any spring or cushion
mounting for the tubes. The connections between electrical com-
ponents are rigid thus eliminating the possibility of frequency
shift due to flexible leads. The front of the tnit is a solid brass
sheet except the doors which give access to the tubes. These are
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perforated to permit observation of all tubes during operation of
the set. This panel is finished in black lacquer and has the ap-
pearance of leather. All meters, tuning and power controls are
mounted on this panel.

The antenna loading control is a five-point switch adjusted by
a pointer and knob but all the others are of the back-gear vernier
type. The control of the master oscillator is provided with an
index scale, whereas the power amplifier and antenna tuning have
a pointer without the graduated scale.

In the lower left hand compartment is the audio oscillator cir-
cuit consisting of a transformer, a block of three condensers, a
signal selector switch, and a tone selector switch. There is also
a plate power potentiometer screen grid resistor, keying relay
resistor and plate generator field rheostat.

The signal selector switch in the ICW position closes the fila-
ment circuit of the audio oscillator tube. In the C\V position it
opens the filament circuit and also shorts the audio oscillating
circuit. The various audio frequencies are obtained by varying
the capacities of the audio oscillator circuit. This is accomplished
by the three-position tone selector switch. The potentiometer is
connected across the high voltage terminals and provides means of
obtaining the necessary screen grid bias voltages without the use
of separate generators. The audio oscillator tube is located on
the same shelf as the master oscillator tube for convenience in
tube replacement. It is of the UNX-860 type.

The master oscillator circuit, including the two tubes just men-
tioned, is enclosed in the compartment immediately above the
audio oscillator compartment. The arrangement of the various
parts is such as to facilitate replacements and adjustments. The
tubes are mounted directly back of the door. Above them is the
master oscillator tuning condenser and at the rear of the com-
partment is a tuned circuit inductance coil. The tuning condenser
is operated by a control knol) mounted on the front of the panel
and geared to the condenser by means of a 5 to 1 gear ratio. All
the controls, panels, etc., are free from any voltage which might
cause injury to the operating personnel. The keying relay, which
has high voltage on it, is protected by means of an aluminum case
which completely covers it. The complete equipment is pro-
tected from serious overloads and burnouts by a high voltage fuse
in the base of the transmitter.

The master oscillator tube is of the type UX-860. It is a newly
developed four element tube, having a rated plate voltage of 2000.
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The circuit used is the conventional Hartley with parallel feed.
Since the plate-to-grid capacity of this tube is almost negligible,
frequency instability, due to variation in tube capacity, has been
practically eliminated. Frequency wobbling also has been reduced

Tz
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Fic. 183. Interior View af Model ET-3655 Short Wave Transmitter.
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to a minimum by using pyrex insulated coils and rigid connecting
wires.

The power amplifier circuit and antenna tuning condensers oc-
cupy the upper compartment on the right hand side of the frame.
This compartment contains two UX-860 tubes, a power amplifier
tuned circuit and the two variable antenna tuning condensers
mounted on the same shaft and operated together. This equip-
ment is arranged within the compartment so as to produce the
minimum electrical coupling between units and is completely
shielded against external electrical influences.

The power amplifier tubes are connected in parallel and operate
on the fundamental frequency of the master oscillator. The plate
to grid capacity of the tubes is very small and neutralization of the
power amplifier is unnecessary. Any coupling due to common
connections of master oscillator and power amplifier screened grids
has been eliminated by a combination of impedance and resistance
in series with these elements.

The lower right hand compartment contains a high voltage by-
pass condenser, high voltage fuse, voltmeter multiplier resistors,
filament transformer, with its associated rheostat and the terminal
board.

The antenna loading coil, current transformer, antenna change-
over relay and two tap switches are mounted in the upper left hand
compartment. The antenna loading coil is divided into two secc-
tions, the inductance of each section being varied by the tap
switches operated simultaneously by a knob on the front of the
panel. The two sections are closely coupled to reduce the effect
of an unbalance.

3. Motor Generator Set—The motor generator furnished
with this outfit is a dc. power set made up of a 2-hp., 110-volt,
dc. motor, driving a 1-kw., 2000-volt dc. generator operated at
1750 rpm. The motor is supplied with ship rings from which
200 watts ac. power is obtained for the tube filaments.

4. The Antenna—The antenna used with this set is of the
modified horizontal doublet type. For purpose of description, it
may be likened to two inverted “ L type antennae with the
vertical portions back to back and the horizontal portions extend-
ing in opposite directions from the vertical portion. The vertical
portion, known as the transmission line, is transposed throughout
its entire length to insure minimum radiation in this part of the
antenna. (See figure 184.)

To facilitate accuracy in resonance adjustments and to reduce
unbalance of the transmission line due to length of leads to an-
tenna ammeter, a current transformer has been provided which is
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so placed as to reduce unbalance to minimum and designed so as
to give a variable transformation ratio. The steps on the trans-
former are arranged to give approximately 100%, 75% and 50%
of actual measured antenna current.

Fadiating portion of antenna.

g : q \ '
nsu /4{0/,- — — .“—— = isulator

«RF Feeders
Transposed.

l—rdw

I

Fic. 184. Hertzian Antenna with Radio Frequency Feed Line.

This transmitter will also operate into a grounded antenna simi-
lar to that used on the long wave installations. In this case, it
is only necessary to connect the antenna lead to the binding post
closest to the front of the transmitter, having the transmitter thor-
oughly grounded. It probably will be necessary to increase the
coupling by moving the antenna tap away from the ground con-
nection on the power amplifier plate coil. When operating into a
large antenna, the antenna will be oscillating on a harmonic; and
as a result, the antenna current will be low. The tuning adjust-
ments are made exactly the same as when operating into a hori-
zontal doublet antenna.

Two magnetically operated relays are provided in the trans-
mitter, one of which changes the antenna from the transmitter to
the receiver, while the other closes the keying contacts. These
relays are so interconnected that the keying relay circuit can only
be completed when the antenna relay is in the “ transmit ” position.
The antenna relay is placed in the left hand top part of the frame

S
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near the antenna tuning components, whereas the keying relay is
mounted on the front panel where it is convenient for inspection.

The keying is accomplished through a keying relay on the front
of the panel. When the key is in the open position, a sufficiently
high bias is applied to constantly block off the grids on both master
oscillator and power amplifier.

In case it is desired to transmit ICW or modulated wave signals,
an audio oscillator is provided which changes the tube grjd bias at
500, 700, or 1000 cycle rate and hence gives the set an output
having a corresponding characteristic tone,

5. Circuits—The master oscillator tuned circuit is made up
of the inductance L,, the condenser (, the plate coupling con-
denser C;, the grounding condenser C,, and the grid coupling
condenser (,. The oscillator generates its own bias by passing
the rectified grid current to ground through the resistor £,. The
screen grid is hy-passed to ground through the condenser C, and
any radio frequency coupling and due to common screen grid
leads is prevented by the combination choke and resistance X,
and R,, and X,, R,. The filaments are by-passed to ground
through the condenser C,. Grid bias for the amplifiers is obtained
by passing the rectified grid current through the resistor R,. The
audio oscillator is composed of the transformer 7', with the three
tank capacities C,,, C,; and C,,. The grid is coupled through the
condenser (, and its bias is self-generated across the grid leak R;.
The screen grid is by-passed through the condenser Cg and the
screen grid Dias is passed through the resistor R,. The power
amplifier tuned circuit is composed of the inductance L, and capac-
ity C,,. Plate power is supplied through the choke coil X, which
prevents the radio frequency voltage from going to ground through
the generator. The amplifier screen grids are by-passed by the
condenser C,;. (See figure 185.)

Keying is accomplished by removing a high negative bias from
the grids of all tubes. The grid leads are returned to the negative
high voltage. Due to the voltage drop across R, there is a nega-
tive potential on all grids as long as the key is up. When the key
is pressed it operates the keving relay and this shorts out the
resistance R,, thus removing the high bias and allowing the circuits
to oscillate. The capacity (,, and resistor R, act as a spark
suppressor for the keying relay.

The antenna is coupled conductively by means of clips spaced
symmetrically on either side of the ground point on the power
amplifier plate inductance L,. Tuning the antenna is accomplished
by means of the capacities C,, and C,, and the inductances L, and
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L,. The antenna ammeter 3, is coupled to the antenna circuit
by means of the coupling transformer T,.

Installation

6. General—The transmitter should be securely fastened to
the desk or to a small stand by bolting through the holes in the
base. The send-receive switch should be mounted in the radio
room or in the engine room preferably with the line of shaft fore
and aft rather than athwart ship. All wiring between the units
should be in conduit or lead covered cable. The feed wires sup-
plying the main dc or ac supply should be No. 8 or larger. The
motor armature leads should also be No. 8 wire. All other leads
should be No. 12 wire. The high voltage leads should be insulated
for 2500 volts.

7. Tuning—CAUTION—Be sure that all preliminary tun-
ing is done with reduced plate voltage. The voltage should not
exceed 1000 volts for the original adjustments on the transmitter.

The master oscillator is adjusted to the desired frequency by
setting the master oscillator variable condenser until an indication
of the correct frequency is shown on whatever type of frequency
meter is used. Then with the antenna disconnected, the power
amplifier circuit is tuned to the frequency of the master oscillator
circuit by adjusting the power amplifier tuning control until the
plate current is a minimum. The antenna is next tuned by, first,
connecting the antenna and then adjusting the antenna inductance
and the antenna series condensers until the antenna current is at
maximum,

The adjustment for the maximum efficiency should next be
made. This requires an adjustment of coupling. The coupling
is controlled by the position of two clips on the power amplifier
plate circuit inductance. These clips are those on the leads from
the two antenna series condensers. The closer the clips are to
ground, the less will be the effective coupling. The coupling
should first be reduced; and, if a decrease in plate current without
being accompanied by a decrease in antenna current results, the
coupling should be further reduced until the antenna current drops
off with the plate current. If this condition happens on the first
adjustment, the coupling should be increased, until further increase
of coupling will not give an increase in antenna current propor-
tional to the increase in plate current.

The audio oscillator may be adjusted to the desired operating
tone frequency by means of a switch which governs the amount
of capacity in the osciliator tank circuit. This switch is located
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in the lower left hand compartment and is marked “ 500, 750,
1000,” these figures being approximately the frequency of oscilla-
tion of the audio oscillator when the pointer is set to one of them.
The audio oscillator modulates the power amplifier circuit by
impressing an alternating voltage on the grid circuit of the power
amplifier.

Keying is accomplished by removing a high negative bias from
the grids of all tubes. The transmitter, antenna change-over re-
lay, has an interlock in the keying circuit so that the transmitter
cannot be keyed while the relay is thrown in the “ receive ” posi-
tion.

After all adjustments for maximum efficiency and resonance
have been made, the plate voltage can be increased to 2000 volts.
Finally, the transmitter should be calibrated with all screens on.
This calibration should be recorded and kept for reference.

8. Antenna—The power amplifier works into a Hertzian
antenna of the type in which the transmission line determines the
constants of the antenna system to a degree comparable with that
part of the antenna which actually radiates. In essence, the ar-
rangement is similar to two quarter wave antennae which are either
flared or disposed horizontally in opposite directions at the ends
but placed together for the remainder of the length running to the
transmitter to form the transmission line portion.

Since the transmission line portions of the two antennae have
currents in them 180 degrees out of phase and are placed close
together and transposed, there is no material radiation from this
part of the antenna system. To obtain a reasonable length of
radiating length, the proportion of the horizontal or radiating
part to the length of the transmission line or non-radiating part
should be so chosen that the overall dimension of the horizontal
part of the antenna corresponds to half the shortest wavelength
at which the transmitter operates. Such a design infers harmonic
operation, and, since the arrangement is essentially two quarter
wave antennae, the lowest order of harmonic operation is the third.
From the above discussion, it is apparent that the physical disposi-
tion of the antenna must necessarily he confined to himited dimen-
sions. An exaniple of the procedure necessary in determining the
dimensions of an antenna for use on a known wavelength band is
as follows: The fundamental wavelength is chosen so that it falls
approximately in the middle of the known wavelength band. The
antenna series condenser will reduce the natural period to the
lower end of the band. The antenna inductance or loading coil
will increase the natural period to the top of the band. The the-
oretical length of one-half of the antenna is then determined by
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taking three-quarters of the selected natural wavelength. Due to
the capacity of the antenna to nearby objects, such as masts, stays,
bulkheads, etc., the theoretical length will be greater than that
actually necessary. Expcrience indicates that the ratio of the
actual natural wavelength to the theoretical natural wavelength is
in the order of 1.25; therefore, the actual length of one-half of
the antenna will be the theoretical value divided by approximately
the factor 1.25. One-half of the horizontal portion of the an-
tenna will have a length of 25% of the wavelength at the lower
end of the band. This dimension automatically determines all
dimensions of the antenna. A sample calculation of an antenna
for operation in the 26—36 meter band will be found in a later
paragraph.

Since the transmitter is designed to operate over the very wide
range of frequencies, the antenna resistances will vary greatly, and
hence the antenna current will also vary to an extent which makes
it impractical to use one antenna ammeter, To obviate the neces-
sity of putting in different antenna ammeters for different wave-
length bands, the transmitter has integral in its assembly a radio
frequency variable ratio current transformer. The ammeter is
calibrated uniformly from zero to 110 and serves merely as indi-
cation of maximum antenna current,

Operation

1. Adjust filament voltage to 10 volts and plate voltage to not
more than 1000 volts. Turn CW-ICW switch to CW.

2. Set master oscillator control to scale reading as shown on
calibration chart, for wavelength desired.

3. Turn antenna tuning condensers to a minimun.

4. Adjust power amplifier control until plate current is at
minimum.

5. Adjust antenna inductance and antenna series condenser until
antenna current is maximum.

6. Readjust power amplifier tuning control for minimum plate
current.

7. Readjust antenna series condensers for maximum antenna
current,

8. Slowly increase plate voltage to the maxinmmm of 2000 volts,
watching P.A. plate current meter, which must never read more
than .5 ampere.

9. If it is not possible to increase plate voltage to 2000 volts
without plate current exceeding .5 ampere, try a different adjust-
ment of the antenna inductance (requiring a readjustment of the
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antenna series condensers and possibly a slight retuning of the
power amplifier control). The best adjustment for full power is
that which gives maximum antenna current with plate current at
.5 ampere, plate voltage at 2000 volts and with plates of the
power amplifier tubes cool. Proper filament voltage is 10 volts,
no more or not less. Operating the tube filaments at more or less
than 10 volts will decrease the tube life. Maximum plate voltage
is 2000 volts with key depressed.

10. The audio oscillator is used to modulate the output of the
transmitter with a musical note having a frequency of 500, 750,
1000 cycles. The purpose of this modulation 1s to spread out the
wave so that it is easier to tunme. Its only use is in calling. It
should not be used for working because the range of the trans-
mitter will not be nearly as great on IC\W as on C\V.

The model UX-860 tube is a new type of four element tube
designed to eliminate the necessity of neutralizing. The fourth
element, called the screen grid, is placed hetween the plate and
control grid. It is then by-passed to ground through a large con-
denser. The three element tubes need to be neutralized because
of the capacity between the grid and the plate. Due to this
capacity a voltage on the plate will be transferred in part to the
grid and may cause oscillation. In the four element tube, any
voltage on the plate may cause a voltage to appear on the screen
grid, but as this is grounded no oscillation can result. There is
a dc potential approximately one third of the plate potential, ap-
plied to the screen grid so that it does not impede the flow of
electrons.

The filament of this tube operates on 10 volts, drawing 3.25
amperes. The normal plate voltage is 2000. Neither the normal
filament nor plate voltags should be exceeded.

9. Starter—The motor starter is of the back contact push
button control type. This unit should he mounted vertically near
the motor-generator unit. Pressing the start hutton on the trans-
mitter closes the starting contact on the starter. This button
should he held down for two seconds until the motor has accel-
erated sufficiently to allow full voltage to be used. When the
start button is released, a back contact on the start button closes
the running contactor which shorts out the starting resistance.
The plate voltage will be from 1000 to 2000 volts, depending on
the position of the field rheostat. It is good practice to turn the
field and filament rheostats to the right before starting so that
the voltages will never be too high to start with.
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10. Installation of Different Wavelength Bands—Three sets
of coils are needed to cover the entire band from 23.4 to 150
meters. For the first two bands 23.4-36.6—35.1-350 the same coils
suffice. The tuning coils L, and L, are wound with 9 3/16 turns
of 3/8” copper ribbon on a hexagonal form which is 4 3/4” in
diameter across corner. The choke coils are space wound on
I 1/2” micarta tubing. They have 8 turns. The tuning con-
densers C; and C,, have two stator sections and one rotor. The
two stator sections are connected to the coils L, and L, for the
band 26.3-36.6. One section of the condenser, that is, one stator
section and the rotor are connected to the coils section and the
rotor are connected to the coils L, and L, for the band 35.1-50
meters. For the 50090 meter band new tuning coils L, and L,
and new choke coils X, X,, X, and X, are required. The tuning
coils L, and L, are wound with 19 5/16 turns of 3/16” copper
strap on a hexagonal form 4 3/4” across corners. The choke
coils X, X,, X, and X, are wound on 1 1/2” micarta tubing and
have 120 turns. For this band, one stator section and the rotor
of the tuning condensers Cy and C,, are connected to the new coils
L, and L,. About 16 turns of the new coils are required to tune
with the condenser specified from 50 to go meters. For the go-50
meter band a third sent of coils is required. The coils L, and L,
have 19 5/16 turns of 3/16” copper strap wound on a hexagonal
form g5 3/4” across corners. The choke coils X,, X,, X, and X,
are wound on I I/2” micarta tubing and have 182 turns each.
For this band both stator sections of the condensers C, and C,,
are connected together. This utilizes the maximum capacity of
the condenser. This condenser should be connected across ap-
proximately 16 turns of the coils L, or L,.

The plate and grid taps on the oscillator should be put on the
new coils so that the ratio of the turns from plate to ground and
grid to ground is about 2 1/2 to one or 3 to one. The final
position of the plate tap is that which gives the most stable opera-
tion for a minimum amount of plate current. The master oscil-
lator should be adjusted with the plates of the amplifier tubes
disconnected. In this case the meter A, reads only the plate
current of the oscillator. This should be a minimum. In gen-
eral, moving the plate tap closer to ground, that is, to the tap
that connects the coil L, to the condenser C, will increase the plate
current. For the amplifier the plate tap may connect to one end
of the tank circuit L,, C,,. If, however, the amplifier will not
load properly, the plate tap may be moved closer to ground (in
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this case any copper tube connecting the coil L to the frame).
This should increase the antenna current and the plate current.
However, if the tap is too close to ground, the tubes will operate
inefficiently as indicated by excessive heating of the plate. In
general the ground connections on coils L and L should be ap-
proximately in the center of the coil.

The antenna load coil L, and L, are wound on a single hexagonal

.frame 4 3/4” across the corners. The coils are wound with No.
10 bare copper wire on pyrex insulators.

For the 23.4-36.0—35.1-54—50-00 meter bands a g turn coil
is used. For the go-150 meter band an 11 turn coil is used.
There are five taps on each coil which are spaced as nearly uni-
form as possible in either coil.

Sample Antenna Calculation

26.3 to 36.6 Meter Band, Average wavelength=31.15 meters.
.75 X 31.15=23.3 M.==theoretical length of antenna.

23.3 X .8=18.65 M.==approximate actual length.

18.65 X 3.25=01 feet, approximate actual length.

Length of 1/2 of flat top=1/4 X 26.3=0.575 M.

6.575 X 3.28=21.6 feet, length of one section of flat top.

Therefore, an antenna whose lead is in 61 — 21.6 = 39.4 feet and
whose overall flat top is 43.2 feet will be satisfactory for operation
in the 26.3 to 36.6 meter band. The two lead in wires should be
spaced about three inches apart and transposed every 2 1/2 feet.

Maintenance

11. Motor-Generator—The motor-generator for 100 to 125
volts dc power is a two bearing unit. This ball bearing unit has
a four pole compound wound 1750 rpm. motor with slip rings
on the armature to provide 77 volts, 6o-cycle single-phase power
for filament lighting. The generator is a two-pole separate ex-
cited machine giving a potential of 2000 volts dc. The fields are
excited by the 100 to 125 volt dc power.

The commutators of the motor-generator should be inspected
occasionally to see that the brushes are not sparking excessively,
or that the commutators are not cutting or burned.

Commutators must be kept clean and the brushes properly ad-
justed and fitted to the commutator. Wipe the commutator at
frequent intervals (with the motor-generator stopped), depending
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on the character of the service, with a piece of clean canvas cloth
free from lint. Apply lubricant sparingly. A piece of paraffin
rubbed lightly a¢ross the commutator surface will furnish suffi-
cient lubrication. No other attention is required by the commu-
tator which is taking on a polish and shows no signs of wear. A
rough, raw, copper colored surface should he smoothed with a piece
of sandpaper or fine sandstone ground to fit. In any case, the
final smoothing should be done with fine (No. oo) sandpaper.
When using paper or stone, lift the brushes and do not replace
them until all grit is removed.

12. CAUTION-—Never use emery cloth or emery paper on
the commutator. Never attempt to make repairs to commutators
or brushes while the machine is running, as the voltage on the
generator end is dangercus. Turn generator over by hand, or
open generator field.

The brushes are set in the neutral position at the factory and
the bracket to which they are attached is doweled in position.
This adjustment should not be altered as it is correct for either
direction of rotation.

New brushes should be of the same make and grade as those
shipped with the machire. Brushes should have only sufficient
clearance in the box to slide easily.

For ac. power, and other than 100 to 123 volts de. power the
above mentioned motor-generator set is directly connected to a
motor, the two machines being fastened to a common bedplate.
Under these conditions the dec. motor of the motor-generator unit
becomes a dc. generator and furnishes exciting current for the
high-voltage generator fields, and keying relay; also alternating
current is taken from the slip rings for filament lighting.

Ball bearing motors and generators are assembled and shipped
with sufficient grease for a limited period of operation. "The
Texas Oil Company's grease—Marfak No. 3—or its equivalent is
recommended.

Avoid using inferior greases. To be suitable for ball bearings
a grease must be free from acid or alkali, also from abrasive mate-
rial. It must be a good lubricant; must not separate into its
compound parts, soap and oil; must adhere to the surfaces of the
balls and raceways; must be of such a consistency that it will not
flow out of the housing which encloses the bearings; and must
have a high melting point and uniform consistency throughout a
large temperature range. Avoid using too much grease. The
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housing must not be more than two thirds full. At least once a
year the grease should be removed and new grease supplied.

When the driving motor is not equipped with ball bearings, the
oil wells and rings should be inspected at least once a month to
see that they have plenty of oil.

13. Troubles and Causes—1. Pressing start hutton does not
start motor-generator. Open main switch or defective main fuse.
No line voltage or line voltage too low. Line voltage may be
tested by operating telegraph key which will cause relay to work
if line voltage is on.

2, Start button causes start contactor to close, but motor-gen-
erator set does not start. Burned out starting resistor on back
of starting panel. Connection between starting panel and motor-
generator set open. Frozen bearing on motor-generator set open.
Frozen bearing on motor-generator set due to lack of oil.

3. Starter and generator satisfactory as indicated by plate volt-
age on radio panel but tube filaments do not light. Loose con-
nection on filament transformer or terminal board. Defective
brush on motor slip rings.

4. Set operates normally when key is down but tubes heat
badly when key is up. Tubes are not blocking properly. May
be due to low bias voltage caused by defective resistor in R,.

5. Tubes heat badly as soon as key is pressed. Master oscil-
lator tube defective or exciter circuit not oscillating. Change the
tubes and examine circuit for loose connections. Remove all but
master oscillator from its socket. Master oscillator tube will
still heat badly when key is pressed if tube or circuit are defective.

6. Amplifier tubes heat excessively when key is pressed. Am-
plifier circuit out of tune. Retune amplifier circuit.

7- Audio oscillator does not operate when switch is turned to
ICW position and key is pressed. Examine connections to CW-
ICW switch, also connections to transformer and condensers and
condenser tap switch. One of the condensers may have broken
down, or the vacuum tube may be defective.

Emergency Measures for Apparatus Failure

14. A. Insulation Break-Down—Charring of insulation re-
sulting in continued arcing over and burning, cut away insulation
if possible, otherwise cut winding and remove if possible, other-
wise cut winding and remove sufficient turns to clear. Before
cutting wire at each end of turns to be removed, make fast the
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ends of the winding remaining by cord. Put in temporary jumper
to close circuit. If insulation is at terminal blocks in switches,
and arcover cannot be stopped by cutting away insulation, remove
connections and complete circuit by temporary jumper.

B. Filament Voltmeter Inoperative—Reduce filament volt-
age until tubes begin to heat or antenna current drops rapidly.
Then increase filament voltage slowly until tubes operate at normal
temperature and antenna current is not rising rapidly.

C. Plate Ammeter or Voltmeter Inoperative—Maintain gen-
erator field rheostat not more than usual position and operate with
tube temperature normal.

If plate ammeter is not functioning and other adjustments are
to be made, insert a go-watt, 110-volt lamp in place of ammeter
and do not exceed full brilliancy.

D. Antenna Ammeter Inoperative—Adjust in accordance
with tuning record card and observe plate ammeter for final
resonance.

E. Filament Transformer or Filament Rheostat Burned Out
—Disconnect filament transformer and rheostat and connect five
cells in series of lead acid storage battery direct to the filament
busses with leads to carry 20 amperes. The voltage of the battery
is practically correct for the tube filaments without rheostat
control.

F. Grid Leak Open—The grid leak of the master oscillator
or power amplifier may be replaced by a resistance of 10,000 ohms,
A column of water 12” long, in a rubber hose plugged at each end
and having wire electrodes, will be satisfactory. If the resistance
seems to be too high add a little salt or washing soda.

Parts List
Note—Reference numbers refer to schematic wiring.
Circuit
Symbol Description
R, Master oscillator grid leak, 10,000 ohms.
R, Screen grid resistor, 10,000 chms.
R, Screen grid resistor, 10,000 ohms.
R, Keying bias and screen grid potentiometer, 1, 40,000
chms.
R, Keying bias and screen grid potentiometer, 2, 40,000
ohms.
R, Keying relay series resistor, 250 ohms.
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Audio oscillator grid leak, 10,000 chms.
Power amplifier grid leak, 20,000 ohms.
Screen grid resistor, 10,000 ochms.
Antenna relay series resistor, 250 ohms,
Spark absorber resistor, 02 ohms.
Generator field rheostat, 600 ohms.
Filament transformer rheostat, 16 ochms.
Master oscillator grid condenser, .00z mfd.
Screen grid grounding condenser, .02 mfd.
Filament by-pass condenser, .1—.1 mfd.
Master oscillator grounding condenser, .02 mfd.
Master oscillator plate stopping condenser, .00z mfd.
Master oscillator tuning condenser.

Meter by-pass condenser, .006 mfd.
Audio oscillator screen grid by-pass, cond. 2-1. mid.
Audio oscillztor grid condenser, .5 mfd.
Audio oscillator tank condenser, .1 mfd.
Audio oscillator tank condenser, .5 mfd.
Audio oscillator tank condenser, .5 mfd.
Generator by-pass condenser, 3 mf.

Spark absorbing condenser, .5 mf.

Meter by-pass condenser, .006 mfd.

Meter by-pass condenser, .006 mfd.
Screen grid grounding condenser, .02 mfd.
Plate stopping condenser, .002 mfd.

Power amplifier tuning condenser.
Antenna tuning condenser.

Antenna tuning condenser.

Filament transformer.

Audio oscillator transformer.

Antenna current transformer.

Keying relay, model 18,

Antenna changeover relay.

Master oscillator inductance.

Power amplifier inductance.

Antenna inductance.

Antenna inductance.

Plate choke coil.

Screen grid choke coil.

Plate choke coil.

Screen grid choke coil.

Filament voltmeter, o-15 volts, ac.




278 RADIO MANUAL

M, Plate ammeter, 0-2 amperes, dc.
M, Plate voltmeter, 0-2500 volts, dc.
a1, Antenna ammeter, o-lamp RF.

15. Model ET-3627-A 200-Watt Transmitter—The model
ET-3627-A, 200-watt transmitter and associated equipment
described in these instructions are designed primarily for ship-
board installations or for other service where a compact radio tele-
graph transmitter is required. The equipment as normally sup-
plied consists of the following component units:

I—200-watt transmitter, model ET-3627-A.

I—motor generator set rated: model 55-A-g, type M.C.C.; ball
bearings. 2300 R.P.M. no load speed. WWeight 390 Ibs.

I—automatic starter CR-g012. 14 H.P. 155 volts d.c.

1—DMesco No. 8o telegraph key.

16. Installing—The transmitter proper is designed for table
mounting and has the following overall dimensions: Height, 40
inches; width, 21 inches; depth, 25 inches; net weight, 208 Ibs.

The automatic starter is supplied for independent mounting and
should be located as near the motor generator set as posible. This
will result in short leads from line to the motor and will improve
the overall regulation by reducing the voltage drop to a minimum.

Number 12 B. & S. lead-covered wire is recommended for leads
running between the motor and automatic starter and number 14
B. & S. lead-covered wire may be used for the remaining external
connections. The leads from the generator armature to trans-
mitter should be insulated for 1,000 volts. The normal full-load
current drawn from the line by the motor generator set when used
with the ET-3627-A transmitter is approximately I to 12 amperes
at 115 volts d.c. The load on the plate generator with this trans-
mitter is approximately 550 watts. The generator is rated as 1.68
K\V., amperes 1.4, volts full load 1,200 d.c.

The automatic starter is designed with adjustments so that the
motor generator may be brought up to speed in a short time
without subjecting the line or motor to excessive current. It is
provided with two magnetic contactors, one of which closes first
and connects the motor to the line through a suitable resistor.
When the machine reaches a certain speed, the counter e.m.f. of
the motor closes the second magnetic contactor which short-cir-
cuits the resistor, bringing the machine up to full speed. The
second, or accelerating contactor, is the one near the base of the
starter and is provided with a spring adjustment which determines
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the time required for the contactor to close. If this spring is too
loose, the starting resistance will be cut out of the circuit too soon,

i Fis y

T L. TR

Fic. 185a. Model ET-3627-A Tube Transmitter,

while if too tight, the accelerating contact may fail to close. A
few trials will enable a correct adjustment to be obtained by ob-
serving the acceleration of the machine when the starf button is
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depressed. Be sure to lock the adjustment screw with the lock-
nut after the best adjustment has been determined. The line
switch in the starting box should be fused with thirty ampere fuses.

The adjustments of the automatic starter should be made with
the transmitting key open. The machine will then start with the
filament load but without the plate load, as this is the normal oper-
ating condition.

17. Antenna Characteristics—The transmitter is designed
to operate on an antenna whose characteristics fall within the
following limits:

Effective capacitance .0004 to .0o1 mifd.

Effective resistance 2 to 10 ohms.

Fundamental wavelength 175 to 350 meters.

In general, an effort should be made to use an antenna whose
capacitance is near the upper limit specified. On the higher ca-
pacitance antennas whose resistance is four ohms, 200 watts or
more output may be obtained. On antennas of lower capacitance,
and when the resistance is near the upper and lower limits speci-
fied, slightly less than 200 watts may be obtained.

18. Wavelength—A continuous wavelength range from 600
to g6o meters (500 to 312 KC.) is covered by the transmitter
when used on the specified antennas.

19. Rating—The transmitter is rated on the normal output
delivered to the antenna on CW. telegraph, namely, 200 watts.

20. Methods of Signalling—A push button switch mounted
at the right side of the panel provides straight C\W. and ICW.
transmission. The latter is obtained by means of a motor-driven
chopper.

21. Vacuum Tubes—Three model UV-211 vacuum tubes are
used as follows:

1—UV-211 as master oscillator.

1—UV-211 as power amplifier.

22. Type of Circuit—Th= master oscillator, power amplifier
type of circuit is used in the transmitter. A schematic diagram
of the circuit is shown in figure 1850. The tuning of this type of
circuit consists fundamentally of setting the master oscillator at
the desired wavelength and then resonating the antenna circuit for
maximum antenna current. The master oscillator variometer
which is mounted in the lower left section of the panel is pro-
vided with a five-point positioning device, so that it may be cali-
brated for any five wavelengths within the band and the movable
stops then locked at the correct places. At the same time, inter-
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mediate wavelengths from five normal ones may be obtained
easily by setting the pointer at the proper position.

) ||l|'l‘lj : 1'1'\'1']![' -

. Fic. 18sb. Circuit of Model ET-3627—A 200 Watt CW-ICW Trans-
mitter, Master Osc., Power Amp. This Diagram is Suitable for Govern-
ment Examination.

23. Adjusting the Transmitter—The antenna circuit is tuned
by means of a four-point antenna inductance switch and the an-
tenna variometer. The variometer is designed with sufficient range
to overlap the taps on the coil so that continuous inductance range
may be obtained.

The only adjustment to be made inside the transmitter is that
on the antenna transformer plate winding. This winding has sev-
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eral taps brought out to the micalex terminal board and is used to
permit adjustment for maximum efficiency on the particular an-
tenna with which the transmitter is to be used.

The following procedure is recommended for adjusting the trans-
mitter :

1. Turn both rheostat knobs to the extreme right.

2. Start motor generator set by depressing the start push button.

3. Adjust filament voltage to 10 volts.

4. Adjust plate voltage to 750 or 800 volts (for preliminary ad-
justment) by means of the plate rheostat.

5. Place signal switch on C\V.

6. Close the key switch which will start the master oscillator and
adjust the master oscillator for the desired wavelength. It is not
necessary that antenna current be obtained for this adjustment and
the wavemeter should be coupled to the leads which are brought
out from the shielded master oscillator compartment.

7. Tune the antenna circuit by means of the antenna variometer
until a maximum reading is obtained on the antenna ammeter.
The correct position of the antenna inductance switch must be de-
termined by trial for this adjustment and for each operating wave-
length. On the average low resistance antenna, the antenna tuning
is very sharp with the ET-3627-A transmitter, and it is necessary
to rotate the antenna variometer carefully to secure maximum
output.

. Raise the plate voltage to 1,000 volts, which is the normal
working voltage, and observe carefully if all the tubes are oper-
ating without excessive plate heat.

Facing the transmitter panel, the tube at the left is the master
oscillator and will ordinarily run with the plate cold or at a very
low temperature. The remaining two tubes to the right of the
master oscillator are the power amplifiers, and when delivering
output to the antenna, should not show more than a dull red heat
after the key has been depressed several minutes.

The plate ammeter on the transmitter panel should be used to
secure the proper adjustment of the tap on the transformer plate
winding. This tap should be adjusted so that when maximum
antenna current is obtained at 600 meters, the total plate current
does not exceed .6 ampere. On a low resistance, low capacitance
antenna most of the plate winding will he required, while on
higher capacitance antennas, and those of higher resistance, less
plate inductance is required. Once the proper tap has been selected
to give efficient operation on 600 meters it will hold satisfactorily
for the entire wavelength band.
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The plate voltage should be removed from the transmitter by
shutting down the motar generator set whenever adjustments are
made inside the transmitter.

Fic. 183c. Side View of Assembly of Model ET-3627-A Transmitter.

The antenna transformer is designed to protect the tubes from
overload during the tuning of adjustment, but for maximum tube
life, it is recommended that the plate voltage be reduced to 700
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or 800 volts when the transmitter is being calibrated. After the
correct position of the master oscillator variometer has been de-
termined and the positions recorded for the antenna inductance
switch and the antenna variometer for the different operating
wavelengths, changes from one wavelength to another can be made
in a few seconds and the plate voltage can be maintained at its
normal value of 1,000 volts. The filament voltage should be main-
tained at 10 volts at all times, higher or lower values being detri-
mental for long tube life.

A typical set of performance data obtained on a .0008 micro-
farad, four-ohm antenna with a natural period of 315 meters is
tabulated below:

Wavelength Plate Amps. Ant. Amps. Ant. Ant. Ant. Ind.

Watts Var. Switch
CW 600 0.59 7.1 201 55 degrees 1
ICW 600 0.39 475 9I 55 I
CW 800 0.6 7.1 201 41 ‘ 2
ICW 800 0.39 4.6 85 41 b 2
CW 960 0.61 7.25 210 102 2
ICW g60 0.41 4.6 83 102 ¢ 2

The second tap on the antenna transformer plate winding was
used for the above recadings.

The performance of the transmitter on a .0004 microfarad,
four-ohm antenna is tabulated below:

Wavelength Plate Amps. Ant. Amps. Ant. Ant. Ant. Ind

Watts Var. Switch
CW 600 0.5 6.1 150 15 degrees 2
ICW 600 0.33 4.0 64 45 2
CW 8oo 0.5 6.1 164 70 3
ICW 8oo 0.32 1.0 64 70 3
CW g60 0.55 6.25 156 79 4
1ICW 960 0.32 3.5 19 79 ¢ 1

The third antenna transformer tap was used for the above
readings.

Occasionally an antenna will be encountered whose capacitance
is about .0004 microfarad and whose resistance is from ten to
fourteen ohms. Under these conditions, using the lowest plate
tap on the antenna transformer, the tubes may not draw sufficient
input and the plates will show but little heat. It is then permissible
to increase the plate voltage to 1,200 volts, but no more, provided
the plates of the tubes do not operate at more than a dull red heat,
and provided the total plate current does not exceed .5 ampere.
The full output of the transmitter will be obtained on high re-
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sistance antennas if the foregoing instructions are carefully ob-
served.

24. Adjustment of Break-in Relay—A special break-in relay
is mounted on the front panel. The relay is provided with two
pairs of contacts, the pair on the left, when facing the panel, being
connected in series with the low side of the antenna circuit, and
the pair at the right being connected in the “key ” circuit of the
transmitter. The radio receiver is connected to the antenna
through the transmitter inductance whenever the left pair of con-
tacts are open; when these contacts close, they short-circuit the
input to the receiver, thereby protecting it from transmitter volt-
ages. Careful adjustments of the relay contacts must be made in
order to secure the proper time required in operation so that the
receiver input is short-circuited by the antenna contacts before
the key contacts, or the pair at the right, close. This is best done
by adjusting the antenna contacts, or the left pair, so that they are
separated by not more than 1/32 of an inch. The “key” con-
tacts should be separated by approximately 1/8 of an inch. Then,
when the transmitting key is depressed, the antenna contacts close
first, but since one of them is spring mounted, they stay closed
while permitting the “key ” contacts to make. When the proper
adjustment has been secured, no sparking will take place on the
antenna contacts, and but very slight sparking on the “key ” con-
tacts. Silver is used on the antenna contacts and tungsten on the
“key ” contacts, and both should be kept clean and the faces
parallel in order to secure the most efficient operation.

Care must be exercised in running the lead from the receiver
fuse, which is mounted at the rear of the panel, to the receiver.
This lead must not coupled to the transmitter circuits, as other-
wise voltages induced in it will affect the receiver even with proper
operation of the break-in relay. A well-shielded receiver will pro-
vide the most satisfactory operation with the break-in system.

25. Care of Chopper—When the signal switch is placed in
the ICW. position, one pair of contacts on the switch start the
chopper motor and the other pair remove the short circuit main-
tained around the chopper during CW. transmission. The grid
leak circuits of the master oscillator and the power amplifier tubes
are broken by the chopper at the rate of approximately 1,000 times
a second in order to produce ICW. telegraphy. The chopper
wheel, therefore, breaks grid current and the brushes and the sur-
face of the wheel should be maintained in good condition. The
brush which bears on the chopper wheel proper is made of spring
silver in order to secure good contact to the segments. It is held
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against the wheel by a small coiled spring. Only sufficient pres-
sure should be exerted by the spring to make good contact as ex-
cessive pressure will cause premature wearing of the silver brush.
The best criterion of a suitable adjustment is to listen to the ICWV.
note in the receiver, using only sufficient pressure to secure a clear
note. The second chopper brush, which is made of copper braid
and bears on the brass collector ring, needs but little attention.
The chopper wheel should be smoothed off occasionally with very
fine sand paper (not emery cloth), taking care not to grind down
the insulation faster than the contact segments. The collector
ring should also be kept bright and clean by means of fine sand
paper.

26. General Maintenance—The transmitter should be main-
tained in good condition at all times in order to secure efficient
performance. The various connections in all circuits, particularly
radio frequency circuits, should be kept tight and clean. Dust
should not be permitted to accumulate on the antenna inductance
or other units which operate at high voltage.

The ratings of the various condensers, resistors, and so forth,
are given in the following list:

A-1—Antenna ammeter o-10 amperes, type DO-3.

A-2—Plate ammeter o-2 amperes, type DO.

C-1—M.O. plate condenser UC-2226, .003 mfid.

C-z—Filter condenser, each UC-490, 1 mfd.

C-3—Filament by-pass condenser, each UC-487, .5 mfd.

C-4—XKey condenser, UC-2214, .015 mfd.

C-5—M.O. plate blocking condenser, UC-2220, .003 mfid.

C-6—M.O. plate condenser, UC-2219, .002 mid.

C-7—DM.O. grid condenser, UC-2219, .00z mfd.

C-8—Chopper condenser, UC-2226, .003 mfd.

C-9—P.A. grid condenser, UC-1811, .0003 mfd.

F-1—Plate fuse Cat. No. 230075, 2 amperes.

F-2—Receiver antenna fuse, Cat. No. 219073, 1,/2 ampere.

K-1—Hand key, mesco No. 8o.

K-2—Break-in relay (key relay) T-2617362, G-1.

L-1—Antenna variometer T-2854634, G-I.

L-2—P.A. grid leak choke P-2805438, G-z.

1-3—M.O. plate choke P-2805438, G-2.

L-4—DM.O. variometer T-2854618, G-1.

R-1—P.A. grid resistance, QCK-1924014, 500 ohms.

R-3—M.O. grid resistance QCK-1924014, 7500 ohms.

R-4—P.A. feed resistance QCK-1924014, 150 ohms.

R-5—TFilament rheostat, Cat. No. 1916233, 20 ohms.
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R-6—M.O. parasitic resistor, QLK-2155993, 15 ohms.
R-7—Plate field rheostat, Cat. No. 1916249, 250 ohms.
R-8—Power amplifier parasitic resistor, QLK-2155993, 15 ohns,
R-9g—Chopper resistor, QCK-1924023, 50 ohms.

R-10—Key relay resistor, QCK-1924014, 400 ohmis.

. S5-1—Antenna inductance switch, T-2686071, G-2.

S-2—Start-stop switch, P-28736309, G-1. '

S-3—>Signal switch, P-2873630, G-2.

T-1—Antenna transformer, P-2873650, C-1.

T-2—Filament transformer, Y-10354, .125 K.V.A,

V-1—Filament voltmeter, 0-15 volts a.c.; type AQ.

V-2—Plate voltmeter, o-1500 volts d.c.; type DO,

Y-1—Chopper motor, model 28354, 1/50 H.P.

Y-2—Motor generator set, model 55-A-3.

Y-3—Motor starter, DL-1772869, G-10.

27. Operation and Care of High Voltage Generator. Opera-
tion—Defore starting the generator for the first time:

I. See that the voltage on the generator name plate corresponds
with the line voltage.

2. Check all connections to the generator with the wiring dia-
grams furnished with generator. .

3. Make sure that the drain plugs are tight and that the bearings
are properly lubricated.

4. If possible, turn the armature by hand to see that it rotates
freely.

Before putting generator in service it is desirable to operate
without load long enough to determine that there is no unusual
localized heating and in order to check voltage, polarity, etc.

28. Care—High voltage generators are provided with en-
closing covers to prevent coming in contact with the commutator
or brush rigging of the machine. These covers, therefore, must
not be removed or left off while the machine is in operation.

To insure the best operation, make systematic inspection af
least once a week. Give the following points special attention.

2g. Cleanliness—Kcep both the interior and exterior of the
generator free from water, oil, or dirt. Wipe the exterior and
clear the interior with dry compressed air or a small bellows.

3o. Oil Ring Bearings—DPrevent excessive heating and wear
of all hearings by proper lubrication, belt tension, and alignment.
When bearings are unduly worn replace them.

Fill the oil wells with a good quality of clean, light mineral oil
to the top of the oil fillers. Fill the oil wells through the oil
fillers. To avoid incorrect oil level, never fill the oil wells when
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the generator is running. After the generator has operated the
first week, draw off the oil, pour fresh oil or kerosene through the
bearings to wash out all sediment. Then refill. Before replacing
the drainage plugs dip them in a mixture of red lead and shellac,
then replace and tighten securely to prevent leakage. Refill the
bearing at regular intervals, the frequency depending upon local
conditions, such as cleanliness, severity or continuity of service.

31. Ball Bearings—A light grease or non-fluid oil should be
used on motors for speeds up to and including 1800 R.P.M. For
speeds above 1800 R.P.M. use a light mineral oil.

32. Grease Lubrication—The factory packs these bearings
with grease which under ordinary operating conditions should suf-
fice for about three months of continuous service. Unscrew the
drain plug and make sure that this grease has not been removed.
A short time after the motor has been put into operation it is good
practice to remove the bottom drain plug to see if the grease has
turned dark or fluid. If so, wash out the bearings with kerosene
and pack with new grease. If the grease is put in under pressure,
leave the bottom plug out and stop filling when grease starts to
come out of the bottom plug hole. Inspect the bearings occasion-
ally.

33. Oil Lubrication—Fill the oil wells through the oil fillers
with a good grade of light mineral oil (not vegetable or animal
oil) to the top of the oil fillers. To avoid incorrect oil level never
oil the motor when running. A short time after the motor has
been put into operation it is good practice to draw off the oil and
pour fresh oil or kerosene through the bearings to wash out all
sediment. Then refill. Before replacing the drain plugs dip them
in a mixture of red lead and shellac, and then replace and tighten
them securely to prevent leakage. Refill the oil wells at regular
intervals, the frequency depending upon the local conditions, such
as severity or continuity of service, cleanliness, etc.

34. Waste Packed Bearings—Pack waste from bottom of
oil well to top of the lining, using a blunt stick in order not to cut
yarn nor mar the lining and shaft.

Saturate waste with oil before packing.

Remove the drain plug after packing and pour a liberal quan-
tity of oil over the waste and lining, allowing the excess to drain
away thoroughly before assembling the drain plug.

Replace the drain plug, slushing it with a mixture of 50 percent
red lead and 50 percent shellac, so that it cannot leak.

Pour into the top of the bearing a quantity of oil sufficient to
fill it.
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Be careful not to spill any oil on the outside of the bearing
housing.

Reassemble the cover and thoroughly wipe the exterior of the
bearing housing.

Use a good grade of machine oil.

Remove drain plug in refilling bearings, allowing old oil to drain
off ; pick up and repack waste to prevent its becoming matted and
refill as above.

Refill the bearing at the end of the first month of operation under
ordinary conditions of service and every three months thereafter,
or as experience dictates. At long intervals, it may be necessary
to remove the waste entirely and to clean the hearing thoroughly,
inspecting it as to necessity for renewal and repack with clean
waste. Use a good grade of wool yarn waste in these bearings.

35. Brushes—3See that the brushes move freely in the hold-
ers and at the same time make firm even contact with commutator.
The pressure should be between 134 and 2 pounds per square
inch. Keep an extra set of brushes on hand. Fit new brushes
carefully to the commutator. The position of the brush yoke
should not he changed on commutating pole generator in order to
improve commutation.

36. Commutator—Keep the commutator clean and maintain
its polished surface. Ordinarily the commutator will require only
occasional wiping with a piece of canvas or other non-linting sub-
stance.

37. Heating—Do not depend on the hand to determine the
temperature of generators; use a thermometer. If there is any
doubt about the safe operating temperature, take the temperature
of the windings and cor:fer with the nearest office of the company.
Give full details.

38. Installation—When possible install the generator in a
place that is clean, dry, well ventilated, and accessible for inspec-
tion and care.

Rigidly support and level the base of the motor generator set,
wedging if necessary to secure true alignment of units. Undue
vibration and unsuccessful operation may result, unless these in-
structions are followed.

The operating brush position is indicated by paint marks, one
on the brush yoke and one on the bearing housing.

In installing high voltage generators, it is, of course, necessary
that connections made to the generator be properly insulated, both
from each other and from possible contact by the operator with
line circuits. All wiring should be carefully installed in accord-
ance with National Electric Code and any local requirements.
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57. Details of the Model ET-3628 ACW Tube Transmitter
—The model ET-3628 transmitter consists of a 2-KW, P-4 or P-8

_ Buttons filling
holes left by
QG leads

Tuning record card —

Filament voltmeter

Tube cradle
brackets are
held by these
bolts

Panel screen .

UV.204-A Radiotrons

" Fic. 187. Model ET-3628 A.C.W. Tube Transmitter.

spark transmitter which has been converted for tube operation.
Two UV204-A Radiotrons are used in a self-rectifying “ Split
capacity ” or Colpitt’s circuit.
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All connections to the motor generator and automatic starter are
the same as for P-4 and P-8 spark sets. Keying is accomplished
by breaking the primary circuit. Power regulation by means of a
generator field and motor field rheostats is the same. A study of
the diagram will show that the connections to the wattmeter and
radiation ammeter remain unchanged.

The complete transmitter consists of the following apparatus:

1. The low frequency power apparatus and controls consist of
motor and generator, field rheostats, 2 K.\V. power transformer
with mid-tapped secondary hand key, a.c. filament transformer
and rheostat, wavelength changing switch, reactance regulator, the
automatic starter and overload relay, rotary converter and filament
transformer.,

2. The meters on the panel, are radio frequency ammeter, watt-
meter and a.c. filament voltmeter.

3. The motor generator is a 2-K.W., 500-cycle machine manu-
factured by either the Crocker-Wheeler or General Electric Co.
A starting resistance and protective devices are provided. A
small rotary converter is provided to supply a.c. current for fila-
ment heating.

4. The high frequency apparatus consists of the following:
Two-plate radio frequency choke coils, two-plate blocking con-
densers, plate excitation condenser, grid excitation condenser,
“tank ” or primary inductance, coupling or secondary inductance,
three fixed antenna loading inductances, variable antenna induct-
ance, grid leak, grid leak ultra-r.f. choke coil, two-filament by-pass
condensers and two UV-204-A Radiotrons.

5. Type I aerial change over switch. Description of Apparatus
—The motor consists of a 4 H.P. 110-volt d.c. compound-wound
motor directly connected to a 500-cycle a.c. generator. The motor
is so constructed that it will operate on voltages varying from 95
to 115 volts with very little variation of speed. A field rheostat
mounted on the panel regulates the speed of the motor within
narrow limits.

The generator is of the rotating armature type and has a normal
open circuit voltage of approximately 350 volts and a working or
load voltage of 140 volts. This voltage can be varied by means of
a rheostat which is mounted on the transmitting panel. This rheo-
stat is in series with the generator field and permits varying the
current throughout the field, which is excited from the direct
current line.

Awn automatic starter permits the motor generator to be started
and stopped from the operating table. A solenoid winding which
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can be connected directly across the direct curent line by pressing
a starting button operates a plunger which moves in a vertical
position, the acceleration being regulated by a piston drawn through
a vacuum chamber. The speed at which the plunger moves may be
varied by an adjustment screw attached to the hase of the dash
pot. The resistance coils in series with the motor armature are
progressively cut out of the circuit. An extra contact is provided
on the starter which closes the field of the generator after the
motor has been brought up to field running position.

An overload relay is provided which opens the motor circuit when
the current through the armature exceeds 35 amperes. Should the
relay open the circuit the motor cannot be started until the start-
stop switch is opened. It is then automatically closed so that the
motor can be immediately started again when the start-stop switch
is closed, unless there is a permanent short circuit on the line in
which case the relay will open again.

The starter is fitted with an electrodynamic brake. WWhen the
plunger of the automatic starter opens, it automatically connects
a resistance across the armature stopping the motor within ten
seconds.

Two combined protective devices and terminal blocks are pro-
vided for the purpose of protecting the motor and generator wind-
ings from excessive potentials caused by induction from the radio
frequency circuits. Iach device consists of three mica condensers
in one case. One terminal of each condenser is connected to the
case, the other to a busbar or terminal bar on the cover. The
device is screwed to the machine frame, which effectually grounds
it. The terminal leads of the machine are brought out and con-
connected to lugs an one end of the bushar. Leads to the panel are
connected to lugs on the other end of the busbar.

The transformer is of the closed core type and is immersed in
non-liquid oil. The primary is connected to the control panel by
means of lead-covered wires which have their coverings grounded
to the transformer case and to the panel frame. A mid-tap is pro-
vided on the secondary side which supplies high voltage of the cor-
rect polarity alternately to the two tubes. A safety gap is provided
across the secondary terminals of the plate transformer which
automatically prevents the use of excessive power.

The plate blocking condenscrs are of .0o1 microfarad capacity.
They prevent the 500-cycle power from backing into the tank cir-
cuit; also furnish a low impedance path for the radio frequency
currents in the plate circuit to the tank inductance. Safety gaps
are provided on the plate blocking condensers.
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The plate excitation condenser is of .002 microfarad capacity.

The grid excitation condenser is of .014 microfarad capacity.

The plate and grid condensers also comprise the tank capacity.

The filament by-pass condensers are each of 1 microfarad ca-
pacity.

The choke coils in the plate leads prevent radio frequency cur-
rents from entering the secondary of the transformer which would
rupture the insulation causing the transformer to burn up.

The choke coil in the grid lead prevents the generation of ultra
high frequency oscillations as explained in a previous chapter.

The grid leak resistance provides a path for the direct current
from the grid which gives the proper negative bias.

The primary inductance is strip-copper wound edgewise in the
from of a helix.

The secondary inductance consists of strip-copper wound edge-
wise in the form of a spiral.

The coupling is varied by means of changing the number of turns
in the secondary inductance instead of by varying the distance be-
tween the primary and secondary coils. Usually not more than two
or three turns are required on the secondary inductance for proper
coupling. The same number of turns usually suffice for all wave-
Iengths.

The wariable tuning inductance in the antenna circuit is fitted
with a sliding contact which can be revolved by a handle in the
front of the panel, permitting the inductance to be increased or
decreased until resonance is secured.

The two fived antenna loading coils are connected in series with
the variable coil and by the use of clips, on flexible leads the cor-
rect number of turns can be engaged in each coil for the wave-
length desired. By connecting the correct number of turns in
these two coils it is possible to make adjustments whereby reso-
nance is secured on the variable coil within a turn or fraction of
a turn for all wavelengths. Thus if the operator desires to shift
from 600 to 706 meters it is only necessary to move the wave-
length switch in the front of the panel and the correct number of
fixed terms are engaged for that wavelength, the maximum radia-
tion is secured with perhaps only a slight or no adjustment of the
variable inductance. Five wavelength positions are provided.

The Type I Aerial Change-over Switch is fitted with the neces-
sary contacts that when placed in the transmitting position per-
forms the following operation :—- _

(a) Closes the field of the generator.
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(b) Closes the primary of the plate transformer in series with
the key.

(¢) Starts the rotary converter that furnishes a.c. for lighting
the filaments of the tubes.

(d) Starts and stops the motor generator in conjunction with
the start-stop switch or allows motor to run while receiving.

(e) Opens the negative lead of the “ B ™ battery circuit of the
detector amplifier circuit thus preventing the radio frequency cur-
rents from burning out the audio frequency transformers.

(f) Connects the antenna to the variable loading coil of the
transmitting secondary circuit.

When placed in the receiving position it:—

(a) Opens the field of the generator.

(b) Opens primary of plate transformer.

(¢) Stops motor of rotary converter,

(d) Stops motor generator if desired.

(¢) Closes negative lead of “ B ™ battery circuit of receiver.

(f) Connects antenna directly to primary of receiver.

The numbered contacts stamped on the Type I switch usually
connect to the following parts of the circuit:?

1. Terminal post 1 connects receiver to antenna.

2. Terminal posts 2 and 3 in series with negative “B " bat-
tery.

3. Terminal posts 4 and 5 spares.

4. Terminal posts 7 and 8 in series with the solenoid of auto-
matic starter and also in series with start-stop switch if remote
control is provided.

5. Terminal posts to 9 and 10 in series with the generator field.
Also closes circuit starting filament rotary converter.

6. Terminal posts 11 and 12 in series with a.c. line to primary
of transformer.

7. The base of the switch to ground by screw at the back.

8. Terminal post on top of the insulating tube marked “ ANT.
CKT ” to the antenna lead.

9. Terminal post marked “OSC. CKT"” to the antenna ter-
minal of the transmitters.

The switch is in the sending position when the main switch blade
is parallel to the base. In this position, it closes contacts 11 and
12 by short-circuiting the spring clips. The aerial is connected to
the transmitter by the spring contacts on the “ ANT. CKT ” post
making contact with the “ OSC. CKT.”

As the switch is thrown from the sending to the receiving posi-

2 For converted tube transmitter only.
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tion (main switch blade perpendicular with the base) the antenna
is disconnected from the transmitter and connected to the receiver
by the main switch blade opening the contacts at the top.

(Caution.) The contacts at the top consist of several fingers.
They sometimes become bent in such a manner that to all appear-
ances they seem to be disconnected from the copper tubing leading
to the transmitting inductances when the switch is in the receiving
position. A close inspection will disclose that one or more may
still be making contact to the copper tubing. If this occurs the
antenna is still grounded through the transmitting inductances.
Signals may still be heard on the receiver but with considerable loss
in audibility. It will also destroy the calibration of the primary
receiver circuit.

The operator should also make sure that the fingers make good
contact on to the copper tubing when the switch is placed in the
transmitting position.

A study of drawing in figure 189 will show that the solenoid
winding 1 of the automatic starter is connected to the positive pole
of the d.c. line at point 2. The circuit continues through the re-
sistance 3, by the switch 4, through the contacts 5 and 6 of the over-
load relay, through contacts 7 and 8 of the antenna switch, to a
terminal ‘of the winding 9, which is of negative polarity. Thus
the solenoid winding I is connected in shunt to the d.c. line when
either contacts 7 and 8 or the starting switch 10 is closed.

The switch 4 in shunt to the resistance 3 is automatically opened
by the plunger P of the automatic starter when it is in full running
position.

The resistance coils of the automatic starter, connected in with
the d.c. line to the armature, are progressively cut out of the cir-
cuit at contacts 11, 12, 13 and 14 by the bar 15, when the circuit
to the solenoid I is closed, the plunger P with the bar 15 moves
in a vertical position, the acceleration being regulated by a piston
drawn through a vacuum chamber when the contact is made be-
tween bar 15 and point 11, the circuit to the motor armature in-
cludes the entire set of resistance coils.

If upon starting the motor generator it may develop excessive
speed which cannot be controlled by the motor field rheostat, it is
apparent that the motor has no field. If allowed to run in this
manner the overload relay should trip. In event it does not, the
motor should be stopped at once to prevent injury to the armature.

The wires running to terminals 1 and 2 of the motor should
be reversed and the machine started again. It will probably be
found that the trouble has been eliminated and that the speed is
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normal and can be controlled by the motor field rheostat. If the
same trouble appears the field rheostat and field coils should be
tested for an open circuit.

The trouble just described usually appears at the time of in-
stallation of a new transmitter.

The plunger of the automatic starter should be adjusted to reach
the full running position within 12 seconds. A small regulating
screw P in figure 1go is placed just underneath and in the center of
the dash pot. If the screw P is turned to the right the plunger will
move up slowly and if to the left rapidly.

When the circuit to the winding [ is interrupted, either at point
10 or at the aerial switch contacts 7 and 8, the plunger P drops
downward and through the medium of contacts 15 and 16, the
resistance coil 17 is connected in shunt with the motor armature.
The motor armature thus temporarily becomes a generator and
owing to the power expended in setting up a current through the
brake resistance 17 a powerful braking action is set up against the
armature, bringing it to a quick stop.

The shunt field winding of the motor is connected in shunt to
the d.c. line through the ficld rheostat 2z0. As the resistance is
increased at 20, the speed of the motor increases, and consequently,
the frequency of the a.c. generator.

The generator field winding is connected in shunt to the d.c.
line through the low power resistance 21 and the generator field
rheostat 22. The field circuit continues to the contacts 23 and 24
of the Type I switch, through the generator field switch 25, and
finally to contact 26 of the automatic starter. The generator field
winding remains open until the bar 15 attached to the plunger P
of the automatic starter has touched point 26, when the bar of the
automatic starter makes contact with point 14, the d.c. armature
is connected directly to the main d.c. line.

The voltage of the a.c. generator may be increased by reducing
the resistance of the generator field rheostat 22. It may be re-
duced by increasing the resistance of the field rheostat. Low
values of a.c. voltage may be secured at the terminals of the gen-
erator by opening the switch in shunt to the low power resistance
21.

The overload relay has the magnet winding 9, which may be
called the tripping magnet, and the second magnet winding 18, the
holding magnet. If more than a predetermined number of am-
peres, usually 35 for normal working, flow through the winding
9, the lever 6 is drawn up, breaking the circuit of the solenoid
winding 1, through contacts 5 and 6. Immediately afterward the
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circuit through winding 18 and resistance is closed through con-
tacts 6 and 19. This causes the lever 6 to be held in that position
until either the main d.c. line switch or the starting switch 10
is opened.

When type I aerial switch is thrown to a transmitting position
the motor generator is automatically started, provided the main
d.c. line switch is closed. It will be brought to a quick stop when
the antenna switch is placed in the receiving position, provided
the starting switch 10 remains open. If the switch 10 is closed
the motor generator can be kept in a continuous state of operation
during the receiving period.

I p=3
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Fic. 190, Control Panel of 2-Kilowatt Automatic Starter.

The overload rclay consist of an electro-magnet having an
armature which has its distance from the poles of a magnet ad-
justable so that for each adjustment a certain strength of current
is necessary to lift it. This armature operates a contact which,
when in the down position, closes the circuit throngh a solenoid
starter and when in the upper position, or after it has been lifted
by the magnet, it engages the upper contact which closes a circuit
through the holding winding, thus holding the lower contact open.

When the lower contact is opened, the circuit through the
starter solenoid is opened, and this causes the plate K in figure 190
to drop and open the circuit through the motor armature. As
soon as the control switch is opened the armature of the relay
drops and closes the circuit through the starter solenoid, but as
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this circuit is still open at the control switch, it is necessary to
close the control switch again to start the motor generator.

The coil E is composed of two windings. One is called a series
coil and is in series with the motor armature so that all the motor
current passes through it. When this current becomes excessive
the armature ( is raised and the contact between 7 and S is
broken. This in turn opens the circuit between K and F of the
starter.

When the armature is raised, a contact is made between T and
R which closes the circuit through the shunt winding on the mag-
net which holds up the armature G until the control switch is
opened.

A plate X has a scale indicating the point to which the armature
must be set for different values of current. The screw U regu-
lates this position. The normal working position of this relay is
for 35 to 4o amperes. When a short circuit of overload occurs
and this relay is opened, all that is necessary to re-start the ma-
chine is, to open and close the control switch unless there is a
permanent short-circuit on the line, in which case the relay will
again open the circuit. The short-circuit must be located and re-
moved.

The shunt coil should be connected to 4 and B and the series
coil to C and D. If the terminals of the shunt coil should become
reversed for any reason, the relay will not work properly. This
condition will be indicated by failure of the shunt coil to hold the
armature up. When a short-circuit or overload occurs the arma-
ture will vibrate slowly. 1f this occurs, the terminals of the shunt
coil should be reversed at 4 and B.

To remove the armature of the motor generator for repairs the
following procedure should be followed :

I. Remove bearing bracket from the generator end by loosen-
ing bolts and removing same,

2. Lift brushes from commutator and collector rings.

3. Pull out armature and make repairs or insert spare.

58. To Replace Armature

1. Hold up oil rings so as to permit shaft to pass through bear-
ings.

2. Insert armature, taking care not to score commutator or col-
lector rings.

3. Replace bearing bracket, and make sure armature rotates
free by turning same over by hand.

4. Tit brushes to commutator and collector rings.
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5. See that oil rings are working properly and that bearings
are thoroughly oiled.

It should be noted that the mica of the commutator of this ma-
chine is undercut about 1/32 inch, and before it gets flush with the
comutator bars, the mica should be cut out again. High mica will
cause excessive sparking at commutator.,

A small rotary converter and stepdown transformer supply
alternating current for filament heating. The rotary converter
operates directly from the 110-volt d.c. ship’s power line and sup-
plies about 70 volts, 60 cycles, a.c. to the primary of the filament
transformer, which steps this voltage down to 11 volts for the tube
filaments.

59. Operation—Cut in all filament rheostat and start filament
rotary converter. See that filament voltmeter is indicating and that
filaments of tubes are lighted. Set field rheostat controls with all
resistance in and start the motor generator. Adjust filament volt-
age to 11 volts. Press key and adjust power to 500 watts as
shown by wattmeter. Set wave change switch on wavelength de-
sired and resonate open circuit by means of the variable inductance
handle until maximum radiation is obtainable. The resonance
point is sharp and the variable inductance must be adjusted slowly
and carefully, otherwise, the resonance point may be passed over
without noticing it. Increase power to amount necessary for ef-
ficient communication.

If the open and closed circuits are in resonance sparking across
the safety gaps on either the secondary of the transformer or plate
blocking condensers will occur when the power is increased to
about 1,500 watts (1 1/2 K.W.). If the circuits are not in reso-
nance sparking will take place even when low power is being used
and no attempt should be made to increase the power until the two
circuits are in resonance. With the average antenna, radiation of
10 to 12 amperes may be expected at about 1 1/2 K. W. No at-
tempt should be made to use power in excess of 1 1/2 K.W.
Make all adjustments for resonance on low power.

The filaments should be operated at not more than 11 volts and
not less than 10 volts. If, on the other hand, the filament voltage
is too low, the tube plates will overheat when the key is depressed
even though normal power is being used. With transmitter in
operation handling traffic and all adjustments properly made, the
tube plates should not heat beyond a cherry red.

60. Maintenance—The filament rotary converter should be
kept oiled and commutators clean. All parts of the transmitter
must be protected from water and spray and kept clean and dry
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Fic. 191. Side View of Model ET-3628 A.C.W. Transmitter.

it should not be started until it has been wiped off and the insula-
tion and choke coils have become thoroughly dry. The bearings
of the 2-K. W, motor generator should be kept oiled and the com-
mutators cleaned and free of sparking.

61. Troubles and Remedies—The circuit used is very stable
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and can be relied upon to operate satisfactorily under all condi-
tions where the apparatus is not defective, except two conditions,
as follows:

I. The oscillations will not start when the key is closed if there
is a poor connection in the tank circuit or an intermittent breaking
down of the tank circuit insulation either to ground or in the con-
densers.

2. When the antenna coupling is too tight the maximum an-
tenna current cannot be obtained as the tank circuit will shift fre-
quently when approaching resonance of the antenna circuit.

When the antenna is small or the resistance very low, it will be
found that the maximum output may not load the tubes to their
full rating and, under these circumstances, no attempt should be
made to increase the loading by overvoltage or change in cir-
cuits other than careful tuning and use of proper value of cou-
pling.

62. Swinging Signals—Signals from these transmitters may
swing slightly in rough weather due to the rolling of the ship,
changing the antenna capacity. The antenna should be pulled taut
to minimize this as much as possible. However, should excessive
swinging he complained of, it will probably be because the secon-
dary circuit is too closely coupled to the primary.

The coupling should be loosened by decreasing the number of
turns used in the secondary of the oscillation transformer. Any
change in the number of turns used in the secondary coil must be
compensated for by a corresponding change in the aerial induct-
ance to bring the set back into resonance.

63. Burned Out Plate Choke Coil—If no spare is available
the grid leak choke coil, which is not essential to a satisfactory
operation, may be removed from its place in the circuit and in-
stalled in place of the defective plate choke.

If this is done, the leads removed from the grid leak choke must
be connected together to complete that circuit. The plate chokes
and the grid leak chokes are exactly the same electrically and
mechanically and are interchangeable. Another method of making
temporary repairs is to use two 4oo-turn honeycomb coils con-
nected in series, or an equivalent inductance, to replace a defective
plate choke.

64. Set Fails to Oscillate or Tubes Heat Badly—Tighten all
connections in tank and open circuits. See that wave change
switch arms are making good contact. This is very important.
See that sliding contact on antenna variable inductance is making
good connections. Examine ground connections and see that they
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are tight and clean. Check circuit with diagram to see that all
connections are properly made. If trouble persists, change tubes.

65. Burned Out Filament Voltmeter--Reduce filament volt-
age until tube plates begin to overheat using normal power on the
plate circuit. Then increase filament voltage slowly until tubes
operate at normal teniperature.

66. Burned Out Wattmeter—After circuits have been reso-
nated increase power until satisfactory radiation is obtained or
until sparking occurs at the safety gaps.

67. Burned Out Radiation Ammeter—Adjust aerial induct-
ance in accordance with tuning record card and make final adjust-
ment by watching wattmeter. Insert 40- or 50-watt light in aerial
circuit. Operate at reduced power until circuits are in resonance
as indicated by maximum glow of light. After securing reso-
nance short out light and increase power.

68. Burned Out Filament Converter, Filament Transformer
or Filament Rheostat—Disconnect all of these units and con-
nect filament terminals directly to a five-cell lead-acid storage bat-
tery which will supply approximately the right filament voltage
(10 volts). Leads formally connected to the mid-tap of the fila-
ment transformer should be connected to the negative side of the
storage battery.

The regular filament rheostat cannot be used with a storage bat-
tery as it will not carry the heavy current flowing directly in the
filament circuit. However, the voltage of a five-cell storage bat-
tery should be so close to normal that no regulation will be re-
quired.

69. Burned Out Grid Leak—The resistance of the grid leak
used on this transmitter is 4,000 ochms. Should the grid leak be-
come burned out with no spare available, a suitable resistance
could be made up from material available on board ship by using
a piece of rubber hose about a foot long, filled with salt water
and plugged at both ends with wires extending through the plugs
at both ends and making contact with the salt water in the hose.
A little experimenting with the length of the hose to be used should
result in obtaining the proper value of resistance for satisfactory
operation. Any suitable resistance having a value between 2,000
and 10,000 ohms may be used.

70. Filament Converter Fails to Start—In some cases the
filament converter may not start immediately when the circuit is
closed if maximum resistance is cut in with the filament rheostat.
In such cases the armature of the converter should be turned over
immediately by hand.
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71. Trouble in One Side of Circuit Which Cannot be Re-
paired at Sea Due to Lack of Material—Spare tubes, a spare
plate choke, spare grid leak and spare transformer secondary sec-
tions should be aboard at all times. If necessary, this set may be
operated at reduced power with only one good tube, one good plate
choke, one good blocking condenser, or only one side of the sec-
ondary of the power transformer. Should there be available only
one good tube, one good plate choke, one good plate blocking con-
denser, or only one-half of the secondary of the plate transformer,
the defective part should be removed from the circuit and the lead
to the plate transformer on that side disconnected.

The set may then be operated at reduced power on one tube,
with about half the normal radiation. If only one tube is used
care should be exercised to reduce the filament voltage to normal.

In the event of irreparable damage, making it impossible to use
even one side of the circuit, a “ plain aerial ” spark transmitter for
emergency use only may be made by removing all connections
from the three secondary terminals of the plate transformer and
connecting the antenna to one outside secondary terminal of this
transformer and the ground to the other outside secondary ter-
minal. The safety gaps on the secondary terminals will then serve
as a spark gap; necessary changes may be quickly made by dis-
connecting the flexible lead from the secondary of the oscillation
transformer, lengthening this lead as much as necessary and con-
necting it to one side of the power transformer. The other side
of the power transformer should then be connected to the piece of
copper tubing leading from the secondary of the oscillation trans-
former to the thermo unit of radiation ammeter. This will tune
the circuit and permit of reading the radiation on the radiation
ammeter. It is very improbable that it will even be necessary to
resort to the use of the plain aerial circuit and such circuit should
never be used unless the vessel is in distress and the transmitter
damaged so that it cannot be made to function normally.

72, Insulation—Porcelain, micalex, or glass antenna insula-
tors should be used throughout with this type of transmitter. If
other forms of insulation are used there is likely to be an ex-
cessive drop in radiation during wet weather.

UV-204-A Radiotrons—The UV-204-A tubes used in this
transmitter are provided with a XL or thoriated filament.

The UV-204-A tube has a normal power rating of 250 watts
output. The current required for filament heating is 3.85 amperes.
The filament voltage must never exceed IT volts. The use of a low
voltage will greatly increase the life of the tubes. Satisfactory
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operation should be possible at all times with the filament voltage
adjusted to between g and 10 volts.

The terminals on the base of the transmitter are all numbered
as well as the terminals on the motor-generator, starting resistances,

IT.-"}-F‘ 3 J i .\‘
':_‘;'_-.')’ | R 7]
) L Transformer

Mot

Adypust gaps 5o that discharge taxes place Between
safety gaps ¢f transformer and not from Safety
gaps 1" pocnt projecting upward from case of
transformer

Fic. 192, Connections for Plain Aerial Circuit in Iimergency.

and type I switch. Lead-covered wires leading from these ter-
minals run to the following connections.
Terminal post P-6 on panel (two wires), one wire leading to
B-1 of starting resistances, one wire leading to terminal 2 motor.2
2 The fifth contact of automatic starter closes generator field.
Terminal post ’-7 on panel to terminal post 1 of motor.
Terminal post P-8 on panel to terminal post 3 of motor.
Terminal post P-g on panel to terminal post 8 of type I switch.
Terminal post P-10 on panel to terminal post 7 of type I switch.
Terminal post P-11 on panel to terminal post 5 of generator.
Terminal post P-12 on panel to terminal post 10 of type I
switch.
Terminal post P-13 on panel to terminal post g of type I switch.
Terminal post P-14 on panel to terminal one side of key.
Terminal post P-15 on panel (two wires). One wire leading
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to terminal post 11 on type I switch. One wire leading to primary
of transformer.
Terminal post P-16 blade of a.c. generator switch (two wires).

P gy
. H"' \Protective
i condensers

F—
S| Commutater
Field

IARLLLL0 :
Shunt fierd Shunt ficid

Fig. 102a. Internal and External Connections of 2-Kilowatt Motor
Generator.

One wire leading to other side or primary of transformer. One
wire to wattmeter.

Terminal post P-17—Contact of a.c. generator switch to terminal
post 6 of a.c. generator.

Terminal post P-18—Contact of a.c. generator switch to ter-
minal post 7 of a.c. generator.

Terminal post P-1g—Contact of d.c. switch to d.c. line.

Terminal post P-zo—Contact of d.c. switch to d.c. line and
one side of filament rotary converter.

B-z of starting resistance to dynamic Drake contact of auto-
matic starter.

R-1 of starting resistance to first contact of automatic starter.

R-2 of starting resistance to second contact of automatic starter.

R-3 of starting resistance to third contact of automatic starter.

R-4 of starting resistance to fourth contact of automatic starter.

73. Model ET-3650 Emergency Transmitter—The model
ET-3650 (RT-30-A and RT-30-B) radio telegraph transmitter
and “associated equipment, described in this instruction book is
designed primarily for installations on vessels where a low power
emergency transmitter is required.

The operator is urged to study these instructions carefully in

order to become familiar with the characteristics of the transmit-
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ter and to permit him to secure maximum performance from the
equipment at all times.
74. Component Units

Fach transmitting equipment con-

sists of the following component units :
For 12-Volt Power Supply
1 Radio transmitter, model ET-3650 (RT-30-A)
1 Motor-generator set rated:
Motor : model 3318, type SD, 12 volts, 2340 r.p.m.
Generator : model 3310, type SA, 350 cycles, 110 volts,
1.5 amp. 0

Fic. 193. RCA Model ET-3650 Emergency V.T. Transmitter.

For 110-Volt Power Supply
I Radio transmitter, model ET-3650 (RT-30-B)
I Resistor unit
I Motor-generator set rated:
Motor : model 33319, type SD, 95/115 volts, d.c., 1.6 hp.
Generator : model 33317, type SA, 350 cycles, 110 volts,
1.5 amp., 2340 r.p.m.

o
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75. Electrical Characteristics of the Transmitter—The
transmitter is designed to deliver 25 to 50 watts of seven hundred
and fifty cycle modulated power into an antenna whose character-
istic fall is within the limits given below :

Effective Capacitance—.0000 to .0014 mfds.
Effective Resistance—4 to 10 ohms.
Fundamental Wavelength-—225 to 450 meters.

76. Wavelength Range-—The transmitter is designed to
cover the wave band of 600 to 800 meters. Any one of four dif-
ferent wavelengths in this band is selected by means of a wave
change switch.

77. Method of Signalling—ICW telegraph is the only
method of signalling provided.

78. Vacuum Tubes—A total of four vacuum tubes type UX-
210 as power oscillators are used in the transmitter.

79. Power Supply—The model ET-3650 transmitter is de-
signed for operation on either a 12-volt d.c. or 110-volt d.c. power
supply.
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Fi16. 194. Wiring Diagram of Model ET-3650 (RT-30-A) Transmitter.
(12-Volt D.C. Supply.)

The model ET-3650 (RT-30-A) transmitter is designed for
use on a 12-volt d.c. power supply while the model ET-3650
(RT-30-B) transmitter is designed for use on a 110-volt d.c.
power supply.
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Care should be exercised during the installation of the trans-
mitter to make sure that the proper transmitter is used on the
available power supply.

8o. Transmitter Construction—The general construction of
the transmitter may be understood by reference to the photographs
included in these instructions. The various units are mounted
either on the panel or frame work. Particular attention has been
directed to secure a symmetrical arrangement of all units on the
panel. The sides, back and top of the transmitter are provided
with a detachable shield which makes the transmitter splash proof
and also permits the transmitter to be close to a metal bulkhead
without affecting the adjustments of the transmitter.,

The four vacuum tubes are mounted on a cradle near the top of
the set while all meters, switches and rheostats are mounted on the
panel and controlled from the front of the panel.

The desired wavelength is selected by means of a wave change
switch. This switch also selects the proper tap on the antenna
loading inductance coil and the antenna circuit is resonated by
means of the antenna variometer. All controls on the panel are
marked according to the particular function that they perform.

All incoming leads to the transmitter are brought into a ter-
minal board which is located on the right side of the transmitter.
The main power supply line fuses are located on this terminal
board. A send-receive switch is provided on the panel and wired
to the terminal board, to permit quick change over from send to
receive.

The antenna lead is hrought out through a bushing in the front
of the panel.

81. Installation and Wiring—A diagram of connections both
internal and external for the model ET-3650 (R1-30-A) trans-
mitter is shown in figure 194 while figure 195 is the diagram of
connections for the model ET-3650 (RT-30-B) transmitter.
The transmitter proper should be firmly bolted to the table by
means of holts which pass through the mounting holes in the base
of the transmitter. The motor-generator set should be mounted
as near the transmitter as is convenient.

The size of wire recommended for all external connections is
given on the wiring diagrams. If the transmitter is mounted close
to a wall or bulkhead it is desirable to leave sufficient slack in the
leads to enable the transmitter to be pulled away slightly for
accessibility.

82. Theory of Operation—Before considering in detail the
procedure for adjusting the transmitter to any desired wavelength
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within its range, it is well to understand the theory of operation
of the various circuits involved. Reference will be made to sche-
matic diagram figure 194 which is a schematic diagram of the
type (RT-30-A) transmitter. The same circuit is used in both
the (RT-30-A and RT-30-B) transmitter.

The circuit used is of the full wave self rectified, Colpitts capac-
ity coupled type, inductively coupled to the antennae. A total of
four UX-210 tubes as power oscillators are used, two on each
half of the wave.

350-cycle power is supplied to the anodes of the radiotrons
through the step-up transformer labeled 22 in figure 195. The
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F16. 105. Wiring Diagram of Model ET-3650 (RT-30-B) Transmitter.
(110-Volt D.C. Supply.)

tlov oC

anodes are then capacity coupled through capacitors 9 to the tank
circuit which is made up of capacitors 21 and 23 and inductances
5-5 and 2. The grid leak circuit is made up of inductance 7 and
resistance 6. The antenna system is inductively coupled to the
tank circuit by means of coupling inductance 3. The antenna
system is resonated to the tank circuit frequency by means of
variometer 4. A particular tap is selected on this variometer by
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means of a wave change switch which also selects the tank circuit
frequency. Resonance is indicated by means of antenna ammeter
11. The filaments of the Radiotrons are adjusted by means of
rheostat No. 13 and voltmeter 12 indicates both filament and line
voltage through the intermediary of switch 16,

The set is keyed by means of an external key connected in the
primary of the plate transformer.

83. Adjustment of Transmitter—The following procedure is
recommended for adjusting the transmitter to any frequency
within the band of 600 to 800 meters. First remove the shield
over the top and sides of the transmitter. This exposes all the
variable elements of the transmitter which are required in order
to adjust the wavelength to any definite value. It will be noted
that a four-position wave change switch is provided which permits
the wavelength of the transmitter to be rapidly changed from one
definite value to another. For the purpose of simplicity the ad-
justment to only one definite frequency will be explained as the
procedure for adjusting the transmitter to any other definite fre-
quency will be the same.

Irirst select the shortest wavelength that the transmitter has to
operate on. Then place the wave change switch in position “A.”
Select the tap on the spiral wound coil that corresponds to the
“ A” position on the wave change switch and clip it on the coil.
Next, on the antenna coupling coil located at the left rear of the
set, place the link connection on the second tap of the coil
Power can not be placed on the transmitter and is done in the
following manner; with the power control switch in the “Low ”
position, the send-receive switch in the “send ™ position and the
voltmeter switch in the “Filament” position, place the motor
starting switch in the “ Run ” position (Note—The type RT-30-A
has only a single-step starting switch while the type RT-30-B has
a two-step starting switch which should be advanced to the “ Run”
position after a period of 10 to 15 seconds had elapsed). This
lights the filaments and starts the motor-generator. Now adjust
the filament voltage to 7.5 volts on the 12-volt set and to 30 volts
on the 110-volt set by means of the filament rheostat. The wave-
length at which the transmitter is oscillating can now be measured
with a wave meter and if found too high or too low the trans-
mitter should be shut down by placing the motor starting switch
in the “off ” position after which the flexible connection on
the spiral wound coil can be moved, either adding or diminish-
ing the number of turns depending upon whether the wave-
length has to be raised or lowered. Now select the flexible
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connection on the wave change switch (bank nearest the panel)
corresponding to the shortest wavelength and connect it to one
of the taps on the antenna variometer. Resonate the antenna
by means of rotating the antenna variometer and observing the
antenna ammeter reading. One or two trials may be necessary
before the proper tap on the antenna variometer is selected in
order to resonate the antenna.

The tap on the antenna coupling coil may now be changed in-

Fic. 196. Interior View of Model ET-3650 Transmitter.

creasing the number of turns in the coil until a point is reached
where the antenna current breaks sharply when the antenna vari-
ometer is swung through resonance, after which it should be
dropped back one tap.
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Place the shield over the set and again check the wavelength.
If found to be too high or too low remove the shield and decrease
or increase the number of turns accordingly on the spiral-wound
coil. The power control switch may now be placed in the “ High ”
position but it is not recommended to use this position for general
communication. The same procedure should be followed for ad-
justing the set to the remaining wavelength desired.

The operator should be careful to shut down the motor-gen-
erator every time he makes an adjustment of any kind on the
inside of the set.

A typical set of performance data is shown in the following
tabulation. It is understood of course that these readings hold
only for the particular antenna characteristics specified and some
variations from them will always be obtained in practice.

TypricAL PERFORMANCE oF MopiEL ET-3650 TRANSMITTER

Wave- Ant. Ant. 1 Ant. L nt. Ant.
Lengih | Con e e | omw | Y
600 .0006 2.4 1.8 8 2
676 L0006 2.3 1.7 8 2
800 L0006 2.3 1.6 8 5
600 L0014 2.635 2.0 8 1
676 .001.} 2.55 1.9 8 I
800 L0014 2.4 1.9 8 3

84. General Maintenance of Transmitter—The transmitter
should be periodically inspected to make sure that all parts are
operating in a satisfactory manner. The various connections
should be kept tight and the switches operating smoothly. The
bearings of the variometer should be lubricated occasionally with
a light grade of oil.

85. Rating of Component Parts—In order to facilitate iden-
tification of any unit in the transmitter and to help in ordering
renewal spare parts, the following list of component units is
given.

When ordering parts, the model and type numbers of the radio
transmitter itself should he given together with the complete desig-
nation as given in the following list.

1 Plate blocking and tank capacitor assembly model UC-2544.
2 Tank coupling coil T-7650601.
3 Antenna coupling coil T-7650601.
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Antenna variometer T-70300602.

Oscillator tank coil T-7750600.

Grid leak style s8gooz 6ooo ohms.

Grid choke T-7650603-G2.

Plate choke coil T-7650603-Gz.

Grid parasitic resistors style 551909.

Antenna ammeter style CX N-6o3417.

Filament voltmeter (Type RT-30-B) style CX N-605608.
Filament voltmeter (Type RT-30-A) style CX-323839 12
volt.

Filament rheostat (Type RT-30-A transmitter) P-7750601.
Filament rheostat (Type RT-30-B transmitter) P-7750601.

Motor starting switch (type RT-30-A transmitter) style
551963 motor start switch (type RT-30-B transmitter)
style 5510600.

Power control switch style 551904.

Filament voltmeter switch style 552385.

Send-receive switch style 551905.

Filament fuse (Type RT-30-A transmitter) style 37170. Fil-
ament fuse (Type RT-30-B transmitter) style 37100.

Wave change switch T-7650604.

Plate transformer style S026K-679.

Model (F) .01 mfd. capacitor (used on type RT-30-B trans-
mitter).

22—23 External resistor unit used only on Type RT-30-B style

551908.




CHAPTER ¢
RADIO BROADCASTING EQUIPMENT

1. Introduction—During the last year or two considerable
advancement has been made in the art of radio broadcasting. In
fact, this branch of the industry has rapidly become specialized to
a degree whereby the operation of the apparatus must be under
the supervision of a competent engineer with properly trained
assistants. For the benefit of those radiotelegraph operators who
may be interested in entering this branch of the profession it may
be well to say that radio broadcasting stations differ in practically
every way from those stations designed for radio telegraphy. In-
stead of heing concerned with the handling of messages through
static and interference the broadcasting engineer and operator are
engaged in the transmission of entertainment or educational mate-
rial. The wires leading to the transmitter are telephone wires, not
telegraph, and at the other end there is a microphone and amplifier
instead of a key. It is the purpose of this chapter to provide a
means whereby the student and operator may gain some knowledge
of modern broadcasting operation. In order to do this the author
has chosen to describe in detail the apparatus and procedure of
operating a 5-kilowatt broadcasting transmitter and associated
equipment. The reason for choosing this particular transmitter
will be shown later.

2. Governmental Regulation—The operation of all broad-
casting transmitters in the United States and territories is done in
accordance with licenses issued by the Federal Radio Commission
as provided by the Radio Act of 1927. The licensing authority
prescribes certain regulations for operation in order to insure that
the listening public will receive a maximum of service from each
individual station.

One such regulation requires that the transmitter while in op-
eration must not deviate more than 500 cycles from its assigned
frequency. A violation of this regulation liables the owner of
the station to cancellation of the station license.

3. Increased Service Range of Stations—The service range
of a broadcasting transmitter may be defined in the following
terms: The modulated signal from the transmitter must have an

317
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audibility so as to be above the average interference level com-
parable to the music level of a phonograph record above the scratch
noise of the needle. In engineering practice the signal strength of
a station is measured by its field intensity in units of milli-volts or
micro-volts per meter. A full discussion of the derivation of these
terms and the method and apparatus used in field strength meas-
urements will be found in a later chapter.

4. Commercial Accomplishments—Stimulated by such gov-
ernment regulations as shown above and by demands of the listen-
ing public for increased service range of stations, the various
commercial companies engaged in the manufacture and sale of
apparatus have abandoned the old apparatus and methods and in
their stead have produced equipment which in operation insures
stability of frequency, increased modulated power and, finally,
improvements in transmission characteristics.

5. Piezo Crystal Control of Frequency-—Radio engineers
recognize that at this time the only method whereby a transmitter
can be maintained on its assigned frequency with any degree of
accuracy is by means of a piezo-electric quartz plate oscillator un-
der temperature control. The piezo-electric quartz plate is gen-
erally mounted inside of heat insulated hoxes the temperature of
which is regulated by means of a heater and thermostat. This
insures that the temperature of the quartz plates will be maintained
within a fraction of a degree. A fractional degree change above
or below the calibrated temperature of the quartz plate will mean
less than 10 or 15 cycles shift in frequency. It can thus be seen
that this small change is far in excess of the accuracy required by
the Federal Radio Commission.

6. Increased Percentage of Modulation—Hereto before it
has only heen possible to obtain approximately 50 per cent modula-
tion of the carrier frequency. When it is considered that the dis-
tant effect of broadcasting a transmitter is dependent for one thing
upon the strength of the modulated signal, any accomplishment
along the line of producing a higher degree of modulation will
consequently increase the service range of a station. This is ex-
actly what has heen done in the latest type of equipment. The
degree of modulation has been increased to such a value as to be
spoken of as “ 100 per cent modulation.”

The owners of stations fortunate enough to be operating with
such modulating systems report considerable increase in trans-
mission range together with uniformity of transmission of both
voice and musical frequencies.

So widespread has become the interest in this new method of
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modulation that one hears everywhere in the radio fraternity the
talk of “ 100 per cent modulation.”

7. Source of Developments-——The developments mentioned
in previous paragraphs have primarily come from Bell Telephone
Laboratories (which are the research laboratories of the American
Telephone and Telegraph Co. and the Western Electric Company),
from the General Electric Company and from the Westinghouse
Electric and Manufacturing Company. Space will not permit the
story of the parts played by each in these developments—nor will
it permit of detailed description of the various transmitters and
associated equipment manufactured by each.

8. Reason for Describing One Particular Line of Equipment
—1In order to give the student and operator an insight into modern
radio broadcasting it has been thought best to choose one example
of the most generally used equipment (Western Electric) and to
describe this type in such minute detail as to permit a good under-
standing of the various engineering and operating tasks involved
from the time the carrier is placed on the air, the program trans-
mitted, until finally the station is closed down. In this way it will
be possible to show how adjustments are made for power and fre-
quency, testing and equalizing the telephone lines between the
studio and transmitter, picking up and amplifying the programs
and, in case of trouble, locating the cause and making repairs and
finally the proper procedure for properly maintaining and caring
for the apparatus.

The author has chosen for description the latest Western Elec-
tric 5-Kilowatt Broadcasting Equipment known as type 105-C.
This description is taken by permission, with slight alterations,
from the manufacturer’s book of instructions. The type number
of all the apparatus and the peculiar language of the art have been
left in the text so that the student or operator may have a better
opportunity to read his way into the current practice.

I. Description of Apparatus

A. General—The 5-C Radio Transmitter is rated at 5 K.W.
unmodulated radio frequency input to the antenna and will modu-
late this carrier power 100 per cent. It may be operated on any
carrier frequency between 500 K.C. and 1500 K.C., which corre-
sponds to any wavelength between 600 and 200 meters and is
equipped with faculties for working into an antenna having a
value of resistance, at the carrier frequency, of from 135 to 6oo
ohms inclusive.
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Fi6. 197. 5-C Radio Transmitter Assembly.
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Essentially, this transmitter consists of a low-powered radio-
frequency oscillator, four stages of amplification which progres-
sively increase in power, tuned circuits for transferring the output
of the fourth or power amplifier to the anterina and the necessary
apparatus for power supply. The oscillator is of the type whose
frequency is determined by a piezo-electric element, thus insuring
a high degree of stability in the carrier frequency. The modulat-
ing equipment is of a type which permits a much greater degree
of modulation to be obtained than has heretofore heen feasible.

A simplified schematic of the transmitter is shown in figure 198.
In this circuit many of the control, protection and power supply
circuits, as well as the filament circuits and the meters, have been
omitted, but all of these features are shown on the complete trans-
mitter schematic, and on the schematics of the units.

The transmitter is controlled by push-button switches on the
panels. By operating a push-button on the A.C. Power Panel
several relays are operated in the proper sequence, these relays in
turn operating the comiponent parts of the transmitter. The op-
eration of a second button removes the power from all circuits.

The transmitter operates from a 220-volt, Go-cycle, 3-phase sup-
ply and consumes a power input of approximately 31 K.\V. at a
power factor of g2 per cent.

Adequate protection is afforded the operating personnel as the
panels and the apparatus mounted on the front of the panels are
either of the dead front type, or bakelite encased, or grounded ; and
the wire mesh fence is grounded. Opening the door in the side of
the fence or any one of the windows operates safety switches which
function to remove all high voltage from the transmitter. The
equipment is also protected by fuses, overload relays and gaps.

This equipment, except for the larger pieces of apparatus such
as the power transformer, the filter equipment and the rotating
machinery, is mounted on six panel units designated as follows:

No. D-87522—A.C. Power Panel.
No. D-873523—Rectifier Unit,

No. D-87524—O0scillator Unit.

No. D-873525—Amplifier Unit.

No. D-873526—Power Amplifier Unit.
No. D-87527—Tuning Unit.

These units are lined up side by side to form the front of the
transmitter assembly. The transformer and filter equipment are
mounted on the floor behind the panel assembly and separated from
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it by a passageway. A wire mesh fence with a door in one side
encloses the entire assembly. A view of the assembly is shown in
figure 198. A water pump, two air-blast radiators, an expansion
tank and the necessary piping form a water-circulating system for
cooling the high power tubes. This apparatus, together with the
three motor-generators, is installed in a separate room in order to
facilitate maintenance of the moving parts during operation and
to isolate the noise and vibration of the rotating machinery.

B. D-87522 A.C. Power Panel—The No. D-87522 A.C.
Power Panel contains the various relays and contactors used for
controlling the distribution of the power supply to the various
units in the set. The master control switch is located on the front
of this unit.

C. D-87523 Rectifier Unit—The No. D-87523 Rectifier Unit
contains three water-cooled rectifier tubes and associated meters
and control apparatus. This unit, in conjunction with the power
transformer and filter equipment mounted in the rear of the trans-
mitter, forms a 10,000-volt rectifier to supply plate potential to the
final or power amplifier.

D. D-87524 Oscillator Unit—The D-87524 Oscillator Unit
contains the master oscillator and the first two stages of radio fre-
quency amplification. This unit also contains control circuits for
the d.c. generators used in connection with the transmitter and
temperature control circuits for the piezo-electric oscillator.

E. D-87525 Amplifier Unit—The No. D-873525 Amplifier
Unit contains the third stage of radio frequency amplification. It
also contains an audio frequency amplifier and the modulating
equipment.

F. D-87526 Power Amplifier Unit—The No. D-87526 Power
Amplifier Unit contains the two water-cooled tubes and associated
meters and apparatus for the final or power amplifier.

G. D-87527 Tuning Unit—The No. D-87527 Tuning Unit
contains the tuned circuits for the power amplifier and circuits for
transferring its output to the antenna. This unit also contains a
monitoring rectifier used to check the quality of the output of the
transmitter.

H. Transformer-Filter Assembly—T he transformer-filter
assembly consists of the apparatus mounted on the floor and pipe
rack in the rear of the transmitter. This equipment includes the
power transformer and filter equipment for the 10,000-volt recti-
fier and an artificial antenna for use while testing the transmitter.

I. Motor Generators—Of the three motor-generator sets
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used as part of the transmitter, one has two generators: a 14-volt
d.c. generator used to heat the filaments of the radiation cooled
tubes, and a 1600-volt d.c. generator used to supply plate potential
for the radiation cooled tubes. The 14-volt generator also sup-
plies field excitation for the 1600-volt generator. The other two
motor-generator sets have a single generator each one having a
22-volt d.c. generator which heats the filaments of the power
amplifier tubes and the other having a 250-volt generator which
supplies grid bias voltage for all tubes in the transmitter.

II. Description of Circuits

A. Control and Protection Circuits—The control and the
protection circuits are so intimately connected that they may best
e described together. It is the function of these circuits to con-
trol the application of power to the various units of the transmitter
and to protect the transmitter from damage in case of the failure
of any piece of apparatus. The larger portion of the relays, con-
tactors, etc., which form part of these circuits are located in the
a.c. power panel and the oscillator unit, although portions of these
circuits are located in each of the other units.

The 220-volt, 3-phase power supply enters the transmitter at ter-
minals §3, 54, and 55 on the a.c. power panel. From here the
power goes to the main power disconnect switch D44 and to the
fuse cut-outs Fg4. Beyond this point all power, except the power
for the temperature control circuits which will be described later,
is distributed through additional fuses to the various circuits.

The transmitter is started by the operation of the upper button
of the master control switch D34 located on the front of the a.c.
power panel. Pushing this button closes a circuit from a battery
through the window switches on the oscillator unit (Dg(), the
amplifier unit (D1D) and the tuning unit (D2F) to the master
control relay S54. If the windows in the front panels of the
oscillator unit and the amplifier unit and the hinged panel in the
front of the tuning unit are closed, this relay operates and locks
up through one set of its contacts.

The second set of contacts closes the circuit to the control bus.
Master control circuit fuses F124 and branch circuit fuses F14,
F2A, F3A4 and FaA furnish fuse protection for these circuits.
The operation of the lower button of the switch D34 or the open-
ing of any of the windows of the transmitter releases the master
control relay S34, thus removing power from the control bus and
shutting down the transmitter.
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Branch circuit I supplies power to operate the motor magnetic
switch S84 which closes the power supply circuit to the motor-
generator sets; the blowers for the radiators and for the high ten-
sion transformer, and the pump. Fuse protection for all motors
is provided by the fuses Fr14. Each motor circuit also contains
either protector plugs (F144, Fis4, F164, Fi7A4) or fuses
(F194, F204). The protector plugs are equipped with heat coils-
and fusible links. If one of the motors takes an excessive current
for considerable time, the heat generated by the heat coil melts
the fusible link and interrupts the power supply to that motor.

Branch Circuit II controls the application of the 1600-volt d.c.
supply to the plates of the radiation cooled tubes. Relay S1C*
is of the slow-acting type and does not operate until several seconds
after the branch circuit is energized. The 1600-volt generator
contactor S3C operates through the back contact of S1C during
this delay. On closing, S3C operates the interlocking relay S4C
through one of its sets of contacts. This relay closes and provides
a holding circuit for $3C. S3C also closes two contacts which
complete the 1600-volt generator armature circuit which is de-
scribed in a later section. The circuit holding both $3C and §4C
passes through one of the switches on the gate of the enclosure
and also through the 1600-volt overload relay S2C. In case the
gate is opened or an overload occurs in the 1600-volt circuit both
S3C and S4C releases opening the 1600-volt circuit. Opening the
gate switch or overload relay also opens the field circuit of the
1600-volt generator by releasing relay S6C.

The field of the 1600-volt generator is closed through one con-
tact of the 1600-volt generator field circuit relay S6C. The wind-
ing of this relay, in addition to being in series with the gate switch
and overload relay mentioned above, is in series with a set of con-
tacts on S4C, the contacts of the time delay relay S5C, one of the
contacts of the grid voltage relay S7C and the switch D2C. Relay
S4C operates as previously outlined, closing its contacts immedi-
ately. The time delay relay S5C is connected across the armature
of the 14-volt generator and is so arranged that it does not operate
until 20 seconds after it has been energized. The purpose of this
delay is to insure that the filaments of the radiation cooled tubes

1 The last letter in the designation of all apparatus indicates the unit in
which the piece of apparatus is located. The letter A indicates that the ap-
paratus is located in the a.c. power panel, B in the rectifier unit, C in the
oscillator unit, D in the amplifier unit, E in the power amplifier unit, F in
the tuning unit and G in the transformer and filter assembly.
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have had sufficient time to warm up before plate potential is ap-
plied. Relay S7C is connected across the armature of the 250-volt
generator and operates as soon as this generator which supplies
grid bias for all tubes has reached its normal voltage. D2C is a
push button switch, normally in the closed position, mounted on
the front of the oscillator unit and marked 1600-vorT GENERATOR
FIELD. Under normal operating conditions the contacts on the
time delay relay S5C are the last of the series to close and relay
S6C closes the field circuit of the 1600-volt generator 20 seconds
after the master control button is pushed. In addition to closing
the field circuit, relay S6C short-circuits a resistor R4C in the field
circuit of the 14-voit generator to compensate for the added load
of the 1600-volt generator field on the 14-volt generator.

Switch D1C (mounted on front of the oscillator unit and labeled
1600-VOLT GENERATOR ARMATURE) is provided so that the 1600-
volt circuit may be opened without shutting down the transmitter.
The orr button is connected in series with the contacts of the over-
load relay $2C and opens the 1600-volt circuit in the same mantier,
If the 1600-volt circuit is opened by the switch, by the operation of
the overload relay S2C, or by opening the gate to the enclosure, it
may be closed again after normal conditions have been reestab-
lished by pushing the ox button of D1C which short circuits the
now open contacts of the S1C and provides a circuit for closing
S3C.

Branch circuits IV control the application of power to the
10,000-volt rectifier and the power amplifier. Water protection
relay $3.4 operates as soon as the control bus is energized, provided
that the contacts of the water flow relay S1B are closed. The con-
tacts of relay S1B, located in the rectifier unit, are operated by the
motion of two opposing metal bellows. A Venturi tube forms
part of the water circulating system in the rectifier unit and the
difference in pressure established across two points in this tube by
the water flow are transmitted through tubular connections to the
bellows in the relay. This difference in pressure causes one bel-
lows to expand and the other to contract, and this motion, through
a multiplying lever, causes the relay contacts to open or close. As
long as the flow of cooling water in the system is normal the dif-
ference in pressure in the bellows is sufficient to keep the contacts
closed. Should, however, the water flow fall to a point where it
is insufficient for cooling purposes the contacts open and break the
circuit energizing $34. If the cooling water becomes too hot, the
contacts of the thermometer S2B, also located in the rectifier unit,




330 RADIO MANUAL

close a circuit through the winding of the temperature protection
relay S44 which short circuits $34, causing its release.

When S34 operates it performs three functions : first, it opens a
short circuit on the winding of relay S14; second, it closes a cir-
cuit which operates the slow acting relay S24; third, it closes the
field circuit of the 22-volt generator, thus lighting the filaments of
the power amplifier tubes. Relay S24 locks up through its make
contact but its break contact remains closed long enough to permit
the rectifier control relay S14 to operate and lock in its up posi-
tion. The winding of relay S14 is in series with the contacts of
a second gate switch so that if the gate to the enclosure is open,
this relay canmot operate. The locking circuit of S14 is completed
through the contacts of the overload relay S1E on the power am-
plifier unit and the overload relays $64 and S74 on the a.c. power
panel. The operation of any of these overload relays will release
relay S14.

A second set of contacts on S14 is part of branch circuit ITL
This circuit operates the rectifier magnetic switch SoA4 and is
completed through one set of contacts on the grid voltage relay
S7C and the contacts of the 10,000-volt time delay relay S8C, both
of which are located in the oscillator unit. S7C operates as soon
as the 230-volt generator reaches normal voltage. S8C is ener-
gized by the 22-volt generator and is so adjusted that its contacts
close 15 seconds after this voltage is applied. As in the case of
the radiation cooled tubes, this allows the power amplifier tube
filaments sufficient time to warm up before plate voltage is applied.
When the last relay whose contacts form part of this circuit (nor-
mally S8C) closes, switch S94 operates and energizes the circuits
supplying plate and filament voltages for the rectifier tubes. The
relays S7C and S8C also protect the power amplifier against dam-
age due to failure of the grid bias voltage or filament voltage.

The 10,000-volt rectifier may be shut off without shutting down
the entire transmitter by pressing the lower button of the rectifier
control push-button switch D24. This operation short-circuits
relay S14, opening the circuit of the rectifier magnetic switch S9A4
which returns to the non-operate position and disconnects the
power supply from the rectifier. The rectifier may be again
started by pushing the upper button of D24, which operates relay
S14, closing the circuit to the rectifier magnetic switch SgA.

B. Power Supply Circuits—1. Filament Circuits—The fila-
ments of all radiation cooled tubes are supplied from the 14-volt
generator. This generator also supplies field excitation for the
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1600-volt generator. The output of this generator passes through
a filter consisting of two No. 100-A condensers and one No. 125-A
Retard Coil. The No. 100-A condenser is of the electrolytic type
which supplies a large capacity in a relatively small space. This
condenser derives its high capacity from a thin film which is
formed electrochemically on the positive, corrugated aluminum
electrode. This film serves as a dielectric between the conducting
condenser fluid on one side and the aluminum anode on the other.
The flat, negative electrode serves only to make connection to the
condenser fluid. The capacity varies with temperature, at 75° IF.
the capacity being approximately 1000 mfd.

The No. 25-A Retard Coil has a laminated silicon steel core of
the shell type and consists of two conductors wound side by side.
When used in this filter the two windings are connected in parallel
by strapping terminals 1 to 3 and 2 to 4. Under these conditions.
the coil has a current carrying capacity of 60 amperes and a mini-
mum inductance of 4 milli-henries.

The output of this filter is connected to terminals Nos. 8 and g
on the oscillator unit, terminal No. 9 being the positive terminal.
After passing through the main fuses F4C the circuit divides into
four branches. The first branch through the fuses F3C supplies
current for the filament of the monitoring rectifier tube located in
the tuning unit. The second branch, through terminals Nos. 1o
and 11, supplies current for the filaments of the vacuum tubes in
the amplifier unit. A third circuit within the oscillator unit sup-
plies current for the filaments of the vacuum tubes in that unit.
A third circuit within the oscillator unit supplies current for the
filaments of the vacuum tubes in that unit. The fourth circuit,
through the fuses F5C, supplies current to the field circuit of the
1600-volt generator and operates the 1600-volt time delay relay
S5C. The voltage of the 14-volt generator is read on the volt-
meter }8C which is located on the oscillator unit.

The 14-volt generator is self-excited, one end of the field wind-
ing being permanently connected to the negative side of the arma-
ture and the other end of the winding being connected to terminal
No. 7 on the oscillator unit. From the positive side of the arma-
ture the field circuit goes through the field rheostat R5C, the re-
sistor R4C and Dack to terminal No. 7. When the relay S6C
closes the 1600-volt field circuit it also short circuits R4C, thus
raising the voltage of the 14-volt generator to compensate for the
additional load on the 14-volt generator.

The filaments of the water cooled power amplifier tubes are
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supplied from the 22-volt generator. This generator is supplied’
with a filter consisting of two No. 100-A condensers and a No.
D-81278 Retard Coil. This coil is similar to the No. 125-A re-
tard coil, but has a current carrying capacity of go amperes.

The output of this filter is connected to terminals Nos. 13 and
14 on the power amplifier unit, terminal No. 13 being the positive
terminal, Two branch circuits are connected to the oscillator unit.
The first of these circuits connects to terminals Nos. 25 and 26 on
the oscillator unit and furnishes current for energizing the 10,000-
volt time delay relay S8C. The second circuit connects to ter-
minals Nos. 21 and 22 on the oscillator unit which connect to the
voltmeter A79C. This meter is used to read the voltage of the
22-volt generator. The generator is self-excited, the field circuit
being from the positive side of the 22-volt generator to the field
rheostat R2C on the oscillator unit, then to one set of contacts on
the relay S34 located on the a.c. power panel and then to the field
of the 22-volt generator which is permanently connected to the
negative side of the generator. The resistance K64 2 connected
across the contacts of relay $34 maintains the voltage of this gen-
erator at a low value when the contacts of $34 are open, thus elim-
inating any difficulty in building up the generator voltage due to
the lack of a residual field.

2. Grid Bias Circuits—Grid bias for all tubes is furnished by
the 250-volt generator. Its armature is connected to terminals
Nos. 13 and 14 on the oscillator unit, terminal No. 13 heing the
positive terminal. This generator is self-excited, its field connec-
tion being made through terminal No. 15 on the oscillator unit and
the field rheostat R19gC. The armature circuit feeds a bank of
potentiometers which reduce the voltage to values suitable for grid
bias for the several tubes in the transmitter. The potentiometer
R17C supplies grid bias for the tubes in the oscillator unit, the
potentiometer K16C bias for the third amplifier tubes, the potenti-
ometer R15C bias for the audio frequency amplifier tubes (speech
amplifier and monitor) and the potentiometer R18C bias for the
power amplifier tubes. R135C, R16C and R18C are equipped with
switches which permit variation in the bias voltage supplied from
these potentiometers. A filter circuit consisting of a series in-

2 R6A actually consists of two resistors designated as R6.14 and R6.24.
Decimals have been used throughout the transmitter to denote component
parts of resistors, coils, etc., which may be considered from the circuit view-
point as one element. For example, the radio frequency choke coil L2C
actually consists of two coils L2.1C and Lz.2C which from the circuit view-
point may be considered as a single coil.
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ductance coil and a shunt condenser is used in connection with each
potentiometer., The voltage of the 250-volt generator is read on
the voltmeter M7C. The fuses F7C furnish protection for the
grid voltage relay S7C and the voltmeter M7C.

3. Plate Supply Circuit for Radiation Coolcd Tubes—Plate po-
tential for all radiation cooled tubes, which include those in the
oscillator, audio frequency circuits, and the first three amplifiers is
supplied by the 1600-volt generator. Its armature is connected to
terminals Nos. 40 and 41 on the oscillator unit, terminal No. 40
being the positive terminal. The positive side of this circuit passes
through one set of contacts on the 1600-volt generator magnetic
contactor S3C and the overload relay S2C. The circuit is from
here connected to the plates of the various tubes in the oscillator
and amplifier unit through appropriate series resistances and radio
frequency choke coils which are described in connection with the
individual tube circuits. The negative side of the circuit passes
through another set of contacts on S3C and the high voltages fuse
F2C to the negative side of the filament circuits which is grounded.
The generator voltage is measured by the voltmeter 3/1C protected
by the fuses F1C.

Field excitation for the generator is obtained from the 14-volt
generator, the field circuit including the field rheostat R3C and the
field disconnect D3C. This switch is intended to be used as a
safety switch and should be opened when any one is working inside
the enclosure. One side of the circuit which supplies current to
the field passes through the contacts on relay S6C which closes the
field circuit as outlined in the preceding section.

4. Plate Supply Circuit for Water Cooled Tubes—10,000-V olt
Rectifier—The 10,000-volt rectifier which supplies the plate poten-
tial for the power amplifier consists of the apparatus mounted in
the rectifier unit and the power transformer and filter equipment
mounted as part of the transformer filter assembly.

The rectifier tubes V1B, V2B and V3B (Type No. 222-A) are
of the water cooled type and are mounted in the rectifier unit.
Filament current is supplied to these tubes through the trans-
formers T1B, T2B and T3B each of which operates from one
phase of the three-phase power supply. Taps, which are brought
out to a terminal strip on the back of the unit, are provided on the
primary windings of these transformers to compensate for high
or low line voltage. The connecting strap used with these taps
should be connected to the tap marked “ normal voltage " for a line
voltage of 220 volts, to the point marked “ plus 5 per cent” for a
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high line voltage and to the point marked *minus 5 per cent ” for
a low line voltage.

The voltage applied to each of the rectifier tube filaments may
be regulated by means of the rheostats R34, R44 and R34 located
on the a.c. power panel. One of these rheostats is connected in
series with the primary of each of the filament-lighting transform-
ers. By means of the voltmeter M14 and the voltmeter switch
D14, both of which are also located on the a.c. power panel, it is
possible to read the voltage across fixed points on the primary
windings of the filament-lighting transformers. The points on the
transformer windings are so chosen that this meter reading will be
200 when the voltage across the tube filament is normal. This
voltmeter and switch may alsg be used to measure the line voltage
supplied to the transmitter.

The high voltage transformer T'1G in the transformer and filter
assembly is delta connected on the primary side with taps on one
end of each coil for == 5 per cent line voltage adjustment and taps
on the other end of each coil for control of the secondary voltage.
These secondary voltage control taps are connected to the knife
switches D1G, D2G and D3G which are mounted on the slate panel
on the front of the high voltage transformer. The secondary of
the transformer is Y-connected with each leg connected to the mid-
point of the secondary winding of one of the filament lighting
transformers. This connection places the plates of the rectifier
tubes at ground potential, thus eliminating the need of any hose
coil in connection with the cooling system. The positive lead from
the rectifier is taken from the mid-point of the Y and connected to
the tubes in the power amplifier unit through a filter consisting of
the filter coil L6G and the condenser C2G.

The rectified voltage is measured by the voltmeter /4B on the
rectifier unit in conjunction with a multiplier which consists of the
resistors R1G, R2G, R3G and R4G mounted in the transformer
and filter assembly. The rectifier current in each of the rectifier
tubes is measured by one of the ammeters M 1B, M2B and M3B.
The horn gap protecters G1G, G2G and G3G are connected from
each leg of the high voltage transformer to ground to protect the
tubes and filament-lighting transformers from excessive voltages.
The sphere gap protectors G4G and G5G protect the filter con-
denser and coil respectively, and the copper block protector P1G
protects the voltmeter M4B. The rectifier tubes are protected
against failure of the water supply by relay S1B and against ex-
cessive temperature of the water by the thermometer S2B. The
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method in which these protective devices function is described in
one of the preceding sections.

C. Temperature Control Circuits—The oscillator of the 5-C
Radio Transmitter is of the type whose frequency is determined
by a piezo-electric quartz plate. For maximum constancy of fre-
quency, circuits are provided to maintain the piezo-electric element
at a constant temperature. Figure 204 shows a schematic of the
circuit used for this purpose. It consists essentially of a thermo-
stat, a heater and a vacuum tube with a relay connected in its plate
circuit. As the thermostat opens or closes, it changes the negative
voltage applied to the grid of the vacuum tube. The resulting
change in plate current is sufficient to operate the relay which
opens and closes the heater circuit.

Two quartz plates are used in this transmitter. Each is con-
tained in a separate heater box located in the oscillator unit.
These boxes have independent temperature control circuits.

The assembly consisting of the quartz plate and its electrodes,
known as a No. D-87781 Quartz Oscillator, clips into a mounting
block, known as a thermal element, which contains the heater and
thermostat of the temperature control circuit. A special ther-
mometer, calibrated to an absolute accuracy of 0.1° C,, fits into a
groove provided in each thermal element, a right angle bend in
the thermometer making it possible for the thermometer to lie flat
in the holder mounted on the front of the oscillator unit. Each
thermal element plugs into a socket in the bottom of one of the
heater boxes. The quartz oscillator and thermal element may be
lifted out as a unit, provided that the thermometer is first removed.

The remaining apparatus for the temperature control circuits is
mounted on the temperature control panel located in the rear of
the oscillator unit just below the panel upon which the fuse blacks
are mounted. The power supply for these circuits is furnished
from the transformer T1C through the snap switch D11C. The
line leading to this switch is connected to the supply side of the
main power disconnect switch on the a.c. power panel through the
fuses F184. This allows the temperature control circuits to bz
operated at all times regardless of whether the transmitter is in
operation or not. This is necessary since it is intended that the
quartz plates be kept at their proper operating temperature continu-
ously and a period of one or two hours is required for the quartz
plates to reach a constant temperature after the application of
voltage to the temperature control circuits.

As the two temperature control circuits are identical it is neces-
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sary to describe only one circuit. Referring to the schematic in
figure 204, V4C is a No. 102-D Vacuum Tube whose filament and
plate supply is obtained from the transformer T2C. Its plate cir-
cuit is completed through the meter 3/13C, the resistance R36C
and the relay S9C. C23C is a filter condenser which helps to
smooth out the rectified alternating current in the plate circuit.
When the contacts of the thermostat S11C are opened, the grid is
connected to the filament through the resistors K28C and R29C
and is virtually at zero potential with respect to the filament. Con-
sequently the plate current is high and this causes the contacts of
the relay S9C to close. When the contacts of the thermostat S11C
are closed, a negative bias equal to the DC potential drop across the
resistor R36C is applied to the grid of V74C, thus reducing the plate
current. This causes the relay to open. The opening and closing
of the contacts of the mechanical relay S9C controls a circuit
through the heater R41C.

\When the temperature inside the heater box is less than the
temperature at which the contacts of the thermostat S11C close,
the plate current through the winding of the relay SgC is sufficient
to cause the armature to close the contacts. This will close the
heater circuit from one terminal of the secondary of the trans-
former T1C through the heater R41C to the other terminal of the
secondary of T1C. The heat produced by this heater raises the
temperature of the quartz plate, the thermal element and the sur-
rounding air in the heat insulated box. When sufficient heat has
been added the temperature of the thermostat will rise to a value
which will cause its contacts to close, reducing the plate current of
V4C as previously described. Relay S9C will then open, breaking
the heater circuit and stopping the addition of heat. The tempera-
ture of the quartz plate and the thermostat will gradually decrease
as heat from the interior of the box is lost to the surrounding air
and the thermostat contacts will separate. This opens the circuit
which supplies grid bias to V4C, increasing its plate current and
causing S9C to again close the heater circuit.

The resistsance K29C and the condenser C24C connected in the
grid circuit of 4C form a delay circuit which prevents abrupt
changes in the grid bias voltage. This eliminates any irregularity
in operation which might be caused by chattering of the thermostat
contacts due to mechanical vibrations. Sparking at the contacts
of the relay S9C is prevented by a shunt circuit consisting of the
condenser C28C and the resistance R39C. '

Detailed instructions for adjusting the temperature control ap-
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F16. 205. Oscillator Unit—Schematic.

paratus for the temperature for which the individual D-87781
Quartz Oscillator used is calibrated are given under the section en-
titled ““ Adjustment of Apparatus.”

D. Radio Frequency Circuits—1. Oscillator—The piezo-elec-
tric type oscillator of the No. 5-C Radio Transmitter is located in
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a shielded compartment directly behind the panel of the oscillator
unit. By opening the window of this unit and removing the oscil-
lator tube V'1C located directly in back of this window, the cover
of the shielded compartment may be raised, giving access to a
hakelite panel on which are located the switches D16C and D17C
which are used to adjust the oscillator circuit.

Referring to the schematic of the oscillator unit in figure 2035,
the oscillator will be seen to consist essentially of a 248-A vacuum
tube V1C, either of the two piezo-electric quartz plates Q1C or
02C, and the inductance coil L1C. The output circuit of the oscil-
lator is not tuned. The resistor R6C acts as a grid leak for this
tube, the meter 3/3C measuring the grid current. The resistors
R43C and R8C and the condenser C1C form a noise filter. Sim-
ilar noise filters are used on the first and second amplifiers. The
plate voltage for the oscillator is obtained from the 1600-volt gen-
erator through the meter 3/6C and the resistor RgC. Condenser
C3C is a radio frequency by-pass condenser. Two piezo-electric
quartz plates are provided, the transfer switch D1oC (CRYSTAL
SELECTOR) being provided so that either may be used at will.

The piezo-electric quartz plates are located inside the heat in-
sulated boxes, one on either side of the compartment housing the
coils and condensers for the piezo-electric oscillator. These boxes
are designed so that the temperature of the quartz plates may be
maintained to within a fraction of a degree. The plates them-
selves are cut from quartz crystals (specially selected for the per-
fection of their crystalline structure) by methods which insure
their surfaces being plane and parallel to a high degree of precision.
The finished plate is approximately 1 1/4” square and of a thick-
ress determined by the frequency of operation. These quartz
plates are mounted between two electrodes ground optically flat
by the same method as employed in grinding the plates themselves,
the upper plate being comparatively heavy, with a light springless
connector to insure a constant pressuire on the quartz plate. After
final frequency adjustments have been made, each plate and its
electrodes are enclosed in a dust-proof container. This assembly
consisting of the quartz plate and its electrode is known as a No.
D-87781 Quartz Oscillator,

Each No. D-87781 Quartz Oscillator is calibrated for a specified
frequency at a specified temperature. Details of the adjustments
necessary to maintain this temperature are given in the section en-
titled ““ Adjustment of Apparatus.”

2. First Amplifier—The first amplifier uses a type 211-D vac-
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uum tube V2C and is contained in the right-hand shielded com-
partment in the rear of the oscillator unit. The radio frequency
input to this tube is obtained from the oscillator through the fixed
condenser C2C and the variable condenser C4C. DBy changing the
capacity of C4C (FIRST AMPLIFIER INPUT) the amount of radio
frequency voltage applied to the grid of this tube may be adjusted.
Grid bias is obtained from the potentiometer R17C through the
meter 3/ 5C, the stabilizing resistor K44C, and the radio frequency
choke coils L2C. The output circuit for this stage consists of the
inductance coil L5C, the fixed condensers C7C and C8C and the
variable condenser C9C. The output circuit is of a built-out type;
that is, the ground connection is placed between the condensers
C7C and C8C in order that two voltages 180 degrees out of phase
may be obtained. The first of these voltages (that across C8C)
is applied to the grid of the second amplifier tube while the second
voltage (that across C7C) is used to neutralize the second amplifier
tube. The plate voltage for this stage is obtained from the 1600-
volt generator through the meter 3/4C, the resistor R12C and the
radio frequency choke coils L3C.

3. Second Amplifier—Modulation takes place in the second am-
plifier, the plate voltage of this tube being varied by the audio fre-
quency output of the modulator tube which is located in the ampli-
fier unit. This stage uses one type 211-D vacuum tube /' 3C and
is located in the left-hand shielded compartment in the rear of the
oscillator unit. The radio frequency input is obtained from the
first amplifier through the blocking condenser C14C. Grid bias is
supplied from the same potentiometer as the grid bias for the first
amplifier R1;7C through the meter A/12C, the resistor R23C and
the radio frequency choke coils L6C. The resistor R23C acts as
a grid leak, placing additional bias on the grid of the tube. The
output circuit consists of the inductance coil L8C, the primary of
the radio frequency transformer L12C, the resistors R26.1C and
R26.2C, and the variable condenser C17C. The resistors R26.1C
and R26.2C are used to prevent the attenuation of the higher side-
band frequencies and are also used in conjunction with the taps on
L8C to adjust the impedance of this circuit. The plate voltage is
supplied from the 1600-volt generator through the disconnect
switch DGC, the plate meter M11C, the resistor R25C, the modula-
tion choke coil L13C and the radio frequency choke coils L7C.
This stage is neutralized by means of the variable condenser C22C,
the resistor R22C in series being used as a stabilizing resistance.
A switch D4C is provided so that while this stage is being neu-
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tralized a special sensitive thermocouple H11C may be connected
in circuit in place of the regular thermocouple H1oC which is
used in conjunction with the meter 3/10C. During the process of
neutralizing, the switch D6C is opened to remove the plate voltage
from the stage and the switch D3C is closed to short-circuit the
resistors R26.1C and R26.2C. The radio frequency output of
this stage is transferred to the third amplifier by means of a radio
frequency transformer Lr12C.

4. Third Amplificr—The third amplifier is located in the ampli-
fier unit, whose schematic is shown in figure 206, and consists of
three No. 212-D tubes F3D, I’'4D and V5D operating in parallel.
The grid circuit of these tubes is coupled to the second amplifier
hy means of the radio frequency transformer L12C in the oscil-
lator unit. This transformer has two secondaries, one supplying
the excitation voltage to the grids of the tubes and the other sup-
plying voltage for neutralizing the internal capacity of the tubhes.
The coupling between the primary and the secondary can be con-
trolled from the front of the oscillator panel while the transmitter
is in operation, thus changing the excitation supplied to the grids
of the third amplifier tubes. This control furnishes a simple and
continuous adjustment of the power output of the set.

Bias for this stage is obtained from the potentiometer R16C
through a filter circuit consisting of L10C and C20C in the oscil-
lator unit. Switch D13C on this unit serves to adjust the bias volt-
age according to the class of tibe used in this amplifier. Ls.1D
and L5.2D are radio frequency choke coils used to minimize the
radio frequency current in this circuit. The d.c. grid current is
meastred by the grid ammeter 34D,

The output circuit of this stage consists of the inductance LD,
the fixed condensers C1D, C2D), C3D and C4D, the variable con-
denser C5D and the resistors R1.1D and R1.2D. Coarse tuning
adjustments are made by changing the arrangement of fixed con-
densers, by use of D2D and D3D, and by means of taps on L1D.
Fine tuning adjustments are made by means of C5D from the
front of the panel. The resistors R1.1D and Rr1.2D are used to
prevent the attenuation of higher sideband frequencies and to ad-
just the impedance of this circuit. The thermocouple H1.1D in
conjunction with M2D measures the radio frequency current in
this circuit,

Plate voltage for these tubes is supplied from the 1600-volt gen-
erator through the disconnect switch D4D, the meter A1D, the
radio frequency choke coil L2D and the resistor R11D to the mid-
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point of L1D. The internal capacity of V3D, V4D and V5D is
neutralized Dy the condenser C12C in the oscillator unit and one
of the secondaries of Li2C. While adjusting this condenser the
sensitive thermocouple H1.2D is used in conjunction with Mz2D
and the plate voltage is removed from the stage by means of switch
D4D.

5. Power Amplifier—The apparatus which forms the final or
power amplifier is located in the power amplifier unit and the
tuning unit, the former unit containing the two water cooled tubes
and their associated apparatus and the latter unit containing the
tuned circuits which form the load circuit for this stage and which
serve to transfer the energy output of this stage to the antenna.
The schematics of these two units are shown in figures 207 and
208.

Two No. 220-B (water-cooled) vacuum tubes operating in par-
allel and designated V'1/7 and V2E are used in this amplifier. The
radio-frequency input voltage from the third amplifier is impressed
on the grids of these tubes through the stopping condenser C1E.
The negative grid potential is supplied from the potentiometer
R18C and the associated filter circuit, L4C and C10C, in the oscil-
lator unit, through the grid ammeter M 1E and the radio-frequency
choke L1E. The condenser C2E, the resistor R1E and the coils
L1.3E and L1.4E form a shunt across the input circuit, placing
sufficient loss in the grid circuit to insure stable operation. The
filaments of the tubes are supplied from the 22-volt generator,
whose armature is connected to terminals No. 13 and 14 on this
unit. From these terminals the filament circuit goes through the
fuses I'2E and the reversing switch D1E to the tube filaments.
Switch D1E is provided in order that the current through the fila-
ments may be reversed periodically to prolong the life of the tubes,
as the plate current returns through one half of the filament when
the switch is in one position and through the other half when the
switch is reversed. The plate potential is supplied from the
10,000-volt rectifier through the radio-frequency choke L3E and
the stabilizing circuits L4E-R2FE and L2E-R3E. The plate cur-
rent returns to the grounded terminal of the rectifier from the
filaments of the power amplifier tubes through the plate ammeter
M3E and the overload relay S17i. C3E, C6E and C7E are by-
pass condensers around this meter and relay. The output of these
tubes is supplied to the tuned circuits in the tuning unit through
the stopping condensers C4.1F and C4.2E. CsE is the balancing
condenser for the power amplifier.




023mM0O

dnEwadS—yun) pydwy Bmod Loz 91

{2) TINVY ¥3MOd "DV NO 9ty 'WyaL OL

- (D) TINVd H3MOd ‘DY NO GPg ‘WY3L OL
+@ LINN 2SO NO 22g 'Wuil OL
3ed
VA 1vD —® 1INN IS0 NO 124 WHAL OL
1V SYOLDINNOD! . P
| IOVAVET LN ak &9 —GHUQLYYINTD I10A 22 JO FUNLVIHY OL
] Iy 324
I, m W ESL] -7(€) HOLYHINID 110A 22 4O 3uNLVWEY OL
L ot (§—¥OLVYINID 110A 22 4O 1314 OL
< ) {©)T3NYJ H3MOd D'V NO 2ty W3l OL
ANn r 1 & LINA "DSO NO SZ#Wd3l OL
EF] P q
M u —® LINM "3S0 NO 924'Wy3l OL
=
o I +
S 393 an ﬂ
m . LINN ONINNL NO 21, 'WY3L OL@E) 1+ 1} —62 LINN ‘WY NO £24"W3L OL
= 1INA "DSO NO 2lg'WH3l 0L
-~ 32
P
w 1} @ ——---1INA dNV NO 224 WHiaL OL
Jey. Eral 32y 3y
32¥5 3Ir¥d
LINA ONINAL NO g AN3L 0L oo} 1
mﬂ_\; mum._
LINN dAY NO 124 WHL Ot Dl j-

346

——@&) LINN YALU TSNVEL NO 8,A¥3L 0L



RADIO BROADCASTING EQUIPMENT 347

M2E is a milliammeter which measures the leakage current in
the water circulating system. Since the plates of the power ampli-
fier tubes are operated at a potential of 10,000 volts above ground
potential, a certain amount of leakage current will flow to ground
through the water column depending on the character and amount
of impurities in the water. The current leakage meter connects
to metallic sections inserted in the rubber hose coil at the point
where it enters the inlet valve on the power amplifier unit. A
three-inch section of hose separates the two metallic sections and
since the water in this section has a much greater electrical re-
sistance than the ammeter which bridges it, practically all the leak-
age current flows through the meter. An excessive reading on this
meter indicates that the water is no longer suitable for cooling
purposes.

The apparatus in the tuning unit composes two tuned circuits
known as the closed circuit and the antenna circuit. These two
circuits are connected by a bank of condensers known as the
coupling condenser.

The closed circuit, which forms a load circuit for the power
amplifier, is formed by the coil L1F, the tuning condensers C5F,
CG6F, C7F, C8F, CgF and C10F, and the coupling condensers C1F,
C2F and C4F, all located in the tuning unit. Links D13F, D14F
and D15F provide means for making changes in the tuning capac-
ity, while the clip on L1F provides a means for making large
changes in the inductance of the circuit. Fine adjustment in in-
ductance may be made from the front of the panel by manipulat-
ing the fine adjustment knob, which moves a sliding contact over
the top three turns of L1F. The coil L1F is enclosed in a shielded
compartment to reduce the circuit losses.

The antenna circuit consists of the antenna, the antenna loading
coil L2F, the coupling condensers C1F, C2F, C3F and C4F, and
the radio ground system. As in the case of the coil L1F, rough
adjustments on L2F may be made by means of a clip and fine
adjustment by a knob on the front of the panel which moves a
sliding contact over the end turns of this coil.

Coupling between the antenna circuit and the closed circuit is
obtained by means of a common capacity, this type of coupling be-
ing helpful in reducing the radiation of harmonics of the carrier
frequency. In order to provide the 5-C radio transmitter with
facilities for working into a wide range of antenna resistances it
was necessary to make this capacity widely variable. To meet
this condition without sacrificing the current carrying capacity of
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the condensers, the coupling condensers have been so arranged that
they may be easily removed from the tuning unit and condensers
of other capacities substituted. Twelve condensers are provided
for this purpose, of which any eight may be mounted in the unit
at one time. The arrangement of the links D35F to D12F is such
that in the condenser banks C1F, C2F and C3F either one con-
denser or two condensers connected in series may be used. In the
bank C4F either one condenser or two condensers connected in
parallel may be used. The correct assembly of these condensers
for any antenna and carrier frequency is given in the section en-
titled “ Adjustment of Apparatus.” The choke coils L4F are
connected across these condensers to relieve any stresses which
may be set up due to leakage currents or static charges.

Currents in these cireuits may be read by means of the three
thermo-ammeters 3 1F, M2F and M3F; M1F marked closed cir-
cuit current (1np), reading the closed circuit currents, A/2F7 the
antenna current and A72F, marked Closed Circuit Current (car),
the current through the coupling capacity. This arrangement of
meters helps to eliminate difficulties in tuning the antenna circuit
when a high resistance antenna is used. The meter M1F is also
equipped with a sensitive thermocouple for use while neutralizing
the power amplifier. This thermocouple, as are the thermocouples
for the other meters, is located just back of the panel of the unit
and may be reached through the hinged panel in the front of the
panel. This hinged panel also gives access to the monitoring recti-
fier which is described in a later section.

6. Artificial Antenna—An artificial antenna is provided as a
part of the No. 5-C Radio Transmitter so that routine tests and
adjustments may be made without the necessity of radiating power.
It consists of the variable inductance LgD, the adjustable con-
denser C1G and the adjustable resistance R5G which are mounted
on the pipe rack which forms part of the transformer-filter assem-
bly. By adjusting these elements the artificial antenna is con-
nected to one side of the double throw switch D1F located in the
rear of the tuning unit. The other side of this switch is connected
to the antenna, thus allowing the output of the transmitter to be
readily changed from the real to the artificial antenna.

7. Monitoring Rectifiecr—In order to enable the operator to
check the quality of the program signal radiated from the trans-
mitter, a monitoring rectifier is connected to the output circuit of
the power amplifier. This rectifier is located on a shelf immedi-
ately behind the front panel of the tuning unit, access to this shelf
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being obtained through a hinged panel in the front of the unit.
The rectifier (see figure 206) consists of a 211-D tube V1F with
grid and plate connected together forming a “ straight line recti-
fier.” The input circuit to this tube consists of the condenser
Cr1F in series with a group of condensers C13F. These con-
densers are shunted across a portion of the tuning capacity and
form a capacity potentiometer by means of which the amplitude of
the voltage applied to the plate of the rectifier tube may be ad-
justed. The condenser Cr12[% acts as an audio frequency blocking
condenser. The audio frequency circuit of the rectifier is formed
by the radio frequency choke coils L3F, the resistances R3F, R4F,
RsF, R6F, R;F and R8F, the transformer 71F, the relay S1F,
and the radio frequency choke coil L5F. The resistance network
composed of RqF, Rs5F, R6F, R7F and KR8F serves to insure a
straight line rectifier characteristic and also serves as a means for
adjusting the volume of the audio frequency output. R3F acts as
a shunt for terminals No. 7 and 8 to which an oscillograph may be
connected if desired. The d.c. component of the rectified current
is used to operate the relay S1F, whose contacts are generally con-
nected to operate a signal light in the control room. The output
of the transformer T'IF is connected to the monitoring amplifier
of the speech input equipment.

E. Audio Frequency Circuits—The audio or speech fre-
qiency circuits consist of an input or speech amplifier and an
audio power amplifier or modulator. This is located in the ampli-
fier unit whose schematic is shown in figure 204.

1. Speech Amplifier—The audio frequency currents from the
Speech Input Equipment enter the transmitter at terminals No. 3
and 4 on the amplifier unit, pass through the resistance network
R2D and the input transformer T1D to the speech amplifier. The
speech amplifier tube V1D is a No. 211-D tube. Negative grid
bias is supplied to its grid from the filter-potentiometer circuit con-
sisting of R15C, L11C and C21C in the oscillator unit. Its plate
supply 1s from the 1600-volt generator through the resistor RgD,
the meter 33D and the audio frequency choke coil L8D. Con-
densers C7D and C9D and resistor RgD form a filter for the plate
supply. This stage is coupled to the modulator by an impedance
coupling consisting of the retard coil L&D and the condenser C8D.

2. Modulator—The modulator consists of one No. 212-D vac-
uum tube }'2D. The negative grid bias for the tube is obtained
from the same filter-potentiometer in the oscillator unit which
supplies bias for the speech amplifier. The grid circuit also in-
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cludes the milliammeter 3/6D and the grid resistance R8D. The
grid bias is adjusted by means of switch D7C on the oscillator unit
according to the classification (by plate impedance) of the modu-
lator tube, which is indicated by the number 1, 2, 3 or 4 etched on
the base of the tubes. The plate supply is furnished by the 1600~
volt generator through the modulator choke coil L11D and the
meter M 3D. The audio frequency output of the modulator tube
is impressed on the plate circuit of the second amplifier tube (V3C
in the oscillator unit) through the condenser CroD. This results
in the plate voltage of the second amplifier being varied at audio
frequency, thus modulating the radio frequency output of the sec-
ond amplifier.

F. Water Circulating System—The water circulating sys-
tem functions to dissipate the heat developed in the vactum tubes
used in the rectifier and power amplifier units. This system con-
sists of a water pump, two air-blast radiators, an expansion tank,
and the necessary piping and valves. The piping and valves will
vary somewhat depending on local conditions. From the outlet
of the pump the water enters the transmitter at the power ampli-
fier unit and flows through the water jackets of the tubes in this
unit and the rectifier unit, after which it flows through the radi-
ators and returns to the inlet of the pump. The expansion tank
is connected in the system to allow for expansion and contraction
of the water with changes in temperature. The various valves
and pipe connections provide means for filling and draining the
system and for isolating certain sections so that repairs may be
made. Valves are also located at the intake of the transmitter (in
the power amplifier unit) and at the outlet of the transmitter (in
the rectifier unit). These valves must be left open while the
transmitter is in operation but must be closed whenever it is neces-
sary to change any of the water cooled tubes.

From the inlet valve the water flows first to the water jackets of
the vacuum tubes in the power amplifier unit. As the plates of
these tubes are 10,000 valts above ground potential it is necessary
that the water pass to and from them through a water column long
enough to furnish a high resistance path to ground. This water
column is furnished by the hose coil which is located below the
tray which supports the tube sockets. From the power amplifier
unit the water goes to the vacuum tubes in the rectifier unit. As
the plates of these tubes are at ground potential no hose coil is
necessary in this unit. The water then passes through the Venturi
Tube located below the tray which supports the three rectifier




352 RADIO MANUAL

tubes. The Venturi tube in conjunction with the type 226-A Re-
lay S1B serves as a flow operated protective device which auto-
matically removes all power from the water cooled tubes in case
the flow of water is stopped or reduced to below 70 per cent of its
normal value. Two small pressure gauges attached to the Venturi
tube allow the operator to check the flow of water in the system.

From the Venturi tube the water flows through the outlet valve
which as a well attached containing a bulb which actuates the indi-
cating thermometer located on the front of the rectifier unit. This
thermometer S25 also acts as an electrical relay to stop the trans-
mitter should the water hecome dangerously hot.

The waterpump is a rotary impeller, single stage pump of rug-
ged, compact, and simple construction. It has but one moving
part, a vane-edged disc called the impeller. Both suction and dis-
charge openings are in the periphery. Vanes in the periphery of
the impeller extend into the water channel, the shoulders of which
on account of their proximity to the flat surface of the impeller
cause a water seal to be formed, thus increasing and maintaining
the pressure in the channel. The shaft to which the impeller is
rigidly keyed revolves on two outhoard radial thrust ball bearings
which are lubricated by grease cups located on the bearing pedes-
tals. A strainer is installed at the inlet to the pump to prevent
dirt or other foreign matter from entering the channel or damaging
the vane. This strainer should be inspected and cleaned regularly,
following the instructions for cleaning found in the section on
maintenance.

The heat absorbed by the water system is dissipated by the air
blast radiators. The radiating tubes of these radiators are copper,
wound with copper ribbon which greatly increases their radiating
surfaces. The combination of this type of structure and the blast
of air furnished by the motor driven fan makes possible a rapid
dissipation of the heat contained in the water. The two radiators
are connected so that one or both may be used at the same time.

The total capacity of the water circulating system, which varies
somewhat with different installations, is somewlhere between 35
and 50 gallons. Distilled water only should be used so as to mini-
mize leakage currents from the plates of the power amplifier tubes
and thus prevent unnecessary disintegration of the hole couplings
due to electrolysis. Water from the house supply is also likely to
leave deposits of scale on the anodes of the water cooled tubes
which prevents proper cooling.
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III. Adjustment of Apparatus
A. ProtECTIVE DEVICES

The protective devices requiring adjustment are listed below
with a description of the proper adjustment for each.

1. A.C. Power Panel.
(a) Primary Owerload Relays—S6A4 and S7A—These relays

provide overload protection for the high voltage transformer
through current transformers in the primary supply leads. They
should be adjusted by means of the thumb screws at the bottom to
the calibrated point marked 8. This corresponds to 64 amperes in
the primary of the high-voltage transformer. These relays are
equipped with air bellows at the top for slow action. The air
escapement valve at the top of the bellows should be adjusted so
that the contacts open two seconds after a heavy overload occurs.
This adjustment is obtained when the contacts on the relay open
two seconds after the plunger has been lifted as far as possible.
The plunger may be lifted by means of a small stick about the size
of a lead pencil. The time delay of two seconds is ordinarily ob-
tained when the needle valve is approximately 2 1/2 turns from the
seated position.

2. Rectifier Unit.

(a) Water Flow Relay—S1B—This relay operates on control
circuits in the a.c. power panel to remove all power from the water
cooled tubes if the flow falls below 70 per cent of its normal value.
It cannot be adjusted in the field and in case of failure must be
removed from the transmitter and returned to the manufacturer
for repair and readjustment.

() Contact-Making Thermometer—S2B—This  gauge indi-
cates the water temperature at the outlet valve. It is arranged
with an adjustable contact which should be set so that the indicat-
ing arm makes contact with it when the temperature reaches 180°
F. This contact operates on the relay circuits of the a.c. power
panel to shut off all power to the water cooled tubes.

3. Oscillator Unit.

(a) 1600-Volt Generator Overload Relay—S2C—This relay is
in circuit with the plate supply to the air-cooled tubes to protect
them from overloads. [t operates on the control circuits of the
oscillator unit to open the field and armature circuits of the 1600~
volt generator when overload occurs. It is instantaneous in action
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and should be adjusted by means of the thumb screw controlling
its armature to operate on 1.5 amperes.

(0) 1600-Volt Time Delay Relay—S3C—This relay operates
on the control circuit of the 1600-volt generator field to keep the
field circuit open until 20 seconds after the 14-volt filaments are
lighted. The air escapement valve at the top of the relay and, if
necessary, the armature weight at the bottom, should be adjusted
so that the relay contacts close 20 seconds after the relay is ener-
gized by the 14-volt generator.

(¢) 10,000-Volt Time Delay Relay—S8C—This relay operates
on the control circuit of the primary power supply for the rectifier
to keep the rectifier from being energized until 15 seconds after
the amplifier filaments are lighted. The air escapement valve at
the top of the relay and, if necessary, the armature weight at the
bottom, should he adjusted so that the relay contacts close I3 sec-
onds after the relay is energized by the 2z2-volt generator.

4. Power Amplifier Unit.

(a) Plate Overload Relay—S1E—This relay provides overload
protection for the plate circuit of the power amplifier. Its wind-
ing is connected to carry the amplifier plate current on its return
from the filament to ground. Its contacts operate on the relay
circuit of the a.c. power panel to shut off the rectifier. It is in-
stantaneous in action and should be adjusted to operate on 1.75 am-
peres by means of the thumb nut at the bottom of the relay.

5. Transformer and Filter Assembly.

(a) Rectifier Protective Horn Gaps—G1G, G2G and G3G—
One of these gaps is connected from each leg of the high-voltage
transformer secondary windings to ground to protect the rectifier
tubes and transformer windings from high voltages. Fach gap
unit includes high resistances connected in series to limit the cur-
rent passing across the gap during flashovers. Fach gap should
be adjusted so that the clearance between gap points is 7/8 inch.

(b) Filter Condenser Protective Sphere Gap—Gi4G—T his
sphere gap, set at .293 inch, protects the filter condenser from high
voltages. The spheres should be kept clean and should be re-
polished in case an arc crosses the gap.

(¢) Filter Coil Protective Sphere Gap—G5G—This sphere gap
protects the filter coil L6G from high voltages. The gap should
be adjusted for a clearance of from 1/8 inch to 5/32 inch and the
spheres should be kept clean and well polished.
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(d) Rectifier Voltmeter Protector—P1G—This protector is
connected across the voltmeter on the rectifier unit and serves to
prevent the application of high voltages to the instrument. It
consists of copper blocks separated by mica strips with a very
short air gap between the centers of the blocks. In case the volt-
meter circuit from the voltmeter multipliers K1G, R2G, R3G and
R4G in the transformer and filter assembly to the voltmeter on the
rectifier unit becomes open a high voltage will occur across this gap
breaking it down. In this case it will be necessary to clean the
copper surfaces and it may be necessary to replace the mica strips.

B. TEMPERATURE CoNTRrROL CIRCUITS

Two independent temperature control circuits are provided, one
for each of the two heater units. All meters, relays, etc., associ-
ated with the temperature control circuit for the left hand box
(facing the front of the unit) are marked in addition to their other
designation “ crysTAL No. 1 7 and similarly all meters, relays, etc.,
for the right hand box are marked “ crystaL No. 2.” Either of
these two circuits may be adjusted without affecting the adjustment
of the other circuit.

If it should be necessary to change the temperature inside either
of the boxes, adjust the thermostat by means of the knob located
at the right of the thermometer for the box whose temperature it is
desired to change. Push this knob in until it engages and turn in
the proper direction as indicated hy the markers 1IIIGH AND LOW.
One complete turn of this knob will change the temperature about
8° C.; for example, if the temperature of one of the bhoxes is 40°
C. and it is desired to increase its temperature to 52° C., the control
knob should be turned approximately 1 1/2 revolutions in the nicu
direction. The final precise adjustment of temperature should be
made after the oscillator has been in operation for at least half an
hour as the temperature of the crystal will generally be about 1/4°
C. higher while the oscillator is in operation.

If proper attention is paid to cleaning the contacts of the relays
on the temperature control panel, it will be unnecessary to readjust
these relays. However, should occasion to make readjustment
arise, the following procedure may be followed. In making any
mechanical adjustments on these relays the operator should bear
in mind that the switch marked HEATER SUPPLY controls the power
input to both of the boxes. Hence, if it is desired to keep the
quartz oscillator whose temperature control circuit is not being
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adjusted ready for use, the power should not be shut off any
longer than necessary.

1. Open the switch marked TesT switca. Turn the HEATER
SUPPLY switch to oFF position. Remove the cover of the HEAT
CONT. RELAY and make the following mechanical adjustments:

(a) Turn the knurled knob at the hottom of the relay holding
the biasing spring so that the spring does not bear against the
armature.

" (b) Adjust the right contact screw until it just makes contact
with the armature. Adjust the left hand contact screw until the
gap between it and the armature is a minimum of 0.003” and a
maximum of 0.005” as measured with a No. 74-D gauge.

(c) Adjust each of the pole pieces so that the gap hetween it
and the armature is 0.010”, this gap heing measured with the arma-
ture against the opposite contact screw and the lock nuts tightened.
Use a No. g2-A gauge to set these gaps.

2. Turn the power supply on. Turn the RELAY CURRENT ADJ.
dial clockwise as far as it will go. The RELAY CURRENT should be
between .8 and 1.2 milliamperes. Slowly decrease this current by
turning the RELAY CURRENT apJ. dial until the current reaches .25
milliamperes. If the relay has been correctly adjusted mechani-
cally, it will remain in the operated position.

Note—The relay is in the operated position when the armature
is against the left hand contact screw. A 15-watt, 110-volt lamp
connected between the left hand contact screw and the frame of
the unit will act as convenient visual indication of the operation of
the relay, this lamp lighting when the relay is in the operated posi-
tion.

3. Turn the knurled knob at the bottom of the relay so that the
spring fastened to this knol bears against the left hand side of the
armature.  Slowly turn this screw still farther until the pressure
of the spring against the armature causes the relay to release.

Caution: Whenever any relay adjustments are to be made
the power should be cut off by turning the HEATER SUPPLY switch
to the oFF position, as there is a potential of 110 volts between the
relay frame and ground.

4. Increase the relay current by means of the RELAY CURRENT
Apj. dial until the relay operates.” Decrease the current until the
relay releases and observe at what current this occurs. The relay
should release when the current is reduced from a value sufficient
to make the relay operate to a value of 0.25 to 0.35 milliamperes.

(a) If the release does not occur within these limits, change the
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pressure of the biasing spring against the armature, decreasing the
pressure if the release occurs before .35 milliamperes and increas-
ing the pressure if the release occurs when the current is less than
.25 milliamperes.

5. Beginning with a current less than 0.235 milliamperes increase
the relay current until the relay operates and observe at what value
of current this occurs. The relay should operate when the current
is increased from less than the release value to a value of from 0.4
to 0.7 milliamperes.

(a) If the relay operates when the current is less than 0.4 milli-
amperes, screw out the right contact screw a slight amount (not
more than a half turn) thus increasing the gap between it and the
armature. If the relay does not operate until the current is more
than o.7 milliampere, screw in the right contact screw a similar
small amount. Only a small change in the gap will be found
necessary to make the relay meet this requirement.

(b) Determine if the relay still releases at a current value be-
tween .25 and .35 milliampere. If it no longer meets these re-
quirements, change the pressure of the biasing spring until the
relay releases when the current is reduced to a value within the
limits.

6. Adjust the dial marked RELAY CURRENT ADJ. so that maxi-
mum relay current is obtained. Throw the TEST swirch to the
TEST position. Observe the operation of the relay. Throwing the
switch to the TEST position should decrease the current to less than
.25 milliampere, the relay should release and the test lamp, if one
is used, go out. Open the switch. The relay current should in-
crease to its previous maximum value, the relay should operate and
the test lamp light.

7. Throw TEST SWITCH into OPERATE position. Remove the test
lamp and replace the relay covers.

C. ApJusTMENT oF Rapio FregueNcy Circuilts

1. Tuning Procedure.

Warning: Always Open Switches D5A on the AC Power
Panel and D3C on the Oscillator Unit When the Gate in the
Fence Is Left Open or When Entering the Enclosure. These
Safety Switches Are in the 10,000-Volt Transformer Supply
and 1600-Volt Generator Field, Respectively.

(a) Preliminarry Adjustments—DBefore starting the transmit-
ter, adjust the coils and condensers in the oscillator, first amplifier,
second amplifier and third amplifier in accordance with the data
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given on the curves * shown on page 147. Insert a D-87781 quartz
oscillator in each thermal element, following the instructions ac-
companying the quartz oscillator and reprinted on a previous page.
Except for the temperature of the crystals, the switches D16C and
D17C are the only adjustments to be made on the oscillator. It
should be noted that the lower set of curves shown on page 147
give the values of capacity, resistance and the number of turns to
be used in each branch of the output circuit of the third amplifier;
that is, the specified number of turns are to be used on each side
of the center of the coil L1D ; the specified value of resistance is to
be used in both R1.1D and Rr1.2D; and the specified capacity is to
be included in hoth of the two condenser banks, the hank consisting
of C1D and C3D and the bank consisting of C2D and C4D. The
plate tap on the output circuit of the third amplifier tuning coil is
placed on the farthest turn to the right that is connected in circuit.
Set both links of D17C on the same terminal. Open the high volt-
age transformer disconnect switch D54 located in the rear of the
AC power panel. Turn the knob of the 1600-voLT GENERATOR
field rheostat as far as it will go in a clockwise direction. Set the
THIRD AMPLIFIER INPUT control at minimum. Set the FIRST AM-
PLIFIER INPUT at about 3/4 full scale. See that switch D3C (the
triple-pole double-throw switch located in the left hand shielded
compartment of the oscillator unit) is thrown into the up position.
Set the two flexible leads on the radio frequency transformer L12C
to the tap shown on page 148; connect the high current thermo-
couple in circuit; and make sure that switch D6C is closed and
D3C is open.

Note: Before starting the transmitter, the operator should be
sure that the sensitive thermocouples used while neutralizing the
second amplifier, third amplifier and power amplifier are not con-
nected in circuit. These thermocouples should never be used ex-
cept during the process of neutralizing the stage in whose output
circuit they are connected and then the operator should niake sure
that plate voltage has been removed from this stage.

(b) Twing First and Sccond Amplifiers—Start the transmitter
by pressing the START button of the MASTER CONTROL SWITCH.
Adjust the voltage of all generators except the 1600-volt generator
to their normal values. Increase the voltage of the 1600-volt gen-

3 The several curves mentioned here and throughout the remainder of
these instructions refer to curves contained in the Western Electric Instruc-
tion Book but not reproduced in this text as it was though it would be of
little interest to the student who is more concerned with practical operating
instructions and procedure.
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erator until sufficient current is indicated on the FIRST AMPLIFIER
PLATE CURRENT meter and the SECOND AMPLIFIER PLATE CURRENT
meter for the purpose of tuning. Adjust the control marked
FIRST AMPLIFIER TUNING until resonance is indicated. Adjust the
control marked SECOND AMPLIFIER TUNING until resonance is indi-
cated.

Note: Resonance is indicated in all circuits except the antenna
circuit by an adjustment for minimum DC plate current of the
tube whose tuned circuit is being adjusted. In tuning the first or
second amplifier, care should be taken that either stage is not tuned
to the second harmonic of the oscillator. Should two points of
minimum plate current be found with the coarse adjustment as
specified, the one at which the dial reading is minimum (that is,
the capacity of the variable condenser is maximum) is the correct
setting for the stage.

(¢) Neutralizing Second Amplifier—Shut down the transmit-
ter by pressing the STOP BUTTON on the MASTER CONTROL switch.
Open switch D6C, which is the link located on the back of the
meter panel of the oscillator unit behind the SECOND AMPLIFIER
PLATE CURRENT meter ; close switch D3C, thus short circuiting the
resistance R26C ; and throw switch D4C down, thus connecting the
sensitive thermocouple in circuit. Set the FIRST AMPLIFIER INPUT
at its minimum value, Start the transmitter as before. Increase
the FIRST AMPLIFIER INPUT to its maximum position or until the
SECOND AMPLIFIER OUTPUT CURRENT mieter reaches its full scale
deflection. Neutralize the second amplifier by adjusting the Sec-
OND AMPLIFIER BALANCING CONDENSER for that position at which
the SECOND AMPLIFIER QUTPUT CURRENT meter reads a minimum.

(d) Tuning Third Amplifier—Shut down the transmitter.
Throw switch D4C into the up position, connecting the high current
thermocouple in circuit. Open switch D5C and close switch D6C.
Start the transmitter and adjust the 1600-volt generator for 1600
volts. Adjust the FIRST AMPLIFIER INPUT until the FIRST AMPLI-
FIER OUTPUT CURRENT falls within the limits given on page 151
(W. E. Instruction Book). Increase the THIRD AMPLIFIER INPUT
until sufficient current is read on the THIRD AMPLIFIER PLATE CUR-
RENT for tuning purposes. Tune this stage to resonance using the
THIRD AMPLIFIER TUNING CONTROL.

Note: It is preferable that the three tubes of the third amplifier
be of the same class. The class number of a type 212-D tube is
etched on the glass near the base and denotes the classification of
the tubes according to plate impedance. This classification is in
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no way a criterion of the quality of the tubes. If three tubes of
the same class are not available, tubes of two adjacent classes may
be used. Set the switch D13C located on the panel in the rear of
the oscillator unit according to the class of tubes used. If tubes
of adjacent classes are used, set this switch on the tap correspond-
ing to the highest numbered class. At the same time see that the
switch D7C is set in accordance with the classification of the
modulator tube 2D and that switch D8C is set at 250. The
transmitter should be shut down before changing the position of
any of these switches.

(e) Neutralizing Third Amplifiecr—Shut down the transmitter.
Open the switch D4D, which is the link located on the back of the
meter panel of the amplifier unit behind the THIRD AMPLIFIER
PLATE CURRENT meter. Connect the sensitive thermocouple
Hi1.2D in circuit in place of H1.1D. Set the THIRD AMPLIFIER
INPUT at minimum. Start the transmitter, and increase the THIRD
AMPLIFIER INPUT until it is maximum or until the THIRD AMPLI-
FIER OUTPUT CURRENT meter reaches full scale deflection. Should
it be impossible to obtain a satisfactory deflection of this meter at
the maximum position of the input control, increase the nuniber of
turns on the secondary of the radio frequency transformer L12C
which is located in the left hand shielded compartment of the
oscillator unit. This may be done by moving the flexible con-
nector to a tap marked with a higher number. The two con-
nectors, one of which is connected to each of the two secondaries
of this radio frequency transformer, should always be connected
to taps bearing the same number. Adjust the TIITRD AMPLIFIER
BALANCING CONDENSER until the current read on the THIRD AMPLI-
FIER OUTPUT CURRENT meter is minimum.

(f) Tuning Power Amplifier and Antenna Circuit—Shut down
the transmitter. Replace the thermocouple H1.2D with the high
current capacity thermocouple H1.1D. Close the switch DD and
set the THIRD AMPLIFIER INPUT at minimum. Next set the con-
densers and inductance in the tuning unit, making use of the in-
formation given on pages 148, 149 and 150 (W. E. Instruction
Book). Page 149 shows the approximate coupling capacity plot-
ted against the carrier frequency for low resistance antennae.
The value of coupling capacity should be taken from the curve
corresponding to the resistance of the antenna at the carrier fre-
quency. The approximate coupling capacity for high resistance
antennae may be obtained from page 150. Here the coupling
capacity is plotted against antenna resistance. Use the curve
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within whose frequency range the assigned carrier frequency falls.
Arrange and connect the coupling condensers in accordance with
the arrangement in Table I which has the nearest capacity to the
value obtained from either page 149 or 150. Set the tuning con-
densers and the inductance L1F in accordance with the data given
on page 148. Remove the ground from the antenna and connect
the antenna to the transmitter. Close switch DsA4. Start the
transmitter. Increase the THIRD AMPLIFIER INPUT until the
POWER AMPLIFIER PLATE CURRENT meter on the power amplifier
unit reads about one ampere. Adjust the CLOSED CIRCUIT IN-
DUCTANCE-—FINE ADJUSTMENT control for minimum POWER AM-
PLIFIER PLATE CURRENT. Increase the TIIIRD AMPLIFIER INPUT if
necessary and adjust the ANTENNA CIRCUIT INDUCTANCE—FINE
ADJUSTMENT control for maximum ANTENNA CURRENT. Retune
the closed circuit for minimum plate current, and then retune the
antenna circuit. This procedure, tuning first the closed circuit and
then the antenna circuit, should be followed until the tuning of
either of the two circuits produces a negligible change in the tuning
of the other circuit.

Note: 1f a high resistance antenna is used, the tuning of the
antenna circuit may be so broad that the point of maximum an-
tenna current is indeterminate. In this case it will be necessary
to utilize one of the alternative methods described farther on.

(g) Neutralizsing Power Amplifier—Shut down the transmitter.
Open the high voltage transformer disconnect switch 254. Open
the door in the front panel of the tuning unit and connect the sensi-
tive thermocouple Hr1.2F in circuit in place of the thermocouple
Hi1.1F. Close the door and set the TIIIRD AMPLIFIER INPUT at
minimum. Start the transmitter by pressing the start button of
the MASTER CONTROL SWITCH. Increase the input to the power
amplifier by means of the THIRD AMPLIFIER INPUT until this con-
trol is at its maximum, or until the CLOSED CIRCUIT CURRENT (IND)
meter reaches full scale deflection. Adjust the Dbalancing con-
denser C3E located at the top of the power amplifier unit until
the current on this meter is minimum. Shut down the transmitter.
Replace the sensitive thermocouple H1.2F with the high current
capacity thermocouple H1.1F. Set the TIIIRD AMPLIFIER INPUT
at minimum and close D3A4.

(h) Adjusting for Desired Power Qutput—Start the transmit-
ter. Increase the THIRD AMPLIFIER INPUT until approximately the
desired power output is obtained in the antenna. This may be
determined by adjusting for the correct antenna current as deter-
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P
I=|%"
R
In which I==antenna current in amperes.
P = power in watts.

R =antenna resistance in ohms (at the carrier fre-
quency ).

mined by the relation

Check the tuning of all stages and by means of the THIRD AM-
PLIFIER INPUT adjust for the correct antenna current.

2. Alternative Methods of Tuning Antenna Circuit.

If the resistance of the antenna is high, it may be impossible to
determine when the antenna current is maximum and recourse
must be made to another method of tuning. Both of the alterna-
tive methods described below are based on current relations which
exist in two parallel circuits, one containing a pure resistance (the
antenna circuit when cerrectly adjusted) and one containing a ptre
capacity (the coupling condenser circuit). The first method is
the more convenient and will be satisfactory in most cases. A
few instances may arise where it is necessary to use the second
method.

A. First Alternative Method—(a) Tune and neutralize the
transmitter through the third amplifier as described in paragraphs
(@) to (¢) inclusive of the preceding section. Adjust the coupling
capacity, tuning capacity and closed circuit inductance as described
in paragraph (f) of the same section. Reduce the THIRD AMPLI-
FIER INPUT as previously described and tune the closed circuit for
mininum POWER AMPLIFIER PLATE CURRENT.

(b) Tune the antenna circuit for the minimum ratio of the
CLOSED CIRCUIT CURRENT (CAP) to the ANTENNA CURRENT. In
other words, adjust the antenna circuit inductance to that value at
which the quotient of the cLOSED CIRCUIT CURRENT (caP) divided
by the ANTENNA CURRENT IS MINIMUM.

(¢) Retune the closed circuit for minimum POWER AMPLIFIER
PLATE CURRENT. With this method it is not necessary to retune
the antenna circuit.

(d) Shut down the transmitter. Neutralize the power ampli-
fier as described in paragraph (g) of the preceding section. Start
the transmitter and adjust for the desired output as described in
paragraph (/).

B. Second Alternative Method—This method is based on the
fact that the vectors representing the current through the induc-
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tance L1F, the current through the coupling condensers and the
antenna current form a triangle. When the antenna circuit has
no reactive component, the angle by which the current through the
coupling condensers leads the antenna current will be go degrees.
When the antenna has a positive reactance, this angle is greater
than go degrees and when the antenna has a negative reactance,
this angle is less than go degrees. Simultaneous readings are
made of all three currents and a factor computed which is propor-
tional to this angle (or more strictly speaking, proportional to half
the tangent of this angle). This factor will be unity when the
antenna circuit is correctly adjusted. If the factor is not unity,
more or less inductance is added to the antenna circuit until the
factor becomes unity. The detailed method of procedure is as
follows:

(@) Tune and neutralize the transmitter through the third am-
plifier as described in paragraphs (a) to (¢) inclusive of the pre-
ceding section.  Adjust the coupling capacity, tunirig capacity, and
close circuit inductance as described in paragraph (f) of the same
section. Reduce THIRD AMPLIFIER INPUT as previously described
in paragraph (f) of the same section. Reduce TIIIRD AMPLIFIER
INPUT as previously described and tune the closed circuit for mini-
mum POWER AMPLIFIER PLATE CURRENT.

(b) Record the simultaneous readings of the CIRCUIT CURRENT
(IND), CLOSED CIRCUIT CURRENT (CAP) and ANTENNA CURRENT
meters.

Let

I, = antenna current,
Iinqa == closed circuit current (ind),
I.ap = closed circuit current (cap),

S = 1/2(]am +Ilnd +]cap),

compute the factor

(S'_]am)(s_]cap)

o S(S—Tima)

When the antenna circuit is tuned to resonance, this factor equals
unity. If the computed value is greater than unity, the antenna
inductance sshould be decreased. If it is less than unity, the an-
tenna inductance should be increased. The following data taken
while tuning a 120-ohm antenna on 500 kilocycles will illustrate
this method of tuning.
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I&‘:}g&‘:&e Iant Teap Tind S s—Iant | $—Icap | $—{ind F
19 turns....| 5.25 | I18.8 21.0 | 22.53 | 17.28 | 3.73 1.53 1.87
18 Y .. 5.45 | I9.5 21.1 | 23.03 | 17.58 | 3.53 1.93 1.39
14 5.45 | 19.5 20.6 | 22.78 | 17.33 | 3.28 2.18 I.14
13 5.55 | 19.55 | 20.6 ( 22.85 | 17.30 [ 3.30 2.25 I.II
1z ¢ 5.45 ! 19.50 1 20.1 | 22.53 | 17.08 | 3.03 2.43 945

In this case the correct value of antenna loading inductance was
found to be ahout 12 1/2 turns.

(¢) Retune the closed circuit for minimum POWER AMPLIFIER
PLATE CURRENT. As in the case of the first alternative method, it
is not necessary to retune the antenna circuit.

(d) Neutralize the power amplifier as previously described in
paragraph (g) of the preceding section. Adjust the transmitter
for the desired output as described in paragraph (%) of the same
section.

3. Adjustment of Artificial Antenna.

The artificial antenna is intended to be used in place of the real
antenna for testing purposes and to be at all useful it must be ad-
justed to have the same reactance and resistance as the real antenna
for the carrier frequency used. It is adjusted by trial, varying the
resistance, inductance and capacity until the readings of the meters
in the tuning unit are exactly the same when the antenna switch
is in either position and with the same adjustments of the tuning
unit. For low resistance antennae the resistance setting will be
slightly below the effective resistance of the antenna. TFor higher
resistance antennae it may be necessary to use a value of resistance
somewhat higher than that of the antenna due to the effect of stray
shunt capacity. The proper resistance is obtained by adjusting the
arrangements of the resistance units or grids in the two resistance
banks R5.1G and R35.2G, each of these grids having a resistance of
44 ohms and a current carrying capacity of 2.5 amperes.

The following table shows connections of the artificial antenna
resistances for different values of resistance.

Intermediate values of resistance may be obtained by using in-
termediate numbers of groups in series or by adding or subtracting
grids from one of the groups. Care should he taken that the
smallest group contains as many grids as the quotient of the an-
tenna current divided by 2.5.
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(d) Typical Meter Readings—All meters should now read
within the limits specified in the following table when the trans-
mitter is in operation. The table is intended to cover the whole
range from 500 KC to 1500 KC. At any one frequency the meter
readings should fall within the limits given but should not vary
greatly from a single value at that frequency. If the meters on
the tuning and power amplifier units do not indicate within the
required limits, readjustment may be made with the following
ideas in mind.

PR Number of P Number of
Resistance Grlds- in Par- Groups Con- Resistance Grlds. in Par- Groups Con-
in Ohms allelcm Each nected in in Ohms allele Each nected in
roup Series EoN D Series

13.2 10 3 73.3 6 10
17.6 10 4 88.0 5 10
22.0 10 5 105 5 12
26.4 10 6 132 4 11
27.5 8 5 165 4 15
33.0 8 6 176 3 12
38.5 8 7 293 3 20
44.0 6 6 440 2 20
51.3 6 8 660 2 30

(a) The meter marked CLOSED CIRCUIT CURRENT (IxD) should
always read more than the meter marked CLOSED CIRCUIT CURRENT
(car). If this condition does not hold, it is a sign that the an-
tenna circuit is not correctly tuned.

(0) The amount of closed circuit current depends on the cou-
pling capacity. Increasing the coupling capacity increases the
closed circuit current as it introduces less resistance into the closed
circuit. Conversely decreasing the coupling capacity decreases the
closed circuit current.

(¢) The power amplifier plate current depends on the impedance
of the closed circuit. This current may be reduced by using a
larger value of coupling capacity and increased by using a smaller
value of coupling capacity.

(d) The radio frequency input to the power amplifier may be
increased by increasing the coupling between the second and the
third amplifiers by means of the TIIIRD AMPLIFIER INPUT control.
Should insufficient input be obtained with this control at its maxi-
mum position, increase the number of turns on the secondaries of
the radio frequency transformer L12C as previously described
on page 300.
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(e) If an oscillograph is available, a pure sine wave of some low
frequency may be applied to the audio input terminals of the trans-
mitter. Small variations may then be made in the coupling capac-
ity until the best wave {orm, as viewed in the oscillograph attached
to the monitoring rectifier, is obtained.

With a sustained tone supplied to the transmitter at the proper
input level, as shown on the volume indicator of the speech input
equipment, there should be a noticeable increase in the output cur-
rents of the second and third amplifier, the closed circuit current,
and antenna current. In the operation of the speech input equip-
ment no attempt should be made to draw grid current in the modu-
lator tube, as complete modulation is obtained at a much lower
level than that which causes grid current to flow, and over modula-
tion will cause serious distortion of the speech and music.

TYPICAL METER READINGS

5-KW. Ouvtrur UNMODULATED

AC Power Panel:

Voltage phase A
Voltage phase B
Voltage phase C
Voltage rectifier 1
Voltage rectifier 2
Voltage rectifier 3

Rectifier Unii:
Rectified voltage
Rectifier plate currentno. 1 ....
Rectifier plate currentno. 2 ....
Rectifier plate current no. 3 ....

Oscillator Unit:

Oscillator plate current
First amplifier output current ..
Second amplifier output current
Second amplifier plate current .
Oscillator grid current ........
First amplifier plate current ...
First amplifier grid current ....
Second amplifier grid current ..
14-volt generator .............
1600-volt generator
22-volt generator
250-volt generator

220 5% volts.
220 5% volts.
220 5% volts.
200 volts,
200 volts.
200 volts.

0.5 to 10.5 kilovolts.
.4 to .5 amperes,
.4 to .5 amperes.
.4 to .5 amperes,

55 to 70 milliamperes.
See page 151 (W. E. Book).
1.0 to 1.6 amperes.

00 to 120 milliamperes.
0 to 3.0 milliamperes.®
50 to 100 milliamperes,
o milliamperes.

7 to 25 milliampercs.
14 volts.

1600 volts.

22 volts.

250 volts.

% The end turns of L1C should be short-circuited by the thin link on D17C

provided for that purpose, if the 0sCILLATOR GRID current exceeds three milli-
amperes, Under no circumstances should the grid current be allowed to
exceed four milliampercs as the quartz plate will be damaged by passing too
great a current through it.
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Amplifier Unit:

Third amplifier output current . 400 to 650 milliamperes.

Third amplifier plate current .. 4.0 to 10.0 amperes.
Modulator plate current ....... 70 to 120 milliamperes.
Third amplifier grid current ... o to 5 milliamperes.
Speech amplifier plate current .. 35 to 50 milliamperes.
Modulator grid current ....... o milliamperes.
Power Amplifier Unit:
Grid current ................. 10 to 50 milliamperes.
Leakage current .............. o to 18 milliamperes.
Plate current ...........cc.... 1.3 to 1.5 amperes.
Tuning Unit:
Closed circuit (cap.) current .. 22 to 33 amperes.
Closed circuit (ind.) current .. 22 to 33 amperes.

Antenna current %

IV. Maintenance

A. General—For best operation the 5-C Radio Transmitter
must be kept free from dust and dirt. High pressure air is recom-
mended for cleaning the apparatus inside the enclosure, but a soft
clean cloth may be used with good results. Waste or oily cloth
should never be used. ILemon oil is recommended as a polish for
the front of the panel units. It should be used sparingly and
wiped off with a soft cloth.

All nuts, bolts and screws should be examined occasionally and
loose ones tightened. Also examine all electrical connections and
tighten loose contacts if any are found. Trouble can often be pre-
vented by such precautions.

B. Vacuum Tubes—Tubes should never be operated at
higher voltages than those specified, as such operation shortens the
life of the tubes and does not improve the operation of the equip-
ment.

Water-cooled tubes should be removed from their sockets and
the anodes cleaned occasionally to prevent scale from accumulating.
1f scale accumulates on the copper anodes, it may prevent proper
cooling and interfere with the removal of the tubes from the socket.

The life of tubes in the power amplifier may be greatly pro-

6 Antenna current may be determined from the equation

P
I=\;—R’

] = antenna current in amperes,
P = power output in watts, .
R —resistance of antenna at carrier frequency in ohms.
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longed by reversing the direction of the current in the filament
circuit. Switch D1E on the power amplifier unit is provided for
this purpose. It is suggested that this switch be thrown to one
side on odd numbered days of the month and to the other side on
even numbered days.

C. Motor Generators.

Caution: Make Sure That the Field Circuit of Generator Is
Open Before Working on the Generator.

The commutators of all the generators should be cleaned daily
with a cloth to remove oil and dust. They should also be cleaned
about once a week with fine (No. o or 00) sandpaper, lightly ap-
plied. Do not use emery cloth or crocus cloth. The above opera-
tions will help to keep the generator noise at a minimum. Clean
the oil and dust from all sets daily, giving attention to the brush
hOIdler (particularly on the high voltage generator) about once a
week.

Inspect the brushes frequently and replace if necessary. They
should be replaced when worn so short that there is danger of the
brush spring resting on the brush holder. Check the lubrication
frequently and if necessary replenish the oil supply with a good
grade of machine oil. Also inspect the oil rings to see that they
are rotating properly.

D. Water Circulating System—Only distilled water should
be used in the cooling system. Under normal conditions a water-
flow of from 6 1/2 to 8 gallons per minute should be maintained.
This condition is fulfilled when the drop in pressure across the
Venturi tube located in the rear of the rectifier unit is between
15 Ibs. and zo Ibs. It should be noted that the top gauge on the
Venturi tube reads either a pressure or a vacuum. When this
gauge reads on the pressure side (to the right of “0”) the drop
in pressure is the difference in the two gauge readings. When this
gauge reads on the vacnum side (to the left of “0”) the drop in
pressure is the sum of the two gauge readings.

The purity of the water in the system may be determined by the
indication of the leakage current meter located on the front of the
power amplifier unit. When this current exceeds 18 milliamperes,
the conductivity of the water is too great and it should be replaced.
In some installations connections have been made so that house
water may be used in an emergency, but this should not be done
unless absolutely necessary, as operating with house water is likely
to leave deposits of scale in the system, to cause unnecessary dis-
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integration of the hose couplings and to cause excessive power
losses.

The table on page 144 (W. E. Book) gives instructions for the
operation of the various values and is self explanatory.

The water system is filled through a hose attached to valve E.
Set the valves as given in table on page 144, place the hose in the
container holding the distilled water and draw water into the sys-
tem by running the pump. Fill the system until the expansion
tank is from one-third to one-half full. Under normal operating
conditions it will be necessary to add from 1/2 to 1 gallon of
water per week to replace losses from evaporation and leakage.

Each of the two radiators is equipped with valves on both the
inlet side and the outlet side. Either one or both of these radiators
may be used depending on local conditions. Under average condi-
tions one radiator will have sufficient heat dissipating capacity to
keep the temperature of the water well below 180° F. However,
during hot weather it may be desirable to use both radiators. In
this case the valves for both radiators should be left entirely open.

The strainer on the intake of the pump should be inspected
every day when the equipment is first put in operation. The con-
dition of the strainer during the first few inspections will determine
the frequency with which later inspections need be made. This
strainer may be removed for cleaning by unfastening the top of
the unit and lifting the strainer out. Valves D and F must be
closed before opening the strainer compartment.

Check the lubrication of the pump motor bearings frequently.
Use a medium cup grease in the grease cups on the pump bearing
and give the cups a turn every few days. Keep the packing on
both sides of the pump tight enough to prevent water leaks.

E. Antenna—Two or three times a year lower the antenna
and thoroughly clean the insulators. Inspect the contacts and
tighten nuts and bolts, if any are used on the antenna fittings. It
is important that the antenna insulators be cleaned periodically,
especially if there is much smoke in the air. Where smoke is
present, soot collects on the insulators and produces high resistance
ground leaks which reduce the efficiency of the antenna.

F. No. 100-A Condenser—If the installation instructions
which are packed with each condenser have Deen carefully fol-
lowed, and if the condensers are operated at normal temperatures
and rated voltage, little or no routine maintenance is required for
the 100-A condensers.

These condensers should be installed in a place where there is.
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free circulation of air, and where the room temperature may be
maintained hetween 40° F. and 105° F. They should be used only
on direct current circuits and operated at potentials not exceeding
33 volts. If it is necessary to disconnect a condenser from the
circuit for more than one week, the film on the positive plate may
deteriorate. To prevent this, the condenser should be connected
across a source of normal operating voltage for one or two hours
each week that it is out of service.

When a condenser has not been maintained in this manner it may
pass a high current and give off gas when a potential is applied.
If the cell is in this condition, it will be necessary to refilm the
positive plate before putting the condenser back into service. This
process is an emergency meastire only and should not be substituted
for weekly maintenance while the condenser is out of service, for
allowing the film to deteriorate shortens the life of these cells.
The refilming may be done by connecting the condenser in series
with a 110-volt lamp rated between 50 and 100 watts across a sup-
ply of direct current having a potential equal to or slightly greater
than that of the circuit in which the condenser is used. Care
should be taken in doing this to be certain that the positive terminal
of the condenser is connected to the positive side of the source of
potential. The condenser should be allowed to remain connected
in this circuit until the current flowing through it drops to a value
of 5o milliamperes or less. This may, in some cases, take one or

“two days.

Care should be taken to keep the hole in the porcelain cover
plugged with a cork and to have the groove of the cover set prop-
erly over the rim of the glass jar, the paraffin in the grooves main-
taining the seal. TUnless the air space above the oil is sealed to
prevent air circulation, crystals from the evaporation of creeping
condenser fluid will form on the supports above the oil.

Occasionally a gray precipitate will appear at the hottom of the
jar. This is the result of a corrosive action which takes place on
the positive or corrugated plates and their terminals. Such cor-
rosive attack is particularly likely to take place if sufficient care
has not been exercised in the installation of the condensers. The
attack is not harmful unless the terminals of one of the positive
plates are weakened sufficiently to allow the plate to drop against
the negative structure. In the event of a short circuit of this
nature, the condenser plates can be removed from the fluid, the
remaining supports of the affected plate cut-off, and the damaged
plate removed. The remaining electrodes may then be used until
a new condenser is obtained. The change of capacity due to the
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removal of one electrode is not sufficient to affect the filtering ac-
tion of the circuit in which the condenser is connected, and after a
plate has been removed the condenser may continue to operate in-
definitely. However, the corrosive action may continue so that an
additional plate must be removed, in which case the filtering action
of the circuit would be materially affected.

G. Relays—Relay maintenance consists principally in keep-
ing the contacts clean. Dust collects on the contacts in spite of the
relay covers and sometimes causes a failure in the operation of an
important circuit. Relay contacts in generator field circuits should
receive special attention. Do not overlook the water flow relay
S1B. Abrasives such as fine files or emery cloth should never be
used on the contacts. In the case of badly pitted contacts, crocus
cloth may be used, but the contacts should immediately be cleaned
with carbon tetrachloride.

In order to insure unretarded action of the type PQ time delay
relays, Neetsfoot oil should be applied to the bellows once every
three months or oftener if necessary.

The contacts of the relays on the temperature control panel and
the thermostat contacts should receive special care. At least once
every two weeks they should be cleaned using the following pro-
cedure: Use carbon tetrachloride of the highest purity and some
hard wood toothpicks flat on one end. Hold the contacts apart
and deposit a drop or two of the liquid on them with the point of
a toothpick. Dip the flat end of the toothpick in the liquid to a
depth of one-fourth inch and rub back and forth two or three times
between the contacts, which should now be closed with a slight
pressure on the flat side of the toothpick.

Caution: The HEATER SUPPLY switch should be turned off when
the relays are being cleaned, as there is a potential of 110 volts be-
tween the relay frame and ground. The liquid will soften any
deposit that may have collected on the contacts and the rubbing
will remove it. Hold the contacts open again and flush with a lit-
tle of the liquid taken up on the clean point of the toothpick (not
the end used for rubbing). This will wash off any loose particles
that remain. The same toothpick should not be used for cleaning
another set of contacts since the deposit removed from the first set
might be left in the liquid and later be deposited on other contacts.
Care should be taken to keep the liquid from coming in contact
with the rubber studs, insulators, and windings as carbon tetra-
chloride has an injurious effect on these parts if applied frequently.

H. Air Filter on Power Transformer Blower—The fre-
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quency with which this filter needs to be cleaned is dependent on
local conditions but normally it need not be done oftener than once
every six months. The tubular retaining bolt which holds down
the cylindrical cover of the filter is perforated so that the filter may
be conveniently cleaned hy use of compressed air. Remove the
small cap on the top of the filter and attach an air hose. Slowly
turn the wing bolt around to the left for at least one revolution so
that the cleaning blast will strike all portions of the inside of the
insert. Always tighten the wing bolt and replace the small cap
after each application of the air hose.

If compressed air is not available, the filter may be cleaned in
the same manner, using an ordinary tire pump, or the insert may
be removed and cleaned by gently tapping it. To remove the in-
sert, unscrew the wing bolt on top of the filter and 1ift off the cover.
Avoid handling the insert any more than necessary. Never brush
the surface of the felt or wash it, as this merely tends to carry the
dust into the pores of the felt.

I. D-87781 Quartz Oscillator—The D-87781 Quartz Oscil-
lator as received, contains a piezo-electric quartz crystal which is
padded with lens paper in order to facilitate shipping. This pad-
ding must be carefully removed in accordance with the following
procedure before attempting to place the crystal oscillator into
operation.

I. Remove the three outer screws clamping the crystal housing
or cup to the base or lower electrode. In doing this care shall be
taken not to separate the cup from the lower electrode as this will
likely tear the foil connecting the upper plate or electrode and the
center terminal of the cup.

2. Carefully invert the oscillator, taking care to keep the cup and
lower electrode intact. Then remove the metal base or electrode.
Remove the padding of lens paper between the crystal and the
lower electrode. Carefully lift out the piezo-electric crystal by
the edges of the crystal. Do NOT TOUCH SURFACES OF THE CRYS-
TAL.

3. Clean the crystal, crystal compartment and electrodes with the
lens paper used as padding.

4. Replace the crystal and reassemble.

The quartz oscillator is now ready to be placed into operation.
Care should be taken not to shake the D-87781 Quartz Oscillator
unduly as there is considerable space for movement of the upper
electrode, and careless handling of the quartz oscillator without the
lens paper insertion in place may seriously injure the crystal.
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If, for any reason, occasion should arise to clean the crystal, it
may be done through the use of carbon tetrachloride and lens paper
or other lintless material. 1f there is occasion to ship the D-87781
Quartz Oscillator, care should be taken to suitably pad the crystal
before making shipment. The D-87781 Quartz Oscillator should
then be placed in a carton containing adequate padding.

V. Operating Procedure

When the transmitter is not in operation it is advisable to ground
the antenna to protect it against lightning. The safety switch D34
located in the rear of the a.c. power panel, and the safety switch
D3C located in the rear of the oscillator unit, and the main power
disconnect switch D14 located on the front of the a.c. power panel
should also be left open. Before starting, it will he necessary to
remove the ground from the antenna and close these three switches.

The transmitter may be started either with full automatic control
or semi-automatic control. Under the first condition, pressing the
start button will start all motors, light the filaments of all tubes,
supply grid bias to all tubes, operate the 10,000-volt rectifier to ap-
ply plate voltage to the power amplifier, and finally close the 1600-
volt generator field circuit, applying plate voltage to the radiation
cooled tubes. When starting under semi-automatic control the
transmitter follows the same procedure except that the 10,000-volt
rectifier is not placed in operation and the 1600-volt generator field
circuit is left open. These operations may then be performed by
the operator independently. When considerable time has elapsed
since the last broadcasting period it is good practice to start the
transmitter with semi-automatic control, adjusting the filament
voltages and allowing the filaments to burn for a few minutes pre-
vious to applying any plate potential. It is also good practice prior
to starting to turn the rheostats for the r4-volt generator, 22-volt
generator, and 1600-volt generator a few degrees in a clockwise
direction, thus preventing the generator voltage from building up
to an abnormally high value when the transmitter is started.

A. To Start with Automatic Control-—Having removed the
antenna ground and closed the safety switches, main power dis-
connect switch and the gate, press the START BUTTON of the MASTER
CONTROL switch on the front of the a.c. power panel. When the
generator voltages build up, adjust these voltages to their normal
values. After the 1600-volt generator field relay has closed, ad-
just the THIRD AMPLIFIER INPUT until the antenna is the correct
value for the desired power output.
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B. To Start with Semi-Automatic Control--Remove the an-
tenna ground, close the safety switches, main power disconnect
switches and the gate as before. Press the oFF hutton of the 1600-
VOLT GENERATOR FIELD switch located on the oscillator unit.
Press the sTART hutton of the MASTER CONTROL switch Jocated on
the a.c. power panel and immediately after that press the orF but-
ton of the RECTIFIER cONTROL switch also located on the a.c. power
panel. When the 14-volt, 22-volt and 2350-volt generator voltages
" have built up they should be adjusted to their normal value. Plate
voltage may now be applied to the tubes in the power amplifier unit
or to the radiation cooled tubes independently, voltage being ap-
plied to the power amplifier tubes by pressing the o~ button of the
RECTIFIER CONTROL switch and plate voltage being applied to the
radiation cooled tubes by pressing the o~ button of the 1600-voLT
GENERATOR FIELD switch.

C. Routine Meter Readings—All generator voltages should
be checked and corrected if necessarry at least once every fifteen
minutes. After starting, the operator should check all meter read-
ings and the crystal temperatures, looking for any irregularities.
These meter readings and temperatures should also be checked
regularly during transmission.

D. To Stop the Transmitter—The transmitter is shut down
by pushing the sTop button on the MASTER CONTROL switch on the
a.c. power panel. Under no condition should the operator stop
the transmitter by use of the main power disconnect switch, as
doing this is sure to damage the contacts of this switch. After
stopping the transmitter, the antenna should be grounded, the
safety switches D54 and D3C and the main power disconnect
switch D44 opened.

After the transmitter has been started, should it be desired to
remove plate voltage from the power amplifier, it may be done by
pressing the oFF button of the RECTIFIER CONTROL switch. Should
it be desired to remove plate voltage from the radiation cooled
tubes, press the orr button of the 1600-VOLT GENERATOR ARMATURE
switch. Neither of these operations will affect any other part of
the transmitter. Plate voltage may be reapplied to either group
of tubes by pressing the ox button on the same switch.

E. Operation at Reduced Power—DBy reducing the THIRD
AMPLIFIER INPUT the set may be operated at power outputs as low
as 1 KW. No change in plate voltage or grid bias should be made
while working at reduced power output.
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F. Speech Input Equipment—The speech input equipment
used in connection with the transmitter should be operated so as to
deliver to the transmitter an input level of approximately — 8 deci-
bels. (The term decibel, abbreviated DB, has recently been
adopted by international agreement to designate the unit formerly
known as the transmission unit. )

VI. Location of Trouble

A. General—If this transmitter is subject to a regular and
careful maintenance procedure very little trouble will be experi-
enced. Should trouble arise an experienced operating personnel
is a valuable asset as troubles which are baffling to a new operator
often have causes which are obvious to the experienced operator.
For this reason a new operator should endeavor to become familiar
with the circuits, their functions and the location of the various
pieces of apparatus, particularly fuses, as quickly as possible.

In case of trouble in any of the control or protection circuits the
operator should remember that these circuits are interlocked so
that the failure of one piece of apparatus often prevents other
pieces from functioning. For example, should the field circuit of
the 250-volt generator open, the 10,000-volt rectifier and the field
circuit of the 1600-volt generator cannot be energized. The line
diagram shown on page 105 will be found convenient for tracing
these interlocking circuits. In case a piece of apparatus fails to
operate the operator should first make certain that the previous
interlocking circuits have operated and then examine the piece of
apparatus for defects. Trouble with generators building up may
sometimes be traced to dirty relay contacts in the field circuits.
These should be cleaned regularly as outlined under Maintenance.

Trouble in the radio frequency circuits is usually caused by the
improper adjustment of the circuits. The first step in case of
trouble in these circuits should be to see that all adjustments are
in accordance with the adjustments described in Section C of
Part I1.

It is not practical to attempt to describe every possible cause of
trouble but the following list gives some of the more usual causes
of trouble. It should he remembered that these are but sugges-
tions.

B. Failure of Transmitter to Start—This may De due to no
line voltage, an open or discharged battery operating the master
control relay S54. If the transmitter starts, but stops immedi-
ately, this may be due to the battery which operates the master
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control relay $54 being almost discharged, thus being able to sup-
ply enough power to operate the relay but not enough to hold it up.

C. Failure of One of the Motors to Start—This condition is
likely to be due to a blown fuse or thermal cutout in the motor cir-
cuit. The motors for the motor generators and the pump are pro-
tected by thermal cutouts which contain a heater coil and a fusible
link. Should one of these motors draw any excessive current for
any length of time the heat generated in the heater coils will melt
the fusible link and open the circuit. All of these thermal cutouts
use the same type fusible link, G. E. Cat. No. 167539, the differ-
ence in the current rating being determined by the construction of
the heater coil. The motors for the radiator and transformer
blowers are protected by cartridge fuses.

D. Failure of Power Amplifier Filaments to Light—This
condition (unless tubes are burned out) is often an indication that
the 22-volt generator field is open due to stoppage of the water
circulating system. Check the inlet and outlet valves, making sure
that these are not closed, and also look for any other closed valves
in the system. This condition may also be caused by switch D1E
on the back of the power amplifier unit being open, or by a blown
fuse.

E. Failure of the Rectifier—If the filaments of the rectifier
tubes do not light, the treuble is probably due to the failure of some
of the preceding interlocking circuits. Check the voltage of the
22-volt generator and the 250-volt generator. If the filaments
light, but no rectified voltage is produced, either the disconnect
switch D54 on the back of the a.c. power panel or the switches on
the high voltage transformer may be open. If two of the recti-
fier tubes light dimly ard the third lights with normal brilliancy,
one of the power supply fuses F134 is probably open. If one of
the rectifier tubes does not light, one of the fuses F34, F6A or
F7A is probably open.

F. Failure of the Piezo-Electric Oscillator—If the oscillator
is adjusted according to the instructions, there is no reason to ex-
pect failure of the quartz plate. If the quartz oscillator is re-
moved at any time, care should be exercised in replacing it in the
thermal element to make certain that it is seated firmly on the
thermal element and in contact with it. If the quartz oscillator is
not flat on the thermal element, there may be a difference in tem-
perature between them which will cause a change in frequency of
the crystal. If for any reason the oscillator should stop during
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transmission, change to the other crystal by means of the CrRYSTAL
SELECTOR switch.

If the oscillator does not start when the transmitter is started,
try shutting off the 1600-VOLT ARMATURE switch momentarily.

G. Failure of the Temperature Control Circuits—Should
trouble develop in the temperature control apparatus and the tem-
perature rise to an excessive value the operator should check the
operation of the relay by throwing the TEST SWITCH to the TEST
position. If the relay current decreases and the armature of the
relay moves when this switch is thrown, the vacuum tube relay is
functioning properly, and the trouble is probably due to the failure
of the thermostat contacts to make contact due to dust between
them. Clean the contacts as described in the section under Main-
tenance.

Should the temperature drop to a low value the trouble may be
due to dirty contacts on the temperature control relay or to the re-
lay being out of adjustment or the vacuum tube burned out.
Trouble of this nature cannot be caused by any failure of the
thermostat. The relay contacts may be cleaned as described in the
section under Maintenance.

H. Reduced Signal Strength—Reduced signal, indicated by
reports from radio listeners, when accompanied by reduced an-
tenna current usually indicates either that connections in the ground
or antenna leads have corroded, introducing a high resistance in
the antenna-ground circuit, or that the antenna insulators are dirty,
providing a high resistance leakage path to ground. When re-
duced signal strength is not accompanied by a change in antenna
current it is probably due to seasonal or atmospheric conditions
which are beyond the control of the operator.

I. Fuse Failure—Whenever a fuse blows, a thorough search
should be made to locate the cause of trouble before replacing the
fuse. If none is found, replace the fuse and apply power to the
set, watching the meters and other apparatus in the circuit pro-
tected by that fuse. If the fuse blows a second time, the trouble
should be found and rectified hefore replacing the fuse.

As each fuse protects some different circuit, fuse failures are
often a convenient means of isolating troubles. The list of fuses
given under Section VIII will be of assistance in locating troubles
through fuse failures.

J. Open Filaments—Open filaments will not light and are
readily located, except for the type 212-D vacuum tubes, which
have parallel filaments. In these, one branch of the filament may
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burn out while the other is still whole. This condition is indicated
by low plate current, and the defective tube can be identified by the
appearance of the filament when it is lighted.

VII. Spare Parts

The following spare parts are furnished as part of the 5-C Radio
Transmitter :

30—General Electric Company fusible links, Catalogue No.
167539.

10—2 Ampere, 2500-volt fuses, D. & W. Catalogue No. 2760.
1—Ring per Detail 2, ESL-310847, Issue 4.

6—Gaskets per Detail 3, ESL-310847, Issue 4.

6—Gaskets per Detail 4, ESL-310847, Issue 4.

12—K S-6431 hose couplings.

12—\Washers per Detail 1, ESA-318250.
1—Spare set of brushes for No. KS-5111 Motor-Generator.
1—Spare set of brushes for No. KS-5112 Motor-Generator.
1—Spare set of brushes for No. KS-5060 Motor-Generator.

The following additional spare parts are furnished with the
105-C Radio Telephone Broadcasting Equipment, of which the
5-C Radio Transmitter forms a part:

2—102-D vacuum tubes.
2—248-A or D-86737 vacuum tubes.
4—=211-D vacuum tubes.
4—=212-D vacuum tubes.
2—220-B vacuum tubes.
—222-A vacuum tubes.

1—KS-6346 thermometer.

Spare parts should be kept readily accessible and clearly classi-
fied. It is important to prevent confusion of serviceable and un-
serviceable material. Such confusion may cause unnecessary de-
lay in broadcasting in case of trouble.

I. Description No. 8-B Speech Input Equipment

A. General.

The No. 8B Speech Input Equipment is designed to be used at
the studio location of a broadcasting installation, either when the
studio and the radio transmitter are at the same location or when
they are at points widely separated. It provides condenser trans-
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Fiz. 209. 8-B Speech Input Equipment.

mitters for converting into electrical energy the sounds to be broad-
cast, and apparatus for amplifying the energy thus obtained to a
suitable level before it is sent to the radio transmitter. A mon-
itoring system is provided to enable the operator to control the
amplifying apparatus intelligently. A stucio control system is in-
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corporated to facilitate switching of program circuits, together
with an interphone system for communication between the control
room and the studio. In addition there is included adequate power
supply for the apparatus.

Essentially, this equipment consists of an assembly of apparatus
on three panels to be located in the control room. In addition
there are the condenser transmitters and studio control cabinet to
be located in the studie, and the storage batteries with associated
charging equipment. The panels mount the necessary amplifiers;
the volume indicator used for visual monitoring; the meter panel
for testing and adjusting the equipment ; the condenser transmitter
control and mixing circuits; the relays for switching and outside
line signalling ; the control panel for the studio control system; the
jacks for switching and testing the equipment; the fuse panels for
the hattery circuits, and the high voltage rectifier with its associated
resistances for supplying direct current to the plate circuits of the
vacuum tubes of the amplifiers and of the volume indicator and
for maintaining the necessary difference of potential between the
plates of the condenser transmitters. The individual panels of
this assembly and the units mounted on them are described in detail
in subsequent sections. A front view of the three panel assembly
is shown in figure 209.

The apparatus regularly furnished as part of the No. 8B Speech
Input Equipment provides for one studio only. The descriptive
matter and the schematics contained in these instructions are pre-
sented on the assumed basis that three of the condenser transmit-
ters will be installed in the studio and the fourth in the control
room. For installations differing from the assumed standard, the
schematics will be similar in general layout but will vary in detail
according to the individual case. For instance, in the case of an
installation having more than one studio, or in which the location
of the condenser transmitters differs from the assumed arrange-
ment, the circuit arrangements shown on the schematic of ampli-
fication and gain control circuits and the studio control system
schematic can be considered as typical only.

B. Panel Assemblies.

1. General—In the descriptive matter which follows reference
is made to position numbers. The system of designating mounting
positions is as follows. The mounting positions are first numbered
from left to right, looking at the front of the apparatus. If the
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mounting has more than one horizontal row of mounting positions,
those in the top row are numbered first as just described and the
subsequent rows are numbered consecutively in the same way. If
apparatus can be mounted on the rear of the mounting plate, the
system of numbering is the same except that the positions are
numbered from left to right looking at the rear of the apparatus.
If both sides of the mounting are used, the mounting positions
on the front are numbered first, and then the numbering is con-
tinued as described on the rear.

2. No. D-87908 Amplifier Panel-—-This panel consists of a
framework on which are mounted the line amplifier (No. 8-C Am-
plifier), the monitoring amplifier (No. 18-B Amplifier), the vol-
ume indicator (No. 203-B Panel) and the meter panel (No. 514-A
Panel). This panel is assembled as a unit and the input and out-
put terminals of the apparatus are wired at the factory to a ter-
minal strip at the rear of the panel to facilitate installation. Al-
though not regularly furnished as part of this equipment, a power
amplifier (No. 9-A Amplifier) and a volume control panel (No.
516-B Panel) for operating several loud speaking telephones in
studios or reception rooms may be mounted on this assembly, and
wiring is provided to care for the possible subsequent addition of
these units. The input and output terminals of the amplifiers and
the input terminals of the volume indicator are connected, when the
equipment is installed, to jacks on the miscellaneous equipment
panel described helow, to facilitate testing and to provide flexibility
of the equipment as a whole.

3. No. D-87990 Miscellaneous Equipment Panel—The No.
D-87990 Miscellaneous Equipment Panel, like the Amplifier Panel,
is assembled and wired at the factory.

At the top of the miscellaneous equipment panel are the mount-
ing plates which mount the relays of the studio control system.
Beginning at the top the first No. D-86778 Mounting Plate mounts
six No. E-1997 Relays in positions 1 to 4 and 7 and 8. The relays
in the first four positions are associated with the four condenser
transmitter amplifier circuits, while the other two are used with the
outside program line circuits. They are operated by non-locking
push buttons designated ““on,” which are contained in the No.
D-85644 Apparatus Units, on the No. D-85650 Panel and in the
No. D-86852 Control Cabinet. Each No. E-1997 Relay, when
operated, connects the associated condenser transmitter amplifier
circuit or outside program line to the input of the No. 8C Ampli-
fier and lights a signal lamp on the D-85650 Panel and in the No.
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D-86852 Control Cabinet to indicate that the connection is made.
In the unoperated position the relay disconnects the associated
condenser transmitter amplifier circuit or outside program line
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from the input of the main speech input amplifier and connects in
its place a resistance mounted on the No. D-86775 Mounting Plate,
so as to keep the impedance of the circuit approximately constant
regardless of the number of condenser transmitter amplifiers or
outside line circuits connected.

The second No. D-86;78 Mounting Plate mounts six No. E-323
Relays in positions 1 to 4, and 7 and 8. These relays, as mentioned
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in the preceding paragraph, are associated respectively with the
four condenser transmitter amplifier circuits and two outside pro-
gram line circuits. They are operated by non-locking push buttons
designated “ orr ” which are contained in the No. D-85644 Appa-
ratus Units on the No. D-85650 Panel and in the No. D-8652 Con-
trol Cabinet. Each No. E-323 Relay, when operated, breaks the
locking circuit of the associated No. D-86880 (or No. D-87170)
and No. E-1997 Relays, disconnecting tthe associated condenser
transmitter amplifier circuit or outside program line as the case
may be.

The third No. D-86778 Mounting Plate mounts four No.
D-86880 Relays in positions 1 to 4, two No. D-87170 Relays in
positions 7 and 8, and one No. E-241 Relay in position 10. The
No. D-86880 Relays are associated with the four condenser trans-
mitter amplifier circuits, while the No. D-87170 Relays are asso-
ciated with the outside program line circuits. Both the No.
D-86880 and the No. D-87179 Relays are provided with two wind-
ings, one for operating and one for locking. They are operated
through their operating windings by non-locking push buttons
marked “ox” contained in the No. D-85650 Panel. Once op-
erated, they are locked through their locking windings and auxil-
iary contacts until their locking circuits are broken by the epera-
tion of the associated No. E-323 Relays, controlled by the “ orr ”
buttons of the No. D-85644 Apparatus Units. The No. D-86880
Relays may also be controlled from the No. D-85644 Apparatus
Units of the No. D-86852 Control Cabinet in the studio. The
No. D-87170 Relays can be controlled only from the No. D-85650
Panel in the control room, unless additional No. D-85644 Appa-
ratus Units are provided in the No. D-86852 Control Cabinet.
The reason for this arrangement is given in the section entitled
“ Operation.”

When operated, each No. D-86880 or No. D-87170 Relay closes
the operating circuit to the associated No. E-1997 relay, which
when operated connects the desired condenser transmitter amplifier
circuit or outside program line to the input of the No. 8-C Ampli-
fier. Each No. D-86880 Relay, associated with a condenser trans-
mitter amplifier circuit, when operated not only closes its own
locking circuit and the operating circuit of the associated No.
E-1997 Relay but, in addition, opens the circuit of the interphone
signalling buzzer at the point where the associated condenser trans-
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mitter is located, disconnects the loud speaking telephone at that
point, and operates a supplementary relay to control the intensity
of illumination in the studio if such a relay is used. The circuit
of the signalling buzzer is opened to avoid the possibility of broad-
casting the sound produced when this buzzer is operated. The
loud speaking telephone is disconnected when a condenser trans-
mitter in the same room is connected, to avoid acoustic singing
through the loud speaking telephone, condenser transmitter and
amplifiers. A floodlight control relay, when used, changes the
illumination in the studio whenever a condenser transmitter in that
studio is connected to the input of the No. 8-C Amplifier, as a
warning that sounds in the studio will be amplified and broadcast.

On each No. D-87170 Relay is an extra pair of contacts which
may be used, if desired, to close the operating circuit to a signal at
the remote pickup point, as an indication that the associated switch-
ing relays are operated.

The No. E-241 Relay is operated whenever the speech input
equipment is in operation until the “reapv” key of the No.
D-87569 Apparatus Unit on the No. D-85650 Panel is operated,
at which time it releases. In the operated position this relay dis-
connects the output of the speech input equipment from the line
to the radio transmitter so that no sounds can be broadcast from
the studio location. When the No. E-241 Relay is released by the
operation of the “ READY ” key mentioned above, the output of the
speech input equipment is connected to the input of the radio
transmitter and the green capped “Rreapy” lights on the No.
D-87569 Apparatus Unit of the No. D-85650 Panel and on the
No. D-87567 Apparatus Units of the No. D-86852 Control Cab-
inet, are lighted to indicate that the station is ready for broadcast-
ing. By releasing the “Rreapy” key, or by pressing the non-
locking “ ARTIST caLL” button on the No. D-87567 Apparatus
Unit of the No. D-88g2 Control Cabinet the No. E-241 Relay
may be operated at any time, thus disconnecting the output of the
speech input equipment from the line to the input of the radio
transmitter and extinguishing the “ rReapy ™ lights. When this is
done the speech input equipment may be used as a local public
address system for giving out information from any condenser
transmitter which is connected to the amplifiers, through loud
speaking telephones in any reception rooms or studios where there
are no condenser transmitters which are connected to the ampli-
fiers, or for auditions of contemplated program material.

The fourth mounting plate is a No. D-86778 Mounting Plate,
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mounting No. E-285 Relays in positions 1 to 4. Each of these
relays has its winding connected in series with the filament of the
vacuum tube in one of the condenser transmitter amplifiers, so that
when the filament circuit of the amplifier is closed by means of the
associated No. 406-M Key on the No. 367-A Key Mounting, the
relay operates, and its contacts, in closing, light a red-capped lamp
immediately to the right of the No. 406-M Key which has been
operated, to indicate that the amplifier is in operation.

The fifth mounting plate is a No. 600-A Mounting Plate which
mounts six No. J-23 Relays in positions 1 to 6 and one No. B-g
Relay in position 10. Both the No. J-23 Relays and the No. B-g
Relay are part of the signalling system of the order wire lines as-
sociated with the outside program line circuits. The secondary
winding of each No. J-23 Relay is connected, in series with a No.
57-A Condenser mounted on the No. D-88823 Power Panel, across
one of the order wire circuits. When the operator at a remote
point wishes to call the operator at the control room he connects
the far end of the order wire line to a source of 20-cycle ringing
current, which operates the associated No. J-23 Relay. Once op-
erated, this relay is locked through its primary winding and its
own contacts by current from the storage battery. This operation
of a No. J-23 Relay lights a white capped signal lamp in the No.
262 Lamp Socket Mounting directly over the jacks terminating the
order wire line with which the relay is associated, thus indicating
the call. The No. B-g Relay is connected in series with the lock-
ing windings of the No. J-23 Relays and the signal lamps which
are in parallel with them, so that it operates whenever one or more
No. J-23 Relays are operated. The contacts of the No. B-g Relay
may be used to operate a buzzer in the control room telephone set,
if such a buzzer is used thus audibly notifying the operator that a
call is waiting.

Below the No. 600-A Mounting Plate is a blank mounting plate,
below which is the No. D-85650 Panel which mounts the apparatus
units of the studio control system which are located in the control
room and a monitor transfer key.

A No. D-87564 Apparatus Unit is mounted in position 1 of this
panel. This unit contains a key to lock and unlock the control for
the control room, a red-capped lamp which indicates when this
control key is in the “ oN ” position and a white-capped lamp which
indicates incoming phone calls on the studio interphone system.
No. D-87565 Apparatus Units are provided for in positions 2 to §.
One of these units is mounted in position 2 in the standard equip-
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ment. This unit contains a locking key to lock and unlock the
control for the associated point of control together with a red-
capped lamp to indicate when this control is unlocked, and a push
button to enable the control room operator to call the point with
which this unit is associated. A No. D-87569 Apparatus Unit is
mounted in position 7. This unit contains a key which controls
the operation of the No. E-241 Relay mounted on the No. D-87990
Miscellaneous Equipment Panel, and a green capped lamp which is
lighted when the circuit is completed from the line amplifier
through the No. E-241 Relay to the line to the radio transmitter.
No. D-85644 Apparatus Units are provided in positions 8 to 13. |
Each of these units contains two push buttons and a red-capped
lamp. One of the buttons when operated completes the circuit to |
the No. D-86880 (or No. D-87170) Relay and the No. E-1997 |
Relay, so as to connect the associated circuit to the amplifiers.
The other button, when pressed, closes the circuit to the No. E-323 |
Relay which opens the locking circuit to the No. E-323 Relay |
which opens the locking circuits of the switching relays. A red-
capped lamp is also provided in each of these units to indicate
when the associated relay circuit is operated. The remaining posi-
tions in this panel are equipped with No. D-86122 Apparatus
Blanks.

A No. 479-G Key is provided at the right hand side of the No.
D-83650 Panel to serve as the monitor transfer key referred to.
This is a three-position lever unit key which locks in the position
in which it is operated. This key may be used to switch the input
of the monitoring amplifier from the output of the line amplifier to
the output of a radio receiver or monitoring rectifier, or to discon-
nect the input circuit of the monitoring amplifier entirely.

Below the No. D-85650 Panel is a No. 884-F Mounting Plate
on which are mounted the four No. D-85074 Potentiometers asso-
ciated with the four condenser transmitter amplifier circuits. The
output terminals of each condenser transmitter amplifier are con-
nected, through jacks and relay contacts, to the input terminals of
one of the four potentiometers. The outputs of the four potenti-
ometers are connected in series to the input of the No. 8-C Ampli-
fier. By means of these potentiometers it is possible to combine
the outputs of two or more condenser transmitter amplifiers in
any desired proportion, or to “ fade ” a program in or out on one
channel without affecting transmission on the other channels.

Immediately below the potentiometers is the No. 367-A Key
Mounting which contains four keys and five red-capped lamps.
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The keys are used to turn on and off the filament circuits of the
condenser transmitter amplifiers. Directly to the right of each
l\ey is a red-capped lamp which lights when the associated amplifier
is turned on. The fifth red- capped lamp serves as a fuse-alarm
and is so connected that it will light to indicate the burning-out of
a No. 35-Type Fuse on the No. 204-A Panel of the No. D-88823
Power Panel.

Below the No. ';67 A Key mountmg is a No. 184 Jack Mount-
ing designated the “AmP. cUR.” jack strip, which contains elght
acks two of which are associated with each condenser transmitter
amphﬁer so that the filament and plate currents of any of the four
condenser transmitter amplifiers may be measured. ,

Below the No. 184 Jack Mounting is the first No. 185 Jack
Mounting designated the ““ Low LEVEL " jack strip, which contains
the jacks for switching and testing the low-level circuits; i.e., the
local circuits on the input side of the No. 8 C amplifier. This
jack strip contains the following jacks: '

—

. The output jacks for the four condenser transmitter amplifiers.

. The input and output jacks for the four switching relay circuits
which are associated with the four condenser transmitter am-
plifier circuits.

3. The input jacks for the four mixing potentiometers.

4. The jacks connected to the combined output of the four mixing
potentiometers in series.

. The input jacks of the No. 8-C Amplifier.

. Two pairs of jacks which may be wired to the outputs of two
additional condenser transmitter amplifiers.

7. Sixteen spare jacks which may be used for any special purpose

desired.

]

O\U‘l

Below the “Low LEVEL ” jack strip is a No. 367-A Lamp Socket
Mountmg which contains the signal lamps associated with the
order wire lines.

The second No. 185 Jack Mounting is designated the “rem.
LINES 7 jack strip, and contains the following jacks:

1. The jacks terminating the six outside program lines.

2. The jacks terminating the six order wire lines associated with
the outside program lines.

3. The input and output jacks for the two relay switching circuits
which are associated with the outside program lines.

4. The jacks of the order wire drop or signalling circuits.
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5. The jacks connected to the order wire telephone set and to the
20-cycle ringing current supply.

The third No. 185 Jack Mounting is designated the “ HIcI
LEVEL " jack strip, and contains all of the jacks for switching and
testing the high level circuits ; i.e., the circuits on the output side of
the No. 8-C Amplifier. This jack strip contains the following
jacks:

The input and output jacks for the No. 8-C Amplifier.
The input and output jacks for the No. 18-B Amplifier.
. The input and output jacks for the No. E-241 Relay.
. The input jacks for the volume indicator (No. 203-B Panel).
. The input jacks to the wire line to the radio transmitter.
- The output jacks for the radio receiver or monitoring rectifier
if used.
The input and output jacks for the monitor transfer key.
The jacks connected to the monitoring loud speaking telephone.
9. Jacks which are wired for use as input and output jacks for
the No. 9-A Amplifier and input jacks for the No. 516-B
Panel when these units are added to the speech input equip-
ment.
10. The input and output jacks for the two 20-decibel artificial
lines used with the outside program line circuits.
1. Eight spare jacks which may be used for any special purpose
desired.

St hw N~
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Below the jack mountings is a blank mounting plate. Below
this blank mounting plate is a No. D-86775 Mounting Plate on
which are mounted the following resistances:

1. Six resistances, associated with the six switching relay circuits
as previously described.

2. Ten resistances arranged to form the two zo-decibel artificial
lines referred to in the preceding paragraph.

3. A resistance which may be included in the filament circuit of a
No. 4-D Radio Receiver so that the vacuum tube filaments of
this receiver can be operated from the speech input equipment
storage battery.

Below the No. D-86775 Mounting Plate is a No. D-87339
Mounting Plate mounting four No. 51 Terminal Strips which con-
tain the terminals for all of the apparatus mounted on this panel.

The No. D-87990 Miscellaneous Equipment Panel is shown in
figure 210.




390 RADIO MANUAL

4. No. D-88823 Power Panel—The power panel, like the ampli-
fier panel and the miscellaneous equipment panel, is assembled
on a framework at the wactory. This panel, illustrated in figure
2100, contains the following apparatus associated with the power
supply circuits of the speech input equipment:
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F16. 210a. D-88823 Power Panel—Front.

(1) A No. 204-A Panel (battery fuse panel) containing the No.
35-Type Fuses for the circuits supplied from the equipment storage
hatteries and a switch for disconnecting the battery from these cir-
cuits. A fuse-alarm bus on the No. 204-A Panel is wired to the
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red- capped fuse-alarm lamp in position 16 of the No. 367-A Key
Mounting on the No. D-879g90 Miscellaneous Equipment Panel.
The No. 35 Type Fuses are so constructed that the burning of the
fuse wire allows a contact finger which is a part of the fuse to
make contact with the fuse alarm bus so that the fuse-alarm lamp
will light whenever a fuse on the No. 204-A Panel burns out.

(2) A No. 1-B Rectifier for supplying high voltage direct cur-
rent to the plate circuits of the vacuum tubes in the amplifiers and
in the volume indicator and for maintaining the necessary differ-
ence of potential between the electrodes of the condenser trans-
mitters.

(3) A No. D-86777 Mounting Plate on which are mounted
eight Ward-Leonard resistances. Two of these resistances com-
prise a voltage divider or potentiometer for reducing the 350 volts
from the output of the No. 1-B rectifier to a value suitable for the
plate circuit of the vacuum tube in the volume indicator (No.
203-B Panel); two more resistances comprise another similar
voltage divider for supplying a voltage suitable for the condenser
transmitters and associated amplifiers, and the others are used as
compensating load resistances to absorb the excess power delivered
by the rectifier when the No. g-A Amplifier is not used.

(4) A No. 884-C Mounting Plate on which are mounted nine
No. 57-A Condensers. Six of these condensers are used in the
order wire drop circuits, two are part of the auxiliary filter for the
high voltage supply to the condenser transmitters and associated
amplifiers, and the remaining one is in parallel with that part of
the voltage divider or potentiometer, referred to in the preceding
paragraph, which is connected in parallel with the plate voltage
supply to the volume indicator.

(5) A No. D-80776 Mounting Plate on which is mounted the
No. 54-L Retardation Coil, used to supply battery and ground to
the interphone circuits, and the No. 75-A Retardation Coil which
is part of the filter for the high voltage supply to the condenser
transmitters and associated amplifiers.

C. Filament Power Supply.

1. Batteries—Two storage Dbatteries, consisting of long-life
glass jar cells of the type used in telephone exchanges, are fur-
nished to supply power to the relays, signal lamps and vacuum
tube filaments. These batteries have adequate capacity to operate
the equipment for 18 consecutive hours out of every 24-hour pe-
riod if the charge and discharge cycles are followed. In installa-
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tions where the No. 90-A Amplifier is added to the equipment it
will be necessary to provide additional ampere-hour capacity in the
filament power storage batteries. This can be accomplished eco-
nomically by the use of larger plate assemblies in the original glass
jars. A typical battery installation, with one battery only, is
shown in figure 211.

F16. 211. Typical Storage Battery Installation.

2. Charging Equipment—A Tungar Rectifier of suitable capac-
ity is furnished as part of the equipment for recharging the storage
batteries. Two double pole, double throw safety switches are pro-
vided so that either battery may be connected to the charging
equipment or to the discharge circuit or may be disconnected en-
tirely.  Also, if necessary, both batteries may be charged in paral-
lel or, in an emergency, both may be discharged in parallel.

D. Condenser Transmitters and Associated Equipment.

Four condenser transmitters are furnished as part of the No.
8-B Speech Input Equipment, together with four amplifiers de-
signed to work in conjunction with the condenser transmitters, and
four transmitter mountings. Each transmitter mounting is de-
signed to mount one condenser transmitter and one amplifier.
Cords are provided for interconnecting the transmitter and ampli-
fier and for connecting the amplifier to a base board outlet.
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The condenser transmitter used is the No. 394 Transmitter, il-
lustrated in figure 212. This transmitter consists essentially of a
very thin tightly stretched metal diaphragm, mounted closely ad-
jacent to but not touching a flat metal plate. The diaphragm and
the plate are insulated from each other, and constitute the two
electrodes of a small air dielectric condenser whose capacity is

SCREW EYES NOT USED WITH
THESE MOUNTINGS

Fic. 212. 394 Transmitter and Shipping Box.

varied by sound waves striking the diaphragm. The air space be-
tween the diaphragm and the plate is separated from the outside
air by a flexible compensating diaphragm which equalizes the air
pressure on the two sides of the main diaphragm for any atmos-
pheric pressure equivalent to not more than three inches of mer-
cury above or below normal pressure at sea level.

As the condenser transmitter has an extremely high impedance
it cannot be coupled directly to the input of the main speech input
amplifier. The condenser transmitter amplifier is, therefore, uscd
as an impedance translating device to operate between the high im-
pedance of the condenser transmitter and the low impedance of the
main amplifier input circuit, and at the same time to amplify to
sone extent the very small amount of power developed by the
condenser transmitter. The condenser transmitter amplifier is
supplied in two forms, differing in mechanical arrangement but
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electrically identical. The No. 47-B Amplifier is shown in figure
212q and the No. 48-A Amplifier is shown in figure 2120.

isUL ALORS FOR TRANMSMITTER CABLE CLAMF

© wECO

Fi6. 212a. 47-B Amplifier.

The transmitter mountings supplied with this equipment are of
two types, two of each type being furnished. The No. 7-A Trans-
mitter Mounting shown in figure 213 is a cast aluminum mounting,
finished in black lacquer and cesigned to be used on a desk or table.

Fic. 212b. 48-A Amplifier.
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This mounting mounts the No. 394 Transmitter and the No. 48-A
Amplifier which are connected by a No. T2E Cord 4" long. The
No. 8-A Transmitter Mounting shown in figure 214 is an adjust-

- 5 CORD HOL! o
ks Y L CRONT INSUL ATOR P

a
REAR INSUI ATOR I

Fic. 213. 7-A Transmitter Mounting.

able floor type mounting finished in dull black japan. This mount-
ing mounts the No. 304 Transmitter and the No. 47-B Amplifier
which are connected by a No. T2E Cord 57 long. The complete
assembly of transmitter and amplifier in either type mounting is
connected to the base heard outlet, which is a No. 369 or No. 370
Jack, by means of a No. M6B Cord 12’ long terminated in a No.
253-A Plug.

A diagram showing the connection of the transmitter, the ampli-
fier, the cords and the baseboard outlet is shown in figure 215.

E. Apparatus on Panel Assemblies.

1. No. 8-C Amplifiecr—This amplifier, illustrated in figure 216,
is provided as the main or line amplifier to amplify the program
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material from the condenser transmitters or remote program
lines before it is sent to the radio transmitter. It is a three stage
amplifier using a No. 102-E vacuum tube in the first stage and a
No. 205-D vacuum tube in each of the other two stages. The fila-
ments of the vacuum tubes are supplied from the equipment stor-
age battery, through a 3-ampere fuse (No. 35-G Fuse) in position
1 on the No. 204-A Panel which is part of the No. D-88823 Power

. _FRICTION
BUSHING

Fic. 214. 8-A Transmitter.

Panel. Filament rheostats to adjust the
filament currents to the proper value are
provided, together with jacks to receive
the plugs at the ends of the cords of the
No. 514-A Panel, so that both the fila-
ment and plate currents of each of the
three vacuum tubes may be measured.
Power for the plate circuits of the
vacuum tubes in this amplifier is supplied
from the “ A ” terminals of the No. 1-13
Rectifier, and controlled by the upper left-
hand switch on the rectifier. The plate
circuit of the No. 205-D Vacuum Tube
in the last stage is supplied with 350 volts
directly from the output of the No. 1-B
Rectifier. A voltage divider which is a
part of the amplifier reduces the 350 volts
from the rectifier to approximately 130
volts for the plate circuits of the No.
102-E vacuum tube in the first stage and
the No. 205-D vacuum tube in the second
stage.

A battery box on the panel of this am-
plifier holds six No. 703 Eveready dry
batteries which supply 27 volts and 13.5
volts negative potential to the grids of
the vacuum tubes in the third and second
stages respectively. The grid of the first
stage vacuum tube receives its negative
potential from the voltage drop in a re-
sistance in the negative filament lead of
this vacuum tube.

A twenty-two step potentiometer,

mounted on the front of the amplifier and connected in the grid
circuit of the first stage vacuum tube, is the main gain control of

the speech input equipment. In addition, a

13

HIGH-LOW " switch
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on the front of the amplifier, associated with a two-step potenti-
ometer in the grid circuit of the second stage vacuum tube, provides
two ranges of adjustment for the main potentiometer. On the
terminal strip at the rear of this amplifier the terminals marked
“ coir ouT ” are from the secondary of the output transformer,
and are connected to the input of the volume indicator, to the input
of the monitoring amplifier and through the contacts of the No.
E-241 Relay to the wire line to the radio transmitter. The ter-
minals marked “4 7 and “ G” are connected directly in the plate
circuit of the last amplifier tube, and are to he connected to the
input of a power amplifier (No. 9-A Amplifier) when such an
amplifier is added to the equipment. A simplified circuit of this
amplifier is shown in figure 217.

2. No. 18-B Amplificr—The No. 18-B Amplifier is provided for
monitoring. It is a single stage amplifier using one No. 205-D
vacuum tube and is used to operate one or two No. 560-Type Loud
Speaking Telephones. The gain control potentiometer of this am-
plifier permits adjustment of the output to a level suitahle for mon-
itoring when the output of the No. 8-C Amplifier is maintained at
the level ordinarily used in supplying the radio transmitter. By
means of the monitor transfer key on the No. D-835650 Panel of
the No. D-87990 Miscellaneous Equipment Panel, the input of this
amplifier may be connected either to the input of the radio trans-
mitter or to the output of a radio receiver or monitoring rectifier.

The filament circuit of this amplifier is supplied through a two
ampere fuse (No. 35-C Fuse) in position 3 on the No. 204-A
Panel which is part of the No. D-88823 Power Panel. The plate
circuit of this amplifier is supplied from the “C” terminals of the
No. 1-B rectifier. As in the No. 8-C Amplifier, jacks are provided
for measuring the filament and plate currents, together with a rhe-
ostat for adjusting the filament current to the proper value. Six
No. 703 Eveready dry batteries are mounted in a battery rack on
the rear of the amplifier to supply 27 volts negative potentiol to
the grid of the vacuum tube.

3. No. 203-B Pancl—The No. 203-B Panel is fundamentally a
peak voltmeter. It is so designed that when bridged across a 500
ohm line or across an amplifier output circuit which is terminated
in 500 ohms, it gives an indication of the power level at the point
where it is bridged. This panel gives readings in terms of a unit
known as the ““ transmission unit 7 (abbreviated “ TU ) which is
used in telephone engineering to measure ratios of electrical power.
The transmission unit has recently been named the “ decibel ” (ab-
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breviated “ db”") by which name it is to be known in the future, so
that in the discussion which follows it will be referred to as the
decibel. The controls of the earlier No. 203-B Panels are desig-
nated in “ TU,” while the controls of the later model are designated
in “db.” It should be horne in mind that the decibel is identical,
except in name, with the “ transmission unit.”

INPUT AMPLE~ INPUT PLATC VACUUM  PLATE FILAMENT
POTEN-  FICATION TRANS- STOPTING  TUBE CUR- CUR-
TIom- CONT- FORM CON-  SOCKET RENT RONT
ETER ROL DENSER  (205-B  JACK JACK

F96 0G50

GRID

p RACK

—— TERMINAL
BLOCK

FILAMENT
SWITCH

L ©weco

G i \
fLz ] [FY |
T 2 i Y
FILAMENT PLATE PLATE - FILAMENT b PLATE VOLTAGE
CIRCUIT CIRCUIT CIRCUIT CIRCUIT TERMINAL
CHOKE CHOKXE FUSE FUSE OLOCH
#62-B.25A.

Fig. 218. 18-B (Monitoring) Amplifiecr—Rear.

For the benefit of those not familiar with the decibe] the follow-
ing description is included: Gain, loss and power level are meas-
ured in terms of a unit called the decibel. In the case of gain or
loss the decibel is used to express the ratio of the powers at the
output of the system due to a change in the circuit conditions such
as the adjustment of potentiometer controls or the insertion or
removal of amplifiers, transformers, etc.; or to give the ratio be-
tween the input power and the output power of a given device.
When used in this sense it does not give any idea as to the amount
of power involved but merely indicates the difference in power.
The following table is printed to give the reader a quantitative idea
of the relation which exists hetween decibels and power ratios.

e
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Decibels Power Ratio Decibels Power Ratio
I 1.26 10 10
2 1.6 20 100
3 2.0 30 1,000
4 2.5 40 10,000
5 3.2 50 100,000
6 4.0 60 1,000,000
% 5.0 70 10,000,000
8 6.3 80 100,000,000
9 8.0 90 1,000,000,000

By reference to an arbitrarily selected value known as the nor-
mal or zero level, the number of decibels above or below zero is
used to indicate the actual power level. When used in this sense
the number of decibels is not directly proportional to the electrical
power involved (as it would be if the measurement were made in
watts), but is roughly proportional to the sensation produced upon
the ear when the electrical power is converted into sound by means
of a telephone receiver. A difference of 1 db in the power supply
to a telephone receiver represents approximately the smallest
change in the volume of sound which the normal ear can detect.

The arbitrarily chosen value for the normal or zero level for this
panel is .006 watts. The absolute values of power on this basis
at various indicated levels are given in the following table.

Decibels Watts Decibels Watts
10 0.00060 16 0.24
8 0.00095 18 0.38
6 0.0015 20 0.60
4 0.0024 22 0.95
2 0.038 24 1.5
zero level 0.0060 26 2.4
2 0.0095 28 3.8
4 0.015 30 6.0
6 0.024 32 9.5
8 0.038 34 15.0
10 0.060 36 24.0
12 0.095 38 38.0
14 0.15 40 60.0

The No. 203-B Panel uses one No. 102-D vacuum tube. The
filament current of this vacuum tube is supplied through the 1 1/3
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ampere fuse (No. 35-A Fuse) in position 2 on the No. 204-A
Panel, mounted on the No. D-88823 Power Panel, and is regulated
by the No. D-80777 Ballast Lamp mounted on the rear of the No.
203-B Panel. The plate potential for the vacuum tube is supplied
from terminals “ B of the No. 1-B Rectifier through a potenti-
ometer, comprising the resistances mounted in positions 4 and 8
of the No. D-86777 Mounting Plate on the No. D-88823 Power
Panel, as mentioned in the description of the power panel. The
No. KS-6359 Milliammeter mounted on the front of the No.
203-B Panel is the means by which the power level in the associated
circuit is visually indicated. This is described in further detail in
the section entitled “ Operation.” A schematic of this panel is
shown in figure 21q.

4. No. 514-A Panel--This panel is a meter panel, and is pro-
vided as a means of measuring the filament and plate currents of
the amplifiers. It contains an ammeter and two milliammeters
associated with two cords which are fitted with plugs for insertion
into the current measuring jacks of the equipment. The ammeter
reads currents up to four amperes, and the plug of the cord asso-
ciated with this meter fits only the filament circuit jacks of the
amplifiers. The two milliammeters associated with this meter
fits only the filament circuit jacks of the amplifiers. The two mil-
liammeters associated with the other cord have ranges of 100 and
1o milliamperes respectively. Normally the high range instrument
is connected to the cord, but a push button is provided by means of
which the low range meter may be substituted when the current is
too small to be read conveniently on the high range meter. The
plug of the cord associated with these meters is designed to fit the
plate circuit jacks of the amplifiers, but is too large to be inserted
in the filament circuit jacks of the amplifiers. This feature pre-
vents possible damage to the milliammeters,

5. No. 1-B Rectifier—This rectifier is mounted on the No.
D-88823 Power Panel. It is a single phase full wave vacuum
tube rectifier which supplies direct current at 350 volts to the plate
circuit of the amplifiers and to the voltage dividers which supply
130 volts to the plate circuit of the volume indicator and 200 volts
to the condenser transmitters and associated amplifiers. This
rectifier is designed to operate from an alternating current supply
of either 110 or 220 volts, at any frequency between 50 and 133
cycles. It utilizes two No. 214-E Vacuum Tubes used as recti-
fiers, transformers for supplying alternating current at the proper
voltages to the filament and plate circuits of these vacuum tubes,
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and a filter for suppressing the alternating current components of
the rectified output. Rheostats are incorporated to adjust the fila-
ment current of the vacuum tubes, and the alternating current volt-
age impressed on the rectifier circuit. Meters are also furnished
for measuring filament current, the total direct current output and
the output voltage of the rectifier.

A switch for starting and stopping the rectifier is so arranged
that in the first position (FIL), it completes the power supply to the
filaments only of the vacuum tubes. In the sccond position
(rLATE), it also energizes their plate circuits. The third position
of the switch (orr), disconnects the power supply from the recti-
fier. This rectifier is arranged for four output circuits, each con-
trolled by a small snap switch. Associated with the “ oFF” posi-
tion of each switch is a load resistance so that the load on the
rectifier, and consequently its output voltage, will remain practically
constant irrespective of the positions of the small switches. The
back cover of the rectifier is provided with a safety switch so that
the power supply to the rectifier is interrupted when this cover is
removed.

When the rectifier power supply is 110 volts a.c. terminal 1
should be strapped to terminal 2 and terminal 3 to terminal 4 on
both the filament and plate transformer terminal blocks. When
the supply is 220 volts a.c. terminal 2 should be strapped to 3 on
both terminal blocks.

The schematic of the No. 1-B Rectifier is shown in figure 22o0.

F. No. D-86852 Control Cabinet.

This control cabinet is to be located in the studio, and is a part
of the studio control system. It consists of a No. D-86851 Signal
and Control Unit mounted in a wooden cabinet which is so de-
signed that the faces of the apparatus units contained in the signal
and control unit are inclined at an angle of 43 degrees. The No.
D-86851 Signal and Control Unit consists of an assembly of the
apparatus units required to control, from the studio, the switching
relays of the studio control system which are mounted on the No.
D-87990 Miscellaneous Equipment Panel in the control room.
The apparatus contained in the apparatus units is wired to a ter-
minal strip at the rear of the signal and control unit.

Position 1 of the signal and control unit is equipped with a No.
D-87568 Apparatus Unit. This unit contains a red-capped lamp
which, when lighted, indicates that the control on the No. D-85650
Panel in the control room is unlocked to make the switching relays
subject to control from this control cabinet, and a white-capped
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lamp which, when lighted, indicates an incoming call on the inter-
phone telephone system.

Position 2 is equipped with a No. D-85647 Apparatus Unit.
This unit contains a push button for interphone signalling, and a
white-capped lamp which lights when the button is pressed. Tt
also contains a red-capped lamp which is lighted when the control
is unlocked for the control room.

Positions 3 to 5 are normally equipped with No. D-86122 Ap-
paratus Blanks but wiring is provided for No. D-85647 or No.
D-85644 Apparatus Umts in these positions.

A No. D-87567 Apparatus Unit is provided in position 6. This
unit contains a green-capped lamp which is lighted when the circuit
from the line amplifier to the telephone line to the radio transmitter
is completed through the No. IE-241 Relay, and a push button
designated *“ ArTIST cALL.” This hutton, when pressed, operates
the No. IE-241 Relay so as to disconnect the output of the line
amplifier from the telephone line to the radio transmitter. By
this means, it is possible to use the amplifiers of the equipment as
a local public address system if desired.

Positions 7 to 10 are equipped with No. D-85644 Apparatus
Units. The function of these units has already been described.
Positions 11 and 12 are equipped with No. D-86122 Apparatus
Blanks.

The units in this cabinet are normally arranged so that multiple
control of the switching relays is provided both at this cabinet and
at the No. D-85650 Panel mounted on the No. D-87990 Miscella-
neous Equipment Panel in the control room.

As previously noted, the descriptive matter and the schematics
are presented on the assumed hasis of one studio only. If more
than one studio is equipped, additional No. D-86852 Control Cab-
inets will be used in the additional studios, and additional apparatus
units will be required both in the No. D-80852 Control Cabinets
and in the No. D-85650 Panel in the control room.




CHAPTER 10

THE ARC RADIO TRANSMITTER

1. General Arc System—A direct current arc transmitter is
constituted of three essential parts, namely, the source of energy,
the arc converter, and the oscillatory circuit.

2. The Source of Power—A direct current of a potential
ranging from 200 to 1200 volts is required to furnish power for
the operation of an arc transmitter, depending upon its size. Such
current is usually supplied from a direct current generator driven
by an electric motor or by an engine of some sort. Control of
the power required from the energy source is secured through the
utilization of an ordinary field rheostat for the generator men-
tioned. In some cases storage batteries have been utilized, but
such instances have been very few and limited to small equip-
ments.

3. The Arc Converter—Continuous undamped radio fre-
quency oscillations are obtained in the arc transmitter by means
of an arc converter, a device whiclh changes direct current to a
high frequency alternating current. The arc converter consists
of a positive and a negative electrode enclosed within a chamber
containing an atmosphere of hydrogen, or more commonly a
hydro-carbon vapor such as alcohol vapor, the electrodes being so
placed that the arc formed between them is acted upon by a power-
ful magnetic freld.

4. The Electrodes—The electrodes in the modern type of
arc converter are both made of copper and water cooled. In the
past carbon and graphite have been used for the negative elec-
trode with good results under rather limited conditions. It has
been found, however, that the water cooled copper cathode gives
much better operation over the wide range of conditions en-
countered on board ship.*

5. The Arc Circuit—A simplified circuit of an arc trans-
mitter is shown in figure 221. It is seen that power for the arc
is supplied by a d.c. generator. The positive terminal of this
generator is connected through a combined choke and arc magnet

1 The use of a copper cathode is a development of the Federal Telegriph
Company.
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winding to the positive electrode or anode. The windings set up
the magnetic field required to act upon the arc and also serves as
a choke coil to prevent radio frequency currents from getting
back into the d.c. generator. The anode is connected through an
antenna loading inductor to the antenna while the negative elec-
trode or cathode is grounded.

The antenna is in effect a condenser in which the net work of
antenna wires is one plate and the ground is the other plate. It
forms in conjunction with the inductance of the antenna loading
inductor an oscillatory circuit across the arc converter. The ca-
pacitance of the antenna together with the inductance of the an-
tenna loading inductor determine the frequency of the oscillations
in the antenna circuit.

6. Use of Hydrogen Gas—In maintaining oscillations in the
antenna circuit it is necessary for the arc flame in the arc con-
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Fi1c. 221. Elementary Arc Transmitter Circuit.

verter to be extinguished once every cycle and the magnetic field
acting as a magnetic blow-out is employed to assist in accomplish-
ing this result. Hydrogen being the lightest and having the
highest rate of diffusion of all known gases is used as the at-
mosphere in which the arc burns. This atmosphere is obtained
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by the use of some hydrocarbon such as alcohol, kerosene, or city
gas. On board ship it is generally found that alcohol is the more
satisfactory than kerosene on account of requiring less cleaning of
the chamber. The cathode or negative electrode is rotated to
insure uniform wear and maintain steady arc operation.

7. Theory of Operation—Referring to figure 221, the ca-
pacity formed by the antenna system and ground is in shunt to the
arc. When the electrodes of the arc are first placed in contact and
then given the correct separation considerable difference of po-
tential exists across the terminals. Accordingly a part of the
current flowing due to the difference of potential existing across
the electrodes charges the condenser formed by the antenna sys-
tem and ground. As the condenser is charged the arc is robbed
of some of its current. The smaller arc current allows the volt-
age across the arc to rise. The increase in voltage causes more
current to flow into the condenser until the potential across the
arc no longer rises rapidly with decreased arc current. Thus
there is no longer potential available to charge the condenser, and
hence part of the total current stops flowing into the condenser
and the total current now flows through the arc, decreasing its
potential and that of the condenser. Immediately the condenser
discharges across the arc and due to the inertia of the oscillation
current the condenser is charged in the opposite direction. It
immediately begins to discharge and this time opposes the arc
current. The opposing currents neutralize each other causing the
arc to be extinguished. It immediately is reformed, which is the
beginning of another cycle. Direct current is constantly supplied
to arc by the generator allowing the oscillation to be maintained
at a constant amplitude, thus during the time the arc is in opera-
tion continuous waves are radiated by the antenna. As stated
previously the frequency of oscillation is determined by the ca-
pacity of the antenna to ground as well as the inductance of the
tuning inductance. As the capacity of the antenna to the ground
is ordinarily fixed, the control of frequency is accomplished by
adjustments to the antenna inductance.

With a given potential applied across the arc the resistance of
the antenna circuit must not exceed a critical value or otherwise
no oscillations will be produced. This is equivalent to saying that
for any antenna there is a critical voltage helow which the arc
will not oscillate. This critical voltage may vary somewhat with
arc conditions. In general for steady operation it is necessary to
use a potential substantially above the critical value.

8. Signalling Systems—As previously stated, while the
transmitter is in operation there will be a continuous flow of un-
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damped current in the antenna circuit unless means are provided
whereby it may be broken up into dots and dashes constituting
the signals of the telegraphic code. There are four general
methods of accomplishing signalling as follows:

1. “Back Shunt” method.

2. Ignition Key method.

3. Compensation method.

4. Chopper method.

9. “Back Shunt” Method of Signalling—The cssential

units constituting this method of signalling are:
I. The Back Shunt circuit.
2. The Back Shunt Relay Key.
3. The Morse Hand Key.

During operation the arc is switched from the antenna circuit
to a local oscillatory circuit by means of a suitable double contact
relay key. The circuit as used with sets equipped with the back
shunt method of signalling is outlined in figure 222.

When the movable contact of the back shunt relay key presses
against the stationary contact which is connected to the antenna
loading inductor, the radio frequency current flows in the an-
tenna circuit, when the movable contact presses against the other
stationary contact, the radio frequency current flows in the back
shunt circuit and there is no current in the antenna hecause it is
disconnected from the arc. The relay key is adjusted so that its
movable contact makes connection with one stationary contact
before it breaks with the other. This permits the arc to remain
in constant operation while the current is transferred from the
antenna circuit to the back shunt circuit. The back shunt circuit
consists of a resistor, inductor and condenser all connected in
series. The resistance of the back shunt circuit is made variable
so that the radio frequency current may remain at the same value
whether the arc is operating on the antenna circuit or the back
shunt circuit.

In practice the back shunt relay key is operated by an electro
magnet, which is in turn controlled by a standard Morse hand
key. When the hand key is depressed the electro magnet becomes
energized and the movable contact of the relay key connects the
arc with the antenna circuit. When the hand key is released, a
spring causes the movable contact of the relay key to connect the
arc with the back shunt circuit. Current therefore flows in the
antenna circuit only when the hand key is depressed.

10. Ignition Key Method of Signalling—In the “ignition
key ” method the arc is extinguished during the periods between
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the dots and dashes by shunting it with a resistance. Figure 223

shows a circuit employing the ignition method of signalling.
When the contacts of the ignition key are open, the arc oscil-

lates upon the antenna circuit in the usual manner. When the
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contacts of the ignition key are closed, the arc becomes shunted by
the power absorbing resistor, which extinguishes it and stops all
flow of radio frequency current in the antenna circuit. The igni-
tion key contacts are located within the arc chamber in close prox-
imity to the electrodes of the arc flame. When the ignition key
contacts are opened, the flash which results is blown by the mag-
netic field into the gap between the electrodes and the arc flame
becomes re-ignited. Current then flows in the antenna circuit.
Signalling is therefore accomplished by alternately opening and
closing the contacts of the ignition key and thereby alternately
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igniting and extingishing the arc flame. Energy is radiated by
the antenna at hut a single wavelength. .

11. Compensation Method of Signalling—A “ compensation
method ” of signalling is furnished with small sets for use in case
trouble with the regular signalling system is encountered. In
transmitting signals by the ““ compensation method ” the length of
the radiated wave from the transmitter is caused to vary.

There are two methods of varying the length of the outgoing
wave which are in general use. Referring to figure 224, the con-
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Fi6. 223. Federal Arc Transmitier Showing Circuit of Model “ X 7 2-KW.
Ignition Key Method of Signalling.

nection for signalling by the “straight compensation ” method is
shown in full lines in which the auxiliary hand key is connected
around a portion of the antenna loading inductor. When the
auxiliary hand key is depressed, the inductance of the antenna
circuit becomes reduced and the length of the emitted wave there-
fore becomes shortened. Signalling is accomplished by operating
the auxiliary hand key and thereby varying the wavelength. The
receiving station must, of course, tune to receive on the shorter of
these two outgoing waves.

The dotted lines in figure 224 show the “coupled compensa-
tion ” method of signalling. In this, the auxiliary hand key is

£
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connected to a loop which is inductively coupled with the antenna
loading inductor rather than being connected directly to it.

When the auxiliary hand key is closed, the loop becomes closed,
thereby making a short-circuited turn around the lower part of the
antenna loading inductor. This action decreases the inductance
of the antenna circuit and shortens the length of the emitted wave.
This is accomplished by introducing mutual inductance between
the short-circuited loop and the antenna loading inductor, giving
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Antenna leading inductor

Avxiliary
Hand Key

Arc
Converter

X
]
L
= 6ma.

Fic. 224. Federal Arc Transmitter Showing Straight and Coupled Methods
of Compensation Wave Signalling.

the same result as though connection was made directly in the an-
tenna circuit. It has the advantage that the auxiliary hand key is
insulated from the antenna circuit, thereby minimizing danger to
the operator, and has the further advantage that sparking at the
key contacts is reduced.

12. Signalling With Chopper—The frequency of the wave
radiated by an arc radio transmitter is very high, much higher
than can be heard by the human ear. In transmitting to a station
which is receiving with a crystal or non-oscillating vacuum tube
detector, it is therefore necessary to break up the radiated energy
into wave trains of an audible frequency. This is accomplished
by the chopper, which consists of a commutator wheel driven by a
small motor. Referring to figure 223, the chopper commutator
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wheel, when rotated, opens and short-circuits a ““coupled com-
pensation”’ loop at a speed which produces a resultant musical
note in the receiver. The radio frequency energy is thus emitted
at two wavelengths, as in case when using the auxiliary hand key,
but the wavelength rapidly alternates between the maximum and
minimum values. A continuous musical note is thus produced.
With the connections shown in figure 223, signals may be trans-
mitted either by means of the auxiliary hand key connected in
series in the circuit between loop and the chopper or by means of -
the ““ back shunt ” or “ ignition key ”” method of signalling. When
the auxiliary hand key is used the radiated wave is broken into
wave trains of audible frequency only when the key is closed and
the receiver, therefore, gives no audible signal when the key is
open. When the chopper is used with the “back shunt” or
““ignition key” method of signalling, the auxiliary hand key is
short-circuited by a small switch. The chopper is then effective
whenever current is flowing in the antenna circuit and signalling
is accomplished by permitting current to flow in the antenna cir-
cuit in accordance with the dots and dashes of the telegraphic
code, as described in the paragraphs on the “back shunt” and
“jgnition key ” methods of signalling. The small switch for
short-circuiting the auxiliary hand key, when using the “back
shunt ” or “ignition key ”’ method of signalling with chopper can
be placed in another position to short-circuit the commutator of
the chopper. This allows the auxiliary hand key to be used with-
out breaking the signals up into audio frequency wave trains.
The chopper is used for wavelengths up to and including 800
meters. Signals transmitted by the “ chopper ” method may be
received with the usual detector type of receiver in common use
for receiving signals from damped wave transmitters. Also on
shipboard the ““chopper ” method may be employed to signal a
compass station and secure bearings. Signals of distress can
also be transmitted on 600 meters so that they may be heard by
all ships within range regardless of the method of reception in

use.

13. Models “K” and “Q” 2-K.W. Federal Arc Radio
Transmitters—The model “ K ” arc radio transmitter is for use
on naval vessels and the model “Q ” is for merchant ships. All
the apparatus for the two sets is the same and the sets are identical
in every way except for the range of the wavelengths employed.

With the model “ K ” sets, the chopper is used on waves below
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952 meters. On 952 meters and above the set is operated as an
undamped wave transmitter.

In the case of model “ Q) ” sets for merchant ships, the chopper
is used on all waves up to and including 800 meters. Above
800 meters the set is operated as an undamped wave transmitter.

14. Motor Generator—The direct current for the arc con-
verter is furnished by a two-bearing Crocker Wheeler motor gen-
erator set which consists of 100-120-volt d.c. motor, directly con-
nected to a shunt-wound, separately excited 2-K.\V., 400-volt d.c.
generator. The generator will deliver 2 K.\W. at 250-400 volts
and is wound for separate excitation from the 120-volt d.c. supply.

15. Motor Starter—The motor generator is started by
means of a hand-operated motor starting panel. This is equipped
with an overload circuit breaker which opens the motor supply
circuit in case the current becomes excessive. The terminals on
the starting panel are marked to insure proper connections.

To operate the motor starter, first close the circuit breaker, then
move the switch arm slowly to the right, allowing the motor to
attain maximum speed on each point. WWhen the switch arm is
In running position it is magnetically locked. It will be released
in case of failure of the power supply or in case the circuit breaker
is opened, either by overload or by hand. The motor may be
stopped Dby tripping the circuit breaker or by opening the set
supply switch on the arc control panel. The starter arm will be
released automatically in either case. It should never be released
by hand as this would damage the contacts.

When starting the motor, the switch arm should never be re-
turned to the starting position unless the power supply circuit is
opened. Failure to observe this point will result in damaged con-
tacts on the starter,

16. Generator Field Rheostat—The power output of the arc
converter is regulated by adjusting the voltage of the direct cur-
rent generator by means of the generator field rheostat.

17. Arc Control Panel—The arc control panel is the switch-
board through which connections are made between the arc con-
verter and the direct current generator. It also carries a switch
through which the entire transmitter is supplied with 110-120
volts d.c. On the panel are mounted:

1. The set supply switch and fuses.
2. The arc main line switch, with overload trip coil.
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3. The arc starting resistor and shorting switch.
4. The d.c. ammeter for the arc circuit.
5. The d.c. voltmeter for the arc circuit.

18. The Arc Main Line Switch—This is a special quick
break switch which connects the arc converter to the d.c. gener-
ator. It is provided with a trip coil which opens the switch in
case of overload. The switch is non-closable on overload or short
circuit.

When the handle of the arc main line switch is pushed down
until it locks, the arc is connected to the generator through the am-
meter and arc starting resistor. To open the switch, the operating
handle should be raised until the switch trips. The arc starting
resistor switch is operated in the same manner. It should be closed
only after the arc has been started and is in operation. These
two switches are interlocked so that both are opened whenever
the arc main line switch is opened. The arc starting resistor is
thus automatically placed in series between the arc converter and
the generator whenever the main switch is opened to shut down
the arc. The switches may he operated separately by opening the
arc starting switch first and then the main line switch.

Care should be observed when shutting down the transmitter
to open the various switches in the following order: Iirst, the
arc main line switch and starting resistor switch; and second, the
set supply switch.

19. Arc Converter—The arc converter has nominal rating
of 2 K.W. It is designed to operate on z50-400 volts d.c.

The magnetic circuit is of the closed type. Pole tips project
into the top and bottom of the arc chamber. The steel outer shell
of the arc converter forms a return path for the magnetic flux.

20. Anode Tip—The anode tip consists of a water-cooled
tip supported by a suitable holder which is insulated from the arc
chamber by means of a bakelite disc. The copper tip is brazed to
a short piece of brass tubing and this unit, which is known as the
anode tip, is renewable when it becomes worn after a long period
of operation.

21. Care of Anode—In operation care should be taken to sece
that there is always a supply of water circulating through the
anode and that there are no water leaks around the anode, as any
water inside the chamber causes the arc to become unsteady.

Care should be taken to see that the anode tip is always properly
aligned midway between the magnet poles.
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The anode must always be connected through the arc series field
winding to the positive terminal of the d.c. generator. If con-
nected to the negative terminal it will melt very quickly when the
arc is started.

22. Carbon—The carbon for the 2-K.W. arc converter is 15
inch in diameter and 7 inches long. A special wrench and gauge
for adjusting the carbon in the carbon holder are attached directly
to one side of the arc chamber. The proper amount of projecting
carbon for the most convenient operation will be automatically
secured when this wrench and gauge are used for changing the
carhon in position in the holder.

When the carbon and holder are placed in the arc converter, the
carbon is slowly rotated by means of worm gear mechanism.

23. Alcohol Supply—An alcohol cup is mounted on top of
the arc converter. This is provided with a needle valve and a
sight feed glass by means of which flow may be adjusted and
observed. The alcohol drip is controlled by a knob on top of the
arc chamber.

24. Pressure Regulator—As alcohol is supplied continu-
ously to the arc chamber during operation there will always be
a certain amount of gas generated within the chamber. A hose
nipple is provided by means of which the excess gas may be con-
ducted through a short piece of hose to the unit called the pressure
regulator,

The pressure regulator consists of an aluminum receptacle di-
vided into two compartments by means of a rubber diaphragm.
This diaphragm serves to maintain the gases within the chamber
at approximately atmospheric pressure at all times, The pressure
regulator is provided with an outlet through a hose nipple with a
small opening. This opening permits the excess gases to slowly
leak out from the regulator through a second rubber hose.

25. Care of Arc Converter—The main points to be observed
in caring for the arc converter are as follows:

1. The chamber should be kept reasonably clean.

2. No water leaks, however slight, should be permitted inside
the chamber. The anode tip connection and gasket should be
tested whenever a new tip is installed.

3. The chamber should be kept air-tight. The surfaces of the
upper and lower chamber sections should always be clean and the
gaskets in good condition.
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4. The bakelite anode insulating disc and its gasket should be
kept clean. -

5. The moving parts of the cathode should be cleaned and oiled
occasionally.

26. Water Pump—A centrifugal pump is provided for cir-
culating water through the various water-cooled parts of the arc
converter. The pump is driven by a 14-H.P. 110-volt d.c. motor.

A set of worm gears connected to the shaft operates the carbon
rotating mechanism on the arc converter.

27. Water Tank—A 15-gallon tank is provided as a con-
tainer for the arc cooling water.

The tank is provided with three test cocks which may Dbe used
for approximately determining the water level,

28, Back Shunt Circuit Unit—The “Dback shunt” circuit
unit consists of a bakelite panel upon which there are mounted an
inductor, a condenser and a resistor. The inductor is a small coil
of insulated copper wire. The condenser is a Dubilier Type C.D.
158 Mica Condenser, having a capacitance of .0o4 microfarad.
The resistor consists of 2 Ward-Leonard Type D-10 resistance
tubes connected in parallel. A switch is provided by means of
which this resistor may be short-circuited when desired. An ad-
ditional and variable resistance is obtained by placing a steel disc
immediately in front of the inductor coil. When radio frequency
current flows into the coil, eddy currents and hysteresis losses
in the steel disc cause an increase in the resistance of the back
shunt circuit. These losses are greatest when the disc is near the
coil and are a minimum when the disc is screwed back away from
the coil. The resistance may be varied by turning a knob which
causes the disc to be screwed in and out from the coil.

29. In Operating the Set the resistance of the back shunt
circuit should be adjusted so that the radio frequency current de-
livered by the arc converter remains constant whether the arc is
upon the antenna circuit or upon the back shunt circuit. This ad-
justment of resistance is secured by screwing the steel disc in or
out and by using the switch which short-circuits the fixed Ward-
Leonard tube resistor.

30. Transfer Switch for Chopper and Auxiliary Hand Key
"—A single-pole, double-throw transfer switch is supplied in order
that the coupled compensation loop around the bottom of the an-
tenna loading inductor may be connected either to the chopper or
the auxiliary hand key, or to the two in series. A name plate is
supplied with this switch which may be mounted with it in order
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to indicate the proper position of the switch for each circuit com-
bination. A wiring diagram of the coupled compensation cir-
cuit is included on this name plate.

31. Chopper—The chopper consists of a commutator wheel
driven by a Y4-H.P. 110-volt d.c. motor. Segments of the com-
mutator wheel are connected at regular intervals to a central ring.
The chopper brushes are so adjusted that they both make contact
with these connected segments at regular intervals during the
rotation of the wheel. The two brushes are connected through a
suitable switch to the coupled compensation loop which is placed
around the bottom of the antenna loading inductor. The com-
mutator wheel serves to alternately open and short-circuit this
coupled compensation loop. The chopper commutator wheel,
when rotated, opens and short-circuits the compensation loop at
a speed which gives a musical note in the receiver. The radio fre-
quency energy is thus emitted at two wavelengths as when using
the auxiliary hand key, but in this case the wavelength rapidly
alternates between the maximum and minimum values.

The chopper commutator wheel should be cleaned with fine sand
paper occasionally and the brushes and springs should be kept in
good condition. The oil cup on the motor should be kept filled
with good lubricating oil.

32. Note Varying Variometer—In order that the operator
may be able to slightly vary the length of his outgoing wave while
calling, a note varying variometer is supplied. This variometer
consists of a stationary coil and a coil which may be rotated with-
in the stationary coil. When the rotating coil is turned in one
direction, the outgoing wave is lengthened; and when it is turned
in the opposite direction the wave is shortened. DBy rotating this
coil slightly first in one direction and then in the other, the oper-
ator is able to slightly vary the outgoing wave and thereby make
his call heard by the receiver.

The variometer is connected directly in series in the antenna
circuit between the antenna loading inductor and the relay key.

33. Antenna Low Power Resistor—In order that the an-
tenna current may be reduced when communicating with a nearby
station, a resistor is supplied which may be connected in series in
the antenna circuit for operation on low power. A shorting
switch is mounted on the bakelite cover of the unit. This switch
is closed except when it is desired to operate on low power .

34. Send-Ground-Receive Switch—This switch provides the
means of connecting the antenna either to the transmitter or
to the receiver or to the ground.
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Interlock contacts are provided on the switch for the 110-volt
d.c. circuit which supplies the relay key and other auxiliaries.

The switch clips should be kept in good condition and the turn-
table upon which the rotating insulator is mounted should be oiled
occasionally.

35. Operation of Model “K” or “Q” 2-K.W. Arc Radio
Transmitter—Before starting the set for the first time, the
various circuits should be tested to see that all electric connections
have been made in the proper manner. The following steps
should be taken:

1. Fill the alcohol cup and see that it feeds properly.

2. Fill the water tank 34 full with fresh water.

3. See that the valves of the water tank are open and that the
flow indicator indicates a circulation of water when the pump is
started.

4. See that all moving parts are properly lubricated.

36.. To Start the Set after a Long Period of Rest:

1. Close the set supply switch.

2. Place the send-ground-receive switch in the sending position.
This should start the water pump and the carbon rotating mechan-
ism which are supplied through the interlock contacts.

3. Start the motor generator by closing the circuit breaker on
the starting panel and bring the motor gradually up to full speed.
Adjust the generator voltage to be 250 volts by means of the field
rheostat.

4. Start the alcohol flowing so that it may drip rather rapidly.
Adjust the carbon on the arc so that there is about 1/32 inch
motion when the arc is struck.

5. Close the arc main line switch and strike the arc. Draw it
out as long as possible without causing it to break. In starting
for the first time, it will be necessary to keep the arc rather short
for a minute or two until sufficient alcohol has been decomposed
to give a partial hydrogen atmosphere in the chamber. As soon
as the arc starts oscillating, the radio frequency ammeter will
indicate current in the oscillating circuit and the arc should then
be adjusted to obtain a maximum reading of this meter.

6. Close the arc starting resistor switch and adjust the arc for
a maximum reading of the radio frequency ammeter. The alco-
hol flow may now be reduced to a few drops per minute and the
generator voltage adjusted to obtain the desired antenna current.

37. To Transmit Signals—After the arc is operating, sig-
nals may be transmitted by sending with the Morse hand key. In
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case radio frequency current through the back shunt circuit
differs materially from that into the antenna circuit the resistance
of the back shunt circuit should be adjusted so that the output of
the arc converter is the same for both circuits.

38. Arc Adjustment—After the arc is in operation, it will
only be necessary to make occasional slight adjustments of arc
length. These adjustments are made to obtain a maximum read-
ing of the radio frequency ammeter.

Only enough alcohol should be used to obtain full antenna cur-
rent.

39. If the Arc Breaks—If the arc breaks or goes out it will
be necessary to open the arc starting resistor switch and strike
the arc again. In case the arc is struck without opening this
switch, a short circuit will result and a trip coil will open the arc
main line switch. It is then necessary to lift the handle of this
arc and reclose the starting resistor switch.

40. To Stop the Arc for a Short Period—

1. Open the arc main line switch (this automatically opens the
arc starting resistor switch).

2. Put the send-ground-receive switch in receiving position.

If it is desired to stop the motor generator, this may be done by
opening either the set supply switch or the circuit breaker on the
motor starting panel.

41. To Start the Motor after a Short Period of Rest—

1. Put the send-ground-receive switch in sending position and
start the motor generator if it has been stopped.

2. Close the arc main line switch, strike and adjust the arc.

3. Close the arc starting resistor switch and adjust the arc.

42. To Shut Down the Arc for a Long Period of Rest—

1. Open the arc main line switch.

2. Open the set supply switch (this automatically releases the
arm of the low voltage release coil).

3. Cut off the alcohol flow.

4. Place the send-ground-receive switch on send or ground as
desired.

43. To Use the Chopper with the Back Shunt Method of
Signalling—When it is desired to transmit signals on waves
shorter than 930 meters by means of the chopper, the following
procedure should be observed:

1. Throw the single-pole, double-throw transfer switch to the
left and close the double-pole switch mounted on the chopper,
thereby connecting the chopper to the coupled compensation loop
on the loading coil.
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2. Start the chopper motor by closing the snap switch.

3. Start the motor generator and arc converter in the usual
manrer.

4. Signals may now be transmitted by using the Morse hand
key and back shunt circuit in the usual manner.

44. To Use the Chopper with the Auxiliary Hand Key—

1. Open the single-pole, double-throw transfer switch. Close
the double-pole switch mounted on the chopper and start the
chopper motor by the snap switch.

2. Connect the arc to the antenna circuit by closing the shorting
switch on the Morse hand key.

3. Start the motor generator and arc converter in the usual
manner.

4. Signals may now be transmitted with the chopper by using
the auxiliary hand key.

45. To Transmit Undamped Wave Signals by Means of the
Auxiliary Hand Key—When it is desired to send signals,
using the auxiliary hand key without the chopper:

1. Throw the single-pole, double-throw switch to the right hand
position, thereby connecting the auxiliary hand key directly to the
coupled compensation loop on the antenna loading inductor.

2. Connect the arc converter to the antenna circuit by closing
the shorting switch on the Morse hand key.

3. Start the motor generator and arc converter in the usual
manner.

4. Signals may now be transmitted by the coupled compensa-
tion method with the auxiliary hand key.

46. To Change Wavelength—

1. See that the arc converter is shut down.

2. Change the antenna connection on the loading inductor to the
terminal which is marked for the new wave.

3. Change the connection between the bare copper helix and
the taps in the bottom layer of the loading inductor to the posi-
tions which are marked for the new wavelength.

47. Location of Trouble—If the arc flame will not strike at
all—

1. Make sure generator is running and generating 250 to 400
volts.

2, Make sure arc main line switch is closed. Lift the handle
and reclose the switch to be sure it is making contact.

3. See that the anode makes a good contact with its clip.

4. See that carbon is long enough. (Use gauge and wrench
on side of chamber.)
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5. Look for an open or loose connection in d.c. supply circuit
-from generator to arc converter unit.

6. Arc starting resistor tubes may be burned out.

7. See that arc field coil connections are good.

48. If the Arc Flame Burns without Producing Oscilla-
tions—

. Make sure send-ground-receive switch is thrown to “ Send.”
. Make sure of alcohol supply.

. Make sure of connection from anode to antenna circuit.
Make sure of other antenna connections.,

Try on both antenna and back shunt circuits.

. Make sure the ground connection is good.

49. If the Arc Flame is “Fussy” and Antenna Current
Low—

1. Chamber may not be air-tight, gaskets leaking.

2. Water in chamber, anode tip may be burned out, or gaskets
leaking.

3. Antenna insulators may be dirty.

4. Poor connections in antenna circuit.

5. There may be water or alcohol in the chamber extension
which holds the anode. Remove the anode insulating disc and
see that there is no water there, and that the bakelite disc and
rubber gaskets are clean.

In case the radio frequency ammeter is burned out, the arc
flame may be adjusted by observing the d.c. ammeter as the
direct current varies with adjustment in a manner similar to the
antenna current.

50. Precautions—Do not touch any part of the antenna cir-
cuit when the equipment is in operation. It is much safer to stop
the motor-generator and open the main supply switch when work-
ing on the apparatus. Contact with the 250- to 500-volt direct cur-
rent may cause a painful shock, although it is not necessarily
dangerous. Do not overload the transmitter beyond its maximum
rating, which is 8 amperes for intermittent operation in the case
of the 2-K.W.; and 12 amperes for intermittent operation in the
case of the 5-K.\WV. transmitter.

Do not fill the alcohol container when the equipment is in oper-
ation,

Do not open the chamber or remove the carbon holder until
two minutes have been allowed for the carbon to cool. Failure to
observe this precaution may result in explosion, which, although
not serious, should be avoided.

o I SO I N
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51. Type RH-1 2-K.W. Arc Transmitter of the Independent
W.T. Company—This is a 2-K.W. arc transmitter designed
for ship installations, where the antenna capacity is approxi-
mately .0012 microfarad, plus or minus .0007 microfarad. Such
an average antenna will have an approximate fundamental wave-
length of 450 meters and a resistance of § ohms at 600 meters.
The motor generator and auxiliary apparatus are designed for
110-volt direct current operation, the usual supply source on ship-
board.

Transmission of undamped oscillations is possible from 600
up to 2400 meters, Damped oscillations may be transmitted on
wavelengths from 6oo to 800 meters by using a modulating sys-
tem which will be described further on.

52. Motor Generator—This machine is provided to convert
the 110-volt ship mains to the high voltage necessary to operate
the arc converter, viz.: 250 to 450 volts d.c.

With the proper care the motor generator will not give any
trouble at all. On leaving the factory the ball bearings are filled
with grease sufficient to last six months. About that time the bear-
ings should be removed, washed in gasoline, and filled with grease
again.

The commutator should be kept clean and smooth, using fine
sand paper first, then washed with cheese cloth and gasoline.
The brushes should bear evenly on the commutator bars without
excessive friction.

53. To Remove the Bearings—When it is necessary to re-
move the bearings take off the outer bearing cap and, after dis-
connecting leads or brush rigging attached to the shield, remove
the shield, leaving the ball bearing on the rotor shaft. Unscrew
the butt clamps and remove them. Apply pressure evenly around
the inner end of the inner race to force ball bearing off the shaft.
When the bearing has been removed from the shaft it should be
carefully wrapped up in clean paper to prevent any foreign matter
from adhering to the grease. Before it is replaced the old grease
should be washed off with gasoline and new grease replaced. In
replacing the bearing, apply pressure at the outer end of inner
race; never to the outer race, as this damages the bearing. A
short piece of brass tubing and a babbit hammer are useful for
this work.

A spare rotating element, motor field coil, generator field coil,
brushes and brush holders, are provided in case of accident to
any of the original parts. In substituting any of these items make
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careful note as to how the original parts are assembled so as no
difficulties will be encountered in replacing the new elements.

54. Arc Converter—When working near arc converter it is
safest to shut down the motor generator, so that no injury will
result to the operator by coming in contact with the high voltage
direct current which could prove fatal.

The arc chamber should be kept free from soot. The anode
insulating disc and gasket should be inspected from time to time
and never allowed to become dirty enough to form a leakage path
to ground. If they are allowed to “arc over” they will be
ruined and will then have to be renewed. The whole set should
be cleaned at least once a month.

It is very important that the arc chamber be gas- and water-
tight. A small water or air leak in the chamber will cause the arc
to be unsteady and the carbon to burn down rapidly. When the
chamber is thoroughly tight, the carbon will probably build up
slowly at the end; this depends on the chemical content of the
hydrocarbon used. If the arc is taken apart, the gaskets on the
shoulders of the poles should be examined and, if in poor condi-
tion, replaced by new ones before placing them against the bear-
ing surfaces on the chamber.

When it is desired to replace an anode, first close the valve in
the water circulation system. Unscrew the anode clamping ring,
draw out the anode and set it on end tip upward. Remove the
tip and its gaskets.

In replacing the old tip and inserting a new one, see that the
bearing surface of the anode, the tip and copper gasket are clean,
smooth and entirely free from grit and that the gasket is in good
condition. Put the gasket and the tip in place and replace the tip
nut. The anode should be examined and cleaned with gasoline,
if necessary. Replace the anode in the arc chamber and tighten
the clamping ring. See that the tip is lined up equi-distant from
magnet pole tips. If it is nearer one than the other loosen the
clamping ring and adjust the anode position. If the tip has not
been squarely replaced on the end of anode, it will be necessary
to remove the tip nut and see that tip is put on properly.

55. Water Cooling System—The cooling tank is cylindrical
and has a large hole running vertically through the center pro-
viding additional cooling surface. The tank is filled from the
inlet covered by a screw cap. The amount of water in the tank
can be noted from the right gauge.

There is a pet cock to test the sight gauge and determine if it
is showing the true water level. A valve is provided to open and
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close the circulating circuit, as may be desired. A small red ball
within the glass indicator rises to the top when the water is cir-
culating properly and falls when water stops circulating.

From the circulation indicator the water runs to the anode and
from the anode to the duct in arc chamber, through the duct to the
top of the tank. To prime the pump it is only necessary to open
the pet cock near the top and let the air out. Only fresh water
should be used. The arc will not operate using salt water as it
grounds the anode. The tank should be kept from 34 to 7§ full
at all times. During the winter alcohol mixed (1 part alcohol,
2 parts water) with the water should be used to prevent the
cooling system from freezing.

56. Radio Frequency Circuit—The cathode, which is con-
nected to the negative side of the generator line, is grounded.
The anode is then connected through radiation ammeter through
the low power resistor which is normally shunted by the shunting
switch through the relay key to the absorbing circuit. When the
relay key is in the down position, the anode is connected to the
antenna loading inductance. In the 600, 800 and 2300 meter ad-
justments it will be noted that there is simply an inductance in
series with the antenna, the constants of this circuit equalling a
frequency that gives the desired wavelength.

57. Absorbing Circuit—In signalling with the back shunt
method the energy converted by the arc is diverted either to or
from the antenna at a rate corresponding to dots and dashes. In
the key-up position, the energy is diverted from the antenna by
the relay key to an absorbing circuit, which consists of a .004
mfd. condenser, an inductor and combined iron plate resistor
and absorbing resistor. The antenna ammeter is also thrown
from the antenna circuit to the absorbing circuit by the relay key,
so this meter reads the current in each circuit depending upon the
position of the key. The iron plate resistor should be adjusted so
that the direct current load is nearly constant when reacling. If
the resistor is improperly adjusted the absorbing circuit will draw
more than the radiating circuit, causing the arc to be unsteady,
especially on the lower wavelengths.

58. Modulating System—This consists of a 1/4-H.P. d.c.
motor directly coupled to a large commutator used as a ““ chopper.”
Every sixth bar is connected together and brushes are located
diametrically opposite each other. The two brushes are connected
to a loop of Litzendraht which is in inductive relation to the an-
tenna loading inductance and current is induced in this loop at
times when it is shorted by the commutator circuit. The motor
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runs at a speed of 1700 R.P.M. and this speed and number of
bars correspond to 1000 short circuits a second or a 500-cycle
note, approximately. These short circuits change the wavelength
appreciably and reception on a crystal or audion detector is of a
1000-cycle tone.

59. Wave Change Switch—A wave change switch is pro-
vided which permits of transmission on four wavelengths. ‘These
positions are marked by number plates and have corresponding
ratchet stops. To the right of a wavelength position is an inter-
mediate point which provides connection directly to the rotating
contact of the compensating inductance in order that, after having
adjusted the antenna loading inductance by steps to an approxi-
mate value, the proper amount of compensating inductance may
be exactly determined in a convenient manner as explained later.

60. Operation—

1. Place send-receive switch in receive position,

2. Close switches, main switch, motor generator control switch,
arc striking switch, generator field switch, resistance output, and
lower power resistance shunt switch.

3. See that loading coil leads are in approximate position, also
leads running to compensating inductance.

4. Place wave change switch in 2400-meter position.

5. Placing send-receive switch in send position closes circuits
which perform the following functions:

(a) Motor generator is brought up to full speed by the closing
of main line contactor, and to the two contactors of the auto-
matic starter.

(b) Simultaneously, the pump and carbon rotating motor are
brought to full speed. The carbon should be rotating slowly and
the sight feed on the water circulating will show the red ball, indi-
cating that the pump is working.

(¢) The main line contactor has closed, closing the high po-
tential circuit. The arc striking relay works, striking the arc
electro-magnetically through the arc striking mechanism. A few
seconds after the arc is struck, the arc starting resistor is shorted.
The hydrocarbon supply magnet has operated, supplying alcohol
to the arc chamber, which is evaporated, and the vapor contains
hydrogen which is necessary to maintain a steady arc. Too much
alcohol will be indicated by a white vapor rising in the alcohol
sight glass; too little by the arc being unsteady.

(d) The d.c. voltmeter reads the arc voltage; the d.c. ammeter
reads the arc current, and the radio frequency ammeter the ab-
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sorbing circuit current, and when the key is pressed down reads
the antenna current.

When throwing the send-receive switch to the send position, the
arc may not ignite upon the first inward thrust of the mechanism.
This may be due to excessive spacing between copper and carbon
elements, and the carbon should be adjusted to proper relation to
the copper by the cathode adjustment knob which moves the
cathode nearer the copper anode when turned counterclockwise.

The arc striking relay has an automatic action, and when the
cathode strikes the anode and returns, if the arc does not ignite,
the action is repeated again until it does ignite. Of course it
should be assisted by adjusting the cathode by the cathode adjust-
ment knob.

Lock the relay key by closing the hand key on the table and
measure the wavelength being transmitted, making sure on all
wavelengths that you are measuring the antenna circuit and not
the absorbing circuit,

Assuming that the wavelength measured was 3300 meters and
after cutting out one or more sections of the antenna loading in-
ductance it was reduced to 2300 meters, the final adjustment
would be made by throwing the wave change switch to the right
of the 2400-meter position and tuning with the compensation in-
ductance until the wavelength is exactly 2400 meters as indicated
by the wave meter. After final adjustment is made by the
variable arm on the compensating inductance, the 2joo-meter lead
from the lower half of the wave change switch is brought to the
inductance in exactly the same point where the variable contact
was. The wave change switch can then be moved to the other
wavelength position and further adjustments made with the an-
tenna loading inductance and compensating inductance in the
same manner.

On 600 meters it is best to place as much of the total inductance
required in the antenna loading inductance and as little as possible
in the compensating inductance.

The relay key should be kept in good order ; when adjusting for
the up position the lower contacts should he compressed 1/16 of
an inch and a space left of 1/32 of an inch between the upper con-
tacts; the air gap between armature and field poles should be very
small. In the down position the upper contacts are compressed
3/32 of an inch and the lower contacts 1/16 of an inch apart.

The comnutators of motor, generator, pump motor, and modu-
lation motor and modulator should be kept clean and smooth and
also see that the brushes are wearing evenly.




THE ARC RADIO TRANSMITTER 431

The operator should always see that the circulation indicator is
indicating when the set is in operation. The water tank should
be kept full to the level indicated, and the alcohol feed reservoir
full as it only holds enough alcohol for ten hours’ continuous oper-
ation.

All moving parts should be lubricated and parts making electri-
cal contacts, such as switch blades, contactors, etc., should be kept
smooth and clean.

Every morning the apparatus should be dusted thoroughly with
cheese cloth and cleaned with alcohol at least monthly.

The copper parts should be polished if they are not lacquered.




CHAPTER 11
SPARK TRANSMITTERS

1. Oscillatory Discharge of a Condenser—The condensers of
a radio transmitter may be charged by connecting them to a source
of high voltage such as the secondary terminals of an induction
coil or step-up transformer.

Consider the circuit of figure 226. The voltage of the second-
ary terminals of the transformer may be 10,000 to 30,000 volts.
When the key of the primary circuit is closed a violent spark dis-

charge will take place across the

e S gap SG. It will continue as long
";‘_ park s as the key circuit is closed. An
4 L analysis of the discharge will

T show that a radio frequency cur-

- rent oscillates through the con-
o 2o (O Jor Produc- denser C and inductance L. If
o 7 Conieies. B®  the frequency of the alternating

current of the primary circuit is
500 cycles there will be a discharge for each alternation or 1000
spark discharges per second. This will result in the flow of 1000
groups of radio frequency oscillations through the discharge cir-
cuit LC.

A spark discharge such as that described will produce a series
of cycles of alternating current of constantly decaying amplitude,
such oscillations being called damped oscillations on account of
this decrease in amplitude.

The discharge of a condenser is explained as follows: Re-
ferring to A4 in figure 227: Just previous to the first discharge
the energy is stored in an electrostatic form in condenser C. The
potential of the condenser finally hecomes so great that the air
dielectric between the gap S is broken down so that a spark jumps
from one electrode of the gap to the other. The electrostatic field
is now converted into current which flows through inductance L
creating lines of force. After a time this inductance contains all
of the circuit energy in its field, and because this field produces a
potential difference across the terminals of the coil opposite in sign
to the original voltage, the condenser commences to charge again
in the opposite direction as in b. After the condenser is charged,

432
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it discharges a second time. This process keeps repeating itself,
the voltage reversing in sign at each charge and discharge.

Each charge is smaller than the one preceding as some of the
energy is lost by the resistance of the circuit and the production
of heat, hght and sound. Fmally the charge becomes so small

Fic. 227. Charge and Dlschargc of a Condenser.

that a spark can no longer bridge the gap and the oscillation cur-
rent dies out. The frequency of the oscillations depends upon the
size of the capacity and inductance employed. It may be calcu-
lated as follows:

= I
2w NLC

where f is the frequency, or number of discharges per second, C
is the capacity of the coadenser in farads and L the inductance of
the coil in henrys. The number of oscillations per single spark
s a function of the total damping of the circuit, that is, if the cir-
cuit has many complete oscillations per single spark discharge the
wave train produced is a low damping. If the oscillations ceased
after a very few oscillations the wave train is said to be highly

Secondary low freq
/10"" circuif.

| Quenched g2p

Fic. 228. Elementary Circuit of a Spark Transmitter.

damped ; when the apparatus as shown in figure 226 is employed
to generate radio frequency oscillations for the production of
etheric waves, the circuit is denoted by the closed oscillatory cir-
cuit to distinguish it from the open or antenna circuit.

—e—
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If the resistance of the oscillation circuit is too great the dis-
charge of the condenser will not be oscillatory. This can be ex-
pressed as follows: If IR is greater than 2/ L/C the circnit is non-
oscillatory; if the resistance is 2v/L/C the circuit is just oscil-
latory. If the resistance is less than 2v/L/C the circuit will be
oscillatory. In these equations R is expressed in ohms, L in
henrys, and C in farads. In actual practice it will be found that
the oscillation circuits do not have anywhere near the critical
value of resistance. Neglecting the value of R the frequency of
the closed circuit may be decreased by either increasing the ca-
pacity of C or increasing the number of turns in L. Usually the
capacity of C is fixed and the turning of the closed circuit is done
by varying the number of turns in L.

2. Logarithmic Decrement of Oscil-
lations—The oscillations of a damped

1
s wave train in such a circuit as has been
/\ m[\ ~ discussed decay according to the law that
U \/~"— the ratio of any oscillation to the one
U U preceding is constant. This constant
B M ratio is called the damping of the oscilla-

. tion and the Naperian logarithm of the
IF16. 229. Damped Os- 5 4 . g
cillations with Constant Tatio of one oscillation to the preceding
Ratio of Decay. one is called the logarithmic decrement.

Referring to figure 229 the amplitude of
A’ is to A® as A% is to A% or in terms of logarithms

AI
VE
where ¢ = base of the Naperian system of logarithms,
6 = a constant termed logarithmic decrement.
’

= €5,

Transposing, § = log% .

If the value of the logarithmic decrement is known the number
of complete oscillations comprising a wave train can be determined
before their amplitude has fallen below a certain fraction of the
first oscillation. It has been found that if the oscillation radiated
by a spark transmitter has less than 24 complete oscillations per
single spark discharge such transmitter will emit a broad interfer-
ing wave. A decrement of .2 corresponds to such a wave train
and the oscillations are said to be highly damped. A group of
oscillations having many more than 24 complete oscillations would
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have feeble damping. There are various formule for the calcu-
lation of decrement mathematically but fortunately there is manu-
factured a meter called the Kolster decremeter which gives a
direct reading to the decrement of the emission from a spark trans-
mitter. Such an instrument is employed by radio inspectors of
the U. S. Government in their inspection of various types of
mobile spark transmitters.

3. Spark Gaps—The purpose of the spark gap in a radio
transmitter is (a) to act as sort of a value to prevent the condenser
discharging until it has reached a certain potential (0); then to
allow the stored-up energy to break down the air gap and circu-
late through the closed oscillation circuit in the form of radio
frequency oscillations (¢} to restore the gap to its non-conducting
state when the energy has been transferred to the antenna circuit.

There are three types of spark employed with commercial radio
transmitters. They are:

(1) Non-synchronous rotary gap.
(2) Synchronous rotary gap.
(3) Quenched gap.

The non-synchronous gap as employved with spark transmitters
on vessels operated by the United States Shipping DBoard consists
of an aluminum housing on which is mounted, at the upper por-
tion, an insulating ring to which are attached twelve stationary
electrodes of hard drawn copper. A rotating aluminum disc in-
sulated from the shaft carries fourteen moving electrodes of
h.d. copper. This rotating disc is driven by a shunt-wound motor
connected to the radio auxiliary power circuit. The moving elec-
trodes are rotated at a speed of 4000 R.P.M. and produce 5600
breaks per second. The gaps are enclosed by a ribbed aluminum
cover with an observation hole protected by a red sight glass.
The stationary and moving electrodes are arranged to be easily
renewable.

4. Theory of Operation—This non-synchronous gap is de-
signed so that a pure 1000 spark note is obtained and is accom-
plished by making the break frequency approximately 5600 per
second, which is high as compared to 1000 per second. In con-
sequence of this high break frequency it is always possible for
at least one spark per alternation (5oo-cycle a.c. supply or 1000
alternations per second) to occur. If there should be several
sparks per alternation, these must occur at the rate of 5600 per
second. This higher discharge rate produces a musical tone which
is inaudible as compared to the dominant 1000 spark tone, and
therefore has no disturbing effect. Application of the Vernier
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principle makes it possible to obtain this high rate. That is, the
spacing of the revolving electrodes is less than the spacing of the
stationary electrodes and because of this unequal spacing there
are a number of sparks around the circumference of the gap,
while one of the revolving electrodes is passing from one station-
ary electrode to the next one. In this gap 14 revolving and 12
stationary electrodes are provided. The following formula gives
the spark frequency.
Es X Er X RPS
2

Es is the number of stationary electrodes.

Er is the number of revolving electrodes.

RPS is the number of revolutions of rotor per second.

2 is the factor which depends on the number of gapsin series.

In order to obtain satisfactorily the characteristics described
above, the 500-cycle circuits must be adjusted to resonance. This
adjustment is readily made when the 500-cycle circuit contains a
reactance regulator with several steps; otherwise it must be ac-
complished by the speed of the motor generator.

5. Synchronous Rotary Gap—The disc of a synchronous gap
is mounted on the shaft with the alternating current generator.
The disc is fitted with as many rotating electrodes as there are

STATIONARY
ELECTRODE

ROTARY
ELECTRODE ‘

Fic. 230. Sectional View of a Synchronous Rotary Spark Gap.

field poles of the generator. If the frequency of the generator
is 500 cycles the condenser will be charged and discharged 1000
times per second and will produce a musical pitch. Figure 230
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is a back view of the rotary gap supplied with the R.C.A. 2-K.\W.
500-cycle transmitters. There are two stationary and 30 rotating
electrodes. The rotating disc is enclosed in a steel muffling drum
which also acts as a support for the two stationary electrodes.
This drum is designed so that it can be moved through an arc of
approximately 25 degrees by an adjusting rod. This permits the
adjustment for a synchronous discharge, that is, a discharge on
the peak of an alternation, thus resulting in a musical spark note.

6. The Quenched Spark Gap—The quenched gap gets its
name from the effects produced when a spark gap of this type
is employed in the closed circuit of the transmitter. The ideal gap
is one which permits the closed circuit to oscillate for a period of
time sufficient for the oscillations in the antenna circuit to build
up their maximum amplitude and then quench out those in the
closed circuit.

Both the non-synchronous and synchronous gap permit a dif-
ferent degree of quenching providing the circuits are loosely cou-
pled, the latter possessing this quality to a higher degree than
that of the non-synchronous. The quenched gap has the further
advantage of permitting a very close coupling between the primary
and secondary circuits, while at the same time quenching the pri-
mary oscillations very strongly. This prevents the oscillations in
the aerial circuit from being retransferred to the closed circuit
which would cause two waves to be radiated as will be shown
later. With proper quenching the primary circuit comes to rest
after a few oscillations and the gap becomes non-conducting, thus
preventing a retransfer of energy to the primary circuit.

The principal difference between the quenched gap and those
just discussed is that instead of one or two spark gaps cooled by
a rotary member we use many very small gaps in series, subdi-
viding the spark into many short sparks.

The complete unit of a quenched gap usually consists of ap-
proximately 15 units of the self-cooled quenched type with silver
sparking surfaces. Each unmit is self-contained and may be re-
newed independently of the rest by hand. In removal of any one
unit the circuit is automatically and instantly closed by the gap
holder springs making contact.

Each gap unit consists of two annular brass discs secured by a
central insulated bolt and separated from one another by an an-
nular fish paper gasket. A brass washer and fish paper gasket
serve to insulate the bolt and distribute the pressure.

The sparking surface consists of two amnular silver rings
spaced .013 of an inch apart. Cooling is effected by a rectangular
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flange of copper fixed to the central plates. The quenching action
of a gap depends largely upon the speed with which heat created
by the spark can be removed and dissipated. The gasket when
heated by operation makes the sparking chamber air-tight.

When a gap unit is first put in operation, the air enclosed and
the spark cause a certain amount of oxidation of the silver spark-
ing surfaces. When the gap has sealed, the spark reduces this
oxide, and the surfaces regain the white color of pure silver. This
seasoning process is usually carried out at the factory of the
manufacturer. Therefore, a unit should not be opened until one
is sure that it needs to be cleaned. A gap test rod, provided with
the set, is used to short-circuit successive gap units. Active units
will give a healthy snappy spark at the instant of making or re-
moving the short-circuit. Inactive units will give only a small
sluggish spark or even no spark at all.

The advantages of the quenched gap are: Noiseless in opera-
tion, has no moving parts, permits the use of low voltage trans-
formers, allows maximum transfer of energy to the antenna cir-
cuit hecause of closer coupling and permits the radiation of a
wave of low decrement.

The note of the quenched gap is regulated by variation of the
number of gaps or regulation of generator voltage. If properly
adjusted a synchronous discharge can be obtained resulting in a
pure musical note.

7. Reaction of Coupled Circuits—The commercial spark
transmitters on American vessels employ an oscillation trans-
former with inductive coupling to transfer the energy to the open
circuit. It may be found that the energy is being radiated on two
different wavelengths. For example, if the circuits are tuned to
600 meters it may be found with a wave meter that there is energy
radiated on a wavelength higher than 600 meters and also on a
wavelength lower than 600 meters. These two wavelengths are
caused by the reaction of the lines of force of the secondary of
the oscillation transformer in the antenna circuit upon the primary
of the closed circuit and vice versa. The mutual induction of the
two coils causes the effective self-inductance of the secondary coil
either to increase or decrease, depending for the instant upon
which of the two circuits is driving the other. The result is the
radiation of the two waves. This represents an undesirable con-
dition ; as the receiver can only respond to one wavelength at a
time, the energy in the other wave is lost. Interference is also
increased as the transmitter is occupying two frequency channels.

This condition usually is caused by improper quenching of the
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spark gap or too tight coupling between primary and secondary
of the oscillation transformer. Usually by loosening the coupling
the two waves will merge into one, thus permitting exact reso-
nance between primary and secondary cirenits.

8. Commercial Spark Transmitters—On vesscls operated by
the U. S. Shipping Board and several privately owned vessels
one finds a type of transmitter known as the Navy Standard
2-K\V. set, Of the 2-K.W. transmitters the following types are
found:

CK 617 Kilbourne & Clark Manufacturing Co.

CR 6355 Wireless Specialty Apparatus Co.

CM 1080 Marconi Wireless Telegraph Co. (now R.C.A.)
CM 305 Marconi Wireless Telegraph Co. (now R.C.A.)

Types CK-617, CR-655 and CM-1080 are practically alike, hav-
ing like power control panel, meters, circuit breakers, switches and
automatic starters. The same is true of the wave changer which
consists of oscillation transformer, loading coils, spark gap and
condensers.

Type SE-1205A is another 2-K.W. set, but differs somewhat
from the others in the arrangement of the power control panel.
With this type a separate panel to control the charge and dis-
charge of the storage batteries is used.

The motor generators are usually mounted on the engine room
grating and remotely controlled by the operator. The automatic
starter consists of a counterweighted shunt-wound magnetic con-
tactor controlled by a push button for closing the main circuit
and series-wound magnetic contactors for short-circuiting the
starting resistors. A description and the theory of opcration of
this starter will be found in Chapter 3, Motors and Generators.

Inasmuch as the power apparatus comprising a spark transmit-
ter such as motor generators, transformers, etc., have already been
described in previous chapters, no further description will be
given here.

9. Inductive Coupler—This consists of one fixed and one
movable spiral of copper strip placed on a rectangular insulating
frame formed by two end cheeks which are the base of the wave
changing switch. The movable coil slides on a central guide and
is actuated by a slotted bell-crank arm and handle placed to the
right of the apparatus.

Tappings from primary and secondary coils are brought to
contacts on the wave change switch and the primary terminals are
connected to the radio transformer and condensers.
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Fic. 231. Power Control Panel of Navy Standard 2-KW. Spark
Transmitter.
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The terminals of the secondary spiral are connected to the
ground through the aerial ammeter.

10. Wave Change Switch—This consists of two rotating
contact arms working over contacts arranged on two cheek plates
of insulating material. The front switch has three contacts ar-
ranged on the upper semi-circle which connects with tappings, on
the inductance spirals. The front switch arm is connected by a
movable connector to the power change switch and spark gap.

The back switch has three contacts arranged on the lower semi-
circle connecting with the tappings on the secondary inductance
spiral. The back switch arm has two contacts diametrically oppo-
site and these connect the lower fixed contacts with three others
arranged on the upper semi-circle. These latter connect to the
movable arms of the three antenna loading spirals.

The rear arm of the switch can be rotated independently of the
front arm by loosening and sliding back the clamp bolt. This
permits the varying of the secondary inductance independently
of the primary, which is necessary at times when the antenna is
affected by storm or accident.

11. Antenna Loading Coils—These consist of four spirals
mounted directly above the inductive coupler and each is pro-
vided with a rotating contact finger which can be moved over the
whole length of the spiral. Under normal operating conditions
these coils are so connected that only three are variable, the fourth
being connected as a whole in the circuit; by changing the bus
bars this coil can be made variable as required by the character-
istics of different antennze.

12. Send-Receive Switch—This switch performs the follow-
ing functions: In sending position:

(1) Closes a break in the field circuit of the alternator.

(2) Closes a break in the solenoid of the clapper switch on
the switchboard.

(3) Closes a break in the circuit which operates detector pro-
tective relay.

(4) Closes one spare set of contacts. ]

(5) Grounds the terminal which connects to the receiver pri-
mary.,

(6) Connects antenna to loading coil of transmitter.

In receiving position:

(7) Opens contacts 1, 2, 3, 4, 5 and 6 as closed above,

(8) Connects receiver lead to antenna.

The switch is in the sending position when the main switch
blade is parallel to the base. In this position it closes contacts
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Wave Changer—Oscillation Transformer, Load Coils and

Quenched Spark Gap of Navy Standard 2-KW. Spark Transmitter.

Fic. 232
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11 and 12 by short-circuiting the spring clips. The aerial is con-
nected to the transmitter by the spring contacts on the “ Ant.
C'C'T ” post making contact with the “ OSC. C'K'T ” post. The
generator field and spare circuit are closed by the contacts on the
rotating cylinder.

13. Tuning the Transmitter—Start the generator by the re-
mote control push button switch. Adjust the generator voltage
to the lowest value and short-circuit seven or eight gaps by means
of the clips on the gap switch rods. The gaps between a clip on
the short arm and on the long arm are short-circuited when the
clips make contact with the studs. Throw the antenna switch to
the sending position and close the auxiliary switch on the switch-
board. When this is done the clapper switch on the switchboard
should close. Adjust the generator voltage till the gaps just spark
over, and, with the antenna circnit grounded, proceed to tune the
primary to the wavelengths desired. When the primary circuit is
tuned wavelength markers should be placed on the primary in-
ductance at the proper places. The primary leads should be
clipped to the inductance at these marks. Then close the aerial
circuit and proceed to tune the aerial circuit as follows:

On account of the fact that the unused turns of the oscillation
transformer secondary and of the antenna loading inductances
are short-circuited, and hence have an effect on the used turns,
it is necessary to tune the longest wavelengths first, as the amount
of inductance short-circuited is determined by the position of this
slider.

Loosen the coupling as much as possible by pressing down on
the coupling lever handle. Throw the wavelength switch to the
highest wavelength poin:. Tune this wavelength by rotating the
knob on the bottom loading coil till the aerial amnieter shows
maximum current under these conditions. In case there is too
much inductance in the circuit, change the connector hetween
the first and second antenna loading coils so that the outside end
of the first loading coil is connected to the middle of the second
loading coil, instead of to the inside of that coil. Then tighten
the coupling very slowly, watching the aerial ammeter constantly.
It will be found that there are several coupling points which give
maximum aerial current. All these should be marked on the
coupling scale. Choose the point which gives the highest current
value and vary the inductance in the aerial current to see whether
it is possible to further increase the antenna current. \When the
highest current is found by this operation, tighten the coupling
slowly again in order to find a closer coupling point which will
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give a higher antenna current, or at least a maximum point. Re-
tune the aerial circuit, adjust the coupling, retune the aerial cir-
cuit, and so on until the best result is obtained. If the gap is in
perfect condition the note on this hump will be good ; if not, it will
be impossible to get a good note on this hump, and the previous
hump should be used till the gap is in good condition. In all
cases, several trials should be made in order to locate the best
possible coupling point. When this is found, note the position of
the coupling lever on the scale accurately.

Throw the wavelength switch to the next lowest wavelength
and proceed to tune it in like manner and note the final position of
the coupling lever for the best coupling point. Proceed in this
manner over all the wavelengths desired, noting the best coupling
points.

Then choose a position of the coupling handle which will be
most convenient for all the wavelengths, probably that at which
the lowest wavelength is in tune. If the coupling for any wave-
length is tighter, that is, if the coupling coils are too close to each
other, inductance must be added to the oscillation transformer
secondary till the coupling is again at the chosen point. It must
be remembered that when inductance is added to or subtracted
from the oscillation transformer secondary, it must be subtracted
from or added to the loading coils. This makes it necessary to
go over all the adjustments again. When the set is finally tuned,
it must he possible to change from one wavelength to any other
simply by turning the hand wheel on the wavelength switch with-
out further adjustment of coupling or aerial inductance.

14. Sparking of Loading Coils—The loading coils will spark
considerably hy the voltage built up in them if the proper dis-
tribution of the secondary inductance in each loading coil per-
mits the variable contact to engage approximately the same num-
ber of turns. The secondary of the oscillation transformer will
require more turns as the wavelength increases. A minimumn
decrement will result and the breakdown of insulation of the load-
ing coils will be prevented. .

In severe cases where the insulation of the loading coils has
hroken down and the adjustments as described above do not re-
lieve the trouble it may be necessary to cut away portions of the
insulation that are carbonized. If only small discharges have
taken place the insulation should be cleaned and a light coating
of vaseline applied. If it becomes impossible to eliminate spark-
ing by these adjustments the transmitter should be operated at
reduced power.
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15. Final Adjustments—After all the wavelengths have
heen adjusted bring up the motor speed till the frequency meter
shows 500 cycles. Then increase the generator voltage till the
note breaks into a full rooo-spark note. If the power is low, cut
in more gaps and raise the voltage till the wattmeter shows normal
power and the note is clear. Readjust the motor speed, if neces-
sary, till the frequency meter shows 500 cycles. It will then be
necessary to go over the tuning again to see that the circuits are
in proper resonance, and that the wavelengths are right. This
retuning will help to clear up the note in case it was impossible
to do it by means of the motor speed and generator voltage alone.
When all the circuits are in exact resonance, when the motor
speed is right, and the generator voltage has been adjusted prop-
erly, the note emitted by the transmitter will be a clear 500-cycle
(1000-spark) note of good quality. If it is rough and scratchy,
it is an indication that these circuits are not in proper resonarnce,
or that the gap is not fully seasoned. It may be cleared up by a
slight readjustment of the coupling or of the inductance in the
aerial circuit or both.

16. Rotating Gap—If it is desired to use the rotary spark
gap instead of the fixed gaps of the transmitter, it may be con-
nected in circuit by proceeding as follows:

(1) Pull the single pole switch connecting the power change
switch with the primary wave changing switch forward until it
rests upon the fixed gaps; this will disconnect the fixed gaps
from the circuit.

(2) The terminals of the rotary gap can now bhe plugged in
either pair of terminals mounted on electrode insulators on each
lower side of the primary wave changing switch.

(3) Close the D.P.S.T. switch marked “ Radio Auxiliary,”
thus starting the motor.

The set is now ready to operate and can be adjusted and tuned
in the same manner as the fixed gaps until the best note is heard
and a maximum reading observed on the aerial ammeter.

17. Care of the Quenched Gap—Gap units are opened by re-
moving the center bolt with the special wrench provided and then
breaking the unit apart by a twisting movement. The sparking
surfaces of an opened unit will indicate conditions as follows:

1. If the silver surface is black in color, there has been a break-
age of air into the gap.

2. If the silver surface has a blue-black appearance, there has
been a slight leakage of air and deposit of silver oxide.
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3. If the silver surface has a brown color and is spreckled or
pitted, the gap has been overloaded.

4. If there are rough edges on the inner and outer circumfer-
ences of the sparking surface, the gap has been overloaded.

Gaps showing the first three conditions can usually be brought
hack to operating condition by running them for about twenty
minutes with an mput of about 75 per cent of the rated power,
with new gaskets and with antenna disconnected. If the fourth
condition exists, the rough edges can be scraped off with a knife,
after which the gap can be restored as mentioned. If the unit
has been operated for some time in a leaky condition, the deposits
may be too thick to be removed except by the use of an abrasure.
For this purpose use No. 0oo sand paper pasted to a flat block of
wood. Do not use the sand paper alone, as it is essential that the
silver surface be kept true. Never use emery in any form. All
blackening should be removed from the inside of the unit and
from the bolt. Do not be too ready to open the unit. Remember
that every cleaning removes a certain amount of silver, increases
the gap length, increases the power which the unit must handle,
and shortens its life.

Spark gaskets supplied with the set are selected for the proper
thickness. Tt is well to he sure, however, that they lie between
041 and .039. The thickness of the gasket determines the length
of the gap. If the gasket is too thick the power per gap will be
too high and unnecessary heating and deterioration will result.
If the gasket is too thin, the power will be low and it may not be
possible to obtain rated output from the set.

To assemble a gap unit, lay the plate that has the tapped hole,
silver side up, on the assembly base, with the alignment pins
properly inserted. TLay a large gasket on the plate, centering it
inside the pins. Lay the other plate on top, silver side down, and
put a small gasket in the center bore. The gasket under the head
of the center bolt is quite as important as the main gasket, and
must not be forgotten. Iasert the center bolt, bring it up as far
as possible by hand, and screw home with the wrench. Remember
that the unit was made for the average operator to use, and do not
be too strong.

18. Seasoning Gap Unit—The unit is replaced in the rack
by dropping it between the contact springs, and is tested and
seasoned by running it for about an hour with the key locked and
no antenna, the closed circuit being in tune and the power and
frequency normal. After this seasoning process, it is essential to
take the unit out of the rack and tighten up the center bolt. The
unit should then be perfect. If it is still impossible to obtain a
clear note, the unit is beyond repair.




CHAPTER 12

COMMERCIAL RADIO RECEIVERS AND
ASSOCIATED APPARATUS

Introduction—The idea in this chapter is to take up in detail
the types of receivers most generally used for the reception of
radio telegraph signals. No attempt is made at all to cover re-
ceivers employed in the reception of radio broadcasting for enter-
tainment. The writer has found that the commercial operator
requires an instruction book that he can carry from station to
station and ship to ship and such a hook should contain a brief
description with circuits of receivers and associated apparatus as
employed generally at these stations. Thus the operator may use
the same for reference in order to quickly locate trouble and make
repairs.

Model AR-1496-B Short Wave Radio Receiver

1a. Purpose—This receiver is designed for use in the recep-
tion of continuous short wave commercial telegraphic radio signals
over a frequency range of 4,000 to 25,000 KC. It is also suited
to the reception of short wave radio telephony. It is intended for
installations where it is feasible to supply separate battery equip-
ment for each set used. However, if desired, it can be operated
on a common battery system if an external audio frequency filter
system is used for each set.

F1c. 234. RCA Model AR-1406-B Short Wave Radio Receiver.

1b. Source of Requirements—This set was designed to fill
the need for a good commercial receiver at a moderate price.

448




COMMERCIAL RADIO RECEIVERS 449

Such a receiver must have good sensitivity, be easy of operation,
be reasonably free from interaction between controls and be almost
entirely free from effects due to body capacity or swinging.

The proposed receiver fully meets the above conditions. The
sensitivity is sufficient to reach the noise level under average con-
ditions in most locations. The circuits and controls are so ar-
ranged that operation is very smooth. Changes external to the
set have practically no effect on the beat note frequency, the de-
tector tuning or the regeneration setting. (Except of course for
Dattery voltage fluctuations of considerable amplitude.)

1c. Source of Power—The power source required varies
somewhat with the tube complement. The best tubes to use de-
pend considerably on what arrangements can be made for power
supply.

The following tubes may be used:

1 UX-222 Radiotron radio frequency amplifier.
1 UX-240 Radiotron detector tube.
2 UX-201-A Radiotron audio amplifier.

With the above tubes, the following voltages and currents are
required for plate supply: 45 volts—I ma; 9o volts—2 ma; 135
volts—8 ma. A g-volt bias battery is to be used. A 6-volt fila-
ment heating battery is required to furnish 0.9 ampere.

If high plate voltages are available, the following tube comple-
ment is recommended.

1 UX-222 Radiotron radio frequency amplifier.
1 UX-841 Radiotron detector tube.
2 UX-z10 Radiotron audio amplifier.

The above tubes will give longer life, greater reliability, slightly
smoother operation and about 25% increase in signal strength
over the smaller tubes.

With these tubes the following voltages and currents are re-
quired for plate supply: 45 volts—I ma; 9o volts—2 ma; I35
volts—3 ma; 250 volts—25 ma. An 18-volt bias battery is to be
used. An 8-volt filament heating battery is required to furnish
4 amperes.

1d. Electrical Design—The circuit of this receiver is shown
in figure 235. The set consists of a tuned radio frequency ampli-
fier stage, a regenerative detector and a two stage audio frequency
amplifier. A shield grid type four element tube (Radiotron UX-
222) is used in the radio frequency amplifier. A shielded and
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balanced input transformer is used on this tube. The arrange-
ment used practically eliminates any effect on beat note frequency,
detector tuning or regeneration setting due to changing antenna

F16. 235. Schematic Diagram, Modified Model AR-1496 Short Wave
Receiver.

constants. Considerable radio frequency gain is secured due to
the high amplification factor of the UX-222. The use of this
tube also eliminates the need for neutralization. The balanced
input transformer permits operation from a balanced radio fre-
quency transmission line if desired. The detector functions on

PR
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F1c. 236. RCA Model AR-1406-B Short Wave Receiver, Rear View with
Case Removed.

the grid rectification principle. Regeneration is secured by use
of a fixed tickler and controlled by a variable bypass condenser.
The detector regeneration circuit is so adjusted that oscillations
start and stop smoothly at all frequencies within the range. A
two stage audio frequency amplifier completes the circuit.
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Plug-in coils are used for changing frequency band. The an-
tenna coupling coil is not changed over the entire range. The
radio frequency plate coupling coil, the detector grid tuning coil
and the tickler coil are constructed as a single unit.

Vernier drives are supplied on the three tuning controls. A
fine adjustment of beat note is also supplied. The antenna cou-
pling can be varied.

The output of the two stage audio amplifier can be taken di-
rectly from the plate circuit or an output transformer. The out-
put transformer normally supplied in the set matches an output
impedance of about 3000 ohms when used with a 201-A tube and
1200 ohms when used with a 210 tube (load impedance at 8oo
cycles). This load impedance matching is not critical. Jacks are
provided so that two output circuits can be used in parallel on
the output transformer. This transformer is arranged so that it
can be plugged into the output of the detector. The first audio
or the second audio amplifier.

A rheostat and voltmeter are provided to adjust the voltage on
the UX-222 tube. The other tubes receive the correct voltage
when connected directly to the filament battery recommended. A
variable filament rheostat is neither necessary nor desirable for
these tubes.

The set is inclosed in a shielding case and the coupling tube is
further shielded from the rest of the set. All battery leads are
provided with radio frequency filters to prevent radiation from
the batteries or pick-up on them. Condensers are placed on the
secondary of the output transformer for the same purpose. This
arrangement gives entire freedom from body capacity effects. A
master filament switch is provided.

1e. Mechanical Design—The metal cabinet in which the re-
ceiver is enclosed has the following approximate dimensions:

Length—=27 inches.
Height—8 inches.
Depth—8 inches.

The cabinet has two shields dividing it into three compartments.
In the first compartment (on the left end) is the input coupling
coil variable with respect to the R.F. grid coil and coupled to it
through an electro-static shield. In the second compartment is
the master rheostat, fixed resistor, variable condenser, R.F. grid
coil and the tube with its associated bypass condenser. The tube
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is further enclosed in a copper can. In the third compartment is
the detector and audio stages.

All parts of the receiver are mounted either on the metal panel
or the insulation sub-bases which are fastened together forming
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Fic. 237. RCA Model AR-1406-B Short Wave Receiver, Top View,
Cover Open.

a complete assembly of all working parts. This unit fits into the
cabinet from the front. The top of the cabinet is hinged so that
the tubes and coils are readily accessible.

On the front of the panel appear the following:

Antenna and ground binding posts.
. Filament voltage meter.
Coupling control rheostat.
. Filament rheostat.

Input tuning control.
Detector tuning control.
Fine tuning control.

. Regeneration control.
Filament switch.
Detector jack.

First audio jack.
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l. Second audio jack.
m. Two output jacks.

All power input binding posts are located on the back of the
receiver.

Type 106-106-C-106-D R.C.A. Radio Receivers—Wavelength
Range of These Receivers is from 200 to 3500 Meters.

The type 100 receiver is an inductively coupled oscillation
transformer, consisting principally of a primary and secondary
circuit. The period of the primary and secondary circuit and
inductive relation between the two circuits can be varied. Pro-
vision is made for varying either the capacity or inductance in
each circuit within certain limits. The inductance is tapped and
the condenser is continuously variable.

2. Primary Circuit—The primary circuit consists of an in-
ductance made variable by a switch and a variable capacity which
may be inserted in the circuit if the capacity of the aerial circuit
is too large for the desired wavelength. The * primary tens”
switch varies the number of turns included in the primary in
steps of 10 turns to each point, and, at the same time, disconnects
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1

“hanging on” end turns which are not in use. The “ primary
units ” switch varies in steps of one turn to each point, so that
with both switches any number of turns on the entire inductance
may be used. When the primary condenser is not in use, it should
be rotated to the position past 180 degrees marked “ out.”  This
automatically short-circuits the condenser.

3. Secondary Circuit—The sccondary circuit consists of a
variable inductance and a variable condenser. The transformer
secondary switch varies the secondary inductance in appropri-
ate steps and cuts off the tinused portion of the coil. The sec-
ondary condenser is used for obtaining wavelength adjustments
finer than those obtained by varying the inductance and for wave-
lengths ahove 2000 meters. \Vhen not in use, this condenser
should be rotated past the zero point to the position marked
“out.” This automatically disconnects the condenser from the
circuit. A crystal detector is mounted on the front of the re-
ceiver which can be used in an emergency. Battery binding posts
are provided on the receiver, making it possible to use an external
battery connected to a potentiometer. The potentiometer regu-
lates the potential across the detector. The zero point of the
potentiometer is in the middle so that the polarity of the voltage
across the crystal may be easily reversed.

4. Coupling—The secondary coil is arranged so that it will
slide inside of the primary coil and variation of distance between
them is made by the coupling handle.

5. “ Modifier Circuit "—The modifier or tickler system con-
sists of a fixed winding or “stator” of the variometer in
series with the grid of the secondary circuit. The variable or
“rotor ” winding is connected in series with the plate of the
detector tube and primary of the audio frequency amplifying
transformer. The modifier is mounted within a small box placed
on top of the receiver. A bakelite dial controls the position of
the rotating windings. By providing regeneration in the detector
circuit the audibility of weak signals can be greatly intensi-
fied. Continuous wave signals can be received by increasing the
feed-hack in the detector circuit until the tube oscillates. A fixed
condenser is connected across the primary windings of the first
audio frequency transformer, to serve as a low impedance path
for the radio frequency current in the detector plate circuit, and
assists in the feed-hack necessary for regeneration and oscilla-
tions. The stator windings of the tickler system are tapped, al-
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lowing two different values of inductance. This is controlled by
a snap switch on the modifier panel.

Fi1c. 239. Front View of 106-D Regencrative Receiver.

6. Adjustment of Receiver—Light the filaments of detector
and amplifier tubes and adjust to normal brilliancy. Set the modi-
fier dial at zero. Set the primary condenser at ““out.” Adjust
the coupling to about seven on the scale. Set the secondary con-
denser at “out.” If a test buzzer is connected, push test switch
and make sure receiving circuits are functioning. Release the
test switch and vary the primary and secondary inductances until
the desired signal is heard with maximum response, then decreasc
the coupling by rotating the coupling handle to the left, until
signal is just audible. Adjust primary and secondary condensers
until signal is at a maximum. Generally the loudest signal is
reached with a maximum secondary inductance and minimum
secondary capacity. If the signal is too weak to read, increase
regeneration by rotating dial of modifier. If the signal is from a
spark transmitter it will be necessary to keep the tube from oscil-
lating; otherwise the signal will be “ mushed up,” making it diffi-
cult to read through interference. If the signal is from a self-
rectifying continuous wave transmitter the signal may be heard
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either with or without the detector tube oscillating. Continuous
wave signals can only be heard with the detector tube oscillating.

Fic. 240. Interior View of 106-D Regenerative Receiver.

To avoid interference, the operator should work with the loosest
coupling possible. Greater selectivity may be had by using small
secondary inductance and adjusting the secondary condenser
until maximum response is obtained. If the wavelength of
signal desired is shorter than can be obtained with the above ad-
justment, place the primary “tens” switch at zero, primary
“ units ” switch at ten, rotate the primary condenser until signal
is heard, using the lower points of secondary inductance. If a
maximum signal is not obtained up to 180 degrees of primary
condenser, more primary inductance will be needed. Follow the
same method as with longer wavelengths. Selectivity may be
still further increased, partly sacrificing intensity, by using a large
amount of primary inductance, having the primary condenser in
circuit.

7. Type 106-D Regenerative Receiver—The 106-D receiver
is the 106-B receiver converted for operation with a vacuum
tube detector. The secondary coil is placed in a fixed position.
A small coupling coil placed within the primary inductance is
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used to transfer energy from one circuit to the other. It can
be rotated by the external coupling knob on the receiver, thereby
increasing or decreasing the amount of coupling between the
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Fr6. 241. Diagram of Model AD-1527 Detector Unit.

primary and secondary circuit. Regeneration is accomplished
by a rotating tickler coil placed within one end of the secondary
inductance. The position of the tickler coil is controlled by an
external knob on the front of the receiver.

A phone jack extending through the front of the receiver panel
makes it possible to plug the telephones in on the crystal de-
tector.

8. Model AD-1527 Vacuum Tube Detector Unit—The AD-
1527 vacuum tube detector unit is contained within a metal case
and consists of the following: One rheostat, one potentiometer,
one grid leak and condenser, one bridging condenser, a phone jack
and tube socket. The potentiometer is connected in shunt to the
6-volt battery with the rotating arm connected to the negative
“B” battery. This connection permits a variation of the plate
potential applied to the detector tube. The detector box is pro-
vided with three terminal Dblocks as shown in figure 241. A
wiring diagram of the detector unit is shown in figure 241.
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g. Model AA-1528 Amplifier Unit—The AD-1528 amplifier
is an individual audio frequency amplifier unit containing a fila-
ment rheostat, audio frequency amplifying transformer and tele-
phone jack. The amplifier units are so constructed that plate and

“‘g@ / O g
R o
“t 3

o 5
»

=y 4 T[]

1 [e] T o]

Ve —& J_'

+& € \‘ T\ &'f

+_] ye £ 3
sle] ~ el
< +

\A ~
0/1_2;

Fic. 242. Diagram of Model AA-1528 Audio Frequency Amplifier.

filament circuits are completed in each succeeding step when bus
wires are in place. Plate and filament batteries are connected
only to the detector box and these circuits are carried to the ampli-
fiers through the bus wires. The terminals on the output side
of the last step are always left disconnected. Figure 242 shows
a wiring diagram of the AA-1528 amplifier unit.

10. Model AA-1400 Detector-Amplifier Unit—The detec-
tor-amplifier AA-1400 is a compact and easily operated de-
tector-amplifier unit. It consists of a vacuum tube detector and
two stages of audio frequency amplification enclosed in a neat
metal case.

An important feature of model AA-1400 is the individual fila-
ment control system. A detector and two stages of amplification
are furnished with separate rheostats, thus enabling the operator
to obtain individual stage control of the received energy. The left
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telephone jack is for plugging in on the detector tube only, the
middle jack furnishes detection and one stage of audio frequency
amplification, while the right hand jack gives maximum amplifi-
cation output, ie., detection with two stages of amplification. Re-
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Fic. 243. Diagram of 106-C Regencrative Receiver Fitted with Model
AA-1400 Detector-Amplifier Unit.

ception may be continued in emergency with the detector, or the
detector and one stage of amplification, when the “ A" battery
has become discharged to such an extent that it will not properly
operate the filaments of the three tubes, although this practice
should not be generally followed.

The electrostatic shieiding afforded by the metal case of this
instrument eliminates all disturbances caused by the proximity of
the hand or body to the instrument.

Originally designed for the UV-zoo and UV-201 vacuum
tubes, the filament rheostats in the model AD-1527 vacuum tube
detector, model AA-1528 amplifier and model AA-1400 detector-
amplifier are of low resistance and allow the passage of too much
current for the new type of thorium or XL filament tubes.
Therefore, it is advisable to connect an external resistance of 6
to 20 ohms in series with the negative side of the filament dis-
charge line. A correct adjustment of this resistance will permit
the operator to have the separate filaments under control by the
individual rheostats. Not more than five volts should be im-
pressed across the filament terminals of the UV or UX-201-A
tubes; otherwise current in excess of 14 ampere will pass, causing
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a rapid exhaustion of the thorium drawn in the tungsten fila-
ment, thus decreasing the useful life of the tube.

11. Radiomarine Corp. of America Charging Panel UP-
858—The charging panel UP-858 permits the use of two “ A ”
batteries for heating the filaments of the vacuum tubes in the de-
tector and amplifier units. It is so designed that by changing
the position of the four-pole, double-throw switch on the charging
panel, one battery may be placed on charge while the other is on
discharge and vice versa. If it is desired to discharge one battery
without charging the other at the same time, the double-pole
ship’s power switch should be opened.

If the ship is equipped with two engine room dynamos, care
should be taken to ascertain that both machines are connected
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Fic. 244. Circuit of Charging Panel UP-858,

with the same polarity. Batteries should not be placed on charge
unless it is definitely known that the engine room dynamo is run-
ning. Should engine room generator stop for any reason while
batteries are on charge, the double-pole ship’s power switch on the
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charging panel must be pulled immediately. Both switches on
the charging panel must be opened before leaving the radio room
to go ashore.

Two 6-volt Exide batteries, type 3-LX-9-1, of 100 ampere
hour capacity are furnished with the charging panel and vacuum
tube equipment. The four resistances showing in figure 240 are
connected in parallel. Each unit is of approximately 88 ohms re-
sistance. The total effective resistance is therefore 22 ohms, per-
mitting a charging rate of g amperes if the ship’s generator has
an output of 120 volts. If the charging voltage is lower the
charging rate is reduced, making it necessary to charge the bat-
teries longer. Under normal conditions a charge of from 5 to 7
hours should restore the battery to its rated capacity. Should
any one of the resistance units burn out, the charging rate will be
reduced depending upon the number of units inoperative and the
charging voltage. If all the units were to burn out a bank of eight
so-watt lamps in parallel will permit the correct charging current
to flow.

12. Installation of “ C” Battery with Amplifier Units AA-
1528 or AA-1400—

F16. 245. Model UP-858 Charging Panel, Detector and Amplifier Units
“A” and *“B” Batteries,
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1. Remove wires running from negative O-volt terminal on
unit to terminal “F” on audio frequency amplifying trans-
formers. Connect both “F” terminals together and continue
wire to 3 or 4}% negative terminal of *“ C” battery.

2. Connect positive terminal of “C” battery to negative ter-
minal of 6-volt battery.

The “ C” battery will reduce the milliampere drain on the “B”
hattery and thus prolong the life of the latter. When the tuner
and amplifier are used for broadcast reception, a marked improve-
ment in volume and quality will result.

Type IP-501 Regenerative Receiver. Wavelength Range 300
to 8,000 Meters, Which May Be Extended with IP-503
Long Wave Loading Unit, 300 to 19,000 Meters.

Made by The Wireless Specialty
Apparatus Co.

The type IP-501 regenerative receiver is designed for the re-
ception of either continuous wave or spark signals. The receiver
is equipped with six binding posts, normally short-circuited for
300 to 6,800 meters, to which loading coils may be attached for
the reception of wavelengths up to 23,000 meters. The proper
loading coils are primary, 50; secondary, 50; tickler, 30 milli-
henries. This receiver possesses a high degree of selectivity,
but it is also provided with an untuned or “standby ” circuit.

A switching mechanism permits the use of either of two tuned
circuits on an untuned or tuned secondary.

The coils used in the receiver are bankwound inductances of
high-frequency cable, wound on threaded bakelite tubes. The
assembled coils are impregnated in vacuum and baked. The in-
dividual sections are automatically connected, entirely discon-
nected and opened, or entirely disconnected and individually
short-circuited by a mechanism operated by the inductance
switch. By this means every coil in the receiver has a natural
period when connected with its leads and switch points which is
less than the shortest wavelength in the range of the receiver.
This eliminates the reception of parasitic signals, reduces the ab-
sorption of the desired signal by the coils, forces the energy into
the detector and minimizes interference on all wavelengths,

The condensers are of the self-halanced plate type. Insulating
hushings are entirely absent in their construction. Their cali-
bration is constant and their losses extremely low.

The receiver is mounted under a one-half inch bakelite-dilecto
panel. The containing box is 94 inch oak. A switch is provided
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for vacuum tube reception, and also to protect the detector dur-
ing transmission.

The IP-sor receiver is similar in design and construction as
the Navy SE-1420 receiver. The inductances and condensers are
of the same values and arranged in the same networlk.

Fic. 246, Wireless Specialty Company 1P-501 Radio Receiver and 1P-503
Long Wave Loading Unit.

13. IP-503 Long Wave Loading Unit—The IP-503 long
wave loading unit consists of three loading coils of sufficient in-
ductance to load the primary, secondary and tickler circuits of
the IP-501 receiver to extend the wavelength range up to 19,000
meters.

A wavelength control switch on the panel of the unit permits
three ranges of wavelengths. In the position marked ““ Low ”
the coils are short-circuited, thus permitting the normal range of
the receiver from 300 to 8,000 meters. IFigure 247 shows the

i, e
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schematic of the loading inductances for the three wavelength
ranges.

14. Installation of IP-503 Long Wave Loading Unit—

1. Mount this unit on top of IP-501 receiver.

2. Remove short-circuiting straps from binding posts on IP-
sor receiver marked “Pri. Load,” “Sec. Load” and “Long
Wave Tickler.”

3. Connect these binding posts to posts directly above and
similarly marked on long wave loading unit.

4. Connect antenna lead to post marked “ Antenna” on long
wave loading unit.

SECONDARY

O
PANEL END ANTENNA
OF SWITCH

ANTENNA POST
—O
ON RECEIVER

J) SECONI[DARY —J)
OTICKLER 0 1PSOI O 1P500 OPRIMARY O L—»
COMMON GROUND_I

REAR VIEW OF WIRING

Fi6. 247. Wiring Diagram of 1P-503 Long Wave Loading Unit.
Rear View.

5. Connect binding post on IP-501 recetver marked “ Ant.” to
binding post on long wave loading unit marked “To Antenna
Post on IP-500 or IP-501.”
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6. Connect to ground the post marked “ Gnd.” on long wave
loading unit and also the post marked “ Gnd.” on the IP-501 re-
ceiver.

15. Operation of Long Wave Loading Unit—

1. For wavelengths up to 8,000 meters, set wavelength switch
at position marked “ Low,” thus entirely short-circuiting the long
wave loading unit.

2. For wavelengths above 8,000 meters, set wavelength switch
on long wave loading unit at position marked “Medium” or
“High.” Cut in all “antenna inductance” and “secondary in-
ductance ” of IP-501 receiver. Rotate “antenna condenser ” and
“ secondary condenser ” of IP-501 receiver until desired signal
is heard. Vary coupling and tickler of long wave loading unit
and make other adjustments in accordance with preceding in-
structions covering IP-501 receiver until maximum signal strength
is obtained.

3. Lock coupling and tickler coils of long wave loading unit to
prevent vibration or rolling of ship from throwing them out of
adjustment.

16. IP-Triode “B” Amplifier—This two-step amplifier is
a compact unit of the resonance low-frequency type. It provides
a maximum of amplification due to the transformer design. The
input impedance of each tube is automatically controlled by the
filament rheostat.

The apparatus consists of two vacuum tube receptacles, two
filament control rheostats, and two amplifying transformers.
Shock-proof mountings protect the vacuum tubes from “noise ”
due to mechanical vibration.

The apparatus is mounted on the rear of a bakelite-dilecto panel
and enclosed by an oak box. At the bottom of the panel are ter-
minals for connecting the 6-volt filament and the 4o-volt plate
batteries. At the lower left of the panel are two input binding
posts for connection to the receiver equipment. At the right of
the panel are two binding posts for connecting telephones.

17. Installation of IP-Triode “B” Amplifier with IP-501
Receiver—

1. Connect two terminals marked ‘“Input” to binding posts
on IP-501 receiver marked “ Telephones.”

2. Connect “A,” “B” and “ C” batteries to four terminals at
bottom of amplifier in accordance with markings on these ter-
minals. Be sure that batteries are connected with correct polarity.
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18. Operation—

1. Insert two UV-2zo1-A radiotrons in tube sockets back of
screened door. DBefore doing this be sure the filament rheostat is
Off.

2. Set filament rheostats at point on scale corresponding to
setting of detector tube rheostat when adjusted for five volts.

Plug telephones into jack marked “ Det.” if it is desired to
use the detector tube only; jack marked “AF1” for one stage
of audio frequency amplification or “ AFz2” for two stages of
audio frequency amplification.

Two 6-volt Exide batteries, type 3 LX-0-1, and R.C.A. charging
panel, UP-858, are used to complete the installation of the IP-501
receiver and IP-triode “B” amplifier. Any standard type of
“ B ” battery may be used for plate supply.

Navy Type SE-14z0 Radio Receiver. Wavelength Range
250 to 8,000 Meters.

The type SE-1420 receiver is designed for the reception of
spark signals, using crystal detector, and for the reception of arc
and other undamped signals, using a vacuum tube. The vacuum
tube detector can also be used for the reception of spark signals.
The receiver is a compact unit containing the radio frequency cir-
cuits and vacuum tube apparatus in a single case. Binding posts
are provided for the connection of a crystal detector. This re-
ceiver possesses a high degree of selectivity coupled with maxi-
mum sensitivity.

19. Primary Circuit—The primary circuit consists of two
primary cylindrical loading coils, a primary coupling coil and
variable air condenser of .00008 mid. to .co43 mid. capacity,
inductance switches, and automatic coil cut-outs. The inductance
is variable in six steps by a rotary control switch. This switch
automatically connects, entirely disconnects and opens or entirely
disconnects and short-circuits the individual sections of inductance.
This arrangement minimizes interference on all wavelengths with-
in the range of the receiver.

The primary condenser is connected in series with the antenna
circuit. It is of the self-balanced type with constant calibration
and extremely low losses. Fine variation of the condenser is pro-
vided by a rotary control knob which is gear connected and gives
a vernier motion to the condenser.

The condenser dial is engraved with degree graduations from
0 to 180° and with rows of concentric circles. A mechanism
actuated by the inductance switch moves a pointer to the suc-
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cessive circles on which may be marked the wavelength calibra-
tion of the receiver for the particular antenna with which it is
used. This assists in identifying stations.

20. Secondary Circuit—The secondary circuit consists of a
cylindrical inductance coil shunted by a variable air condenser.
Both the secondary and primary coils are bank-wound inductances,
wound of high frequency cable on threaded bakelite dilecto tubes
impregnated and baked. The secondary inductance is variable in
six steps by means of a rotary control switch. The condenser is
of similar construction to the primary condenser, but with a ca-
pacity of about .00006 mifd. to .00032 mfd. This condenser like
the primary condenser is also equipped with a fine control
mechanism.

21. Coupling—The primary circuit is inductively coupled
to the secondary by means of a movable primary coupling coil.
The movement is governed by a rotary control switch provided
with pointer and 180-degree scale mounted upon the receiver
panel, The coupling between the primary and secondary is purely
electromagnetic and continuously variable, passing from the maxi-
mum coupling value through zero to a small reverse coupling. It
is thus possible to secure a point of minimum coupling between
primary and secondary circuits on all wavelengths within the
range of the receiver. The capacity coupling between primary
and secondary circuits is entirely eliminated by heavy sheet copper
boxes separately enclosing the two circuits. Interference is
greatly reduced by this means.

22, Tickler System—The tickler system of this receiver
consists of a coil coupled to the secondary at the short wave end
of the secondary coil, and connected in series with the plate cir-
cuit of the vacuum tube. The coil is arranged in controllable in-
ductive relation to the secondary coil, permitting control of the
coupling between grid and plate circuits of the vacuum tube. This
is accomplished by a rotary control on the panel with a scale grad-
uated from o to 180 degrees. This allows reception of regener-
ative spark or undamped signals.

23. Buzzer Circuit—The buzzer circuit consists of a buzzer
and push button mounted on the panel, on an external battery of
about two volts connected to the binding posts on the panel marked
“ Buzzer Battery.” The buzzer is capacitively connected to the an-
tenna and is used for testing the adjustment of the crystal de-
tector. It may also be used to indicate when the vacuum tube is
oscillating, in which case a low hissing sound will be heard in
the telephone receivers. '
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24. Telephone Condenser—Provision is made for variation
of telephone capacity in this receiver by a rotary control switch
mounted on the panel. This allows variations in six steps.

25. Vacuum Tube Apparatus—The vacuum tube is mounted
inside the receiver case. A screened door in the upper right hand
corner of the panel allows a view of the tube and permits easy
removal or replacement. The vacuum tube and standard type
socket connection are supported on a shock-proof mounting that
reduces “ noises "’ due to vibration. The tube is provided with a
filament ammeter and a filament current control rheostat mounted
on the panel directly below the tube. Binding posts are provided
on the receiver panel for connecting the filament and plate bat-
teries. A key switch allows the receiver circuits to be connected to
either the vacuum tube or the crystal detector. A neutral posi-
tion is also provided for protecting the detector circuits during
transmission. In this type of receiver the vacuum tube is of the
biased grid type which eliminates the grid condenser and grid
leak ordinarily employed. (This method of detection has been ex-
plained in Chapter 4.) Extremely fine regeneration is provided.

26. Operation—If the crystal detector is to be used, throw
the detector switch on the receiver panel to Crystal, and adjust
the crystal to maximum sensitivity by means of the buzzer test,
If the vacuum tube detector is to be used, throw the detector
switch on the receiver panel to Audion. Before doing this, be
sure the filament rheostat is Off. The rheostat handle should now
be turned in the direction marked Increase Fil. Current until the
filament ammeter reads the correct value of current at which the
tube is operated. When it is desired to pick up a spark station
the tickler should be set at about 120 degrees. Vary antenna, in-
ductance and antenna condenser until maximum signal is heard.
Then tune to resonance by means of the secondary inductance
switch and secondary condenser. Adjust the telephone condenser
until maximum signal is heard.

Maximum selectivity on spark signals is secured by using the
loosest coupling consistent with an easily readable signal, and with
antenna and secondary circuits tuned to resonance.

27. Continuous Wave Signals—For the selective reception
of continuous wave signals loosen the tickler coupling as much as
possible. Use loosest coupling between primary and secondary
circuits. Adjust antenna circuit to resonance with the received
wave, employing in general a similar process to that used for pick-
ing up spark signals. In this case, however, it will be found
necessary to change the tune of the primary circuit very slowly,
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swinging the secondary condenser through resonance at each
slight change in the primary. When the secondary circuit is
oscillating passage through the resonance point is marked by a
slight click. The best note of the station will be heard at a set-
ting slightly below or ahove the resonance point.
Summary—Procedure for Obtaining Oscillations.

1. Adjust coupling te about 45 degrees.

2. Raise filament current to correct value.

3. Set telephone condenser so that about one-half capacity is
connected in. .

28. Test for Oscillations—A clicking sound will be heard in
the telephones if the bully is oscillating :

1. When push button marked Oscl'n Test is pressed in.

2. When primary circuit is brought into resonance with sec-
ondary circuit with medium inductance coupling.

3. When tickler coupling is tightened (periodic clicks).

4. If buzzer is operated and tube is oscillating, a soft hissing
sound will be heard.

29. Failure to Obtain Oscillations—This may be due to:

1. Reversed plate battery.

2. Insufficient tickler coupling.

3. Reversed feed-back. (Reverse tickler connections.)

30. Care—

I. See that all connections are tight.

2. Clean the panel occasionally with a clean dry cloth.

Western Electric Superheterodyne Radio Receiving Outfit,
Type 6004-C.

31. General—This receiving outfit is designed to operate
on an antenna tuned to 500 kilocycles (600 meters) while the
radio transmitter is operating on a broadcasting frequency. It
employs the 4-C receiver with the 2-A tuning unit for tuning the
antenna and the zo-A filter for filtering out the transmitter fre-
quency. Iigure 248 shows the circuits of this receiver.

32. 4-C Radio Receiver—The 4-C receiver is a double-de-
tection (superheterodyne) receiver employing six 215-A tubes.
It is designed for operation with a loop antenna or with an out-
side antenna.

The first tube is an oscillator, which is adjusted to a frequency
45 kilocycles above or below the received frequency. The oscil-
lator output and the received signal are applied together to the
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grid of the second tube, which is a detector. The output of this
detector is amplified by two 45-kilocycle amplifiers when it is
again detected to produce the modulation frequency of the re-
ceived signal. The last tube is used as an audio frequency ampli-
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Fi1g. 248. Schematic Circuit of Western Electric Receiving Outfit,
Type 6004-C.

fier. The output from the last tube is obtained directly from the
plate of the tube through the jack on the front of the panel or
terminals on the back. The output circuit must carry the d.c.
plate current of the tube, which is about .0o1 ampere.

The filaments of all of the tubes are lighted in series by an
8-volt battery controlled by a filament rheostat on the panel. A
45-volt dry battery is used for the plate supply to the oscillator,
the amplifier tubes and the first detector. A mid-tap of 22}%
volts is used to supply the second detector tube. Ammeter jacks
marked “ Test” are placed in the plate circuits of the oscillator
and the first detector for testing purposes. The jack marked
“ Det.” is connected to the plate circuit of the second detector so
that the output circuit plug can be plugged in it to get the output
from the detector directly. Plugging in this jack opens the inter-
stage transformer at the plate of the detector. The amplifier con-
trol key short-circuits the second 45-kilocycle amplifier when it
is thrown to the position marked “I,” and puts it in the circuit at
the position marked “2.” The amplifier control switch controls
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a shunt resistance across the primary of the input transformer to
the first amplifier tube. The tuning condenser is used to tune the
input circuit to the received radio frequencies and the oscillator
condenser is used to tune the oscillator to a frequency about
45 kilocycles different from the received radio frequency.

Fi6. 249. Western Electric 4-D Radio Receiver (Superheterodyne).

33. 2-A Tuning Unit—The 2-A tuning unit is used for con-
necting an antenna to the 4-C receiver. It is a variable coupler
with a secondary having a middle tap. The three secondary taps
are connected to the loop terminals on the receiver. The primary
is tuned with a loading coil and a variable condenser in the an-
tenna circuit. Coupling to the secondary is controlled by a knob
with an indicator on the front of the panel and an aperiodic-tuned
switch is provided which connects the antenna to either the tuned
circuit just described when on the point marked “ T ” or the pri-
mary coil alone when on the point marked “ A.” The aperiodic
circuit is used for preliminary tuning of the receiving set after
which more selectivity can be obtained by tuning the primary cir-
cuit,

34. 20-A Filter—The 20-A filter is provided for use with a
receiving set under the transmitting antenna. It should be tuned
to offer a high impedance to the transmitter frequency and a low
impedance to the frequency it is desired to receive. With careful
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adjustment of these circuits it should be possible to receive a fre-
quency dlffermg only 10 per cent from the transmitting frequency.
The circuits are adjusted by first adjusting the receiver to the fre-
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Fic. 250. Interior View of 4-D Receiver.

quency to be received. The filter circuits are then adjusted until
the signal the transmitting frequency is reduced to a minimum.
This will change the tuning of the primary circuit on the 2-A
tuning unit which must again be tuned to the desired signal.




CHAPTER 13
THE AUTO-ALARM

1. Introductory—Article 21, Paragraph 21, of the Interna-
tional Radiotelegraph Convention provides for an automatic alarm
signal to be transmitted solely to announce that the distress signal
is about to follow. On certain vessels where a continuous watch
is not employed by human operators, an automatic device called
the auto-alarm is conmnected to a special receiver and when the
operator goes off watch the receiver and auto-alarm are placed
in operation. If the auto-alarm signal is transmitted accurately
by an operator of a ship in trouble, prior to sending the SOS call,
the signals will be picked up by the auto-alarm receiver ; providing
the distressed vessel is close enough and the signals sufficiently
strong ; thus closing a series of relays which finally causes a bell
to ring in the operator’s sleeping room, on the bridge and else-
where on the ship. The operator immediately resumes watch and
is prepared to copy the distress signal and messages that follow.

The Auto-Alarm made its first appearance in ports of the United
States on vessels under the British Flag. On these vessels two
particular types can be found : namely, that of the Marconi Inter-
national Marine Communication Company, Ltd., and the Radio
Communication Company, Ltd. These companies are now com-
bined and are known as the British Wireless Marine Service.

Besides the British systems there are those of the French and
German. Probably in time the engineers of the various com-
munication companies of the United States will devise auto-alarms
of their own design. However, at this time, there is no American
system available for ship installation. American ships will likely
be fitted at the start with the British Marconi System. Therefore
it seems fitting to describe this system in order that students and
operators may familiarize themselves with the diagrams and op-
eration of the device. The instructions that follow are taken
without alteration from the instruction book of the Marconi Inter-
national Marine Communication Company, Ltd. Many phrases
and terms unfamiliar to American operators appear in the text,
so it has heen thought best to list a few of the terms and then
the American equivalent. The list is as follows:

473
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British. American,
Valve. Vacuum tube.
H. T. (high tension). “B” power supply.
L. T. (low tension). “A” power supply.
Reaction. Regeneration.
Anode. Plate.
Choke-capacity coupled. Impedance-coupled.
A.T. 1. Antenna tuning inductance.

The International Radio Telegraph Convention provides that
the Auto-Alarm shall consist of a series of twelve dashes sent in
one minute, the duration of each dash heing four seconds, and the
duration of the interval hetween two dashes, one second. Other
particulars relative to the transmission of the Auto-Alarm signal
can be found under the chapter entitled ““ Radio Laws and Regula-
tions.” '

The description and operation instructions of the Marconi Auto-
Alarm read as follows:

The Marconi Auto-Alarm

2. The Use of the Auto-Alarm—The auto-alarm is a me-
chanical device for attracting the attention of ships on board of
which no wireless watch is being kept, should some other vessel
in the neighborhood be in distress.

The most elaborate and searching tests have shown that no
device simple enough to stand up to sea conditions can be pro-
duced which will record with certainty the SOS signal without
also responding a large number of times a day to fortuitous com-
binations of “longs” and “shorts” which may happen to re-
semble the distress signal. Such an arrangement is also liable
to miss calls, due to comparatively light interference. Therefore
it was necessary to find some form of signal which could be identi-
fied by a simple and robust form of selector without risk of any
material number of false calls, and in spite of considerable inter-
ference. It is also necessary that the form of signal chosen and
the form of selector should be such that a reasonable amount of
inaccuracy in the transmission of the signal should be permissible;
that is to say, the selector must be devised so that it will accept
the chosen signal, or something reasonably like it, without failure
and without false calls, even in the presence of considerable inter-
ference.

Both practice and theory have shown that signal composed of
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prolonged dashes, with brief periods of silence between, gives the
best prospects of satisfying the above requirements, and thorough
trials have shown that a signal composed of dashes of four sec-
onds duration, separated by spaces of one second duration, gives
the requisite degree of certainty of operation cottpled with case
of sending, no more assistance being required than that of a
watch with a second hand. This form of signal has the further

Fic. 251. Marconi Auto-Alarm Receiver and Selector as Installed on
S.S. “ Cedar Bank.”

advantage of being fairly rapid in its action. Twelve such dashes
with their spaces can be sent in one minute, and trials have shown
that such a transmission is almost certain to operate the selector
under any conditions in which it could be picked out by ear. Any
longer dashes or spaces make the signal too slow in operation.
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The group of twelve four-second dashes separated by spaces
of one second is called the Alarm Signal, and ships in distress will
send this signal as a preliminary to the existing SOS signal. The
selector will then set alarm bells ringing in all ships in the vicinity
which carry the apparatus and it has been found that should there
be any ships within range in which watch is being kept the Alarm
Signal is even more distinctive and arresting than the SOS.

3. Description of the Receiver and Selector—The Receiver
Type 332 is a combined tuned receiver and amplifier, making use
of three valves, the first two being three electrode valves type
DER, and the third a four electrode valve type DE7. See figures.

This receiver, which may not be used for any other purpose, is
connected directly to the ship’s aerial when required by switch
type 272, all other apparatus being disconnected. Its H.T. (“B”
battery and L.T. (“ A bhattery) supply are switched on by the
same movement of the switch. It is a coupled circuit receiver, the
coupling and damping being arranged so that it shall be up to the
standard of sensitiveness required on all waves between 585 and
615 meters, the sensitiveness on all waves between these limits
being practically the same.
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F16. 2510, Simplified Diagram of Auto-Alarm Receiver, Marconi Type 332.

The first valve is used as a detector valve with reaction, the
second as a simple note magnifier, and the third controls a special
relay circuit. A diagram of the receiver is shown in figure 251a.
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The aerial is connected through a small condenser (included so
as to bring all probable ships’ aerials within the tuning limits of
the receiver) to an Aerial Tuning Inductance which has five stops
for coarse adjustment and a variometer for fine adjustment. The
aerial condenser is shunted by a resistance so as to prevent the
accumulation of static charges. There is also a blocking con-
denser which is rendered necessary by the method of connecting
the filament circuit.

The aerial circuit is direct coupled to a closed circuit which is
permanently set to the proper wavelength. The condenser can be
adjusted to correct small variations in manufacture. The closed
circuit is connected through an ordinary grid leak and condenser
to the grid of the first valve.

The anode of the first valve is connected through reaction coil
to the medium resistance winding of the first intervalve trans-
former. This winding has a condenser across it. The low resist-
ance winding is taken to two terminals to which telephones can
be joined for testing purposes, and the high resistance winding is
connected in the usual way between the grid of the second valve
and the filament circuit.

The anode of the second valve is choke-capacity coupled to the
grid of the third valve, the high resistance winding of the second
intervalve transformer (with a condenser across it) being used
as the choke. Another pair of testing telephone terminals are
connected to the low resistance winding of this transformer.

The inner anode of the third valve is connected through a large
variable resistance to the medium resistance winding of the last
intervalve transformer, thence through a shunted galvanometer
to no. 2 output terminal, thence through the coils of the relay
(which is mounted in the selector) to no. 1 output terminal and
so to the H.T. Supply.

The outer anode of the third valve is connected through the
high resistance winding of the last intervalve transformer to its
own grid.

It will be noted that the three filaments are in series with one
another, and also with a fixed and a variable resistance and the
“no-volts ” relay in the selector, The supply is at 24 volts, which
is the figure most suitable for the action of the selector.

4. The action of the receiver is as follows:

The coupling of the closed and aerial circuits makes the receiver
responsive over a sufficient variety of wavelengths and the action
of the first two valves is quite normal.
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In the absence of any incoming signal a steady current of about
0.7 milliampere flows from filament to inner anode of the third
valve, and thence via the last intervalve transformer through the
main relay coils, thus holding its tongue in contact with the front
stop against the bias of the relay.

The arrival of an incoming signal makes the grid of the third
valve more negative and thus cuts down the current in the circuit
described above, and if this takes place to a sufficient extent, the
relay tongue will be released and will be pulled over by its bias.
Any sudden reduction in the relay coil current will set up a mo-
mentary voltage across the ends of the high resistance winding of
the last intervalve transformer, the connection of the windings
being such that the change tends to make the grid still more nega-
tive, and thus sharpens and intensifies the action of the incoming
signal.

It will be noticed that there is no grid leak to the third valve so
its grid will remain negative once it is made so. The result of
this would be that the relay would be operated by the beginning of
an incoming signal and the valve would then remain paralysed by
the accumulated charge on the grid. This trouble is cured by
connecting the grid through the G terminal to the back contact of
the relay, so that the grid is discharged when the tongue of the
relay falls over. This connection is made to a selected point in
the filament circuit which is at such a voltage with regard to the
filament of the third valve that the grid will be restored to its
original voltage, thus avoiding surging currents through the last
intervalve transformer windings which might easily cause the re-
lay to chatter.

As stated above, the filament circuit is supplied at 24 volts.
The resistances are on the positive side of the filaments and the
negative end of the filament of the third valve is earthed. The
filament supply also passes through a no-volt relay in the selector,
which acts as a telltale, should the filament current fall below the
minimum value necessary to obtain a proper emission in each
valve. All three valves are supplied with the same anode voltage,
36 above the negative point, 24 volts heing derived from the 24-volt
battery which supplies the filaments and actuates the selector
mechanism, and the remaining 12 volts being provided by an
extra H.T. battery.

A condenser is connected across the H.T. supply.

The selector, Type 333, is governed by the movement of the
main relay, which is a polarized instrument so adjusted that the




THE AUTO-ALARM 479

bias pulls the tongue over to the back stop, which is connected as
explained above via the G terminal to the grid of the third valve.
See figures 252 and 253.
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F16. 252. Simplified Diagram of Selector Circuits. H and I Contacts,
Shunt and Details Omitted.

The primary movement of the selector is governed by the move-
ment of the relay tongue. In the state of rest the relay tongue is
held against its front stop and a circuit is completed through the
first magnet, thus holding the primary arm down against the action
of its spring. When a signal of sufficient strength arrives the
relay tongue falls away from the front stop, the current through
the first magnet is broken and the selector begins to work. If the
incoming signal is too feeble, the relay tongue will fall back to
the front contact, the current through the first magnet will recom-
mence and the selector action will be stopped.

All is now ready for another signal. If the signal is of proper
working strength, the relay tongue will go right across to the back
stop, the grid of the third valve will be discharged, the inner anode
current will begin to increase through the relay coils, and the
tongue of the relay will start its return journey to the front stop.
If the signal continues, the main relay coil current will be again
reduced and the tongue will be pulled back to the back stop.
Therefore during the continuance of an incoming signal of suffi-
cient strength the relay tongue chatters against its back stop, and
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all the time the circuit through the first magnet is opened and the
selector continues in operation.

The primary movement of the selector consists of an arm having
a spring at one end and an air dash pot fitted for quick recovery at
the other. The first magnet pulls this arm down against the ac-
tion of the spring. When the current through the first magnet is
stopped the spring pulls the arm up against the drag of the dash
pot. If this movement continues for long enough, the arm will
close the first working contact, known as the D contact. If the
movement continues, the arm will also close the second working
contact, known as the C contact. The dash pot adjustments are
permanent and the position of the D contact cannot be adjusted,
but the time the arm takes to close the D contact can be varied by
altering the tension of the spring. This is set at three seconds.
The C contact can be moved bodily so the time elapsing between
the closing of the D and C contacts can be varied. This should be
two seconds, or in other words, the C contact should be closed
five seconds after the commencement of operation of the selector.

When the D contact is closed, a simple pawl and pawl wheel
movement is operated, which rotates by one tooth of the pawl
wheel a shaft carrying the ringing contacts.

If the primary arm closes the C contacts, both the holding and
driving pawls are drawn back out of engagement with the pawl
wheel by the re-setting magnets, and the shaft flies back to its
starting position due to the action of a spring.

The circuit through the windings of these re-setting magnets
also flows through a contact carried by the shaft, known as the Q
contact which opens when the shaft is in its starting position, and
is closed as soon as the shaft is turned. Were it not for this ar-
rangement the circuit through the re-setting magnet would be
completed through the G contact when the selector was in the
ready position, and the pawls would be unable to start the rotation
of the shaft.

Thus it is clear that since the movement of the primary arm is
governed by the movement of the tongue of the main relay, which
in turn is controlled by the incoming signal, the shaft will be ad-
vanced by one tooth of the pawl wheel if the signal consists of an
unbroken dash lasting for three seconds, and if this dash continues
to a total of five seconds the shaft will be returned to its starting
position. Hence a four-second dash will cause the shaft to ad-
vance one tooth of the pawl wheel, and an allowance of practically
one second each way is made to cover bad sending.
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As soon as the D contact closes it also starts the secondary ac-
tion of the selector by energising the magnet of a second arm,
which is similar to the primary arm, and so pulling it down against
the action of its spring. As soon as this circuit is opened the
secondary arm will begin to rise again, its rate of movement being
adjusted so that it closes its working coutact, called the G contact,
five seconds after the circuit is opened.

IF16. 253a. Close-up of Auto-Alarm Receiver.

Thus, suppose a correctly made four-second dash is received,
the primary arm rises and at the end of the three seconds the D
contact closes and the secondary arm comes down. At the end
of the four-second dash the primary arm flies back to its starting
position and the D contact 1s opened. The secondary arm now
begins to rise and will close the G contact in five seconds if nothing
intervenes to stop it.
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But suppose that after a one-second space another four-second
dash is started, when it has lasted three seconds the D contact will
again be closed and the secondary arm will be pulled down again
before it has reached the G contact. It takes five seconds to climb
up to the G contact and when working as described it has only
been allowed four seconds, one during the space and three seconds
of number two four-seccnd dash. Had the space lasted for two
or more seconds time would have been allowed for the G contact
to be closed, and as the G contact is in parallel with the C contact
the pawls would have been pulled back and the shaft would have
been released and would have returned to its starting position.

Thus we see that:

A dash of less than three seconds has no effect on the shaft.

A dash of three seconds or over allows the shaft to advance one
tooth.

A dash of five seconds sends the shaft back to its starting posi-
tion.

A second dash of not less than three seconds following the first
at an interval of less than two seconds will allow the shaft to ad-
vance another tooth, but if the space exceeds two seconds, the shaft
will fly back to its starting position, and if the space is too short
to allow of the selector mechanism operating, the two dashes will -
be run into one and the shaft will fly back after a total of five
seconds dash. Thus an allowance of nearly one second each way
is made in the permissible length of the space, which can be any-
thing less than two seconds and more than about one-fifth of a
second.

A third dash of the correct length, separated by the proper
space (both within the allowances mentioned above) will cause the
shaft to advance by one more tooth, making three teeth in all, and
at the termination of this dash the ringing circuits will be com-
pleted by the contact known as Z. If the last dash exceeds five
seconds, the ringing circuit cannot he completed because the pawls
will have been drawn back before the dash is finished.

The action of the ringing circuit is as follows:

When the shaft has advanced three teeth, the Z contact is closed.

The Z contact is in series with a hold-on relay and the connec-
tion made by the tongue of the main relay when it touches its
front stop. When both the Z contact and the tongue front stop
contact are closed, the hold-on relay is energized, and once it closes
it will not open again.

The Z contact is closed as soon as the third dash has lasted
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three seconds, but the tongue front stop contact does not close
until the third dash ceases, and therefore the bells only ring on the
completion of the third dash, provided that the third dash is of
the proper length.

When the third dash has lasted three seconds the shaft is moved
for the third time and the Z contact is closed. But the tongue of
the relay is away from the front stop so no current will flow
through the ringing circuit until the tongue of the main relay
returns to its front stop, which will take place on the termination
of the third dash. If the third dash carries on over the limit of
five seconds, the shaft will have returned to its starting position
by reason of the re-setting magnets having heen energised on the
closing of the C contact, and there will then be no continuity
through the ringing circuit because, the shaft having returned to
its starting position, the Z contacts will open.

The hold-on relay contact is in parallel with the combination of
the Z contact and tongue of the relay front stop. Once it has been
closed these two contacts are short circuited and the bells will go
on ringing whether the contacts are open or not. Therefore, once
the alarm bells have been started they will go on ringing until the
whole apparatus is switched off.

Thus the straightforward action of the selector may be described
as follows:

Provided that the nominal four-second dashes are in fact each
of them over three seconds and under five seconds, and provided
that the nominal one-second spaces are in fact over a fifth of a
second and under two seconds, a series of three nominal four-
second dashes, separated by nominal one-second spaces, will set the
alarm bells ringing after the completion of the third dash.

From the above it becomes clear that the selector will respond
to any reasonably close imitation of the correct ALARM SIGNAL—
as the series of four-second dashes separated by one-second spaces
is called. If interference exists at the same time, either from
Morse signalling or from atmospherics, it is very unlikely to make
any difference to the operation of the apparatus. It is obvious
that nothing which may occur during one of the dashes can make
any difference. The tongue of the relay will have left its front
stop and will be chattering against the back stop, and that is every-
thing it can do. So long as the signal is strong enough to work
the relay no addition to the strength of signals can make any
difference.

If interfering signals occur during the spaces, they can do no
harm unless they bridge the space altogether. The design of the
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whole instrument, both electrical and mechanical, makes it very
quick to recover, and as stated before, a break between dashes as
long as one-fifth of a second is enough to allow of the complete
recovery of the primary arm, and the instrument will in that time
be perfectly ready to commence the selection of the next dash.

Interfering signals may possibly just join on to the end of a
dash and so prolong it. This will make no difference so long as
the combination of unbroken dash due to signal plus interference
does not amount to a total of five seconds. If the combination of
unbroken dash does amount to five seconds, the re-setting magnets
operate and the shaft returns to its starting position.

To allow for this possibility the full alarm signal consists of
twelve dashes, each of four seconds, and the construction of the
selector as described only demands that three consecutive dashes
with their two separating spaces shall be within the limits stated
above in order that the alarm bells may start ringing.

In actual practice it has been thoroughly established that the
selector completely ignores the transmission of Morse at any hand
speed from one station, and is almost certain to be able to find
the three necessary consecutive dashes out of the full alarm signal
if interference is experienced from two stations sending morse at
hand speed at the same time.

The tuning of the receiver makes it independent of interference
on waves othier than 600 meters, except that 700 m. or 800 m.
spark may break through if the interfering ship is fairly close by.

But there is another possible cause of practical failure—the re-
currence of false calls. Were the selector left as has been so far
described it would be possible to make it give false calls by the
following combination. If Morse is being sent very fast, or if
two transmitters are working at once, so that there is a large pro-
portion of signal to space, the primary arm might creep up due to
the spaces lbeing so very short that it could not get right down
during one of them. For this to happen the spaces must be less
than one-tenth of a second.

If this went on, the primary arm would work up slowly, rising
a little and falling a little, and would eventually begin to chatter
against the D contact. If it strikes this contact three times in
fairly quick succession, the driving pawl would pull the shaft
round three teeth, and so effect a false call. This is prevented
by the arrangements described in the next paragraph.

Two additional contacts are fitted. One known as the H con-
tact, is fitted under the primary arm and is arranged so that it is
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always closed unless the primary arm is right down, when it is
opened. The other, known as the I contact, is fitted under the
driving pawl and is closed as soon as the driving pawl moves
down. See figure 253.

The connections of these two contacts are shown in figure 2353.
The H contact is between the driving pawl magnet and the D
contact. The I contact is in parallel with the D contact. Their
combined action is as follows:

As soon as the primary arm starts upwards the H contact closes.
When the contact closes the driving pawl moves down and closes
the / contact, which acts as a hold-on contact and keeps the driv-
ing pawl down and immovable whether the D contact opens or
not. The I contact also keeps the circuit through the coils of the
secondary arm magnet complete, so that the secondary arm can-
not begin its upward journey against its dash pot until the primary
arm has come right down and opened the H contact. Thus, both
the driving pawl and the secondary arm are kept down once they

~have been pulled down. They are pulled down as soon as D

closes and are not free to go on with their work until the H con-
tact is opened by the primary arm getting right down to the bottom
of its travel. Thus the chattering of the primary arm against the
D contact cannot be followed by the driving pawl, and the form of
false call mentioned above is rendered quite impossible.

When the primary arm gets right down it opens the H contact,
which is between the I contact and the source of supply, and this
breaks the circuit through the driving pawl magnet and allows the
driving pawl to spring up and catch hold of the next tooth ready
to rotate the shaft next time the D contact closes. It also frees
the secondary arm.

The only form of false call which remains possible is due to the
chance collection of Morse signals and interference which would
show up on an inker tape as something near enough to the alarm
signal to come within the limits for which the selector is designed.

In order that the selector shall work correctly a proper arrange-
ment of resistances and condensers are fitted across the various
contacts so as to absorb all sparking and prevent inductive action
by one circuit on another.

The arrangement of the bell ringing circuits is as follows:

Three bells are fitted—one on the bridge, one in the wireless
office, and one in the operator’s cabin. Of these the bridge bell
is known as no. 1.

As it is undesirable that no. 1 bell shall ring when the auto-alarm
is being tested, a push is arranged on the selector which, while it
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is held in, switches no. 1 bell off. This is called the Bridge Bell
Key.

The no-volt relay holds open the bell ringing contacts. Should
the filament current fall below the minimum uscful value this
contact will close and the bells will hegin to ring. The hold-on
relay does not come into this circuit so the bells will cease to ring
as soon as the filament current is restored to its proper value.

A testing push, called the TEST KEv, is also fitted which has the
same effect on the selector mechanism as the movement of the
tongue of the relay.

Anti-sparking devices are fitted as follows:

There are kicking coils across the primary arm magnet, the
driving pawl magnet, and the reset magnet. ‘There is a condenser
across the main relay coils. There is a combination of condenser
and resistance across the relay tongue front stop contact, another
similar combination is connected so as to be across any contact
which opens the reset magnet circuit, and a third similar com-
bination is connected so as to be across any contact which opens
the secondary magnet circuit or driving pawl magnet circuit.

All the adjustments of the selector and receiver are made by
means of sunk spindles which require a key to operate them.
They are as follows:

Receiver Adjustiments:
A. T. I for coarse tuning.
Variometer for fine tuning.
Reaction.
Filament resistance.
Third valve anode resistance.

Selector Adjustments:
Relay adjustment.
Primary arm tuning.
Secondary arm tuning.

A simplified diagram of the connections of the receiver is given
in figure 2510. TFigure 252 is a simplified diagram of the selector
circuits, Figure 253 shows the complete arrangement of the
selector.

; 1I{‘igure 254 shows straight line diagrams of the bell circuits as
ollows :

(a) Normal conditions.
(1) Filament current failed—Dbells ringing.
(c) Alarm signal received—Dbells ringing.
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Figure 255 shows straight line diagrams of the selector circuits,
as follows:

(a) Dash in progress after three seconds.
(b) Dash in progress over five seconds.
(c) Result of too long a space.

a. NORMAL CONDITIONS

BELLS

b. FAILURE OF FILAMENT CURRENT

C. ALARM SIGNAL RECEIVED

BELLS

F16. 254. Straight-Line Diagram of Bell Circuits.

5. Instructions for Fitting and Adjusting—The equipment
consists of the selector, receiver, switch type 272, buzzer and key,
charging board type 242, and batteries. As a general rule the
selector should be placed on a small special shelf of its own, the
receiver being placed against the bulkhead above it. The shelf
should be not less than fifteen inches square.

The Switch Type 272 must be fitted in some position where it
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can be reached and where the wiring is as simple as possible. The
ordinary wircless installation is operative when the switch is in
the N position, the auto-alarm is in use when the switch is in the
A position, and the direction finder (if fitted) is in use when the
switch is in the D position—sce figure 8 and join up table.
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TF16. 255. Straight-Line Diagram of Selector Circuits.

One bell is fitted on the bridge, one in the wireless room, and
one in the operator’s cabin. Bells should be fitted vertical, with
the magnets above the gong. If it is necessary to fit a bell hori-
zontal, the clapper mwust not be above the gong.

The wiring between the selector and the bridge bell, and be-
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tween the selector and the bell in the operator’s cabin, is supplied
and fitted by the shipowner, who is responsible for its maintenance
in a satisfactory condition. These circuits must be two-wire (not
earth return), and the insulation both between wires and from
earth must be in good order.

The bell in the wireless room is to be joined up by means of
no. 18 cab tyre carried on cleats.

The selector must be fitted with its base horizontal. The re-
ceiver may be either vertical or horizontal, but should if possible
have its base vertical. It is most convenient to mount the selector
on its bench with the receiver on the bulkhead immediately above
it, sufficient room being left to allow of the removal of the selector
cover. The selector should be mounted on one rubber buffer (as
used for receivers) at each corner. This raises the selector from
the bench, and the leads from its front terminal strip should be
taken below the instrument to the back of the bench.

The lead from the G terminal of the receiver to the G terminal
of the selector must be as short as possible and must be carried
clear of all other leads and in its own cleats. This is very im-
portant.

Lead covered 3/22 wire is to be used for the leads mains to
switchboard and switchboard to accumulators. All other leads
inside the wireless room are to be of no. 18 cab and are to be
carried on cleats.

Having joined up, proceed to tune the receiver as follows:

Switch on the auto-alarm by setting the switch type 272 to its 4
position, put a pair of telephones on the “ 1st Mag.” test terminals
and tune for 600 meters, working first by the coarse A.T.I. and
finally by the aerial variometer. This adjustment must be found
when the reaction setting is one division of the scale back from
the oscillation point.

Check by buzzer and wavemeter to see that signals are of ap-
proximately equal strength on all waves from 585 to 615 meters.
It will usually be found that 585, 6oo and 615 are of equal strength
with slightly stronger signals at about 590 and 610, but rather
accurate test apparatus is required to make these results obvious.

A check on the tuning of the aerial can be obtained as follows:
The reaction should be adjusted to the very edge of oscillation
when the aerial is in tune. A movement of the aerial variometer
about one division (5 degrees) on each side of the “in tune ” posi-
tion should allow the receiver to commence oscillations. This is
the extreme of sensitive and accurate adjustment. For seagoing
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work the reaction should be reduced about half a division on the
scale.

Next adjust the relay current by the filament resistance and
anode resistance until the galvanometer on the receiver reads 2o0.
This adjustment 